


Ten years ago, we could only 
put our imagination to work here. 

In 1981, America cheered the first hft­

off of the Space Shutde. And on that day, space was 

changed forever. It's no longer the boundary of 

Earth, it's an extension. It's become our work space. 

Since the arrival of the Space Shutde, 

human beings can explore and study and achieve 

in person as well as in spirit. 

We've seen satellite deployments, 

retrievals and repairs, bio-medical experiments, 

spacewalks-all from a spectacular perspective. 

Soon, we'll even see astronauts assembling the first 

space station. And the Shutde will take them there. 

Congratulations, NASA, on the tenth 

anniversary of the Space Shuttle program. Martin 

Marietta is proud to be part of your team and its 

extraordinary mission-to put space to work for all 

of us here on Earth. 

To us, there's only one bottom line. 

Mission success. 

It4ARTIN It4ARIETTA 

6801 ROCKLEDGE DRIVE, BETHESDA, MARYLAND 20817 
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The 
Case for 
P-Method 
Analysis 

A 

Engineers have long thought that 
complex meshes produce more 
accurate results. 

However, with recent technology 
advances, the P-Method of using 
higher-order polynomials to de­
scribe the deflection of elements 
offers a simpler solution. 

Now Structural Research makes 
P-Method analysis available to com­
plement the HIP-Method and adap­
tive meshing analysis techniques for 
which COSMOS/M is famous. 

Using the COSMOS/M P-Method, 

s E B o o 
far fewer elements are required to 
achieve convergence and accurate 
results. The P-Method also offers 
significant advantages in ease of 
use, and CPU speed to reach a 
design solution. 

Used with the COSMOS/M STAR 
module, the P-Method can be com­
bined with adaptive meshing to 
determine nodal displacements and 
element stresses. Even coarse 
meshes developed in CAD pro­
grams can be used with COSMOS/M 
to yield accurate solutions by simply 
increasing the value of P for the 
element. 

To appreciate the speed and sim­
plicity of the COSMOS!M P-Method, 
study the chart below. To appre­
ciate its ease of use and application 
to your own engineering problems, 
contact Structural Research for 
more information. 

Beam with two circu1ar notches under a concentrated tip load 

No. of Elements 

Nodes per Element 

ax at Point 0 

Error (%) 

CPU TIme (Sec) 
(386/20 MHZ PC) 

SPECIAL 
OFFER: 

Uniform Adaptive P-Method P-Method 
R.eflnement Meshing Trteng Quad 

Trlang Trtang (P=5 ) (P = 5) 

2.890 176 46 8 

3 6 6 6 8 

4,936 5,819 5,773 6,008 6,211 

16.9 2.1 2.8 1.1 4.5 

297 2,417 90 99 38 

~ 10 availability. Sbuaur.d Resealm & AnaJr.;is Cap. VriD send ~ a working 
ver.oon ci OOSMOSlM which wiD enable you 10 run your own !12IicS, dynaaJics ariI 
beat lIlIIrier problems 1ntrodua0l}' user guide plus Shipping and handling fee $30.00 

Call 213/452-2158 
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Solid modeling, FEA and 
drafting on your PC, 
Mac II or Workstation 
Analysis: 
• STATICS: 

Linear/Nonlinear 
• DYNAMICS: 

LinearlNoniinear 
• HEAT TRANSFER: 

Linear/Nonlinear 
• FLUID FLOW: Laminar, 

Turbulent 
• ELECfROMAGNETICS 
• FATIGUE-
• CRASH DYNAMICS· 
• BUCKLING 
• OPTIMIZATION 
• KINEMATICS· 
Features: 
• H- & P·-METHODS 
• AUTOMATIC ADAPTIVE 

MESHING 
• 25,000 NODES, 

100,000 D.O.F~ 
• SUBSTRUCTURING 
• COMPOSITE/SANDWICH 
• PLASTICITY, LARGE STRAIN, 

CREEP, etc. 
• ANSYS", NASTRAN", PATRAN® 

SINDA, PRO!Engineez4~ 
AutoCAD®, INIERGRAPH· and 
oIher CAD lNfERFACES 

• A vaiJable in Release 1.65 
ANSYS. NASI1!A. ... PA l'RAN. PROI£nsin«r and AUIOCAD ",,!he 
regi!<emI u.di!marb d s_ ARaIysis S_ Inc., NASA, 
PDA Englneering. _ T~ and AUIOde!;k. Inc .• 

""P"<""o/y 

C~o~) 

~ 
STRUCTURAL RESE .... RCH 
'AHAlYSIS COIlPORAnON 

1661 lincoln Boulevard 
Suite 200 

Santa MOnica, CA 90404 
(213) 452-2158 

FAX (213) 399-6421 
Telex 705578 

East Coast Office: 
(412) 782-2425 

DEALER INQUIRIES WELCOME 
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DIGITAL'S VAX 
SUPERCOMPUTERS 

AND NAS HAVE 
ENGINEERS 

DA CINGOPENLY 
H L S. 

For years, the VAX-1l/780 
was the king of engineering 

computing. Now there are 

two new stars that can shake, 

rattle, roll or perform other 

analyses up to 400 times 

faster - the VAX 6000 and 

VAX 9000 vector systems. 

Engineers are big fans of 

VAX vector processors because 

they can be added to an exis­

ting VAX 6000 or VAX 9000, 
or purchased as complete 

systems. Either way, engineers 

get the supercomputing 

power they need - up to 500 
megaflops - at a price that's 

easy to justify. 

VAX vector systems are 

winning over fans for two other 

reasons - application availabil­

ity and software compati-

ibility. Since VAX vectors work 

with Digital's Network 

Application Support (NAS), 
they work with the industry's 

most open computing envi­

ronment. One based not only 

on industry standards, but a 

@ DIGITAL EQUIPMENT CORPORATION 1991 THE DIGITAL LOGO AND VAX ARE TRADEMARK~ OF DIGITAL EQUIPMENT CORPORATION 
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commitment to letting differ­

ent applications on different 
y tem. from different com­

panies all share information 

and work together. 

~ T A S lets engineers per­

form pre- and po -t-proce'sing 

from anywhere on the net­

work, with high- peed acce: 

to VAX supercomputers 

for comple.' anal 'ses. It lets 
them choo-e from their 

fa\'orite vectorized applica­
tion , including ABAQ 

ANSYS, I-DEAS and MSC/ 

NASTRAN. And it lets them 

work with over 10,000 exist­

ing VAX applications. 

\Vith all that VAX vec­

tor systems offer, it's easy to 

see wh.Y Digital has captured 
the lead in upercomputing 

market share in just one year. 
A lead that grows as more 

people discover the speed, 
versatility and alTordability 

of VAX vector. 

VAX vector .v -tems are 
performing now at Digital's 

new Supercomputing Tech­
nology Centers. Call 800-
332 -4636. ext. 210 to see 
the e great perrot"mers, or 

for more in- 'D'DII~D'" 
formation. ~ ~ U~ 

A8AQU~ I~ A lRAOfMA~_ Of HIBBITT KAR.SSON AND SORf SON.' e ANSYS IS - REGISTERED TRADEMAR~ Of SWANSON ANALYSIS SYSTEMS. INC ' .0£"5 IS A TRADEMARK OF 
51RUClURAl DYN"toIleS P.ESEARCH CORPORATION MSCNASTRAN IS A TRADEMARK Of MACNEAL·SCHWENDLER CORPORATION 
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New research on biological neural networks could lead to the 
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Marshall Center 
engineers have 
developed an 
apparatus for 
testing O-ring 
gaskets under a 
variety of tempera­
ture, pressure, and 
dynamic loading 
conditions. See 
page 138. 
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Real Time 
Television 

On 
Workstations 

The RGB/View System 
for Multimedia Effects 

The RGBIView'" displays live TV or other 
full motion video on workstations and high resolution 

personal computers. The RGB /View accepts 
video signals (NTSe or PAL) from a built-in TV tuner. 

camero. tope recorder or videodisc. 
FUR input is also available. True color video is 

d isplayed full screen or as a window on the monitor. 

• Works with any computer 
to 1280 x 1024 pixels 

• Image capture 

• Text and graphics overlays on 
the video 

• Scale, reposition, freeze 

• X-Windows support 

• Cable ready tuner 

• Stereo audio 

• Standalone and board level 
models available 

• Priced from $7500.00 

Applications include interactive video d isk training. 
video teleconferencing. process control. 
surveillance. simulation. e 31 and robotics. 

The RGBI Vlew may be retrofitted to 
existIng dIsplay systems. 

SPECTRUM 
2550 Ninth Street Berkeley. eA 94710 

TEL: (415) 848-0180 FAX: (415) 848-0971 
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NEW push-button "mouse-menus' 
allow easy access to frequently used 
features. 

Integrate 2-D and 3-D data on a single 
graph to add meaning and impact. 

Presentation graphics and analysis for scientific users. 
Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It's simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool's - Intelligent Data 
Cursor'" to read out data points on curves 
& surfaces - Linear & non-linear curve­
fitting - Unlimited zoom & rotation 
- Multiple axes in linear, log, or proba­
bility scales - Advanced data handling, 
allowing over 268,000,000 data points 
- Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 

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

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

GRAFTOOL- the right tool for your 
technical solutions. 

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

3-D UISIEINS 
412 S. Pacific Coast Highway, Second Floor 
Redondo Beach, CA 90277 
Call: 1 (800) 729-4723,1 (213) 540-8818 
FAX: 1 (213) 540-3492 
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Biological Neural Networks: 
Models For Future "Thinking" 
Machines 

by D r. Muriel D. Ross 

O ne of the more interesting de­
bates of the present day centers 
on whether human intelligence 

can be simulated by computers. Some 
argue that there is something unique, 
even mystical, about the human mind, 
and therefore intelligent behavior can­
not be duplicated by machines. Others 
disagree on the premise that brains are 
simply collections of neurons and can 
be understood in physical and math­
ematical terms, perhaps not soon, but 
in the foreseeable future. 

At the NASA-Ames Biocomputation 
Center, we work under the premise that 
neurons individually are not smart at all. 
Rather, they are physical units which 
are impinged upon continuously by other 
matter that influences the direction of 
voltage shifts across their membranes. 
Some influences are in the direction of 
depolarization (excitation) while others 
are in the direction of hyperpolarization 
(inhibition) . It is only through the ac-

I 
N 
N 
o 
V 
A 
T 
o 
R 
S 

tions of a great many neu­
rons - billions in the case 
of the human nervous sys­
tem - that intelligent be­
havior emerges. 

Understanding even the 
simplest neural system re­
quires painstaking analy­
sis of the architecture and 
physiology of its parts. Our 
goals should be to gain in­
sight into those features 
that are fundamental to all 
neural networks and then 
to develop the algorithms 
that define the responses. 
This effort will result in new 
applications of biological 

system attributes to artificial systems 
and in advances in computer design. 
The research requires the interaction of 
neurobiologists, neurophysiologists, 
physicists, modelers, mathematicians, 

10 

Photo counesy Ames Research Center 

Dr. Muriel Ross heads a research team studying the 3D makeup of a biological 
neural network to uncover the basic principles of neural organization and 
functioning. Such research could lead to the development of highly-intelligent 
parallel-processing computers. 

and theoreticians; in short, a formidable 
array of specialists. It also requires the 
development of highly-specialized com­
putertechnologies. We have assembled 
a team at NASA-Ames to promote the 
technology needed to understand the 
neurobiology, both in its own right and 
as a guide to future computer advances. 
We also are working on the physical 
and mathematical interpretations es­
sential to the development of a silicon 
chip for potential inclusion in robots. 

The biological neural networks we 
study - the vestibular maculas of the 
inner ear - are among the simplest of 
the mammalian neural networks to un­
derstand and model. At the same time, 
they are complex enough to be useful 
for deriving principles of neural network 
organization. Because the basic struc­
ture of vestibular maculas does not dif­
fer between species, we have used the 
rat utricular macula as a model system. 

Macular end organs act as linear 
bioaccelerometers. They consist of a 
test mass suspended in a gel-like liquid 
above a detecting unit. The test mass 
features tiny crystallite particles called 

otoconia which are unevenly distrib­
uted above the detector. The detecting 
unit is a neural network structured for 
weighted, parallel distributed process­
ing of information. It contains two types 
of hair cells, a system of nerve endings 
with branches and collaterals, and small 
nerve fibers that end on type II hair cells 
and on other neural elements within the 
macula. 

The hair cells function as detectors. 
At their apical surfaces, they bear a tuft 
of thread-like sensors known as 
stereocilia and a special sensory hair 
called the kinocilium . The tufts are al­
ways organized in hexagonal arrays, 
but the size and height of the individual 
stereocilia vary from site to site. Ordi­
narily, the stereocilia are in staircased 
order, with the tallest bordering the 
kinocilium, which is attached to the 
otoconial layer. Since the kinocilium is 
capable of motility, we believe it agi­
tates this layer. Translational linear 
acceleratory force affects the otoconia 
differently according to their individual 
masses and the background of activity 
already occurring. The result is that 
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complex waves are constantly emitted, 
with or without the addition of transient 
accelerations, and the detecting units 
respond according to their stereociliary 
configurations. 

Fourier analysis of various tuft orga­
nizations shows that the stereociliary 
tufts are highly-directionally-tuned by 
their hexagonal organization and height. 
In another astonishing correlation to 
human-engineered devices, it seems 
that nature invented the equivalent of a 
sensitive phased array antenna millions 
of years ago. Analysis of the repeating 
lattice angles of stereociliary tufts shows 
that they range between 1150 and 1250

• 

The optimum repeating lattice angle 
for man-made antennas is a 1200 

rhombus. 
These and other findings mean that 

we are well on our way towards under­
standing - and expressing in math­
ematical and engineering terms - the 
basis of detection of incoming linear 
acceleratory signals by this biological 
system. We also are improving our un­
derstanding of the neural network orga­
nization by using computer technology 
to reconstruct parts of the network and 
to produce symbolic models that mimic 
theirfunctioning. This research currently 
is tedious and labor-intensive, requiring 

NASA Tech Briefs, June 1991 

photographing serial sections in a trans­
mission electron microscope; reas­
sembling the micrographs into mon­
tages of the section; tracing objects of 
interest from the montages; digitizing 
the tracings into a computer; and 
reassembling the tracings into shaded 
images. In the Biocomputation Center, 
we are developing two image process­
ing systems to eliminate the photogra­
phy and to make digitization more rapid 
and accurate. The first system cap­
tures, enhances, and digitizes electron 
microscope images directly, then stores 
them on an optical disk. The second 
system assembles the digitized images 
as montages and aligns them to a com­
mon coordinate system. A user inter­
acts with the computer to produce files 
of contour data from which 3D models 
are generated. 

Using current reconstruction tech­
niques, we have demonstrated the 
smallest functional units of the net­
work, its receptive fields, which con­
sist of the calyceal endings of a nerve 
fiber together with the hair cells that 
synapse with them. We also have 
reconstructed parts of the neural 
network. Our basic findings are that no 
two of the receptive fields are identical 
and that the network varies in com-

Circle Reader Action No. 638 

plexity from site to site. 
The key question is can we reduce 

the network's complexities to meaning­
ful engineering and mathematical ex­
pressions that capture, uncompromis­
ingly, the architectural and functional 
foundations of the system without sim­
ply reproducing it. For if we are to im­
prove artificial computer technologies 
and produce thinking machines, we must 
accomplish this without replicating the 
billions of neurons and their con­
nectivities present in a human brain. 
We must reduce brain organization to 
its basics and build from there. Perhaps 
in some ways the artificial brains can be 
made to outstrip the biological! 

As part of this effort, we have pro­
duced a dynamic, symbolic model of a 
small portion of the neural network. The 
model has six layers: stimulus, type I 
hair cells, type II hair cells, calyces, 
impulse initiation zone, and neuronal 
discharge. The effects of varying indi­
vidual parameters, such as direction of 
input, length of nerve branches, or rest­
ing discharge rate, can be determined 
quantitatively and qualitatively by the 
model. We now are adding feedforward 
and feedback loops to study the effects 
of lateral inhibition on the output of 

(continued on page 131) 
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New Produclldeas 
New Product Ideas are just a 
few of the many innovations 
described in this issue of NASA 
Tech Briefs and having promis­
ing commercial applications. 
Each is discussed further on the 
referenced page in the appropri-

ate sections in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations. you can 
receive further technical informa­
tion by requesting the TSP 
referenced at the end of the full-

length article or by writing the 
Technology Utilization Office of 
the sponsoring NASA center 
(see page 14). NASA's patent­
licensing program to encourage 
commercial development is 
described on page 14. 

Casting of Multilayer 
Ceramic Tapes 

High-density ceramic tapes are made 
by centrifugal casting at accelerations 
of 1,800 to 2,000 times the normal gra­
vitational acceleration. These tapes are 

Rmco 
® 

used in capacitors, fuel cells, and elec­
trolytic separation of oxygen from the 
ai r. The high casting force in the centrifuge 
produces very uniform and tightly packed 
ceramic layers. 
(See page 110) 

3801 North Rose Street 
Schiller Park, IL 60176-2190 
Illinois: 708-671 -6670 
FAX: 708-671 -9469 

AMCO Engineering Co. Call Toll Free: 1-800-833-3156 
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Quasi-Optical Millimeter­
Wavelength Resonator 

A quasi-optical reflection cavity can be 
scaled to wavelengths too small for con­
ventional waveguide technology. The de­
sign can be scaled easily to frequencies 
as high as 1 THz. 
(See page 16) 

Rapid Dry Etching of Photo­
resists Without Toxic Gases 

An experimental dry etching technique 
may have the potential to strip photore­
sists from semiconductor wafers without 
damaging the semiconductor materials. 
No hazardous or toxic chemicals are used. 
(See page 104) 

Interface Circuit for 
Printer Port 

A new interface converts the signals at 
a standard IBM PC or equivalent printer 
port to those of a general-purpose bus. The 
interface is very simple, requi ring only six 
integrated Circuits, and provides for mod­
erately fast rates of transfer of data. 
(See page 26) 

Tool Removes Coil-Spring 
Thread Inserts 

A tool removes coil-spring thread inserts 
from threaded holes. The tool eases the 
removal and avoids further damage to the 
threaded inner surface of the hole. 
(See page 106) 

Self-Aligning Sensor­
Mounting Fixture 

A mounting fixture for an optical weld­
penetration sensor enables accurate and 
repeatable alignment. Designed for use 
on a gasltungsten arc-welding torch, the 
fixture replaces a multi piece bracket that 
was inaccurate and fragile and required 
time-consuming custom setup. 
(See page 107) 

Compact Pinch Welder 
A hand-held spot welder uses com­

pressed air to drive its opposed electrodes 
into the workpiece. It provides a higher, 
more repeatable clamping force than does 
a manually driven gun and thus produces 
weld joints of higher quality. 
(See page 109) 
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NOW TEAC'S XR SERIFS IS 
28-CHANNElS WIDE. 

Introducing !he worlds first 28-channel VHS data the world's first VHS cassette data recordet: Since then. weVe 
recorder. The TEAC XR-9000. Now the perfonnance and helped develop every majorimpluvement in VHS data recording 
capacity of the larger open-reel decks are available with the technology. Thday we're building VHS data recorders from 7· to 
convenience, economy and ease of operation of VHS cas- 28<hanneJs with models available in Wide Band Groups I and II, 
settes. All within a lightweigh~ minimum foot print unit. plus interchangeable FM, Super FM DR, and PCM modules 

The XR -9000 offers TEACs exclusive menu-driven on- And in an iMustry with little tolerance for errol; TEACs 
screen display plus numerous auto-functions to provide a sim- enviable record of performance and reliability is unsurpassed. 
pIe step-by-step setup procedure. You can use your computer So, if you're looking for greater capacity, with the most 
to remotely control the XR -9000. And recorded data from the variety of options and models, at the most efficient cost-per-
XR -9000 can be fed directly into a computer. channel, TRAC XR series data recorders is the 

It's been over a decade since TEAC introduced T E ACe only place you'll find it. 

Information Pnxlucts Division.. 
© 19!Q. iEAC AMERlrA, INC T/331'Eli:GRAPH RD., MONTEBFllO, CA 90640 WEST (213) 'l2&<OO3 EAST (50S) 683-83:12 
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HOW YOU CAN BEP&IT 
FROM NASA's 
TECIftOLOGY 
UTlIZATION 
SBlVICES 

It you're a regular reader 01 TECH BRIEFS. then you re already makIng use of 
one of the Iow·and no·cost servICeS provoded by NASA s Technology Uhhzatlon 
(TU) Network But a TECH BRIEFS subscrlphon represents only a fractoon of 
the technocal nformatlon and appfocatoons englneenng servICeS offered by the 
TU Network as a whole. In faCl , when all of the components 01 NASA's 
Technology Utlhzaloon Networl< are conSIdered TECH BRIEFS represents the 
proverboal t p of the oceberg 

We've outl ned below NASA's TV Networl<-named the participants de· 
scnbed thlllr servICes and f,sled the IndIVIduals you can contact for more 
InformatIon retatlng to your SpecdlC needs We encourage you to make use of 
the ,"formatoon access. and apphcahons servoces offered by NASA's TechnoI· 
ogy Uh~zaloon 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 Applications Centers (lACs) for assistance in solving a specific technical problem or meeting your 
information needs. The ' user friendly' lACs are statted 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 consultation services and/or linkage with other experts 
in the field. You can obtain more information about these services by calling or writing the nearest lAC. User fees are charged for lAC information services . 

Aerospace Research 
Center (ARAC) 
Indianapohs Center fO'r Advanced 
Research 
611 N. Capitol Avenue 
Indianapolis, IN 46204 
Dr. F. Timothy Janis, Director 
(31 7) 262·5036 
Centrallnduslrlal Applications 
CenterlNASA (CIAC) 
Rural Enterprises, Inc. 
Post Office Box 1335 
Durant, OK 74702 
Dr. Dickie Deel, Director 
(405) 924·5094 
(800) 658·2823 (toll·free U.S.) 
Science and Technology 
Research Center (STRC) 
Post Office Box 12235 

Research Tnangte Pari<, 
NC 27709·2235 
H.L. (Lynn) Reese, Director 
(919) 549·0671 
NASA Industriat Applications 
Ctr, 823 William Pitt Union 
University of Pittsburgh 
Pittsburgh, PA 15260 
Lan; Hummet 
Executive Director 
(412) 648·7000 
Southern Technology 
Applications Center (STAC) 
Post Office Box 24 
Progress Ctr., One Progress Blvd. 
Alachua, FL 32615 
J. Ronald Thornton, Director 
(904) 462·3913 
(800) 354-4832 (FL only) 
(800) 225'()308 (toll·free US) 

NASAJUK Technology 
Technology Applications Center 
Untverslty of Kentucky 
109 Kinkead Hall 
LeXIngton, KY 40506·0057 
William R. Strong, Director 
(606) 257·6322 
NERAC, tnc. 
One Technology Dnve 
Tolland, CT 06084 
Dr. Daniel U. Wilde, President 
(203) 872-7000 
Technology Application Center 
(TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Stanley A. Morain, Director 
(505) 277-3622 

NASA Industrial Applica tions 
Center 
UnIVersity 01 Southern California 
Research Annex 
3716 South Hope Street 
Los Angeles, CA 90007·4344 
Robert Starl<, Director 
(213) 743·6132 
(800) 642·2872 (CA onty) 
(800) 872·7477 (toll ·free US) 
NASAISU Industrial Applications 
Center 
Southern University Department 
of Computer Science 
Post Office Box 9737 
Baton Rouge, LA 70813·9737 
Dr. John HUbbell, Director 
(504) 771-6272 
(504) 771 ·4950 

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and solve 
critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P,O, Box 12194, Research Triangle 
Park, NC 2n09; Dr, Doris Rouse, Director, (919) 541-6980 

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

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not 
available, you can contact the Technology Utilization Officer at the NASA Reid Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Reid Center that sponsored the research. Refer to the NASA 
reference number at the end of the Tech Brief. 

Ames Research Ctr. 
Technology Utilization 
Officer:Geoffrey S. Lee 
Mail Code 223-3 
Moffett Field, CA 94035 
(415) 6044044 
Patent Counsel: 
Darrell G. Brekke 
Mall Code 200· 11 
Moffett Field, CA 94035 
(415) 604·5104 
Lewis Research Center 
Technology Ublizahon 
OffICer: Anthony F 
Ratajczak 
Mail Stop 7·3 
21000 Brookparl< Road 
Cleveland, OH 44135 
(216) 433·2225 
Patent Counsel; 
Gene E. Shook 
Mait Code LE·LAW 
21000 Brookparl< Road 
Cteveland, OH 44135 
(216) 433·5753 

John C. Stennis 
Space Center 
Technology Utilization 
Officer: Robert 
Barlow 
Code HA·32 
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) 867·301 7 
Patent Counsel: 
Bill Sheehan 
Mati Code PT·PAT 
Kennedy Space 
Center, FL 32899 
(407) 867·2544 

Langley Research Ctr. Jet Propulsion Lab, 
Technology Ublization NASA Resident Office 
Officer: Joseph J. Mathis Jr. Technology Utilization 
Deputy Head, TU Office Officer: Arif Husain 
Mall Stop 139A Mail Stop 180-801 
Hampton, VA 23665 4800 Oak Grove Dnve 
(804) 864-2484 Pasadena, CA 91109 
Patent Counsel: (81 B) 354·4862 
George F. Helfrich Patenl Counsel: 
Mail Code 279 Thomas H. Jones 
Hampton, VA 23665 Mali Code 180·801 
(804) 664·3523 4800 Oak Grove Drive 
Goddard Space Flight Pasadena, CA 91109 
Center (818) 354·5179 
Technology Utitization Technology Utihzahon 
OffICer' Donald S. Mgr. for JPL: Dr Nor· 
Friedman man L. Chalfin 
Mail Code 702.1 Mall Stop 156·21 t 
GreenbeH, MD 20771 4800 Oak Grove DrIVe 
(301) 286-6242 Pasadena, CA 91109 
Patent Counsel: (818) 354-2240 
R. DenntS Marchant 
Mati Code 204 
Greenbeh, MD 20771 
(301 ) 286·7351 

George C. Marshall 
Space Flight Center 
Technology Utilization 
OffICer: Ismail Akbay 
Code ATOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544·2223 
Fax (205) 544·3151 
Patent Attorney: 
Jerry L. Seemann 
Mail Code CCOI 
Marshall Space Right 
Center, 
AL 35612 
(205) 544·0021 

Lyndon B. Johnson 
Space Center 
Technology Ublization 
Officer: Dean C. Gtenn 
Mail Code IC-4 
Housfon, TX 77056 
(713) 483·3809 
Patent Counsel: 
Edward K. Fein 
Mail Code AL3 
Houston, TX 77058 
(713) 483·4871 
NASA Headquarters 
T echnoiogy Utilization 
OffICer: Leonard A. AuH 
CodeCU 
Washington, DC 20546 
(202) 557·5598 
Assistant General 
Counsel for Patent 
Matters: Robert F. 
Kempf, Code GP 
Wash'ngton, DC 20546 
(703) 557·5598 

A Shortcut To Software ' COSMICY:or software developed with 
NASA funding, contact COSMIC, NASA's Computer Software Manage· 
ment and Information Center. New and updated programs are an· 
nounced In the Computer Programs section. COSMIC publishes an 
annual software catalog. For more information call or wnte: COSMI , 
382 East Broad Street, Athens, GA 30602 John A. Gibson, Oir., (404) 

542·3265. 

If You Have a Question .. NASA Center For A eroSpace Inf or­

matio n can answer questions about NASA's Technology Utilization 
Network and Its services and documents. The CASI staff supplies 
documents and provides referrals. Call, write or use the feedback card 
In this issue to contact: NASA Center For AeroSpace Information, 
Technology Utilization Office, P.O. Box 8757, Baltimore, MD 21240· 
0757. Walter M. Heiland, Manager, (301)859·5300, Ext. 245. 
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Mathcaf 

ew 
Mathcad 3.0. 

When number-crunching ~me comes, 
does work grind to a screeching halt? 

Want a better way to do techDical calcula­
tions than a spreadsheet or calculator-an 
obstacle eltam instead of an obstacle crufln'? 

You need new Mathcad 3.0, the crunch­
those-numbers, and deliver-results-in-a­
second calculation software. 

As in-depth as you want, as routine as you 
need. Mathcad 3.0 does everything from 
averages to FFfs, from percentages to matri­
ces. Almost every funCtIon you'll ever need 
is built in for raeld, effortless calculations. 

New E1ectroruc Handbooks make it easy 
to click-n-paste hundreds of standard for­
mulas, usefu.l data, even entire calculations 
into your documents. And a full range of 
add-on Applications Packs help you solve 
problems specific to your profession. 

End of Pro lem. 
Mathcad's new easy to learn and use 

Windows 3.0 interface has you up and 
running in hours-not days. Best of all, 
Mathcad is just plain fust. 

Simply I>lug in data and you're done­
Mathcad does all the work for you. It does 
the calculations. Automatically updates 
results when you change a vanable in the 
live document. It graphs in 2-D or 3-D. 
And prints results 10 presentation-quality 
documents, complete with equations 
in real math notation. In the blink ofan 
eye-numbers crunched-and you're back 
to won. 

Meet the Mathcad 3.0 power list: 
• New easy to learn and use Microsoft 
W1Odows 3.0 interface 
• New Electronic Handbooks and Applica­
tions Packs provide solutions for Electrical, 
MechanicaI; Civil and Chemical Engineer­
ing, Statistics, Advanced Math, anaNumer­
ici1 Methods 
• New symbolic calculations perfonned 
more easily than with any other product 
• Does exponentials, integrals, matrices, 
and more 

• 2-D and 3-D graphics 
• Prints high-qiiality 
documentation 
• PC OOS, Macintosh~ and 
Unix- versions also available 

For a free Mathcad 3.0 
demo disk, or upgrade infonna­
tion~ call1-80~MATHCAD 
(or 617-577-1017, Fax 617-
577-8829). Or see your software dealer. 
AruJabk for IBM· compatibles, Macintosh 
computa:s, and UNIX workstations. 
TM and I»,;pfy 1IWtu&mmr'. mdcma&t or!tplOtd mdo:uwk 
.upccmdy 

1-800-MATHCAD 
'm. ""'fIfiIIMI"'_"'''''~1..5'''~'''' 5Il/9/-MM1. CAll"' .... 

The answer is 
Mathcad® 

MathSoft, Inc. 
201 Broadway, Cambridge, MA 02139 USA n 

~ _('03)1661766; Idpa:liCIA0Ul55171S;Dcamad::l'..oopIJ42lS 1771; Fiabod: z-. ~7617; Frma: ~(I)4609 1400; <lc:mmJ: SoftIiDt (0 78 02) 4036; Ittly: a.m.d IMOO9l713;J'P""ClCllJ.a66&.'J7tl; 
NcthaIando: JJaaioc0l6ll).816OO; Ncnror.l'mIrdl 0IJ.9SIl0l0;Switta!and: lI<dxtJm 03241 0111; VoL: Adept Sciattifj; (1l!6l) 480055.lDothcr Iocatiooo, ""'txt M>thSo/i, lISA. 
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Quasi-Optical Millimeter-Wavelength Resonator 
The design can be scaled to wavelengths too small for conventional waveguide technology. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A quasi-optical reflection cavity seNes 

as a prototype resonator for oscillators at 
millimeter and submillimeter wavelengths. 
Conventional waveguide resonators for 
this frequency range are lossy. and it is 
difficult to fabricate them. The quasi-optical 
resonator (see figure) incorporates a fold­
ed Fabry-Perot interferometer of high 0 
and high finesse, another folded Fabry­
Perot interferometer of lower 0 and low 
finesse, and a Littrow-mounted diffraction 
grating. (0, a measure of the sharpness 
of the resonant spectral peaks, is defined 
as 211" times the electromagnetic energy 
stored in the resonator divided by the elec­
tromagnetic energy dissipated in the reso­
nator during one cycle of oscillation. 
Finesse is defined as 0 divided by the 
number of wavelengths along the round­
trip reflection path.) 

The electromagnetic beam from the 
oscillator is coupled into the resonator 
quasi-optically; e.g., via a feed horn. At an 
angle of incidence of 45°, the beam first 
strikes metal mesh 1, which seNes as one 
of the partially reflecting surfaces of the 
high-O folded Fabry-Perot interferometer. 
The other partially reflecting surface is 
mesh 2. The reflectivity and spacing of the 
meshes are designed to obtain the desired 
comb-pattern transmission spectrum. 
Those parts of the spectrum of the incom­
ing beam that are not within the narrow 
peaks of this transmission spectrum are 
reflected by mesh 1 to absorber 1. 

The portion of the beam that passes 
through the high-Q Fabry-Perot interfer­
ometer is filtered similarly in the low-O 

Refocusing 
Mirror 

The Quasi-Optical 
Millimeter-Wave­
length Resonator 
exploits diffraction 
and rellection effects 
to achieve high Q . 
This type of resona­
tor is useful mainly at 
wavelengths too 
short for conven­
tional wavegu ide 
techniques but too 
long for optical tech­
niques. 

To and 
From 

Oscillator 

Movable 
Mirror 

Fabry-Perot interferometer. The character­
istics of meshes 3 and 4 and the other 
parameters of this interferometer are chosen 
so that its transmission spectrum includes 
at most half the peaks of the transmission 
spectrum of the high-O interferometer. The 
rest of the spectrum incident upon mesh 
3 is reflected to absorber 2. 

The diffraction grating reflects the 
desired part of the beam back along itself 
toward the source and performs the final 
spectral filtering . The Littrow mounting is 
chosen to effect the desired back-reflec­
tion. The mounting angle, period, and other 
parameters of the grating are chosen so 
that only one of the spectral peaks that 
remain after the second grating is reflected 
back toward the source. The rest of the 
spectrum incident upon the grating is 
reflected onto absorber 3. 

The prototype resonator was designed, 
fabricated, and tested at a frequency of 

Absorber 3 

C/V\JV\/\} 

\ 
low·Q 

Fabry·Perot 
Interferometer 

63 GHz. It exhibited a 0 of 6,600 and a 
round-trip loss of 2.52 dB. With attention 
to some details (e.g., nonuniform illumina­
tion, ohmic loss, and spillover loss) that 
were not considered in the design of the 
prototype. it should be possible to achieve 
O's as high as 10,000. The design can be 
scaled easily to frequencies as high as 1 
THz. 

This work was done by Margaret A.; 
Frerking and Karen A. Lee of Caltech for' 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 76 on the TSP 
Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 14]. Refer to NPQ-17919. 

~JThermal Strap and Cushion for Thermoelectric Cooler 
The strap would flex in three orthogonal directions to absorb stress and vibration. 
NASA's Jet Propulsion Laboratory, Pasadena, California silver. The silver straps use usually used 

on flight systems whose requirements for 
A relatively inexpensive cushioning strap 

has been proposed for use as the thermal 
contact between a thermoelectric cooler 
and a device to be cooled, such as a laser 
diode, infrared detector, or charge-coupled 
device for imaging. The strap would pro-

16 

vide high thermal conductance while min­
imizing thermal and mechanical stress­
es on the thermoelectric cooler, which is 
fragile. 

The strap would be used as an alter­
native to a flexible thermal strap made of 

optical alignment and thermal conduct­
ance are more stringent than for most ap­
plications. The silver straps require expen­
sive fixtures and assembly techniques, 
such as custom vacuum electron-beam 
welding. The new thermal strap, in con-
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FDDI. 
From deskwork to 

network. 

Good news for networks! 

The X3T9.5 Task Group, under 
the procedures o/ANSI Accredited 

Standards Committee X3, has 
reaffirmed approval o(the Media 
Interface Connector (MIC)j{Jf the 
pmposed FDDI (fiber Distributed 

Data Inter/gee) Physical Layer 
Medium Dependent (PMD) document. 

AMP and OPTII.IATE are Irademario.s of AMP Incorporated. 

More good news! AMP 
has the complete fiber optic 

interconnection system-the 
AMP OPTIMATE Fixed 
Shroud Duplex System-that 
meets all FDDI PMD require­
ments. And includes all the 
physical components you need to 
make your fiber optic network a 
reality. 

Of special note: the trans­
ceiver is capable of operating at 
data rates up to 125 Mb/s. Avail­
able in standard or raised (+5v) 
EeL logic, it gives you a com­
pact, board-mount data link in 
an industry-standard 22-pin 
package. Reliable duplex mat-

ing and electro-optic conversion 
are now easier than ever. 



All system compo­
nents, in fact, are easy to 
install and reconfigure. 
Our field termination kit 
makes short work of 
attaching duplex connec­
tors to fiber cable. And 
because all inten:onnec­
tiona use a floating inter­
face, you _ eonsistent, 
low-loss matiJIg (0.6 dB typical) 
1hrougbout. 

You can also order 
complete, custom-built cable 
assemblies from us. Either 
way, youll have the assured 
compatibility that comes 
from dealing with only one 
supplier for all your FDDI 
interconnection components. 
A supplier wh(l;e capability 

THIS ISAMP1D04Y. 

optic technology is every­
thing you'd expect from the world's 
largest connector company. 

For technical literature and 
more information, call 1-800-
522-6752. AMP Incorporated, 
Harrisburg, P A 17105-3608. 
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trast, would have a simple design and 
could be fabricated easily, with relatively 
inexpensive materials. It would have a 
thermal resistance of about 1 °C/W. Object To Be Cooled 

/7 
1.2 In. 

The Double-Deck 
Sandwich of flexible 
thermal conductors 
would provide many 
parallel paths for flow 
of heat from a cooled 
device to a thermo­
electric cooler, while 
protecting the cooler 
against stress and vi­
bration. 

The new strap would include three thin 
copper plates between which two cor­
rugated foils of a thermally conductive 
metal - copper, aluminum, or silver -
would be sandwiched (see figure). The cor­
rugations in the two layers of foil would lie 
perpendicularly to each other. The layers 
would be bonded to the copper plates with 
thermally conductive epoxy resin. The cor­
rugations would be formed during the I:x:md­
ing process by inserting pins under and 
over the foils to create the wavy pattern. 
The pins could be coated with a release 
agent so that they could be removed easily 
after the strap is assembled. 

Th~r;;':~~ AL~~W#e:... 
~ Sliver Foil 

0.001 In. thick 

Insulating standoff posts would support 
the device to be cooled. The top and bot­
tom copper plates of the strap would be 
bonded to the object to be cooled and to 
the cold stage of the thermoelectric cooler, 
respectively. The corrugations would en­
able the top part of the sandwich to flex 
between right and left and the bottom part 
to flex between front and back. Both halves 
could flex up and down. (Flexing in torsion 
would be limited, however.) The unit strap 
could thus accommodate linear motion in 
all three directions. This feature would help 
to isolate the thermoelectric cooler from 

"["3132 In. 
Typical 

Flow of Heat 

thermal stress and vibration. At the same 
time, it would be linked to the object to be 
cooled by many parallel thermal paths 
through the plates and foils. 

This work was done by Jack A. Jones, 
S. Walter Petrick, and Steven Bard of Cal­
tech for NASA's Jet Propulsion labora· 
tory. For further information, Circle 95 on 

the TSP Request Card. 
This invention is owned by NASA, and 

a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develo,:r 
ment should be addressed to the Patent 
Counsel, NASA Resident Otfice-JPL [see 
page 14]. Refer to NPO-17806. 

~~ Microwave Oscillator Would Have Reduced Phase Noise 
Performance would rival that of an oscillator stabilized by a quartz crystal. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Microwave oscillators of a proposed 

new type would incorporate a suppressed­
carrier/negative-feedback feature to re­
duce phase noise near thei r carrier fre­
quencies. Together with recent advances 
in the quality factors (O's; that is, recipro­
cals of damping factors) of microwave res­
onators, the new oscillator concept could 
result in phase noise less than that achiev­
able by cryogenically stabilized microwave 
components or by room-temperature oscil­
lators stabilized by quartz crystals. 

The new oscillator concept could be im­
plemented in three different versions (see 
figure). The first version would be based 
partly on the established stabilized-Iocal­
oscillator concept. However, one way in 
which it would differ is that the signal from 
the resonator cavity would be returned 
from the input port of the cavity instead 
of from a second coupling port. A cir­
culator would separate this signal from the 
forward driving signal. The returned signal 
would be fed to a phase detector in the 
form of a mixer. At critical coupling and 
on resonance, the returned signal would 
be identically zero. However, it would be 
the superposition of two nearly equal sig­
nals, one of which would emanate from 

20 

the cavity and the other of which would 
be the reflection of the driving signal from 
the resonator port. At resonance, this re­
flected signal would not significantly affect 
the operation of the mixer because it 
would be in quadrature with the signal at 
the other mixer port. While the ampli!tude 
would go through zero on resonance, there 
would be a reversal of phase in which the 
in-phase signal on one side would become 
out of phase on the other, providing a linear 
dependence of the output voltage of the 
mixer on the frequency error, as required 
for effective feedback. Unlike in prior stabil­
ized local oscillators, the returned signal 
would be amplified on its way to the mix­
er. Thus, the effective mixer phase noise 
would be reduced by the factor of amplifier 
gain. Degradation of the signal by phase 
fluctuations in the amplifier is prevented 
by carrier suppression due to the superim­
posed signals_ Thus amplifier phase noise 
would also be reduced, with the amount 
of reduction given by the degree of car­
rier suppression. 

The second version would resemble the 
first version somewhat, but the phase sen­
sitivity would not be enhanced by amplifi­
cation of the signal returned from the res-

onator. Instead, it would be enhanced by 
use of relatively high power in the high-O 
resonator. The suppression of the carrier 
at the r port would make it possible to in­
crease power supplied to the resonator 
without saturating the mixer. 

The third version would be configured 
as a reflection oscillator with direct radio­
frequency feedback. As in the first version, 
the Signal returned from the resonator 
would consist of two superposed signals 
that would cancel at resonance if the 
coupling to the resonator were critical. 
However, here, the resonator would be 
slightly over-coupled, so that at resonance, 
the return signal would have a small, con­
stant value. This condition can be shown 
theoretically to result in a reduction of the 
phase fluctuations by a factor that would 
increase with the gain of the amplifier. 
Because the path lengths of the circuit 
could give rise to large phase shifts that 
could cause oscillation at spurious fre­
quencies, a band-pass filter would be in­
corporated to suppress such oscillations. 

This work was done by G. John Dick 
and Jon Saunders of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 73 on the TSP Request 
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Who 0 s oreAb ut 
Cases and Containers? 

, 

The answer is yes. 
You may have known us as 

Metricase, the leader in 
welded, ruggedized cases. 
Or you may have known us 
as Applied Design, leaders in 
custom containers for 
everything from spacecraft to 
spare parts. Today we are one 
company, Erie Engineered 
Products, offering you the 
combined experience, 

knowledge and production 
capabilities of these two great 
organizations. 
If you are planning one 

challenging container, or would 
just like the best value on 
hundreds of pre-engineered 
cases, please take advantage 
of our unique dual experience. 
For a copy of our new 

capabilities brochure and 

.... c=&·c 

catalog or to talk with a fellow 
engineer, call (716) 694-2020. 
Or write Erie 
Engineered 
Products, Inc. , 
908 Niagara Falls 
Blvd., North 
Tonawanda, 
New York 14120. 

Custom & Pre-Engineered Cases & Containers 
Circle Reader Action No. 536 



ROISE PBOBLlKS? 
FOAM DAMPI!lG 

SRIIT-EMBOSSED IS A 
ROISE-VIBIlA!IOR "STOPPEB" 

When there's noise inside a 
machine enclosure, there's 

usually vibration. The 
practical solution is to 

line the inside of the 
enclosure with a 
combination sound 
absorption and 
damping material. 
Soundcoat's FOAM 
DAMPING SHEET­
EMBOSSED 
consists of a 
thickness of 

embossed foam bonded 
to a thin sheet of pre­

cured, high efficiency damping 
compound. In this configuration, 

FOAM DAMPING SHEET­
EMBOSSED has proved to be an 
effective solution to the problems of 
noise and vibration. It's available with 
Soundcoat's own pressure sensitive 
adhesive backing and can be cut to fit any 
enclosure. 

Foam Damping Sheet from Soundcoat. It brings noise and 
vibration problems to a full stop. 

The noise stops here. 

St.II ••• t~t •• ~.~ ® 
One Burt Drive. Deer Park, NY 11729 • 516-242·2200 Ext. 56 ' FAX: 516-242-2246 

3002 Croddy Way. Santa Ana. CA 92704 • 714-979-9202 • FAX: 714-979-0834 
Send for your free noise control bulletin No. 704. 

Circle Reader Action No. 438 

Color video images from inside vaclRlm chambers 
• As low as 10.9 torrs 
• Magnified images 
• Focus from close-up to 

infinity 
• Couple to any C-Mount 

video camera 
Flexible fiberscopes and rigid 
borescopes are unique optical 
instruments that let you see 
sharp, clear, color video images 
of events inside vacuum 
chambers and document them 
on video tape. All Olympus vac­
uum scopes need for penetration 
is a minimum of 2 3/4 inch flange. 

• In-situ spectroscopy 
• Image enhancement and 

analysis 
• White light. strobe . UV. 

Infrared. laser frequencies 
f1Ir IIIDI'I "OI'IIIIIlIon call II' wrtta: 
Olympus Corporation, 
Industrial Fiberoptlcs Division 
4 Nevada Drive 
Lake Success, N.Y. 11042-1179 
Tel: 516-488·5888. 800-446-5260 
FAX: 516-488-3973 

OLYMPUS 
INDUSTRIAL 

For Immediate Attention Circle No. 424 
22 For Literature Circle No. 425 

Card. 
In accordance with Public Law 96-517, the contractor has 

elected to retain title to this invention. Inquiries concerning 
rights for its commercial use should be addressed to 

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

Refer to NPO-17945, volume and number of this NASA Tech 
Briefs issue, and the page number. 

Output 

---" 

/IF 

VERSION 1 

VERSION 2 

Phase AdJuster 

Three Versions ofthe Reduced-Phase-Noise Microwave Oscillator 
would reduce phase and frequency fluctuations via a suppressed­
carrier/negative-feedback concept. 

Megawatt Square Microwave 
Feed Horn ~ 
Experiments verify computed radiation patterns. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

A prototype multiflare square horn antenna is designed to 
combine the phased 8.51-GHz outputs of four 250-kW ampli­
fiers into a single 1-MW continuous-wave beam. This feed 
horn is intended to illuminate the subreflector of a 70-m­
diameter radar antenna. Tests at low power confirm that, as 
expected from the design computations, it nearly duplicates 
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Few Network Professionals can design, 
install & manage integrated multi-platfonn networks. 

Do you have what it takes? 
The stakes are high in networked computing. Multiple 
fonnats and platfonns can confuse even seasoned net­
work managers. Joining far flung tANs and WANs com­
plicates matters even more. Yet as challenging as true 
connectivity is to achieve, the rewards justify the effort. 
So the question becomes: Do you have what it takes? 

Multi-Vendor Connectivity 
A successful network is flexible, scalable and easily 
distributed throughout an organization. 
Connectivity requirements typically go beyond 
the workgroup, encompassing entire enterprises. 
Seamlessly integrating IB~ Digital~ Sun~ H-P~ 
Apple~ and other platforms is a necessity. Easily 
said, but difficult in practice. 

Unbiased Networking 
Unbiased Networking means freedom of choice: 
Support for Ethernet, Token Ring, Local Talk and 
FDDI, with multiple protocols, over multiple 
media and with remote \inks ranging from T1 to 
X.25 Public Data Networks. Unbiased network- Comprehensive network maTlIlgement trois, protocol independence Qlull1IfiIia ~exibilily are central tD /oday's network designs. 

ing is a consistent strategy that avoids the continual 
need to re-invent the network. But mostly, unbiased 
networking means satisfying user requirements while 
maintaining control over valuable computing 
resources. Performance in real situations is the test. 

Using Acass,{)ne fran Ungermmm·Bass, virtually any standardized 
platform am be inten:mmedlti with any other plat{urm. A~ 
prol'ides the structured wiri1Ig principles that make it wort. 

Technical Report Available 
Falcon Microsystems and Ungermann-Bass have joined to bring complete network 
design, implementation and management services to the Federal marketplace. We 
couple expertise with high quality products. Our 
technology goes beyond theory and connects 
some of the world's largest networks. We know 
what it takes. And we'd like to make sure that 
you do, too. 

Call fur the Falron-Ungermm11l'Bass 
Technical Report on Multi·PIatfonn 

Network I1Itegration. 

1-800-284-B67 

FALCON 
MICROSY8I'E.\1S j Ungermann-Bass 

1100 Mercantile Lane • Landover, MD 20785 
Circle Reader Action No. 661 

Call fur your 
complillle1ltmy 

copyofour 
Tedmical .Report 

0/1 Multi·P/at{rJrm 
etm bltegralion. 
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Figure 1. The Prototype Multlflare Square Feed Horn combines the outputs of four amplifiers into one beam, wh ich radiates from 
the large aperture. In the production version , which will handle 1 MW, the walls will contain passages for cooling water. 

the radiation pattern of a corrugated 
round feed horn now in use. (The round 
feed horn must be replaced because it is 
coupled to a waveguide that cannot reli­
ably handle power in excess of 400 kW.) 

The feed horn includes a power com­
biner section and a flare section (see Fig­
ure 1). The power from the four amplifiers 
is fed in through four input waveguides 
0.95 in. (24.1 mm) square, which allow 
electromagnetic energy to propagate on­
ly in the two orthogonally polarized TE10 
modes at the design frequency of 8.51 
GHz. By appropriately selecting the rela­
tive phases of the signals from the four 
amplifiers, one can cause the combined­
power beam to have either of the two 
linear polarizations or either of the two cir­
cular polarizations. 

The four input waveguides merge into 
an output waveguide 2.06 in. (52.3 mm) 
square, which is about 1 percent below the 
cutoff size for the TE30 and TEo3 modes, 
which are strongly excited at the junction. 
The 2.06-in.-square section is extended to 
a length of 6 in. (152 mm) to cause the 
TE30 and TEas modes to decay at least 30 
dB before they reach the beginning of the 
first flare. 

The radiation pattern of the new feed 
horn is required to have minimal spillover 
loss (minimal side lobes) and to have a 
main lobe as much as possible like that 
of the present corrugated circular feed 

horn (see Figure 2). The main lobe must 
illuminate the subreflector, which subtends 
the solid angle within a 160 half C9ne angle 
of the main antenna axis. The desired ra­
diation pattern can be obtained by coup­
ling some of the power from the TEl0 mode 
to the TE30, TE12, and TM12 modes. In the 
design of the feed horn, the amount and 
location of each taper in the flare section 
are chosen to yield this coupl ing. 

This work was done by Daniel J. Hoppe 
of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 56 on the TSP Request Gard. 
NPO-18025 

Figure 2. A Main Lobe Like That of the Corrugated Horn and side lobes reasonably be­
low the main lobe are obtained by choosing the tapers of the multiflare horn to couple 
power from the TEw mode into three other modes. 
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Do you wish you could find a backup sysrem 
with enough capacity, speed, and sophistica­
tion to backup unattended? 

fast transfer rares plus the ability [0 locate and 
restore your files qUickly - about 75 times 
faster than normal speed. 

Could you recreare a document from 
scratch in the time it rakes you to restore it? 

COIIIGURA11ON RIXIBIUTY. 
The state-of-the-art liquid crystal display 
gjves you complete drive starus information. 
Command under execution, transfer rate, 

fAST BACKUP, fAST RESTORE. 
Inrroducing the CY-8500, the 8mm tape 
drive that gjves you up to 
25 GB on a single tape. 
And with rrans(er rares 
of up to 90 MB per min­
ure, backup takes less 
time, frees resources,and 
makes frequent backup 
simple and convenient 

TAUE "PLuG·AND-PlAY" 
COMPATIBILITY WITH: 

tape remaining. and ECC 
are presented in a dear 
easy-ro-read format By 

And that's nor all. 
The CY-85oo offers fast 
file search capability. So 
you get the advantages 
of high capacity and 

Alllani 
AlpbaMlcro 
Altos 
Apollo 
Arix 
AT&T 
Basic'" 
Contunent 
ConvelVenl 
DalaGeneral 
DEC 31110 
DECBI·BuI 
DECHSC 
DECO·Bus 
DEC TUITA81 

DEC Unibus 
Gould 
HP 
IBM ASl4IIO 
IBM Mainflame 
IBM RISCI6000 
JBMAl 
IBMS138 
Macintosh 
McDonnell 

Douglas 
HCR 
Havell 
OS/2 
PS/2 

PC 386IIx offering such features as 
~ MS· DOS data compression - for 
=unlx five times the storage 
Plexus capacity per tape - and 
~~id data encryption - giving 
Sequent you data access conrrol-
Sillcon the CY-85oo adapts to 
Graphics 

Sun your company's growing 
Unlsys needs. We'U adapt to 
Wang 
and more your site requirements 

Circle Reader Action No. 411 

too, with rack mounting options and cable 
lengths of up [080 feet 

PROVEN 1EOINOLOGY. 
Best of a1L the CY-8500 offers peace of mind 
8mm helical scan technology, designed for 
data recording, gi es you demonsrrared 
performance and reliability. at an adapta­
tion of an audio recording fonnat 

The CY-85oo is pan of a complete family of 
tape backup products that range in capacity 
from the 150 MB W' cartridge streamer to the 
2 TB cartridge handling system. All backed 
up by our in-house rechnical suppon group 
and 12-month warranty. For more informa­
tion on how you can enjoy the best value in 
tape backup, call today at 804/873-0900. 

Rock Landing Corporate Center . 11846 Rock landing, ewpon lews, VA 23606' 804/873-0900 . FAX 804/873-8836 



~~ Interface Circuit for Printer Port 
An interface converts the signals at a standard printer port to those of a general-purpose bus. 
Langley Research Center, Hampton, Virginia 

AIl electronic circuit, called the printer­
port interface circuit (PPI) has been 
developed to overcome certain disadvan­
tages of previous methods for connecting 
the IBM PC or PC-compatible computer to 
other equipment. When used with appro­
priate software, the circuit converts the 
printer port on an IBM PC, XT, AT. or com­
patible personal comouter to a general 

purpose,8-bit-data, 16-bit address bus that 
can be connected to a multitude of de­
vices. 

The previous methods of connection in­
cluded direct connection to the internal 
bus of the PC, use of an RS232 serial or 
other standard interface circuit, and modi­
fication of the printer port to provide the 
capability for bidirectional transmission of 

26 

remember when you had the power to 
create immediate aerospace simulations, 

vary conditions and specify outputs 
during interactive execution? 

MGA's Advanced Continuous Simulation language (ACSl) is the software 
that gives you the power to simulate complex, non-linear systems, 

foster, with better results. 

ACSllets you be more productive, because it provides you with the facilities 
and functions that you'd otherwise have to write for yourself. Plus it lets you 
vary all conditions and specify outputs throughout the process. 

Find out more about ACSl by colling 1-508-369-5115 or FAXing 1-508-
369-0013. You'll discover that immediate aerospace simulations aren't just a 
child's dream anymore. 

MitchaD .... Gauthier 
Associates . Inc . 

The only real choice Cor simulations. 

Circle Ae.der Action No. 527 

8-bit data. Each of the these methods of 
connection has disadvantages. For exam­
ple, a direct connection to the internal bus 
requires a special circuit card that occu­
pies a card slot in the PC. With an RS232 
serial interface, the rate of transfer of data 
is slow. Other methods are specialized, 
complex, and require additional cards or 
modification of equipment. 

Because the printer port on the IBM PC 
was designed especially for the transmis­
sion of data to a printer, the PPI must be 
able to hold an address as well as to pro­
vide for the flow of data in both directions. 
To transmit to the external device, the PC 
printer port sends the address, data, and 
control values to the PPI one byte at a time. 
As the PPI receives this information, the 
PPI latches it on the proper output lines. 
Once the address and data are latched, 
the external device is Signaled to accept 
the values. Before the PC reads from the 
external device, it first sends the address 
and control signals to the PPI. The external 
device then responds with eight bits of data 
on the input lines. Since the printer port has 
only five inputs, the PPI transfers the eight 
bits of data to the PC four bits at a time. 

The PPI has both reading and writir19 
modes of operation. The PPI is very simple, 
requiring only six integrated circuits. It pro­
vides for moderately fast rates of transfer 
of data and uses an existing unmodified cir­
cuit card in the IBM PC. The output of the 
PPI has the characteristics of a conven­
tional bus, with address, data, and control 
signals. This "bus" can be easily con­
nected to most peripheral integrated cir-
cuits. . 

This work was done by Jerry H. Tucker 
and Ann B. Yadlowsky of Langley Re­
search Center. For further information, 
Circle 112 on the TSP Request Card. 

This invenuon is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its co.mmercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 14].Refer to LAR-13950. 
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Give the AmI' DSP3 * Parallel Proces­
sor your toughest tasks-image pro­
cessing and objea recognition, 

25 megaflop processing engine, the 
DSP3 can handle multi-gigaflop com­
putationalloads in a network configu-

ration of over 100 
processors. The 

powerful processing with the density 
you need, look to the AT&T DSP3. It 
can cut your algorithm problems 
down to size. For more information, 

\\lth I gigaflop per cuhic Ibot. it deliHTs 
the en0ll110US power and density you 
need to implement your algotililms 
in a "atidy of tactical hardware. 

DSP3 also gives 
you extreme 
flexibility: it can 
be populated 

Wc '\'c got solutions 
do\\'n to a sciencc. 

call your 
AT&T 
Federal 
Systems 
Account 

beamforming, neural networking, 
peech recognition, synthetic aper­

ture radar-and it'll handle the prob­
lem with speed and ease. 

The D P3 deliver 1 gigaflop per 
cubic foot of active area (up to 3.2 
gigaflops in a single array). With an 
advanced package that gives you 800 
megaflop in only 9 cubic inches. 

peed? 40 megabytes/second 
on each of four channels for an 
aggregate bandwidth of up to 160 
megabytes/second. 

Capacity is also maximized. Using a 

with one to 
eight boards, each with 16 
processing nodes, providing 
400 megaflops of power and four 
megabytes of memory. 

AmI''s DSP3 gives you access to 
high-level language software such as a 
C compiler and a wide library of sig­
nal processing subroutines. And it 
leads the industry in price per 
megaflop. Plus, of course, you get the 
unparalleled support and service of 
AmI' Bell Laboratories and AmI' Field 
Applications Engineers. 

So, for realtime parallel processing, 

Execu­
tive, or 1800 553-8805. (N.C. residenlS, 
call collect: 919 697·9580.) 
~ In pan WlderaO\llll\JPCIIl'OR"Iaxoraa. 

-ATlaT 
The right choice. 
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~J Lithium Cells Accept Hundreds of Recharges 
A new electrolyte prolongs the lives of cells . 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A new mixed-solvent electrolyte in­

creases the number of times a room-tem­
perature lithium cell can be discharged 
and recharged. When subjected to more 
than 250 chargeldischarge cycles, cells 
containing the new electrolyte lost only 20 
percent of their initial capacities. The poor 
conductivity and the high reactivity of the 
electrolytes toward the lithium electrodes 
of previous cells greatly reduced the ca-

pacities of these celis after just a few cy­
cles. 

In the new electrolyte, 2-methyltetrahy­
drofuran (2-MeTHF) is the base solvent, 
and ethylene carbonate (EC) and ethylene 
propylene diene terpolymer (EDPM) are 
additives and cosolvents. These are mixed 
in the proportions 90 percent 2·Me THF, 9.9 
percent EC, and 0.1 percent EDPM. The 
electrolyte salt - LiAsF 6 - is added to 

TO SUIT. 
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Now, you can create. !!Rdate and Rrint 
presentation-perfect flowcharts to y'our 
specifications - in no time! 

Quick to master and a snap to use, 
Patton & Patton's flowcharting software is the 
standard of both large and small businesses 
around the world - and is available through 
all major software dealers. 

See your dealer today! Or, for a 
"live," interactive demo disk. call: 
800·525·0082, ext 2806. 
International: 408-778-6557, ext. 2806. 

Software Corporation 

Excellence in charting the flow of ideas! 

Works on IBM & 100% compatible PC's, supports CGNEGNVGA and over 150 dot matrix "nd laser printers, 
with multiple print densities and 10 font sizes. Creates multi·page charts, portrait or landscape, on 
most standard paper sizes. Mouse or keyboard controlled. Supports International Characters. 
IBM is a r",istared trademark of Inter .. tional BusiD_ Machines Corporation. 
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the solvent mixture to a concentration of 
1.5 molar. (The previous electrolyte con­
sisted of 1.5 molar LiAsFs in 2-MeTHF 
alone.) 

The new electrolyte was tested suc­
cessfully in LilTiS2 celis. The conductivity 
of the new electrolyte is 70 percent higher 
than that of the previous electrolyte be­
cause of the high dielectric constant of EC 
and the low viscosity of 2-MeTHF. The low 
reactivity to lithium is believed to be due to 
the surface activity of EC and EPDM: 
These constituents probably form passi­
vating films on lithium electrodes, thereby 
protecting them from attack by the other 
chemicals in the electrolyte. The new elec­
trolyte may be useful in such other room­
temperature rechargeable lithium celis as 
lithium/niobium triselenide and lithium mo­
lybdenum disulfide systems. 

This work was done by David H. Shen, 
Subbarao Surampudi, Fotios Deligiannis, 
and Gerald Halpert of Caltech for NASA's 
Jet Propulsion Laboratory. For further in­
formation, Circle 116 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 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

. Refer to NPO-17676, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Cross-Quint-Bridge 
Resistor 
Measurements of resistance 

yield data on widths of lines. 

NASA's Jet Propulsion 
Laboratory, 

Pasadena, California 

An integrated-circuit conductive test 
pattern is intended to provide data on the 
effects of design widths and design spac­
ings upon the actual (as fabricated) widths 
of conductive lines. (The design and ac­
tual widths can be different.) The pattern 
provides for electrical measurements both 
on the lines of unknown width and on 
features that have known dimensions. 

NASA Tech Briefs, June 1991 



... ON E G I AN T STE P FO R ENGINEERING 

o 

A revolutionary PC based software so advanced, 
it will change the way you solve day to day engineering problems. 

o POWERFUL COMBINATION UNDER "ONE ROOF" 
EOSys is a new engineering language and application package ... but EOSys is more ... the combination 
of E-Language with its applications and utilities is gynergistic. The result is a powerful coml:!ination of 
capabilities assembled in one easy to use package. Its integrated design uniquely combines vivid graphics, 
mathematical capabilities, full scope editor and recalculation capabilities by use of E-Language. 

EASY TO LEARN AND USE 
This powerful, easy to learn and use language is modeled after the human thought process. EOSys is 
based on English and math, so if you can read and write in English, you can understand and use 
EOSys. 

ONE GIANT STEP FOR ENGINEERS AND SCIENTISTS 
E-Language allows you to write applications and support many of your technical needs. With EOSys 
you don't have to be an expert programmer. The only thing required is creativity. The power and 
expressiveness of E-Language allows you to attack problems you would not have dreamed of solving 
with Computer Aided Engineering programs currently on the market. 

ADVANCED COMPONENTS 
EOSys is state of the art. featuring a windowing WYSIWYG environment, parametric modeling, on the 
fly reconfigurable keymap mouse interface and on line help. Plus, EOSys provides important basic 
facilities such as natural user interface, 350 commonly used functions, and solving equations 
including the creation, editing, and solving of complex formulas and graphics. EOSys will print all 
analysis in presentation quality documents using regular laser printers. 
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Van der·Pauw Bridge 
Cross 1 

Bridge 
2 

Bridge 
3 

Bridge 
4 

Bridge Van der·Pauw 
5 Cross . 

Five Bridges and two Van der·Pauw Crosses provide for electrical measurements from 
which one can compute the widths of the bridge resistors as a function of their de­
sign widths and their spacing from adjacent parallel bridges. 
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MICROWATCHER can quickly Identify and record ffaws like 
the marginal soldering ofthis IC pin (magnified 50 times). 
Photo of actual MICROWATCHER monitor. 

Changing The Way You Look At Things. 
MICROWATCHER is the portable video microscope of the 90's 
and beyond, bringing simplicity to non-destructive testing and 
inspection, from the laboratory ... to the production floor. 

• Eliminates eye strain • Deep focus depth 
• 10x to 1000x magnification • High-resolution images 
• Compatible with image processing, archiving, printing and 

measuring systems 

Whether you are responsible for manufacturing, quality 
control or laboratory quantitative testing, MICROWATCHER 
will change the way you look at things. For more information, 
FAX or call Fred Soskel: 

4iJ a·i i.i,.] 5 ' " 
Division of Seradyn. Inc. 

A Subsidiary of . 
.I. Mitsublshl Kasei Corporation 

1200 Madison Aveooe. 
India-lapolis. Indiana 46225 

1-80~222-5711 
317-266-2991 (FAX) 

Copyright 199O-PHOTOVOLT. MICROWATCHER 
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Then, from the known relationship be­
tween the dimensions and the electrical 
resistance of a line conductor, one com­
putes the unknown widths. 

The pattern (see figure), called a Cross­
Quint-Bridge Resistor, includes five con­
ductive line segments to be tested, con­
nected as five bridge resistors in a row. 
"!WO Van der-Pauw crosses are connected 
at the ends of the row. One of the bridge 
resistors is a solitary conductive line, while 
alongside each of the other four bridge 
resistors is another conductive line, nomi­
nally of the same width and electrically 
isolated. To test the effects of design width 
and/or spacing, the bridge resistors can 
have equal or different design widths, and 
the distances to the isolated side lines can 
be equal or different. 

Each Van der·Pauw cross provides for 
measurement of the sheet resistance, 
which is used along with the measured 
lengths and resistances of the bridge resis­
tors to compute the widths of the lines. By 
plaCing Van der-Pauw crosses at both 
ends, one can obtain two values of the 
sheet resistance, which should be equal 
but which, if not equal, can be used to ac· 
count for some of the spatial variation in 
the sheet resistances of the bridge 
resistors. 

The data from the measurements on 
the five bridges can be used to determine 
the four parameters of a mathematical 
model that describes the system. In prin­
ciple one can use this pattern to determine 
the effects of width and spacing and the 
interaction between them. The pattern is 
being fabricated by the Semiconductor 
Equipment and Materials International 
Standards organization for consideration 
as the standard pattern for electrical meas­
urement of the widths of lines as narrow 
as 1 nm. 

This work was done by David J. 
Hannaman, Udo Lieneweg, and Martin G. 
Buehler of Caltech and Linda Manta/as of 
Prometrix Corp. for NASA's Jet Propul· 
sion Laboratory. For further information, 
Circle 136 on the TSP Request Card. 
NPO-18106 

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. 

Performance of 
Superconducting­
Cavity Maser 

Stability of frequency is 
high, and phase noise is low. 

NASA Tech Briefs, June 1991 



A two-page report describes experi­
ments on the operation of a superconduct­
ing-cavity maser - an all-cryogenic oscil­
lator. Like other oscillators stabilized by 
superconducting cavities, this one oper­
ates with a degree of stability, at short 
measuring times, superior to that achiev­
able by any other means. The principal dif­
ferences between this oscillator and the 
others of this type are that a" of its com­
ponents are designed for cryogenic opera­
tion and the stabilizing cavity is very rigid, 
consisting of a sapphire filling coated with 
lead. The cavity has a Q (ratio of electro­
magnetic energy stored to electromag­
netic energy dissipated in one cycle. a 
measure of the sharpness of resonance) 
of about 109. 

The oscillator assembly has been de­
scribed in previous reports. It includes the 
stabilizing cavity, a coupling cavity, and an 
ultra-low-noise cryogenic ruby maser, 
which supplies the excitation. The ruby 
maser operates at a frequency of 13.1 
GHz, creating an energy-level-population 
inversion that supports oscillation at 2.69 
GHz. Splits of the energy levels are matched 
to changes in the resonant frequency of 
the stabilizing cavity by means of a bias 
magnetic field from a superconducting 
solenoid. The frequencies of the three 
modes of the coupled-cavity system are 
within about 5 percent of each other -
close enough for effective coupling, but far 
enough apart to enable the selection of 
a mode by adjustment of the bias field. 

A continuous·flow liquid-helium cryo­
stat keeps the oscillator at a nearly con­
stant low temperature. The frequency of 
oscillation varies with temperature and is 
maximum at about 1.57 K. Consequently, 
the oscillator can be operated at or near 
this temperature to obtain zero linear co­
efficient of variation of frequency with 
temperature. The measurements were 
performed at 1.58 K regulated to within 

. ±40 I-'K. 
The performance of the oscillator was 

measured during times ranging from 1 to 
104 s. The frequency was found to be 
stable to within a few parts in 1015. The 
stability during a measuring time of 1 s 
was found to be 10 times as great as that 
of a hydrogen maser. The phase noise was 
found to be about - 80 dB/ f3, where f 
denotes the deviation, in hertz, from the 
carrier frequency. This level is more than 
20 dB below the phase noise of the best 
signals of comparable frequency derived 
from multiplication of the frequencies of 
quartz oscillators. 

This work was done by G. John Dick 
and Rabi T. Wang of Ca/tech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, "Ultra-Stable Perform­
ance of the Superconducting Ca:vity Maser." 
Circle 148 on the TSP Request Card. 
NP0-18175 
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ALGOR FEA-Design 
and Stress Analysis $889* 
For 286 or 386 desktop computers 

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

Design the future with __ _ 
Algor. 

• Heat 1r.Insfer Analysis: 2-0/3-0 conduction, ............. 
convection, radiation, heat source, tempera­
ture, steady state and transient 

• Graphics: 3-D models; hidden line removal ; 
liQht source shading animation; stress, 
displacement, temperature and flux contours 
wfoptional 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 

SInu .. _IIcl" 

Algor has the largest base 01 installed FEA 
software in the world! 

parametric model generation. 

• Full CapabUlty, no size restrictions: 3-D 
drawing, Computer Aided DeSign, solid 
modeling, deSign visualization , finite element 
stress analysis, and graphic post-processing. 

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

~ RLGDR t7:~nng 
GSA Contract #GSOOK89AGS6270 

ALGOR INTERACTIVE SYSTEMS, INC. 
260 Alpha Drfve, Pltt.burgh, PA 15238 
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INFORMATION TRANSFER, INC 
ot:{?o 

(TCJ(J 
> 

THE SWITCHING SOLUTIONS COMPANY 

Switching systems with a 5-year warranty! 

APPLICATIONS: 
• Programmable patch panel 
• Audio, Video, & RF switching 
• Data communications 
• ATE 

SWITCHING OPTIONS: 

I S 
N I 
P G 
UN 
T A 

L 
S 

• Sizes from 8 inputs x 8 outputs to 
1000 inputs x 1000 outputs 

• Models from DC to 400 MHz 
• IEEE-488, RS-232C and Parallel 

Interfaces 
• Manual controls and displays 
• Magnetically latching crosspoints 
• Models that switch from 1 to 16 

poles per crosspoint 

OUTPUT 
SIGNALS 

20 YEARS OF SERVICE 

INFORMATION TRANSFER, INC. 
P.O. Box 357·2 East Main Street 

Holcomb, New York 14469 
(716) 657·7074 • FAX (716) 657·7432 

Circle Reader Action No. 431 
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Transmitting Reference Radio Signals on Two Optical Carriers 
Corrections for delay and for changes in delay would be made at the receiver. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A reference radio signal would be trans· 
mitted as modulation on two optical car­
rier signals of different wavelengths, ac­
cording to a proposal. The reference signal 
could be, for example, a frequency·stand· 
ard signal for use in radio-science experi· 
ments, and the transmission medium 
would typically be air or an optical fiber 
that connects the reference-signal'gener­
ating station with a receiving station. 

The proposed two-carrier transmission 
scheme would enable the receiving sta· 
tion to compensate for the propagation 
delay and for changes in the propagation 
delay (caused, for example, by fluctuations 
in temperature) in the transmission me­
dium. Thus, a "cleaned· up" phase- and fre· 
quencY'stabilized signal that represents 
the reference frequency and phase more 
accurately would be made available at the 
receiver. It is noteworthy that the proposed 
scheme would require only one-way trans· 
mission, whereas prior stabilization schemes 
have involved two-way transmission. The 
proposed scheme is, therefore, simpler in 
principle and is expected to be more en· 
ergy- and cost-efficient. It should also en­
able the use of longer transmission paths. 

The reference radio signal would be 
used to modulate the two optical carriers, 
which would be transmitted along the 
same optical fiber or path in free space 
(see figure). At the receiver, a dichroic 
beam splitter would separate the light in­
to its two wavelength components. A pho­
todetector would demodulate each com­
ponent, producing two versions of the 
radio-frequency modulation corrupted by 
propagation along the optical-fiber or free­
space transmission path. 

Reflfenee Radio Slgn.1 
(TyplC411 Frequency) 

100 MHz) 

Reference RadIO ~gnal 
(Typical 

Frequency 
100 MHz) 

FIBER-OPTlC VERSION 

PII ... 
Shiflet 

L...-_---J 100 MHz 

FAE£SPACE VERSION 

The Radio-Frequency Reference Signal would be used to modulate two optical carriers at the 
transmitter. Dispersion in the optical-fiber or free-space transmission medium, usually regarded 
as a nuisance, would be used to advantage in the receiver to measure and compensate for phase 
and frequency fluctuations induced by fluctuations in propagation conditions. 

The difference between the times of ar­
rival of the radio-frequency modulation on 
the two optical carrier signals would de­
pend on the optical·dispersion character· 
istics of the transmission medium and 
would be proportional to the length of the 
path. This difference would manifest itself 
as a difference between the phases of the 
two detected modulation signals and 
could, therefore, be measured by compar­
ing the signals in a mixer. The output of 
the mixer would be used to control a phase 
shifter in the path of one of the detected 
modulation signals. The phase shifter 
would thus compensate for the propaga· 

tion-induced phase and frequency fluctua­
tions, yielding the desired phase- and fre­
quency-stabiliZed output signal. 

This work was done by l.J.Jtfollah Maleki 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir· 
cle 157 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In· 
quiries concerning nonexclusive or ex­
clusive license for its commercial develo{:r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 14}. Refer to NPO-18007. 

Digital Signal Combiner for Receiving-Antenna Feed Array 
Signals would be combined with estimated weights. 

NASA's Jet PropulSion Laboratory, Pasadena, California 

A proposed digital system combines 
digitized baseband samples of signals 
received by an array of feeds in a large 
Cassegrainian paraboloidal-dish antenna. 
The system is intended to compensate in 
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real time for degradation of the signal-to­
noise ratio by vibrational, gravitational, and 
wind-induced deformations of the anten· 
na structure. The signal-combining proc­
ess makes use of parameters obtained 

from the received signals themselves. 
The array of feeds is located in the focal 

plane of the antenna; each feed samples 
a portion of the distorted signal field (see 
Figure 1). A separate receiver front end 

NASA Tech Briefs, June 1991 



Wow. That' what everybody 
says when they see the new Mark 
12 Data Management System 
from the leader in Arraycorders, 
Western Graphtec. The Mark 12 
combine the best feature of 
conventional chart recorders and 
computer-based data acquisition 
sy terns. Imagine ... 

Any mix of up to 32 analog or 
digital channels--each with a 20 
kHz bandwidth. A built-in video 
display ... 0 you don't have to run 
the chart unless you want to. A 
NTSC video output for driving an 
external 

And that's ju t the beginning. 
Plug a hard drive directly into the 
Mark 12's optional SCSI port and 
trearn data to it in real-time. 

Design your own charts and grids 
with virtually any mix of channel 
izes and types. With unmatched 

interchannel annotation, X-Y 
plotting, line and screen-printing 
capabilities. That's power. 

Save all of your et-up on the 
standard 64kB Personal Memory 
Card that plug into the front 
panel. Never do the same set-up 

Stack multiple aquisitions in the 
2MB battery backed-up memory. 
Ready to re iew it? Turn the 
handy jog wheel and scroll it 
acros the video di play. Edit it 
Analy e it Print what you need. 
That's Data Management. 

We even de igned and built our 
own printhead-a ingle 400 dpi 
15' array that eliminates the data 
gap suffered by dual-printhead 
recorders. Made right here in the 
USA with a two year recorder 
warranty, plu a third year on the 
printhead itself. That's Western 

Please send me more informa­
tion about the new Mark 12 
Data Management System: 

Name: ______ -'--___ - __ _ 

Telephone_' -...,-_ __:_'----,---..:......----;---
Company_' ~_~_~_~~~~ ___ _ 

o I need a demonstration! 
o Call me, pleasef 

AddresslMail Sto .... ·_-;:---'-."...--,.-----,-'''-,;:--.:--'~~'-:­

City/StatefZit-L'~-="'"2:-----rS=--+--:r~--::r'¥-~t:!:l 
~ . 

Send to: ~tem.. graphtec, Inc. -:11 Vflnder6]lt, I rvin:e , CA 
'92718-2067 Phone: (800)854-8385 FAX: (714) 8155-0895 
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Gold M'ne of Technolog 'ts ou 
U.S. government research and development programs have 
created a $65 billion technology storehouse that's available to 
you now for use in developing new products and processes. 
Technology 2001 will show you how to tap into this amazing 
resource to improve your productivity and competitiveness, 
and will introduce you to America's premier researchers and 
technology transfer agents, including top experts from NASA, 
the Environmental Protection Agency, the National Science 
Foundation, the National Institute of Standards and Technol­
ogy, and the departments of Defense, Energy, and Health and 
Human Services. 

Technology 2001 will feature: 

~ Over 120 technical presentations spotlighting new ad­
vances with commercial promise in electronics, computer 
hardware and software, materials, manufacturing technol­
ogy, and biotechnology; 

~ Special workshops on how to do business with govern­
ment agencies, covering such areas as patent licensing, co­
operative research and development agreements, and Small 
Business Innovation Research; 

~ 50,000 square feet of exhibits by federal laboratories, their 
prime contractors, and other high-tech firms and universities 
with leading-edge inventions available for license or sale; 

~ The second annual Technology Transfer Awards Dinner, 
offering a unique opportunity to network with government 
leaders and industry executives in an elegant setting - the 
grand ballroom of the San Jose Fairmont Hotel. 

Show hours are 8:30 am to 6:00 pm, December 3-5. The 
awards dinner will be held Wednesday, Dec. 4, beginning at 
7:00 pm. 

Prereg ste An $ave 
Mail the form below with check payable to the Technology 
Utilization Foundation, or fax the form with complete credit 
card information to (212)-986-7864. You may register by 
phone by calling (212)-490-3999 (VISA and Mastercard ac­
cepted). Government organizations may register using a 
purchase order. Deadline for preregistration is November 8. 

Complete Registration Package 
Symposia/Exhibits Registration 
One-Day Symposia/Exhibits Reg. 
One-Day Exhibits Only Reg. 

By 11/8 
$300 
$200 
$100 
$25 

On-Site 
$325 
$225 
$125 
$30 

Federal government employees are entitled to a 50% 
discount on above prices. 

Complete Registration Package includes access to the 
technical sessions, workshops, and exhibits for all three days, 
a copy of the official Technology 2001 proceedings, and 
tickets to the opening reception on Monday evening, Dec. 2 
and the Technology Transfer Awards Dinner on Wednesday 
evening, Dec. 4. Symposia/Exhibits Registration includes 
entrance to the technical sessions, workshops, and exhibits 
for all three days. 

Tickets to the awards dinner may be purchased separately for 
$150 each using the form below or by calling (212)-966-3100. 
Registrants may pick up their badges and receptiion/dinner 
tickets in the registration area at the San Jose Convention 
Center, 150 West San Carlos St; registration confirmations 
will be sent via mail. All registrants will automatically be mailed 
the Technology 2001 Preliminary Program, available in July. 

Specia Rates On San Jose's Finest Hotels 
Hotel space is limited, so act early to secure these special 
conference rates: 

Fairmont Hotel 
(headquarters hotel) 
(800)-527-4727 

Hyatt San Jose 
( 408)-993-1234 

The Red Lion 
(408)-453-4000 

Hotel De Anza 
(800)-843-3700 

single 
$105 

$85 

$80 

$115 

double 
$105 

$105 

$80 

$130 

For further information about Technology 2001 , or to 
find out how your company can exhibit at this major 
national event, call Justina Cardillo or Joseph 
Pramberger at (212)-490-3999, 

1 _________________________________________ 1 

Te hnalagy 2 01 
Use a separate form or photocopy for each registrant Type or print clearly. 

Name, __________________________________ _ 
Title ________________ _ 
Company ______________ __ 
Address, _______________ ___ 

City/StlZip _____________ _ 
Ph 0 ne, ____________________ _ 

o check enclosed o bill my: 0 VISA Mastercard 

Account No. ____________________________ _ 

Expiration: Mo. _____ yr., ______ __ 

Signature, _____________________________ _ 

e ·stratian Farm 
Registration Fees: 
Complete Registration $300 $ 
Symposia/Exhibits Reg. $200 $ 
One-Day Symposia/Exhibits $100 $ 
(circle day: Tues. Wed. Thurs.) 
One-Day Exhibits Only $25 $ 
(circle day: Tues. Wed. Thurs.) 
Awards Dinner Only $150 $ 

Total: (Fed govt. employees deduct 50%) $ 

Registrations and awards dinner reservations are transfer­
able, and may be cancelled until Nov. 8,1991 subject to a $50 
cancel/ation fee. After that date no cancellations will be 
accepted and no money refunded. 

Return with payment to: Technology Utilization Foundation, 41 East 42nd St., Suite 921 , New York, NY 10017 
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Figure 1. Signals Re­
ceived by SUbanten­
nas in the focal-plane 
array of a large dish an­
tenna would be com­
bined by a system that 
would compensate in 
real time for distortions 
of wave fronts caused 
by mechanical ' distor­
tions of the antenna. 

Figure 2. The Signal­
Combining System 
would combine the 
baseband output signals 
of the receiver front ends 
according to complex 
weighting parameters 
estimated from the sig­
nals themselves. 

dedicated to each feed amplifies and down­
converts the signal received by that anten­
na to an intermediate frequency (e.g ., 
10 MHz). The intermediate-frequency sig­
nal is digitized to 8 bits and sampled (typi­
cally, at a rate of 4 samples per interme­
diate-frequency cycle). 

The proposed system is intended for 
use with an incoming signal that contains 
a residual carrier. The overall receiving sys­
tem would lock in phase to the residual 
carrier and thereby generate an in-phase 
and a quadrature reference signal, Which 
would be fed to all channels_ Within each 
receiver front end, the digitized signal sam­
ples would be mixed with the reference 
signals and low-pass-filtered to remove 
higher-order mixer products. Further low­
pass and narrow-band filtering separates 
these baseband outputs into slowly vary­
ing (nominally, dc) carrier-phase com­
ponents and rapidly varying modulation 
components. 

The signal-combining system consists of 
two main parts: the combiner subsystem 
and the parameter estimator (see Figure 
2). The full baseband outputs of the re­
ceiver front ends are sent to the combiner 
subsystem, which multiplies them by com­
plex-number optimum estimated weights 
and sums them to produce the combined 
output. The slowly varying carrier-phase 
components of the outputs of the receiver 
front ends are fed to the parameter esti­
mator, which computes the optimum 
weights via an algorithm based on max­
imum-likelihood estimates of the underly­
ing signals and noise. In this way, the sig­
nal-to-noise ratio of the combined samples 
is maximized. 

This work was done by Victor A. 
Vilnrotter and Eugene R. Rodemich of 
Caltech for NASA's Jet Propulsion Lab­
oratory. For further information, Circle 121 
on the TSP Request Card. 
NPO-18140 

Processor Reformats Data for Transmission in Bursts 
The source and sink of data can operate asynchronously. 

Lyndon B. Johnson Space Center, Houston, Texas 
A data-processor-and-buffer electronic 

system receives audio signals digitized in 
a first standard format at a relatively low 
data rate (1 .554 Mb/s), rearranges these 
data for transmission in bursts in a second 
standard format at a relatively high rate 
(150 Mb/s), stores the second-format 
bursts, and releases the second-format 
bursts at the higher rate upon request. 
Although the system was conceived for 
the asynchronous, one-way transmission 
of digitized speech in outer-space com­
munications, the concept of the system 
could be applied in other digital com­
munication systems in which data are 
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Figure 1. Digitized 
Low-Rate Data (e.g., 
audio) signals from the 
source are reformat­
ted , buffered , and 
transferred to the sink 
in bursts called "trans-
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transmitted from low-rate sources to high­
rate sinks that are not synchronized with 
the sources. 

The system (see Figure 1) includes an 
input processor (which also acts as an 
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"input-state machine" ), a dual-port 
random-access memory, and an output 
processor ("output-state machine" ). The 
random-access memory serves as the 
buffer memory. It is divided into eight parts, 
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MATLAB
T

" 

High-Performance 
Numeric Computation 
and Data Analysis 

M A TLAB has rapidly become an 
industry standard for engineer­

ing and scientific research. Its unique 
interactive interface, algorithmic foun­
dation, easy extensibility, and speed 
make MA TLAB the software system of 
choice for high productivity and high 
creativity research. 

Problems and solutions are expressed 
just as they are written mathemat­

ically- withoutthe needfortraditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program in 
Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 

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

Personal Engineering & 
Instrumentation News 

A dd to MA TLAB your choice of tools 
1""1. for digital signal processing, 
ystem identification, control system 

design, and more. MATLAB's open­
system design lets you see the algorithms 
and the implementations, even change 
them to suit your specific requirements. 

MATLAB is developed by The 
Math Works, a leader in software 

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

MAlLAB ... .-of The Mad>Worb. 1nc. 0dIer J>"'duoI and bnnd names 
II"e aadematks or re,iJ:teRd nckmIrtJ of lbeit ~ holdm.. 

UMATLAR 
is the 
undisputed 
choice/or 
computation­
intensive 
engineering 
work." 

Mac:world 

Over 800 Built-In Functions 

"MATLAR's 
power and 
ease o/use 
go a long 
way toward 
taking the 
drudgery 
out 0/ 
repetitive 
analysis 
projects. " 

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

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

Computers 
supported 

I)(,s and ATs 
3X6-hased PCs 

;\ladntosh 
Sun 

Apollo 
HI' 9000 /300 
DECstation 
VAX / V\IS 
Vr\X / C1tri,\ 

Slardent 
Come\: 
Encore 
Alliant 
Cra~ 

and more 

To find out more about MA TLAB, call us at (508) 653·1415. 
Or simply return the completed coupon to the addre s below. 

,------------------, 
I Name I 
I Company I 
I DepartmenJ I 
I Address I 
I I 
I City, State I 
I Zip Country I 
I Telephone I 
: Computer(s) : 

I VAT The Cochituate Place, 24 Prime Park Way I 
I l'"l H atick, MA 01760 I 
I WORKS Phone: (508) 653·1415 
~ Fax: (508) 653·2997 NASA 6/91 I L __________________ ~ 
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Numbers Denote 
Memory 

Segments 

Figure 2. The Addressing Scheme for 
writing to and reading from the dual-port 
random-access memory is a repeating se­
quence. The addresses of the memory 
segments are put in gray code instead of 
normal binary sequence because this 
prevents the input and output processors 
from incorrectly perceiving asynchronous 
changes in the reading and writing ad­
dresses, respectively. 

each of which can hold one of the second­
format bursts, which are called "transfer 
frames." 

Operation begins when the input proc­
essor detects an Incoming (first-format) 
frame of data. The input processor so no­
tifies the buffer memory by sending it a 
transfer-frame header. The input processor 
then repeatedly encapsulates the incom­
ing first-format frames into packets of data 
of the second format and packs the sec­
ond-format packets into the transfer frame 
that is being assembled in the buffer mem­
ory. When this transfer frame has been 
filled, the input processor notifies the out­
put processor that this transfer frame is 
available. In turn, the output processor 
notifies the sink of data that this transfer 
frame is available. Meanwhile, the input 
processor begins to pack a new transfer 
frame into the buffer memory, and this 
processor continues as long as the first­
format data continue to come in (provid­
ed that there is still room in the buffer 
memory). 

When the sink signals a request for a 
transfer frame, the output processor 
responds by transferring that frame im­
mediately from the buffer memory to the 

sink and indicating to the input processor 
that the portion of the buffer that stored 
that transfer frame is now available to hold 
a new transfer frame. 

The input processor sends, to the out­
put processor, the number (address) of the 
segment of random-access memory into 
which it is writing data. Similarly, the out­
put processor tells the input processor the 
address of the segment from which it is 
reading data. Both processors step through 
the segments of the memory in the same 
prescribed, repeating sequence (see Fig­
ure 2). To prevent overflow, the writing ad­
dress must not be allowed to get so far 
ahead of the reading address that it catches 
up with the reading address from behind 
in the repeating sequence. To prevent un­
derflow, the reading address must not be 
allowed to catch up with the writing ad­
dress. The output processor determines 
how many transfer frames are available 
for output by noting how far the writing ad­
dress is ahead of the reading address. 

This work was done by Glen F. Steele 
of Johnson Space Center. For further in­
formation, Circle 165 on the TSP Request 
Card. 
MSC-21727 

Multiple-Symbol Detection of Multiple:rrellis-Coded M DPSK 
An increase in the observation time would reduce the probability of error. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
In a proposed scheme for the detec­

tion and decoding of multiple-trellis-coded 
multilevel differential-phase-shift-keyed 
(MDPSK) radio signals, the observation 
time for differential detection would be ex­
tended from the conventional 2 to a larger 

number of symbol periods. This represents 
an extension of a previous scheme to de­
crease the rate of error in differential detec­
tion of uncoded MDPSK by increasing the 
number of symbol periods. 

Figure 1 illustrates the roles of the vari-

Figure 1. The Multiple-Trellis-Encoding and -Decoding Subsystems 

ous transmitting and receiving subsystems 
in the proposed scheme. Input bits occur­
ring at a rate Rb would pass through a 
rate-[nk/(n+1)k] multiple-trellis encoder 
(where k Is the multiplicity of the code), 
producing an encoded bit stream at a rate 

are similar to those described previously in NASA Tech Briefs, except 10- 1 r------------------, 
that the observation time for detection is increased from 2 to 3 or more 
symbol periods. 
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Figure 2. The Performance of a System like that of Figure 1 was 
determined by computer simulation. The simulated system used 8PSK 
with a 16-state, rate-2J3 trellis-code that had an interleaving size of 512 
symbols and an interleaving depth of 16 branches. It was assumed that 
the transmission channel was characterized by additive white gaussian 
noise and introduced no significant spurious phase modulation during 
the detection time of 2 or 3 symbol periods. 

Detection 
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Rs = [(n+1)klnk]Rb' Next, the encoded 
bits would be divided into k groups of n + 
1 bits each, and each group would be 
mapped Into a symbol selected from an 
M = 2n+1.level PSK signal set according 
to a set-partitioning method for multiple 
trellis codes analogous to that proposed 
for conventional (k = 1) codes. Inasmuch 
as the MDPSK symbol rate would be 
RbI n, it is reasonable, from a perspective 
of equal bandwidths, to compare the ex­
pected performance of this system with 
that of an uncoded M = ~-Ievel DPSK 
system that has the identical input bit rate. 

At the receiver, the noise-corrupted sig­
nal would be differentially detected, and 
the resulting symbols would be fed to the 
trellis decoder, which 'NOU1d be implement­
ed as a Viterbi algorithm. In the selection 
of a decoding metric, there is a tradeoff 
between Simplicity of implementation and 
the optimality associated with the degree 
to which the metric matches the statistics 
of the output of the differential detector. 
For uncoded MDPSK, a metric based on 
minimization of the distance between the 
received and transmitted signal vectors is 
optimum in the sense of a minlmum-prob­
ability-of-error test. For conventional trellis­
coded MDPSK, the metric takes on the 
form of a minimum-squared-Euclidean-dis­
tance metric. For multiple-symbol detec­
tion of multiple-trellis-coded MDPSK, the 
form of the metric Is quite different, but this 
metric can be converted once again into 
a minimum-squared-Euclidean-distance 
metric by a modification of the multiple 
trellis code. The so-called "equivalent" 
multiple trellis code that results from this 
modification then becomes the principal 
concept used In analyzing the perform­
ance of the overall system. 

Figure 2 illustrates the computed per-
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formances of a representative system with 
2- and 3-symbol detections. For the range 
of bit-error probabilities shown, the slight 
increase in the observation time from 2 to 
3 symbol periods decreases the bit-error 
probability by an amount equivalent to a 
decrease of about 0.75 dB in the signal-

to-noise ratio. 
This work was done by Dariush 

Divsalar, Marvin K. Simon, and Mehrdad 
M. Shahshahani of Galtech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 110 on the TSP Request 
Card. NP0-18043 

Diplex Fiber-Optic Link for Frequency and Time Signals 
Relatively inexpensive equipment delivers signals of high quality. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Reference frequency and time signals 

are transmitted Simultaneously from a cen­
tral Signal-processing station along a 
10-km fiber-optic link to a remote station. 
The diplex fiber-optic link is part of the 
Goldstone Deep Space Communications 
complex; similar links may be useful in 
television, communication, and electriC­
power-distribution networks and other ap­
plications in which signals at different loca­
tions must be synchronized precisely. 

The fiber-optic link consists mostly of 
commercial equipment, some of which is 
modified slightly; because of this, its cost 
is relatively low. At the central station, a 
signal combiner adds the 5-MHz refer­
ence-frequency signal and the 3&bit time­
code signal, forming a composite Signal, 
which modulates the light transmitted 
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along the optical fiber. At the remote sta­
tion, the fiber-optic receiver detects the 
composite signal and provides the input 
to a diplexer, which separates the frequen­
cy reference signal from the time-code 
signal. The signals are then amplified to 
the desired levels. Despite the relatively 
low cost of the fiber-optic equipment, the 
stability of its output reference-frequency 
signal is greater than that of a prior cesium 
frequency standard. 

The figure illustrates the operation of the 
system in more detail. The S'-MHz refer­
ence-frequency signal is fed to the com· 
biner through an isolation amplifier: this 
prevents the time-code signals from feed· 
ing back into the reference-frequency 
source, where they would give rise to cross 
modulation between the two signals. The 

time code signal is fed to the combiner 
through a low-pass filter with a cutoff fre­
quency of 10 kHz. The signal combiner is 
of the resistive type to minimize inter­
modulation distortion (the amount of inter­
modulation distortion produced by a trans­
former-type combiner would be excessive 
in this application). 

In the fiber-optic transmitter, the optical 
carrier emitted by a laser diode is ampli­
tude-modulated with pulses at a subcar­
rier frequency of 24 MHz. The output of 
the signal combiner is used to frequency­
modulate the subcarrier. The optical Signal 
modulated by the frequency-modulated 
subcarrier is transmitted along the optical 
fiber. In the receiver at the remote station, 
a photodiode detector recovers the fre­
quency-modulated subcarrier from the op-

39 



tical signal, and a frequency discriminator 
recovers the modulation. 5-MHz 

~:~e;n~~ ----+-1 
Signal In 
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Flber·OpUc Cable 10 km Long 
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Time-Code and Ref­
erence-Frequency 
Signals are transmit­
ted in diplex along an 
optical fiber and recov­
ered at the remote 
end. 

To recover the separate time-code and 
reference-frequency signals, the output of 
the receiver is fed to a two-branch de­
multiplexer. In one branch, a low-pass ac­
tive filter extracts the time-code signal. In 
the other branch, the signal is amplified 
and passed through a high-pass filter with 
a cutoff frequency of 100 kHz to obtain a 
"dirty" version of the 5-MHz signal that is 
partially contaminated with the time code. 
The time-code contamination is removed, 
and the noise bandwidth is reduced by a 
cleanup loop filter, which consists of a 
quartz frequency-standard oscillator 
locked in phase to the "dirty" 5-MHz 
signal. 

....... _...... Signal Out 

This INOrk was done by George F. Lutes 
and Malcolm D. Calhoun of Caltech for 
NASA's Jet Propulsion Laboratory. For 

Demultiplexer 

further information, Circle 79 on the TSP 
Request Card. NPO-18180 

Burst-Compression and -Expansion for TDMA Communication 
Variable-data-rate users are interconnected via a satellite-switched network. 

Lewis Research Center, Cleveland, Ohio 
A burst-compression and -expansion 

technique enables the interconnection of 
users transmitting and receiving data at 
rates asynchronous with respect to clocks 
within the ground terminals of a satellite­
switched, time-division-multiple-access 
(TDMA) communication network. In such 
a network, a matrix switch aboard the sat­
ellite routes bursts of data from source 
users received on uplink antennas to 
downlink antennas that illuminate ground 
areas containing destination users. Each 
burst is timed so that while it lasts, only 
one pair of source and destination users 
is communicating; and during the burst, 
the full receiving, switching, and transmit­
ting resources of the satellite are allocated 
to that pair. These resources are divided 
or time-division-multiplexed among all ac­
tive users in the network. Greater flexibili­
ty in interconnecting widely dispersed 
users is achieved by use of hopping 
beams. Multiple uplink and downlink an­
tenna beams are electronically switched 
to cover specific source and destination 
locations simultaneously in a periodic se­
quence. Source and destination users in 
covered locations communicate with each 
other through TDMA ground terminals (see 
Figure 1). 

At each source terminal, lower-rate, con­
tinuous digital data streams from multiple 
users are compressed into high-rate bursts 
for modulation and transmission in the 
assigned time slots within the TDMA frame 
(see Figure 2). Serial data from each source 
user are temporarily converted to a parallel 
format and stored in one of several com­
pression buffers. At the assigned time, 
parallel data are read out of the com pres-
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sion buffer onto the multiplexed-data bus, 
scrambled, converted to a high-rate, serial 
data format, modulated, and transmitted 
as a burst. Bursts received by the destina­
tion terminal are demodulated, converted 
back to a parallel format, descrambled, 
and expanded back into continuous data 
streams at the original lower data rates 
and delivered to the destination users. 

To support multiple users with a wide 
range of asynchronous data rates, the 
number of bits of user data transmitted by 
the source terminal from frame to frame 
must vary. At the destination terminal, the 
regenerated bit clock delivered to the user 
must replicate the frequency and stability 
of the source user. The key feature of the 
technique is to group the number of lower­
rate user data bits received by the source 
terminal over roughly one frame period into 
an equivalent number of higher-bit-rate 
valid data words each frame and thereby 
"quantize" the frame-te-frame variation in 
the number of valid data bits per frame into 
one-word increments. This grouping of 
user data into words is performed by the 
compression buffer; continuous user data 
are written into the first-in, first-out (FIFO) 
memory at the user's clock rate and are 
read out at the burst modulator clock rate. 
Each transmitted burst is an integer num­
ber of words in duration. On a frame-te­
frame basis, the number of valid words in 
the burst may increase or decrease by one 
from some nominal number that repre­
sents the approximate data throughput. 

In the destination terminal , a control 
loop subroutine executing in the user in­
terface controller varies the frequency of 
a voltage-controlled oscillator (VCO). The 

VCO is used to generate both the read 
clock for the expansion buffer and the data 
synchronized bit clock delivered to the 
destination user. The control loop adjusts 
the regenerated clock frequency based on 
the fill level of the expansion buffer ob­
served at the end of each frame. 

Through the use of nominal and valid 
data-word counts, FIFO memories, adjust­
ments to the duration of transmit and re­
ceive frames, and microprocessor-con­
trolled regeneration of clock signals, the 
variable-rate-compression-and-expansion­
buffer technique preserves bit integrity and 
minimizes overhead and latency for low­
to-medium-data-rate users who are not 
traditionally served by TDMA networks. 
The technique enables the use of inexpen­
sive clock sources by both the users and 
the ground terminals and obviates the 
need for elaborate user-clock-synchroni­
zation processes. The technique accom­
modates a continuous range of data rates 
from kilobits per second to that approach­
ing the modulator burst rate (hundreds of 
megabits per second). 

This technique was developed for use 
in NASA Lewis Research Center's satellite 
network simulation facility. Some key fea­
tures of the technique have also been im­
plemented in the ground terminals devel­
oped at NASA Lewis for use in on-orbit 
evaluation of the Advanced Communica­
tions Technology Satellite high-burst-rate 
system. 

This INOrk was done by James M. 
Budinger of Lewis Research Center. Fur­
ther information may be found in NASA 
TM-102414 [N90-15983], ' :4 Burst Com­
pression and ExpanSion Technique for 
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DESIGN CASE #4: SURGICAL TOOL 
A medical instrument manufacturer required a 

compact, high speed motor for a new power surgical 
tool. Working with the instrument designers, Fasco's 
Harowe Servo Controls engineers developed a one 
inch diameter brushless DC motor! control that rotates 
at an incredible 100,000 RPM. 

Smaller, quieter and more reliable than a 
high-speed gear reducer, the design produces no 
airborne contaminants as might brush-type DC or 
air-powered motors. 
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responsive, quality manufacturing faci to produce 
dependable solutions to your motor, blower, gearmotor 
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make quality plastic ~i,Ji~ Respond to this ad 
tubing connections. , for a Trial Size Coupling 
Vacuum or pressure, Coupon and our catalog. 
seal to 120 psi for air, Select a Delrin coupling 
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ferruless fittings. In- for shipping. Coupling 
line or panel mounts. ~-& __ ,. will be sent promptly. 
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Variable-Rate Users in Satellite-Switched TDMA Networks . .. 
Copies may be purchased [prepayment required] from the 

National Technical Information Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush orders may be 
placed for an extra fee by calling (800) 336-4700. 
LEW-15102 

Ground Terminal 2 

Figure 1. In a Multiple-Beam, Satellite-Switched TDMA Network, 
multiple pairs of source and destination users take turns communicating 
via a satellite and ground terminals. 

To Transmitter 
r--'---, and From 

Multiplexed 
Receive 
Data Bus 

Receiver 

Figure 2. A TDMA Ground Terminal compresses streams of data from 
source users into rapid bursts for transmission and reexpands bursts of 
received data into slower streams of data for delivery to destination 
users. 
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~~ Four-Mirror X-Ray and Extreme-Ultraviolet Monochromator 
More mirrors provide additional wavelength selectivity. 

Marshall Space Flight Center, Alabama 
The four-mirror x-ray and extreme-ultra­

violet monochromator provides a narrower 
wavelength passband than do the devices 
described in the two preceding articles, 
"Compact X-Ray and Extreme Ultraviolet 
Monochromator" (MF8-28499) and "Scan­
ning X-Ray or Extreme Ultraviolet Monochro­
mator" (MFS-28492). Like the foregoing 
devices, the four-mirror monochromator 
relies on Bragg reflection from two iden­
tical parallel multilayer mirrors to extract 
a narrow-spectrum x-ray or extreme-ultra­
violet beam from a broad-spectrum input 
beam. 

The four-mirror monochromator resem­
bles the compact monochromator, except 
that the interior of its housing contains two 
pairs of mirrors instead of one pair. The 
second pair of mirrors is positioned and 
oriented symmetrically with respect to the 
first pair. The particular symmetry is such 
that the reflections from the second pair 
of mirrors cancel the lateral displacement 
caused by the reflections from the first pair 
of mirrors (see figure). Thus, the output 
beam leaves the four-mirror monochro­
mator along an axis coincident with that 
of the input beam. This preservation of the 
axis of the beam is critical in some syn­
chrotron beam lines and free-electron 
lasers. 

The input filter and the first two mirrors 

Hou.lng 
Monochromatic;: 
Output Beam 

Polychromalle 
Input Beam 

~mm~~~~~~~ 

Input FoU Filter 
(Removes Visible 

and LonQ­
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The Four-Mirror X-Ray and Extreme-Ultraviolet Monochromator contains two identical pairs 
of mirrors like the.pair in the compact x-ray and extreme-ultraviolet monochromator. The two pairs 
are placed "back-to-back" to return the output beam to the path of the input beam and to obtain 
additional spectral selectivity. 

constitute a compact monochromator like 
the one described previously, and, there­
fore, the laterally displaced intermediate 
beam has a narrow spectrum. This spec­
trum is narrowed further by the reflections 
from the mirrors of the second pair. Thus, 
one of the principal advantages of the four­
mirror monochromator is additional spec­
tral selectivity, achieved at a modest in­
crease in cost and complexity and with 
some loss of throughput. 

As in the compact monochromator, one 
can change the wavelength of peak trans­
mission by putting other mirror substrates 
that have different Bragg-reflecting multi­
layer coats in the mirror mounts. Ordinarily, 

the multilayer coats on all four mirrors are 
identical. However, one could obtain even 
better spectral resolution (at the cost of 
Significant loss of throughput) by use of 
multilayers that have Bragg-reflection band­
pass spectra slightly offset from each 
other. 

This work was done by Richard B. 
Hoover of Marshall Space Right Center. 
For further information, Circle 151 on the 
TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center[see page 14}.Refer 
to MFS-28498. 

~~ Compact X-Ray and Extreme-Ultraviolet Monochromator 
This low-cost monochromator can operate at selected wavelengths in a wide spectral range_ 

Marshall Space Flight Center, Alabama 
A monochromator for x-ray and extreme­

ultraviolet radiation provides higher spec­
tral resolution than can be achieved with 
thin-metal-foil broad-band-pass filters. It op­
erates over a much broader x-ray and ex­
treme-ultraviolet spectrum than devices 
based upon natural crystals do, and in 
comparison with a typical grating mono­
chromator, it is smaller and less expensive. 
The new monochromator is intended to 
filter the continuum radiation from sources 
like synchrotrons, laser plasma sources, 
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free-electron lasers, and wigglers to pro­
duce monochromatic beams for testing 
and analysis of x-ray and extreme-ultra­
violet telescopes and microscopes, for 
calibration of photographic films and de­
tectors, for biological and biomedical re­
search, for x-ray lithography, for process­
ing of materials, and for research in the 
properties of materials. 

As shown schematically in the figure, 
the monochromator includes a pair of mir· 
ror substrates with identical reflecting mul-

tilayer coats. These mirrors are mount­
ed in a housing of stainless steel or 
low-thermal-expansion alloy on surfaces 
machined and lapped precisely to keep the 
mirrors parallel to each other. The radia­
tion enters the monochromator housing 
through a prefilter that filters out visible and 
longer-wavelength ultraviolet light. 

The mirror substrates - made of sap­
phire or low-thermal-expansion glass/ce­
ramic composite - must be superpol­
ished to a roughness of less than 3 A root 
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mean square. The reflecting coat on each 
substrate consists of many alternating 
layers of high-atomic-number x-ray-diffract­
ing material separated by layers of low­
atomic-number spacing material. AJllayers 
are uniform and of accurately repeatable 
thicknesses throoghout the multilayer ~ck. 

Each multilayer coat constitutes a syn­
thetic Bragg crystal, which reflects x rays 
by Bragg diffraction. The wavelength at 
which the peak of the reflected flux oc­
curs is given by the Bragg relation NA = 
20 sin 8, where N is the order of the dif­
fraction (usually 1); 0 is Ihe effective thick­
ness of a high-atomic-numbernow-atomic­
number pair of layers, corrected for the 
effect of refraction; and 8 is the angle be­
tween the incident beam of radiation and 
the surface of the mirror. The reflection 
from both mirrors occurs at angle 8, and 
the reflection from the second mirror nar­
rows the spectrum that remains after the 
reflection from the first mirror. 

By the choice of 0, 8, and the materials 
in the layers of the multilayer coats, the 
monochromator can be made to operate 
at a desired wavelength in the soft-x-ray 
or extreme-ultraviolet portion of the elec­
tromagnetic spectrum. AIl additional pair 
of multilayer reflectors (not shown) could 
be used to enhance the spectral resolu­
tion of the monochromator and to cancel 
the lateral displacement of the beam; such 
displacement would be unacceptable in 

Multilayer Way 
Coal 

Mounting Locking 
Range Setscrew 

some synchrotron-beam-line or free-elec­
tron-laser applications. 

The mirrors are nominally tilted at an 
angle of 45° with respect to the incident 
beam. but different angles can be chosen 
for selected wavelengths. The operating 
wavelength is changed by replacing the 
pair of mirrors with another pair. Because 
the mirrors can be quite small (nominally 
rectangular, 1 cm wide by 2 cm long by 
0.5 cm thick), the cost of fabricating the 
pairs of mirrors can be very low. A collec­
tion of pairs of coated mirrors could be 
made available to enable operation at se-
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The Compact Mult i­
layer X-Ray and ex­
treme-Ultraviolet 
Mo n o chr o mator 
uses Bragg reflection 
to band-pass-filter the 
radiation from a high­
intensity, broad-spec­
trum source. 

lectable and precalibrated wavelengths 
from 20 A to over 400 A. Adjustable slits 
could be mounted in the exit aperture to 
facilitate control of the spatial extent and 
intensity of the emerging beam. 

This 'NOrk was done by Richard B. 
Hoover of Marshall Space Right Center. 
For further information, Circle 36 on the 
TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad· 
dressed to the Patent.Counsel, Marshall 
Space Flight Center {see page 14]. Refer 
to MFS-28499. 
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Self-Injection Locking of Diode Lasers 
Several modes are locked to a single spatial 
mode and frequency. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A simple optical coupling scheme locks 

an array of gain-guided diode lasers into 
oscillation in a single mode and with a 
single-lobed output beam. One application 
of the new scheme is for pumping of neo­
dymium: yttrium aluminum garnet lasers 
with diode-laser arrays. 

Typically, an array of gain-guided diode 
lasers emits a beam of light characterized 
by a spectrum of multiple longitudinal­
mode frequencies and dual-lobe far-field 
spatial pattem. However, it is usually de­
sirable to concentrate the energy of the 
output beam into a single longitudinal 
mode and a single spatial lobe in the far 
field. In the simplified coupling scheme, 
selective feedback from a thin etalon self­
injection-locks the array into the desired 
mode. 

The concept was tested in experiments 

Lens Combination, 
Foe.1 l.ength 

Bmm 

\ Etllon 

with arrays of 10 and 20 diode laser stripes 
in the configuration shown in Figure 1. The 
temperatures of the arrays were main­
tained within ±0.1"C of a preset value. 
Figure 2 shows the results of one of the ex­
periments: Once the etalon was carefully 
aligned, four of the five wavelength modes 
were suppressed, and the two lobes of the 
main beam were combined into a single 
lobe. 

This work was done by H. Hemmati of 
Caltech for NASA's Jet Propulsion Lab­
oratory. For further information, Circle 75 
on the TSP Request Card. 

Inquiries conceming rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, NASA Resi­
dent OfficfNPL {see page 14]. Refer to 
NPO-17665. 
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Airborne Calibration of an Orbiting Radiometer 
Measurements enable compensation for degradation of optics and changes in detector circuitry. 

Ames Research Center, Moffett Field, California 
AIl experiment has demonstrated the 

feasibility of using a recently calibrated air­
borne radiometer to calibrate a satellite­
borne radiometer that monitors the Earth 
and that has not been calibrated since 
before launch. The calibration technique 
helps to assure Earth scientists of the ac­
curacy of satellite radiometric measure­
ments taken during a long time. The optical 
train of the orbiting radiometer is degrad­
ed slowly and the sensitivities of detectors 
and gains of amplifiers are changed slow­
ly in the outer-space environment, but fre­
quent calibrations by the airborne-radiome­
ter techniqJe make it ~bIe to CCXTpenSCrte 
for these changes. 

In concept (though not in implementa­
tion) the calibration technique is simple. 
The airborne and spaceborne radiometers 
simultaneously monitor the same target 
area on the Earth during clear weather. 
The target is preferably bright and relatively 
uniform. The aircraft measurements are 
made from as high an altitude as pos$i­
ble along the same viewing vector as that 
of the satellite (see figure), so that the air­
borne and spaceborne radiometers meas­
ure nearly identical spectra, including the 
effects of the atmosphere. The radiances 
measured by the airborne radiometer are 
corrected for what little part of the atmos­
phere lies above the aircraft. The space­
borne radiometer is then calibrated by c0m­

paring its measurements with the corrected 
measurements taken by the presumably­
accurate airborne radiometer. 

In the experiment, a radiometer was 
flown aboard a U·2 airplane at an altitude 
of 19.8 km to calibrate the visible a.o.Q near­
infrared spectral band of the Visible-inTra­
red Spin-Scan Radiometer (VISSR) aboard 
the Geostationary Orbiting Environmental 
Satellite 6 (GOES-6), which produces im­
ages of an entire hemisphere once each 
hour in three spectral bands to provide 

The Same Area of 
the Earth is viewed 
along the same direc­
tion by a spaceborne 
and an airborne radi­
ometer. 

Sun 

nearly global observations of clouds, water 
vapor, and temperatures. White Sands, 
New Mexico, was selected as the target 
area for several reasons: It has the re­
quired brightness and near uniformity; the 
probability of a clear sky there is great; the 
characteristics of the atmosphere there 
have been well documented for years; the 
reflectance of the surface is diffuse and 
nearly Lambertian, and, consequently, any 
errors that arise from slight differences be­
tween the fields of view of the airborne and 
spaceborne radiometers are minimal; and 
the radiance of this area lies in the higher 
dynamic range of the spaceborne radiom­
eter. The airborne and spaceborne radio­
metric measurements were supplemented 
with surface meteorological data, including 
horizontal visibility and soil mOisture, and 
with other meteorological data. 

The satellite and aircraft measurements 
were processed and compared to obtain 
calibration coefficients. The results showed 
that the radiances measured by the air-

~J Monatomic-Oxygen Reactors for Materials 
Testing and Surface Chemistry 
Specimens receive even doses. 

Lyndon B. Johnson Space Center, Houston, Texas 
Two kinds of gas-flow reaction cham­

bers expose specimens of materials to 
spatially even fluxes of monatomic oxygen. 
In radio-frequency plasma ashers and 
other reaction chambers used previous­
ly to test reactions of materials with 
monatomic oxygen, experiments have 
been complicated by uneven fluxes of 
monatomic oxygen and by undesired 
fluxes of electrons, ions, and ultraviolet 
48 

radiation. 
The first type of chamber is part of a 

flowing-afterglow apparatus. A gas that 
contains oxygen flows through a radio­
frequency discharge, in which monatomic 
oxygen is produced. The gas cools to near 
room temperature as it flows from the 
discharge. Specimens are mounted at the 
outer ends of side-arm tubes attached to 
the flOWing-afterglow apparatus at a suita-

borne radiometer were of the order of 14 
percent greater than those measured with 
the spaceborne radiometer, using its origi­
nal calibration. Assuming that the space­
borne radiometer was calibrated correct­
ly before launch, this means that it had lost 
some sensitivity in orbit, as one might ex­
pect. 

This vvork was done by Gilbert R. Smith, 
Robert H. levin, Robert S. Koyanagi, and 
Robert C. Wrigley of Ames Research 
Center. Further information may be found 
in NASA TM-101064 [N89-25494), "Visible 
and Near-Infrared Channel Calibration of 
the GOES-6 VISSR Using High-Altitude Air­
craft Measurements." 

Copies may be purchased [prepayment 
required) from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-12617 

ble location downstream of the discharge 
(see Figure 1). 

The oxygen atoms enter the side-arm 
tubes and diffuse to the specimens at the 
outer ends. The dimensions of the side-arm 
tubes and the total pressure in the flowing­
afterglow gas are selected so that the 
characteristic time for the diffusion of 
monatomic oxygen across a side-arm tube 
is much less than the characteristic time 
for recombination of monatomic oxygen 
into diatomic oxygen. This selection as­
sures that the flux of monatomic oxygen is 
distributed evenly across each side arm 
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and across the specimen at the end of 
each side arm. 

In the second kind of charOOer, mon­
atomic oxygen is generated by laser-pulse 
photolysis. In the version illustrated in Fig­
ure 2, the ultraviolet (or, in some cases, in­
frared) output of an excimer laser is fo­
cused into a beam of rectangular cross 
section. Specimen sheets are placed near 
and parallel to (but not touching) the beam. 
The gas (which could contain 02' 03' No2' 

Np. or other suitable precursor mole­
cules) flows through the chamber. 

/!>s in the side-arm approach. the oxygen 
atoms reach the surfaces of the speci­
mens only by diffusion. In this case. the 
dose received by each specimen is propor­
tional to the number of oxygen atoms gen­
erated in the photolysis volume between 
the specimens. The flux of atomic oxygen 
is distributed evenly across each speci­
men as long as the monatomic oxygen is 

distributed evenly in the photolysis volume. 
This work was done by Steve Koontz of 

Johnson Space Center. For further infor­
mation, Qrc/e 16 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 
14). Refer to MSG21S05. 

~-------------------------------------------, 
Figure 1. Monatomic Oxygen Diffuses Along Side-Arm Tubes 
attached to a flowing-after-glow apparatus. If the rate of diffusion is high 
enough, the specimens at the ends of these tubes receive uniform 
doses. 
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Figure 2. Monatomic Oxygen Generated by Photolysis in the pulsed 
laser beam diffuses sideways out of the laser beam and onto the nearby 
surfaces of the specimens. 
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Measuring Flux Density of Monatomic Oxygen 
Two probes measure heat of recombination on a catalytic surface. 
Marshall Space Flight Center, Alabama r--:---=-=-----:-----,----;::;::::;:::=;:::::;::;:----l 

An improved version of the catalytic' 
probe technique yields more accurate 
measurements of the flux density of neu· 
tral, monatomic oxygen. The principal ap­
plication of this technique will likely be in 
experiments in which oxygen plasmas are 
used to examine the degradation of various 
materials by monatomic oxygen. 

In the catalytic'probe technique, one 
measures the flux density of oxygen atoms 
indirectly by measuring some of the heat 
generated by the recombination of oxygen 
atoms into oxygen molecules on a cataly­
tic probe surface. The improved version of 
the technique involves two similar probes, 
one of which is catalytic, the other of which 
is not. Both probes (see figure) include 
glass tubes that contain type-K thermo­
couples sealed in epoxy near the measur­
ing tips. A thick-film heating resistor on a 
ceramic base is also sealed into the epoxy 
near the thermocouple in the noncatalytic 
probe. The other probe does not contain 
a resistor, but its outer surface is coated 
with silver, which quickly oxidizes and be­
comes a catalyst for the recombination of 
monatomic oxygen. The emissivity of the 
silver oxide is 0.85 - the same as that 
of the glass. 

The probes are mounted near each 
other in the plasma chamber and operated 
simultaneously so that both sample near­
ly the identical atmosphere and its atomic­
oxygen content. (One of the weaknesses 
of prior versions of the technique is that 
they involved single probes and sequen­
tial measurements in which identical con· 

The CatalytiC Probe 
and the Noncata­
lytic Probe measure 
the rate of heating 
caused by the recom­
bination of mona­
tomic oxygen on the 
catalytic surface. The 
flux density of mona­
tomic oxygen is pro­
portional to this rate 
of heating. 

CATALYTIC PROBE 

ditions could not be assured.) The tem­
perature measured by the thermocouple 
in the catalytic probe includes the effect 
of heat released by recombination of oxy­
gen. The electrical power delivered to the 
resistor in the noncatalytic probe is meas­
ured and automatically adjusted by con· 
trol Circuitry that attempts to keep the tem­
perature in the noncatalytic prOOe the same 
as that in the catalytic probe. Under this 
condition, the electrical heating power is 
nearly proportional to the rate of recombi­
nation and, therefore, to the flux density 
of monatomic oxygen. The noncatalytic 
probe can also be operated without heat­
ing to measure the temperature of the 
probed atmosphere. 

The total flux of oxygen atoms that strike 
the probe is computed from the known 
energy released in each recombination 

Type-K 
Thermocouple 

Sliver eoll 
on np 

Glas.Tube 

Thlck·Fllm 
R •• llior on 

Ceramic Base 

(5.2 eV) and the empirically determined 
proportionality between the heating power 
and the increase in temperature above 
ambient. The flux density is then found by 
dividing the total flux by the area of the 
catalytic surface. If the probed atmosphere 
is thermal, then the number density of ox­
ygen atoms can be computed from the flux 
density and the temperature. 

This work was done by M. R. Carruth, 
Jr. , R. F. OeHaye, J. K. Norwood, and A 
F. Whitaker of Marshall Space Flight 
Center. For further information, Circle 48 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18J. Refer 
to MFS-28446. 

~J GC/MS Gas Separator Operates at Lower Temperatures 
Less power is consumed, and the catalytic hydrogenation of 
compounds being analyzed should be diminished. 
NASA's Jet Propulsion Laboratory, Pasadena, California .---__________ --,-___ 

Experiments have shown that a palla­
dium/silver tube used to separate the hy­
drogen carrier gas from the gases being 
analyzed in a gas-chromatography/mass­
spectrometry (GC/MS) system functions 
satisfactorily at temperatures as low as 70 
to 100 °C. Heretofore, it was believed nec­
essary to maintain operating temperatures 
between 200 and 250 °C to obtain ade­
quate separation. 

Figure 1 illustrates the experimental ap­
paratus and the principle of operation. The 
75-percent palladium/25-percent silver 
separator tube is sealed inside a stainless­
steel outer tube. The hydrogen carrier gas 
(and any entrained gas to be analyzed) 
flows along the PdfAg tube toward the ion 
source of a mass spectrometer. The hy­
drogen diffuses through the wall of the Pdf 
50 

Figure 1. This Experimental 
Apparatus was used to de­
termine the separation effi­
ciency of the Pd/Ag tube as 
a function of temperature. 

Ag tube to the annulus between the inner 
and outer tubes. Oxygen flowing in the an­
nulus combines with and sweeps away the 
hydrogen. Thus, the gas emerging from the 
output end of the tube contains a much 
lower concentration of hydrogen and, con­
sequently, a much higher concentration of 

the gases to be analyzed. The experimen­
tal data indicate that the separation effi­
ciency - that is, the fraction of entering 
hydrogen removed through the wall of the 
PdIAg tube - increases with temperature, 
as expected. The data also indicate that 
nearly complete separation is achieved at 
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temperatures below 100 °C (see Figure 2). 
At the conventional higher operating 

temperatures, the PdIAg alloy undesirably 
catalyzes the modification and hydrogena­
tion of some of the gases being analyzed -
particularly dienes and nitriles. At the pro­
posed lower operating temperatures of 70 
to 100 °C, it is expected that these catalytic 
effects will be suppressed. Operation at 
lower temperatures would also require less 
heater power. Furthermore, because the 
separation efficiency is still high even at 
the lower temperatures, the gas load on 
the vacuum pump of the mass spectrome­
ter can be kept low, permitting the use of 
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a smaller pump. These features are ex­
pected to facilitate the development of a 
relatively small, lightweight, portable Gel 

Figure 2. The Separation Efficiency ap­
proaches 100 percent at temperatures well 
below the conventional minimum operating 
temperature of 200 0c. Beyond the precision 
of this plot, the data indicate a separation 
efficiency of 99.98 percent at 78 °C. 

MS system for such uses as measuring 
the concentrations of pollutants in the field. 

This work was done by Mahadeva P. 
Sinha of caltech and George Gutnikov of 
california State Polytechnic University, 
Pomona for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 101 on the TSP Request card. 
NPO-17930 

.... ~ Acousto-optical Filter Can Rapidly Tune Solid-State Lasers 
Output wavelength can be randomly selected in microseconds. 

NASA's Jet Propulsion Laboratory, 

Pasadena, California 

The incorporation of an acousto-optical 
tunable filter (AOTF) in the cavity of a solid­
state laser, such as a Ti:Sapphire laser, 
would provide a means of adjusting the 
wavelength of the laser output electroni­
cally, according to a recent proposal. The 
table shows the tuning range of several 
solid·state lasers with particularly broad 

Beam 
Output Mirror Splitter 

---~7- ------
Tunable Gain 
Output Medium 

Beam 
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Pump 
Beam 

Mirror 

The Intercavity 
Acousto-optical 
Tunable Filter 
provides a method 
of rapidly tuning a 
solid-state laser to 
any wavelength 
within its gain pro­
file . 

Laser Tuning Range 

Ti:A1203 
NaCI:OH 
Co:MgFI 

690·1 ,050 nm 
1,420-1 ,850 nm 
1,750-2,500 nm 

Tuning Ranges for wide band solid-state 
lasers. 

tuning ranges. Incorporation of this tech­
nique with upldown conversion could be 
used to extend this range even further. 

Typically, the AOTF is placed inside the 
laser cavity and is driven with a sinusoidal 
RF signal (see figure). The frequency of 
the RF signal determines the center of the 
spectral bandpass of the AOTF and hence 
the wavelength of the laser output. The 
laser can be programmed to produce mul· 
tiple output wavelengths simultaneously by 
driving the AOTF with several RF frequen· 
cies. Pulsing an intercavity AOTF periodi­
cally could provide a means for wave· 
length'selectable mode-locking. 

Since the AOTF can be tuned in as little 
as 1 p..s with a resolution as small as 1 A, 
this technique could be useful in remote­
sensing applications, such as in a differen­
tial·absorption lidar (DIAL) and in communi­
cations for waveJengtMMsion multiplexing. 

This work was done by James L. 
Lambert of caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 113 on the TSP Request Card. 
NPQ-17891 
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~~ Low-Speed Optical Speedometer 
The delay between terrain-reflectance signals from two optical sensors indicates speed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed speedometer would meas­

ure the speed of a vehicle along the ground 
by comparing the signals from two inex­
pensive sensors focused on the surface 
passing beneath the vehicle (see figure). 
Unlike such sensors as Doppler radar, the 
proposed speedometer could be used to 
measure speeds as low as 10 cm/s. 

Each of the two sensors would include 
a cylindrical lens and a single-element 
photodetector. Each lens would focus light 
from a small rectangular area of the pass­
ing ground-surface scene onto the plane 
that contains its detector. The sensors 
would be positioned so that the axes of the 
cylindrical lenses would be parallel to each 
other and perpendicular to the direction of 
motion. 

As the vehicle moved, the sensors would 
follow the same path over the surface, one 
after the other. Thus, the two photodetec­
tors would generate similar signals as they 
pass one after the other over the same sur­
face features, but one Signal would be de­
layed with respect to the other by an in­
terval inversely proportional to the speed. 
A processor would compute a correlation 
between the two signals to determine the 
delay between them. The distance between 
the sensors would then be divided by this 
delay to determine the speed. The distance 
between the sensors and the focal length 
of the cylindrical lenses could be chosen 
to optimize performance for the anticipated 

The Optical Correlation 
Speedometer wou ld 
compare signals from 
two sensors to find the 
delay M between the 
passage of the first and 
second sensors over the 
same po ints on the 
ground. The two signals 
would be correlated to 
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determine the value of M 
that provides the best 
match between them. 
The speed of the vehicle 
would be computed as 
tJ.xiM, where tJ.x is the 
distance between the 
sensors. 
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speed range. 
The source of light used to illuminate the 

area viewed by the sensors could be con­
tinuous or pulsed. With appropriate proc­
essing of the signals from the photodetec­
tors, a pulsed or modulated source could 
facilitate discrimination from ambient light. 
An infrared source may be preferable if 
operation during both day and night is de­
sired. The light source could be made to 
illuminate the surface obliquely to enhance 
ground features. 

In the case of a vehicle free to move in 

TIme 

any direction, such as a hovercraft or a ve­
hicle equipped with pivoting wheels, there 
are two perpendicular components of ve­
locity to measure. In that case, two sets of 
sensors mounted with their axes perpen­
dicular to each other could measure both 
components. 

This work was done by Katsunori 
Shimada of Ga/tech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 126 on the TSP Request Gard. 
NPD-17702 

~J Organometallic Salts Generate Optical Second Harmonics 
Molecu1lar structures are selected to obtain large hyperpolarizabilities. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A series of organometallic salts have 
been found to exhibit large second-order 
dielectric susceptibilities, as evidenced by 
the generation of second harmonics when 
they are illuminated at visible and near-in­
frared wavelengths. Investigations of these 
and related compounds continue with a 
view toward the development of materials 
for use as optical second-harmonic gener­
ators, electro-optical modulators, optical 
Switches, piezoelectric sensors, and para­
metric crystals. 

The organometallic salts in question are 
ferrocenyl compounds of the form 

(E)-(17 -CsHs)Fe(17 - CSH4)-CH= 

CH-(p)-(CsH4N-CH3) + X-, where 

X- = 1-, Br-, CI-, CF3S03- , B~-, PFs- ' 

N03- , (p)-CH3-CsH4S03-, or B(CsHs)i. 

In experiments, these compounds were 
synthesized in processes that began with 
the reaction of 

54 

CH3-(p)-CsH4N-CH3 +Y-{Y = 
1-, Cf:3S03-' and (p}CH3-CsH4S03- with 

(17-CsHs)Fe(17-CSH4)CHO (See figure). 
By virtue of the excellent electron-donor 
properties of the ferrocenyl mOiety and the 

(n - C4Hg)4N 8r 
M+Br-

Iln-c..H9l,NCI M+CI-

KPFt; 
M+PFe-

Na8(CGHs),o 
M+B(C6H5I. -

NaBF4 
M+SF. -

NaNO:! 
M+N03-

excellent electron-acceptor properties of 
the N-methyl-pyridinium mOiety, these 
compounds were expected to exhibit very 
large molecular hyperpolarizabilities, which 
could, in principle, lead to very large macro­
scopic second-order nonlinearities. In ad­
dition, by selection of the X - counterions, 

M+X-

Organometallic 
Salts are synthe­
sized: some by the 
reaction shown above 
(only) and some by 
the reactions shown 
above followed by the 
reactions shown be­
low. The selection of 
the appropriate 
counterionX- causes 
the salls to exhibit 
large second-order 
susceptibilities, 
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it has been possible to affect the packing 
of the molecules in the crystal and to find 
salts in which the packing arrangements 
are conducive to the generation of second 
harmonics. 

The experimental compounds were pre­
pared in powder form and illuminated with 
1.907-JUTllight that had been H2-Raman 

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

Trapped·Mercury·lon 
Frequency Standard 
The principle of operation and 
initial results are described. 

A report describes the prinCiple of op­
eration, the design, and the results of ini­
tial measurements on a trapped-mercury­
ion frequency-standard apparatus at 
NASA's Jet Propulsion Laboratory. The par­
ticular apparatus is one of four that were 
being developed when the report was pre­
sented in May 1987, and other, commer­
cial units may be available shortly. 

The use of trapped Hg + ions as a fre­
quency standard was first proposed more 
than 20 years ago. The standard frequen­
cy - in this case, about 40,507,347,997 
Hz - is defined in terms of the photon 
energy of the hyperfine transition between 
two atomic ground states of the 199Hg + 
ion. The ions are confined in a radio-fre­
quency electric quadrupole trap, in which 
they are subjected to very small perturba­
tions of their atomic energy levels and to 
weak forces that equalize the populations 
of the ground-state hyperfine energy levels. 
Potentially, the largest source of fluctua­
tions in the frequency is the second-order 
Doppler effect of the motions of the ions 
in the trap. To minimize this effect, heavy 
ions like Hg +, which move more slowly 
than do other ions at the same tempera­
ture, are preferred for trapped-ion frequen­
cy standards. 

The hyperfine transition of interest is 
2S112 (F = 0, mF = 0)_2S112 (F = 1, mF = 
0). The 199Hg + ions are first created in 
the trap by bombarding a neutral 199Hg 
vapor with a pulse of electrons that lasts 
112 second. During this bombardment and 
for about 1/4 second afterward. the ions 
are irradiated with photons of wavelength 
194.2 nm from a 2l2Hg discharge lamp to 
excite the transition 2S112 (F = 1. mF)-

2p 1f2' The 2p 112 state decays rapidly (with 
a lifetime of 2 ns) to either the 2S112 (F = 
0, mF = O) state or the 2S112 (F = 1. mF) 

state, thereby scattering a 194-nm photon. 
Since the transition 2S112 (F = 0, m F = 
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shifted from the light of a neodymium:yt­
trium aluminum gamet laser operating at 
1.064 JUTl. The effect of the selection of 
the oounterions was seen clearly: the sec­
ond-harmonic-generating efficiencies of 
some of these compounds was many 
times that of a urea reference standard. The 
best results were ootained with counterions 

0)_2p 12 is not resonant with the light from 
the 2OtH9 lamp, the ions are pumped out 
of the 2S112 (F = 1. mF) states into the 
2S112 (F = 0, mF = 0) state, and when they 
have all been thus pumped, they stop scat­
tering ultraviolet light. 

When the lamp is turned off, the ions 
are then exposed for 1/2 second to a mag­
netic field of amplitude 10 -10 T OSCillating 
at or near the standard frequency to be 
determined. This field makes the ions un­
dergo the desired hyperfine transition from 
the 2S112 (F = 0, mF = O) state to the 2S112 
(F = 1. mF = 0) state. The ions then scat­
ter ultraviolet light until the lamp pumps 
them back into the nonscattering 2S 112 
(F = 0, mF = 0) state. 

The intensity of the fluorescence (scat­
tering) is measured while the frequency of 
the applied magnetic field is varied about 
a fixed nominal value in increments of 0.2 
Hz. This yields a resonance peak that, in 

of 1-. Br -. and NOi. which exhibited ef­
ficiencies 220. 150. and 120 times that of 
urea. respectively. 

This work was done by Seth R. Marder 
and Joseph W. Perry of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 137 on the TSP 
Request Card. NP0-17730 

the initial measurements, was found to be 
about 1.6 Hz wide. The short-term frequen­
cy stability of the apparatus was found to 
be better than twice that of the best com­
mercial cesium frequency standards. 

Currently, a new frequency standard is 
being developed. It is based on the linear 
ion trap described in NASA Tech Briefs 14, 
No.9, page 44, (NPO-17758). The new 
standard is expected to show much bet­
ter short-term frequency stability because 
of its increased ion-storage capacity. This 
work will be described in a future issue of 
Tech Briefs. 

This work was done by John D Prestage, 
G. John Dick, and i..LJtfollah Maleki of 
Caltech for NASA's Jet Propulsion lab­
oratory. To obtain a copy of the report, 
"The JPL Trapped Mercury Ion Frequen­
cy Standard," Circle 134 on the TSP Re­
quest Card. 
NPO-17456 
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.. ~ Optimum Platinum Loading in 
PtlSn02 CO-Oxidizing Catalysts 
Catalytic activity peak8 at about 17 weight percent Pt. 

Lang/ey Research Center, Hampton, Virginia 

Platinum on tin oxide (PtJSn02) is a good 
catalyst for the oxidation of carbon monox­
ide at or near room temperature. Tests at 
NA8A Langley Research Center have 
shown that the activity of this catalyst can 
be maximized by optimizing the platinum 
loading of the catalyst. PtlSn02 is available 
commercially at loadings of about 0.5 to 
2.0 percent platinum (per total weight of 
catalyst), whereas catalysts with platinum 
loadings as high as 46 percent have been 
fabricated by a technique developed at 
Langley Research Center. Work was con­
ducted to determine optimum platinum 
loading for this type of catalyst. 

A PtJSn02 catalyst that contained 17 per­
cent platinum converted a stoichiometric 

mixture of 1.00 percent CO and 0.50 per­
cent 02 to CO2 with a yield 3.7 times as 
great as that of a commercial catalyst that 
contained 2 percent platinum. Tests of PtI 
8n02 catalysts with various Pt loadings re­
vealed the following (see figure): (1) The ac­
tivity of the catalyst increased with Pt load· 
ing until a peak was reached at 17 percent 
Pt. (2) The activity of the catalyst exhibited 
a trough at 24 percent Pt. (3) The activity 
of the catalyst then increased with further 
Pt loading until a second, lower peak was 
reached at 39 percent Pt. (4) The activity 
of the catalyst then declined with higher 
Pt loading, becoming very low at 100 per­
cent Pt. 

The obseNed behavior may represent 

two similar but somewhat different mech­
anisms. The common feature of both 
mechanisms is the oxidation of CO chemi­
sorbed on Pt by OH groups on 8n02. This 
postulate requires Significant concentra­
tions of both Pt and 8n02 for maximum ef­
ficiency, and, therefore, both very low and 
very high Pt loadings exhibit low activity . 

At Pt loadings below 24 percent, the ma­
jor source of the oxidant species, OH, is 
H20 , which is contained predominantly in 
the 8n02 phase. This is shown by the fact 
that high-temperature pretreatment of PtI 
8n02 catalysts with Pt loadings below 24 
percent invariably causes an initial dip in 
activity, which dip can be readily eliminated 
simply by exposure of the catalysts to H20. 
However, catalysts with Pt loadings above 
24 percent do not exhibit an initial dip in 
activity when heated and, therefore, do not 
appear to be as sensitive to dehydration 
as those with lower Pt loadings are. This 
indicates that they may have an alternative 
source of OH. 

With high Pt loadings, sufficient hydro­
gen may be stored in the Pt phase to fur­
nish OH by reaction with oxygen from the 
8n02 phase. Therefore, the presence of 
H20 is not essential at such loadings. 
Thus, above about 24 percent Pt, the ma­
jor source of OH is believed to be hydrogen 
stored in the Pt phase combined with ox­
ygen from the 8n02. 

In some applications, a 39-percent Pt 
loading (which gives the lower peak in ac­
tivity) may be preferable because this high­
er Pt loading should not require humidifica­
tion, as does the 17 -percent loading (which 
gives the higher peak in activity). General­
ly, the optimum platinum loading for the ox­
idation of CO, as derived from this study, 
is believed to be about 15 to 20 percent. 
A major application would be the removal 
of unwanted CO and 02 in CO2 lasers. 

This 'NOrk was done by David R. Schryer, 
Billy T. Upchurch, and Patricia P. Davis of 
Langley Research Center and Kenneth 
G. Brown and Jacqueline Schryer of Old 
Dominion University. No further documen-
tation is available. LAR-14183 

11 17 24 32 39 46 
Weight Percent PI ,n PlISn02 Catalyst 

The Effect of Platinum loading on activity 
of PtlSn02 catalysts is clearly demonstrated 
in this comparison of several catalysts fabri­
cated at langley Research Center and one 
commercial catalyst. 
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COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage­

ment and InformatIon Center, distributes software 
developed with NASA funding to industry, other 
government agencies and academia 

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

If you don', find a program in this issue thaI 
meels your needs, call COSMIC directly for a free 

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

I) PhySIcal SCleom 

Displaying Images 
of Planets 

Magnifications, contrasts, 
and/or subsampling 
can be selected for 
whole or partial images, 

The Interactive Image Display Program 
(lMDISP) is an interactive image-displaying 
utility program for the IBM personal com­
puter (PC, XT, and AT models) and com­
patibles. Until recently, efforts to utilize 
small computer systems for display and 
analysis of scientific data have been ham­
pered by the lack of sufficient data-storage 
capacity to accommodate large arrays of 
image data. Most images of planets, for 
example, require nearly a megabyte of 
storage per image. The recent develop­
ment of the "CD-ROM" (Compact Disk 
Read-Only Memory) storage technology 
makes possible the storage of up to 680 
megabytes of data on a single 4.72-in. 
(12.Q-cm) disk. 

IMOISP was developed for use with the 
CD-ROM storage system that is being 
evaluated by the Planetary Data System. 
The latest disks to be produced by the 
Planetary Data System are a set of 8 disks 
containing 16,000 images of Jupiter, Sa­
turn, and Uranus acquired by the Voyager 
spacecraft. The images are in both com­
pressed and uncompressed formats. IM-
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review of programs in your area of interest. You 
can also purchase the annual COSMIC Software 
Catalog, containing descriptions and ordering in· 
formation for available software. 

COSMIC Is part of NASA's Technology Utlllza.. 
tion Networ1<; 

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

DlSP can read the uncompressed images 
directly, but special software is provided 
to decompress the compressed images, 
which cannot be processed directly. IM­
DISP can also display images stored on 
floppy or hard disks. 

A digital image is a picture converted 
to numerical form so that it can be stored 
and used in a computer. The image is di­
vided into a matrix of small regions called 
picture elements, or pixels. The rows and 
columns of pixels are called "lines" and 
"samples," respectively. Each pixel has a 
numerical value, or ON (data number) value, 

that quantifies the darkness or brightness 
of the image at that spot. In tot31, each pix­
el has an address (line number, sample 
number) and a ON value, which :.ue all that 
the computer needs for processing. 

DISPLAY commands enable the IMDISP 
user to display all or part of an image at 
various poSitions on the display screen. 
The user can also zoom in and out from 
a point on the image defined by the cur­
sor and can pan around the image. To en­
able more or all of the original image to 
be displayed on the screen at once, the 
image can be "subsampled." For exam­
ple, if the image were subsampled by a 
factor of 2, every other pixel from every 
other line would be displayed, starting from 
the upper left corner of the image. Any 
positive integer can be used for subsam­
piing. 

The user can produce, from an image 
file, a histogram that shows the number 
of pixels per ON value, or per range of ON 
values, for the entire image. IMDISP can 
also plot the ON value versus the number 
of pixels along a line between two points 
on the image. The user can "stretch" or 
increase the contrast of an image by 
specifying low and high ON values; all pix­
els that have ON values lower than the 
specified "low" then become black, and 
all pixels that have ON values higher than 



the specified "high" value become white. 
Pixels between the low and high values 
are evenly shaded between black and 
white. 

IMDISP is written in a modular form to 
make it easy to change it to work with dif­
ferent display devices or on other com­
puters. The code can also be adapted for 
use in other application programs. There 
are device-dependent image-display 
modules, general image-display subrou­
tines, image inpuUoutput routines, and 
image-label and command-line-parsing 
routines. 

The IMDISP software system is written 
in C language (94 percent) and Assembler 
(6 percent). It was implemented on an IBM 
PC with the MS DOS 3.21 operating sys­
tem. IMDISP has a memory requirement 
of about 142K bytes. The program was de­
veloped in 1989 and is copyrighted. Addi­
tional images of planets can be obtained 
from the National Space Science Data 
Center at (301) 286-6695. 

This program was written by Michael D. 
Martin, Frank Evans, and Daniel I. 
Nakamura of Caltech for NASA's Jet Pro­
pulsion laboratory. For further informa­
tion, Circle 21 on the TSP Request Card. 
NPO-17977 

G Mllh8mlllcsand 
~ InlOrlllaaon SCIences 

Systematic Identification of 
Discrepant Hardware 
The material-review process 
is automated for greater 
speed and efficiency. 

The basic function of a manufa~turer' s 
production-support-engineering unit is to 
identify, document, and dispose of hard­
ware that does not conform to drawing re­
quirements. CAMRAD, a program designed 
for rapid input and retrieval of all data used 
in engineering-to-manufacturing support 
operations, aids the engineer by automat­
ing the material-review-disposition proc­
ess. Before CAMRAD, material-review rec­
ord searches were manual. The time spent 
searching through old documents preclud­
ed the timely disposition of new material 
reviews. CAMRAD facilitates the research 
of material-review histories and provides 
for the efficient processing of material­
review documents. 

Three SmartWare project files control 
the operation of CAMRAD. The project file 
CAMRAD initializes variables for the other 
project files and specifies the paths of the 
CAMRAD program, data-base files, and 
document files. The project file DATARAD 
controls all data-management functions. 

58 

The data base consists of individual files 
that contain all records of specific hard­
ware discrepancies for a part designated 
by a given number. 

There are four basic avenues for a search 
of records: the serial number of a part, a 
feature of the part, the Material Review 
(MR) number, and noncooforrnance WORD­
RAD is the project file that controls the 
management of document files created 
when processing a material-review dispo­
sition. Given a material-review report that 
identifies a defective item of hardware, the 
production-support engineer can use 
CAMRAD to search the data base quickly 
for any history of the same problem, find out 
how well the problem has been docu­
mented, and create appropriate documen­
tation for this latest occurrence. 

CAMRAD is written in the Smart program­
ming language and is designed to run on 
IBM PC compatibles with the SmartWare 
version 3.1 software package available from 
Informix Software CAMRAD was developed 
in 1987. 

SmartWare is a registered trademark of 
Infermix Software, Inc. IBM PC is a regis­
tered trademark of International Business 
Machines Corporation. 

This Program was written by Timothy L 
Hanna and William R. Stinson of Marshall 
Space Flight Center. For further informa­
tion, Circle 45 on the TSP Request Carel. 
MFS-29525 

Generating Three­
Dimensional Grids 
About Anything 

A Poisson's-equation 
scheme can fit a grid to a 
body of arbitrary shape. 

The ability to treat boundaries that have 
arbitrary shapes is one of the most desirable 
characteristics of a method for generating 
grids. The Three-Dimensional Grids About 
Anything by FOisson's Equation (3DGRAPE) 
computer program is designed to make 
computational grids in or about almost any 
shape. These grids are generated by the 
solution of FOisson's differential equations 
in three dimensions. The program automati­
cally finds its own values for inhomogene­
ous terms that give near-orthogonality and 
controlled grid-cell height at boundaries. 
Grids generated by 3DGRAPE have been 
applied to both viscous and inviscid aero­
dynamic problems, and to problems in other 
areas of fluid dynamics. 

3DGRAPE uses zones to solve the prob­
lem of warping one cube into the physical 
domain in problems of computational fluid 
dynamics. In a zonal approach, a physical 
domain is divided into regions, each of which 
maps into its own computational cube. It 

is believed that even the most complicated 
physical region can be divided into zones, 
and since it is possible to warp a cube into 
each zone, a grid generator that is oriented 
to zones and provides communication 
across zonal boundaries (where appropri­
ate) solves the problem of topological com­
plexity. 

3DGRAPE accepts input in the form of 
already-distributed x, y, z coordinates on 
the bodies of interest - coordinates that 
remain fixed during the entire grid-genera­
tion process. The 3DGRAPE code makes 
no attempt to fit given body shapes and re­
distribute points thereon. Body fitting is a 
formidable problem in itself.. The user must 
either be working with a body of some sim­
ple analytical shape, upon which a simple 
analytical distribution can be easily effect­
ed, or must have available some sophisticat­
ed stand-alone body-fitting software. 

3DGRAPE does not require the user to 
supply the block-to-block boundary sur­
faces or the distribution of points on them. 
3DGRAPE typically supplies those block­
to-block boundaries simply as surfaces in 
the elliptic grid. Thus, at bIock-to-block bound­
aries the following conditions are obtained: 
(1) grid lines match up as they approach 
the block-to-block boundary from either 
side, (2) grid lines cross the boundary with 
no discontinuity in slope, (3) the spacing 
of points along a line piercing the boundary 
is continuous, (4) the shape of the bound­
ary is consistent with the surrounding grid, 
and (5) the distribution of points on the bound­
ary is reasonable in view of the surrounding 
grid. 

3DGRAPE offers a powerful building­
block approach to the generation of com­
plicated three-dimensional grids, but it is 
a low-level software tool. Users can build 
each face of each block as they wish. from 
a wide variety of resources. 3DGRAPE uses 
poi nt -successive-over -relaxation (point­
SOR) to solve the FOisson equations. This 
method requires a large number of itera­
tions, but it vectorizes nicely. Any number 
of sophisticated graphics programs can be 
used on the stored output file of 3DGRAPE 
even though it lacks interactive graphics. 
Versatil ity was a prominent consideration 
in developing the code. The block struc­
ture allows a great latitude in the problems 
it can treat. As the full title of 3DGRAPE 
implies, this program should be able to han­
dle just about any physical region into 
which a computational cube or cubes can 
be warped. 

3DGRAPE was written in 100 percent 
FORTRAN 77 and should be machine-in­
dependent. It was originally developed on 
a Cray computer under COS and tested on 
an IRIS 2500T workstation under UNIX. 

This program was written by Reese L 
Sorenson of Ames Research Center. For 
further information, Circle 44 on the TSP 
Request Card. 
ARC-12620 
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Holographic Interferometry To Measure Three-Dimensional Flow 
Double-exposure holography is used in studies of transonic flow near rotating blades. 
Ames Research Center, Moffett Field, California 

A double-exposure holographic interfer­
ometry technique is used for studies of the 
density distribution in transonic airflow in 
the vicinity of a rotating helicopter blade. 
The interference fringes in the holographic 
interferograms are contours of a two­
dimensional projection of the flow-field 
density integrated along the light path. A 
detailed three-dimensional density distri­
bution should be obtainable by tomograph­
ic analysis of a series of such interfero­
grams taken with the blade at different 
angles with respect to the object beam in 
the interferometer. 

~~:"'---~9-~===s;:n-- Reference .,; Beam 

In the Holographic 
Interferometry Sys­
tem, two exposures 
are superimposed on 
the film to produce an 
interferogram. During 
the first exposure, the 
helicopter rotor blade 
is stationary. The sec­
ond exposure is made 
with the blade rotat­
ing, at the instant the 
blade passes through 
the same position it 
occupied during the 
stationary exposure. 

Three-dimensional flow-field density 
data should prove helpful in altering blade 
geometry to reduce the loud impulsive 
noise generated by transonic flow. The 
high-speed impulsive noise generated on 
the advancing-blade side of the rotor 
(where transonic flow is inevitable) is 
believed to radiate significantly more 
energy than the impulsive noise generated 
when the rotor blades interact with pre­
viously generated tip vortexes. In both 
cases, good data are essential for the theo­
retical prediction of the acoustic signature 
and for the verification of aerodynamic­
transonic-flow numerical codes. 

Holographic interferometry is nonintru­
sive. Furthermore, it is economical and 
suitable for large-scale experiments; there 
are no stringent optical requirements 

Plane 
Mirror 

Beam 
Expander 

because the two object beams that pro­
duce the interference pattern use the 
same object-beam optics at different 
times, thus avoiding the generation of 
spurious fringe shifts that would otherwise 
be caused by differing path lengths. 

A holographic interferometry test setup 
is shown in the figure. Interferograms were 
produced using a pulsed ruby laser to 
"freeze" the rotor blade during the expo­
sures. The object beam passed through a 
beam expander and was collimated into a 
beam 2 ft (0.6 m) in diameter by a spherical 
mirror. After passing the rotor, the object 
beam was directed to the film by a second 
mirror. The reference beam followed asep­
arate path of similar length. After the two 
exposures were made (blade stationary 

and blade rotating), the film was devel­
oped. The interference pattern was recon­
structed by illuminating the film with a 
continuous-wave HeINe laser. 

A variant of the technique can be used 
to provide a qualitative visualization of the 
three-dimensional flow field. A diffuser is 
inserted in the object beam just ahead of 
the rotor blade, and a two-exposure inter­
ferogram is recorded as before. The distri­
bution of density change can be visualized 
by noting where the fringes are located in 
the three-dimensional real image created 
upon reconstruction. 

This work was done by Yung H. Yu of 
Ames Research Center. For further infor­
mation, Circle 82 on the TSP Request Card. 
ARC-11474 

Transonic Aeroelasticity Analysis for Helicopter Rotor Blade 
Two established techniques are combined. 

Ames Research Center, Moffett Field, California 
A numerical-simulation method for the 

aeroelasticity analysis of a helicopter rotor 
blade combines established techniques for 
the analysis of aerodynamics and the vi­
brations of the blade. The application of 
the method clearly shows that the elastici­
ty of the blade modifies the flow and, con­
sequently, the aerodynamic loads on the 
blade. 

The flow is assumed to be compressi­
ble, irrotational, inviscid, and isentropic, 
and to obey an ideal-gas law with a con· 

60 

Aerodynamical and 
Structural Computer 
Codes are coupled to 
complete the analysis 
of aero elasticity of a 
helicopter rotor blade. 

TFAR2 Code: 
Transonic Full·Potential 
Rotor·Flow equations In 
Blade-Fixed Coordinates 

+ 
Sectional Uf!, 
Moment, and 

Drag Coefficients 

+ 
Finite-Element 
NOdal Forces j---.-

(Gaus. Integrallon) 

... 
Cr .uJ. " 

1 
SectIonal 
~1IC8 

Inlonnallon 

StructuraJ.tlynamlcaf. t 
Equation Solver Element·_~ ------ r--. PoInt 01",,1_. 

Newmar1< Method In andT ..... 
Incremental Domain 
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stant specific-heat ratio (1.4 for air). These 
assumptions permit the use of Bernoulli's 
equation of unsteady motion in a nonlinear, 
potential-flow form. This equation is trans­
formed to a reference frame attached to 
the blade. The boundary conditions include 
zero perpendicular velocity on the surface 
of the blade. The wake is represented by 
a vortex sheet shed by the trailing edge 
of the blade. Bernoulli's equation is solved 
by a transonic-rotor-flow code, TFAR-2. 

For the dynamical analysis of the blade 
structure, Hamilton's principle is applied 
to derive finite-element equations, using 
potential-energy equations from the theory 
of elasticity of beams. Shape functions are 
introduced to describe the deflections as 
functions of position within each element 
in flapping, lagging, axial-extension, and 
twisting modes. Mass, stiffness, and 
damping matrices are derived from the 
equations for the kinetic energy, equations 
for potential energy, and semiempirical 
modal damping equations, respectively. A 
globaillocal coordinate-transformation 
matrix reduces the inaccuracies caused 
by large deformations of the blade. 

The structural and aerodynamical por­
tions of the analysis are combined in the 
following procedure (see figure): 
1. The full-potential transonic-rotor-flow 

equations are solved by the TFAR2 code, 
and the lift, drag, and moment on each 
section of the blade are calculated. 

2. The aerodynamic forces are converted 
to the corresponding forces at the end 
nodes of the elements by applying the 
shape functions and using Gauss 
integration. 

3. The equation of the structural dynamics 
is rotated from the local to the global 
coordinate system and integrated in the 
time domain by Newmark's method (an 
extension of the linear-acceleration meth­
od) to obtain the displacements of the 
end nodes of the elements. 

4. The deformation of the blade is read in­
to TFAR2, and a new grid system with 
new surface boundary conditions is gen­
erated for the next step in the aerody­
namical calculations. 

Steps 1 through 4 are repeated until the 
desired conditions are reached. 

The aeroelasticity analysis was perbmed 
on an experimental helicopter rotor. The 
structural portion was evaluated by com­
paring the computed natural vibrational 
frequencies of the blade with experimen­
tal data. In general, the correlation was 
found to be good for most of the four types 
of modes. The coupled aerodynamical and 
structural codes were used to study the 
aeroelastic effect in the transonic regime 
in both hover and forward flight. According 
to the numerical results, the effect of 
elastiCity in hover is not as important as 
it is in forward flight. But in forward flight, 
even at a low advance ratio, the blade 
elastic response due to unsteady aerody­
namic forces is Significant, and it is nec­
essary to take elasticity into account to 0b­
tain accurate predictions of flow. 

This work was done by I-Chung Chang 
of Ames Research Center and Ue-Mine 
Gea and Chuen-Yen Chow of the Univer­
sity of Colorado. For further information, 
Circle 80 on the TSP Request Card. 
ARC-12550 

Vapor-Resistant Heat-Pipe Artery ~J 
New features of the wick improve the return of liquid in a heat pipe_ 

Lyndon B. Johnson Space Center, Houston, Texas 
Vapor lock in a heat pipe can be delayed 

or prevented by modification of the liquid­
return artery. In vapor lock, vapor gener­
ated in the wick penetrates the artery. 
Vapor lock prevents liquid from moving 
along the artery and thus stops the transfer 
of heat along the heat pipe. 

T'M) ant~vapor-Iock modifications have 
been developed and tested (see figure). In 
one, a fine-grained aluminum poNder is 
sintered to form the portion of the wick that 
surrounds the artery; a coarsEH;lralned 
sintered aluminium pcmder constitutes the 
rest of the wick, which lines the wall of the 
heat pipe. The finEH;lrained portion of the 
wick allO'Ws condensed liquid, but not 
much vapor, to pass throogh to the artery. 

Modif ications of the Wick prevent the flow of 
vapor into, or the formation of vapor in, the 
liquid-return artery. The small pores ofthe fine­
grained sintered wick help to prevent the for­
mation of large bubbles. The slotted tube offers 
few nucleation sites for bubbles. 

NASA Tech Briefs, June 1991 
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In the other modification, a slotted tube 
is placed around the artery within the wick. 
Condensed liquid can pass through the slot 
to the artery. The smooth inside surface of 
the tube, unlike the rough, porous interior 
of the wick, offers few sites for the nuclea­
tion of bubbles. Thus, a larger temperature 
drop is required before nucleate boiling -
and, hence, the formation of appreciable 

amounts of vapor - can begin. 
7his v-.orkwas dooe by Peter M. Dussinger, 

Robert M. Shaubach, and Matt Buchko of 
Thermacore, Inc., for Johnson Space 
Center. No further documentation Is avail­
able. 

In accordance wffh 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 

Peter M. Dusinger 
7herrnacore, Inc. 
780 Eden Road 
Lancaster, PA 17601 

Refer to MSC-21492, volume and number 
of this NAS.A. Tech Briefs issue, and the 
page number. 

Low-Frequency Suspension System for Large Space Structures 
A simple system enables vibration testing of space structures on the ground. 

Lang/ey Research Center, Hampton, Virginia . Large, lightweight space structures are 
designed for operation in a weightless en­
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THE MOST IMPORTANT COUNTDOWN 
IN AEROSPACE HAS BEGUN. 

At Aerojet ASRM Division, a division of GenCorp, the countdown ha begun on the 
building of the rocket motors that will help propel the next generation of American 
Space Shuttles. These motors will provide the additional power necessary to launch 
materials for the Space Station and Mars programs, NASA's key projects for the 
nineties. 

Our Advanced Solid Rocket Motor facility in northea tern Mississippi is currently 
interviewing candidates with 3+ years experience, preferably in solid rocket propul­
sion systems, and a degree in either Chemistry, Chemical Engineering, Mechanical 
Engineering, Physics, Aero pace Engineering, Economics and/or Finance. The 
following openings are available: 

Chemical Process Engineers 
Chemical Manufacturing Engineers 
Robotics Systems Engineers 
Lead Engineers in Thermal Design, 

Materials, Analysis, Structures 
Protective Systems Engineers 
Motor Integration Engineers 
Materials and Process Engineers 
Computational Fluid Dynamicists 
Data Management Supervisor 

Configuration Management Supervisor 
Propulsion Test Engineers 
Program Planners/Specialists (Pc/2) 
Drafters and Designers 
Oracle Database 

A nalystsl Administrators 
Internal Audit Specialists 
Quality Assurance Engineers 
Logistic Engineering Support 
Data Management Analysts 

Our location among the pines of northeastern Mississippi offers a low cost of living, 
moderate climate and a pleasant lifestyle. Beautiful lakes, rivers and parks provide the 
best fIShing in the Southeast, as well as water sports, hunting, camping and other 
activities. 

If you would like to be involved in the 
largest aerospace project in the nineties, 
please send resume to Greg Quinn, 
Employment Manager, Aerojet ASRM 
Division, 1 NA A Drive, Dept. Al24, 
Iuka, Mississippi 38852. An Equal 
Opportunity Employer, MfFfHIV. 
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vironment, yet must be tested in facilities 
on the ground under the influence of gravi­
tation. Such structures are generally too 
frail to support their own weights on Earth. 
Therefore, to determine experimentally the 
shapes, frequencies, and damping param­
eters of the vibrational modes of a struc­
ture in a test facility on the ground, it is 
necessary to suspend the structure in a 
manner that not only allows freedom of 
motion similar to that found in outer space 
but that also relieves those stresses within 
the structure that are due to the weight 
of the structure itself. 

The suspension system must support 
the structure and allow freedom of motion 
without distorting the natural vibrational 
modes of the structure. Therefore, the vi­
brational modes of the suspension system 
must be uncoupled from those of the 
structure. Large truss-type structures typi­
cally have extremely low natural frequen­
cies - often below 0.5 Hz. For adequate 

Suspension 
Stations 

Rotatable 
Supporting 

Disk 

Space Structure 
(e.g., Truss Beam) 

Disk and Cable Adjustments would lower 
the frequency of oscillatory motion of the 
suspension system to enable accurate 
measurements of frequencies of vibration 
of the space structure. 

NASA Tech Briefs, June 1991 



uncoupling of the vibrational modes of the 
suspension system from the fundamental 
vibrational modes attributable to the flex­
ibility of the structure, the modes of the 
suspension system should have frequen­
cies substantially lower than that of the 
first fundamental mode of the structure. 

The suspension of a structure from long 
cables in pendulum fashion allows the 
structure to move in one plane. However, 
to obtain the required extremely low fre­
quencies, one must make a simple pen­
dulum suspension prohibitively long. In ad­
dition, suspension from fixed cables can 
Significantly affect the torsional vibrational 
modes of the structure. To allow torsional 
freedom of motion for a space structure 
undergoing ground testing, a low-frequen­
cy torsional suspension system has been 
designed. This concept involves a plurali­
ty of suspension stations attached to the 
space structure along its length to sus­
pend it from an overhead support. 

The suspension system (see figure) 
would include a number of suspension sta­
tions attached by cables to a space struc­
ture (such as a truss beam) along its length. 
The suspension stations would be fixed to 
a ceiling or other rigid support. Although 
only the end stations are illustrated in the 
figure, a sufficient number of additional 
suspension stations would be placed 
between the end stations. The exact num­
ber of stations would depend on the length 
and strength of the space structure to be 
tested. 

The system is designed to alleviate the 
coupling between the suspension system 
and the torsional vibrational modes of the 
structure. To accomplish this, each station 
would include two cables of the same 
length and a rotatable supporting disk. The 
cables and disk would act together to low­
er the frequency of the torsional vibrational 
or rotational mode of the suspension sys­
tem. It is desirable to keep the fundamen­
tal natural frequency of the system signif­
icantly lower than the lowest structural 
frequency, which, for one 6O-m test mast 
beam, was found to be 0.18 Hz. 

The disk would be free to rotate about 
a horizontal axis_ The cables would be ar­
ranged to form a parallelogram, abed, such 
that at rest, the center of gravity of the 
beam would hang directly below the axis 
of rotation of the disk_ The system would 
have two uncoupled natural pendulum 
modes: one would be the simple pen­
dulum mode; the other would be the tor­
sion or compound pendulum mode involv­
ing rotation of the suspended body about 
its own center of graVity. The vertical dis­
tance between the points of attachment 
of the cables to the disk and the axis of 
rotation of the disk is adjusted to lower the 
frequency of the suspension system to a 
level at which the motions of the suspen­
sion system do not interfere with the mo­
tions of the space structure, thereby enab-

NASA Tech Briefs. June 1991 

ling accurate measurements. 
The torsion suspension system could 

be combined with suspension systems de­
signed according to other concepts to pro­
vide lateral and vertical translation of the 
test structure. In addition, the dynamic 
characteristics of such systems could be 
improved further through the use of active­
feedback-control techniques. The torsion 
suspension system could be combined 
with a lateral pendulum suspension sys­
tem that included an active feedback con­
trol system. This arrangement would lower 
the frequency of the pendulum by control­
ling lateral motion of the suspension point. 
increasing the effective length of the ca-

bles. Active feedback control in the ver­
tical degree of freedom would also aug­
ment the dynamic characteristics of the 
vertical mode. 

This oori< was done by Wilmer H. Reed 
III and Ronald R. Gold of Dynamic Engi­
neering, Inc. , for Langley Research Cen­
ter. For further information, Circle 77 on 
the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for fts commercial develorr 
ment should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 14]. Refer to LAR-14149. 
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Dateline 2001: Atop an Ariane 5 rocket, 
the manned Hermes spaceplane lifts 
off from Kourou. 
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Foreword 

I am very pleased to have this 
opportunity to address the readers of 
NASA Tech Briefs as a result of the 
editors' initiative in publishing a special 
section on European space activities. 

If today Europe is able to participate 
with equal status on the international 
stage in space exploration, it is thanks 
to many people working together in 
government, industry, universities, and 
space organizations. Many of Europe's 
successes in the exploration and 
exploitation of space have been the 
result of collaborative ventures, some 
of which have been undertaken with 
the United States. These include 
scientific projects such as COS-B, 
Exosat, Giotto, Hipparcos, the Hubble 
Space Telescope, and the recently 
launched Ulysses sun probe. Such joint 
programs as Ariane, Spacelab, 
Meteosat, and the European communi­
cation satellites are important symbols 
of Europe's technical capacity and 
political will. The all-weather satellite 
ERS-l, scheduled for launch this 
spring, and the follow-on mission ERS-
2, will provide a new perspective for 
better understanding and monitoring 
the Earth and its environment. 

This is an important year for the 
European space effort. The European 
Space Agency's member states are 
faced with the decision of whether or 
not to move from the preparatory stage 
to the development phase of two of the 
agency's key programs: the Hermes 
spaceplane and Columbus, Europe's 
contribution to space station Freedom. 
With the exception of the Ariane 

Jean-Marie Luton, ESA director general 

program, the ESA has never before 
been confronted with projects of this 
dimension. 

There is no doubt that the future of 
Europe-its industrial performance and 
its political standing-is closely linked 
with technological innovation. The 
challenge of developing a vigorous and 
strong European space program will 
take considerable political will and a 
firm belief by our governments that 
long-term benefits can accrue from 
such a commitment 

But the success of our efforts in 
space research and technology also 
depends on many other factors, in 
particular the close cooperation 
between the scientific and industrial 
communities participating in these joint 
undertakings of common European 
interest. 

(Spec,al AdvertllMg Supplement) 

I believe Europe's future in space 
will be measured by our ability to 
cooperate. The challenge ahead of us 
can only be met with a common 
European effort, and cooperation on a 
worldwide basis. I am convinced 
Europe possesses all the resources 
and talent necessary to move forward 
in the exciting adventure of space. 

NASA Tech Briefs performs a 
valuable service in demonstrating the 
impact of space technology on our 
daily lives. I hope that this special 
section will give its readers a new view 
of the magnificent ventures in which 
the ESA and its member states are 
involved. 

Jean-Marie Luton 
director general 

European Space Agency 
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Europe, A Major And 
Independent Space Power 

E
urope is ranked third among 
leading space powers, following 
the USA and USSR. Initiated a 
quarter century ago at a rather 

modest pace by its four major industri­
alized countries, the European space 
effort has worked towards more 
ambitious space ventures since 1975, 
when its resources were pooled to forlTl 
a single cooperative body, the Euro­
pean Space Agency (ESA) . 

The ESA currently has 13 member 
states: Austria, Belgium, Denmark, 
France, Germany, Ireland, Italy, the 
Netherlands, Norway, Spain, Sweden, 
Switzerland, and the United Kingdom. 
Finland is an associate member, and 
the agency has a cooperative agree­
ment with Canada. The ESA's three 
largest shareholders, by the magnitude 
of their contribution, are: France (25%), 
Germany (20%), and Italy (15%). 
Together they provide nearly two-thirds 
of the agency's resources. 

The ESA's 1991 budget is more 
than 2.4 billion Accounting Units (AU) 
or ECU, or nearly $3 billion. Europe's 
space spending is thus one-tenth of the 
combined expenditures of the US 
Department of Defense and NASA. It 
must be remembered, however, that 
Europe has no defense space program 
as yet, except for limited military and 
government systems such as the 
Syracuse and Helios communication 
and observation satellites in France 
and the Skynet communication 
satellites in the UK. Italy is still contem­
plating building its own Sicral communi­
cation satellite system. 

The Europeans are still able to rival 
major-power efforts with varied and 
less expensive systems in the fields of 
science, microgravity, technology, 
communications, meteorology, and 
remote sensing. Over the last two 
decades, Europe has successfully 
launched dozens of satellites and 
achieved important cooperative 
ventures with the USA and USSR. 

Through the ESA, Europe has been 
especially successful in developing 
scientific and application satellites. The 
latter are operated by European user 
organizations. ECS and MARECS 
communication satellites, for example, 
have been handed over to Eutelsat and 
Inmarsat, and the Meteosat weather 
spacecraft are now operated by 
Eumetsat. 

The most well-known achievement 
in this field, however, is the Ariane 
family of European launchers devel­
oped by the ESA. Ariane is marketed 
and operated by Arianespace, the first 
private space transportation company, 
which has captured more than half of 
the worldwide commercial launch 
market. 

Europe is now engaged in more 
ambitious and costly ventures such as 
developing the Columbus space 
station, the Hermes reusable 
spaceplane, and the Ariane 5 heavy-lift 
launcher. Th is triad is the centerpiece 
of Europe's effort to achieve an 
independent and autonomous capabil­
ity in manned space flight by the turn of 
the century. 

Photo courtesy ESA 

Artist's conception of a test launch of the 
Hermes spaceplane from Kourou in the 
year 2000. 

Also Read 
NASA Tech Briefs' 
July 1990 Report 

As most European space or­
ganizations mentioned in this re­
port have already been spot­
lighted in a special section pub­
lished last July (NTB vol. 14, No. 
7), we will not provide background 
on them now, except for those 
appearing here for the first time. 
This report instead will concen­
trate on current and planned ac­
tivities by European firms and 
agencies. For more information 
on the organizations mentioned 
in these pages, please read the 
special report on European space 
activities in the July 1990 issue 
of NASA Tech Briefs. 
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2001: 
Europe's 
Manned 
Space 
Odyssey 

Photo courtesy ESA 

This fall , European ministers will geostationary or polar orbits. The 
make a crucial decision concerning the schedule for the heavy-lift vehicle 
ESA's involvement in manned space remains unchanged, with two qualifica-
activities. Ministers from the 13 tion flights planned for 1995. 
member states participating in the Earlier this year, the ESA suggested 
manned spaceplane and space station a slowdown in the development of 
programs will have to give the go- Columbus and Hermes in order to ease 
ahead for the full development of budgetary constraints. 
Hermes and Columbus, and the ESA's new strategy for manned 
associated data-relay satellite (DRS) space programs was unveiled I.ast 
systems. February at a special council meeting 

The heavy-lift rocket Ariane 5 is the held in Santa Margherita, Italy. A 
only major new element of Europe's revised version of the European long-
long-term space plan engaged since term space plan was submitted to 
the last ministerial council of ESA was member states by Jean-Marie Luton, 
held at the Hague in November 1987. ESA's new director general. The 
The next meeting is scheduled for updated scenario addresses annual 
Germany in October or November. The funding problems by extending by two 
objective is to begin full development or three years the development phases 
(phase two) of both Columbus and of Columbus and Hermes. 
Hermes in early 1992, if it has been The Attached Pressurized Module, 
demonstrated to the ministers' satisfac- fully dependent on Freedom, is now 
tion that both programs are technically planned for launch in 1998, while the 
feasible within the budget defined in man-tended free-flyer (MTFF) has 
1987. been postponed until 2001 . Hermes' 

The ESA is committed to building a first unmanned flight is now planned for 
man-tended free-flying laboratory and 2000, and the manned flight for 2001. 
pressurized module (similar to Delaying Hermes and the MTFF until 
Spacelab) which will be permanently the turn of the century will save 10.4% 
attached to space station Freedom. or 3.2 billion ECU, thus reducing the 
Both facilities are primarily dedicated to overall funding request for the long-
materials and life sciences research term plan to nearly $36 billion (1986 
under microgravity conditions. dollars) or 30 billion ECU. But this 

The Hermes reusable spaceplane, postpones Europe's manned space 
similar to but smaller than the space odyssey until 2001. 
shuttle, is designed to carry up to three The first flight of the European Polar 
astronauts and 3 tons of payload in Platform is still scheduled for 1997. 
low-Earth orbit for autonomous Called Poem-1 , the mission will cover 
missions or for servicing manned meteorology and climatology. A second 
stations flying at 450 km. Hermes will polar bird with the same instrumenta-
be launched by the manned version of tion will follow in 2002. Each huge 
Ariane 5. As the successor of Ariane 4, platform, derived from the Spot satellite 
the heavy-lift rocket is mainly designed system, will weigh 8 tons and carry up 
for launching commercial satellites in to 2.4 tons of payload. A third model 

Europe's Columbus laboratory will be 
permanently attached to space station 
Freedom. 

will be equipped with a high-resolution 
(5 meter) optical camera and an 
advanced synthetic aperture radar 
(SAR), and will observe and monitor 
the Earth continuously starting in 2000. 

It will succeed the first European 
radar-observation satellites, ERS 1 and 
2, slated for launch by Ariane in 1991 
and 1994. Each 2.5-ton satellite will 
have the same set of five microwave 
sensors, allowing unprecedented 
measurements over land, sea, and ice 
to better understand interactions 
between the Earth's atmosphere and 
oceans. Their equipment will include a 
wind scatterometer, a radar-altimeter, 
and a high-resolution (30 m) SAR 
working at 5.3 GHz. Costing $1.4 
billion, the ERS spacecraft will be the 
first civil radar satellites launched in the 
west since Seasat in 1978. 

Eureca, the largest autonomous 

Pholo courtesy ESA 

ESA 's Huygens probe will be launched 
towards Titan by the NASA-built Cassini 
spacecraft. 
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satellite ever built in Europe, is planned 
for launch aboard the shuttle in 1992. It 
weighs 4.5 tons, including the payload 
for life and material sciences in zero 
gravity. Further experiments in 
microgravity will be conducted on 
Spacelab by European astronauts. 
ESA invested $1 billion developing the 
laboratory, which was subsequently 
given to NASA. 

In a cooperative venture with NASA, 
a solid-Earth research satellite called 
Aristoteles is planned for launch in 
1997 by a Delta 2 rocket. It will carry a 
high-resolution gradiometer for 
measuring the fine structure of the 
Earth's gravity fields and a magneto­
meter to map its magnetic field. 

Previous successful ESA scientific 
missions include the Hipparcos 
astronomy satellite and the fly-by of 
comet Halley by Giotto, which is now 
on a path to encounter comet Grigg­
Skjellerup in July 1992. The next 
milestone will be the Jupiter gravity­
assist designed to bounce the Ulysses 
probe out of the ecliptic plane and 
swing it into an orbit over the sun's 
poles in 1995. 

Other missions include Cluster and 
Huygens. Four Clusters will be 
launched by Ariane 5 in 1995. The 
European probe Huygens will be 
dropped on Titan by the Cassini Saturn 
orbiter. ESA is also preparing a new 
set of astrophysical observatories, 
including the ISO infrared telescope 
scheduled for launch in 1993, the XMM 
x-ray mission of 1998, and a far­
infrared facility called FIRST. 

As a follow-on to the Olympus 1 
communication satellite launched two 
years ago, the ESA is developing 
Artemis, an experimental satellite for 
testing land mobile and optical 
intersatellite links. The $600 million 
spacecraft is slated for launch in 1995, 
and will be the forerunner of the DRS, 
now scheduled for operation in 1998-
99. 

All of these satellites and space 
vehicles incorporate advanced tech­
nologies mastered in Europe. The ESA 
is spending $140 million annually to 
develop high-tech computers and 
software systems, lightweight and 
deployable structures, robotic mecha­
nisms, optical systems, thermal and 
attitude controls, orbital propulsion and 
energy storage systems, and other 
advanced technologies. The agency is 
also preparing a unique catalog 
containing over 50 transferable 
European space technologies. 

CNES Develops And Mar els 
French High Technolom 
For Space 

CNES, the 
Centre National 
d'Etudes Spatiales, 
is the government 
agency charged with 
developing and 
managing the 
French space 
program, including 
participation in the 
ESA and coopera­
tive agreements, 
mainly with the USA 
and USSR. 

The French 

Photo courtesy ESA 

The Ariane 5 
rocket will be able 
to loft 21 tons of 
payload into low­
Earth orbit. 

space agency is 
nearly 30 years old. Late last year, it 
celebrated the 25th anniversary of the 
launch of the first French satellite 
Asterix, from Hammaguir (Algeria'n 
Sahara) by the first French rocket, 
Diamant A. Since then, France has 
launched several domestic satellites and 
the Diamant program provided the 
technological know-how for de\t ·~loping 

the Ariane rocket. 
Over the past three decades, France 

has been the most prominent force in 
promoting and building the European 
space program. It is responsible, for 
example, for the Meteosat weather 
satellite system, the Ariane family of 
launchers, and the Hermes spaceplane. 

Nearly half of France's space budget 
is invested in the European program. 
Besides managing the development of 
Ariane 5 and Hermes, France is 
participating in European application 
and scientific satellite projects such as 

Soho and Cluster. It is also building 
the ISO infrared astronomy observa­
tory for the ESA. For the United 
States, it provided the data collection 
equipment carried on NOAA polar 
satellites and the radar-altimeter 
for the T opex oceanographic satellite 
planned for launch by Ariane in 
mid-1992. 

In addition, France is participating 
in several scientific projects with the 
Soviet Union, including Interball and 
Mars 94. For the latter project, CNES is 
providing balloons to be deployed on 
the Red Planet in 1994. It is also 
building scientific instruments such as 
Scarab and Alissa which will fly this 
year on Soviet satellites and the Mir 
space station. A ten-year agreement 
has been signed with the Soviet Union 
to conduct manned space operations 
on board Mir. French astronaut Jean­
Loup Chretien participated in missions 
in 1982 and 1988. The next flight of a 
French astronaut on Mir is planned for 
the summer of 1992. 

CNES was among the original 
promoters of the Sarsat-Cospas 
international search and rescue system 
developed and operated in cooperation 
with the USA and USSR. Since 1985 
the satellite system has saved more ' 
than 1500 lives. 

Communication and observation 
satellites make up the lion 's share of 
France's national space program. 
CNES is responsible for the Spot 
remote sensing satellites and commu­
nication satell ites such as Telecom 1 
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and 2 and TDF 1 and 2 operated, 
respectively, by France Telecom and 
Telediffusion de France (TDF). 
Presently, the French space agency is 
developing Locstar, the first European 
radiodetermination system. 

CNES has established a series of 
industrial and trade subsidiaries to 
promote and manage commercial 
developments of space. Over the last 
decade, CNES has established 15 
subsidiaries, including Arianespace, 
Novespace, Prospace, Intespace, 
Locstar, Spot Image, Sat Control , Scot 
Conseil, Satel Conseil, CLS, and 
GDTA. Together, they employ more 
than 700 workers. Last year, they 
achieved an overall turnover of more 
than $675 million. 

Two of these subsidiaries are 
among the world's most successful 
commercial space ventures. 
Arianespace, the first space transporta­
tion company, has captured more than 
half of the global launch market for 
commercial satellites and 80 percent of 
operators worldwide, while Spot Image 

has achieved an outstanding record in 
selling remote sensing data throughout 
the world, including the United States 
through its subsidiary Spot Image 
Corp. (SICorp). Based in Washington, 
DC, SICorp has become a regular 
source of data for a growing number of 
private and government customers in 
the USA. Globally, Spot Image has 
captured half the market for optical 
remote sensing satellite data, with the 
other half being held by Eosat Corp. of 
the United States. 

Novespace, one of the newest 
subsidiaries, managed by Jean-Pierre 
Fouquet, is involved in both technology 
transfer and the microgravity business. 
The company has successfully 
introduced and commercialized 
parabolic flights using the Caravelle 
"Zero G." Its customer list includes 
industrial and scientific users thoughout 
Europe and Japan. 

In 1991, CNES has received more 
than $1 .7 billion to conduct domestic 
and cooperative ventures. This is 
approximately 0.2 percent of France's 

gross national product. Nearly 15,000 
skilled people are working for the 
French space program, mainly in 
national or multinational aerospace 
companies such as Aerospatiale, 
Alcatel Espace, Arianespace, Dassault, 
Matra Marconi Space, Novespace, 
Sextant Avionics, Spot Image, SNPE, 
and SEP. 

CNES has a highly-skilled 2400-
member team headed by Jacques­
Louis Lions as chairman and Jean­
Daniel Levi as director general. 
Headquartered in Paris, CNES has 
several sites throughout France. The 
directorate for space transportation is 
based in Evry, on the outskirts of the 
capital , while its technical center is in 
Toulouse, the French "aerospace 
valley." A balloon launch facility is 
located at Aire/Adour in the southwest. 
CNES also operates the Centre Spatial 
Guyanais, the launch base for Arianes. 
Located only five degrees from the 
Equator, the European spaceport is the 
best-situated rocket launching facility in 
the world. 

Aerospatiale: Creating Advanced 
Technology For Satellites And Rockets 

Aerospatiale, one of Europe's major 
aerospace manufacturers, offers a 
diverse range of products for the 
international market, including civil 
aircraft, civil and military helicopters, 
tactical and ballistic missiles, space 
launchers, and satellites. Its Strategic 
and Space Division employs nearly 
6000 people and last year achieved 
sales of $1.4 billion, a growth of 12.5 
percent. Aerospatiale represents an 
even larger work force when its 

association with Alcatel Espace of 
France, Alenia of Italy, and Loral Space 
Systems of the USA is taken into 
account. Earlier this year, Aerospatiale 
and Alcatel Espace won a contract to 
build and launch two Turkish communi-
cation satellites, the first of which is 
scheduled for a 1993 launch. Part of 
the $300 million contract calls for the 
construction of a control center, 
including a tracking station. The same 
team-along with Marconi Space 

Photo courtesy Aerospabale Systems, Aeritalia, and 
other aerospace firms 
-previously won a 
$395 million contract to 
manufacture six 
Eutelsat 2 satellites. 
Two are in orbit and a 

Three-dImensional 
manufacturing of 
Hermes ' carbon-carbon 
fiber nose at 
Aerospatlale 

third is planned for launch in August by 
an Atlas rocket from Cape Canaveral , 
Florida. Aerospatiale and Alcatel 
Espace are now competing for the 
Europesat series of European direct 
broadcasting satellites. 

Over the past quarter century, 
Aerospatiale has built more than 60 
scientific and application satellites for 
French, European, and foreign custom­
ers. Forty percent of Europe's civil 
satellites have been developed under 
its prime contractorship. The company 
is presently building the Meteosat 
series of European geostationary 
weather satellites and is participating in 
design studies of the second genera­
tion Meteosats for ESA. The fifth oper­
ational Meteosat was launched in 
March and the sixth and final one will 
be orbited in September 1993. The 
same year, Helios, the first French mil­
itary observation satellite, will be 
launched. Its high-resolution camera 
was designed and built by Aerospatiale. 
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Another current program is the 
Infrared Space Observatory (ISO), 
slated for launch by an Ariane in 1993. 
The 2.4-ton observatory will be 
equipped with a 60-centimeter aperture 
telescope installed inside a large 
cryostat cooled by liquid helium. 
Aerospatiale is manufacturing the ISO 
telescope and one of its cameras as 
part of a $260 million contract. 

The company has also received a 
research contract from the Eureka 
organization to develop a large 
lightweight metallic mirror for the LAMA 
optical observatory, and will build the 
Huygens probe which will study Ti tan. 

As Europe's leader in the space 
transportation field, Aerospatiale is the 
industrial architect for all versions of 
the Ariane launcher, from the original 
Ariane 1 to the new Ariane 4. To date, 
99 Ariane 4 rockets have been ordered 
by Arianespace for missions into the 
late 1990s. 

Aerospatiale's three main responsi­
bilities are technical management of 
the program, system engineering, and 
integration of Ariane's elements. The 
company develops the three stages, 
boosters, and fairings in cooperation 
with leading European companies such 
as British Aerospace, Matra Marconi 

Space, Contraves, SEP, BPD, and 
ETCA. It also manufactures carbon­
fiber payload adapters and other 
components. 

Aerospatiale is playing the same 
role of industrial architect and stage 
contractor for Ariane 5, the largest 
rocket ever built in Europe. The 
company is conducting design studies, 
program management and planning, 
and system testing and checkout. It is 
also in charge of the two main stages: 
the solid boosters and the main 
cryogenic stage. 

The tank has impressive dimen­
sions: 100 feet tall and nearly 18 feet 
in diameter. It weighs 12.5 tons and 
contains 155 tons of liquid cryogenic 
propellant. It is composed of aluminum 
alloy panels which are welded by two 
giant machines and then pressure­
tested in a 98-foot-deep well. 

This facility is part of the Ariane 5 
integration bu ilding recently erected at 
Les Mureaux. It stands alongside the 
Seine river, allowing the stages to be 
loaded on barges and taken to Le 
Havre, then transferred onto the SS 
Ariana to cross the Atlantic to Cayenne 
(French Guiana). Built at a cost of $60 
million, the 65,500 square foot integra­
tion facility will produce eight cryogenic 

stages per year starting in 
Photo courtesy Aerospallale 1996, when Ariane 5 

becomes operational. 
The fifth-generation 

rocket is based upon an 
entirely new design. It 
features a main stage fitted 
with one cryogenic engine 
flanked by two large strap­
on boosters filled with 250 
tons of solid propellant. 
Planned for use until 2015, 
Ariane 5 will be able to 
launch one or more 
satellites representing a 
total mass of 6.9 tons into 
geostationary transfer orbit; 
a Columbus space station 
module of 18 tons; or the 
Hermes spaceplane at 23 
tons. 

More powerful versions 
of Ariane with recoverable 
elements are anticipated 
for the future. On the 
drawing board are an 
Ariane 6 with four solid 
boosters and an Ariane 7 
featuring several Vulcain 

Aerospatiale is prime 
contractor for the 
Eutelsat 2 satellites. 

cryogenic engines on its first stage. 
Changes may also be made to the 
upper section, according to 
Aerospatiale officials, with storable 
propellant propulsion replaced by 
cryogenics. The company also envi­
sions reusable rocket stages and 
boosters equipped with air-breathing 
engines. 

Regarding Hermes, significant 
changes have been made in the 
program structure to increase the 
efficiency and coherence of the 
management before entering the 
development phase early next year. 
Four leading European aerospace 
companies-Aerospatiale and Dassault 
Aviation of France, Deutsche Aero­
space of Germany, and Alenia of 
Italy-have formed a fully -integrated 
prime contractor team called Euro­
Hermespace. The same has been 
done at the agency level by forming an 
ESA-CNES program team. 

The program report was delivered to 
managing agencies last March. The 
document describes the technical 
definition of the chosen configuration, 
called Hermes Stage 1. It is the 
reference configuration for the indus­
trial proposal and the development 
program. The spaceplane layout has 
been optimized by moving the center of 
gravity forward to balance the craft for 
atmospheric reentry, and by improving 
the aerodynamic shape through 
computational fluid dynamics (CFD). 
"We now have a sound basis on which 
to proceed with the project," says Jorg 
Feustel-Buechl, director of space 
transportation systems for the ESA. 

Hermes is being designed for launch 
by an Ariane 5 from Kourou and will 
join the Columbus space station in low­
Earth orbit at an altitude of about 450 
km with an inclination of 28.5°. The 
spaceplane will be manned by a crew 
of three astronauts including two pilots, 
and will carry a payload of about 3 
tons. The European shuttle will be able 
to remain docked to the man-tended 
free-flyer for one week. It will then 
reenter the atmosphere at hypersonic 
speed and land on a runway in Korou. 
Two flights a year are planned after 
2001 to service the MTFF. 

Aerospatiale also has a $240,000 
contract to study an automated 
logistics vehicle for carrying payloads 
to a future European space station. 
Called LoVe, the vehicle is to be 
launched by an Ariane 5. The study is 
being performed by a team consisting 
of Aerospatiale, British Aerospace, and 
Space Applications Services of 
Belgium. 
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ASSOCIATION OF AUSTRIAN AEROSPACE COMPANIES 

ACI' HOCHLEISlUNGSKUNSTSTOFFI'ECHNIK VERlRIEBS GMBH 
Tel.: +43 -2630 /$161-718 Fax: + 43 - 26 30/$1 $6 

Specialist in manufacture and assembly of SIJ\lCtUres and components for 
aerospace marlcet.. fabricated from composite materials. 

ALCATEL AUSTRIA - ELIN FORSaruNGS2'EN'mUM 
Tel.: + 43 - 1/39 1621-140 Fax: + 43 - 1/39 1H2 

This laboratory covers the following t~cs: software engineering, 
real-time programminS and testing, AI, computer architectula aDd 
advanced communicatJon. 

BUNDESVERSUCHS - UNO FORSCHUNGSANST AL T ARSENAL 
Tel.: + 43 - 1/782$ 31-371 Fax: + 43 - 1/78 2.S 31-$94 

Environmental test on space components. 

ELIN ENERGIEANWENDUNGS GMBH 
Tel.: + 43 - 1/89 ISO -1$ 03 Fax: + 43 - 1/8946 046 

Development of computer controlled simulations for satellite power 
supply systems. 

FANAK DATA PROCESSING GMBH 
Tel.: + 43 - II S8 78 363 Fax.: + 43 - II $8 78 363 - 9 

~flight medicine (Austrian - Soviet Spaceflight), Life Supporting 
Systems, MGSE, EGSE, studies, software department. 

GEOSPACE BECKEL- SATEllITENBll.DDATEN GMBH & CO. KG 
Tel.: + 43 - 61 32/3370 Fax.: + 43-61 32/71 87 

Global Change Atlas for the International Space Years (lSY) 1992 

GEPARD - ASSOC. FOR PARAll.EL DATA PROCESSING 
Tel: + 43- 1/743521 -320 Fax: + 43- 1/743521 - 321 

Parallel comP.':lter systems, image analysis and processing, rectification, 
high - speed ilisplaying systems, process simulation, hardware in the 
loop. 

INS1Tl1JT FOR ANGEW ANDTE SYSTEMTEOiNlK DER 
FORSCHUNGSGESELLSCHAFf JOANNEUM GMBH 
Tel.:+43-316/873-7441 Fax.: +43-316/463697 

Development of a videoconference system, groundbased networic for 
me&lurements optimizing future satellite canmunicalions system. 

MASCHINENFABRIK ANDRITZ AG 
Tel:+43-316/6902-2510 Fax.: +43-316/6902-2283 

Development of the DAAR-attacbernent structure for ARlANE - 5 for 
telt purposes and flight hardware. 

METAllWERK PLANSEE GMBH 
Tel.: +43 - $672/70- 27 $0 Fax: + 43 - S672/70 - $00 

Materials and com~ents for high temperature application in thermal 
protection and propu.bionlystems for space transportation vehicles. 

OSTERR. GESEllSCHAFT FOR WELTRAUMFRAGEN (ASA) 
Tel.: + 43 - 1/40 38 631 -12 Fax: + 43- 1/4282 28 

Governmentalageney coordinating space activities in Auslria. 

OSTERR. FORSaruNGSZENTRUM SEmERSOORF GMBH 
Tel.: + 43 - 22S4/SO - 20 20 Fax: + 43 -22S4 /8021 18 

Material testing for space use. 

ORS - THE AUSTIUAN AEROSPACE COMPANY 
OSTERRE1011SCHE RAUMFAHRT- UNO SYSlEMTECHNIK GMBH 
Tel.: +43-1/58814-210 Fax:+43-1/$8814-221 

Mechanical structures and mechanisms for satellites as well as 
mechanical ground support equipment for integration and test, life 
IlIpport technol~ies for manned s~ flights and safety analysis for 
space and industnal use, thermallWdware. 

ING. GEROlD PANKL PRAZlSIONSTECHNlK 
Tel: + 43 - 3862/51 25{)'() Fax: +43 - 38 62/51250 - 2 

Sp:cialist in machining and metal forming of Titanium, AIwninium and 
hIgh tensile steel. 

RADARTEOiNlK & ELEKTROOPIlK GMBH 
Tel.: + 43 - 29 82/42 11 Fax: + 43 - 29 82/42 10 

Range flDding equipment based upon semiconductor lasers, handheld 
and lightweight range flDders, distance and level meters, motorized 
positioning equipment and scanners. Research on laser sensors for 
planetary research, development of transmitter breadboard model for 
space - borne Jensors. 

SCHRACK AEROSPACE 
Tcl.: + 43 - 1/81 100 - S7 22 Fax: + 43 - 1/81 100 - 69$ 

Development of a new generation of satellite ground stations, application 
oflaser techniques for data communications between satellite~ 
development and construction of scientific instruments in the ueld of 
geodesy and atmospheric research 

SIEMENS AKTIENGESELLSCHAFT OSTERRE1Clf 
Tel.: + 43 - 27 42/6S 604 Fax: + 43 - 27 42/65 604 - 20 

Test equipment for flight hardware especially for telecommunication 
equipment, regulation and control: software for control centres, data 
processing, simulation, prcpoagalion techniques for mobile 
comrnunication via satellite: on board processing, master control - center, 
ISDN gateway. 

SOFTLAB GESELLSCHAFT FOR SYSTEMEN1WICKLUNG 
GMBH 
Tel.: + 43 - 1/98 29400 - 34 Fax: + 43 - 1/9829400 - 44 

Studies and software development for telecommunications applications 
uling the latest software engllleering techniques (CASE), specl8lizing in 
OSI protocols and networic management. 

STEYR - DAIMLER - PUCH AG 
Tel.: +43-1/53144-280$ Fax. +43-I/S3$6383 

DevelOP.IDent and production of flying ~uipment for launcher especially 
cryogenic hardware (e.g. ARlANE - 5: feedlines LH2, LOX etc.) and 
mechanical structures. 

VOEST ALPINE MCE 
Tel: +43 - 732/59 87 - 82 98 Fax: + 43 - 732/59 80 - 97 85 

Engineering, fabrication and erection in the space technoJogy -Specialist 
for reliable and precise performance. 

Please contact: AUSTROSPACE 
Dr. Georg SERENTSCHY 

Garnisoogasse 7. 1090 VIENNA / AUSTRIA 
Tel.: +43 - 1- 40 38 631 - 24 Fax: +43 - 1 - 42 8228 
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The Alcatel Space Division (ASD), 
part of the Alcatel Radio Space and 
Defense Group, began operation this 
year. It is the most diverse multina­
tional space group in Europe, incorpo­
rating seven companies in six Euro­
pean countries, with a total work force 
of 2000. The division controls space 
subsidiaries in France, Belgium, 
Denmark, Germany, Norway, and 
Spain. Chairman Jean-Claude Husson 
is assisted by Alain Roger, vice 
president of international business 
development, and Pierre de Bayser, 
executive director. Mr. Husson also 
serves as director general of the 
division's largest body, Alcatel Espace 
of France. Its deputy, Bernard Deloffre, 
was recently recruited from 
Aerospatial e. 

Deloffre's transfer illustrates the 
close relationship between Alcatel 's 
Space Division and Aerospatiale . 
Together they have won important 
contracts for communication satellite 
systems. The duo recently received a 
$375 million contract to deliver into 
orbit the first two Turksats and to build 
a Turkish scientific spacecraft. 

They also won a $1 billion contract 
to build six Eutelsat 2s-the largest 
contract ever awarded in Europe. ASD 
provides antennas, telemetry and 
command, and transponder elements 
for the Eutelsat 2s, while Aerospatiale 
is responsible for the Spacebus 
platform. 

Photo courtesy Alcatel Espace 

ASD, Aerospatiale, and Alenia of 
Italy have taken a 49 percent interest in 
Space Systems/Loral (formerly Ford 
Aerospace) . The four-member team 
will be challenging Hughes Aircraft, the 
world leader in satellite manufacturing. 
ASD is part of the management team 
set up by Space Systems/Loral to 
manufacture seven Intelsat communi­
cation satellites. With Alenia, it is 
building the ESA's Artemis experimen­
tal communication satellite. 

Alcatel Espace, the division's largest 
member, has a staff of 1300 and sales 
approaching 250 MECU. It works 
exclusively on space projects, enabling 
it to achieve a high level of technology 
expertise and competitiveness in 
space borne systems and payloads for 
communication, observation, and 
scientific missions. The French firm is 
mastering antenna techniques in the 2 
to 90 GHz range. Its "savoir-faire" 
extends from corrugated horns to 
multi-source antennas for shaped 
beam coverage and dual-grid reflectors 
for frequency reuse in the Ku-band. It 
supplies all the antennas for Telecom 2 
satellites, including an X-band 
steerable spot-beam antenna dedi­
cated to military communications. 

Alcatel Espace has 20 years 
experience in supplying spaceborne 
microwave receivers in frequency 
bands ranging from L through Ku . It 
has delivered 200 receivers for 
European and foreign satellites, 
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including NASA's Tracking and Data 
Relay Satellite System, and has pro­
duced microwave filters and solid-
state power amplifiers from 6 to 20 w, 
as well as broadband high-gain 
amplifiers featuring bare-chip micro­
wave hybrid-circuit technology at 
12 GHz. 

The company also specializes in 
telemetry, command, and ranging 
subsystems, including S-band transpon­
ders, 1.4 GHz receivers, and 4-1 2 GHz 
transmitters. It has equipped several 
deep space probes, including Giotto and 
Ulysses, as well as communication 
spacecraft such as Telecom 2, TDF, and 
TV-SAT. Moreover, it has developed 
high-rate image telemetry systems for the 
Spot and Helios observation satellites. 

Expert in fast signal processing, 
Alcatel Espace designed and manufac­
tured the intermediate frequency stages 
of ERS' synthetic aperture radar. And it 
recently delivered the complete micro­
wave instrumentation for the Poseidon 
radar-altimeter to be carried on the Topex 
satellite built by Fairchild Space. The 
company is now developing an experi­
mental communication payload for the 
interorbital radio-link to be tested with the 
European Eureca platform planned for 
launch by the space shuttle in 1992. 

Alcatel Espace can design, develop, 
manufacture, and manage complete 
communication satellite systems­
including space and ground segments­
for either civil or military applications, as 
demonstrated by its success in building 
the Syracuse system for the French 
Ministry of Defense in the 1980s. This 
system will be upgraded starting with 
the first Telecom 2 satellite, planned for 
launch by an Ariane this November. 
Alcatel Espace is also investing in 
studies of potential satellite systems 
for observing and monitoring the 
disarmament in Europe. 

Alcatel Espace technicians integrate the 
communication payload of a Telecom 2 
satellite in Toulouse. 

Photo courtesy A1calel Espace 



ARIA ESPAC 
WE'RE BRINGING SPACE CLOSER TO EARTH. 

For more than ten years with its European 
partners and international customers - satellite 
manufacturers and operators - Arianespace bas 
contributed in building global telecommunica­
tions networks. Through them, Arianespace has 
provided direct broadcast television, improved 
weather monitoring, enhanced Earth observa­
tion, and greater access to space for scientific 
programs. By placing an average often satellites 
in orbit each year Arianespace actively contri­
butes to bringing space closer to Earth. Indeed, 
more than 80% of the world's commercial satel­
lite operators today fly Arianespace and its 
European launcher Ariane 4. 
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OVer 80 Percent Of World's Commercial 
Satellite Operators Are Flying Arianespace 

Photo courtesy Ananespace 

Night launch of Ariane V42 carrying the 
Astra 1 Band Meteosat MOP 2 

The fiftieth Ariane rocket will be 
launched early next year according to 
the current launch manifest issued by 
Arianespace, the world's leading 
commercial space transportation 
company. This year and next, the 
European rocket company plans nine 
launches of its Ariane 4 liquid-propel­
lant rocket. Three rockets have been 
launched since the beginning of the 
year. The next flight will carry the first 
European radar-observation satellite, 
ERS-1, and the following flight will 
transport an Intelsat 6 communication 
satellite built by Hughes Aircraft. It will 
be launched by the Ariane 44L, the 
most powerful version of the European 
rocket, which is fitted with four liquid 
strap-on boosters. 

Arianespace has orbited 44 satel­
lites in the last 44 months. "It's a world 
record," says Charles Bigot, the new 
company chairman. He succeeded 
Frederic d'Aliest, founder and first 
chairman of the European launch 
consortium, in 1990 shortly after 
Arianespace celebrated its tenth 
anniversary. 

Since its inception in March 1980, 
the company has booked 92 satellite 
launch contracts. Arianespace has 34 
satellites contracted for launch in 
coming years, collectively worth more 
than $2.6 billion. Today, over 80 
percent of the world's commercial 
satellite operators fly Arianespace and 
its European workhorse, Ariane 4. 

Industry has ordered a total of 99 
Ariane rockets , including a single batch 
of 50 Ariane 4s worth about $3.4 billion 
-the single largest order of commer­
cial rockets ever placed in Europe. Last 
year, the company's net sales 
amounted to $660 million and its net 
profit after taxes was $22 million. 
Although Arianespace's in-house staff 
numbers only 275, there are 12,000 
people working on the Ariane program 
throughout Europe. 

For the coming decade, 
Arianespace forecasts limited market 
growth averaging 20 satellites per year 
worldwide, excluding the USSR. 
Patrice Larcher, Arianespace market­
ing manager, expects the launch rate 
to increase in coming years to re-equip 

American networks and replace 
communication satellites for interna­
tional organizations such as Intelsat, 
Inmarsat, Eutelsat, and Panamsat. 
Larcher believes that "the market will 
be very steady until 1993-94." After 
1994, he expects launch rates to dip as 
the size and weight of satellites grow 
significantly. 

Future communication satellites will 
be dlfferent from today's spacecraft, 
Larcher explains. They will feature 
operational lifetimes of 14-16 years, 
instead of the current norm of 10-12 
years, as well as a four-fold increase in 
circuit capacity, to over 100,000 
circuits. 

Tomorrow's communication satel­
lites will also be heavier. Within five 
years, the average mass of world 
communication satellites will increase 
two-fold, from 1.2 to 2.4 tons. But the 
heaviest satellites-such as Telstar 4 
and Intelsat 6, 7, and 8-will represent 
only five percent of the market. 

Arianespace is anticipating further 
increases in the annual accumulated 
launch weight of commercial satellites, 
from 40 tons in 1991 to 50 tons in 
1993. They predict that within the next 
decade the total launch mass will rise 
to nearly 60 tons per year. 

In order to maintain its market share 
and leadership, Arianespace is 
aggressively pursuing new customers 
abroad, particularly in the Americas, 
the Middle East, and Asia. The firm's 
objective is to keep at least 50 percent 
of the world commercial launch market, 
despite its evolution. 

Arianespace officials are confident 
that Ariane 4 will be able to handle the 
growing mass of commercial satellites 
for the next five years. The company 
will then shift to the more powerful 
Ariane 5 heavy-lift rocket, which is 
expected to be operational in 1996. 
Ariane 5 will allow dual launches from 
Kourou of satellites weighing 2.6 tons 
each, or single launches of payloads 
up to 6.8 tons into geostationary 
transfer orbit. The rocket also will be 
able to launch recoverable capsules, 
space station elements such as 
Columbus, and the Hermes 
spaceplane. 
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THANKS AND CONGRATULATIONS! 

Congrat:ulat:ions to all the scientists, engineers and companies 
who have cooperated in the implerrumtaJ:ion of the t,pace programs 

which have made Prance one of the ma[jor actors 
in the conquest of t,pace to better serve the world. 

Space policies 
Aerospace industry 

Launch 
Operational orbit 

Control and exploitation 

Hipparcos, 
Antares, 180, 

Argos, Locstar, 
Ariane IV; Pkob08, 
Ariane V; Sigma, 
Columbus, Spot, 

Cospas/Sarsat, TDF, 
Doris, Telecom, 

Gamma, Tele-'.C, 
HeMS, Topex-Poseidon, 

HeT7M8, Vega, ... 

WE OPEN UP SPACE 
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Austria is developing life support equipment for the Hermes spaceplane. 

Austria has produced some of the 
world's greatest composers, including 
Mozart, Strauss, Haydn, and Schubert. 
But music is not the country's only 
quality product. 

Today, Austria's industry is engaged 
in research and development of space 
technologies in the framework of the 
ESA. Twenty highly-specialized firms 
are competing for services and product 
development contracts within the 
ESA's scientific, communication , Earth 
observation, Ariane 5, and Hermes 
programs. Together they have formed 
the Association of Austrian Aerospace 
Companies, known as Austrospace. 

For more than a decade, Austrian 
companies and research institutes 
have participated in the ESA telecom­
munication program, including the 
construction of Olympus, the largest 
communication satellite ever built in 
Europe. Austria specializes in the 
development of flight hardware, ground 
terminals, and software. Austrian 
universities and institutes have 
simulated the distance between the 
Earth and a communication satellite, 
and the influence of the atmosphere 
and weather on communication quality 
in the high-frequency area, thereby 
providing basic research necessary to 
develop future commercial systems. 

Austria's space industry is active in 
the development of European scientific 
spacecraft, including the ISO infrared 
telescope. The Austrian company ORS 
has produced and delivered a large 

mechanical sun shield designed to 
protect the delicate infrared sensor and 
its helium tank. The shield's support 
structure was developed by ORS and 
manufactured by Advanced Compos­
ites Technologies (ACT). 

ORS is providing the thermal 
insulation system, mechanical ground 
support equipment, and structural 
elements for the Soho and Cluster 
scientific satellites. A significant part of 
the electrical ground support equip­
ment is being produced by Schrack 
Aerospace. Schrack and the Vienna 
Technical University are fabricating a 
laser intersatellite link for future 
communication satellites. 

In Graz, the Joanneum Research 
Institute has developed a video­
conference system which links up to 
four groups in different countries via 
satellite. And Schrack has developed 
terminals for "satellite telephone" 
systems similar to those demonstrated 
so impressively during the Gulf war by 
Peter Arnett of CNN. 

Earth observation has also attracted 
many Austrian aerospace firms, 
including ORS and Schrack, which 
provided ground support equipment for 
the ESA's first radar-observation 
satellite-ERS-1. For the ERS-2 pro­
gram, the firms are building a micro­
wave radiometer to measure water 
vapor content in the Earth's atmo­
sphere. Geospace Company, another 
Austrian firm, is processing and 
marketing remote-sensing data from 
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Eosat. Eurimage. and 
Spot Image. 

For the Ariane 5 
project, ORS is devel­
oping a major part of 
the ground support 
equipment; Steyr­
Daimler-Puch AG is 
providing the cryogenic 
fuel system and var­
ious components for 
the solid rocket boost­
ers; and Maschinen­
fabrik Andritz AG is 
producing the DAAR­
rings connecting the 
rocket's boosters and 
core stage. 

ORS is working on 
food storage and waste 
removal techniques for 
the Hermes program, 
while the Technical 
University in Graz is 
studying temperature­
resistant connection 
elements for the heat 
shield produced by the 

Austrian company Plan see. 
Austria is a relatively new player in 

the space business, according to Dr. 
Georg Serentschy, chairman of Austro­
space. Although Austria has partici­
pated in various space programs since 
the mid-1970s, it wasn't until 1987 that 
the Austrian government signed a full 
membership contract with the ESA. 
Currently, the Austrian Space Agency is 
paying about $30 million annually as its 
financial contribution to ESA programs. 
In return , the ESA is providing nearly 
the same amount in contracts to the 
Austrian space industry. 

ORS is developing thermal insulation for 
the ESA's Soho and Cluster scientific 
satellites. Photo courtesy ESA 
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Is Meeting The 
Challenges Of 
mercializalion 

Artist's concept shows the Interim Hotol spaceplane launched from atop the Soviet 

supersede "hard-wired" telephone 
systems. Satellites can be used to sup­
plement these terrestrial networks, pro­
viding an economical method of covering 
rural and remote areas anywhere in the 
world . A 2000-subscriber digital-radio­
based telephone system which can be 
interconnected to a national telephone 
network via satellite is available at a 
moderate cost. 

Union's Antonov An225 heavy-lift aircraft. Photo courtesy BritIsh Aerospace 

British Aerospace Space Systems is 
one of Europe's most experienced space 
contractors. Over the last 30 years it has 
built or helped to build 100 spacecraft 
and has played a leading role in achiev­
ing many of the milestones in the 
relatively short history of space explora­
tion and commercialization. 

British Aerospace (BAe) produced the 
first scientific satellite launched by the 
ESA and its first communication satellite. 
It was prime contractor for Europe's first 
geostationary scientific spacecraft and 
the highly successful Halley's Comet 
interceptor, Giotto. The company has 
been building the Skylark sounding 
rocket since 1957. With over 400 
successful launches, Skylark is one of 
the world's longest-running space 
programs. 

BAe is one of the world's largest and 
most experienced suppliers of communi­
cation satellites, having participated in 
the development of more than 70 com­
munication spacecraft, a third of these 
as prime contractor. 

Today, the company is preparing for 
the challenges of increasing commercial­
ization in the space business. It is devel­
oping the technologies to playa leading 
role not only in the supply of space hard­
ware for new ventures, but also in the 
specialized services that will be available 
over the next decade and into the 21 st 
century. 

One of the keys to the successful 
exploitation of space is cheap and reli­
able access to orbit. Seven years ago, 
BAe unveiled its Hotol concept, a re­
usable spaceship capable of taking off 
like a conventional aircraft and flying 
directly into low-Earth orbit. The space­
ship would employ a revolutionary 
hydrogen and atmospheric oxygen pro­
pulsion system for the initial stages, then 
convert at altitude to pure rocket power 

using on-board liquid oxygen. The con­
cept is being pursued jointly with the 
Soviet Union through a study for an 
"Interim Hotol" which omits the air­
breathing stage of propulsion by 
launching from an Antonov An-225 
heavy-lift transport aircraft at an altitude 
of 9 km. 

Looking to the future , British Aero­
space Space Systems has formed a 
number of separate but wholly-owned 
companies to specialize in a range of 
satellite-based and related services in 
the communication and Earth resources 
sectors. 

In the rapidly-expanding arena of 
private and business communication 
networks, BAe was one of the first 
European companies to secure licenses 
to act as a Specialized Satellite Services 
Operator, and is currently licensed to 
provide services in the UK and Ger­
many. The company is pioneering the 
use of satellites to narrowcast a variety 
of sports events to clubs and other sites 
throughout the UK. Further afield, 
business communication between North 
America and Europe will be greatly 
enhanced when the powerful BAe-built 
Orion satellite system becomes opera­
tional. 

Recognizing the rapid spread of 
cellular telephony, BAe is pioneering the 
development of mass-market radio­
based communication networks as a 
means of enhancing-and in some 
instances competing with-existing fixed 
and mobile telephone systems. BAe set 
up and led a powerful consortium of 
communication companies which bid 
successfully for one of the world's first 
licenses to provide a national digital 
cellular telephone service. Known as 
PCN (Personal Communication Net­
work), the system will be operational in 
the UK in 1992 and is expected to 

As the UK's largest exporter of engi­
neering products, BAe has extensive 
experience with the technical , financial, 
and organizational problems facing over­
seas communications operators and 
administrators. A complete package has 
been developed to define and meet their 
needs. 

As the world places greater emphasis 
on the wise husbandry of the Earth 's 
environment and resources, analysis of 
data gathered from space-borne 
instruments becomes more important. 
BAe is very active in this area. It is also 
experienced in designing and manu­
facturing a wide range of sensors, and 
will lead a European consortium to build 
the Earth observation polar platform that 
the ESA plans to launch by 2000. 

The British government contracted 
BAe to establish the National Remote 
Sensing Center (NRSC), a commercial 
organization for the collection, archiving, 
and analysis of Earth observation data. 
When combined with existing national 
facilities , the NRSC will be one of the 
world's leading centers for the analysis 
of remotely-sensed information. 

Without the backing of large military 
space programs, the European space 
industry has found it difficult to remain 
profitable in an increasingly competitive 
marketplace. Long established in space 
science, Europe has emerged over the 
last decade as a capable commercial 
space power. British Aerospace Space 
Systems has played a pivotal role in this 
success, just as it intends to do in devel­
oping the new products and services the 
space industry has long promised and is 
finally capable of delivering. 
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Oassault Aviation, the world­
reknowned manufacturer of high­
performance civil and military aircraft 
such as the Falcon, Mirage, and 
Rafale, also is involved in the develop­
ment of the Hermes spaceplane. 

Following the recent restructuring of 
the Herme3 program for the develop­
ment phase, Oassault is sharing the 
industrial prime-contractorship with 
three other partners-Aerospatiale, 
Alenia, and Oasa-within the new 
integrated structure of Euro­
Hermespace. 

Since 1985, Oassault has been 
helping to refine the spaceplane's basic 
configuration, including its shape, 
thermal protection system, hot struc­
tures, and rescue subsystems. These 
tasks have been performed under the 
aegis of the ESA and CNES. 

As a member of Euro-Hermespace, 
the company chaired by Serge 
Oassault has full responsibility for the 
following tasks: aerodynamic design 
and shape definition, reentry trajecto­
ries and aero thermodynamics, 
thermomechanical architecture design 
and supply of the thermal protection 
and hot structures, reentry software, 
navigation guidance and control, flight 
controls , crew escape devices, 
subsonic test flights , and assistance for 
orbital flights. 

Oassault is performing aerodynamic 
simulations and wind tunnel tests to 
shape the spaceplane, which will have 
an extended flight envelope ranging 
from 200 to 16,000 knots. The craft will 
require an optimized trajectory to dissi­
pate the tremendous kinetic energy 
generated during atmospheric reentry, 

which will increase Hermes' skin 
temperature from - 150°F to 3300°F. 
The objective is to limit the stress on 
the hot structure made of carbon-fiber­
reinforced composites and ceramic 
materials such as carbon-carbon or 
carbon-silicon carbide. 

In cooperation with its European 
partners, Oassault has initiated an 
extensive research and development 
effort in such areas as ceramic matrix 
composites, refractive materials, 
internal multiscreen insulation, and 
tribology. It also has developed highly­
sophisticated mathematical simulation 
and computer-aided design tools to 
handle the challenge of hypersonic 
aerothermodynamics up to Mach 29, 
a domain never before explored by 
European aerospace designers. 

Controlled Configured-Vehicle 
(CCV) concepts and techniques 
developed by Oassault for the Rafale 
advanced combat aircraft are now 
being applied to Hermes. Oassault 
plans to conduct atmospheric flight 
tests at subsonic speeds with one of 
the two spaceplanes. Hermes will be 
dropped from a carrier aircraft to 
investigate its flight characteristics and 
to qualify approach and landing 
procedures before proceeding with 
orbital flights. 

Oassault is participating in studies of 
the Hermes Carrier Aircraft and 
Hermes Trainer Aircraft, for which 
airplanes such as Airbus and Falcon 
have been proposed. The company 
also is in charge of providing Hermes' 
crew ejection seats. It is evaluating two 
competitive concepts , one featuring a 
new seat to" be developed by Martin 
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Dassault ;s developing man-machine 
interfaces for extravehicular activity. 
Photo courtesy Dassault AVIatIon 

Baker and the other a derivative of an 
existing seat used by Soviet Mig-29 
pilots. The main requirement is to be 
able to eject the crew from zero-zero 
(altitude and speed) to Mach 3 at 30 km . 

Oassault's space activities are a 
spinoff of the company's experience in 
several high-tech domains, including 
aerothermodynamics, manned systems 
design, man-machine interfaces, 
human factors and crew safety, 
environmental control and life support, 
thermal protection, in-flight tests, and 
procedures for manned vehicles. The 
French firm also has expertise in 
computer-aided design and manufac­
turing, expert systems, and artificial 
intelligence-including applications to 
man-machine systems such as 
advanced piloted aircraft and manned 
spaceplanes. 

Under contract to CNES, Oassault is 
conducting advanced studies of reus­
able space shuttles through its Star-H 
concept of a two-stage-to-orbit vehicle. 
The goal is to create a database for 
studying fut\Jre hypersonic shuttles or 
transatmospheric aircraft. Oassault 
also is involved with Aerospatiale and 
Hyperspace in a French research pro­
gram focused on hypersonic propul­
sion, and is part of the team designing 
and manufacturing the first European 
space suit for extravehicular activity. 

The space division created last year 
to manage the company's participation 
in Hermes and other space programs 
now employs about 150 highly-skilled 
people, most housed in Toulouse in a 
newly-built space center. The group's 
goal, according to Jean-Jacques Rous­
sel , director general of the division, is 
to increase space business from the 
present 4.4 percent to 10 percent of 
Oassault's revenues by the mid-90s. 

Three-dimensional Euler CFD analysis for 
the Star-H project 
Photo courtesy Dassault AVIation 





Matra 
Marconi 

Space, 
The First 

Integrated 
Space Team 

In Europe 
Last year, two of Europe's foremost 

space companies, Matra Espace of 
France and Marconi Space Systems of 
the UK, formed the first true interna­
tional space company by joining forces 
to create Matra Marconi Space (MMS) . 
The new company achieved consoli­
dated sales of approximately $780 
million and an order book of more than 
$1 .3 billion with a work force of 3000 in 
1990. This year, it anticipates a 
turnover of nearly $820 million. 

Marconi Space Systems teamed 
with GE Astro Space of the United 
States in a winning bid to build 
Inmarsat's third generation of maritime 
communication satellites. The $320 
million contract calls for four Inmarsat 
3s, with an option for five additional 
satellites, all based on GE's Satcom 
4000 platform. Marconi will receive half 
of this award for providing the commu­
nication payload, including transpon­
ders and antennas. It is the largest 
space contract ever received by the 
British arm of MMS. 

The UK and French firms comple­
ment each other well. Matra specializes 
in communication satellite platforms 
and optical sensors for observation 
satellites, while Marconi is experienced 
with communication payloads and 
microwave instruments for remote­
sensing spacecraft. An excellent 
example of this synergy is the ERS 

radar-observation satellites. Matra 
Espace manufactured the platform, 
derived from the Spot bus, and inte­
grated it with the observation payload 
in Toulouse. Marconi Space Systems 
developed and built in Portsmouth 
ERS' primary sensor, a C-band radar 
which can be used as either a wind 
scatterometer or a synthetic aperture 
radar. The team also is involved in 
building the European polar platform, a 
derivative of the Spot Mk2 bus devel­
oped for Helios and Spot 4. 

British Aerospace, the prime con­
tractor for the polar platform, has a 
history of collaboration with both Matra 
Espace and Marconi Space Systems. 
Platforms BAe developed for British 
Sky net satellites were equipped with 
Marconi's payloads. It is currently 
working with Matra Espace in Satcom 
International to develop the Eurostar 
platform, which has been selected for 
13 communication satellites, including 
Telecom 2, Inmarsat 2, Locstar, and 
Hispasat. 

The first French Telecom 2 satell ite , 
planned for launch in November, was 
developed in 44 months. Hispasat and 
Locstar will be manufactured in only 34 
and 35 months, respectively. "It will be 
a European record: says Claude 
Goumy, MMS chairman. Mr. Goumy 
has offered to provide an interim 
satellite to Eutelsat with in 26 months. It 
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Matra Marconi Space manufac­
tured the platform for the ESA 's 
first radar-observation satellite, 
ERS-1. Photo COUrtesy ESA 

wou ld be the forerunner of 
Europesat, a series of pan­
European direct broadcast­
ing satellites that would suc­
ceed present TDFs and TV­
SATs. 

Key space technologies 
developed by the MMS 
team include the Silex 
experimental optical inter­
satellite link, built under 
ESA contract. In 1995, 
the Artemis geostation­
ary communication 
satellite and a Spot 4 
observation spacecraft 
in polar orbit will each 
be equipped with a 
small Silex telescope 
to test the laser link. 

The ESA also 
awarded Matra 
Espace a contract to 
demonstrate the 
feasibility of an 
advanced radio-

meter designed for Meteosat 2 weather 
satellites. The new instrument, an 
infrared vertical sounder, would scan 
the atmosphere to measure its con­
tents and temperature profile in three 
dimensions. A previous Meteosat 
radiometer set a world record by 
capturing 400,000 visible and infrared 
images of the Earth in seven years. 

In Portsmouth, Marconi is working 
on high-tech subsystems for satellites, 
including new antennas for Inmarsat 3, 
advanced multi-frequency synthetic 
aperture radars, ion-propulsion thruster 
engines, and nickel-hydrogen batteries. 
The UK10 ion engine has a 10 mN 
thrust with a specific impulse of 3000 s. 
It is to be fl ight-tested for the first time 
on ESA's Artemis satellite. 

Photo courtesy Matra 

MMS performs satellite integration in a 
Toulouse facility. 
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Novespace: Promoting Microgravity And 
Novespace, a private company 

owned by CNES and eight banks, does 
much of its business through coopera­
tive agreements. Last year, when the 
company earned an unprecedented 
seven percent profit, it owed a large 
part of its success to joint ventures with 
European partners. 

In the promotion of microgravity, 
alliances were cemented with English, 
German, and Italian companies for joint 
research in weightlessness and experi­
ments on parabolic flights using the 
dedicated Caravelle nicknamed 
"Zero-G." 

Novespace has been designated the 
exclusive operator of "Zero-G," accord­
ing to company chairman Jean-Pierre 
Fouquet. Novespace has already orga­
nized several parabolic flight cam­
paigns for industrial and scientific cus­
tomers. Although the first clients were 
the ESA and CNES, the company has 
also attracted major foreign companies 
and organizations, especially from 
Germany and Japan, including 

From Cities 

Transferring High Technol 

Proto courtesy Novespace 

Earlier this year, Novespace organized parabolic flights of Japanese experiments on the 
"Zero-G" Caravel/e. 

Mitsubishi and the Nippon Ministry for 
Trade and Industry. 

"Zero-G" has a natural appeal in 
Europe. An important flight campaign 
was organized last year in Bremen, 
Germany, by the local space company 

to Deserts 

OHB, which Novespace agreed to 
represent. This activity of airborne 
microgravity experiments is expanding 
rapidly, with eight to ten flight projects 
already scheduled in 1991 . To accom­
modate the increased business, 

to Coasts 
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Novespace is looking to replace the 
Caravelle with a younger and larger 
jumbo jet, possibly an Airbus. The 
decision should be made later this 
year. 

Novespace recently signed its first 
agreement with the Soviet space 
agency Glavcosmos. It calls for flying a 
Matra/BioEurope life sciences experi­
ment on a recoverable Photon space­
craft this September. Concurrently, 
Novespace and CNES are conducting 
market studies to determine if the 
opportunity exists to develop a Euro­
pean recoverable capsule for micro­
gravity experiments. The craft would be 
able to carry a payload of about 1 ton 
and would be launched by either an 
Ariane 4 or 5. 

Novespace's technology transfer 
business has also taken on a European 
dimension. European networks have 
been set up around Novespace with a 
British partner and a German counter­
part. They are conducting a pilot study 
on the valorization of technologies from 
programs managed by ESA. The 
initiative has brought together more 
than 60 innovative technologies, many 
of which are presented in the Transfer­
able European Space Technologies 
(TEST) catalog edited by the ESA. 
Novespace is publishing the catalog in 
English, French, and German. The 
TEST catalog is similar to Mutations, a 
technology transfer report also pub­
lished by Novespace. The seventh 
issue of Mutations has just been 
released. 

The European Economic Commu­
nity Council established a second 
network to transfer high technology 
among various member countries. 
Novespace is the leading partner in this 
network, in association with German, 
Spanish, and Danish aerospace 
companies. 

To further promote effective 
exchanges of data and technologies, 
Novespace last year organized an 
international convention in Marseilles. 
Called Novespace 90, the conference 
was held with the support of Adhesion 
& Associes, a French consulting 
company. It brought together about 
100 select participants for confidential 
meetings on possible technology 
transfers. In two days, more than 2000 
privileged meetings were held. The 
success of this unique direct-encounter 
meeting process prompted Novespace 
and the Provence Cote d' Azur Regional 
Council Authority to hold a second 
conference this year in Cannes, on the 
French Riviera. Novespace 91 will take 
place November 12-14 at the Hotel 
Martinez. 
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OHB Provides Engineering 
And Innovation Power 

Founded more than 30 years ago 
to build naval hardware, OHB System 
GmbH entered the space business 
only six years ago. The small but 
innovative engineering company 
headed by Manfred Fuchs employs 90 
people and last year achieved sales of 
$12 million. 

The firm's space activities are 
focused on the design, development, 
and manufacture of prototype or 
limited-series hardware for 
microgravity experiments, environ­
mental surveillance, and manned 
systems. OHB is building and flying 
Mikroba rocket-like recoverable 
capsules, which are dropped from 
high-altitude balloons to provide short 
periods of microgravity. The company 
also built electronic equipment for 
Cosima and other zero-gravity 
experiments for flight on Chinese and 
Soviet recoverable spacecraft. It is 
currently developing technology for a 
German recoverable capsule called 
Express which will be launched by 
Japan. 

Fuchs' team participated in studies 
of advanced optical and microwave 
detectors for the Atmos environmental 
satellite sponsored by the German 
space agency. OHB has also proposed 
its own projects, including the Pollux 
and Safir satellites for pollution control 
and monitoring. The Bremen firm 
helped build the Bremsat mini-satellite 
(68 kg) . It will be launched by the 
space shuttle during the Space lab 02 
mission in 1993. 

Last year, OHB flight-tested for the 
first time the Falke (Falcon), a com­
puter-guided scale model of the space 
shuttle measuring 7 m long and 
weighing 600 kg. Flight data gathered 
with the carbon-fiber replica will be 
compared to established characteris­
tics of the real shuttle in order to 
validate techniques that will be applied 
to a balloon-borne scale model of 
Hermes. A model of the spaceplane 
may also be launched by an Ariane as 
part of project Cobra. OHB studied the 
air-launched Diana, a two-stage rocket 
carried atop a Concorde SST. 

The OHB-built 
Bremsat will be 
launched by 
the shuttle in 
1993. 

Photo courtesy OHB 
System GmbH 



SNPE: Mastering Solid 
Rocket Energy 

SNPE is Europe's largest designer and manufacturer of 
solid propellant for civil and defense applications, including 
tactical and ballistic missiles and space rocket boosters. Its 
Space and Defense Division headed by Pierre Dumas is 
the most important branch of the company in terms of 
manpower and sales, with 4500 workers and $290 million 
in sales last year. 

The division is heavily involved in the European space 
program through its development and production of huge 
solid strap-on boosters for the Ariane 5 heavy-lift rocket. 
The French company produces the solid propellant filling 
the rocket boosters, each having a total mass at lift-off of 
about 250 tons. Ariane 5 is flanked by a pair of three-part 
boosters that produce a total thrust varying from 540 to 
630 tons between lift-off and the end of the 123-second 
burning time, when they are jettisoned at an altitude of 
about 60 km. Ariane 5 boosters are 25 times larger than 
Ariane 4 boosters, which are loaded with less than 10 tons 
of propellant. 

Each Ariane 5 P230 booster is filled with 230 tons of 
Butalane, a solid propellant made of aluminum and 
ammonium perchlorate, hydroxyl-terminated. SNPE and an 
Italian partner, BPD Difesa e Spazio, have formed a 
company called EUPERA to produce the chemical agent in 
new facilities located in Toulouse and near Bordeaux. The 
modern, highly-automated plants produce thousands of 
tons of ammonium perchlorate each year for Ariane 5. 
They also produce the white "magic powder" for MLRS 
artillery rockets built under license from the USA. 

The French-Italian team set up another joint venture 
called Regulus to build and operate the Butalane manufac­
turing facility in Kourou. Its production will fill the two 
largest segments of each Ariane 5 booster. The "Usine de 
Propergol de Guyane" (Guiana propellant plant) was built 
by SNPE Ingenierie, the engineering subsidiary of SNPE, 
under contract from CNES. The facility is scheduled for 
completion by mid-year. It will then begin manufacturing 
the first full-size test model of the huge solid booster. 

Following the first two qualification flights of Ariane 5 in 
1995, the UPG will begin production of solid propellant to 
fill 16 boosters per year in correspondence with the 
maximum annual launch rate of eight Ariane 5s. Only 110 
workers will be needed to operate the plant in order to 
produce a maximum of 32 solid segments per year, loaded 
with a total mass of 3300 tons of Butalane. The UPG will 
be one of the world's largest solid propellant manufacturing 
facilities. 

SNPE is also investigating new continuous production 
processes which could be used to manufacture the 
composite propellant if the production quantities become 
very large. "This new process involves precise on-line 
monitoring of the feeding of the ingredients to achieve 
continuous control over the composition of the propellant," 
says Alain Davenas. manager of research and technology 
for SNPE. 

SNPE Chimie, another subsidiary of the French group, 
is lending the space group its expertise to manufacture and 

SNPE's solid propellant mixing facility in Kourou features an 11-
ton capacity. 

process rocket chemicals for Ariane 4 and 5. Facilities in 
Toulouse are producing liquid propellants such as 
monomethyl hydrazine for Ariane 5's upper stage, as well 
as the rocket's main fuel, unsymetrical dymethyl hydrazine. 
Pyromeca, yet another SNPE affiliate, is designing and 
manufacturing pyrotechnic elements for the Arianes, 
including igniters, cutters , and the device that frees the 
vehicle from the launch pad. 

,---- ---

Brem-Sat · Pollux · Safir 

SPACE AND ENVIRONMENT-TECHNIQUE 
Un,vers,tlIlsallee 27 0-2800 Bremen 33 F R G 

Telelon 0421 ( 2 2098-0 Telelax 0421 / 2 209810 Tele~ 245316 ohb 

Circle Reader Action No. 318 



(Speccal Adverl,s,ng Supplement) 

Space bel Instrumentation Oners Belgian Expertise In Optics 
Spacebellnstrumentation and Spacebellnformatique are 

Belgian twins in the space business. They have the same 
shareholders, including Matra Espace, which has 40% of 
their stock, and two Belgian companies, Informabel (10%) 
and SDS (50%). Thanks to their financial and technical 
support, Space bel Instrumentation has grown rapidly. Started 
three years ago with only seven people, the firm now 
employs 30 specialized engineers and technicians, and 
expects sales of more than $4.3 million in 1991 . 

Headed by co-founder Daniel Malaise, Spacebel is 
developing and testing complete opto-electronic instrument 
packages for scientific observations and optical communica­
tions. It began by producing instruments for certification of 
the Hipparcos satellite while being familiar with the measure­
ment of tiny angular movements down to 10 milliarcsec and 
linear displacements to 5 nanometers. The firm is now 
mastering a variety of metrology techniques, including 
interferometry and polarimetry. The skilled team has sup­
ported Matra and other space companies in integrating large 
scientific spacecraft and payloads such as the Hubble Space 
Telescope's Faint Object Camera. 

In a short span, Spacebel has gained expertise in such 
techniques as optical design, electronics and software, 
mechanical and thermal design, integration tests, and 
verification activities. This rapid progress has led to 
Spacebel 's selection as industrial contractor for development 
of the Extreme Ultraviolet Imaging Telescope which will be 
carried on the Soho spacecraft to study the solar corona. It 
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also is working on the Silex optical intersatellite link 
developed by Matra Marconi Space. Spacebel is develop­
ing the optical ground support equipment for testing Silex 
terminals, and the bright beacon used for initiation of the 
acquisition phase between Silex terminals in geostationary 
and low-Earth orbits. 

Spacebel also has received research and development 
contracts from the ESA, including work on the Small 
Optical Package, a set of instruments for the second 
generation of Meteosats, and the development of a phase­
shifted point diffraction interferometer for high-accuracy 
wave front error measurement. 
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Spot Image's Fast-Growing 
Sales Of French 
Remote-Sensing Data 

Five years after the launch of the first French Earth 
observation satellite, Spot 1, Spot Image is experiencing 
booming worldwide sales of remote-sensing data. In 1990, 
the company turnover was $28 million, a growth of 33%, 
thanks to increased sales from its US subsidiary, SICorp. 
This year, sales are expected to exceed $34 million, accord­
ing to Gerard Brachet, Spot Image's chairman. 

The firm's growth has resulted from increased rates from 
direct-reception ground stations around the world and 
expanding sales of raw data and custom-designed services 
and products. Large contracts were recently secured with 
several foreign countries, including Bangladesh ($850,000), 
Argentina ($1 .7 million), Mongolia ($2 million) , and Egypt 
($6.8 million). The latter, for mapping agricultural land in the 
Nile Valley, is the largest contract the company has ever 
received. 

Its latest deal is to provide remote-sensing data and 
services to the Mongolian Geophysics and Geology Agency. 
This includes the construction of a satellite data center at 
Ulan-Baator to process remote-sensing data for applications 
such as geology, mining, and land resource management. 
Mongolia's geologists will begin training on remote-sensing 
techniques next September at GOTA and at the French 
geophysics agency, BRGM. The project is co-funded by 
BNP, the French national bank. 

This year, large single-customer contracts are expected to 
amount to $6.8 million. ''This service will grow rapidly be­
cause developing countries want useful data but cannot 
afford to pay for expensive aerial surveys," explains Brachet. 
Spot Image expects to sell 1000 copies of its "spatiocarte" in 
1991. Another best-selling new product is digital terrain­
mapping in 3~. "This product, obtained from stereo images, 
is unique on the remote-sensing market, even in the United 
States," says Brachet. Spot's leader is confident that the 
firm's sales will grow by more than 5% annually through 
1995. 

In partnership with Eurimage and Radarsat International, 
Spot is preparing to enter the radar satellite data business. 
The three companies recently received approval to establish 
a unique international consortium for marketing and selling 
radar data from the ERS-1 satellite. Soon, customers will be 
able to obtain optical and/or radar data from a single interna­
tional supplier. 

Satellite image 
processed by 
Spot Image 
andlGN 
shows the 
delta rivers in 
Bangladesh. 
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Sextant Avionique, 
Europe's Largest 

Producer Of 
Spaceborne 
Electronics 

Sextant Avionique, the largest 
avionics group in Europe and the fifth 
largest in the world , was founded in 
July 1989 by merging the avionics 
activities of Aerospatiale and Thomson­
CSF. The new company has emerged 
as a powerful force, with nearly 10,000 
workers and sales of over $1 billion 
in 1990. 

The French group provides elec­
tronic equipment for civil and military 
aircraft, tactical and strategic missiles, 
satellites, and launchers. Its activities 
are split between two sectors, one 
dedicated to components and industrial 
systems and the other dealing with 
aerospace and defense business. 

Today, the avionics sector is not 
only booming, but rapidly evolving 
towards integrated systems featuring 
comprehensive flight management, 
advanced man-machine interfaces, and 
mission management computers. 
Sextant Avionique is mastering key 
avionics technologies such as fly-by­
wire controls (already used in the 
Airbus A320) , voice-controlled units, 
head-up and eye-level displays, hel­
met-mounted sights, and holography. 

Thanks to its parent companies' 
experience over the past 25 years, 
Sextant's space division has already 
equipped over 50 launchers and 70 
satellites. It is a key partner in some of 
the most important European space 
programs: Ariane 4 and 5, Hermes, 
Columbus, Granat, Ulysses, ISO, 
Eutelsat 2, Telecom 2, Spot, Helios, 
Poseidon, Meteosat, MOP, and ERS. 
Its product line features a wide range 
of high-tech equipment, including 
advanced navigation and flight man­
agement computers for satellites and 
rockets , and a ring laser-gyro inertial 
platform for Ariane 4. 

Headed by 
Henri F. Col, the 
space division has 
already equipped 25 
scientific satellites, including 
Giotto, Granat, Galileo, and Ulysses. 
Recent achievements include 28 kg of 
Sextant data processing, control and 
power equipment for the Sigma 
telescope installed on board the Granat 
high-energy astronomy satellite, and 
the preamplifiers and power supply for 
the Mona Lisa experiment carried on 
the Galileo deep space probe. 

Mona Lisa is designed to detect and 
analyze natural waves emitted in the 
magnetosphere of Jupiter. The tiny 
electronics package, weighing only 200 
grams, was developed in association 
with the University of Iowa and the 
French Environmental Physics Re­
search Center, a scientific laboratory 
jointly operated by CNET and CNRS. 

Sextant Avionique also has signifi­
cant experience in data management, 
power conditioning , signal processing, 
and instrumentation. It has produced 
250 data management units for 
satellites and rockets. Its modular data 
processors include the radiation­
hardened DATA 2 which uses 16K­
RAM and 32K-PROM. A data bus for 
either centralized or distributed data 
processing systems has been devel­
oped based on European standard 
OBDH (1553-B). Further, VLSI bus 
interface units made by Sextant are 
used on the Spot, Helios, and 
Telecom 2 satellites. 

The company produces semicon­
ductor memory storage units-the 

The 
Joconde 

experiment built 
by Sextant is flying on 
the Galileo deep space 

probe. 
Photo courtesy Sexlant AVlonoque 

latest of which feature CMOS static 
RAM of 16K, 256K, or 1 MB-and 
builds on-board management and 
power conditioning equipment for 
European communication satellites. 
The space division has developed 
power control and distribution units for 
the Eutelsat 2s and payload interface 
units for the Telecom 2s using mono­
lithic technology comprised of hybrids 
integrating ASICs. It is producing thick­
film hybrid circuits and ASICs accord­
ing to quality standards specified by the 
ESA and CNES. 

More than 400 power distribution 
and conditioning units have been 
produced for satellite power gener­
ation up to 3 kw and 150 v. Sextant is 
developing solid-state power con­
trollers for Hermes and Columbus, 
and has been selected for manage­

ment system bus-1553, remote 
terminal units, electronics for thermal 
and attitude control , and air data 
sensors. 

For manned systems, Sextant has 
produced voice communication units 
to process low-level digital speech 
signals. Voice interaction and speech 
processing systems are being devel­
oped for modern combat aircraft and 
space vehicles. In cooperation with Sait 
(Belgium) and Leica (Switzerland), 
Sextant is designing head-up and 
head-down displays for the Hermes 
cockpit using flat-panel liquid-crystal 
technology. 0 
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h·Parameter Analysis of Teleoperators 
An electromechanical system is characterized by a mathematical 
model originally developed for electrical networks. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The hybrid 1'M>port inpuUoutput mathe­

matical rrode originally developed for the 
small-signal analysis of transistors, anl)lifi­
ers, and electrical nety,()r\<s in general has 
been adapted to the analysis of a teleoper­
ator that senses forces and velocities at 
the master and slave. The hybrid tvwoport 
model is well suited to characterization of 
the bidirectional flows of energy in terms of 
~ relationships between input and output 
~nals. The hybrid rrodel (as distinguished 
from other 1'M>port models) leads to an In­
tuitive representation of the performance 
of the system and can be used to design 
the system according to the concept of 
bilateral impedance control. 

The interface between the human q>er-

ator and the master and the interface be­
tween the slave and the environment are 
the 1'M> ports through which the teleopera­
tor exchanges energy between the human 
operator and the environment. In this ex­
change, the human q>erator exerts con­
trolling forces on the environment through 
the teleoperator. while feedback from the 
slave back to the master increases the 
sense of realism with which the human 
operator senses the environment (which 
includes the manipulated object). 

The tvwoport hybrid model is extended 
to the teleoperator by the analogy between 
effort (foroe) and voltage and the analogy 
between flow (velocity) and electrical cur­
rent (see Figure 1). Thus, the parameters of 

Where do ~ ~_~ __ . 
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the hybrid two-port model of a real or 
simulated teleoperator system can be cb­
tained from its measured or computed in­
put and output dynamical properties. in 
analogy with the input/output electrical 
properties and corresponding transimped­
ance and transadmittance parameters (h 
parameters) of a purely electrical tvwoport 
system. 

The hybrid two-port model is linear: The 
h parameters are derived, in effect, from 
the second term of a Taylor-series expan­
sion that describes the behavior of the 
system in the viCinity of the q>erating point. 
Thus, in the purely electrical case, the 
hybrid tvwoport model is used for small­
signal analysis and is applied to a nonlinear 
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electrical system by specifying the operat­
ing point in question (e.g., the de biases on 
a transistor). Analogously, the hybrid two­
port model can be applied to a nonlinear 
teleoperator by specifying the operating 
point in terms of the applicable position and 
velocity vectors. 

Figure 2 illustrates the incorporation of 
the hybrid two-port model into a mathemat­
ical model of bilateral impedance control. 
Existing systems like those of Figure 1 can­
not operate well with even small delays 
because information on impedances is 
transmitted piecemeal as efforts and flows 
are iterated around the complete control 
loop. In bilateral impedance control, a local 
servoloop enforces a commanded effort 
and impedance. The information commun­
icated across the delay can be appropri­
ately filtered to stabilize the system. In the 
steady state, this enables the operator to 
perceive the characteristics of the environ­
ment accurately and presents the environ­
ment with a suitable impedance selected 
by the operator. 

Bilateral impedance control depends on 
estimators that are capable of identifying 
the impedance of the environment and of 
the human operator. In general, such esti­
mation is very difficult because of prob­
lems posed by numerical conditioning and 
noise. Although ideal responses may be 
difficult to achieve, assumptions about the 
environment can extend the usefulness of 
this approach. For example, the estimators 
can be assisted by an intelligent system 
wlth a reduced set of impedance vectors 
(ZJ. The task of each estimator is then to 
classify the effort- and fIow-sensor readings 

Human Operator Teleoperator 

Environment, 
Including 

Manipulated 
Object 

Figure 1. The Teleoperator Acts 8S 8 Two-Port inputJoutput "black-box" device between the 
human operator and the environment. 

--1 ... .. <*'lOt .. efton (tofce Of won., 
2. -r denotes flow ('wetotil y Of curr.nt) 
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Figure 2. This Teleoperator Incorporates Bilateral Impedance Control for improved perform­
ance in the presence of delays in propagation of signals through the teleoperator. 

into one of the Z;. 
This work was done by Blake Hannaford 

of Caltech for NASA's Jet Propulsion 

Laboratory. For further information, Qrcle 
100 on the TSP Request Card. 
NPO-17527 

Computing Flow in a Labyrinth Seal 
A variety of geometries, including multiple chokes, can be accommodated. 

Marshall Space Flight Center, Alabama 

A mathematical model and a computer 
program have been developed to simulate 
the flow in a labyrinth seal. The primary pur­
pose of the program is to determine the drop 
in pressure across the primary labyrinth seal 
of the high-pressure-oxygen turbopump of 
the Space Shuttle main engine. including 
the portion of that drop caused by the resis­
tance to flow in the gaseous-oxygen drain. 
HcmeYer, the flexblity of the program st'OOld 
make it applicable to other machinery. The 
program accommoclates a variety of geom­
etries and includes an iterative routine that 
enables the simulation of flows that choke 
in multiple places. The model and program 
provide for imprCNed study of various types 
of seal failures and for reviews of the me­
chanics of seal regions. 

The user enters input data that describe 
the geometry of the seal and of the slinger 
upstream of the seal. These data include var­
ious radii, the number of lands, the number 
of teeth on each land, and clearances for 
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the slinger and each land of the seal. The 
user rrust also prcMde irpJt data 00 the pres­
sure at the drain exit, the pressure and tem­
perature upstream of the slinger, the speed 
and torque of the pump, the pump coeffi­
cients of the slinger, and various loss coef­
ficients that are determined from literature 
and from test data. The user must also enter 
the rate of flow and the temperature of heli­
um flowing through the purge, because mix­
ing occurs at the exit of the seal. Although 
the program in its present form worKs only 
for oxygen and a purge flow of helium, it c0n­

tains routines that can be modified to ex­
press the properties of other fluids. 

When beginning a computation with this 
program, one makes an initial guess of the 
rate of flow through the seal. An iteration 
is then performed on the rate of flow until 
the boundary conditions of pressure are 
satisfied. Supersonic flow is not allowed in 
this program, but multiple sonic conditions 
can occur. Incremental steps are taken up 

and down the slinger to determine where 
the liquid oxygen turns to gaseous oxygen. 
(The program can also simulate a COfT'4)Iet& 
Iy-liquid-phase flow.) Heat is added to the 
simulated flow in the slinger and seal r& 

gions. The flow is allowed to choke only at 
the end of each land because each land 
is assumed to have constant area at the tips 
of each tooth. Furtherdeve~tofthe 
program would include providing for lands 
of variable area (variable radius) and improv­
ing the mathematical model of the drain 
system. 

This IIrOrk was done IYf Tyn S Smffh of 

Rockwell Intemational Corp. for Marshall 
Space Right Center. No further documen­
tation is available. 

Inquiries conceming rights for the corn­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14]. Refer 
to MFS-29682. 

NASA Tech Briefs, June 1991 
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~ Concentric Regenerative Sorption Compressor 
Required power would equal that of a mechanical compressor. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A prqJOSed sorption compressor for a cry­
ogenic system would feature four sorption 
units that would operate in phased alterna­
tion in a heat-cascading manner. A refrig­
erator based on the proposed compressor 
would require about 60 W of input power 
to produce 1 Wof cooling at a temperature 
of 65 K. This equals the power required by 
a mechanical compressor designed to pro-

duce the same cooling effect. However, the 
sorption compressor would vibrate less than 
a mechanical compressor does, and it 
would be more reliable because it would 
contain only a few moving parts that would 
be actuated relatively infrequently. 

In the refrigerator (see figure), a cooling 
loop in which krypton circulates would pro­
vide cooling to about 130 K, and a cooperat-

Exhibit Your Latest 
Products At America's 

Premier Technology Showcase 

Technology 2001 
The Second National Technology Transfer 

Conference & Exposition 
December 3-5, 1991 

San Jose Convention Center 
San Jose, CA 

Join the leading federal laboratories, their contractors, and other 
high-tech companies exhibiting the latest advances in electronics, 
materials, computer hardware and software, manufacturing tech­

nology, and biotechnology. Sponsored by NASA and NASA Tech 
Briefs, Technology 2001 is your best. most cost-effective opportu­
nity to meet with and sell to a large number of research directors, 
project leaders, senior design engineers, and other technology 
managers looking for innovative ideas and products. Act now to 
reserve a prime spot at this major national event! 
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Concentric Sorption Units would be alter­
nately connected and disconnected via timed 
gas-gap thermal switches. During a given half 
cycle, one of the C/Kr sorption units would 
operate on waste heat from one of the peo 
sorption units, which in turn would operate 
partially on waste heat from the other PCO 
sorption unit. 

ing loop containing oxygen would provide 
further cooling to 65 K. The compressor 
would include two praseodymium cerium 
oxide (PCO) chemisorption units that would 
pump the oxygen and two carbon/krypton 
(C/Kr) physisorption units that would pump 
the krypton. During each half of the operat­
ing cycle, waste heat from one of the PCO 
units would power the other IPCO unit, and 
waste heat from this second unit would 
power one of the C/Kr units. If one of the 
C/Kr units is replaced by a carbon/xenon 
(C/Xe) unit, then all heat rejection may be 
made at 0 °C (273 K), thus eliminating the 
2()(}K radiator. There would then be three 
stages of J-T cooling at about 165 K, 120 
K, and 65 K for the same heat input. 

At the beginning of a cycle, internal elec­
trical heaters would raise the temperature 
of one of the PCO units to 500 °C, causing 
it to desorb oxygen at high pressure for use 
in the O2 cooling loop. Gas-gap thermal 
switches would then be activated to transfer 
heat from this PCO unit into and along a cq:r 
per rod to the other PCO unit, which would 
initially be at 290 °C. Both PCO units would 
equilibrate at 395°C, and the second PCO 
unit would desorb more 02 for use in the 
02 loop. 

Another gas-gap thermal switch would 
then be activated to transfer heat from the 
first PCO unit to the CIKr unit concentric with 
it, thereby heating the C/Kr unit to 280 °C 
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and cooling the first PCO unit to 200 DC. The 
cooled first PCO unit would reabsorb 0 2' 
The heated C/Kr unit would give off Kr gas, 
which would be used in the Kr cooling loop. 
Meanwhile. heat from the other ClKr unit 
would be transferred through a gas-gap 

switch to a 0 DC heat sink, cooling that unit 
to 10 DC and causing it to absorb Kr. The 
second half cycle would then begin with the 
heating of the second PCO unit to 500 DC, . 
and the roles of the various components 
would be appropriately reversed. 

This work was done by Jack A Jones of 
Ca/tech for NASA's Jet Propulsion labo­
ratory. For further information, Circle 123 
on the TSP Request Gard. 
NPQ-17877 

Sorption Compressor With Rotary Regenerator 
Features would include less required power and greater reliability. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed two-stage sorption compres· 
sor for a cryogenic system would feature 
a rotary regenerator. At each stage, a rotor 

temperature of A would be reduced to 
about 490 DC, while that of B would in­
crease to about 470 DC. Simultaneously, a 

similar conductive path in the rotor would 
transfer heat from 0 to C, causing the 
temperature of C to rise to about 350 DC 

would interact with a statortoprovidequacJ. ,,;:::=========================::::;­ruple regeneration. A refrigerator based on 
the proposed compressor would require 3S 
W of input (heat and electrical power) to 
produce 1 W of cooling at a temperature 
of 65 K. This input power is 78 percent less 
than the 160 W input required by a com­
parable nonregenerative sorption refrigera­
tor to produce the same cooling effect. The 
proposed compressor would contain no 
valves, and the only moving part would be 
the rotor, which would turn very slowly. 
Therefore. the compressor should be more 
reliable than prior compressors have been. 

The working fluids of the refrigeration 
system would be oxygen and krypton. In 
one stage of the compressor, the stator 
would contain four praseodymium cerium 
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oxide (PCO)sorption units, which would en-1------ -----------------------­
force the circulation of oxygen. In the other 
stage, the stator would contain four pairs 
of carbonlkrypton (C/Kr) sorption units, 
which would be powered by waste heat 
from the PCO units. The PCO units would 
contain electrical heaters. which would be 
activated at appropriate phases of the rota­
tion. 

The rotor would consist of thermally con· 
ductive sections made of copper separated 
by insulating gaps to effect the phased 
transfer of heat among the PCO and CIKr 
sorption units. The ends of the rotor would 
be thermally connected to a heat sink in 
the form of a stationary radiator at a tem­
perature of 0 DC. The insulating gaps in the 
rotor would be evacuated. The chamber 
containing the rotor would contain helium 
gas at a pressure of 0.01 atm (",,1 kPa). 
Heat would be transferred through the 
helium gas across gaps 0.005 in. (0.127 1 
mm) wide between the rotor and the sorp­
tion units and from the rotor to the heat I 
sinks. Other gaps would be made wider to 
minimize the transfer of heat. 

The rotor would turn intermittently, In an­
gular increments of 45 D at intervals of 7.5 
minutes, thus completing a cycle every 
hour. In the figure, the rotor is shown at the 
o DC position. By rotating clockwise 45D 

from this position, the rotor would establish 
a conductive path from PCO unit A to PCO 
unit B. During the :5 7.5-minute interval, the 
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Notebook (upper left) lets you enter and evaluate algebraic formulas. 
providesa full range of built-in functions. and is linkable to your own 
custom FORTRAN and C functions. 

Only Spyglass Dicer lets you visualize volumetric data in seconds. The 
slices, cubes, and solids shown were created in Dicer using data from a 
nuid Oowsimulation. lnteractive tools make it easy to add new slices. 
cubes, or cutouts. Or to re-position exisiting ones. You can also generate 
animations, change orientation and shading and manipuJate color. 

Spyglass Transform $495/Spyglass Dicer $495 (U.S. list prices) 
FAucation and Government pricing available 

Call to learn how you can qualify to receive a free Spyglass 
Demonstration Kit. To receive a detailed information 
packet, please contact Spyglass or ... 

Spyglass, Inc. 
701 Devonshire Dr. C-17 
Champaign, lL 61820 
Phone: (217) 355-1665 
Fax: (217) 398-0413 

SPYGLASS~ 

/' 
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and the temperature of 0 to fall to about 370°C. 
The rotor wou ld then be turned another 4So, causing 0 to 

cool to 290°C, at which temperature it would reabsorb 02. At this 
phase, B would be electrically heated to SSO'C,causing it to 
liberate 0 2' Simultaneously, the rotor would conduct heat from 
A to C, cooling A to approximately 430·C and warming C to 
41 O·C. Also simultaneously, heat from 0 wou ld be transferred 
to the roto r block labeled "280·C." From th is block, heat would 
be transferred to the C/Kr sorption units, which would operate 
in a manner similar to that of the PCO units . Ultimately, the heat 
would be transferred from the C/Kr units into the rotor blocks 
labeled "S·C," then out to the heat sinks at O·C. 

This work was done by Jack A. Jones, Steven Bard, and 
Ronald G. Ross of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 28 on the TSP 
Request Card. NPO-17876 

SEenOH 8·B 

The Rotary-Regenerato r Sorption Compressor would include a rotor 
that would transfer heat in phases (in a 1-hour cycle) among sorption 
units. This compressor would consume less power and be more reliable, 
in comparison with nonregenerative compressors of similar capacity. 
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Synchronizing Rotation of a Heavy Load 
A simple setup of motors, pulleys, and belts provides both torque and synchronism. 

Goddard Space Flight Center, Greenbelt, Maryland 

A drive system rotates a large-inertia load 
at constant low speed. The system was de­
veloped to rotate a large instrument - a 
differential microwave radiometer that meas­
ures cosmic background radiation - at 
120 rpm in synchronism with 6O-Hz alter· 
nating-current power. 

--Synchronous stepping motors were orig­
inally selected for drMng the instrument. 
These motors, however, were found to be 
incapable of starting or maintaining the 
desired synchronous rotation. The solution 
was to add an induction motor and a belt­
and-pulley transmission, which effective­
ly connects the outputs of the induction 
and synchronous motors in parallel (see 

figure). The induction motor provides the 
starting and maintaining torque. The diam­
eters of the pulleys are chosen so that at 
the shaft on which the instrument rotates, 
the rotation that would be caused by the 
induction motor acting alone slightly leads 
the rotation that would be caused by the 
synchronous motor acting alone. The syn­
chronous motor thus becomes an addi­
tiona I load with a fixed rate of rotation and 
forces the induction motor into synchronism 
with the ac power. 

This work was done by Roger Ratliff of 
Goddard Space Flight Center. No fur­
ther documentation is available. 
GSC-13325 

The Induction Motor Drives two loads: a 
rotating instrument and a slightly lagging syn­
chronous motor. The induction motor provides 
ample torque to start and maintain rotation, 
and the synchronous molor ensures thai the 
rolation is synchronized with the ac power 
supply. 

.. 
j 

Now longer heater life 
is a piece of cake . 

It's true. Amazing Watlow SCR power controls can actually increase 
the operating life of most indusbial heaters 10 to 20 times. 
That's 1,000 to 2,000% of ordinary life expectancy with conventional mechanical and mercury dis­
placement relay switches! Not only that, you'll celebrate the most accurate regulation of process 
temperatures ever offered, plus improved high-temp or higher watt density perform­
ance. Join the party. Circle the reader service number now for our free brochure W A T LOW 
and see for yourself how Wallow SCRs can maximize your heater's performance. ...,~ 

Watlow loyoLa, GOO N. Batavia St., Orange, CA 92667. Call (714) 639-0526. Fax (714) 639-9342. Loyala Inc. 
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Rapid Dry Etching of Photoresists Without Toxic Gases 
A room-temperature process may not damage underlying semiconductor wafers. 

Ames Research Center, Moffett Field, California 
M experimental dry etching technique 

may have the potential to strip photoresists 
from semiconductor wafers without dam­
aging the semiconductor materials. The 
technique strips quickly at room tempera­
ture; it is not necessary to heat the sub­
strates and thereby cause unwanted diffu­
sion of dopants in the semiconductors. No 
hazardous or toxic chemicals are used. 

The technique makes use of the after­
glow that exists downstream from plasma 
generated by a radio-frequency electric 
field. The constituents of the afterglow 
react with a sacrificial polymer to make 
reactive gases that quickly etch-away the 
photoresist. The use of the afterglow in­
stead of the plasma itself avoids exposure 
of the semiconductor wafer to most of the 
high-energy ions, electrons, photons, and 
electric fields that are likely to damage de­
vices - especially integrated circuits -
in the wafer. 

A plasma reactor with external elec­
trodes generates reactive species from 
glOWing oxygen gas (see figure). The wafer 
with photoreSist is positioned on a pedes­
tal at least 16 cm downstream from the re­
actor and around a 90° bend in the gas 
stream. 

A sheet of polyethylene is placed next to 
the wafer on the pedestal. The oxygen 
species in the afterglow act on the poly­
ethylene so that it outgasses substances 

Pressure 
Gage 

Polyethylene 
(Sacrificial Polymer) 

SECTION A.A 

-- ND2 

Specimen Containing 
Wafer To Be Etched 

t t 
A A 

Thermocouple 

Valve 

The Water is Separated From 
the Radio-Frequency Plasma 
by distance and a bend. In one of 
the many possible configurations 
of the wafer and the sacrificial 
polymer, the wafer is almost 
entirely surrounded by the poly- VIEW OF SPECIMEN FROM TOP 

mer. 

that attack the photoresist on the wafer, con· 
verting the photoresist to harmless vapors 
that flow away with the oxygen stream. 
Such other polymers as poiyoctenamer are 
also effective. The main criterion is that the 
sacrificial polymer have a low vapor 
pressure - less than 0.001 torr (~0.1 
Pa) - and that it react readily with the 
afterglow species. 

In a demonstration, a 7.5-J4Tl-thick layer of 
Shipley Microdeposit S1400-27, a common· 
Iy used photoresist, was deposited on a 
glass cover slip and hard-baked according 
to the manufacturer's directions. When it 
was exposed to the afterglow with the 

sacrificial polymer, it was etched away 35 
times faster than was a similar specimen 
without the sacrificial polymer. 

This work was done by Narcinda R. 
Lerner and TheaJore Wydeven of Ames 
Research Center. For further information, 
Orcle 164 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, 
Ames Research Center [see page 14}. Refer 
to ARC-11873. 

~J Silane-Pyrolysis Reactor With Nonuniform Heating 
Improved control of the pyrolysis conditions inhibits the formation of undesired hard silicon crust. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An improved reactor serves as the last 
stage in a system that processes metal­
lurgical-grade silicon feedstock into silicon 
powder of ultrahigh purity. In the reactor, 
silane is pyrolized to silicon powder and 
hydrogen gas via a homogeneous decom­
position reaction in free space. 

In the reactor (see Figure 1), a turbulent 
stream of silane is injected downward from 

104 

a nozzle at the top into a zone surrounded 
by electrical heaters. The incoming silane 
stream mixes with a recirculating flow of 
hot gasses; this heats the silane and causes 
it to decompose into the product silicon 
powder and hydrogen gas. Downstream 
of this recirculation/mixing/reaction zone, 
the flow becomes essentially a downward 
pipe flow consisting of the stream of spent 

hydrogen and suspended fine particles of 
silicon. A quartz liner helps to keep the 
product pure by preventing chemical reac­
tions with the metal outer wall of the reac­
tor. The hydrogen is removed through filters 
and recycled to an earlier stage of the over­
all process, while the silicon particles fall 
into a hopper for subsequent collection. 

Some silicon powder adheres loosely 

NASA Tech Briefs, June 1991 



Purge Gas 
CH~I. 

In 

AllOtS 

'.0 

o.a 

o. e 

...... 

0.2 

0 

.00 10 2IIO'C 

/ 
,.....,..... 

I-

"'""" 

l-

I-

"'""" 
I-

0.50 075 '.0 
PoIItion 01 Heller (at; Fraction of length 01 ReacIOf) 

Figure 1. This Free-Space Silane-Pyrolysis Reactor features a set of 
individually adjustable electrical heaters and a purge flow of hydrogen 
to improve control of the pyrolysis conditions. 

Figure 2. The Power Supplied to Each Heater is set in conjunction with 
the flow in the reactor to obtain the desired distribution of temperature as 
a function of position along the reactor. 

Numerical Algorithms Group 

If your applications require mathematical programming, you can learn what users the world over have 
discovered. The NAG Numerical Libraries or other software products allow you to spend your time 
and talents on genuine problem solving. not software development. Your code will be more portable, 
your results will be more reliable - all in considerably less time. Take advantage of NAG's 
eJtpertise in any of these fine products: 

NAG Forlran Library NAG C Library Symbolic Algebra Software 

A flexible 1001 for building CUSIOO1 mathemalical 
applicalions. includes more than 900 user callable 
subroulines frequcnlly required for scientific or 
engineering projects 

NAG's expenise in mathematics is now available 
in a subroutine library developed enUrely in C. 
Using JUSt one of the many routines can easily 
ofIscl the cOO of writing your own algorithms. 

NAG marlcelS several symbolic algebra software produclS. 
If your worIc requires powerful algebraic manipulation 
IUm 10 NAG for features and facililies DOL avaiJable 

Resolution 

A powerful Mac·based malhemalical 1001 box with 
a graphical user inlcrfacc designed 10 mimic a scientific 
calculator. Provides poinl and cbck analysis for 3.0 
surfaces. ODE's, Fourier transforms, matri" calculations 
and more. 

NAGware F90 Compiler 

A uue multipass Foorao 90 compiler. Compiles 
Fortran 90 code 10 C. Allows the Fortran user to 
talce immediate advant.age of !he full fcauues of 
Foorao 90. Available for a number of UNIX machines. 

in 0Iber packages. 

NAG VecPar_77 

An interactive CASE 1001 Cor vectorizing and 
paraUeJizing Foorao programs. Atwn performance 
improvements beyond what optimizing compileq may 
proVIde. Ideal for -rejuvenating • older applications. 

For complete details, write NAG or call 708/971-2337, 

THE SCIENTIFIC AND NUMERICAL SOFTWARE SPECIALISTS 
Numerical Algorithms Group Inc., 1400 Opus Place, Suite 200, Downers Grove, Il60515-5702 USA Tel : 708/971-2337 
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to the inner suriace of the quartz liner. From 
time to time, this powder is removed by a 
scraper actuated by an extemal air -cylinder 
mechanism. In a previous version of the 
react' x, heating by uniformly spaced induc­
tion coils resulted in a highly nonuniform 
distribution of temperature, which in tum 
caused the deposition of a hard crust of 
silicon near the inlet. Often, these hard 
silicon deposits could not be removed 
readily by the scraper and led to failure of 
the quartz liner. In the improved reactor, 
the average power fed to each heater zone 
is adjusted to a different value in accord­
ance with the flow conditions so that the 
temperature on the wall along the reaction 
zone lies between 800 and 1,000 °C (see 

Figure 2) - high enough to decoI'l'lJOSe the 
silane but not high enough to melt the sili­
con (which would later freeze into the hard 
crust). The nonuniform heating pattern is 
also adjusted so that the temperature at 
the inlet and outlet is kept near ambient 
(100 to 200 0c) to prevent chemical reac­
tions with the nozzle, the reactor vessel, 
and the hopper. 

In the previous version of the reactor, 
silane migrated into the space between the 
quartz liner and the metal wall, where it 
corroded the wall. In the improved reac­
tor, a relatively inert gas, which could be 
hydrogen recycled from the exhaust ports 
on the hopper, is continually fed through 
the space between the metal wall and the 

~~ Tool Removes Coil-Spring Thread Inserts 
The inserts are wound up to ease removal. 

Marshall Space Flight Center, Alabama 

A tool removes coil-spring thread inserts 
(e.g., Helicoil or equivalent) from threaded 
holes. The tool effects essentially the re­
verse of the insertion process to ease re­
moval and avoid further damage to the 
threaded inner surface of the hole. 

The main parts of the tool are a locating 
cylinder, an extemally threaded disk, a shaft, 
and a handle (see figures). A different tool 
must be used for each hole thread because 
the external thread on the disk must engage 
the internal thread in the hole, and the lo­
cating cylinder must guide the tool into en­
gagement with the internal thread. The 
threaded disk includes a cutout that imparts 
a sharp edge to the forward end of the 
thread. 

The tool is slid into engagement with the 
hole, then turned as though to thread it in­
to the hole (for a right-handed thread as in 

Rotatable 
Part of Clamp 

Pin 

END VIEW OF DISK AND ROTATABLE PART OF CLAMP 

Externally 
/ Thleaded 

/" Olsk 
Shaft 

EXPLODED SIDE VIEW OF TOOL 

the figures, clockwise when viewed from 
the outside of the hole, counterclockwise 
when viewed from the inside). This action 
causes the sharp leading edge of the 
thread on the disk to pry the outer end of 
the insert away from the inner surface of 
the hole. When the tool comes to rest after 
this initial motion, the end of the insert lies 
between two toothed clamping surfaces: 
one stationary in the disk and the other on 
a part that rotates about a pin and that is 
pressed against the insert by a spring. 

The tool is then turned in the opposite 
direction, and the ratcheting action of the 
rotatable part of the clamp grips the end 
of the insert tightly. As the tool continues 
to turn, this action winds up the insert to 
a slightly smaller diameter, thereby reduc­
ing the friction between the insert and the 
inner surface of the hole as it threads the 

Figure 1. The Tool Threads 
into the Hole, pries the insert 
loose, grips the insert, then 
pulls the insert to thread it out 
of the hole. 

Step 1 Step 2 

OPERAnON OFTOOL, VIEWED FROM INSIDE HOLE 
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Figure 2. The Locating Cyl­
inder Has Been Removed 
to show the working end of 
the tool more clearly in this 
photograph. 

liner to purge this space of silane. 
This vvork was done by Sridhar K. lya 

of Union Carbide Corp. for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 35 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 

Union Carbide Corporation 
39 Old Ridgebury Road 
Danbury, CT 06817-0001 

Refer to NPO-17932, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

insert out of the hole. 
This vvork was done by Gerald J. Collins, 

Jr. , Gary J. Sv.enson, and J. Scott McClellan 
of Morton Thiokol, Inc., for Marshall Space 
Flight Center. For further information, Cir­
cle 111 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14]. Refer 
to MFS-28432. 

Spring 

Handle 

Externally 
Threaded 

Disk 
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Self-Aligning Sensor-Mounting Fixture 
Optical welding sensors can be replaced without realignment. 

Marshall Space Flight Center, Alabama ~J 
A roounting fixture for an optical weId-pen. 

etration sensor enables accurate and re­
peatable alignment. Designed for use on a 
gasltungsten arc-welding torch, the fixture 
replaces a multipiece bracket that was in· 
accurate and fragile and required time-con· 
suming custom setup. 

The new ftxture includes a Iinen-pl'1enolic 
frame and an aluminum sensor holder (see 
figure). At one end of the frame, a ring en· 
circles the gas cup of the torch; at the other, 
a pair of tracks support the holder. The hold-

er maintains an optical sensor at an angle 
of 4]0 to the welding plane, an angle that 
provides an optimum feedback signal from 
the weld pool. 

If it is necessary to replace a sensor, the 
sensor is simply removed from the holder, 
and a new one is inserted. The holder auto­
matically aligns the new sensor in the posi· 
tion and orientation of the previous sensor. 
If it is necessary to move the sensor to ac· 
commodate a longer or shorter cup or elec· 
trode, a setscrew on the bottom of the holder 

The Sensor-Mounting Axture is simple and easy to use. Assembled on a weldIng torch, It holds 
the sensor securely and keeps it pointed toward the weld pool. 

NASA Tech Briefs, June 1991 

For GPS 
Timing 
Datum 

is "FIRST" 

• First with Commercial off-the-shelf 
Multi-Channel GPS Timing Systems. 

• First with 
GPS Refer­
enced Time 
Code Outputs. 

• First with 
Dynamic 
mode GPS 
Timing Sys­
tems. 

• Firstwith ATRPackageGPSTiming 
Systems. 

• First with Disciplined Frequency 
Source GPS Timing Systems. 

BEING FIRST IS EASY WHEN 
YOU'RE THE BEST! 

ATTENTION' 

Current Datum GPS Users - You are 
invited to call our GPS Update Hotline 
Information Center for Instrument Reg­
istration at (714) 5334956. 

Datum Inc. 

1363 S. State College Blvd.. 
Anaheim, CA 92806-5790 

(714) 533-6333 
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is loosened. and the holder is translated 
along the tracks until it once again points 
directly at the weld pool. The holder keeps 
the sensor at the same 47" viewing angle. 

Adjusting screws serve to remove side 
play from the holder. The phenolic frame in­
sulates the holder electrically from the torch. 

This 'WOrk was done by Jeffrey L Gilbert 

and Rhonda J. Mills of RoclMell International 
Corp. for Marshall Space Flight Center. 
No further documentation is available. 

InqUiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14). Refer 
to MFS-29663. 

A Compact Gas/Tungsten-Arc 
Welding Torch 
Despite its extremely small size, the torch contains all the 

usual components and delivers high current. 

Marshall Space Flight Center, Alabama 

A compact gas/tungsten-arc welding 
torch delivers 1(x}A current. yet can be used 
iin confined spaces inaccessible to even the 
smallest commercially available torch. The 
torch is only 3/8 in. (9.5 mm) high and 1/2 
in. (12.7 mm) wide (see figure). 

The torch was developed for welding fuel 
lines on the Space Shuttle main engine 
(where the clearance on the back side of 
the weld between a fuel line and its jacket 
is about V2 in .• too small to permit access 
by a commercial welding torch). The com­
pact torch should also be useful for welding 
in other normally inaccessible locations. 

The copper cup of the torch is plasma-

COMPACT TORCH 

Zirconium Oxide 
Coat on Copper 3/8 in . 

COMPACT TORCH 

spray-coated with zirconium oxide. The coat 
insulates the torch thermally and electrically. 
The welding head is screwed onto the han­
dle of the torch; it can thus be removed and 
replaced easily and quickly. 

This 'WOrk was done by Gene E. Morgan 
of RoclMell International Corp for Marshall 
Space Flight Center. No further documen­
tation is available. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14}. Refer 
to MFS-29668. 

SMALLEST COMMERCIAL 100·A TORCH 

SMALLEST COMMERCIAL 100·A TORCH 

The Compact Torch is smaller than the smallest gas/tungsten-arc welding torch on the market 
The torch nevertheless accommodates the usual components, including an inert-gas lens around 
the electrode holder. 
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Compact Pinch Welder 
An air-driven handtool makes precise spot welds. 

Marshall Space Flight Center, Alabama 

A spot welder is designed for bonding 
insulated metal strips together. The welder 
is compact. measuring only about 33.5 cm 
in its largest linear dimension (see figure). 

The hand-held unit is a welding gun that 
uses compressed air to drive its opposed 
electrodes into the workpiece. It provides 
a higher. more repeatable clamping force 
than does a manually driven gun and thus 
produces weld jOints of higher quality. It 
is light in weight and therefore can be posi­
tioned precisely by the operator. 

Holding the gun by its handles, the 0p­
erator places the electrooes at the spot­
weld site and presses the trigger on the 
handle. Partially depressing the trigger ac· 
tivates the p1EllJTlatic c.yIinder; tI1ereOf cIaI"r1F 
ing the electrodes on the workplace. Fully 

depressing the trigger closes the welding 
circuit and enables welding to take place. 
Releasing the trigger breaks the welding 
circuit and allows the pneumatic cylinder 
to vent, which enables the return spring 
to return the welding electrodes to the ori­
ginal position. 

This v.ork was done by Gene E. Morgan 
and Clark S. Thomas of RockY.e1/ Interna­
tional Corp. for Marshall Space Right 
Center. No further documentation is avail­
able. 

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-29670. 

The Pinch Welder clamps electrodes on weldments with a strong, repeatable force. Com­
pressed air is supplied through a fitting on one handle. A small switch on the same handle 
starts the welding process when the operator presses it with the trigger. 

3M Introduces 
Heat Shrinkable 
Cable Shield 
Terminators 
Meet MIL-S-83519 for 
one-step soldering of 
ground wires to cable 
shielding 

AUSTIN, Tex. - New 3M brand MIL­
S-83519 shield terminators provide an 
insulated , environmentally protected 
strain relieved solder termination. 

A red thermo­
chromic indicator 
is included in the 
solder flux. When 
sufficient heat has 
been provided for 
complete melting 
it becomes color­
less, thus helping 
the technician 
know the sol­
dered joint is 
complete. 3M shield terminators 

are available in five di­
ameters with and with­
out pre-installed ground 
Ieads per MIL-S-83SJ9. 

Six alpha nu­
meric characters 
in contrasting ink 

provide MIL spec marking that are 
clearly visible before and after application 
to assist quality control inspections. 

Environmentally and mechanically 
protected solder connections are the 
result of a three part process: 
1. The outer sleeve shrinks 
2. The older preform melts and flows , 

completing the connection 
3. The thermo plastic insert melts to 

provide a seal 

To aid in the correct application of 
the e heat hrinkable hield terminator , 
3M offer beating devices, MP-700 for 
hot air, ST -3000 for infrared. 

The completed a sembly provides 
thermal and electrical in ulation , 
identification, strain relief, moisture 
sealing and chemical protection. 

For more information contact a 3M 
Electrical Specialties Division represent­
ative or authorized distributor or call 
1-800-322-7711. 

3M Electrica l Specia lties Division 3M 
PO Box 2963 
Austin, Texas 78769-2963 
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Penetrant-Indication-Measuring Compass 
Fluorescent tips are easily viewed against the background. ~J 

Marshall Space Flight Center, Alabama ..... 

A modified drafting compass is well suit­
ed to measurement of the length of a crack 
or the width of an area stained by the pene­
trant~nspection method. The compass 
can be equipped with any of a variety of 
standard curved or straight pointed tips, 
The modification consists in coating the 
tips with a dye that fluoresces light pink 
under the same ultraviolet inspection light 
that causes the penetrant dye to fluoresce 
yellow green. 

The compass can be used in locations 
inaccessible to a conventional fluorescent 
~ eg., wrere the roved ~ might 
be neeclecl to reach around a comer, where 
a comparator might not fit. The compass 
can eliminate errors of optical distortion in 
the comparator. It can also eliminate errors 
of interpolation, which can be significant 
inasmuch as standard fluorescent com­
parators give linear indications only in in­
crements of 0.030 in. (0.75 mm). 

By use of the microadjustment screw 
on the compass, the distance between the 
tips is adjusted in the customary manner 
until the tips point to the ends of the crack. 
The adjustment is easy because the pink 
fluorescence of the tips is easily seen 
against the dark background and against 
the yellow green fluorescence of the dye 
(see figure). The distance between the 
points is then measured with a micrometer 

The Tips of the Compass fluoresce with 
one color, the penetrant dye in the crack 
with another color. The contrast between 
the colors facilitates measurement of the 
length of the crack. 

or scale in the usual way. 
If desired, the tips can be coated with 

plastic before coating them with fluores­
cent dye, to prevent scratching of the sur­
face to be inspected. All of the compo­
nents can be purchased at hardware and 
drafting-supply stores. 

This work was done by Uoyd Schaefer 
of Rockwell International Corp. for Mar· 
shall Space Right Center: For further in­
formation, Circle 12 on the TSP Request 
Card. 
MFS-29643 

Casting of Multilayer Ceramic Tapes ~J 
High-density ceramic tapes are made by centrifugal casting. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 
A procedure for casting thin, multilayer 

ceramic membranes, commonly called 
tapes, involves centrifugal casting at ac­
celerations of 1,800 to 2,000 times the nor­
mal gravitational acceleration. These tapes 
are used in capacitors, fuel cells, and elec­
trolytic separation of oxygen from the air. 

The layers of a tape are cast one at a 
time on top of any previous layer or layers 
(see figure). Each layer is cast from a slurry 
of ground ceramic suspended in a mixture 
of solvents, binders, and other compo­
nents. The high casting force in the centri­
fuge produces very uniform and tightly 
packed cast ceramic layers. The flexible 
tapes thus produced are subsequently 
fired in a kiln to remove solvents and other 
impurities. The resulting hard multilayer 
ceramic "sandwiches" can contain elec-

A Three-Layer Ceramic Tape is cast in a cen­
trifuge. After a ceramic layer is cast and 
cured, the film of excess binder is peeled off 
before casting the next layer. 

REMOVAL OF EXCESS BINDER 
AFTER FORMATION OF FIRST LAYER 

REMOVAL OF EXCESS BINDER 
AFTER FORMATION OF SECOND LAYER 

Ceramic Part icles 
(Layer C) 

FINISHED THREE·LAYER TAPE 
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trode and insulating layers. 
Having a density lower than that of the 

ceramic, the excess soIventbinder floats 
to the surface during centrifugation. Be­
cause only the minimum amount of sol­
ventJbinder necessary to fill the interstices 
remains in the ceramic layer, the strength 
of the bonds in the ceramic layer is very 
high. Mer curing, the film of excess binder 
on top of the ceramic layer can be peeled 
off easily without disturbing the ceramic 
layer beneath. 

The next layer can then be cast on top of 
the exposed layer, prOvided that it is made 
with a different soIventJbinder solution that 
does not attack the exposed layer. Even if 
several layers are to be cast, only two 
soiventlbinder mixtures, used in alterna­
tion, should be required, because only the 
immediately preceding layer is exposed 
and therefore likely to be affected by the 
solvent in the next layer. 

To enhance ease of handling and to pro­
vide easier removal of the tapes from the 

centrifuge drum, a protective coating layer 
can be deposited and cured before casting 
the first ceramic layer. A similar layer can 
also be added after casting the last ceram­
ic layer. 

This work was done by Earl R. Collins, Jr. 
of Ca1tech for NASA's Jet Propulsion 
Laboratory. For further information, Orcle 
93 on the TSP Request Gard. 

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

Edwa!d Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Instffute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPO-17166, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Computed Tomography for Inspect 
of Thermistors 
Cracks invisible in conventional x-radiographs can be seen. 

Marshall Space Flight Center, Alabama 

Computed tomography(CT) enables the 
identification of cracked thermistors without 
disassembly of equipment that contains 
them. CT digital radiography can resolve 
65,(0) shades of gray; it can be used to dis­
cern cracks in thermistors that go unnoticed 
by conventional radiographs and image en­
hancers, which offer gray scales of only 16 
and 256 shades, respectively. It is unnec­
essary to destructively open sealed equip­
ment to confirm or deny the supposed ex­

of a crack in a thermistor 

source of an electrical failure. 
A cr unit is used to scan the equipment 

and locate the thermistors. Further scans 
are then rnade in various radial orientations 
perpendicular to the plane of the devices 
to find cracks (see figure). 

This work was done by Lloyd A Schaefer 
of RockwelllntemationaJ Corp. for Marshall 
Space Right Center. For further informa­
tion, Orele n on the 7SP Request Cam. 

A Computed TomographRe¥eals a crack in a thermistor (a/TOW). 
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Apparatus for Chemically Treating ~J 
Graphite Fibers 

The apparatus dries fibers in an inert gas and is adaptable to 
different chemical solutions. 

Langley Research Center, Hampton, Virginia 

A new apparatus for the chemical treat­
ment of graphite-fiber tow has been devel­
oped. The apparatus applies chemical solu­
tions to commercially purchased unsized 
fibers or in-house-made fibers, to improve 
the following: handling of fibers, interface 
bonding of fiber to resin matrix during pre­
preg fabrication, and interface bonding in 
laminates during molding process. The ap­
paratus is ideally suited for research and 
development of prototype, tailor -made low­
solid-content solutions. 

Standard units used by manufacturers 
to apply sizings to fibers are not designed 
for research and development and do not 
provide for predrying and postdrying in in­
ert gases. They are also not easily adaptable 
to different chemical solutions. The new ap­
paratus was designed for all thermoplastics 
and thermoset resin solutions to be used 
with graphite-fiber tow consisting of 3,000 
to 12,000 filaments per tow, but it will ac­
commodate other solutions, other numbers 
of filaments, and other types of fibers. 

The apparatus is illustrated in the figure. 
A spool of unsized graphite fiber is attached 
to an unwinding creel and guided to a glass 
tube that runs through a furnace. The fur­
nace is used to remove any moisture that 
may be on the fiber and to prepare the sur-

Fiber 
Line 

Unwinding 
Creel 

Drying 
Furnace 

Nitrogen 
Gas 

Glass Tube 

Ventilation 
System 

ReservOir 

Plastic Tube 

face of the fiber for the application of resin. 
The fiber runs through a reservoir of resin, 
and after leaving the reservoir, it enters a 
second furnace, which removes the sol­
vent picked up in the reservoir. The fiber 
Is next run over a round bar 121n. (30.5 cm) 
in diameter and under a round bar 3 in. (7.6 
cm) in diameter, to control its tension and 
to smooth it. Nitrogen gas is run through 
the glass tube to prevent the fiber from pick­
ing up moisture and to maintain an inert 
environment, which is especially Important 
when flammable solutions are employed. 
The fiber is rewound onto a bar that con­
tains an empty cardboard core. The bar is 
turned with a hydraulic pump. 

This system was designed for research 
and development, with predrying and post­
drying in inert environments. It is easily 
adaptable to different chemical solutions 
and is well suited for small-scale, prototype, 
tailor-made fiber systems. The system can 
be used to develop fiber/resin composites 
for aerospace, automotive, marine, and 
other applications. 

This 'NOrk was done by Clarence E. 
Stanfield of Langley Research Center. No 
further documentation is availab/e. 
LAR-13959 

Glass Tube Drying 
Furnace 

Rewinding 
Mechanism 

for Nitrogen Gas 

Tension-Controlilng 
and Fiber­

Smoothing Bars 

This Rese8J'Ch.and.DeveIopment Apparatus is designed for the application of all thennoplastics 
and thennoset resin solutions to fibers. 
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Verifying X-Radiographs With Computed Tomographs 
A nondestructive technique gives added confidence in inspection . .-_________ ---, 

Marshall Space Flight Center, Alabama 

Ambiguous indications in radiographic 
inspections of metal castings can be 
checked by computed tomography. Fast 
and inexpensive conventional x·ray in­
spection is used to make a film image of 
the overall casting, and slower, more costly 
computed tomography is used to reinspect 
the relatively few parts of the casting that 
present possible diffraction patterns or 
other difficult-ta-interpret features. 

The method has been effective in re­
solving ambiguities in radiographs of tur­
bine blades. A nondestructive technique, 
computed tomography provides the same 
information as does metallurgical section­
ing. 

In computed tomography, x or y rays 
penetrate a casting in a fan-shaped pattern. 
An array of detectors on the opposite side 
collects the energy that passes through 
the casting (see Figure 1). A computer ana­
lyzes the detector signals and constructs a 
density map of the casting at various cross 

sections on a video monitor. 
For example, a conventional radiograph 

may contain a "ghost" indication, caused 
by grain diffraction, that may be miscon­
strued as a flaw or may hide a real flaw (see 
Figure 2). A tomograph of the affected area 
shows whether the pattern in it is a diffrac­
tion "ghost" or representative of a real fea­
ture of the casting. 

This work was done by Jagatiit Roy and 
Mtonio G. Pascua of Rockwelllnternation­
al Corp. for Marshall Space Flight 
Center. No further documentation is 
available. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 14]. Refer to 
MFS-29649. 

Figure 1. X- or , -Ray Computed Tomogra· 
phy can be used to verify ambiguous indio 
cations in conventional radiographs. 

Array of 
Detectors 

Display 
and Memory 

Computer 

Figure 2. An Enhanced Conventional X·Ray Image of a turbine blade (upper photograph) contains what could be a diffraction "ghost" in the 
"fir tree" region just below the root of the blade. The computed tomographic image of the suspected ghost (lower photograph) shows that the 
ghost is, indeed, caused by grain diffraction, not by inner flaws. 

~~ Lightweight Composite Core for Curved Composite Mirrors 
Complicated figure errors due to thermal stresses would be reduced. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A new type of composite core material 
for curved composite mirrors has been pra­
posed. In comparison with honeycomb and 
other lightweight core materials, this struc­
ture is less mechanically anisotropic, can 
be tailored to have less distortion due to 
temperature changes, is naturally vented, 
and is easily fabricated. This core material 
also conforms readily to spherical and pa­
raboloidal curvatures and can be fabricated 

116 

in large sizes (1 .0 to 2.0 meters or larger). 
The core material is made of corrugated 

strips of cured grapl1ite-reinforced epoxy 
oriented perpendicularly to each other and 
bonded together (see Fig. 1) The core is 
sandwiched and bonded between two con-

Figure 1. Strips Cut From Corrugated 
Sheets of graphite/epoxy are bonded 
together at crests and valleys. 
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World, 
McDonnell Douglas selects truly open database to support NASA Space Station effon. 
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No database provides more choice and 
is more open. It runs on virtually every 
PC, mini and mainframe, regardless of 
operating system, software or network. 

Because the Space Station program is 
truly an integrated, long-term, nationwide 
effort, it is information intensive. 
McDonnell Douglas uses ORACLE to 
capture, store, organize and share approxi­
mately a gigabyte of vital Space Station 
design information. 

ORACLE's ability to handle massive 
amounts of data is unmatched. Flexible 
sorts and selection of specific data groups 
become easy. And straightforward 
command procedures accelerate data 
comparison and manipulation. 

Equally important, a wide variety of 
Oracle software tools can be mixed and 

matched as needed without compati­
bility problems. 

o 
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universe of possibilities. 
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cave facesheets (see Fig. 2). It will con­
form to the highly curved mirror facesheets 
with low bending stresses. If the face­
sheets and the core materials are tailored 
to have the same thermal expansion coef­
ficient, thermal distortions, which give rise 
to complicated figure errors, can be mini­
mized. 

The development of corrugated-strip 
core material continues. Researchers are 
seeking the best adhesive, bonding meth­
od, and corrugation width and will evaluate 
the thermal and mechanical properties of 
various cores. 

This oork was done by Christopher C. 

Curved 
Mirror 

Face 
Sheet 

Porter, Paul J. Jacoy, and Wesley P. 
Schmitigal of Galtech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 7 on the TSP Request Gard. 

Figure 2. A Corrugated-Strip Core like that shown in Figure 1 would be bonded to a 
curved mirror and to a face sheet, forming a supporting structure for the mirror. 

This invention is owned by NASA, and 
a patent application has been filed. In-

quiries concerning nonexclusive or ex­
clusive license for its commercial develo,:r 
ment should be addressed to the Patent 

Counsel, NASA Resident Office-JPL [see 
page 14}. Refer to NPO-17858. 

~J Plasma-Arc Torch for Welding Ducts in Place 
Modifications enhance maneuverability in confined spaces. 

Marshall Space Flight Center, Alabama 

A plasma-arc-welding torch has been 
redesigned to make it more suitable for 
applications in which it must be moved in 
ci rcular or other orbits about stationary cy­
lindrical workpieces. It could be used, for 
example, to weld a duct that is already 
mounted in place for its intended use. 

The improved design (see figure) pre­
serves those elements of the original de­
sign that are critical to performance and 
endurance, but modifies other elements 
to decrease the overall size of the torch. 
The original torch works well where radial 
access is unrestricted and the torch is not 
moved beyond ±90° around -the work­
piece. The improved torch can be used 
where access is restricted to tightly radially 
confined spaces and is compatible with 
mechanisms that rotate it 360 0 around a 
stationary part with a circular weld jOint. 

The height of the torch has been re­
duced from about 6 in. (15.2 cm) in the 
original to 2.4 in. (6.1 cm) in the improved 

design. Whereas the fittings for cooling 
water were placed on the top in the original 
design, they are placed on the side in the 
improved design. Side-mounted fittings are 
preferable for orbital motions because they 
improve radial clearance, make the water 
hoses less vulnerable to crimping, and re­
duce the mechanical load on the torch. 
Also in the improved design, the electrode 
collet and collet nut are installed and re­
moved through a hole in the top; this makes 
installation and removal much easier than 
in the original design. 

This oork was done by Kenneth J. Gangl 
of Rockvvell International Corp. and Ernest 
Bayless and Alan Looney of Marshall 
Space Flight Center. No further docu­
mentation is available. 
MFS-29701 

The Improved Plasma-Arc Torch is config­
ured for compactness and maneuverabili­
ty to facilitate welding of stationary ducts 
in confined spaces. 

Stacking Oxygen-Separation Cells 

Electrode 
Collet 

Collet 
Nut 

Solid-electrolyte units feature decreased complexity in structure and assembly. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A simplified configuration and proce­

dure have been developed for the assem­
bly of stacks of soIid-electrolyte cells that 
separate oxygen from air electrochemical­
ly_ A previous, more complicated version of 
such a cell is described in "Improved Zir­
conia Oxygen-Separation Cell " (NPO-
16161), NASA Tech Briefs, Vol. 12, No. 4 
(April 1988), p. 42. The new configuration 
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and procedure reduce the number of com­
ponents and thus reduce the probability of 
such failures as gas leaks, breakdown of 
sensitive parts, and electrical open or short 
circuits. 

Electrode and electrolyte layers are 
stacked alternately. Such essential fea­
tures as seals, gas-distribution channels, 
and manifolds are built into the compo-

nents; they do not have to be added exter­
na��y. The electrode material is strontium­
doped lanthanum manganite (LSM). The 
electrolyte is yttria-stabilized zirconia (YSZ). 

Rrst, an inner sandwich of LSMIYSZI 
LSM (see figure) is made. The sandwich is 
placed in a fixture, and a recess about 1 
mm wide is etched or removed mechani­
cally around the rim of each LSM layer. 

NASA Tech Briefs, June 1991 



Glass powder in an organic binder, which 
will be heated subsequently to make an 
edge seal, is applied to these recesses. 

A gasket of nonporous, electrically insu­
lating material is placed around the edge of 
a gas<listribution plate. Made of dense 
iron/aluminum or nickel/aluminum alloy, 
the electrically conductive plate contains 
an array of channels. 

The LSM'YSZILSM san6Mch, its rim coat­
ed with the glass powder, is placed on the 
gas<listribution plate. A second gas<listri­
bution plate, also gasketed. is placed on 
top of the LSMlYSZlLSM sandwich. Sand­
wiches and gas<listribution plates are add­
ed to the stack until the requisite number of 
cells have been assembled. 

As the stack is brought up to operating 
temperature, the glass powder turns into a 
nonporous seal around the rim. The stack 
is compressed during heating to ensure 
that the glass spreads out to form the seal 
and that an intimate contact of low elec­
trical resistance forms between the gas­
distribution plates and the electrode/elec­
trolyte sandwiches. 

This work was done by James E. 
Schroeder of caltech for NASA's Jet Pro-

O .. Otttrtbu:Uon ptata 
(Conduetor of E1tetronl) 

O 
LSM EleclfOd. CoUree! and Bonded 
to YSZ Eleclroly1' 
(Conductor 01 Elect(onl) 

D YS2 a.c,rotyte 
(Cond ... orot 02 .... ' 

f883 Glan SUI 

~ NonpotOu., Elec:'r1c.JI~ 
~ IMU11t1ng Sheet 

One Cell of a multicell stack includes an electrolyte layer between two electrode layers. Gas­
distribution plates above and below the electrodes bring reactants to and from the surfaces of 
the electrodes. 

pulsion Laboratory. For further informa­
tion, Orc/e 25 on the TSP Request card. 

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

dressed to the Patent Counsel. NASA Resi­
dent Office.JPL [see page 14]. Refer to 
NPO-17223. 

Spot-Welding Gun Is Easy To Use 
Air pressure and vacuum, rather than the technician, provide the welding force_ 

Marshall Space Flight Center, Alabama 

An electrical-resistance spot-welding 
gun is designed to produce more welds 
per unit time by decreasing the techni­
cian's effort and fatigue. The gun is con­
nected by a hose to a supply of com­
pressed air, and vacuum cups on a frame 
that holds the gun on the workpiece are 
connected by a hose to a vacuum pump. 
When the technician depresses a trigger 
on the handle of the gun (see figure), the 
air actuates a piston in an air cylinder, 
pressing the welding tip against the work­
piece with a force of about 40 Ib (178 N). 
The force of the atmospnere against the 
vacuum cups holds the tool securely when 
the air pressure drives the welding tip 
against the workpiece; the technician does 
not have to furnish the reaction force. The 
only force the technician need exert is the 
squeeze on the trigger. 

Welding current is automatically turned 
on when the force of contact reaches the 
required level and turned off before the 
welding tip is withdrawn from the work­
piece. A cable (not shown in the flQure) car­
ries the current from the welding power 
supply to the gun. 

This work was done /:tf Gene E. Morgan 
and Francis H. Nguyen of Rockwell Inter­
national Corp. for Marshall Space flight 
Center. for further informauon, Circle 60 
on the TSP Request card. 
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Vacuum Cups on the Frame Secure the Welding Gun to the workpiece while compressed 
air drives the welding tip against the workpiece to make a spot resistance weld. When 
the weld has been completed, the vacuum in the frame cups is released so that the frame 
and gun can be moved to the position of the next spot weld. 

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-29693. 



~~ Reducing Thermal Conduction in Acoustic Levitators 
Piezoelectric driving elements would be protected from excessive temperatures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Acoustic transducers containing piezo­
electric driving elements would be made 
more resistant to heat by reduction of the 
effective thermal-conductance cross sec­
tions of the metal vibration-transmitting 
rods in them, according to a proposal. 
Such transducers are used to levitate 
small objects acoustically for non contact 
processing in furnaces. The reductions in 
the cross sections could also increase the 
amplitudes of the transmitted vibrations 
and reduce the loss of heat from the fur­
naces. 

In a conventional piezoelectric trans­
ducer, the rod is solid and extends into the 
furnace (see figure). The transducer is 
mounted to the furnace housing at the 
zero-displacement node. Piezoelectric disks 
in the back section drive the transducer, 
causing the front face of the rod to vibrate 
like a piston so that it couples sound waves 
into the furnace levitation chamber. Unfor­
tunately, the solid core readily conducts 
heat away from the furnace. This not only 
reduces the efficiency of the furnace but 
also increases vulnerability to fatigue at the 
zero-displacement node and endangers 
the piezoelectric disks, which depolarize 
above a critical temperature and no longer 
function. 

Several versions of the reduced-cross­
section configuration are envisioned. In 
one (version A in the figure), the rod would 
contain a hollow central core. The cross­
sectional area available for the conduction 
of heat toward the back section WOUld, 
therefore, be reduced. To prevent the trans­
fer of heat along the core by convection, 
the core would not be made to extend 
through the front face. The end of the core, 
just behind the front face, would be made 
conical or hemispherical to avoid bending 
resonance of the front face. 

In general, the amplitude of the dis­
placement of the front face of such a trans­
ducer varies in inverse proportion to the 
effective cross section of the rod; therefore, 
as the cross section is decreased, the 
acoustic output should increase. The de­
vice would act as a stepped-horn trans­
ducer. 

In version B, many small axial holes 
would be drilled in the rod from the front 
face to the zero-displacement node. A thin 
plate would cover the front face. The holes 
would reduce the flux of heat to less than 
one-tenth that of a solid rod. Again, the 
acoustic output would increase with the 
decrease in the effective cross section. 
Version B would also act as a stepped-horn 
transducer. 
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VERSION 0 

In version C, holes would be drilled per­
pendicular to the axis of the rod, orthogon­
al to each other in alternating layers. To 
maintain adequate dynamic strength, the 
number of holes per layer would be de­
creased toward the zero-displacement 
node. This would reduce the effective 
cross section exponentially toward the 
front end, producing the amplification char­
acteristic of an exponential-horn trans­
ducer. A further advantage of the clear 
transverse holes is that they could be used 
as channels for cooling gas, which would 
help to keep the piezoelectric disks at a 
safe temperature without interfering with 
the radiated sound field. 

In version 0, the cross section for ther­
mal conduction would be reduced, not by 
holes in the transducer, but by interpos­
ing a porous barrier between the furnace 

VERSIONC 
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A Conventional 
Solid-Rod Trans­
ducer Contrasts 
with reduced 
cross-section ver­
sion (A through C) 
and a porous­
heat-barrier ver­
sion (0). All four 
new concepts are 
intended to reduce 
the flow of heat to 
the transducer, 
both to protect its 
piezoelectric driv­
ing elements and 
to increase the ef­
ficiency to the fur­
nace. 

levitation chamber and the front face. The 
pores would be large enough to carry ade­
quate acoustic energy into the chamber 
and would be inclined at various angles 
to minimize the transfer of heat to the 
transducer. This version would be less 
acoustically efficient but more thermally 
efficient. 

This work was done by Ernst G. Uerke, 
Emily W Leung, and Balakrishna T. Bhat 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 11 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In­
quiries concerning nonexclusive or ex­
clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 14]. Refer to NPO-1762o. 
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Growing Cobalt Silicide Columns in Silicon 
Codeposition by molecular-beam epitaxy would yield a variety of structures. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed fabrication process would 
produce three<limensional nanometer·sized 
structures on silicon wafers. It would enable 
control of the dimensions of metal and 
semiconductor epitaxial layers in three di­
mensions instead of the usual single di· 
mension (perpendicular to the plane of the 
substrate). The process might be used to 
make arrays of highly efficient infrared sen­
sors, high-speed transistors, and quantum 
wires, for example. 

In an experimental version of the proc­
ess, cobalt and silicon are deposited to­
gether by molecular-beam epitaxy on a sil­
icon substrate in the atomic ratio of about 
1:10_ The silicon-rich mixture produces a 
layer of Single-crystal, epitaxially aligned 
columns of cobalt silicide (CoSiv in a sili­
con matrix (Figure 1). The columns are 
about 50 nm across, 200 nm apart, and -
depending on the total amount of material 
deposited - 100 nm high. Other diameters 
and spacings can be produced by adjusting 
the ratio of cobalt to silicon, the temperature 
of the substrate, and the rate of deposition. 
In the proposed process, CoSi2 columns 
would be started and stopped by turning the 
cobalt beam on and off during deposition. 

For the fabrication of electronic devices, 
both the shapes and the locations of the 
columns would have to be controlled_ One 
possible technique for doing this is elec­
tron-beam lithography [See "Making Sub­
micron CoSi2 structures on Silicon Sub­
strates" (NP0-17736), NASA Tech Briefs 
Vol. 13, No.9 (September, 1989), page 105]. 
An electron beam could be used to crys­
tallize selected sites on a layer of amor­
phous CoSi2, and then the amorphous ma­
terial surrounding the single-crystal sites 
would be selectively etched away. If a new 
layer were then added by silicon-rich mo­
lecular-beam epitaxy, it seems likely that 
the CoSi2 columns would be located pre­
dominantly on the crystallized sites, and the 
silicon matrix would form around them. It 
may even be possible to form walls, in ad­
dition to columns, of CoSi2 by this method_ 

If free-standing columns are needed, the 
silicon matrix could be removed by plasma 
etching in carbon tetrafluoride, which at­
tacks silicon 100 as fast as it attacks ~. 
Thus, all the matrix could be rEll'T'lC1-Jed before 
the columns were altered substantially. 

MetaVsemicondJctor systems other than 
cobalUsilicon are also promising for the 
growth of columns. They include nickeVsili­
con, and platinum/silicon. Germanium/ger­
man ide and compound semiconductors 
may also be suitable. 

A variety of devices might be made by the 
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Figure 1. Cobalt Silicide Columns Are Embedded in a silicon matrix, as shown in this cross­
sectional transmission electron micrograph. The columns rest on a silicon substrate. 
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Figure 2. A Variety of Device Structures are possible with cobalt and silicon codeposltion by 
molecular-beam epitaxy. The structures can be fabricated in fewer steps than in conventional 
processes and offer either improved or entirely new properties. 

proposed Ihree-dimensional-fabrication 
technique These include the following (see 
Figure 2): 
• The metal contact of a Schottky diode 

would be formed as a combIike silicide 
structure This 'r\W1d increase the qJantum 
efficiency. 

• Vertical "wires" of ~ 'r\W1d be b'med 
in a silicorl matrix. The dameter of the v.;res 
would be so small - only a ff:N.I nanome­
ters - that quantum electronic effects 
would come into play. The quantum wires 

would have novel electrical and optical 
properties that could lead to entirely new 
types of semiconductor devices. 

• Horizontal"9eometry versions of such de­
vices as the metai-base transistor and the 
permeabte-base transistor could be fabri­
cated. The fabrication of such devices 
would require fewer processing steps than 
those of vertical"9eometry devices. 

• layers of short silicide columns errtledded 
in the silicon matrix could be used as inter­
nat photoemission detectors. 
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This IIrOrk oos done bt Robert w. Fathauer 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
97 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 [see page 14}. 
Refer to NPQ-17835. 

Fabrication of Lightweight Mirrors Via CVD 
A scalable, rapid process yields parts in nearly net shape. 

Langley Research Center, Hampton, Virginia 

There continues to be a need to develop 
new methods and technologies capable 
of efficiently and cost-effectively produc­
ing high-performance optics in large and 
small sizes. Large, lightweight optical com­
ponents, particularly mirrors, are required 
for many space-based systems, such as 
light detection-and-ranging (UDAR) sys­
tems; astronomical telescopes; solar col­
lectors; and concentrators and deflectors 
for ions, other high-energy particles, and 
laser beams. Current processes for the 
fabrication of optical components are not 
capable of rapidly producing high-perform­
ance optics, particularly large mirrors with 
diameters of 1 meter or more. 

A new chemical-vapor deposition (CVD) 
process has been developed for fabricat­
ing lightweight Si/SiC mirrors. The process 
involves three CVD steps: one to produce 
the faceplate of the mirror, the second to 
form the lightweight back structure that is 
deposited integrally with the faceplate, and 
the third and final step to deposit a layer 
of optical-grade material (e.g., Si) onto the 
front surface of the face plate. The figure 
and finish of the mirror are fabricated into 
this latter material. 

The figure shows in detail the CVD fabri­
cation procedure. Ideally, the three CVD 
depositions can be completed in about 6 
weeks, in sharp contrast to the fabrication 
of glass mirrors, which can take several 
months to a few years. CVD can produce 
dense, highly pure polycrystalline materials 
that can be polished to surface figures of 
high precision and finish. 

Using this process, 7.5-cm-diameter flat 
and curved lightweight mirrors of Si/SiC 
were successfully fabricated. The mirrors 
were polished to a figure better than one­
fifth of a wavelength and a finish of better 
than 10 A rms. This process is scalable 
and is quite general in that mirrors of other 
ceramic materials can also be fabricated. 
For instance, such advanced ceramic ma-
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Three Chemical-Vapor Depositions Are Used to fabricate lightweight mirror substrates. 

terials as TIB2 and B4C have physical, me- to this invention. Inquiries concerning 
chanical, and optical properties com- rights for its commercia! use should be ad-
parable to those of SiC and are suitable dressed to 
for use in mirrors. Dr. Raymond L. Taylor 

This IIrOrk was done by Jitendra S. Goela CVa, Inc.lMorton International, Inc. 
and Raymond L. Taylor of Morton Interna- 185 New Boston Street 
tiona!, Inc., for Langley Research Center. Woburn, MA 01801 
No further documentation is available. Refer to LAR-14299, volume and number 

In accordance with Public Law 96-517, of this NASA Tech Briefs issue, and the 
the contractor has elected to retain title page number. 

Preventing Chemical-Vapor Deposition in Selected Areas 
A gas shroud isolates a specific area from the rest of the deposition system. 

Langley Research Center, Hampton, Virginia 

A method for the prevention of the chem­
ical-vapor deposition of material in selected 
areas has been developed. The method 
differs from previous deposition methods 
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in which selected areas are isolated by 
reducing the amounts of materials depos­
ited around those areas. In this method, 
a gas shroud is used to isolate the selected 

area from the rest of the deposition sys­
tem. 

A substrate of any shape or size is first 
mounted on a material, such as graphite 
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support pillars or graphite felt. compatible 
with the deposition process. The substrate 
is enclosed by a ring. also made from 
graphite or other compatible material. 
which matches the shape of the substrate. 
The distance between the outer edge of 
the substrate and the inner edge of the ring 
is a few millimeters. An inert gas. such as 
argon. is made to flow from beneath the 
substrate. This flow prevents deposition be­
tween the substrate and the ring (see fig­
ure). 

The rate of flow is chosen to maintain 
a small differential pressure between the 
gas in the ring and the gas in the furnace. 
The isolation of the substrate from the rest 
of the deposition furnace prevents the prop­
agation of cracks from the wall of the fur­
nace to the substrate. This method also 
prevents deposition on the back of the 
substrate. which deposition often produces 
cracks In the deposited material. 

this method has been extremely suc­
cessful in the selective deposition of SiC 
in a chemical-vapor-deposition reactor. It 
is used in the deposition of SiC mirror 
blanks in the Large Mirror Substrate and 
Udar Mirror programs. It is a critical ele­
ment in the CNerali chemica\-vapor-deposi­
tion process for producing large, lightweight 
mirrors. 

This vvork was done by Joseph I Keeley, 
Jitendra Singh Goela, Michael A Pickering, 
and Raymond L. Taylor of Morton Interna­
tional, Inc., for Langley Research Center. 
No further documentation is available. 

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 

Dr. Raymond L Taylor 
eva. Inc.lMorton International, Inc. 
185 New Boston Street 

Outer 
Ring 

Supporting 
Pil lar 

Note: PR a~d PF are Pressures. PR > ~ 

Inert Gas Flowing From Beneath the Sub­
strate prevents deposition between the 
substrate and the outer ring. 

Woburn, MA 01801 
Refer to LAR-14300. volume and number 
of this NASA Tech Briefs issue. and the 
page number. 

Hand Broaching Tool for Use in Confined Areas 
A slim tool fits where others cannot. 

Marshall Space Flight Center, Alabama 

A broaching tool cuts keys lots in tapped 
holes. With an exceptionally slim outer 
body, the tool is well suited for work in 
areas of limited accessibility. particularly 
when features of the workpiece create 
obstructions. 

The inner body of the tool fits in a cylin­
drical outer body (see figure). A guide tip 
aligns the tool axially when inserted in a 
hole. A double-edged cutting blade ex­
tends radially from the upper portion of the 
tip. A striking surface at the top of the in­
ner body protrudes from the outer body; 
this surface absorbs hammer blows and 
transmits them to the blade. The blade is 
thus gradually forced into the workpiece, 
cutting keyslots on opposite sides of the 
hole as it proceeds. 

The outer body aids in extracting the 
tool from the hole without damage after 
the slots have been cut. Its internally 
threaded collar mates with an externally 
threaded section on the inner body. To 
extract the tOOl, the user turns the disk­
shaped handle on the outer body clock­
wise. This action translates the outer body 
downward as it moves on the threaded in­
ner body. 

When the bearing surface on the outer 
body makes contact with the workpiece, 
the user continues to tum the handle. The 
inner body now translates upward on the 
screw thread, pulling the blade and tip 
from the hole. 

The broaching tool previously used had 
an outer body considerably larger in di­
ameter. So that the old tool would fit around 
an obstruction next to the tapped hole. a 
portion of the outer body had to be cut 
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away - a time-consuming and costly proc­
ess. The old tool had two single-edge 
blades on its periphery; the new double­
edge blade, extending through a collet on 
the tip, is stiffer and lasts longer. 

The previous tool was developed for 
broaching 44 stud holes, each 0.250 in. 
(6.35 mm) in diameter, in a circle on the 
Space Shuttle main engines. The new tool 
reduces the time for broaching the holes 

Handle 

Turn This Way To 
Extract Cutting Blade 

from 4 h to 1 h. The blade has to be re­
placed only twice per circle, whereas about 
50 blades were consumed per circle with 
the old tool. 

This vvork was done by Arthur A Beach 
of Roct<v.elllntemational Corp. for Marshall 
Space flight Center. For further informa­
tion. Circle 160 on the TSP Request Card. 
MFS-29669 

Internal 
Thread 

Striking 
Surface 

External 
Thread 

Blade 

Bearing 
Surface 

Guide np 

OUTER BODY INNER BODY 

Threaded Sections on Inner and outer bodies mate. After the inner body has been used 
to broach keyways In a hole in a workpiece. turning the outer body by Its handle forces 
the bearing surface against the workpiece and pulls the inner body tip out of the hole. 
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Artificial Dissipation in Computations of Hypersonic Flows 
Four schemes are tested on strong shocks. 

Ames Research Center, Moffett Field, California 
Four artificial-dissipation mathematical 

models have been introduced to suppress 
spurious numerical oscillations in finite· 
difference computations of hypersonic ex· 
temal flows. The models were tested for 
their effects in capturing the details of 
shocks in hypersonic flows about bodies of 
various shapes (see figure). 

The mathematical context is the lower· 
upperfsymmetric-Gauss-Seidel (LU·SGS) 
algorithm for the solution of the Navier­
Stokes equations of flow in two dimen· 
sions. Within this context, a variety of 
schemes can be developed by choices of 
difference operators, Jacobian matrices, 
and invisckHlux vectors: 
• If one uses upwind operators on the split 

inviscid fluxes on the cIovmwind side and 
true Jacobian matrices on the upwind 
side, one obtains an upwind LU·SGS 
scheme. 

• If one uses upwind operators on the split 
inviscid fluxes on the cIovmwind side and 
approximate Jacobian matrices on the up­
wind side, one obtains a semiupwind LU· 
SGSscheme. 

• If one uses central difference operators on 
the unsplit inviscid fluxes on the cIovmwind 
side and approximate Jacobian matrices 
on the upwind side, one obtains a hybrid 
LU-sGS scheme. 
In the first·and·third·order·dissipation 

model, third-order terms formed from 
fourth differences provide background 
damping. First-order terms are added by 
second differences under the control of a 
pressure-sensor term, to which the low· 
order coefficient is proportional. 

The directionally·scaled·dissipation 
model has the same structure as that of 
the original first·and·third-order-dissipation 
model, except for the f.caling factor. The 
use of directional scaling provides aniso­
tropic dissipation to each direction, result· 
ing in improved performances on meshes, 
the cells of which have high aspect ratios. 
This model is more accurate on coarse 
grids than is the first·and·third·order· 
diSSipation mode\. 
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In the flux·limited-dissipation model, the 
dissipative flux is not constructed by add· 
ing low-order terms. Instead, functions to 
limit antidiffusive fluxes are introduced into 
the high-order terms. The constant paramo 
eters of these functions are chosen to pro­
vide enough dissipation to suppress nu· 
merical oscillations in the neighborhoods 
of shock waves. 

The dissipative fluxes of the three pre­
ceding models have scalar coefficients. 
However, the dissipative coefficient for a 
system of equations must be a matrix, to 
meet the requirement of upwinding. In the 
flux-difference-split-dissipation model, this 
matrix is constructed by splitting flux dif· 
ferences in a way that separates the char· 
acteristic fields that correspond to the dif· 
ferent wave speeds. This model and the 
flux·limited-dissipation model can be reo 
garded as total·variation·diminishing 
schemes. 

The models were tested in a Newton· 
iteration form of the hybrid LU-sGS scheme. 
The results of these simulations showed 
that the flux·limited-dissipation model was 
robust enough to predict a high·speed flow 
about a blunt body with strong shock and 
expansion waves. The flux-difference·split· 
dissipation model captured shocks with 
higher resolution but was less robust. The 
first·and·third·order·dissipation and the 
directionally·scaled-dissipation models 
turned out to be neither accurate nor 
robust enough for computations of flows at 
high mach numbers. 

This work was done by S. Yoon and D. 
Kwak of Ames Research Center. Further 
information may be found in AIM paper 
88A·44819, "Artificial Dissipation Models 
for HypersoniC External Flow." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Services Ubrary, 555 West 57th Street, 
New York, New York 10019, Telephone 
No. (212) 247·6500. 
ARC-12260 

Hypersonic·Flows AboutThree Bodies were 
computed by a finite·difference implementa' 
tion ofthe Navier·Stokes equations. Four math· 
ematical models of artificial dissipation were 
compared in computations on these grids. 
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Imagine 
having 
thepower 
to experiment ... 

Imagine having more time to ponder the 
abstract, rather than having to derive the solution. 

With MACSYMA* symbolic math software you can! 

No other software today packs the computa­
tional power, versatility, and reliability of MACSYMA. 
MACSYMA can tackle any mathematical application you 
may have, whether in algebra, calculus, trigonometry, 
or practically any other branch of higher mathematics. 
It gives you problem-solving tools such as Laplace and 
Fourier transforms, Taylor and Poisson series, solution 
of first and second order differential equations, solu­
tions to integrals, and more. It gives you sophisticated 
2-D and 3-D graphics, and can convert your equations 
into Fortran or 'C' for optimal numeric performance, or 
T EX for inclusion in publications. 

MACSYMA provides unequalled accuracy too, 

with your choice of exact or arbi­
trary precision arithmetic, and gives 

you results at speeds from 10 to 100 times 
faster than traditional methods. 

AU this power is remarkably easy to use. With 
the help of the User's Guide, extensive on-line docu­
mentation, executable examples and demonstrations, 
and the Quick Reference Card, a beginning MACSYMA 
user can quickly become proficient, tackling problems 
that might otherwise have been too difficult or time­
consuming. 

Whatever your application - engineering, 
science, economics or pure math - your work is too 
important to trust to any other math software. You 
deserve MACSYMA. 

More than just a system for doing mathemat­
ics by computer, it's the power tool for mathematics. 

symbolics, Inc 

MACSYMA Division 
8 New England Executive Park East, Burlington, MA 01803 USA, 1-800-622-7962 (in Massachusetts, 617-221-1250.) 

MACSYMA IS a registered trademm 01 Symbolics. tnc. TEX is a trademark at the Amencan Mathematical Society. 
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SOLID 
STATE 
VIDEO 

RECORDER 
Colorado Video's Model 599 Incident Recorder 

provides a record of the time surrounding an event. 
This multi memory frame grabber records a con­
tinuous loop of 16 color frames. Upon command it 
continues to record through half of its memory and 
then stops, thus providing a record of occurrences 
before and after an incident. Stored images may be 
replayed continuously or one at a time. The Model 
599 lets you record and analyze incidents without 
the problems inherent in a mechanical tape recorder. 

Illustrated are three selected images showing the 
599's unusual ability to capture transient incidents. 
The explosion shown in the second image triggered 
the delayed stop command executed after the third 
image was acquired . 

Colorado Video Inc. 
Box 928 Boulder, Colorado 80306 USA • (303) 530-9580 • FAX (303) 530-9569 
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Tabll2Curvl2™ 
One step fits 
221 equations to 
your X-Y data. 
Automaticallv· 
In less than 
7 seconds.* 

With TableCurveN finding the best formula to 
fit your data couldn't be simpler ... or faster. 

• Flexible Data Input - input from Lotus': 
dBase': ASCn and many other file 
formats, or manually from the keyboard. 

• Data Manipulation - smooth data, 
weight data, or apply standard math 
calculations. 

• Speed* - an SMHz PC AT, with math 
coprocessor, will process 221 equations 
(50 data points) in 6.S seconds. 
More powerful systems are much faster. 

• Output - supports most dot -matrix 
and LaserJet'" printers. Output directly 
to SigmaPlot 4.0 ", Lotus, ASCll, and 
other formats. 

• Quality Interface - pull down menus, 
mouse support and more . • Curve Fitting - 221 candidate equations 

including Gaussian, log-normal, sigmoidal, 
sine, and user-defined-ranked by best fit 
and interactively displayed. 

To find out more about TableCurve or other 
scientific and engineering software from 
Jandel, just give us a call. 

Circle Reade, Action No. 580 

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

How Safe Is 
Control Software 

Backup systems are 
still needed to prevent 
catastrophic software failures. 

A paper examines the issue of software 
safety and concludes that, to be safe, soft­
ware, for all practical purposes, must be free 
of errors. Developers of real-time control sys­
tems are concerned about safety because 
a software error, or "bug;' may suddenly sur­
face, even in a mature system, and cause 
damage to property, injury, or death. 

In the case of software, safety is synony­
mous with ultrareliability. An error rate no 
greater than 10 -6 errors per hour is expect­
ed in any software in commercial , industri­
al , and medical applications in which prop­
erty and life are at risk. In other words, 
software should have a mean time between 
failures of at least 100 years. 

The paper presents four case histories 
of software-safety analysis: 
-The flight-control system of the proposed 

X-wing aircraft; 
-The flight-control system of the vertical! 

short-takeoff-and-landing research airplane; 
-The high-pressure-ai r distributed-control 

system for several wind tunnels at Ames 
Research Center; and 

-A control system for operating wind tun­
nels and collecting and proceSSing ex­
perimental data. 
In each case, it is found that practices 

for assuring software safety are primitive. 
In each case, an independent, simple, pre­
dictable backup element - either software 
or hardware - is needed to protect the 
system and its environment if and when 
the basic software goes bad. 

Moreover, it is unrealistic to expect safety­
assurance practices to improve much in 
the near future. It is not likely that repeated 
life-cycle testing and analysis will be able 
to bring safety up to the required level. 

On the other hand, it seems reasonable 
that safe software can be achieved through 
design. To be effective, safety-assurance 
practices of the future will have to take into 
account the processes used in the develop­
ment of software and show that the soft­
ware product can be executed correctly 
under all possible conditions. 

This work was done by William R. Dunn 
of the University of Southern Colorado and 
Uoyd D. Corliss of Ames Research Cen· 
ter. To obtain a copy of the report, "Soft­
ware Safety: A User's Practical Perspec­
tive," Circle 9 on the TSP Request Card. 
ARC-12710 
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High Performance 
Without The 
Heavy Cost. 

Now you can improve on the 
stiffness and weight advantages of 
beryllium -and save cost, too. With 
advanced CERAFORM<It sil icon carbide 
mirrors from United Technologies 
Optical Systems. 

CERAFORMe silicon carbide 
mirrors offer significantly reduced 
thermal distortion and a superior 
package of optical and performance 
properties: 

properties Be SiC'·' AI ULE-

Physical 
Density (g cm- 3 ) 1.85 2.92 2.73 2.21 

Mechanical 
Young's Modulus <OPa) 303 311 71 68 

Mlcroyleld stress (MPa) 35 t*·, 98 24 

Thermal 
CTE (10-6 K-') 11 .4 2.57 24.0 0.03 

Dlffuslvlty (cm2 5-') 0.52 0.80 0.96 0.008 

Specific Heat (J kg-1 K-') 1.880 670 900 766 

Conductivity CW m-' K-') 180 156 237 1.3 

Figures Of Merit'···' Be SiC'· ' AI ULE-

Structural 
(higher Is better) 
Specific Stiffness (E/p ) 164 107 26 31 

Thermal (lower Is better) 
1st Order DIstortion {CTE/ kl 0.063 0.017 0.101 0.023 

Thermal Distortion (CTE/ D) 22.2 3.26 25.0 3.92 

Dim. Change (CTE • pl k) 118 48.1 276 51.0 

,., Values shown are for CERAFORMe 
, •• , None detected prior to fracture. t·· -, For eQual geometries. 

Optical system engineers will also 
appreciate how efficiently complex, 
lightweight structures can be pro­
duced using our unique Precision 
Forming Process. 

CERAFORMe silicon carbide mirror 
technology. Weight till you see what 
it can do for you. 

For more information, contact 
Rich Drake, Program Development 
Manager, at 407 -775-4500. P.O. Box 
109660, West Palm Beach, Florida 
33410-9660. 
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(800) FLY-ANVIL (800) 359-2684 
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TECHNOLOGY 2000 
Proceedings 

Complete proceedings of all technical sessions 
at the first national technology transfer confer­

ence, covering the latest innovations in: 

ill artificial intelligence 

:D computer technology 

* environmental science 

* life sc iences 

ill information and 

data management 

ill manufacturing and 

fabrication technology 

o materials science 

* optics and communications 

Oil power and energy 

* robotics 

* sensors and 

measurement technology 

* superconductivity 

Mail check or money order to: 
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Technology Utilization Foundation 
41 East 42nd Street Suite 921 

NewYork.NY 10017 

Or Cali (212) 490-3999 for VISO and Mastercard orders 

128 Computation of Facilitated 
Transport of 0 2 in Hemoglobin 

Books and Reports 
These reports, studies, and 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. 

Computation of Facilitated Transport of 0 2 
in Hemoglobin 

Unsteady transport is simulated with more­
realistic mathematical models of dissociation. 

A report describes computations of the unsteady facil itated 
transport of oxygen through a liquid membrane of hemoglobin. 
As used here, "facilitated transport" means the diffusion of a 
permeant through a membrane in which that diffusion is 
enhanced by a reversible chemical reaction between the 
permeant and the membrane. In this case, there are reversible 
reactions between the hemoglobin and oxygen. 

The differential equations that describe unsteady transport 
of oxygen (including the reactions of higher order) in one 
dimension across a solution containing hemoglobin are pre­
sented. First, the steady state is considered, and the equations 
are linearized into a coupled set of ordinary differential equa­
tions. These equations are put in a matrix form that highlights 
the disparate time scales related to rates of transport and of 
reaction of the various chemical species. This linearized form 
is used to develop an explicit formula for the size of the 
boundary-layer region. The facilitated-transport problem is 
shown to be "stiff" in the sense that the solution includes 
eigenmodes of disparate spatial scales. 

The full nonlinear time-dependent equations are solved by 
the method of time linearization , using an explicit numerical­
integration algorithm with direct block tridiagonal solvers. The 
method of time linearization involves the expansion of the 
nonlinear term in a Taylor series about the solution at a 
previous time step. The solutions of the full nonlinear equations 
are presented and c9mpared with results published previ­
ously. The most important results of the analysis are the 
following: 
• Reaction models of higher order, which match oxygen­

dissociation-curve data better than do models of lower 
order. yield better agreement between theory and experi­
ments in vitro. 

• The steady-state oxygen flux through a membrane is 
independent of the initial conditions. 

• In the computation, the sigmoid oxygen-dissociation curve 
(the ratio of the concentration of oxyhemoglobin to the total 
concentration of hemoglobin) causes almost 100 percent 
oxygen saturation of the high-pressure side of the mem­
brane and increases the thickness of the boundary layer on 
the low-pressure side. This latter effect relaxes the stringent 
grid-resolution problems when numerical methods are used. 
This work was done by Sanford Davis of Ames Research 

Center. To obtain a copy of the report. "Computation otihe 
Unsteady Facilitated Transport of Oxygen in Hemoglobin 
Solution, .. Circle 18 on the TSP Request Card. ARC-1241 7 
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New on the Market 
The Model 2400P raster plotter 
produces plots four times faster than 
the current electrostatic systems, 
according to its manufacturer, At-
lantek Inc. of Wakefield, RI. De­

F============:::;:::=======;:;;;;;;;;;;;;;;;;;;;:;;;;;;;;;:::;;;:;j signed for use in high-volume CAD 
environments, the 2400P offers con­
tinuous plot speeds of 0 to 4 inches 
per second. It produces smooth, 
consistent plots regardless of host 
data transmission regularity. 

The LaserStrobe™ diagnostic video 
camera system from Control Vision 
Inc., Idaho Falls, 10, is designed for 
viewing and controlling high-tem­
perature industrial and scientific 
processes, including laser welding, 
plasma spray processes, and pow­
der metal production. Using intense 
stroboscopic illumination in combi­
nation with high-speed electronic 
shuttering, the system penetrates a 
plasma or flame to reveal the dy­
namic behavior of superheated 
material. LaserStrobe can freeze the 
motion of small fast-moving par­
ticles and, with the use of an op­
tional double-shuttering system, 
can produce double-exposure im­
ages for measuring particle speed 
and acceleration. 
Circle Reader Action Number 788. 

Pictured above is a new transmit­
tance sensor designed for pressures 
up to 1000 psi. Developed by Gali­
leo Electro-Optics Corp. of Stur­
bridge, MA, this liquid cell is easily 
connected to optical fiber cables for 
remote fiber optic spectroscopy or 
applied on-line for process monitor­
ing. The wetted materials are 316 
stainless steel, sapphire, and appli­
cation-dependent O-ring seals. 
Circle Reader Action Number 786. 

MathSoft Inc., Cambridge, MA, has 
released version 3.0 of it Mathcad 
technical calculation software. The 
new \ ersion adds support for Micro­
soft Windows; an on-line reference 
library called Electronic Hand­
boo!.;s which allows instant access 
to standard formulas and constants; 
and symbolic calculations for com­
puter algebra. Other new features 
include improved equation editing, 
enhanced plotting and memory 
support, and additional numerical 
functions. 
Circle Reader Action Number 778. 

Circle Reader Action umber 796. 

Evans & Sutherland, Salt Lake City, 
UT, has unveiled the ESIG-2000 
image generator for the low-end 

The Laminated Object Manufactur­
ing (LOM) System from Helisys Inc., 
Torrance, CA, rapidly produces 3D 
prototypes from a CAD image with­
out any tooling. With the system 
acting as a 3D laser printer, the 
object is manufactured by sequen­
tially laminating and cutting its 20 
cross-sections. The compact system 
uses thin layers of sheet materials 
such as paper, plastics, and com­
posites to form parts up to 1 )" x 10" 
X IS". 
Circle Reader Action Number 792. 

A palm-size single-board computer simulation market. The system fea- lSI Group Inc., Albuquerque, NM, 
created by Teknor Microsystems of tures full color texture, large area has introduced the Model 91 
Montreal, Canada, uses CMOS database and advanced scene man- VideoTherm, a handheld, real-time 
technology to achieve extended agement, atmospheric effects, sen- thermal imager compatible with 
temperature operation (_40° to 85° sor simulation, antialiasing, R- standard videotape recorders. The 
C). The ruggedized industrial PC buffer, and image mapping. It is VideoTherm camera converts infra­
measures 7" x 4.7" and offers up to adaptable to networked simulators red radiation to black and white 
16 Mbytes of mixed DRAM support involving ground vehicles and air- television images showing grada­
with optional 1 Mbyte Flash craft, gunnery training, and mari- tions from hot (white) to cool 
EPROM, and 1 Mbyte SRAM with time, driving, and engineering ap- (black). It can handle target tem­
battery backup. It features a 16 or 20 plications. peratures from -30° to 1375° C in the 
MHz 80386SX processor, hard and Circle Reader Action Number 794. 8 to 14 micron range, with a thermal 
floppy disk controllers, two serial f-----~-----------l resolution of .1 5° C at a target tem-
COM ports, and one parallel port. perature of 25° C. 
Circle Reader Action Number 780. The Z88 lubricant spray from Tio- Circle Reader Action Number 790. 

dize Co. Inc., Huntington Beach, 
1---'-----------......., CA, loosens frozen parts wh i Ie leav­

A compact MeV ion beam materials 
analyzer from National Electrostat­
ics Corp., Middleton, WI, provides 
nondestructive elemental analysis 
of surfaces to depths in excess of 
5000A. The model MAS1000 can 
perform a wide range of analysis, 
techniques, including RBS, PIXE, 
channeling, target recoil analysis, 
and resonant and reaction tech­
niques with energy-variable He­
lium ion and proton beams to 3 
MeV. 

ing a protective barrier against fu­
ture corrosion. Originally devel­
oped to prevent corrosion in aero­
space and military applications, 
Z88 is suited for a variety of indus­
trial, automotive, marine, and in­
dustrial uses. It removes oil and 
grease from tools and machinery 
parts, and drives moisture out of 
engines and electrical systems. 
Circle Reader Action Number 798. 

\----- ----------j Circle Reader Action Number 782. 

Combining a scanning laser micro­
scope with a personal computer, 
The LAB-TEC'M 1000 particle size 
analyzer from Laser Sensor Tech­
nology Inc., Bellevue, WA, meas­
ures size distributions directly in 
slurries over a wide range of con­
centrations without sample dilution. 
It measures up to 200,000 particles! 
sec. in 28 size increments from 0.7 
to 250 microns, and provides 20 
types of graphical displays. Applica­
tions include quality control in in­
dustrial processes, filtration proc­
esses, and grinding circuits. 

Integrated Measurement Systems 
Inc., Beaverton, OR, has introduced 
the Logic Master XL series for test 
and verification of custom and 
semicustom devices. The product 
combines integrated functional test 
and AC and DC measurement capa­
bilities. It features a 5-bit architec­
ture for fast analysis, clock and data 
rates to 100 MHz, and system accu­
racy of ±200 ps. 
Circle Reader Action Number 784. 
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NASA's Innovators 
(continued from page 11) 
the various receptive fields. 

While much remains to be learned from advanced versions 
of the model, we already have found that inhibition is important 
in a neural network. When all elements are excitatory, the 
simulated network quickly saturates so that all units stay on 
continuously. Only when inhibition is introduced does neural 

About The Author 
Dr. Muriel D. Ross is director of 

NASA-Ames ' Biocomputation 
Center, where computer 

visualization techniques are 
used to explore the structures 

and functions of biological 
systems. She previously served 
as chief of space biology at the 
Ames Center. Dr. Ross holds a 

master's degree in anatomy and 
a PhD in neuroanatomy from 

the University of Michigan. 

codingappear.ltisalso 
apparent from the 
model that branching 
over short distances 
makes the unit more 
sensitive to different in­
puts at its calyceal 
sites, leading to a more 
irregular discharge 
pattern. Lengthening 
the branches tends to 
make the unit more 
regular in its re­
sponses. 

In complementary 
models, we have reproduced the maculas' receptive fields 
using the Monte Carlo simulation method. We derived con­
straints such as the number of type I and type II hair cells and 
the number and lengths of the nerve fiber branches in the 
various fields. Probability tables were used with a random 
number generator to reproduce examples of biological recep­
tive fields. The results strongly suggest that biological neural 
networks develop by constrained randomness in wiring and 
are not entirely genetically determined. In future research, we 
hope to design artificial neural nets completely by constrained 
randomness to determine whether or not a degree of random­
ness in wiring is beneficial to artificial systems. 

As we continue to refine our simulations, we also are 
beginning to reduce the macular architecture to symbolic block 
diagrams. Next, these block diagrams will be reduced to 
electronic circuit diagrams, using small- and medium-scale 
integrated circuit devices, for implementation in hardware. 
Development of a prototype linear accelerometer chip based 
on its biological counterpart should be possible within a few 
years. 

In the meantime, what are the attributes of biological neural 
nets that could help us design better parallel-processing 
computers? One major observation is that the nervous system 
appears to be organized on the basis of two circuits: highly­
channeled and distributed-modifying. There are highly-directed 
inputs to an area, carrying specific data, but the data is 
processed further by local or intrinsic circuits that modify the 
output to another station. Because we find that part of the 
distributed circuit dampens type II hair cell activity following 
calyceal voltage changes, it is possible that lateral inhibition is 
a fundamental feature of distributed-modifying circuits. 

Our research suggests, however, that a third kind of circuit 
may exist. This is a system of nerve fibers that comes into an 
area or layer from another site and provides a widely-distrib­
uted, biased background of activity against which the chan­
neled and distributed-modifying circuits operate. In natural 
systems, background activity can be raised or lowered hor­
monally through increased input or local, reciprocal control. 
Heightened activity in a neuron could release a neurotransmit­
ter to terminals of reciprocal type, activating them to modulate 
the responses of more distant neurons. This kind of circuit 
might prove essential to learning, cognition, and creativity, as 
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it could help focus attention to certain incoming information, 
correlate neural activity over variable distances. and result in 
disregard of other simultaneous inputs that might otherwise be 
distracting. In the human brain, such circuits may provide the 
emotional context within which higher cognitive functioning 
occurs. 

Four other factors appear Important for incorporation into 
artificial neural networks and computer technologies. First, 
biological neural nets are not modular. Variation in receptive 
field and network organization is important to parallel process­
ing of incoming information, to segregate discrete parts of the 
message for different distributions. Second, biological sys­
tems are robust and tolerant of neuron failure. Robustness is 
achieved in part through redundancy, but probably also through 
nonmodularity and constrained randomness in wiring. Third, 
individual neurons are tiny bits in the machine of intelligence. 
They are not smart enough to tell another neuron that it is 
responding in error. Therefore, backpropagation as utilized in 
engineered neural networks does not exist in biological sys­
tems. Feedforward-feedback loops and lateral inhibition may 
be essential, however, to neural functioning. And fourth , con­
strained randomness in wiring may be typical of all advanced 
biological neural networks. This suggests that natural neural 
networks are dynamically nonlinear. 

While we still have a long way to go to understand even this 
simple mammalian neural network in sufficient detail for ex­
trapolation to computers and robots, a start has been made. 
Moreover, the insights we are obtaining and the technologies 
we are developing should help advance our understanding of 
the more complex neural networks that underlie human intel­
ligence. Progress in this area should lead to ever more so­
phisticated machines. ::l 
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New literature 

Holography Market Place, a new 
sourcebook from Ross Books, 
Berkeley, CA, features applications 
of holography, an international di­
rectory of holographers, and a bib­
liography. The 172-page softbound 
publication contains exact proce­
dures for producing holograms, 
manufacturers' data on the chemi­
cal composition of recording mate­
rials, and details on lasers for holo­
graphic applications. 
Circle Reader Action Number 712. 

More than 3000 products are high­
lighted in the 1991 catalog from 
Tektroni , Beaverton, OR. It covers 
three broad areas: electronic test 
and measurement instruments, pro­
fessional broadcast equipment, and 
computer peripherals. ew prod­
ucts include digital signal analyz­
ers, a battery-operated portable 
scope, X-Window-based color 
graphics terminals, stereoscopic 3D 
display systems, HDTV sync gen­
erators and oscilloscopes, and fiber 
optics testers. 
Circle Reader Action Number 714. 

Perkin-Elmer's Physical Electronics t-------------­

A reference guide to interconnects 
and connector design is available 
from Samtec Inc., ew Albany, I . 
Sections de cribe pin-out configu­
rations, contact and terminal de­
sign, cable connectors, base metals, 
plating, body materials, and quality 
standards. The pocket guide includes 
reference charts, conversion tables, 
and a glossary. 
Circle Reader Action Number 724. 

Direct drive vacuum pumps are the 
subject of a new brochure from 
Welch acuum Technology Inc., 
kokie, IL. It highlights three new 

model in the 3 to 7.6 CFM range, 
including the model 8910-the 
sma lie t 3-CFM pump in its class. 
The brochure includes technical I 
pecifications and a pump election 

guide, and describe a variet of 
accessory fittings, filters, and traps. 
Circle Reader Action Number 728. 

Div., Eden Prairie, M , has pub­
lished a full-color brochure describ­
ing the PHI 6600 Secondary Ion 
Mass Spectrometry (SIMS) surface 
analysis system. Designed for R&D, 
analytical, and quality control labs, 
the system delivers SIMS data with 
high spatial resolution, depth reso­
lution, and sensitivity. Applications 
include analysis of thin films, insu­
lating coatings, and bulk insulators 
such as polymers and ceramics. 
Circle Reader Action Number 706. 

Locon Sensor Systems Inc., HoI­
land, OH, is offering an eight-page 
guide to its line of capacitive prox­
imity sensors. Arranged according 
to model series and temperature rat-
ings, the guide presents sensor speci- r-------------l 

Ultrasonic nondestructive testing 
procedures and products are dis­
cussed in a 48-page booklet from 
Krautkramer Branson, Lewistown, 
PA. Included are articles on testing 
of ceramics and thermoplastics, 
characterization of reflectors, and 
binding tests of pistons. The full­
color publication also features de­
tails on products such as a portable 
flow detector, a thickness gauge with 
an on-board data logger, and a new 
hardness tester. 
Circle Reader Action Number 704. 

132 

A new reference chart lists standard 

fications and dimensional drawings 
within selection charts. It describes 
the Locon® ana log and high-tem­
perature models, as well as new 
quick-disconnect styles. 
Circle Reader Action Number 718. 

O-rings available from Apple Rub- t--------------j 
Schneeberger Inc., Bedford, MA, has 
released a 68-page ball bearing 
handbook and design guide. The 
free publicatiol- \ livided into three 
sections: linl.,1 ba ll bearings, 
SFERAX shafting, and high-preci­
sion linear motion components. It 
contains graphs, tables, and com­

The latest edition of Mutations, a 
French/English publication featur­
ing more than two dozen space­
based technologies available for 
transfer, is free from Novespace, 
Paris, France. Inventions described 
in the four-color booklet include an 
optical fiber transducer system, an 
ultra-high-speed acousto-optical 
correlation processor, a pressure 
transmitter-recorder for high-preci­
sion industrial measurements, a mass 
flowmeter, and a multi pin connec­
tor locating device. 
Circle Reader Action Number 720. 

ber Products Inc, Lancaster, Y. It 
contains dimensional data and de­
scribes basic O-ring materia ls of­
fered by Apple, including si licone, 
cast polyurethane, fluorocarbon, 
and fluorosilicone. A guide to deter­
mining the proper material for a 
particular application is included. 
Circle Reader Action Number 702. parisons with industry-standard r---------------1 

Encouraging Private Investment in 
Space Activities, a new study from 
DIANE Publishing, Upland, PA, 
examines three areas of private in­
vestment in space: space launch 
services by large-capacity launch 
vehicles; production of information 
based on satellite data; and materi­
als processing in space, along with 
the provision of necessary orbital 
facilities. The 109-page report de­
scribes commercial applications of 
microgravity and includes a direc­
tory of Centers for the Commercial 

performance charts, and describes 
a new systematic approach to l inear 
ball bearing selection . 
Circle Reader Action Number 726. 

Development of Space, as well as a f-------------~ 
chart detailing sales of raw data 
from land remote sensing in US 
markets. 
Circle Reader Action Number 710. 

Particle Measuring Systems, Boul­
der, CO, has issued a brochure de­
scribing its laser-based air particle 
counting systems. The micropro­

t----------------l cessor-controlled instruments size 
A free brochure published by Leap 
Technologies, Otsego, MI, describes 
advanced computer technologies 
that accelerate the design, develop­
ment, and manufacturing of new 
products. It covers solid modeling, 
mold filling simulation, 3D stere­
olithography, and D C machined 
tooling. 
Circle Reader Action umber 708. 

and count particulates at minimum 
sensitivities of 0.1 to 0.5 !-1m with 
sample flow rates from 0.1 to 1.0 
CFM. Suited for environmental 
monitoring and cleanroom certifi­
cation, the instruments feature se­
lectable alarm functions, a built-in 
printer, and computer interface 
capabilities. 
Circle Reader Action umber 722. 

A 16-page catalog of RF and 
microwave signal sources is avail­
able from Communication Tech­
niques Inc., Whippany, J. It sum­
marizes the features and benefits of 
CTI 's products, which include 
phase-locked and free-running 
DROs, VHF and microwave fre­
quency synthesizers, mechanically­
tunable and automatic phase-locked 
oscillators, and frequency multipli­
ers. Designed for applications in 
digital communications, radar, te­
lemetry, and instrumentation sys­
tems, the units offer low phase noise 
and low microphonics. 
Circle Reader Action Number 716. 
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Vapot·resrstanl heat·ppe 

page 97 NP017S27 

MASERS 

Perlormarce '" superCO>C1lc""'!l-cavlIy 
maser 
_30 NP018115 

MASS 
SPECTROSCOPY 
GCIMS gas separator 
operates a.l IQr.Ner 
temperatl.lre5 
".ge 50 NPOI7930 

ELECTROLYTIC CELLS 
Stacking 0K)'ge0' 
SepiuahOO cens 

artery 
""ge 61 MSC21492 MEASURING 

HEAT TAPES 
casttng of mulhlayer 

INSTRUMENTS 
CrOSS"lUml-bndge 'eSlst'" 
page 28 NP01811J6 

page 119 NPO 17223 
CeJamIC laoes MeaSUl'tng lIux denSIty 01 
page 110 NPO 17166 .lOIlatomC oxygen 

ETCHING 
Rapod d1y etclmg '" 
pIlOtOf'escsl$ Wlttoul lOX'" 
gases 
page 104 ARC'11813 

EXTREME 
ULTRAVIOLET 
RADIATION 
Con'oaCI Nay and 
P.)rlreme-oltfaV$Olet 
monoctvomatOf 
oage 44 MFS·28499 

FCk.If-m*l'ror lHay arld 
exlram&ulltavoel 
1T'01OCIYcmatOt 
_ .. MFS·2/I498 

HEMOGLOBIN 
Con'IJx.JlatlOt'l 01 rae.tated 
lransporl '" O:! rn 

~ ARC·12417 

HOLOGRAPHIC 
INTERFEROMETRY 

fioIog"''''lIC m 
lerfetometry 10 measure 
Inree-dtt'ne'rlSJOno31 ltow 
page 6C ARC,.lIA74 

HORN ANTENNAS 
M~awatl souare 
mlCJO¥;3\Ie 'eed norn 

page 50 MF&211446 

MECHANICAL DRIVES 

SyrlCh!on<l1l1g ""'''''''' 01 
a heavy load 
page 103 GSC13325 

MEMBRANES 
CasllI"IQ ~ multilayer 
ceramiC tapeS 
page 110 NP017166 

MERCURY ISOTOPES 
Trapped-mercury·O'l fre­
quency Slandatd 
_ 55 NP017458 

F 
page 22 NPOll102S METAL BONDING 

FEEDBACK 
~(;rowave os.... tator 
would NNe rec)Jceo 

HUMAN FACTORS 
ENGINEERING 
tt·Parameler ana~ 01 
~ra~ 

page 91 NP017527 

:::' 2t"""'" NP017945 HYPERSONIC FLOW 

FERROCENES 
()ganome1allll" salls 
Qe!'.et3Ie OP'lCaf second 

ha""01''''''' 
oage 54 NP011130 

FIBER OPTICS 
~ t.oeto()Ql 

!().II ;y and I 
. lor 

NlllaCla1 CkSSoal1On 11\ 

"""""""""''''hyoer 
$OI1OC flOwS 
page 124 ARC 1221iO 

IMAGE PROCESSING 
o.~ 

NPO 18180 .- 57 NPOI1917 

Spot . ..eIdrng gun IS easy 
10 use 
page 119 MF5-29693 

MICROWAVE 
ANTENNAS 
MegiWan square 
IT1ICt0W3'J8 .reed hOm 
page 22 NPOl8025 

MICROWAVE 
OSCILLATORS 
MlCf"ONChIe OSCI·aJOf _ ....... ..wced 

onase norse 
page 20 NPOI194~ 

MICROWAVE 
RADIOMETERS 
Syncnrtnz"'9 """"on 01 
• heavy load 
page 103 GSC 13325 

NPOI1665 ~: WAVlS 

FIXTURES INSPECTION 
SeU·a~ sensor ~ran! nc)Ca101 
tnQuI'Ifl/'llif f., e tneclSUl''"9 CO"f'IQaiSS 
N!I' 7 ... F&2966J _ 110 MFS 298<3 

FlDW EOUATIONS INTERFACES 
A. c..a' tYr-c»'1(Jn 1'1 intert.M:e CIfCUr lor 
o..1T'QI ... tJ OI )1ltel ptlf1let pQf'1 

;:'" ARC '2260 - 26 LAAI3950 

FREOUENCT 
STANDARDS 
... ~u-Y-O'iffe-

t)..:: y "anGdfd 
page 55 ',P017456 

L 
LABYRINTH SEALS 
CorI1pJI"'9 !low ., • 
l.at1;'unth seal 
page 98 MF&29682 

~'0S<>naD 
I""l' 16 NPOI1919 

IRRORS 

F'aI)nca!.", '" ~ 
rrwrors \1\8 CVD 
page 122 LAA14m 

~~'e 
COf~ tat CU'WC1 cam--
00Sde or. 
_ 16 NPOI1858 

MOLECUlAR BEAM 
EPITAXY 
Gr""""9 oooa .,>de 
CCIurMS.. ."., 
page 121 NPOI11135 
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BOARD 
LEVEL 
TIMING 

PRODUCTS 

• Synchronize 
Multiple 

Processors 

• Time Tag Data 

Bancomm's line of board level tim­
ing products generate and/or decode 
standard time code formats (IRIG. 
XR3, 2137, NASA36, etc.). 

PC AT/XT: 
• Millisecond Resolution 

PC03XT Time Code Reader 
PC05XT Time Code 

Generator 
PC09XT SLOCODEI 

DC Level Shift 
PC11 XT Para"el Output 
PC16XT Transport Control 

VMEbus: 
• Microsecond 

Resolution 

PC03V Time Code Processor 
PC05V Time Code Generator 
PC26V Time Code Display 

Call or contact: 

bk:BANCOMM 
Division of Datum Inc. 
6541 Via del Oro 
San Jose, CA 95119 
TEL (408) 578-4161 
FAX (408) 578-4165 

Circle Reader Action No. 658 133 



MARKETPLACE To Advertise-Call (212) 490-3999 

DATA ACQUISITION 
PRODUCTS 
for the PC 

Filled with applications information, 
competitive comparisons, 

waveform analysis techniques, 
hardware and software specifications, 

and DEMO DISK! 

825 Sweitzer Avenue 
Akron. Ohio 44311 

Tel(216)434-4284 Fax(216) 434-5551 

Circle Reader Action No. 505 

Si02 semiflexible microwave cable: 
easily routable, continuously 
rebendable, hermetically sealed. 
1500 Garden of the Gods Rd., 
Colorado Springs, CO 80907 

800-542-2443 KAMAN 
Circle Reader Action No. 472 

64K SRAM. 55ns post-rad access time. 
1575 Garden of the Gods Rd., Colorado 
Springs, CO 80907 800-MIL-UTMC 

Ij UNITED 
TECHNOLOGIES 
MICROELECTRONICS 
CENTER 

Circle ReaderAction No. 533 
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DSP&DATA 
ACQUISITION 

• For Data AcquIsItion. Instrumentallon Con· 
trol. AudiO Applications 

• 40 Mhz or 50 Mhz TMS32OC25 DSP 
• Up to t92 Kwords RAM 
• 128,1 250 Khz. 8 Channel A·D & 2 Channel D A 
• Developmenl Software 
• FFT. Signal Display. Dala Acqulsl1lon & 

Wa\leform Editor Software 
• No Gap Sampling 10/ P'ayback from Disk at 

High Rates 
• Supports Multlboard & Slandalone (Em· 

bedded) Operation 

DALANCO SPRY 
89 Wes land Avenue • Rochester NY 146 t 8 

(716) 473-3610 

Circle Reader Action No. 490 

AS's new cotoIog 
aners lull detoils on 
63 models of ball and 
roller slides and us. 

lui technical informa­
tion. Get yours 1Oday . 
.Just call our toll free 
nUmber. and well send 
tt out by return mail 

CAUNOWI 
1-800-922-0329. 
In New Vorl< State. 
call 1-716-338-7310 

\S!1I'l .... ' Fax 716-54«>131 

[ aB I AUTOMATION 
8AGES.1N<:. 

Rochester, NY 14621 

EXPERTS IN 
FAR-IR I~TERFEROI\1ETERS 

FOURIER TRANSFORM POLARIZING 
MICHELSON, MARTIN PUPLETT AND 
FABRY PEROT INTERFEROMETERS 

- Range 171'JT1 to 5mm (2-6OOcm-t ) 
- Fast Scan and Step Scan Versions 
- High Resolution (up to O.025cm·t ) 

- Phase. Amplitude or Polarization 
Modulation 

- Detectors (room temp. or cryogenic) 
- Software and Computer Interface 
- Dispersive Accessory Option 

OVER 20 YEARS EXPERIENCE 

!Dl ISPECACr 
SPECAC ANAL mCAL INC. 
301 Commerce Dri • ., Pairfield, IT 06430 
Tel: (203) 366-5112 Fax: (203) 384-1524 

A Cambl'idce E1c<:troai<: -..n.:. (CE/) Company 

Circle Reader Action No. 621 

Imagine a lightweight 
metal loil with a mesh-like. 
single-unit structure that 
eliminates the unraveling 
and contact resistance 01 
woven mesh. 

Stackable • 2" to 90" long • 5 widths 

High strength 2024 ........ 
aluminum alloy .... 
track 

Precision fit. 
improved. low 

friction polymer bearings. 
produce smooth travel and 

7 different screw pitches-in 
standard or high precision grades 

no side play 

New catalog G has over 950 UnlSllde assemblies 
Including rotary tables & unique coarse and fine 

mot/on design 
CALL 800/642-6446 except NYS 

~ 
PO BOX 38 

[ BLOOMFIELD NY 14443 ELMEX. INC PHONE 716 / 657-6t51 

Circle Reader Action No. 447 

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, 
fitters, 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 (618)915-1379 

Circle Reader Action No. 551 
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M A H K I:. I tJ LA l,; I:. To Advertise-CaJl (212) 490-3999 

Let Au to CAT drive your 
IEEE Bus for only $29S.00! 

X.2S SOLC 
QLLC HOLC 

Software for IBM r 
.. or compatible 

computer to Automate Computer 
Aided Tests. 

AOCCP PAD • Aulomatic test generation 

• No programming knowledge 
required. Online help. 

• C source code • Uses IEEE-488. RS232 a nd 
• ROM-able 
• Full porting provided 
• No OS required 

GCOM,lnc. 
1776 E. Washington 
Urbana, IL 61801 
(217) 337-4471 

plug in cards 

• Spreadsheet/databa e 
compalible files 

• 'Menu and mouse 
driven 

• Free demo disk 

NEosl 
Specialists in Computer Communications 

FAX 217-337-4470 

Circle Reader Action No. 617 

445t8 Enterprise Ct. Melbourne. FL 32934 
Ph.: (407) 259-2090 Fax: (407) 255-0~ 

CI,.le Re.de, Action No. sn I 

~oll~~r~~!=~~~~~u~?ti~~ S!~~l1~~ientists & ~ngin~ers 
Take Control w hile YOII Save TIlOllsands of Dollars!! I 

Have you ever wanted to enjoy the many benefits of configuring your own PC­
based Data AcquiSition or Instrumentation system. but you didn't Ienow where 
to begin? The PC SystertlS Handbook will lead you every step of the way. ex­
plaining all aspects of systems configuration with easy-Io-understand text and 
clearly documented diagrams, A detailed glossary and twtHlozen "Tech Notes" 
help you understand the terminology. Our new Spring 1991 Edition is expanded 
to 132 pages with a hard pine. malting it suitable as a pennanent addition to 
your bookshelf. And there is absolutely no charge for this invaluable reference. 

Topics Covered Inc/ude: 
• Industrial Rack-Mounl PC's - AT & 80386 
• Real-TIme Data Acquisition & Process Control Software 
• PC Plug-in Boards for AnalogJDigltal , DigilallAnalog. & Dlgilall/D 
• Connect your PC to Test Instrumentalion with IEEE·488, RS-232, RS·422 
• Stepping and Servo Motor Conlrol with your Personal Computer 

Call 1 (800) 341·2525 or(203) 483·8815 (&1 & Overseas) 

Circle Reader Action No. 371 

MONOCHROMATORS 
Compac. "'ay and 
e%tterne·uItrCMOleI 
manoc:I1romaltJr 
page 44 MF5-28499 

Four-mrror lIi ray and 
extterne·ultravOe1 

"""""""''''' page 44 MFS·28496 

MOUNTtNG 
Sell al'9'W'S """"'" 
mountlO9 h,,1\,lfe 
P<lIl" 107 MFS·29663 

N 
NOISE REDUCTION 
MICrowave esc 'tallY 
...-......., ..need 
phase ,...., 

page 20 P(} 11945 

NONAOUEOUS 
ELECTROLYTES 
IJ1houm cells accept ...... 
aects or 'echarges 
page 28 NP(}17676 

o 

OPTICAl EOUIPMENT 
lJgh~_'1e 
COte lot cuNeCI com· 
pOSlte murcws 
page 116 NP(}17858 

OPTICAL FILTERS 
AcoustlHlllloeal { .. '" 
would 100!: f' sapptwe 
laser 
_52 NP(}.7891 

OPTtCAL MEASURING 
INSTRUMENTS 

lDW-speed """""' speodorneter 
page 54 NP(}17702 

OPTICAL PROPERTIES 
Organomela"" sans 
_,. OI)Icat......, 
hartraloCS 
_ 54 NP(}ln30 

OSCtUAlORS 
f'erlorm;once cI 
.--CDrI<i>cIong<:<Mty -paoe 30 NP(}I8175 

OXYGEN ATOMS 
MeaSUl"'!l I'" CIMSIIy 01 mona __ 

page 50 MF5-28446 

ManaIOmlC~ reac­
lOr. lot ma_ le5Iing 

and uface CIlOmISII'f 
page 43 MSC21SQ:; 

OI'TlCAl 
COMMUNICATION 
liansmtt"'!l ,ele<ence 
,aooo SJ9'IiIf "" 1WO ClI> 
tcal camefS 

NP(}11KXl7 ~= .::,eucnON page 32 

_."""eels 
page 118 NP(}l1223 
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OXYHEMOGLDBtN 
~latQ'1 d. IaC'ltaled 
uanspon cI. ~" 
hemclgiObIn 
_'28 ~12417 

p 
PARABOLIC 
ANTENNAS 
Oogtal SIgOaI~ 
lOr 'ec::etYInO·arnenna _.nay 
_ 32 NP(}1814D 

PARTlCLE FWX 
DENSITY 
Measuong flu. """"tv 01 

""""''''"''''-page 50 MF5-284A6 

PENETRATION 
F\!netr cU'IC ..rotaIQ"l­

-"'!I~ 
page 110 MfS.2!I643 

PHASE SHIFT KEYING 
,., ~deteclcn 

cI""",ClIe1~"~ 
MOPSK 
_ 38 W(l.'8043 

PHOTOLYSIS 
Ma'taOJ'llC..o()fyOeI'l feat 
rors lor nwer.a;s testJOQ 
ard surface C_'Y 
page 43 Msc;.215Q!; 

PHOTOMASI<S 
RaodClye,ctwlgoi 
PflOIO(esG15 withOut IOYJC -page 104 AflC 11873 

PIEZOELECTRIC 
TRANSOUCERS _"'9 lherma. con, 
c:lJchOn In atoJSht 
k!vilalOls 
paoe 120 NP(}17620 

PLANETS 
OISCllaY"'!I fTIa9I!S 01 -_57 NP(}17977 

PLASMA ARC 
WELDING 
P\a$ma·arctorc:nbr 
-.g ruelS '" daCe 
_ 118 MF&29701 

PLAJ1NUM 8u\cK 
0pLmxn plat""'"' 
IOa<long .. ~ co. 
"'GZong ClIlaJyslS 
_ 58 LAlH4183 

PYROLYSIS 
SoIane·pyrolySoS '''''Ior 
wolh nonunoform heaJ"'Q 
page 104 NP(}t7932 

R 
RADIO BURSTS 
Burst-corncY8SS01 and 
... pansoon lor TOMA 
com, .... """".., 
page 40 LEW 15102 

RADIO SIGNALS 
'iansrftUIr'IQ tefetenr;e 
Iadoo 5ql31 on IWO ot> 
1caJ ca(Tlers 
_32 NP(}IB1JQ7 

RADIOGRAPHY 
WtofyonQ • 'adcJgrllllhS 
W\1hCO"1'lClWed --page 116 MF5-2!I649 

REFl'UGERATIHG 
ARC-12620 MACHINERY 

SorDlon ~e5SOf 'Iv I 

tQIa1'; 'egerM!falOr PRtNTERS 
ln1ertace e>reuol lot page 1m NP(}17876 

::.: r lAR13950 REGENERATIVE 
COOLING 

PULSE 
COMMUNICATION 
&:S!~and 

"""""""'" tor TOMA 
c:ommunca""" page co lEW 15102 

~.ICJ\CQI'1'1DteSSiDfWln 
rotary regenerator 
page 01 NP(}17876 

REGENERAlORS 
ConcentrIC fegeneral~ 
SQfDlI(lO c:orruessor 
page 100 NP(}11877 

Full Line 
Precision Timing 

by TRUETIME 
SyncClodts 

' GPS 
- GOES 
. WWVB 
• OMEGA 
• DCf77 
- MSF 

- TRANSlATORS 
• GENERATORS 
• SYNC. GENERATORS 
• TAPE SEARCH 
• PLUG-IN CARDS 
• DISPlAYS 

32,jJ Santa Rosa .. .erue - Santa Rosa, CA 95401 
(707) 5:IIl 1230 • F"X 70].5276640 • TELEX 17l!687 

Circle Reader Action No. 535 

PEM" SELF-CLINCHING & 
BROACHING FASTENERS 
• strong. quality 

threads in metal 
and P.C. boards 
too thin to be 
tapped. 

• variations 
include free­
running, self­
locking, floating 
and blind hole 
types meeting Unified, ISO and MIL 
standards. 

• Available in steel, stainless steel and 
aluminum. 

For your FREE condensed catalog, circle 
the number below. However, for a complete 
fastener S~ifications & desi~n data cata­
log, call1~-237-4736. Or AX us at 
215-766-0143. 

PEM· P ................. OA 
.... Uft.ACTUttMG COttP. 

104 
'7- .. '~.'--

1991 
Circle Reader Action No. 340 

RELIABIlity 
AND MAINTAINABILITY 

PREDICTION AND fMECA 
ANAlYSIS SOfTWARE 

Hundreds have used this leading 
computer-aided engineering software 

since 1982. 
Powertronic Systems offers software 10 predict Reliability 
and Marntainablllty and lor Failure MOdes Effects and 
CHlIcallty AnalySIS Hundreds of users have selected Irom 
PSI's liIIge. versatJle and Integraled sollwille family for 
military and Industrial equipment and for !10th electrical 
and mechanical systems And. these programs iIIe either 
mteracllve or can lie IIlPut from batch modes from eXlsllng 
CAE or database programs 
Programs implement MIL-STD-1629; Mll-HDBK·217 
IIlcludlOg E Nouce 1; and Mll-HDBK·472 

I PSI I Plnrtrllic Iysle s.lle. 
PO Box 29109 New Orleans 70189 
,5041254-Q383 FAX \504 254-0393 

Circle Reader Action No. 660 
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E PRIME 
CO PONENT 
IN YOUR SENSOR 
SELECTION PROCESS ... ....-----

O nly a few years ago, most companies thought of 
sensor selection as just another minor project detail. 

But constant research and strategic application of 
sensor technology has brought about dynamic gains in 
productivity, control, and capabilities. 

Now, no one tries to assemble an industrial system, 
design a product, or control a process without carefully 
considering the right sensors needed to do the job. 
SENSORS EXPO provides an opportunity for specifiers 
and users in every industry to meet key suppliers. 

Since 1986, thousands of product and systems design 
engineers, QC/test professionals, R&D scientists and 
corporate managers have found solutions to their 
application requirements at America's only international 
event exclusively devoted to sensing technology. 

Comprehensive Conference Program 
fills you in on the latest developments 
Be ides all of the technical expertise in the exhibits, 
you can also get in-depth information on new 
technological breakthroughs and application 
techniques at the SENSORS EXPO Conference, 
a complete program of seminars, tutorials, and 
intensive all-day Short Courses conducted by 
leading authorities in the field. 

If you're looking for any type of sensor ... or 
related equipment like data acquisition systems, 
ignaJ conditioners or instrumentation ... 

SENSORS EXPO should be the prime component 

SEnlSlOlRS E~HIPlOJ 
THE SIXTH INTERNATIONAL CONFERENCE AND EXPOSmON 

OF MACHINE PERCEPTION TECHNOLOGY 

O'HARE EXPOSITION CENTER 
CHICAGO, ILLINOIS • OCTOBER 1 - 3, 1991 

in your purcha e process. r------------------- ----, 
YES, I want to make SE SORS EXPO 91lhe prime component in my 
sensor selection process. 

Return the coupon for 
complete information. 

Sponsored by Sensors magazine 
and produced by 
Expocon Management A ociates, Inc. 

Circle Reader Action No. 687 

Please end me: 
o Free Conference Brochure as soon as it is available. 
o Application for FREE admi sion to the Exhibit Hall. 

o Please send information on purchasing exhibit space. 

arne ____________________________________________ ___ 

Tiue ______________________________________________ _ 

Company Narne ______________________________________ ___ 

Address __________________________________________ ___ 

City ___________________________ State ____ Zip ____ _ 

Phone umber ( ____ _ 

By mail:SENSORS EXPO, Expocon. 7 Cambridge Drive, P.O. Box 1019, Trumbull, CT 06611 

L __ ~~~~~~~~~~~~~~~~~~~~~~~~!~S~_~ 
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High 
Performance 

Dycor™ 
Quadrupole 

Mass 
Spectrometers 

The Dycor Quadrupole Mass Spectro­
meter offers a dynamic range of 7 
orders of magnitude along with a high 
resolution CRT. analog bar. and tabular 
display modes, with on RS-232 port 
for computer interface as standard 
features. 

The Dycor product line is manufoc­
tured at our facility in the U.S.A This 
permits us to offer it at 0 price which is 
the most cost-effective in the industry 

Whether your need is residuol gas 
analysis, process monitoring, or leak 
detection, the microprocessor-based 
models provide you with the ultimate 
in performance. 

Applications include: 
• Residual Gas Analysis 
• Process Monitoring 
• Leak Detection 
• Chemical Vapor Deposition 
• Fermentation 
• Sputtering 
• Plasma Etching 
• Molecular Beam Epitaxy 
• Cryogenics 
• High Energy Physics 
• Vacuum Furnaces 
• Evaporation 
• Ion Beam Milling 

Features: 
• 1-100 or 1-200 AMU Range 
• Faraday Cup and Electron Multiplier 
• 9" ar 12" High Resolution CRT 
• Analog Bar or Tabular Display 
• Pressure vs. Time Display 
• Linear to 4 Decode Log Scale 
• RS-232 Computer Interface 
• 10 14 Torr Minimum Detectable 

Partial Pressure 
• Backgraund Subiraction 
• Spectral Library 
• Sample Systems for higher 

Pressures 
For literature, contact AM ETE K, 

Process and Analytical Instruments Div. 
150 Freeport Rood, Pittsburgh, PA 
15238, TEL: 412-828-9040, 
FAX: 412-826-0399. 

ETEK 
PIIOCESS & ANAlYTlCAll"lSTRUME>m DIVISION 

Circle Reader Action No. 303 

~TENTS 

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

in virtually every area of technology. Sales of 
licensed inventions exceed $10 million, and 
royalties paid to NASA approach $1 million. 
The Space Agency has a portfolio of 3000 
domestic and foreign patents and pending 
applications available now for license by busi­
nesses and individuals, including these re­
cently patented inventions: 

Flexible Diaphragm-Extreme 
Temperature Usage 
(US Patent No. 4,989,497) 
Inventor: Guillermo Lerma 
Mr. Lerma has developed a flexible sealing 
membrane for applications from -101 ° to 
+260°C. Diaphragms made from the fiber­
glass-reinforced elastomer material have been 
tested and used repeatedly throughout this 
temperature range. The membrane can be 
formed in a variety of shapes. 
Circle Reader Action Number 753. 

Laterally-Stacked Schottky Diodes 
for Infrared Sensor Applications 
(US Patent No. 4,990,988) 
Inventor: True-Lon Lin 
Laterally-stacked Schot1ky diodes have been 
fabricated using porous silicon. A Schot1ky 
metal contact is formed in the pores via elec­
troplating. The sensors can be integrated with 
silicon circuits on the same chip with a high 
quantum efficiency, which is ideal for IA focal 
plane array applications. 
Circle Reader Action Number 751 . 

Catalyst for Carbon Monoxide 
Oxidation 
(US Patent No. 4,991,181) 
Inventors: Billy Upchurch, Irvin Miller, 

David Brown, Patric ia Davis, 
David Schryer, Kenneth Brown, 
and John Van Norman 

Carbon monoxide buildup presents a major 
problem in closed environments. This inven­
tion offers an efficient way to convert carbon 
monoxide and oxygen to carbon dioxide un­
der ambient temperatures in closed environ­
ments such as cigaret1e-smoke-filled rooms 
or facilities housing closed-cycle carbon diox­
ide lasers. The catalyst could also find utility 
in automobile catalytic converters, especially 
during the first minutes of operation, which 
occur under ambient conditions. 
Circle Reader Action Number 745_ 

Lightweight Polymer Matrix 
Composite Material 
(US Patent No. 4,992,528) 
Inventors: Kenneth Bowles and Carl Lowell 
A new process alters the properties of a fully-

cured polyimide matrix composite by heating 
it in an inert gas such as nitrogen or argon at 
ambient pressure. The composite's tempera­
ture is raised to approximately 400°C, which 
is higher than its glass transition temperature, 
so that the material loses weight. The tem­
perature is maintained at 400°C in the 
inert gas until the weight loss is complete. 
Circle Reader Action Number 747. 

Fiber Optic Sensing System 
(US Patent No. 4,995,697) 
Inventor: Grigory Adamovsky 
A fiber optic interferometer uses as a light 
source a low-coherence LED laser which is 
filtered and driven at two AF frequencies, high 
and low. Displacement of a reflecting mirror 
changes the length traveled by the nonrefer­
encing signal. The low-frequency light under­
goes destructive interference, reducing the 
wave's coverage intensity, while the high­
frequency light undergoes constructive inter­
ference, increasing the wave's average inten­
sity. The ratio of these two measurements is 
proportional to the displacement incurred. 
Circle Reader Action Number 743_ 

O-Ring Gasket Test Fixture 
(US Patent No. 5,000,033) 
Inventors: James Turner and 

Donald McCluney 
An apparatus for testing O-ring gaskets under 
a variety of temperature, pressure, and dy­
namic loading conditions has been developed 
at the Marshall Space Flight Center. The 
apparatus can simulate a dynamic loading 
condition in which the sealing surface moves 
both away from and axially along the face of 
the O-ring. 
Circle Reader Action Number 749. 

Alignment/Positioning Mechanism 
(US Patent No. 5,000,416) 
Inventor: Peter Fantasia 
This invention corrects misalignment or mis­
placement of a structure's interface with a 
mounting surface. Used in a set of three or 
four units, the mechanism alleviates stresses 
resulting from unequal loading, such as when 
a structure's legs are not the same length or 
are not parallel to one another. The manually­
driven device can adjust the overall height of 
a structure and is equipped with a locking 
device. It offers most of the advantages of 
spacers, shims, and screw jacks with none of 
their shortcomings. 
Circle Reader Action Number 741. 

For further information on NASA patent li­
censing, write to: NASA Headquarters, Code 
GP, Washington, DC, 20546, or call (202) 
453-2430. 
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OpenAda UNIX 
Reach into the future of Ada/UNIX development. 

Invest in an Ada/UNIX development 

$495 environment now, or you'll lock yourself out 
of a rapidly expanding market. As of June 1, 
1991, Ada is the required language for all 

• PEe I A L Department of Defense software. * 
OFF E R Combined with the federal government's 

widespread acceptance of UNIX as the operating system of 
choice, this requirement spells opportunity to ali developers of 
Ada/UNIX software. 

You can unlock these opportunities with OpenAda UNIX for just $495. 
Professional-Despite its unprecedented low price, OpenAda is 
a serious development environment In fact, professional program­
mers took the DOS version very seriously, snapping up over 
10,000 copies within the product's first six months. 
Proven-And this PC 386 UNIX version is a fully validated 
(ACVC 1.11) and proven environment. It's an expanded version 
of Meridian Software System's higher priced UNIX 386-a system 
utilized in such projects as FAA/OATS. 

No other PC/UNIX system can touch OpenAda UNIX's ca­
pabilities without a drastic increase in price. This product is an 
incredible value. 
Complete--Compatible with AT&T. System V version 3.2, 
OpenAda UNIX operates with Interactive Systems., MicroPorte, 

and the scoe version of PC UNIX. It includes: 
• Ada development environment • compiler/linker . optimize 
• utility libraries . debugger . syntax directed editor . MUSIX 
(POSIX UNIX binding) • supports optional Xlib** • on-line LRN 

Umited Offer-To remain at the forefront of software engineenr 
you've got to explore this market and you've got to act now. Thil 
special offer lasts just 60 days. After that. it'll cost you $1995 

At any price, OpenAda UNIX is an investment in your future. 
Meridian's renowned customer support IS always available. 
OpenAda is also provided for both DOS and Macintosh, starting 
at $149. 

Order now to begin opening up your opportunities in the 
Ada/UNIX market. Call 1 (800)221-2522. 
Mendlan SoftwCl"e Systems. loc .. 10 Pasteur St. . Irvine. CA 92718 
~15 .......... Sctl....... ort4O...... d we.1I'!PIIttIIIt~ 
.~ ~_ .ld1llf193'1 ~... •• IIAA~ 
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A few thousand words about ... 
HYPERSIGNAL-WINDOWS TM 

~ - Hyperslgnal-Windows aa 
Comprehensive Advanced Engineering Environment 
for Engineers and Scientists. 
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International Representatives: 

For a few more words, including 
catalog and demo disks, contact: 

Hyperception, Inc. 
9550 Skillman LB 125 
Dallas, Texas 75243 

phone (214) 343-8525 
fax (214) 343-2457 

GERMANY-Electronic Tools, phone:(02102) 84101 3, TLX 1631 +BTX 021028410131+, fax: (02102) 841000*UK, IRELAND-Lough borough Sound Images, LTD., 
phone:(0509) 231843,TLX341409 LUFBRA G.fax : (0509) 262433* FINLAND-ITT, phone: (90)739 l00,TLX 121450 MultiKomponent, fax: (90) 712414* FRANCE­
BORES Technical Sales, phone: CC44 (0483) 740138, fax: (0483)740136*DENMARK - Assentoft Electronics, phone: (06) 162926, fax: (86) 1620 12*ISRAEL - IES 
Ltd. , phone: (03) 751 0927*T AlWAN. ROC-EXARTECH International Corp., phone: 5372201-3,fax:(02) 5422689,TLX:26173 EXARTECH 

Circle Reader Action No. 445 
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