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The National Aeronautics and Space Act of 1958, which established NASA 
and the United States civilian space program, requires that " The Administra
tion shall provide for the widest practicable and appropriate dissemination of 
information concerning its activit ies and the results thereof. " 

To help carry out this objective the NASA Technology Utilization (TU) 
Program was established in 1962. It offers a variety of valuable services to 
facilitate the transfer of aerospace technology to nonaerospace applications , 
thus assuring American taxpayers maximum return on their investment in 
space research ; thousands of spinoffs of NASA research have already 
occurred in virtually every area of our economy. 

The TU Program has worked for engineers , scientists , technicians , and 
businessmen . And it can work for you . 

Tech Briefs is published quarterly and is free to any U.S. citizen or organi
zation . It is both a current-awareness medium and a problem-solving tool. 
Potential products . .. industrial processes ... basic and applied research .. . 
shop and lab techniques ... computer software ... new sources of technical 
data ... concepts ... you will find them all in NASA Tech Briefs . The first section 
highlights a few of the potential new products contained in Tech Briefs . The 
remainder of the volume is organized by technical category to help you quickly 
review new developments in your areas of interest . Finally, a subject index 
makes each issue a convenient permanent reference file . 

Although many articles are complete in themselves , others are backed up by 
Technical Support Packages (TSP's) . TSP's are available without charge and 
may be ordered by simply completing the enclosed TSP Request Card . Further 
information on some innovations is available for a nominal fee from other 
sources , as indicated at the ends of the articles . In addition , Technology 
Utilization Officers at NASA Field Centers will assist you directly when 
necessary. (See page A4 .) 

Many of the inventions described are under consideration for patents or have 
been patented by NASA. Unless NASA has decided not to apply for a patent , 
the patent status is described at the end of each article . For further information 
about the Patent Program see page A8 . 

To assist engineers , industrial researchers, business executives , city 
officials , and other potential users in applying space technology to their 
problems , NASA sponsors six Industrial Applications Centers . Their services 
are described on page A6 . In addition , an extensive library of computer 
programs is available through COSMIC, the Technology Utilization Program's 
outlet for NASA-developed software. (See page AS.) 

To help solve public-sector problems in such areas as safety, health , 
transportation , and environmental protection , NASA TU Applications Teams, 
staffed by professionals from a variety of diSCiplines, work with Federal 
agencies , local governments, and health organizations to identify critical 
problems amenable to technical solutions. Among their many significant 
contributions are a rechargeable heart pacemaker , a lightweight fireman 's 
breathing apparatus , aids for the handicapped, and safer highways. 

We hope you find the information in NASA Tech Briefs useful. A reader 
feedback card has been included because we want your comments and 
suggestions on how we can further help you apply NASA innovations and 
technology to your needs. Please use it , or if you need more space , write us a 
letter. 
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Technology Utilizat ion services that can 
assist you in learning about and applying 
NASA technology. 

A summary of selected innovat ions of 
value to manufacturers for the develop
ment of new products. 

Electronic Components 
and Circuits 

Electronic Systems 

Physical Sciences 

Materials 

Life Sciences 

Mechanics 

Machinery 

Fabrication Technology 

Mathematics and 
Information Sciences 

Items In this Issue are Indexed by subject; 
a cumulative I ndex wi II be published yearly. 

COVERS: The photographs on the front and back covers illustrate recent developments by 
NASA and its contractors that have resulted in commercial and nonaerospace spinoffs. 
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Change of Address 

Communication Concerning 
Editorial Matter 
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NASA Tech Briefs, a quarterly publication, is distributed free to U.S. citizens 
to encourage commercial application of U.S. space technology. For 
information on publications and services avai lable through the NASA 
Technology Utilization Program, write to the Director, Technology Utilization 
Office, P. O. Box 8756, Baltimore/Washington International Airport , Maryland 
21240. 

"The Administrator of National Aeronautics and Space Administration has 
determined that the publication of this periodical is necessary in the 
transaction of the public business required by law of this Agency. Use of 
funds for printing this periodical has been approved by the Director of the 
Office of Management and Budget through August 31 , 1977." 

This document was prepared under the sponsorship of the National 
Aeronautics and Space Administration. Neither the United States Government 
nor any person acting on behalf of the United States Government assumes 
any liabi lity resulting from the use of the information contained in this 
document, or warrants that such use will be free from privately owned rights . 

Change of Address: If you wish to have NASA Tech Briefs forwarded to your 
new address, use one of the Subscriptions cards enclosed in the back of this 
volume of NASA Tech Briefs. Be sure to check the appropriate box indicating 
change of address. 

For editorial comments or general communications about NASA Tech Briefs, 
you may use the self-addressed Feedback card in the back of NASA Tech 
Briefs, or write to: The Publications Manager, Technology Utilization Office 
(Code KT), NASA Headquarters, Washington, DC 20546. Technical questions 
concening specific articles should be directed to the Technology Utilization 
Officer of the sponsoring NASA Center (addresses listed on page A4.) 
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THE NASA TECHNOLOGY UTILIZATION OFFICERS 
They will help you apply the 
innovations described in Tech Briefs . 

The Technology Utilization Officer (TUO) 
Each NASA Center has a Technology 
Utilization Officer - An applications en
gineer whose job is to help you make use 
of new technology developed at his center. 
He brings you the NASA Tech Briefs and 
other special publications, sponsors con
ferences, and arranges contacts with 
NASA technical experts. 

Technical Assistance 
Working together with NASA Scientists and 
Engineers and the Industrial Applications 
Centers, the center TUO's can answer 
specific questions about innovations and 
related NASA technology. 

Technical Support Package (TSP's) 
For many of the innovations described in 
Tech Briefs, the center TUO has prepared 
additional material that will help you in 
detailed evaluation and actual use or 
construction of the new technology. You 
may get TSP's free of cost by using the TSP 
Request Card or writing the center TUO. 

ct. Of course, many technical questions about Tech Briefs are answered in the TSP's, 
but when no TSP is available, or you have further questions, write the Technology Utilization Officer at the center that 
sponsored the research at the address listed below. 

Charles K. Kubokawa 
Ames Research Center 
Code AU : 230-2 
Moffett Field, CA 94035 
(415) 965-5554 

Clinton T. Johnson 
Hugh L. Dryden Flight Research Center 
P.O. Box 273 
Edwards, CA 93523 
(805) 258-3311 , Ext. 568 

Donald S. Friedman 
Goddard Space Flight Center 
Code 704.1 
Greenbelt , MD 20771 
(301) 982-6242 

John T. Wheeler 
Johnson Space Center 
Code AT3 
Houston, TX 77058 
(713) 483-3809 
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Raymond J. Cerrato 
John F. Kennedy Space Center 
Code SA-RTP 
Kennedy Space Center, FL 32899 
(305) 867-2780 

John Samos 
Langley Research Center 
Mall Stop 139A 
Hampton, VA 23665 
(804) 827-3281 

Paul Foster 
Lewis Research Center 
21000 Brookpark Rd . 
Cleveland, OH 44135 
(216) 433-4000, Ext. 6832 

Aubrey D. Smith 
Marshall Space Flight Center 
Code AT01 
Marshall Space Flight Center, AL 35812 
(205) 453-2224 

John C. Drane 
NASA Resident Legal Office-JPL 
4800 Oak Grove Drive 
Pasadena, CA 91103 
(213) 354-6420 

Gilmore H. Trafford 
Wallops Flight Center 
Wallops Island, VA 23337 
(804) 824-3411 , Ext 201 

Louis Mogavero, Director 
Technology Utilization Office 
Code KT 
NASA Headquarters 
Washington, DC 20546 
(202) 755-3103 
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COSMIC 

(Computer Software Management & Information Center) 

AN ECONOMICAL SOURCE 
OF COMPUTER PROGRAMS 
DEVELOPED BY THE GOVERNMENT. 

COSMIC is sponsored by NASA to give you 
access to over 1400 computer programs devel
oped by NASA and the Department of Defense, 
and selected programs from other government 
agencies. It is one of the Nation's largest soft
ware libraries. 

COSMIC collects and stores software 
packages, insures that they are complete, 
prepares special announcements (such as Tech 
Briefs), publishes an indexed software catalog, 
and reproduces programs for distribution. 
COSMIC helps customers to identify their soft
ware needs, follows up to determine the 
successes and problems, and provides updates 
and error corrections. In some cases, NASA 
engineers can offer guidance to users in install
ing or running a program. 

COSMIC is eager to help you get the programs you need. For 
more information about services or software available from 
COSMIC, fill out and mail the COSMIC Request Card in this 
issue. 

COSMIC charges very reasonable fees for 
programs to help cover part of their expenses
and NASA pays for the remainder. Programs 
generally cost from $500 to $1000, but a few 
are more expensive and many are less. Docu
mentation is available separately and very 
inexpensively. 

COSMIC programs range from management 
(pert scheduling) to information science (retrieval 
systems) and computer operations (hardware 
and software). Hundreds of engineering pro
grams perform such tasks as structural analysis, 
electronic circuit design, chemical analysis, and 
design of fluid systems. Others determine build
ing energy requirements, optimize mineral 
exploration, and draw maps of water-covered 
areas using NASA satellite data. In fact, the 
chances are, if you use a computer, you can 
use COSMIC. 

COSMIC: Computer Software and Management Information Center 

Suite 112, Barrow Hall , Athens, Georgia 30602 Phone: (404) 542-3265 
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WHERE IS THE WORLD'S LARGEST 
BANK OF TECHNICAL DATA 
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Ifs in Bloomington and Pittsbu'gh, ifs in Storrs, Connecticut and 
Research Triangle Park, North Carolina; and irs in Albuquerque and Los Angeles. 

NASA lAC's INDUSTRIAL 
You can get more information and more data on more technical subjects 
through NASA's network of lAC's than anywhere else in the world. About 
8,000,000 documents and growing at the rate of 50,000 more each month! 

Major scuces include: 

. 750,000 NASA Technical Reports • Olem Abstracts Condensates 

• Selected Water Resources Abstracts • Engineering Index 

• NASA Scientific and Technical Aerospace Reports • Nuclear Science Abstracts 

• Air Pollution Technical Information ~nter • NASA Tech Briefs 

• NASA I nternational Aerospace Abstracts • Government Reports Announcements 

and many other specialized files on food technology, textile technology, 
metallurgy, medicine, business, economics, social sciences, and physical science. 
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Literature Searches 

The lAC's are one of the most economical ways of staying 
competitive in today's world of exploding technology. The help 
avai lable from the network ranges from I iterature searches 
through expert technical assistance. 

Current Awareness 

Help in designing your search, 
typically from 30 to 300 abstracts 
in as narrow or broad an area as 
you need, and complete reports 
when you need them. The most 
complete "search before research" 
available! 

Technical Assistance 
Our applications engineers will 
help you evaluate and apply your 
literature-search results. They can 
help find answers to your tech
nical problems and put you in 
touch with scientists and engi
neers at NASA Field Centers. 

Consult with our applications 
engineers to design your personal 
program - selected monthly or 
quarterly abstracts on new devel
opments in your speciality. It's 
like having your own journal! 

To obtain more information about how NASA's lAC's can help you
Check the lAC box on the TSP Request Card in this issue, 
Or write or call the lAC nearest you. 

APPLICATIONS CENTERS 
How to get reports and other documents discussed in this issue of Tech Briefs 

Many of the innovations in Tech Briefs are described in detail in reports available at a reasonable cost through 
one or more of the lAC's. To order a report, call or write the lAC referenced at the end of the Tech Brief article at 
the address below. Be sure to list the titles and accession numbers (N76- ... , N75-... , etc .) of those you wish to 
purchase. 

Aerospace Research Applications Center (ARAC) 
Indiana University 
400 E. 7th St . 
Bloomington , IN 47401 
Dr. Robert D. Shriner, Director 
(812) 337-7833 

Knowledge Availability Systems Center (KASC) 
University of Pittsburgh 
Pittsburgh , PA 15260 
Edmond Howie , Director 
(412) 624-5211 

New England Research Application Center (NERAC) 
Mansfield Professional Park 
Storrs , CT 06268 
Dr. Daniel U. Wilde , Director 
(203) 486-4533 
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North Carolina Science & Technology 
Research Center (NCI STRC) 
P. o. Box 12235 
Research Triangle Park , NC 27709 
Peter J . Chenery, Director 
(919) 549-0671 

Technology Application Center (TAC) 
University of New Mexico 
Albuquerque, NM 87131 
Dr. Carey O'Bryan , Director 
(505) 277-4000 

Western Research Application Center (WESRAC) 
University of Southern California 
University Park 
los Angeles , CA 90007 
Radford King , Director 
(213) 746-6132 
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NASA INVENTIONS 
AVAILABLE FOR LICENSI NG 

Nonexclusive Licenses 

Over 3,500 NASA inventions are available for 
licensing in the United States - both exclusive 
and nonexclusive. 

Nonexclusive licenses for commercial use are 
encouraged to promote competition and to achieve 
the widest use of inventions. They must be used by a 
negotiated target date but are usually royalty free. 

exclusive Licenses 
An exclusive license may be granted to encourage 

early commercial development of NASA inventions, 
especially when considerable private investment is 
required. These are generally for 5 to 10 years and 
usually require royalties based on sales or use. 

The NASA patent licensing program also provides for licensing of NASA-owned foreign patents. In addition to 
inventions described in Tech Briefs, " NASA Patent Abstract Bibliography," containing abstracts of all NASA 
inventions , can be purchased from: National Technical Information Service , Springfield , Va. , 22151. This 
document is updated semi-annually . 

Patent Licenses and the NASA Tech Brief 
Many of the inventions reported in Tech Briefs are patented or are under consideration for a patent at the time 
they are published. When this is the case, the current patent status is described at the end of the article; 
otherwise, there is no statement about patents. If you want to know more about the patent program or are 
interested in license for a particular invention, write the Patent Counsel at the NASA Field Center that sponsored 
the research. Be sure to refer to the NASA reference number at the end of the Tech Brief. 

Robert F. Kempf 
NASA Headquarters, Code GP 
400 Maryland Ave., S.W. 
Wash ington, DC 20546 
(202) 755-3932 

Darrell G. Brekke 
Ames Research Center 
Mall Code : 200-11A 
Moffett Field, CA 94035 
(415) 965-5104 

John O. Tresansky 
Goddard Space Flight Center 
Mall Code: 204 
Greenbelt, MD 20771 
(301) 982-2351 
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Marvin F. Matthews 
Lyndon B. Johnson Space Center 
Mall Code: AM 
Houston, TX 77058 
(713) 483-4871 

James O. Harrell 
John F . Kennedy Space Center 
Mail Code: SA-PAT 
Kennedy Space Center, FL 32899 
(305) 867-2544 

Howard J. Osborn 
Langley Research Center 
Mall Code : 313 
Hampton, VA 23665 
(804) 827-3725 

Norman T. Musial 
Lewis Research Center 
Mail Code : 500-113 
21000 Brookpark Road 
Cleveland , OH 44135 
(216) 433-4000 Ext. 346 

Leon D. Wofford, Jr. 
Marshall Space Flight Center 
Mail Code: CC01 
Marshall Space Flight Center, AL 35812 
(205) 453-0020 

Monte F. Mott 
NASA Resident Legal Offlce-JPL 
4800 Oak Grove Drive 
Pasadena, CA 91103 
(213) 354-2700 
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NEW PRODUCT IDEAS are just a few of the many innovations described in this 
issue of NASA Tech Briefs and having promising commercial applications. Each is 
discussed further on the referenced page in the appropriate section in this issue. If 
you are interested in developing a product from these or other NASA innovations, 
you can receive further technical information by requesting the TSP ref.erenced at the 
end of the full-length article or by writing the Technology Utilization Office of the 
sponsoring NASA center (see page A4). NASA's patent-licensing program to 
encourage commercial development is described on page A8. 

Electrica I-Conduit 
Sizing Gage 

An electrical-conduit sizing gage 
could be used by electricians, com
munication technicians, and engi
neers . It indicates the trade-size 
number, which is not the same as 
the conduit diameter, without the 
use of tables or references . The 
small tool is easily carried in a 
pocket or toolbox . Simple in design 
and construction , it could be manu
factured with little or no capital in
vestment and at a very reasonable 
cost. 
(See page 163.) 

Fluorescent-Lamp 
Power Supply 

A new power supply for fluores
cent lamps reduces energy costs 
and improves running efficiency by 
using separate modes for starting 
and operating the lamp. With some 
redesign for 12-V battery operation, 
the supply would be ideal for use 
with mobile homes, campers , boats , 
and other appl ications where energy 
availability is limited. The transis
torized supply consists of a dc
driven 25-kHz oscillator and the 
associated voltage/current regula
tory Circu itry. 
(See page 154.) 
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DC-ta-DC Conversion With 
Voltage Multipliers 

A new dc-to-dc converter uses 
voltage multipliers to convert from 
low to high voltage dc. It does not 
require the bulky transformers and 
inductor / capacitor filters used in 
conventional converters. Simplicity 
and small size should make this con
verter economical to produce and 
adaptable to modular or integrated
circuit systems. Further advantages 
include efficiency at high power 
levels, increased reliability due to 
the elimination of magnetics and 
associated electrical transients , and 
no requirement for magnetic shield
ing . A 100-watt, 1,Ooo-volt version 
has been operated at an efficiency 
of 94 percent. 
(See page 152.) 

Large-Diameter Fasteners 
of CRES Alloy 

A specially-designed double-hex 
bolthead allows bolts of high
strength corrosion-resistant steel 
(CRES) to be made in larger diam
eters than previously possible . The 
high-strength fasteners , previously 
limited to 3/4 in . in diameter, can 
now be made in sizes up to 1-114 in. 
The new design allows the 12-point 
tension heads to be cold formed to 
retain a required minimum tensile 
strength of 220,000 psi and to retain 
a high fracture strength. Fabrication 
is essentially the same as for con
ventional CRES alloy fasteners. 
(See page 259.) 

Coating for Solar Panels 
A new energy-absorbent coating 

with a high absorptivity (0.95) can 
be used with thermal solar-energy 
systems. The coating is economical 
to manufacture, being made from 
readily available materials, including 
carbon black, ethyl alcohol, and 
polyvinyl butyral. It is both simple 
and economical to use as no primer 
is required for application to alumi
num, copper, or stainless steel. 
(See page 205.) 

Power-Control Switch 

An improved power-control switch 
reduces power dissipation and has a 
consistent rise time over its input 
voltage range . It operates with 
inputs from 60 to 90 V, with tran
sients as high as 120 V. In a previ
ous switch, large variations in the 
input voltage caused excess power 
dissipation in a resistive divider that 
supplied base current to a driving 
transistor. By replacing the resistive 
divider with a constant-current 
source, drive current is independent 
of input-VOltage variations and 
power loss in the base drive circuitry 
is cut in half. 
(see page 161.) 
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Combined GaAs 
Laser Diodes 

A new technique for combining 
the outputs of an array of small 
semiconductor lasers increases the 
total output power while relaxing 
fabrication tolerances to make man
ufacture potentially less costly. By 
using a free-running mode, the 
power of one array was raised from 
2 to 5 watts, making the compact 
semiconductor laser array suitable 
for many of the recent applications 
and products requiring a lightweight 
rugged coherent light source. A pri
mary advantage of the free-running 
mode is that the spacing between 
the junction-diode lasers is less 
critical than for conventional, phase
coherently coupled arrays. 
(See page 183.) 

CMOS-Compatible 
Tristate Driver 

A CMOS-compatible tristate driv
er has good noise immunity and low 
power consumption. It can improve 
performance where the same bus is 
used to connect several pieces of 
CMOS equipment, such as com
puters, communications equipment, 
process control modules, and other 
devices employing the increasingly
used CMOS logic devices. Unlike 
the more common TIL-family cable 
drivers, power consumption is low 
and comparable to CMOS. The 
circuitry is relatively simple, yet it 
provides noise immunity similar to 
CMOS. 
(See page 162.) 
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Aseptic Fluid-Transfer 
System 

An inexpensive and easily-used 
transfer terminal can be used to 
move fluids from one container to 
another without the risk of contam
ination. The transfer device, which 
could be manufactu red as a section 
of plastic tubing with a special ter
minal clamp, would be useful in 
hospitals, research labs, and certain 
manufacturing processes. It is used 
by inserting separate tubes into the 
two containers and heat sealing the 
"clamps" at the ends of the tubes. 
The heat forms a sterile airtight con
nection. The special design of the 
clamps allows them to be heat
sealed without blocking the fluid 
passageway. 
(See page 220.) 

CUM"'NG, HEATlNQ. AND 
PENETRATlNQ DEvtCE 

"Thermal-Diode" Heat Pipe 

A new heat pipe transfers heat in 
one direction only. With eqUipment 
subjected to varying temperatures, it 
could cool when overheating occurs 
yet inhibit heat absorption when the 
environment gets hot. Conversely, it 
could be used to absorb heat during 
warm periods (e.g., daylight) and to 
inhibit heat loss during cooler hours 
(evening) . The one-way heat trans
fer can be achieved by using mech
anical valves or a passive working 
fluid such as ammonia. Fabrication 
requires spiral arteries made from 
stainless screen and tubing to pro
vide adequate film coefficients and 
vapor cross sections. 
(See page 237.) 

Improved Soldering-Iron Tip 

A specially-designed soldering
iron tip speeds up the soldering of 
multipin electronic modules. The tip 
could be useful in assembly-line and 
repair work. Requiring no special 
tools for manufacture, this nickel
plated tip applies an even heat 
simultaneously to all the pins ofa 
module, thus reducing the chance of 
damage to adjacent components. 
(See page 158.) 

ROUS System 

SOLDERING IRON np 
(INTERCHANGEABLE) 

The ROUS, which stands for 
"reflection-oscillator ultrasonic 
spectrometer" extends the possible 
application of ultrasonics as a non
destructive testing technique. The 
ROUS is an ultrasonic generator and 
a monitor, including a specially de
signed transducer, that could be 
used to detect contaminants in lubri
cants, measure stresses in metals, 
determine bolt tension, and be ap
plied to the detection of bubbles and 
clots in blood or other liquids. The 
ROUS is sensitive, economical, and 
requires contact with only one side 
of the sample being measured. The 
system has high-frequency stability, 
no duty cycle effects, and is rela
tively simple to construct and use. 
(See page 228.) 

(continued next page) 
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Method of Removing 
Drilling Chips 

A special drill chuck is designed 
to direct a mixture of pressurized air 
and water through a drill bit during 
use . When drilling a long hole, the 
air/water mixture flushes the hole 
and keeps it clear of chips . 
(See page 275.) 

Compact Reconditioner 
for Ni/Cd Cells 

Nickel-cadmium batteries are be
coming widely used with both indus
trial and commercial eqUipment . 
The life of a Ni/Cd battery pack can 
be extended by using a small and 
lightweight reconditioner. It main
tains a minimal cell voltage during 
reconditioning discharge to prevent 
VOltage-reversal damage to the 
battery, a problem common to con
ventional reconditioners . The device 
uses a dc-to-dc converter to replace 
relays and sensors previously used, 
which makes it more compact and 
simpler to manufacture. 
(See page 155.) 

Tool Removes Brazed Fittings Contrast Enhancement 

A new tool for removing brazed 
fittings from thin-walled tubing has 
several advantages over conven
tional techniques. It will not acci
dentally bond to the fitting , nor will it 
cause the tube wall to melt. The tool 
design is uncomplicated, and use is 
straightforward. A key feature is the 
use of an expendable split-ring heat
sink insert . 
(See page 253.) 

-I r " II" o ~~ 
SPUT..AINO HEAT SINK INSERT 

of Transparency 

A relatively inexpensive system 
can be used to solve a problem 
faced by most graphics and photog
raphy shops and many offices and 
laboratories. It can enhance (or 
reduce) the contrast of transparen
cies or films and thus be used to 
convert poor slides, viewgraphs, or 
photographs into ones of improved 
clarity. The system is potentially less 
expensive than ele«tronic CRT 
methods and is more accurate than 
trial-and-error manual techniques. 
Unlike either of these, it also allows 
one to accurately observe and to 
adjust for the desired contrast while 
making the new transparency. The 
system is an optical arrangement 
that employs a collimated coherent 
light source to adjust contrast by 
constructive or destructive inter
ference of the light. 
(See page 190.) 

tNOEX·MATQ4'NQ 
"LUID 

PATENT LICENSES RECENTLY GRANTED BY NASA FOR COMMERCIAL USE OF NASA-OWNED INVENTIONS 

The patent licenses listed below have been recently awarded by NASA as part of its program to encourage the commer
cial application of its new technology. For information on how you may obtain nonexclusive or exclusive license for the 
commercial use of NASA inventions, see page A8 of this issue. 

A nonexclusive license to Tomar Electronics Company for U.S. Patent No. 3,526,845 covering an invention entitled 
"Apparatus for Overcurrent Protection of a Push-Pull Amplifier" 

A nonexclusive license to Del Manufacturing Company for U.S. pending patent application No. 617,202 covering an 
invention entitled "Lightweight Reflector Assembly and Method" 

A nonexclusive license to Willard S. Blanchard, Jr., for U.S. Patent No. 3,884,432 covering an invention entitled "High 
Lift Aircraft" 

A nonexclusive license to A. D. Weiss Lithograph Company for U.S. pending patent application No. 630,582 covering an 
invention entitled " Smokestack Mounted Airfoil" 

A nonexclusive license to Plasma Technology, Incorporated, for U.S. pending patent application No. 513,611 covering 
an invention entitled "Bearing Material" 

A nonexclusive license to Donald E. Barthlome for U.S. pending patent application No. 583,487 covering an invention 
entitled ' 'Therapeutic Hand Exerciser" 

An exclusive license to Joe Gillerman for U.S. Patent No. 3,547,801 covering an invention entitled "Water Management 
System and an Electrolytic Cell Therefor" 
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Transistor-to-Substrate Bond Quality 
Bond-void area is determined from 
X-ray photographs using a light meter. 

Marshall Space Flight Center, Alabama 

The attachment of power-transis
tor chip devices to a heat sink is a 
critical operation . A complete bond , 
void free and with a uniform wetting 
of chip and substrate , is required in 
order for the transistor to handle 
maximum power. Unfortunately, the 
quality of this bond cannot be deter
mined visually. Other methods of 
evaluating bond quality with the ex
ception of the electrical power-burst 
test are destructive. Even the pow
er-burst test may be destructive, 
and it can be performed only after 
the device has been wired . X-ray 
examination can be used to evaluate 
bond quality, but its effectiveness 
depends upon the accuracy of the 
interpretation of the X-ray photo
graph. 

A new method of interpreting the 
X-ray images of bonded power-tran
sistor chips has been developed . A 
light meter is used to examine the 
X-ray images to determine the per
centage of voids in the bond . Nor
mally these voids take the form of 
small independent areas scattered 
throughout the face of the bond. The 
light meter provides a quantitative 
percentage measurement of void 
area as opposed to a visual esti
mate. It has been found empirically 
that void areas approaching 20 per
cent of the chip area can be tolerat
ed if they are scattered. To obtain 
repeatable results , X-rays of identi
cal assemblies must be taken at 
identical machine settings . 
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The Apparatus for Bond Evaluation includes a combination photode
tector and light meter that is used to measure the exposure area of an 
X-ray photograph. 

This work was done by Thomas A. 
Telfer of General Electric Co. for 
Marshall Space Flight Center. 
For further information, Circle 1 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8] . Refer to 
MFS-21931. 
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DC-to-DC Conversion With Voltage Multipliers 
A high-frequency chopper and a capacitor / diode 
voltage multiplier are used in a high-performance converter. 

Lewis Research Center, Cleveland, Ohio 

Methods now available for low to 
high voltage dc conversion include 
the series inverter/converter , the 
parallel inverter / converter , the 
inductor energy pump converter, 
and the bridge-type inverter / con
verters . The disadvantages of these 
systems are primarily due to the 
transformers and inductor/capacitor 
filters required , which are much 
heavier than desired for spacecraft 
and other lightweight applications . 
Also , the inductance in the circuit 
may cause transients which destroy 
transistors and other electrical com
ponents and cause failure. A third 
disadvantage of the present 
methods using magnetic devices is 
that leakage magnetic fields may in
terfere with the operation of particu
lar experiments on a spacecraft. In 
addition , transformer/inductor sys
tems are complex. 

A new converter design consists 
of a specially-designed 
high-frequency chopper , matched to 
a high-frequency, lightweight ca
pacitor / diode voltage multiplier. The 
multiplier is constructed of high 
energy density capacitors, chosen 

TRANSISTOR 
OUTPUT CAPACITANCE 

FAST 
SWITCHING 

TRANSISTORS 

to have appropriately low losses at 
the operating frequencies involved . 
The diodes used are selected with 
switching speeds and voltage drops 
appropriate to high-efficiency oper
ation . Other chopper types than that 
described can also be used, such as 
bridge choppers . Silicon-controlled 
rectifiers , or any other appropriate 
fast switches, can be used in place 
of transistors . 

The figure shows the dc-ta-dc 
converter using a transistor chopper 
and a capacitor / diode voltage mul
tiplier . Although two voltages , V1 i 
and V2i , are shown, they will be as
sumed to be equal for simplicity. The 
extension to unequal voltages can 
easily be made if necessary. A 
typical mode of operation , equiva
lent to V1 i = V2i = Vi , is the use of 
a bridge of four switches and only 
one power supply. 

The switch operates at a fre
quency f, so that the voltage at the 
left terminal of CN is alternately at 
-Vi and + Vi, f times per second. 
Since CN charges to Vi volts, the 
voltage at the junction of the capa
citors CN-2 and CN-4 alternates 

between 2Vi and 4Vi. In general , the 
voltage at the junction between 
C2j+ 2 and C2j varies over a 2Vi 
range . 

Thus the voltages at the junction 
points in the upper (even-numbered) 
string of capacitors are square 
waves of voltage of amplitude Vi rid
ing on top of a dc voltage which de
pends on the location in the chain . 
For the lower, or load string of 
capacitor (odd-numbered values C1 
. . . CN-1) , the voltage ac ross each 
capacitor is 2Vi, and across the en
tire ladder is NVi , where N is the 
number of capacitors or diodes in 
the multiplier chain . Thus this con
verter may be thought of as a dc 
voltage transformer. 
Advantages 
-Very lightweight . 
-Makes possible transformerless , 

high-efficiency dc-ta-dc conversion 
at high power levels. 

-Due to simplicity and small size , 
should be less expensive than pre
sent systems using transformers . 

-More reliable operation due to 
elimination of magnetic devices, 

HIGH ENERGY 
DENSITY CAPACITOR 

The High-Performance DC-to-DC Converter is a transformerless capacitor/diode voltage multiplier. EitherV1 i 
or V2i can be zero, or they may be chosen arbitrarily within component ratings. 

152 NASA Tech Briefs , Summer1976 



such as transformers and induc
tors , with consequent electrical 
transients reduction . 

- Elimination of stray magnetic 
fields . 

- Elimination of core loss and reduc
tion of weight by eliminating mag
netic materials, including magnetic 
shielding . 

- Simplifies dc-ta-dc converter elec
trical design . 

- Simplifies dc-ta-dc converter 
weight analysis and weight-vs .
efficiency tradeoff calculations . 

- Lends itself well to modular or inte
grated-circuit type of construction 
for low-cost, high-volume con
struction. 
A 100-watt, 1 ,OOO-voit dc-ta-dc 

converter of this type has been op
erated at an efficiency of 94 per
cent . The new converter offers a 
better combination of efficiency and 
weight , compared to conventional 
converters , and also has the capa
bility of a wide range of weight and 
efficiency to fit a wide range of ap
plications. 

This work was done by W. T. Har
rigi/l, Jr., and I. T. Myers of Lewis 
Research Center. Further informa
tion may be found in: 

NASA TM-X-71566 (N74-26737) 
"High Performance DC-DC Con
version with Voltage Multipliers" 
and 
NASA TM-X-71735 [N75-23851] 
"Efficiency and Weight of Voltage 
Multiplier Type Ultra Lightweight 
DC-DC Converters. " 

Copies of these reports may be ob- C 
tained at cost from Aerospace Re
search Applications Center, Indiana 
University [see page A 7]. 
LEW-12297 

Modular Design of High Frequency Analog Circuits 
Standardized input/output impedances and stock 
components simplify the design of amplifiers, mixers, and filters. 

Marshall Space Flight Center, Alabama 

A simple , systematic method of 
rapidly designing analog signal
processing circuitry for experimental 
(breadboard) or prototype equip
ment is useful up to at least 400 
MHz. The electrical and mechanical 
design procedures are identical for 
wideband amplifiers, band-pass 
filters , and frequency-mixer circuits . 
The design and fabrication guides 
were originally intended for a system 
requiring custom-built circuits built 
to better-quality commercial 
standards, but they may also be 
used for less precise systems. 

In circuit-development projects 
where interdependent combinations 
of amplifiers, mixers, and filters are 
designed simultaneously, changes 
in design details may impose new 
electrical design requirements . The 
new method simplifies the circuit 
development by separating the 
electrical functions (gain, frequency 
mixing, and signal filtering) into non
interdependent elements . 
Procedures are also simplified by 
two other factors : (1) the selection 
of standard, commercially-available 
circuit elements and (2) the estab
lishment of a unified circuit-pack
aging arrangement. The packaging 
scheme is cost effective, does not 
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compromise electrical circuit per
formance from video to uhf frequen
cies, and leaves circuits accessible 
for modification and adjustment. 

A 50-ohm input! output interface 
is used for all circuit functions . The 
various functions may therefore be 
cascade connected or interconnect
ed without circuit modification. The 
50-ohm interconnections also 
simplify printed-wiring board fabri
cation. 

Wideband amplifiers and mixer 
stages are coupled via passive, 
multiple-pole filters . Each broad
band amplifier has a nominal gain of 
35 dB, and is packaged in a T0-5 
case. More or fewer of these ampli
fiers can be connected to provide 
required gain . A typical circuit built 
using these amplifiers has a maxi
mum output power capability of 
+ 15 dBm. Commercially-available 
double-balanced mixer assemblies 
using hot-carrier (Schottky) diodes 
implement frequency conversion . 
These passive devices have a 
uniform 6-dB conversion loss. 
Typical band-pass filters, usually 
connected immediately following the 
mixer stage, are wired to 50-ohm 
attenuator pads. Although pad loss 
is added to the mixer conversion 

loss, the total loss is not normally 
significant, because the amplifiers 
are low-noise types. 

Multiple-pole Chebyschev 
band-pass filters are used to define 
amplifier bandwidth and to reject 
undesired mixer output frequencies . 
The mechanical layout of compo
nents on the printed-wiring boards 
directly affects filter bandwidth, 
which is a practical method for 
bandwidths up to 30 percent. 

An inexpensive, RF-tight mount
ing enclosure uses die-cast alumi
num boxes which are commercially 
available. The boards are mounted 
within the box, using square alumin
um bar stock. Type BNC connectors 
couple signals, and circuit power is 
brought in via standoff capacitors. 

This work was done by John T. 
Zimmer of Raytheon, Inc. for 
Marshall Space Flight Center. 
For further information, including 
design data on a prototype signal 
processor built using these 
methods, Circle 2 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23408. 
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Fluorescent-Lamp Power Supply 
Separate modes for 
starting and running improve efficiency. 

Lyndon B. Johnson Space Center, Houston, Texas 

A new high-efficiency 
fluorescent-lamp power supply 
operates over an input range of 15 to 
32 Vdc . Similar to other light 
supplies in which a dc to ac 
inversion is employed, the opera
tional frequency of the new supply is 
above 15 kHz to insure maximum 
light efficiency. However, unlike 
other supplies that drop the high 

c l 
0.0022 ",F 

Rz 
1,600 

2N3501 

2N3501 

R) 
1,600 

25-kHz 
OSCILLATOR 

VRI 
35V 

voltage required for the lamp across 
a ballast , this supply employs a 
resonant circuit to change modes 
when passing from the starting to 
the run condition . Present 
efficiencies are 84 percent for a 
25-watt load and 95 percent for a 
55-watt load. 

The operation of a fluorescent 
lamp requires a sequence of three 
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steps: (1) ionization , followed by (2) 
arc turn-on (starting the lamp, and 
(3) the application of a controlled 
current to sustain operation . This 
power supply, as shown in the 
illustration , provides the power to 
both start the lamp and sustain 
operation . The mode shift from 
starting to sustaining power occurs 
because of the arrangement of the 

LAMP 

SUPPLY VOLTAGE Vs = 200 V 
VARC=27VatO.7A 

3.6 V 

3.6 V 
T2-3 

NOTE: ALL RESISTANCES ARE IN OHMS. 

In the Lamp Power Supply. an oscillator consisting of transistors 01 and 02 provides the base drive to 03 and 
04. The resistor, capacitor, and diode arrangement in the base circuit of 03 and 04 is chosen to prevent re
verse base-emitter breakdown and to optimize the drive. Diodes CR3 and CR4 recover energy contained in the 
leakage inductance of transformer T2 and the stored charge on inductor L2. The driver stage provides 3.6 V 
rms across filament windings T2-1 and T2-3 of transformerT2, and the nominal lamp voltage appearing 
across winding T2-2 is 48 V. 
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series resonant circuit consisting of 
inductor L2 and capacitor C 6 . During 
startup, this 25-kHz tank circuit 
(with a composite Q factor of 
somewhat less than 5) multiplies the 
voltage from T 2 to provide the power 
and the 200 V required for ionization 
and for arc turn-on in the lamp. (This 
starting voltage appears across C6 

which bridges the lamp.) 
Once the lamp is turned on, the 

ionization arc across the lamp acts 
as a shunt on the tank circuit , 

reducing the Q factor to unity. Thus voltage for an increased operational 
the current formerly flowing through safety margin. 
the tank capacitor flows through the This work was done by W. E. Mil-
lamp. berger of Westinghouse Electric 

Since mercury-vapor lamps Corp. for Johnson Space Center. 
present an extremely low impedance No further documentation is 
at the arc voltage set , a ballast is available. 
necessary to limit the arc current. Inquiries concerning rights for the 
This function is assumed by inductor commercial use of this invention 
L2 . The ground starting aid serves to should be addressed to the Patent 
provide an electrostatic plane which Counsel, Johnson Space Center 
enhances the ionization of the lamp, [see page A8] . Refer to MSC-14900. 
thus permitting a lower starting ~ 

--------~ 
Compact Reconditioner for Ni/Cd Cells 
A dc-dc converter maintains a minimal 
cell voltage during discharge to prevent voltage-reversal damage. 

Marshall Space Flight Center, Alabama 

The life of multiple-cell nickel
cadmium battery packs can be ex
tended by a reconditioning method 
requiring discharge of each of the 
battery cells. Conventionally the dis
charge of each cell is controlled in
dividually by relays and separate cell 

sensors. A dc-dc converter replaces 
the system of relays and sensors. It 
is more compact and lighter, and it 
protects against voltage reversal . 
The converter can additionally be 
used to detect the presence of a 
low-voltage cell . 

N LOW·VOLTAGE OUTPUTS 
TO CHARGER/REGULATOR 

CELL 2 

CELL N 

RECONDITIONING 
LOAO RESISTOR 

RECONDITIONING 
CONTROL RELAY 

TO CHARGER/REGULATOR 

'----. TO CHARGER/REGULATOR 

The DC-DC Converter sensing circuit is used to detect changes in input 
current to the power semiconductors. An increasing current indicates 
that the converter is supplying current to one (or more) of the nickel
cadmium cells in the battery pack. 
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The converter is depicted in the 
figure. The secondary of the power 
transformer consists of separate 
low-voltage output windings con
nected via diodes to each cell of the 
battery . During discharge the vol
tage across each cell is allowed to 
drop to a few tenths of a volt. This is 
sufficiently low for reconditioning . 
As the cell voltage drops, the diodes 
conduct, thus clamping the cell vol
tage at the converter output voltag~ 
level. This prevents cell voltage re
versal. By sensing the converter in
put current, the device can also be 
used to monitor overall cell condition 
during normal operation, since the 
converter will supply current only 
when a cell voltage drops below the 
output threshold level. 

This work was done by Robert E. 
Kapustka of Marshall Space 
Flight Center. For further informa
tion, Circle 3 on the TSP Request 
card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8] . Refer to 
MFS-23270. 
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Solid-State Particle Detectors 
A new fabrication technique improves 
position sensitivity in nuclear-particle detectors. 

Goddard Space Flight Center, Greenbelt, Maryland 

A technique for fabricating posi
tion-sensitive solid-state nuclear
particle detectors consists of alter
ing the resistance of the alkali metal 
diffused layer in a silicon wafer. 
Carefully-controlled mechanical 
abrasion during lapping and pre
cisely-timed chemical etching are 
used to achieve the desired results . 
Changing the ratio of resistance to 
the thickness of the depletion layer 
enhances the sensitivity of silicon
based detectors. This procedure 
may also be useful in improving the 
sensitivity of germanium-based de
tectors . 

The first attempts to fabricate the 
detector followed conventional pro
cedures, and particular attention 
was given to ensuring ohmic contact 
with the lithium resistive layer . The 
ends of the lapped lithium side were 
gold plated by electroless deposition 
and masked with black wax . The en
tire crystal was etched for 3 min
utes, removing 60 ~m from the lithi
um side. After mounting the crystal 
in an epoxy glass holder, the black 
wax was removed; then contact with 
the gold-plated pad was made using 
silver epoxY 'and gold wire. The 
etching produced a groove around 
the pad as shown in Figure 1 , caus
ing a resistance between the con
tacts that was too nonlinear for a 
detector to have good position re
solution. 

The position detector was then 
reworked to achieve the desired 
characteristics. The lithium side was 
further lapped down and etched for 2 
minutes; the overall material thick
ness was about 1.1 mm. The detec
tor was mounted, and aluminum 
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Figure 1. The Solid-State Nuclear-Particle Detector with 60 J.Lm of the 
crystal removed from the lithium side after etching. 
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Figure 2. The Modified Particle Detector is made by removing more 
lithium and then vapor depositing aluminum contacts on the ends of the 
lithium side of the mounted detector. 

contacts were vapor deposited on 
the ends of the lithium side. (This 
detector is shown in Figure 2.) The 
nonlithium side consisted of a sur
face-barrier c0r'!tact made by vapor 
depositing 160 A (16 nm) of gold on 
the surface of the device. 

This work was done by Joseph R. 
Gigante and Robert A. Lundgren of 
the University of Maryland for 
Goddard Space Flight Center. 
For further information, Circle 4 on 
the TSP Request Card. 
GSC-11785 
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Removal of Encapsulating Materials 
A technique to remove potting 
materials without damaging electronic parts 

Goddard Space Flight Center, Greenbelt, Maryland 

Often an entire encapsulated 
(potted) circuit or module fails due 
to the failure of a single component. 
In such a case the entire package is 
generally discarded, because there 
has been no reliable and efficient 
way to retrieve the other compo
nents. If the package consists of 
more than a few components or if 
the components are expensive and 
hard to replace , this represents an 
economic loss. 

A new technique dissolves or 
softens many potting materials leav
ing the electronics unaffected. The 
encapsulated modules are placed in 
a sealed reactor capable of with
standing pressures of 15,000 psi 

(105x 10' N/m2) or higher. The re
actor has a metal membrane sealed 
in one end cap, which will release at 
5,000 psi (34.5 x 10' N/m2) to pro
vide pressure relief . Methylene 
chloride is added, and the reactor is 
sealed. The reactor is heated in an 
oven to elevated temperatures [100" 
C (21 Z" F)] to obtain a pressure of 
approximately 500 psi (3.45 x 10' 
N/m2) . If plastics are exposed to 
specific solvents under these condi
tions for a period of time , the solvent 
is forced into the plastic , causing a 
rapid breakdown of its solid struc
ture. The parts can then be re
moved, and the soft, loose, or actu
ally dissolved plastic discarded. 

High-Temperature Flat-Conductor Cable 
The working temperature 
is raised from 2000 to 3500 C. 

Marshall Space Flight Center, Alabama 

A development program aimed at 
increasing the working temperature 
of insulated multiconductor flat
conductor cable (FCC) has resulted 
in improved high-temperature per
formance of two types of common 
FCC: a 25-conductor signal cable 
and a 3-conductor power cable. The 
signal and the power cables were 
both fabricated by using woven and 
roll laminated techniques, respect
ively. New adhesives and thei r ap
plication to the cable have raised the 
safe uppermost temperature limit of 
woven and roll laminated FCC from 
200" C up to 350" C. 

Both the woven and roll laminated 
cables employ insulation materials 
made from polyimide/fluorinated 
ethylene propylene or polytetrafluo
roethylene films . Since the polyi
mide and polytetrafluoroethylene 
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films are not thermoplastic , an ad
hesive medium [fluorinated ethylene 
propylene (FEP)] is used to bond the 
polyimide film . However, the FEP is 
temperature limited to 2()()o C; 
above this temperature the material 
becomes thermoplastic and tends to 
soften and lose mechanical 
strength. 

An alternate polyimide material 
(one of eight substitutes for FEP 
tested) was found to have a thermal 
resistance equal to or better than 
FEP. A layer of the new polyimide 
0.003 in. (0.07 cm) thick was used 
to make a length of prototype cable. 
Several useful observations were 
made during the fabrication and 
testing of the cable : 

Solvents released at the edge of 
certain test conductors cause bub
bles to form. 

The procedure may be used with 
almost any solvent or plastic and is 
limited only by the possibility that the 
temperature and pressure could 
cause damage to the parts. The a 
parts should be checked for pres-
sure and temperature sensitivity be-
fore using this method. It should be 
noted that the reactions of many 
chemicals under such conditions are 
not known and may cause explosive 
forces. Consequently maximum 
safety precautions should be taken 
before attempting such recovery. 

This work was done by G. L. 
Jacobs of Sperry Rand Corp. for 
Goddard Space Flight Center. 
No further documentation is avail
able. 
GSC-11696 

Grooved rollers are necessary to 
fabricate cables enclosing conduc
tors of 0.01 in . (0.02 cm) and larger 
in diameter. 

Electrical characteristics are ad
versely affected by even low residual 
levels of solvents in the finished 
cable . 

An inert gas atmosphere (or a 
vacuum) is required during post cure 
in order to prevent excessive dark
ening and embrittlement of the insu
lation film. 

This work was done by Walter S. 
Rig/ing of Martin Marietta Corp. for 
Marshall Space Flight Center. 
For further information, including 
data on the high-temperature per
formance of FCC, Circle 5 on the 
TSP Request Card. 
MFS-23451 
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Improved Soldering Iron Tip 
Multipin electronic modules are removed 
faster and with less damage to adjacent components. 

Lyndon B. Johnson Space Center, Houston, Texas 

Repairs to electronic systems 
containing multipin electronic mod
ules with the use of commercially
available flat soldering iron tips are 
time consuming and frequently un
satisfactory . Heating is uneven be
cause initially contact can be aJr 
plied only to the tops of the module 
pins . Localized uneven heating can 
damage adjacent components and 
board circuitry. 

The problem can be resolved by 
the fabrication of special nickel
plated soldering iron tips, each hav
ing a machined recess matching the 
multipin pattern of a particular cir
cuit,module . The recess retains suf
ficient molten solder (see figure) to 
wet all of the pins of the module so 
that they are rapidly and uniformly 
heated. The tips are fabricated for 
use in standard electric soldering 
irons from oxygen-free, 
high-conductivity (OFHC) copper or 
from high alloy copper and are 
nickel plated to reduce oxidation and 
scaling. 

This work was done by M. A. 
Vanasse of Rockwell International 
Corp. for Johnson Space Center. 
For further information, Circle 6 on 
the TSP Request Card. 
MSC-19349 

Epitaxial Growth of 
Ga1-xAlxAs on GaP 

A new technique permits the 
growth of GaAIAs LED structures on 
transparent GaP substrates by the 
liqUid-phase epitaxial method, thus 
obviating both the need for growing 
thick layers and for removing the 
substrates High-efficiency infrared 
LED's can be developed as pumping 
sources for Nd:YAG lasers. Effi
ciency has been improved by thick 
layers of Ga1-xAlxAs on GaAs, re
moving light-absorbing substrates 
and forming LED structures into a 
hemispherical geometry. 
(See page 274.) 
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The Improved Soldering Tip used for desoldering is nickel plated to re
duce oxidation and scaling. A recess machined into the tip retains 
molten solder which is used to wet all the pins for simultaneous heat
ing and extraction. 

Solar-Cell Electrical 
Connections 

Investigations of solderless 
methods of electrically connecting 
solar cells indicate that three bond
Ing methods for mass production 
result in reliable , long-lasting elec
trical interconnects. Thermocom
pression bonding results in less cell 
breakage and surface oxidation . 
Parallel-gap constant-voltage 
welding yields good bonds over a 
wide range of weld time, pressure , 
and Voltage . Ultrasonic welding is 
also suitable for many appl ications 
(See page 272.) 

IGFET/S01 Fabrication Method 
A new method of fabricating 

insulated-gate field-effect 
silicon-an-insulator (IGFET /S01) 
transistors increases switching 
speeds. These transistors have 
shorter channel length and reduced 
parasitic capacitance . There is also 
reduced gate overlap and minimum 
gate-to-channel capacitance . The p 
and n sections may be reversed , 
allowing the fabrication of comple
mentary devices 
(See page 270.) 
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Connector Contact-Ring Bus 
A means of terminating unconnected wires in a cable assembly 
eliminates crimp connectors and ferrules and results in a compact assembly. 

Lyndon B. Johnson Space Center, Houston, Texas 

One present method of terminat
ing unconnected wires in a cable 
assembly requires the use of fer
rules and closed-end solderless 
crimp connectors. If several wires 
are handled this way, the connector 
back shell becomes crowded, a sit
uation that poses inspection and 
termination difficulties. The use of a 
contact-ring bus circumvents some 
of these problems by eliminating the 
crimp connectors and the ferrules . 
The result is a compact termination 
assembly and a more efficient use of 
back-shell space. This method may 
be used with both neutral and pow
er-carrying wires, depending on the 
number of contact buses built into 
the terminating assembly (see 
Figure 1) . 

The assembly includes a pair of 
nylon disk caps, each mounted at 
either end of a nylon sleeve . Stain
less-steel contact rings (one per de
sired termination) are located 
between the caps and are separated 
by nylon insulator rings. A pair of in
sulator rings , one at each end of the 
assembly, also provides spacing 
between the disk caps and the con
tact rings . 

The adapter is fitted to the cable 
assembly after the harness is built 
but before the connector pins are at
tached to the wires. Wires to be ter
minated are soldered to their re
spective contant rings, and the 
entire adapter is insulated from the 
rest of the cable assembly with a 
tubular heat-shrink covering. The 
connector / back shell assembly is 
then screwed to the cable clamp 
(see Figure 2). 

This work was done by Jim Ligon 
of Rockwell International Corp. for 
Johnson Space Center. For fur
ther information, Circle 7 on the 
TSP Request Card. 
MSC-19480 
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Figure 1. The Connector has neutral and power-carrying wires terminat
ed depending on the number of contact buses built into the terminating 
assembly. 

CONNECTOR 
CONTACT-RING BUS HEAT

SHRINK 
SLEEVING 

-RING BUS 

Figure 2. In the Complete Cable Assembly wires to be terminated are 
soldered to their respective contact rings, and the entire adapter is in
sulated from the rest of the assembly with a tubular heat-shrink cover
ing. 
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Waveguide-to-Coax Transition/Low-Pass Filter 
A low-insertion-Ioss combination waveguide-ta-coax transition and 
filter operates at 4.5 K and has a reflection coefficient of better than -21 dB. 

CaltechlJPL, Pasadena, California 

A low-pass filter is used to remove 
pump-frequency radiation from the 
input of a deep-space-network re
ceiver. This pump frequency radia
tion that is emitted by a traveling
wave maser (TWM) must be attenu
ated to prevent possible calibration 
errors caused by TWM gain changes 
resulting from pump-frequency radi
ation into the signal waveguides. 
Differences in gain of as much as 
0.5 dB have been recorded due to 
signal path changes during system 
calibration and are a function of 
impedance changes (at the pump 
frequencies) at the input of the 
TWM. An upgraded version of this 
filter type combines the Signal tran
sition and filter functions. It is 
matched at the signal frequency of 
the TWM, has low insertion loss, and 
operates at 4.5 K. 

The filter, a coaxial type with 11 
semilumped elements, had originally 
been incorporated into an X-band 
TWM system. It had a 12-GHz cutoff 
frequency, a signal rejection at the 
pump frequencies (18.4 to 19.6 and 
22.6 to 24 .8 GHz) of over 30 dB and 
a reflection coefficient at the signal 
frequency (7 .7 to 8.8 GHz) of better 
than -21 dB. Because of these 
favorable rejection and match 
characteristics, a scaling factor of 
213 was used to obtain an 18-GHz 
cutoff with the Ku-band TWM filter 
described. 

A Teflon dielectric centering 
sleeve establishes adequate con
centricity of the filter elements to the 
outer conductor . The element diam
eters in the scaled-down filter are 

160 

11-ELEMENT LOW-PASS 
FILTER SECTION 

COUPLI LOOP 

Combination Waveguide-to-Coax Transition/Low-Pass Filter is used to 
remove pump-frequency radiation from the input of a Ku-band receiver. 
The 11-element filter section is fitted via a Teflon dielectric centering 
sleeve . 

reduced to compensate for the dif
ference in dielectric constant. A 
sleeve was made to fit tightly over 
five of the six capacitive elements. 
(See the figure.) 

The final tuning for the best match 
at the TWM signal frequency (14.3 
to 16.3 GHz) is obtained by adjusting 
the length of the two 2-56 screws 
holding the coupling loop to the tran
sition body. The filter section is 
located in the transition body be
tween the coupling loop and the 
center contact of the SMA connect
or, a space previously occupied by a 
straight section of coaxial-cable 

center conductor. The transition 
body, the coupling loop, and the 
SMA connector-fitting assembly 
have the same outside appearance 
and dimensions of previous filters 
and are directly interchangeable 
with the present transition. The im
plementation of these filters will 
require no modification of the 
traveling-wave maser or its closed
cycle refrigerator system. 

This work was done by Rex B. 
Quinn of Caltech/JPL. For further 
information, Circle 8 on the TSP 
Request Card. 
NPO-13642. 
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Power-Control Switch 
A constant-current source improves 
efficiency and rise-time consistency. 

Marshall Space Flight Center, Alabama 
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In the Modified Power-Control Switch the original resistive divider, R1 
and R2 (circuit including P( 8 ' shown above) is replaced with a 
constant-current source (circuit including A8 above). 
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Improvements have been made to 
a power-control switch (see figure) 
designed to operate with inputs from 
60 to 90 V and with transients as 
high as 120 V. A series transistor a 
(0 1 ) that controlled the power ap-
plied to the load was driven by a 
second transistor (0 2 ), A resistive 
divider, R 1 and R 2, between the 
positive input and the collector of O 2 

supplied the base current. The large 
variation in input voltage meant that 
R2 disSipated excessive power at 
high input voltages because the re
sistance value was selected to pro-
vide adequate base current at the 
minimum input voltage. 

In a new circuit R2 is replaced 
with a constant-current source. This 
circuit provides the required drive 
current for 0 1 independent of the 
varying input voltage and thus re
duces the power loss in the base 
drive circuitry by a factor of two at 
high input voltages . In addition to 
reducing power disSipation, the con
stant-current source maintains an 
essentially-constant charge rate for 
C1 , thus improving the rise-time 
consistency over the input voltage 
range . 

This work was done by Leland L. 
Kessler of Westinghouse Electric 
Corp. for Marshall Space Flight 
Center. For further information, 
Circle 9 on the TSP Request Card. 
MFS-23395 
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CMOS-Compatible Tristate Cable Driver 
A combination bipolar /CMOS 
cable driver draws no standby power. 

Marshall Space Flight Center, Alabama 
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LONG TWISTED-PAIR CABLE 

The CMOS advantages of low 
power consumption and high noise 
immunity are compromised when 
CMOS systems are interconnected 
using TIL cable drivers. CMOS-to
TIL interfaces require standby pow
er and have worse noise immunity 
than the CMOS circuits being driven. 
To overcome these pitfalls, a CMOS
compatible tristate cable driver has 
been developed. It complements the 
CMOS low-power consumption as it, 
too, draws zero standby power. The 
driver is implemented via a bipolar 
complementary emitter follower 
controlled in each of the three states 
(output logic high, logic low, and 
high-impedance off) by CMOS 
switches, two per driver. The cable 
being driven is terminated (at the 
receiving end) by a pair of diodes. 
Although this termination scheme is 
not as effective as a line character
istic impedance matching resistor , it 
dissipates little power. The diode 
clamp limits cable reflections to 
about 1.5 to 2 volts, a level within 
the noise-immunity characteristics 
of the CMOS circuits. 

Tristate Cable Driver with 4ero standby power energizes a transmission 
line the characteristic impedance of which is matched with a pair of 
diodes. The diodes limit signal overshoot to within the noise immunity 
characteristic of the CMOS receiver. 

The three cable driver states are 
varied via the CMOS transmission 
gates in combination with the bipolar 
complementary emitter follower as 
shown in the figure. The current that 
the emitter follower supplies to the 
line does not pass through the lower
power CMOS gates . Transmission 
gate A, for instance, in series with 
the input to the complementary 
emitter follower , transmits only the 
current supplied by the preceding 
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CMOS stage. In this state, control 
gate C is high , and transmission 
gate B is open; circuit performance 
is identical to that of a simple cable 
driver. 

When control C goes low, trans
mission gate A opens and removes 
the CMOS driving source from the 
emitter follower input . Transmission 
gate B is closed, presenting its "on" 
resistance between the input and 
output of the follower . The gate thus 
appears as a shunt resistance 
between the base and emitter of the 
emitter follower and keeps the tran
sistor base potentials within less 

than a diode drop of the emitter . The 
driver transistors are then cut off 
which presents a high impedance 
(the output-off state) to the driven 
bus. 

This work was done by Richard 
Lee Pryor of RCA Corp. for Mar
shall Space Flight Center. For 
further information, Circle 10 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A 8]. Refer to 
MFS-23410. 
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Electrical-Conduit Sizing Gage 
An easily made template can be used to 
estimate the trade size number of conduit. 

Lyndon B. Johnson Space Center, Houston, Texas 

/-, 
/ \ 

CONDUIT~\ } 

LOWER FLAP 

UPPER FLAP 

Figure 1. Conduit Trade-Size Template is shown 50 % of full size. To 
use, rest the gage upper flap against the conduit. Rotate the lower flap 
until it contacts the conduit. The arrow will indicate approximate trade 
size. 

Figure 2. Prototype Conduit Template as fabricated. The lettering 
consists of rub-on dry-transfer lettering. 
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An electrical conduit is identified 
by a trade size number which has 
little relation to the exact diameter of 
the conduit. The number indicates 
the wire size and fill for which the a 
conduit is designed. Experienced 
technicians can "eyeball" a conduit 
and judge its trade size. Inexperi-
enced technicians have to measure 
the outside diameter with a caliper 
and use a conduit diameter-to-trade 
cross-reference table to determine 
the proper size . In many cases this 
leads to mistaken trade sizing or 
calling out incorrect sizes on 
drawings. 

A simple gage has been devel
oped to measure approximately the 
outer diameter of an electrical con
duit ar:1d to relate it to the standard 
trade size. Trade sizes are standard
ized on the basis of the inside diam
eter of a conduit rather than its outer 
diameter. Thus, measurement of the 
outside diameter does not neces
sarily determine the trade size . 
Product literature indicates that con
duit outer diameters vary from one 
manufacturer to another. 

Since the outer diameters, though 
different, are not far apart, the gage 
can be made to show trade size 
range rather than exact diameter 
measurement. This enables the user 
to measure conduit trade size irre
spective of manufacturer. 

The gage, consisting of two flaps 
as seen in the figures, is made from 
thin aluminum sheet stock. Indicator 
lines can be scribed on the surface, 
or adhesive-backed decals can be 
used instead. To use the gage one of 
the gage flaps is rested against the 
conduit; the other flap is rotated until 
it contacts the conduit. An indicator 
arrow will point to the trade size 
being measured. 

This work was done by Clarence 
E. Caveness of Rockwell 
International Corp. for Johnson 
Space Center. No further 
documentation is available. 
MSC-19491 
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Books and Reports 
These reports , studies , and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited otherwise they are available 
from one of NASA's Industrtal 
Application Centers or the National 
Technical Information Service 

Testing Flat-Conductor 
Cable 

Three-conductor FCC, is 
safety-tested to UL 
standards. 

A report on the flat-conductor 
cable (FCC) which is designed for 
use in a surface nonmetallic protec
tive covering is available; it is enti
tled "Testing of Flat Conductor 
Cable To Underwriters Laboratory 
Standards UL719 and UL83." The 
report describes the characteristics 
of a type of FCC which consists of 
three AWG No. 12 flat copper con
ductors laminated between two films 
of polyethylene terephthalate 
(Mylar) insulation with a self
extinguishing polyester adhesive. 
The insulation is rated at 1000 C 
(21? F) and 600 volts. The self
extinguishing polyester adhesive has 
an oxide of antimony as the flame
retardant agent. 

STEEL ROD 
SECURED IN 

SQUARE NOTCH 

CABLE 

Flat-Conductor Cable Flow Test 
Apparatus is used to measure 
some of the ten parameters 
associated with the cable. The 
cable is tested to conform to 
UL719 and UL83 of the 
Underwriters Laboratories, Inc . 
safety code , 
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The tests were performed on 
samples according to the methods 
outlined in "Nonmetallic Sheathed 
Cables," subject UL719, and 
"Standard for Safety Thermoplastic
Insulated Wires, " subject UL83, 
both of the Underwriters Laborato
ries , Inc. Ten parameters were 
tested. These included: (1) cable 
separability, (2) electrical continui
ty, (3) flame-retardant properties, 
(4) dielectric withstanding voltage, 
(5) tension and elongation, (6) 
unwinding at low temperature, (7) 
conductor pullout , (8) abrasion re
sistance, (9) crushing resistance, 
and (10) insulation flow. (A simpli
fied representation of the insulation 
flow test is shown in the figure .) 

This work was done by Robert W, 
Loggins and Ralph H. Herndon of 
Marshall Space Flight Center. 
To obtain a copy of the report, Circle 
11 on the TSP Request Card. 
MFS-23174 

Surface Mounted Flat
Conductor Cable 

The drawbacks and 
advantages of FCC 
for home wiring 

In the near future considerable 
improvements and changes will be 
made in home wiring to cope with 
increasing material and labor costs, 
electrical demands, new building 
materials and concepts, and the re
habilitation of old buildings. At 
present a 17 -page technical 
memorandum entitled "Surface
Mounted Flat Conductor Cable For 
Home Wiring" is available. It 
presents the drawbacks and advan
tages of flat-conductor cable (FCC) 
technology in terms of its use in a 
home wiring system. According to 
the report FCC can be used through
out the home from the service-line 
entrance at the power panel to auxil
iary wiring including telephone, 
intercom, and alarm systems. 

Two types of surface-wiring 
schemes are considered: snap-on 
baseboard and extendable base
board. The snap-on system can be 
installed in any type of existing or 
new structure, but requires more 

labor to install than extendable 
wiring . The extendable system illus
trated with a three-prong-plug 
adapter is factory-made and is 
intended for new-home installation, 
but requires more development to be 
commercially successful . Both 
types of FCC, the report empha
sizes, lower installation costs and 
time in this traditionally labor
intensive market. 

FCC 

The Extendable Baseboard FCC 
wiring system is shown with an 
adapter for a three-prong plug. 

This work was done by James D. 
Hankins and James R. Carden of 
Marshall Space Flight Center. 
To obtain a copy of the report, Circle 
12 on the TSP Request Card, 
MFS-23135 

Temperature Rise of 
Installed FCC 

Temperature profiles of 
installed FCC for wood and 
tile surfaces 

One of the advantages of flat
conductor cable (FCC) is its thin
ness as compared to round-wi re 
cables carrying similar currents . As 
a result FCC can be installed in 
areas not previously possible by 
using methods not available to elec
trical contractors in the past. One 
such installation is the laying of FCC 
over a bare floor and under a short
pile carpet (and its sponge-rubber 
pad), and this is described in a 
9-page technical memorandum. A 
three-conductor No. 12 AWG FCC 
was tested at twice the nominal 
current-carrying capacity, and the 
temperature rise of the carpet was 
noted. 

The test results indicate that tem
perature rise is not a linear function 
of current with the FCC at this level . 
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Although the temperature of the 
carpet surface was not measured at 
the highest current , it felt barely 
warm to the touch, and the carpet 
material was not degraded . The 
report further notes that the floor 
surface acted as a thermal sink, as 
shown in the figure , further aiding 
FCC current-overload 
characteristics . 

10 1----1f---f----+--+-~ 

R(X)MTEMPERATURE- 2U1-C 

TEMPERATURE RISE (ee) 

Temperature Rise is shown 
versus load for AWG No. 12 
(copper) FCC instal/ed under 
carpet. 

This work was done by James D. 
Hankins of Marshall Space Flight 
Center. To obtain a copy of the 
report, Circle 13 on the TSP Request 
card. 
MFS-23127 

Flat-Conductor Cable 
Baseboard 

Test procedures for 
commercial and residential 
applications 

A test of a flat-conductor cable 
(FCC) baseboard system has been 
performed, and the procedures and 
results are offered in a 26-page 
technical memorandum. The 
baseboard system is a prototype 
version built for use in residential 
and commercial applications, and it 
therefore was tested to appropriate 
Underwriters Laboratory standards. 

The baseboard material used in 
the manufacture of the protective 
coverings and fittings is polyvinyl 
chloride (PVC) , the receptacle cover 
is vacuum-formed PVC sheet mate
rial, and the receptacle box is metal. 
The system, with or without recep
tacles, will house nine No. 12 AWG 
flat conductors ; three additional 
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conductors of the same size can be 
accommodated for future system 
expansion . The cover and fittings 
are designed to snap onto the back 
channel , but if desired , PVC cement 
can be applied to make disassembly 
a deliberate operation . 

The test procedure consisted of 
20 stages. Mechanical , electrical , 
chemical , environmental , thermal , 
and analytical studies subjected the 
FCC and its baseboard system to 
considerably more severe conditions 
than would be encountered in 
normal service . The system with
stood the tests favorably. 

This work was done by James D. 
Hankins of the Marshall Space 
Flight Center. For further informa
tion, Circle 14 on the TSP Request 
card. 
MFS-23141 

Manufacture of 
Flat-Conductor Cable 

Discussion of manufacturing 
and design, includes a 
bibliography. 

In less than 20 years the manu
facture of flat-conductor cable 
(FCC) has grown from an experi
mental project at a space center to a 
multimillion-dollar industry. Military 
specifications have been published 
to standardize FCC for government 
applications , and the Institute of 
Printed Circuits has published a 
specification to cover industrial 
FCC. 

A 77-page technical memoran
dum has been published outlining 
the manufacturing basics of FCC. 
The five chapters of ' 'The Manu
facture Of Flat Conductor Cable" 
describe basic cable design and the 
fabrication of both unshielded and 
shielded FCC and list additional ref
erences and bibliography. The 
memorandum describes the manu
facture of unshielded and shielded 
cables , using a wide variety of 
materials and techniques. 

Numerous cable configurations 
and production techniques have 
been developed. Fabricating pro
cesses include laminating (the most 
widely used), etching, extruding , 

and weaving. Rectangular conduc-
tors (usually bare or plated copper) 
are arranged parallel to each other 
and are held together in one plane 
by an insulating material . The con-
ductors may be: (a) flattened round 
wires (the most-widely-used 
conductor type), (b) slit from foil or 
etched from a metal/plastic lami-
nate , or (c) formed by electrolytic 
deposition. Insulation can be applied 
by several techniques, including 
lamination , extrusion, spray coating 'Q 
and weaving. FCC can be fabricated 
for signal and power applications 
and, when necessary, can be 
shielded for the attenuation of both 
electrostatic and electromagnetic 
fields . 

This work was done by W. Angele 
of the Marshall Space Flight 
Center. For further information, 
Circle 15 on the TSP Request Card. 
MFS-23121 

Electronic Circuits 

Selected developments in 
instrumentation and 
communications technology 

A recent NASA Compilation, 
SP-5972(07), entitled • 'Electronic 
Circuits," describes 29 circuits and 
circuit techniques developed for 
communications and instrumenta
tion technology. This Compilation is 
one of a series of NASA Technology 
Utilization Publications which , like 
NASA Tech Briefs, make available 
aerospace technology that may have 
application in commerce and indus
try . 

" Electronic Circuits" contains 
articles on communications tech
niques, including pulse-code 
modulation, phase-locked loops, 
data coding, and data recording . 
Articles on circuits for specialized 
instrumentation include descriptions 
of detection circuits , amplifiers, 
logic circuits , oscillators, and con
trol circuits . 

This work was done for NASA 
Headquarters. To obtain a copy of 
SP-5972[07J, Circle 16 on the TSP 
Request Card. 
HQN-10894 
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Electrical-Cable 
Design Guide 
Data for filler materials, 
jacket wall thicknesses 
and cable diameters 

The "Electrical-Cable Design 
Guide" is a 1 O-page compendium of 
formulas and tables to aid designers 
in determining electrical-cable 
jacket sizes, the number of wires per 
lay pattern, filler-material require
ments, jacket wall thickness, and 
overall cable diameters. The guide 
provides a standard approach which 
assures consistency of end-product 
cable design parameters. 

The formulas are intended to sim
plify the method of obtaining cable
bundle outside diameters. Four 
tables summarize the data . Table I 
has been compiled by using the 
nominal diameters of conductors of 
the same gage and diameter. Table 
II shows how to treat a cable as a 
single wire to determine final outside 
diameter by means of multiplying 
factors (1X, 2X, . .. ,nX) . The 
reason for treating a cable as one 
wire is that a filler cable may be re
quired to provide a circular cross 
section before jacketing of the cable 
assembly. (Fillers are used in place 
of spare wires to decrease weight 
and cost .) 

Table III is used to obtain the 
correct inside diameter of the cable 
jacket, while Table IV gives applica
ble wall thickness of neoprene 
tubing. These calculations are appli
cable to all cables that are under 7.5 
cm (3 .0 in .) in diameter prior to 
jacketing . 

This work was done by George A. 
Phelps of Rockwell International 
Corp. for Marshall Space Flight 
Center. For further information, 
Circle 17 on the TSP Request Card. 
MFS-24280 
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Installation of Surface
Mounted Flat-Conductor Cable 

Tools, Hardware, and 
Procedures for residential 
and commercial buildings 

A guide describing the installation 
of interior surface-mounted flat
conductor cable (FCC) used in 
residential and commercial buildings 
is offered . Although it is preliminary 
(since only two prototypical installa
tions are described), the guide 
nevertheless shows in step-by-step 
fashion the tools , hardware, and 
procedures used at the sites of an 
apartment complex and an office. 

Some topiCS covered in the 
24-page booklet are: (a) vertical
wall cable routing and transition, (b) 
receptacle box assembly, (c) back
channel installation, (d) flat
conductor cable routing, (e) flat
cable-to-round-wire transitions, and 
(f) the installation of baseboard 
molding and front-cover hardware. 
Self-explanatory photographs show 
how cable-riser and baseboard 
covers are installed as well as 
receptacle assembly and 
receptacle-cover replacement. 

This work was done by James R. 
Carden of Marshall Space Flight 
Center. To obtain a copy of the 
report, Circle 18 on the TSP Request 
Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center[ see page A8]. Refer to 
MFS-23266. 

Guidelines for Multiple 
LSI Packaging 

A design handbook for 
vertically layered thick-film 
microcircuits. 

A handbook provides the 
integrated-circuit (IC) designer with 
specific guidelines related to 
ceramic multilayer circuit fabrica
tion in terms of packaging density 
and interconnection methods. 
Current state-of-the-art IC 

technology provides logic ci rcuits 
which will change state in only 1 
nanosecond. The operating speed of 
a computer, for instance, is limited 
mainly by the length of interconnec
tions between IC's. One method of 
reducing lead lengths is to use 
custom large-scale integration (LSI) 
chips. However, when special
application monolithic LSI circuits 
are not available, significant lead 
length reduction can be realized by a 
hybrid approach . 

Ceramic multilayer interconnect 
systems permit many of the advan
tages gained through IC technology 
to be reliably utilized in a minia-
tu rized custom-made form without 
incurring the expense and lead time 
involved in custom LSI chip design . 
However, as the phYSical size of the 
ceramic carrier interconnect circuit
ry decreases and active-device den
sity increases, the probability of 
electrical , thermal, or mechanical 
problems increases proportionally. 

Ceramic multilayer circuits 
consist of two or more layers of pre
determined conductive intercon
nections, separated by dielectric 
layers and fired at an elevated tem
perature to form a solidly fused 
structure . The resultant ceramic 
interconnect matrix is used as a 
base to mount active and passive 
devices and to interconnect the 
desi red electrical ci rcuit . 

The handbook, although tutorial, 
guides the deSigner from the initial 
stages of ceramic multilayer inter
connection and artwork generation 
through test pattern utilization, 
assembly operations , and final in
spection and test procedures. A 
step-by-step evaluation of a thick
film LSI microcircuit is offered, with 
actual test methods and results de
scribed to highlight final perform
ance . The text concludes with a 
comprehensive evaluation of ma
terials . A glossary of terms and a list 
of 98 additional references are 
included. 

This work was done by C. J. 
Peckinpaugh of Electronic Commu
nications, Inc., for Marshall Space 
Flight Center. To obtain a copy of 
the handbook, Circle 19 on the TSP 
Request Card. 
MFS-23367 
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Automatic Fi re/Weather Data Station 
An integrated system collects 
and processes fire-index data. 

Ames Research Center, Moffett Fie/d, California 

The Automatic FireiWeather Data Station is a prototype unmanned 
integrated system which collects and processes fire-index data. 

The prediction of fire/weather personnel to make field measure-
status is based on a " fire index" that ments and to transmit data to an 
is tabulated from measurements of offsite center for tabulation, but data 
five parameters : air temperature, are not collected during firefighting 
relative humidity, wind direction , or rainy seasons. Obviously, the 
wind velocity, fuel moisture, and fuel accuracy of measurements are 
temperature . Established methods strongly dependent on personal 
for obtaining the fire index require judgments. 
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In order to improve the accuracy 
and frequency of fire/weather fore
casting, an integrated system has 
been developed to collect and 
process fire-index data automati
cally. The system is based on state
of-the-art technology, and even 
though it uses low-cost hardware, it 
is highly reliable and needs little ~ 
maintenance. The unmanned ... 
system (see the figure) operates on ~ 
a year-round basis , so that models 
can be derived for long-range fire-
fighting logistics. 

Primary components of the auto
matic fire/weather data station are 
sensors for the six fire-index param
eters listed above, a data-controlling 
and synchronizing (DCS) element, a 
microprocessor, and a power 
supply. The DCS element is used to 
generate all synchronizing and se
quencing frequencies . The micro
processor contains conversion and 
calculation algorithms stored in 
programable read-only memories. 

In operation, a sequencer interro
gates each of the sensors at pre
scribed time intervals , converts the 
analog data to digital , and then 
transfers all digital data to an output 
data register . The signal from the 
output register is transmitted to the 
microprocessor where the digital 
data are converted to analog equiva
lents and the fire index is calculated 
from the converted data. The 
microprocessor output can be 
stored on disks for later reference, 
punched on paper tape for input to a 
computer for detailed analyses, or 
printed for hard-copy display. 

This work was done by Henry 
Lum, Jr., of Ames Research 
Center. For further information, 
Circle 20 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Ames Research Center 
[see page A8] . Refer to ARC-10993. 
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Unbalanced Quadriphase Demodulator 
A new demodulator for supressed carrier pulse-code
modulated signals represents incoming signals as vectors. 

Lyndon B. Johnson Space Center, Houston, Texas 

A new demodulator is proposed to 
process an unbalanced quadri
phase-shift-keyed (QPSK) , sup
pressed-carrier, pulse-code
modulated (PCM) signal. An un
balanced QPSK Signal is defined as 
one in which the four phase posi
tions of the signal are not spaced by 
90° . For example, the incoming 
QPSK signal may be represented as 
four possible voltage vectors spaced 
at26° , -26° , 206°, and-206° , as 
shown in Figure 1 (a) . This unbal
anced QPSK signal could be gen-

VI - " 11 " 
v} - "'0" 

-VI - ''00'' 
-V, - "0' " 

erated by adding a 20-percent 
relative-power PSK signal to a quad
rature aO-percent relative-power 
PSK signal . The QPSK demodulator 
tracks the incoming signal with the 
use of two selectable phase-refer
ence signals, Igen and Qgen, 
making up four phase positions for 
the reference signals, as shown in 
Figure 1 (b). 

The basic demodulator is shown 
in Figure 2. The two phase positions 
of Igen and Qgen are necessary to 
match the four possible incoming 

---_veo 

-v, 

Figure 1 . Voltage Vectors for an incoming QPSK signal are shown in (a) 
above . The Vi represent binary data pairs (data 1 and data 2). In (b) the 
vectors for reference signals at a phase-locked condition are shown . 

OPSK 
SIGNAL 

vectors . The incoming vector can be 
determined by a data demodulator 
which outputs an estimate of the 
data. When the product of data 1 
and data 2 is positive, the incoming 
vector is V 1 or -V 1 ; so the switch 
selects position A, shifting the veo 
reference +26° . Likewise, when the 
product is negative , the incoming 
vector is V 2 or -V 2 , and position B is 
selected, giving a -26° phase shift of 
the veo reference . 

Therefore Igen and Qgen become 
the in-phase and quadrature refer
ence tracking signals, respectively, 
whether the input vector is V 1 or V 2' 

The I and Q signals are then 
generated by the multiplication of 
each respective reference signal 
with the incoming signal. Next the I 
Signal corrects the polarity of the Q 
Signal in the IxQ multiplier , resulting 
in an error signal for tracking which 
is proportional only to the phase dif
ference between the incoming signal 
and the tracking reference-signal 
phase. 

o 

Figure 2 . The Unbalanced Quadriphase Demodulator will process QPSK pulse-code-modulated signals with a 
suppressed carrier. Two phase-reference signals Igen and Qgen are used to track incoming signals. 
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Some important points about this 
demodulator are as follows : 
• If the unbalance ratio of the OPSK 

signal is changed , then the 
selectable phase-shift networks 
should be set to a corresponding 
amount of phase shift . For 
example, the demodulator could 
receive a balanced OPSK signal if 
the selectable phase shifts are 
45° and -45° . 

• The tracking performance of the 
demodulator is not sensitive to 
voltage-level changes caused by 

gain and bias variations but only 
to the accuracy of the phase 
shifts . 

• The difference between the 
absolute value (square) of the I 
and 0 signals may serve as a lock 
detection signal for automatic 
acquisition and as a signal for 
automatic gain control. 

• There are two ambiguities in the 
data output with an unbalanced 
OPSK signal : Each data input 
remains in its respective output 
form from the demodulator, but 

Free-Space Microwave-Power Transmission 
Laboratory-scale wireless transmission of 
microwave power approaches 54 percent efficiency. 

Marshall Space Flight Center, Alabama 

In a new wireless energy trans
mission method, dc is converted to a 
2.45-GHz Signal and is transmitted 
through a horn antenna array. The 
microwave signal is received at a 
rectenna (rectifying antenna) where 
it is simultaneously collected and 
rectified back to dc at the receiving 
site . The dc is then processed for 
wired distribution, much as 
electrical energy is processed by a 
conventional generating station . 

The increased efficiency is 
obtained through several develop
ments: 
- More-efficient and more-powerful 
GaAs Schottky-barrier diodes , 
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- A low-pass microwave filter input 
to the rectenna eh~ment , 

- The development of a simplified but 
efficient half-wave rectifier circuit , 

-The start of the development of a 
computer program which takes the 
fine structure of the rectenna ele
ment and the rectifier into consid
eration , 

- The design of a rectenna to use in 
a high overall efficiency system 
and to maximize the amount of 
useful experimental data, 

- An improved dual-mode horn an
tenna that delivers 95% of the 
microwave signal to Hie receiving 
site , 

each may be of correct polarity or 
inverted. With a balanced OPSK 
signal , the data may also change 
outputs (four ambiguities) . 

This work was done by Herbert S. 
Kobayashi and Sydney P. Bradfield, 
III of Johnson Space Center. For 
further information, Circle 21 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Johnson Space Center 
[see page A8] Refer to MSC-14840. 

-The development of a design pro
cedure for a microwave-beam 
transmission system of arbitrary 
transmission efficiency and trans
mission distance in which a point 
source of microwave power is used 
to excite the system, and 

- A new design procedure for a low
cost ellipsoidal reflector . 

This work was done by W. C. 
Brown of Raytheon Co. for Marshall 
Space Flight Center. For further 
information, incfuding a discussion 
of microwave energy transmission, 
design particulars of the improved 
system, and test data, Circle 22 on 
the TSP Request Card. 
MFS-23443 
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Long Binary Frame Sync Words 
Prefixes of pseudonoise sequences for frame synchronization of binary 
PSK telemetry require only a small portion of the sync words to be stored in memory. 

CaltechlJPL, Pasadena, California 

Correlation criteria have been es
tablished previously for identifying 
whether a given binary sequence 
would be a good frame sync word for 
phase-shift keyed (PSK) telemetry. 
In the past, the search for a suitable 
k-bit sync word has involved the ap
plication of these criteria to the en
tire set of 2k binary k-tuples. It is 
shown that restricting this search to 
a much smaller subset consisting of 

k-bit prefixes of pseudonoise (PN) 
sequences results in sync words of 
comparable quality, but requiring 
greatly reduced computer search 
times for larger values of K. 

This procedure has been suc
cessfully used to find good sync 
words of lengths 16 to 63. The stor
age advantage is that these sync 
words can be generated by a 5-bit or 
6-bit linear feedback shift register 

Demodulator Aids Synchronization 
A decision-feedback loop synchronizes 
multiple-amplitude and phase-shift keyed Signals. 

CaltechlJPL, Pasadena, California 

A method for highly efficient car
rier synchronization has been dem
onstrated in connection with the 
study and development of multiple
amplitude phase-shift keyed 
(MAPSK) and quadrature-amplitude 
shift keyed (OASK) systems, the lat
ter being a special case of MAPSK. 
As a result of the study, a demodu
lator has been designed wtiich in
corporates a decision-feedback 
structure for near optimum carrier 
synchronization. Single-threshold 
data detectors are replaced with 
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multiple-threshold devices to ac
commodate the multiple amplitudes 
involved in MAPSK and OASK. Each 
decision-feedback loop employs an 
integrate-and-dump circuit and a 
decision-threshold level quantizer 
for OASK or a maximum-likelihood 
detector for MAPSK. The circuit can 
be used to generate a carrier refer
ence for any MAPSK signal set. 

The analysis of the system model 
includes the derivation of an expres
sion for the effects of carrier 
synchronization on the error 

(FSR), so that only a small fraction 
of the sync word need be stored in 
memory. 

This work was done by Barry K. 
Levitt of Ca Itech/ J PL. For further 
information, including a tabulation of 
sync words, Circle 23 on the Reader 
Service Card. 
NPO-13727 

probability for MAPSK and an ex
pression for the average probability 
of symbOl error, given a fixed carrier
phase error. These are combined to 
give results for the degradation in 
average symbol-error probabilities in 
the presence of a noisy carrier ref
erence signal. 

This work was done by Marvin K. 
Simon and Joel G. Smith of 
Caltech/JPL. For further informa
tion, Circle 24 on the TSP Request 
Card. 
NPO-1360S 
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Analog-ta-Binary Conversion of Video Data 
A high-speed comparator circuit which ignores out-of-focus 
features and is insensitive to overall brightness changes in the picture. 

Goddard Space Flight Center, Greenbelt, Maryland 

A new technique for converting 
television information to binary form 
is both accurate and controllable . It 
was developed for systems requiring 
video signals to be used with auto
matic data-processing equipment. 
Modifications of the circuit parame
ters allow optimization of the binary 
conversion for given applications, 
including the detection of particle 
tracks in a nuclear emulsion and 
contrast enhancement in TV pic
tures . 

A key element in the technique is 
an assembly of circuitry termed a 
"discriminator" which converts TV 
Signals into binary data. The opera
tion of the system is shown in the 
block diagram. For each horizontal 
line, the binary output from the dis
criminator is subsequently accumu
lated in a counter and is read by an 
IBM-1800 computer (or equivalent) 
in a parallel transfer. 

This discriminator has several 
properties which make it stable and 
accurate and, hence, useful for 
many applications. For example, the 
circuitry will generally ignore out-of
focus features . This is controllable 
by selection of decay rates in the 
reference Signal. Second, both the 
signal and the comparison Signals 
are clamped prior to comparison at 
the blanking level. This makes the 
output independent of ordinary 
changes in overall scene illumina
tion levels. Finally, the usage of a 
high speed comparator allows the 
resolution of fine detail in the image. 

This work was done by Mario H. 
Acuna and Charles J. Pellerin of God
dard Space Flight Center. For 
further information, Circle 25 on the 
TSP Request Card. 
GSC-11918 
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Analog-ta-Blnary Conversion of Video Data uses a high-speed compar
ator (LM-306) to compare the original Signal with a reference derived 
from it. The binary output is derived from the comparator. Both the sig
nal and comparison signals are clamped prior to comparison to make 
the output independent of ordinary changes in overall scene illumina
tion levels. 
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Digital Video Image System 
A computer-compatible data-storage 
interface permits video image manipulation . 

Marshall Space Flight Center, Alabama 

The digital video image system 
(DVIS) is an interactive recording 
and display device that acts as a 
very-high-speed data-input! output 
interface between analog (video) 
signals and standard digital
computer compontents . It can be 
used with various picture and 
memory sizes and can be controlled 
manually or by computer. There are 
four modes of operation: 
• Video display (refresh static 

frame) 
• Video record (one frame) 
• Make digital tape (transfer con

tents of memory to bulk storage) 
• Enter digital tape (load memory 

from bulk storage) 
In the video record mode, one 

frame of standard (NTSC) video data 
is digitized at video rates and stored 
in a regular core memory. For 
display, the stored digital image is 
used to refresh a standard video 
monitor through repeated readout 
from memory and the reconstruction 
of a standard NTSC composite video 
signal . 

Access to and from the memory is 
also possible at nonvideo rates . 
Thus , the digitized image may be 

VIDEO f.-
A/D r-----SOURCE CONVERTER 

read out from the memory and 
written onto a computer-compatible 
digital magnetic tape, or a digitized 
image contained on magnetic tape 
may be written into memory. This 
memory buffer technique results in a 
data-rate reduction of 1 ,000: 1 , 
reducing the 1 O-MHz video sampling 
rate to the 10-KHz rate of the 
recorder . 

Recording 
During recording , the bandwidth 

of the video signal (5 MHz) necessi
tates sampling and digitizing the 
incoming signal every 100 ns 
(1 a-MHz sample rate) . Each sample 
(pixel) is coded to 8 bits in a high
speed analog-to-digital converter. 
The high data-acquisition rate (100 
ns per pixel) is matched to the 
memory-cycle time (650 ns) by 
configuring the memory with a 
widened word size (32K by 65-bit 
words) and packing the data. Eight 
pixels (of 8 bits each) are packed in 
an input buffer register, allowing the 
memory to be cycled every 800 ns. 
A complete 512-by-512 video image 
can be recorded in 1 /3Oth of a 
second. 

TAPE 
UNIT 

I 
I 

~ 
CONTROL 

UNIT 

/ l', 
// I , 

/ I , 
/ I , 

/ I ' 
/ I ' 

)1 / , " 

PACKER f---- MEMORY --UNIT 
UNPACKER 

Digital images stored on magnetic 
tape can be written into memory 
through the same input buffer reg
ister. In this case the basic clock 
cycle is determined by the digital 
tape recorder and the memory is 
cycled every 800 lAs, so that a 
512-by-512 pixel frame can be 
entered in approximately 90 seconds 
(including record gaps) . 

Image Memory 
The maximum size of image 

which can be stored is determined 
by the amount of core memory 
provided. In the current system the 
memory capacity is 32K by 54-bit 
words or 256K by 8-bit bytes . This 
allows storage of a total of 262,444 
pixels. All of these pixels can come 
from a single full-sized video frame 
or from several smaller pictures. 
Control features allow compression 
of recorded data and simultaneous 
display of several images for 
comparison . 

Display 
The memory output is the digitized 

image data obtained by a reversal of 
the memory input technique . Every 

- D/ A r-- VIDEO 
CONVERTER MONITOR 

The DVIS is a modular system that makes use of standard computer hardware to generate computer
compatible tapes from analog video signals. Under direction of the control unit , the packer compresses data 
sampled by the AI D converter (or from tape) for insertion into memory ; the unpacker expands data for display 
or ta pe storage . 
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memory cycle, a full 54-bit word is 
read out of memory and clocked into 
an output buffer register . For bulk 
storage the digital data are written 
onto magnetic tape through the 
same unpacking process. As before, 
the basic clock cycle is determined 
by the digital tape recorder . 

The video output is a reconstruc
tion of a composite video Signal from 
the 1 OO-ns pixel stream achieved 
through data conversion in a 
high-speed 0/ A converter, followed 
by reinsertion of the video synchro
nization Signal and attenuation in a 
video ampl ifier. The stored image is 

continuously displayed at standard 
video rates until a new image is 
recorded or the tape mode of 
operation is used, either " enter 
tape" or " make tape." Upon 
completion of any of these modes, 
the system reverts automatically to 
the display mode and continues to 
display whatever image is currently 
in memory. 

Automatic Operation 

image is displayed for 10 seconds to 
allow the operator to decide whether 
to store it on tape . If no action is 
taken , the timer triggers the "make 
tape" mode; otherwise the operator 
may manually inhibit the" make 
tape" mode. 

This work was done by Patrick L. 
Neely and Robert M. Brown of 
Computer Sciences Corp. for 
Marshall Space Flight Center. 
For further information about the 
DVIS, including a description down 
to the subsystem level, Circle 26 on 
the TSP Request Card. 
MFS-23322 

Images are recorded when a logic 
signal (STORE) is received from an 
external device. If required, data are 
written onto magnetic tape automa
tically after the STORE signal. The 

------------------------------------~ Interactive Imaging and Data Processing 
High-speed memory system 
allows real-time image processing. 

GaltechlJPL, Pasadena, California 

Planetary missions of the future 
will use roving vehicles preprogram
ed via computer control. In order to 
optimize programing time during the 
present design stage, the system is 
being assigned only specific limited 
goals. Other onboard interplanetary 
tasks, best performed via a man/ 
machinery interface, are simplified 
by the use of a high-speed digitized 
video scheme implemented by 
digital imaging and data processing. 
This image processing method is 
capable of contrast enhancement, 
noise filtering, and photometric dis
tortion removal in near real time . 
Personnel who are not trained in 
computerized signal analysis can 
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view the resulting image transmitted 
from the craft on a conventional TV 
monitor. 

The system uses digital image 
integration, and a digital video 
recorder is employed as an image 
buffer. Each frame of data is entered 
into a memory which consists of 
nonvolatile dynamic shift registers . 
The registers provide a readout of 
the stored TV frame . 

As the linear video signal is ap
plied to the input of the recorder, the 
system operates as a multiple addi
tive frame grabber or integrator . The 
number of frames accumulated (or 
frame integration time) is controlled 

by an acquisition timer. This oper
ates from the level of the received 
camera signal and improves 
signal-to-noise ratios from the 
camera system by a factor equal to 
the square root of the number of 
frames integrated. After increasing 
the signal-to-noise ratio , routine 
image processing in near real time is 
controlled by a minicomputer. 

This work was done by Harold 
Alsberg, Robert Nathan, and John 
H. MorecroftofCaltech/JPL. For 
further information, Circle 27 on the 
TSP Request Card. 
NPO-13655 
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Multiplane Binocular Visual Display System 
An improved binocular display system for flight training may 
have applications with other display and remote-control systems. 

Ames Research Center, Moffett Field, California 

TV 
MONITOR 

BEAM 
SPLITTER 

ROTATING 
TORUS MIRROR 

ASSEMBLY 

PLASTIC PLANOCONVEX 
COLLIMATING LENS 

CONTROLS 

The MultiiayerVisual Display System includes a television or digital-calligraphic monitor that is positioned 
above a 50-percent-reflectance, reverse-position beam splitter. A plastic planoconvex lens (60 cm in 
diameter) is placed ahead of the beam splitter in the windscreen of the simulator cab. 

An electro-optic system has been 
interfaced with a digital computer in 
a flight simulator to generate simul
taneous multiple-image planes in 
real time for out-the-window 
displays of a landing-approach 
scene over the entire range from the 
height of the pilot's eyes above the 
runway to infinity. The scenes have 
very compelling binocular stereo 
effects representing the major 
depth-perception cues that are not 
obtainable with the usual visual 
attachments . 

The display system is shown in the 
figure. A large wheel behind the 
beam splitter supports either six 
offset mirrored sections or a torus 
mirror. The motor that spins the 
mirror system at 20 to 60 Hz is 
synchronized with the computer
controlled drawing of calligraphic
line or dot elements by means of a 
light-emitting-diode (LED) detector 
mounted behind the mirror wheel on 
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the motor side; alternatively, a 
shaft-position digitizer and associ
ated counters may be used for syn
chronization. The mirror wheel in the 
assembly must be matched to the 
size of the aircraft windscreen, col
limating lens, and display monitor in 
order to create the illusion of depth. 

The pilot is positioned with his 
eyes focused at the center of the 
collimating lens at a distance of 
about 60 cm (or one-half the focal 
length of the lens) so that he views a 
multiple virtual image. As the pilot 
moves the controls of the aircraft, 
the display will move as a conse
quence of changes in the aircraft 
six-degree-of-freedom dynamics 
processed by the digital computer. 
In order to produce the picture on 
the monitor and to draw it in its 
correct perspective and image 
plane, the display is turned on when 
the rotating wheel is in the correct 
viewing position . As many as six 

image planes can be drawn at any 
one time for the digitally generated 
displays, and for the TV display all 
image planes from infinity to the 
height above the runway can be 
drawn simultaneously (or from one 
to six image planes sequentially) . 
In-and-out movement of the mirror
wheel assembly allows further 
freedom to position the far, near, 
and intermediate ~mage planes to a 
satisfactory position for simulation 
purposes. 

This work was done by Wendell D. 
Chase of Ames Research Center. 
For further information, Circle 28 on 
the TSP Request card. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Ames Research Center [see page 
A8]. RefertoARC-10808. 
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Double-Exposure Holographic Interferometer 
An inexpensive 
instrument for shock studies. 

GaltechlJPL, Pasadena, California 
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The Holographic Interferometer consists of a pulsed ruby laser system, a beam splitter, a sample beam 
expander, two spherical collimating mirrors, a reference beam expander, and a hologram filmholder. The 
laser is a pulsed ruby with a 2D-ns pulse width and a coherent length from 1 to 5 m. 

Expensive optical-grade compo
nents in a holographic interferomet
er are replaced with a plastic test 
section and a large-aperture spheri
cal mirror to reduce distortions in
troduced by imperfections and cy
lindrical shape of the plastic . The 
modified interferometer is used for 
shock-tube gas density studies and 
is adaptable to wind-tunnel studies 
of vehicle windshields and other 
testing requiring instantaneous 
measurement of refractive index. 

The laser beam (see figure) is 
split into sample and reference 
beams by a D.S-cm-thick piece of 
plain glass. The reference beam is 
directed to the hologram plane by a 
prism and a series of plane mirrors 
and then is expanded by a biconvex 
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lens . The sample beam is expanded 
with a biconcave lens, is collimated 
with a spherical mirror, is transmit
ted through acrylic-tubing test sec
tion, and is then focused upon the 
hologram plane by a second spheri
cal mirror (where it intersects with 
the reference beam) . 

The pulsed holographic interfer
ometer measures the fringe shift 
from the first film exposure (there is 
a neutral hydrogen/helium gas mix
ture in the test section) to the se
cond exposure (there is shock
heated plasma in the test section) 
across the acrylic tube. The system 
can reconstruct quality image holo
grams of an object (such as a 
candle) within the test region without 
the acrylic tube . The finite fringes , 

spaced at about one per millimeter , 
are quite sharp and are well ali ned 
with a wire grid placed on each side 
of the test section . 

With the acrylic tube in place (for 
shock-tube operation) , the sample 
beam is expanded (the acrylic tube 
acts as a cylindrical lens of negative 
focal length), is scattered, and is re
fracted due to the plastic material . 
This is compensated for by use of 
the second spherical mirror. Know
ing the displacement of grid wires 
enables one to interpret geometri
cally the recorded fringe shift ac
curately. 

This work was done by Floyd R. 
Uvingston of Caltechl JPL. For 
further information. Circle 29 on the 
TSP Request Card. 
NP0-13796 

179 



Two-Wavelength Dye Laser 
A double-pulse laser generates two 
independently-tunable closely-spaced pulses. 

Langley Research Center, Hampton, Virginia 
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The Two-Wavelength Dye Laser receives horizontally polarized pulses from a double-pulsed dye-pump laser. 
Pulse A (color) is processed while the Pockel cell is off, remains horizontally polarized, and is reflected from 
a tuning element optimized for A 1. Pulse B (black) is transmitted while the Pockel cell is on, is vertically 
polarized , and is reflected from a tuning element optimized for A2. 

A double-pulse laser concept uti
lizes existing optical components in 
a unique design and is used in DIAL 
[differential absorption LlDAR (light 
detection and ranging)] experiments 
to remotely detect pollutant and 
trace gases in the atmosphere. It 
can be used with any double-pulsed 
pump laser or two single-pulse 
lasers that can be sequentially 
pulsed within a very short period of 
time. This laser provides two inde
pendently tunable wavelengths of 
light , which are required for the 
DIAL technique, in closely spaced 
pulses. These pulses are separated 
by less than 500 /As and minimize 
errors due to atmospheric scintilla
tion . Also, requirements on the de
tection system are reduced as it is 
not necessary to simultaneously dis
criminate between two wavelengths 
of light which may be nearly identi
cal . This system also provides such 
advantages as colinear propagation 
of both laser pulses and a nondis
persive electro-optical switching 
element in the dye laser cavity, as 
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well as reduced cost and increased 
reliability because only one double
pulse laser pump source is used. 

The components of the two
wavelength double-pulse tunable 
dye laser are shown in the illustra
tion . A double-pulsed laser, pro
viding two closely-spaced laser 
pulses with a nominal time separa
tion of less than 500 /As , is used to 
pump an appropriate dye in the 
flowing dye cell . The desired wave
length output of the dye laser 
restricts the choice of dye to be 
used, and the pump laser wave
length and the selected dye must be 
compatible . In the dye laser cavity, 
the flowing dye cell is orientated at 
near Brewster's angle to reduce 
reflection losses for horizontally 
polarized light , and the Brewster 
stack polarizer passes only the 
horizontally polarized light. 

During laser pump pulse A, the 
Pockel cell has no voltage applied to 
it , and the light passes through it un
changed in its polarization direction . 
The horizontally polarized light is 

then transmitted by the Glan prism 
polarizer onto a grating and/or 
etalon(s) with a total reflector . The 
fi rst dye laser output pulse is at A 1 

and is horizontally polarized. Be
tween laser pump pulse A and pulse 
B, the half-wave voltage for light 
having a wavelength near A2 (in
cluding A 1) is applied to the Pockel 
cell and is maintained for the dura
tion of pulse B. 

Light passing through the Pockel 
cell while the voltage is applied has 
its plane of polarization changed by 
900 (horizontally polarized light from 
the Brewster stack polarizer is 
changed to vertically polarized 
light) . This light is then reflected by 
the Glan prism polarizer onto a 
grating and/ or etalon(s) with a total 
reflector . The tuning element is ori
entated to enhance the cavity gain 
for vertically polarized light at A 2 ' 

Upon being reflected back 
through the Pockel cell , the 
vert ically polarized light is rotated 
back to horizontal polarization . The 
resulting second dye laser output 
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pulse is tuned to A 2 and is also 
horizontally polarized. The time 
between the dye laser pulses is the 
same as between the laser pump 
pulses. 

There are other optical compo
nents which can serve the same 

purposes as those illustrated in the 
dye laser cavity. There is also an 
alternative two-wavelength double
pulse tunable dye laser design which 
produces two nearly simultaneous 
pulses of light that are independently 
tunable. 

This work was done by Edward V. 
Browell of Langley Research 
Center. For further information, 
Circle 30 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page A8] . Refer to LAR-12012. 

Photorefractive Page Composer 
A proposed optical memory would use 
a photorefractive hologram storage medium. 

Marshall Space Flight Center, Alabama 

An optical information-storage 
device based on a photorefractive 
page-composer concept is small, is 
easy to operate, and has low optical 
losses. This page composer uses an 
optical system in which the storage 
medium, a plate of photosensitive 
material, changes its refractive in
dex upon exposu re to light. A major 
design feature is that the page
composer plate does not require 
complete erasure between scans . 

As conceived , the page
composer (see figure) includes a 
pulsed laser (laser 1) gated optically 
and followed by a raster-scanned 
two-axis deflector. A pulsed, 
modulated laser beam is scanned 
across the photorefractive page
composer plane. The plane is a 
128-by-128 array of resolvable loca
tions , each of which either receives 
a pulse which induces an 
index-of-refraction change , .6.n, 
representing a digital one or re
ceives no pulse, representing a digi
tal zero. This pattern of index varia
tions is stored in the memory plane 
until it is used with the reference 
beam to reconstruct the original 
signal . 

The reconstructed beam would be 
phase-shifted in those areas corres
ponding to digital ones in the original 
beam. To convert the phase-shift in
formation to intensity information 
compatible with the photodetector , a 
phase reference is used. This is 

NASA Tech Briefs, Summer1976 

DICHROIC 
MIRROR 

REF ERENeE BEAM 
FROM LASER 2 

MEMORY 
PlANE 

---- ~ ----------

HOLOGRAM (CI 

LASER 1 

" 
PULSED 
LASER 
10" pps 

) 
DETECTOR 

ARRAY 

Photorefractive Page-Composer System with photorefractive plane 
consisting of a 128-by-128 array of resolvable locations: The array of 
serially entered bits is stored, and it is used as the object of which a 
hologram is made. 

done by recording the hologram of 
the empty page composer and filling 
the page composer with the desired 
series of (J' and 180" phase shifts . 
The hologram of this data is then 
superimposed on that of the refer
ence page . The resulting interfer
ence patterns of the two holograms 
represents the stored pattern in an 
intensity format . 

The page of data is recorded as a 
phase difference between a refer
ence page and the data page . 
Values of the index of refraction in 
the reference page which are left 

unchanged in the data page will 
automatically cancel out. This 
means that the photo refractive plane 
does not have to be completely 
erased between pages. Material im
perfections and beam 
inhomogeneities constant in time 
will have no effects on the informa
tion readout of the memory. 

This work was done by Carl M. 
Verber of Battelle Memorial Institute 
for Marshall Space Flight Center. 
For further information, Circle 31 on 
the TSP Request Card. 
MFS-23419 
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Wind Velocity Measurement 
A single laser-Doppler system measures three
component wind velocity in "clear-air" conditions. 

Marshall Space Flight Center, Alabama 

TELESCOPE 
SECONDARY 

MIRROR 

FREQUENCY 
TRACKER 

FIRST SURFACE 
MIRROR 

o 0 0 

o 0 

STRIP-CHART 
RECORDER 

SPECTRUM 
ANALYZER 

ANALOG 
TAPE RECORDER 

Laser-Doppler System project~ laser radiation, collects backscatter, photomixes it and a portion of the 
transmitted beam in a photodetector, and electronically processes detector output. 

Using a homodyne laser-Doppler The laser source, a 20-watt CO 2 the local-oscillator radiation . After 
system the wind velocity at altitudes laser beam, horizontally polarized, the two beams are photomixed in a 
of several kilometers can be deter- is initially deflected 90° by a beam detector, the output is amplified with 
mined in clear-air conditions. A splitter (see the figure). The beam a 5-MHz bandwidth, 20-dB gain, 
Doppler spectrum of backscattered then passes through a Brewster low-noise preamplifier and is fed into 
radiation from the ambient atmos- window and a CdS quarter-wave a spectrum analyzer. The spectrum 
pheric aerosol gives the velocity plate that circularly polarizes it. The analyzer displays Doppler frequency 
component along the optical system beam is expanded and reflected by a (abscissa) against returned-signal 
line of sight. The continuous-wave secondary mirror and then is strength (ordinate), and an analog 
laser homodyne system illuminates focused into the atmosphere. A signal tracker converts the output 
the scattering media, and the portion is vertically polarized by a into a direct velocity readout. Data 
relative positions of two mirrors are half-wave plate after transmission are presented on a strip-chart 
varied to focus the beam at the through a beam splitter; it serves as recorder and an FM tape recorder. 
desired altitude. The beam is the local oscillator . The back- The scanning method is a velocity 
scanned through a circular path scattered radiation is collected by a azimuth display technique. The 
(velocity azimuth display technique) primary mirror, collimated by the telescope is focused at the desired 
to determine the three components secondary mirror, and transmitted altitude with the beam directed at 
of velocity. Only one system is through the quarter-wave plate zenith angle f3. Scanning in azimuth 
needed to determine the three com- which vertically polarizes it. traces out a circle. The instantane-
ponents of velocity. There is no need About 78 percent of this back- ous mean radial velocity, Vr, is given 
for seeding the airflow, the scatter is reflected off the Brewster by 
deployment of towers, radiosondes, window, transmitted through the 
or the like. beam splitter , and combined with Vr =Vh cos 0 cos (f3- 130) + w sin 0 
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Vh and fJo, respectively, being the 
speed and the direction of horizontal 
wind motion , and w the vertical 
motion at the height being sampled. 
Since the azimuthal dependence of 
Vr is sinusoidal , its amplitude, 
phase, and dc component are 
sufficient to yield horizontal speed 
and direction and vertical velocity, 
respectively. 

This work was done by William C. 
Cliff, Robert M. Huffaker, and 
Werner K. Dahm of Marshall 
Space Flight Center; T. R. 
Lawrence and M. C. Krause of 
Lockheed Missiles & Space Co., 
Inc.; and J. S. L. Thomson of 
Physical Dynamics Corp. For further 
information, Circle 32 on the TSP 
Request card. 

Combined GaAs Laser Outputs 
The power of the combined output of diode 
lasers is increased using the free running mode. 

Marshall Space Flight Center, Alabama 

A new technique combines the 
output of a monolithic array of GaAs 
Uunction diode) lasers to form a 
spatially coherent beam. A previous 
method of combining such laser out
puts was to phase-coherently couple 
the lasers . In that method , however, 
not all of the energy was concentra
ted in the zero-order lobe, since 
several higher order lobes were 
caused by beam interference unless 
the spacing between lasers was very 
small . By using a free-running mode 
the spacing between lasers is less 
critical , and the optical power can 
be raised from less than 2 watts to 5 
watts . 

Ai rport Laser-Doppler 
A laser system remotely 
senses aircraft-wake turbulence . 

In the free-running mode the 
GaAs laser has an external-caVity 
anode of spherical lenses and plane 
mirrors . The laser array and plane 
mirrors are at the focal planes of the 
internal lenses of the optical cavity. 
A spatial filter replaces the conven
tional totally reflecting mirror, and a 
spatially coherent beam is formed 
based on the Fourier transform 
properties of the internal lenses . 

The use of the spatial filter is 
responsible for the improvement in 
output power, as it selects the 
lowest-order transverse mode for 
each laser. The longitudinal modes 
vary randomly. 

When the waves from the lasers 
are spatially superimposed , the 

Marshall Space Flight Center, Alabama 

A laser-Doppler radar , evaluated 
at Kennedy International Airport, 
New York, is capable of remotely 
sensing and tracking wake 
turbulence . The radar uses a 
continuous-wave 1 O.6-micron laser 
that monitors the motion of the 
ambient aerosol and thus the 
velocity, location , and flow of air
craft wake vortexes . It is the first 
instrument of its type available far 
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wake turbulence evaluation and is 
described in a report , " Development 
of a Laser Doppler System for the 
Detection, Tracking , and Measure
ment of Aircraft Wake Vortices." 
Applications other than those of 
wake turbulence are suggested. 
These include: long-range (remote) 
detection of airflow, monitoring 
smokestack exit flow velocities, and 
observing winds at altitude. 

This invention is owned by NASA 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Marshall Space Flight Center [see 
page A8]. Refer to MFS-23362. 

random variations prevent the for
mation of a stationary interference 
pattern , and the intensities rather 
than the amplitudes of the waves are 
added. Thus, the field distribution at 
the output mirror has a single maxi
mum and no additional lobes. 

This work was done by Elisabeth 
M. Rutz of IBM Corp. for Marshall 
Space Flight Center. For further 
information, Circle 33 on the TSP 
Request card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23397. 

This work was done by E. W. 
Coffey, C. E. Craven, B. B. 
Edwards, C. C. Huang, M. C. 
Krause, T. R. Lawrence, L. K. 
Morrison, K. R. Shrider, and D. J. 
Wilson of Lockheed Missiles & 
Space Co. for Marshall Space 
Flight Center. For further 
information, Circle 34 on the TSP 
Request card. 
MFS-23423 
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Analog Data Recording on MnBi Film 
High coercive-force films have reduced sensitivity to 
wall-domain motion and can record at higher spatial frequencies. 

CaltechlJPL, Pasadena, California 
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MnBi Film Recording Experiment: In a one-dimensional periodic motion, a focused 75-mW helium/neon laser 
was drawn across a stationary MnBi film. Tracks, typically 1 micrometer wide, were recorded at 500,000 
micrometers / second. 

A high-density analog recording 
process involves the use of a laser 
beam and a magnetic field to effect 
Curie-point switching of magnetic 
domains of a manganese bismuth 
(MnBi) film . The domain-wall 
motion , the range of maximum 
spatial frequency, and the degree of 
magnetization (gray scale) can all 
be varied for continuous analog 
recording . In the past , digital data 
have been recorded on MnBi film by 
switching discrete zones, or spots , 
from the magnetized to the unmag
netized state, or vice versa . Even 
greater data densities (analog data) 
could be achieved by Curie-point 
switching of successive portions of a 
track with no spacing between 
spots. 

However, this technique is not 
without drawbacks; one is control of 
the degree of domain-wall motion 
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observed in the switching of discrete 
spots . Another problem is the maxi
mum spatial frequency that can be 
recorded. A portion of the film track, 
when cooled from the Curie temper
ature , goes through a temperature 
range in which its magnetization is 
set by the magnetic field present. 
When cooled to lower temperatures , 
the state of magnetization becomes 
immune to further magnetic field 
writing . The magnitude of these 
temperature ranges was initially un
known , and thus the degree of ab
ruptness with which successive 
portions would become insensitive 
to applied magnetic fields . 

MnBi films have now been 
prepared with a reduced sensitivity 
to domain-wall motion. The films 
~ange in thicknesses from 200 to 500 
A. Films are made by sequentially 
evaporat ing the compound constitu-

ents and heating the double layer 
into a glass substrate to allow them 
to react. The evaporation process is 
carried out in a bakable diffusion
pump vacuum system with an LN 2 

trap with a titanium getter. 
Pressures prior to evaporations are 
typically between 10-8 to 10-9 torr . 
Bismuth and then mangan~se are 
evaporated at a rate of 10 AI s; the 
pressure during evaporation is 
typically 3><10-8 torr . Protective 
coatings of sapphire are finally 
evaporated over the MnBi layer . 

After treatment for a few hours at 
approximately 180° C, the double 
layers react to form a nonmagnetic 
film with a textured appearance. 
Depending on the amounts of Mn 
and Bi in the initial double layer, 
treatment at 250° to 300° C forms 
ferromagnet ic MnBi. 

Recording experiments were 

NASA Tech Briefs, Summer1976 

• 



carried out in an apparatus as shown 
in the figure . The laser beam was 
shuttered by a Pockels cell/polarizer 
combination and was focused 
on the MnBi film by a series of 
mirrors and lenses. A collimated 
beam from a mercury-arc lamp illu
minated the film for visual observa
tion . As the vibrating mirror rotated 
the laser beam at different angles off 
its optical axis, the beam was swept 
back and forth along the film track. 
The tracks were inspected visually 

and read out electro-optically. 
The recording experiments con

sisted of switching tracks in various 
static and alternating magnetic fields 
surrounding the ferromagnet. When 
switched in a static field, the film 
showed two characteristics which 
depended mainly on its coercivity. 
Low coercive-force film, typically 
hundreds of amperes/meter, varied 
track width with the field applied 
during switching. Tracks became 
narrower in negative fields and 

Low-Threshold Light-Emitting-Diode Laser 
A light-emitting diode with reduced bandgap change 

broader in positive ones. Tracks 
switched in films with high coercive 
forces (typically 1,000 A/m) had 
track widths independent of the 
applied magnetic field . Also, the 
upper spatial frequency limit record
ed by Curie-point switching in an 
alternating field was greater with 
high coercive-force film. 

This work was done by John E. 
GuiSinger and George W. Lewicki of 
Caltech/JPL. For further informa
tion, Circle 35 on the TSP Request 
Card. 
NPO-13302 

-----------I~ 
reduces strain in the active region of the laser. t 
Langley Research Center, Hampton, Virginia ~~ 

A new technique has been devel
oped to produce low-threshold laser 
diodes which are made from 
(AIGa)As and emit in the visible 
spectrum. The technique consists of 
reducing the bandgap change at the 
heterojunction to 0.1 eV and avoid
ing deep-level impurities such as Si 
and Ge . 

The lowest-energy bandgap for 
the alloy used for the diodes 
(AlxGa1-xAs) is about 1 .92 eV at 
room temperature and 2.0 eV at 77 
K for x equal to 0 .34 . Thus red-emit
ting laser diodes can be made to 
operate at 77 K. However, in order 
to obtain the high efficiency and low 
threshold required for continuous
wave (CW) operation, the dopant 
and the alloy composition in the ac-
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tive region of the device must be 
controlled closely. 

CW laser diodes (A ::::6,500 to 
6,600 A) with threshold current den
sities as low as 400 A/ cm2 can be 
made with an improved version of 
the multiple-layer epitaxial 
techniques previously used for 
GaAs-(AIGa)As infrared-emitting 
heterojunction diodes. Diodes that 
emit visible laser light have been 
made with two basic structures: (1) 
the simple double heterojunction 
and (2) the large-optical-cavity con
figuration where a p-n junction is in
troduced between the heterojunc
tions . 

A key feature in the fabrication is 
the exclusive use of Zn as the ac
ceptor . Normally Si and Ge have 
been used as acceptors to produce 

the best infrared heterojunction 
diodes, but both of these introduce 
impurities that impair efficiency. The 
other important consideration in 
fabrication of the visible diode is 
maintenance of a very small (about 
0.1 eV) bandgap discontinuity at the 
heterojunction. This reduces the 
strain in the active region of the 
laser. 

This work was done by Frank Z. 
Hawrylo and H. Kressel of RCA 
Corp. for Langley Research 
Center. For further information, 
Circle 36 on the TSP Request Card. 

Title to this invention has been 
waived under the provisions of the 
National Aeronautics and Space Act 
(42 U.S.C. 2457(f)] to the RCA 
Corp. , 'Princeton, N. J. 08540. 
LAR-11477 
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Beam Splitter/Combiner 
Secondary reflection is almost eliminated, 
using a wedge-shaped laser beam splitter. 

Goddard Space Flight Center, Greenbelt, Maryland 

An optical beam splitter uses total 
internal reflection in a wedge con
figuration to avoid interference 
caused by unwanted, stray reflected 
beams . It is particularly suitable for 
laser heterodyne systems used in 
communications , radar, radiometry , 
and spectroscopy. The beam splitter 
produces only two predictable 
beams which can be recombined in 
the same manner as they were split. 
The beam splitter is not wavelength 
dependent , and the angle of inci
dence is not dependent on the in
tensity of the split (or combined) 
beams . The splitter uses total inter
nal reflection of the incoming light 
beam to remove the unwanted 
beams. The reflective properties are 
the result of three factors : (1) the 
shape (angle of sides) of the wedge, 
(2) the wedge index of refraction, 
and (3) the angle of incidence 
formed by the light beam at the sur
face of the wedge. 

The splitter is installed at a trans
mitter and/or receiver, depending 
upon its application . The wedge sur
faces are coated with an anti reflec
tive substance to help minimize the 
effects of secondary light beams 
formed with the desired twin beams. 

Figure 1 illustrates the beam
splitter principle . Incident beam i 
enters the splitter at point A on sur
face a. This surface may have a 
partially reflective (50 percent) 
coating . Beam i is_split into reflected 
beam r and beam t inside the splitter 
element. At point B most oft leaves 
the element to form transmitted 
beam t. 

Surface b is coated with the anti
reflective substance. Only a small 
fraction oft (typically 0 .5 percent or 
less) is reflected to form beam m. 
The angle of incidence di , the wedge 
angle E, and the index of refraction n 
are chosen so that the angle of inci
dence w for beam m at point C ex-
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Figure 1 . Coherent-Light Beam 
Splitter: Coherent light energy 
entering the splitter at pOint A is 
separated into lesser intensity 
beams, rand t. The splitter can 
be made insensitive to beam 
wavelength and temperature var
iation by diverging secondary 
beam m away from rand t. 

ceeds the minimum angle necessary 
for total internal reflection . Beam m 
therefore is totally reflected at points 
C, D, E, etc . Beam m leaves the 
element only when reaching the 
ground rim c where it is diffusely 
scattered. 

Figure 2 shows the element con
figured as a beam combiner. Two 
beams, i 1 and i2 , are incident on 
surfaces a and b, respectively. 
Beam i 2 propagates as in the split
ter. A small part of i 2 is reflected at 
R even though an anti reflective 
coating is applied to surface b. The 
reflection is shown as beam r2 . Re
maining beam 12 is split into 12 and r 2 

at point A. Beam 12 propagates sim
ilarly as 1 in the beam splitter . The 
result is two combined and coll inear 
beams: r 1 , r 2 andt 1 , t 2 . The only 

unwanted beam is r 2, but the beam 
amplitude is low and considerably 
divergent from beams tl and t 2 . 

Beam r2 can be eliminated by using 
an absorbing stop. 

a b 

Figure 2. Coherent-Light Beam 
Combiner: Two coherent beams, 
i1 and i2, combine at point A to 
form two pairs of lesser intensity 
beams, r1, r2 and t1 , t2. Sec
ondary beam 72 does not ad
versely affect either primary 
beam pair. Secondary interfer
ence problems are thus 
eliminated. 

This work was done by Walter 
Leeb of the National Research 
Council for Goddard Space Flight 
Center. For further information, 
which consists of additional data 
describing the beam splitter, Circle 
37 on the TSP Request Card. 

This invention is owned by NASA 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Goddard Space Flight Center [see 
[see page A8] . Refer to GSC-12083. 
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Optical Alinement System 
A rapid alinement technique 
can be used in daylight. 

Ames Research Center, Moffett Field, California 

Using a new technique, the geo
metric center of a light source, such 
as the Sun , a laser, or a solar simu
lator, can be alined with a mirror 
quickly and in daylight. The source is 
alined by precisely superimposing 
the colored images of the source, as 
viewed along two different paths. 

Light originating from a source 
initially off axis is divided by a beam 
splitter (see figure) . After passing 
through a spectral filter F 2, the 
transmitted beam is reflected by a 
mirror back to the beam splitter and 
thence to the image plane of the 
theodolite. Light reflected from the 
beam splitter is returned by a tri
hedral prism after passing through 
spectral filter F 3, and it passes 
through the beam splitter to the 
image plane of the theodolite. Filters 
F 2 and F 3 spectrally complement 
one another, except for a small 
overlap in the yellow region . For 
example , if F 2 is red and F 3 is 
green , and if they overlap in the 
yellow region, the source images at 
the theodolite will appear red or 
green except where they overlap. 

The colored images can be differ
entiated easily, and their region of 
overlap is distinct . It is possible to 
aline the images to within 5 arc 
seconds with high-quality theodo
lites. An adjustable iris, S, is used to 
balance the relat ive intensity of the 
red and green images, and the 
source intensity is further attenu
ated as required by neutral density 
filter Fl ' 

Because the prism retroreflects 
the incident light for large angles of 
incidence, the resulting angular dis
placement between the two optical 
images is independent of small 
angular misalinements of the prism 
with respect to the source or the 
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The Optical Alinement System is used to adjust the plane of a mirror to 
make it perpendicular to the axis of light from a source . As shown 
above, the mirror is out of alinement. When alined, F2 and F3 will 
overlap completely. 

observing telescope . In addition , the 
angular displacement of the two 
images is independent of small 
relative misalinements of the various 
components that make up the as
sembly. It depends only upon twice 
the angle between the normal to the 
mirror and the axis defined by the 
mirror and the source. 

To aline a telescope to a light 
source , it is merely necessary to 
install a properly illuminated reticle 
or slit in an image plane that is 
centered on the optical axis of the 
telescope . The degree of alinement 

is indicated by superposing the 
image of the slit or reticle upon the 
image of the source . Two mirrors 
facing each other or two light 
sources can also be alined in this 
way. 

This work was done by Norman L. 
Thomas of Lockheed Missiles & 
Space Co., Inc., for Ames 
Research Center. No further 
documentation is available. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Ames Research Center 
[see page A8]. Refer to ARC-10932. 
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Field Distribution in a Thin Lens 
A quasi-optical formulation gives an optical 
field distribution by computing only two terms, 

Langley Research Center, Hampton, Virginia 

Very often in optical engineering, 
ray tracing based on geometrical 
optics is not sufficient to describe 
the behavior of an optical system, 
and the diffraction effect must be 
included in the calculation, Typical 
examples are optical pattern recog
nition, image reconstruction, and 
holography. When studying these 
optical systems, a complex combi
nation of many optical elements may 
be reduced to a simple equivalent 
system consisting of a thin lens of a 
finite size and input and output 
planes as shown in the figure, The 
location of the input and output 
planes is arbitrary, and the electro
magnetic field distribution is given 
over the input plane. 

The quasi-optical formulation of 
the system makes it possible to cal
culate the field distribution over the 
output plane by computing only two 
terms. The first term represents the 
geometrical optics effect, and the 
second term represents the diffrac
tion effect. Thus, the mathematical 
expression is greatly simplified; and 
considerable computer time is 
saved, 

The optical system shown in the 
figure consists of an input plane, a 
thin lens, and a detector plane (or 
output plane) . An arbitrary distribu
tion of the optical field is specified 
over the input plane (x 1,y 1). and the 
field distribution over the output 
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A Thin-Lens System has its field distribution represented by a 
mathematical formulation valid over the entire region of input and 
output planes, 

plane (x,Y) is sought. The radius of 
the thin lens is b, its focal length is f, 
and it is located in the plane (Xl,Yl) ' 

The quasi-optical formulation is 
an asymptotic expansion (stationary 
phase) for a small wavelength in 
which the two dominant terms are 
retained . It includes the geometric 
ray tracing, the diffraction effect of 
the spatial filter due to the finite size 
of the lens, and the diffraction effect 
in the shadow region. The calcula
tion begins with a sequence of three 
checks to determine whether: (1) a 
stationary point exists , (2) the 
regions of interest satisfy the 
Lagrangean condition, and (3) the 
shadow region is in the region 

3A 3A 
P -< 4nb or p > 4nb 

where: 

A = wavelength, 
b = radius of the lens, and 

The formulation is then valid for the 
entire region of the input and output 
planes, 

This work was done by Chang H, 
Chi of Perkin-Elmer Corp, for 
Langley Research Center. For 
further information, Circle 38 on the 
TSP Request Card. 
LAR-11392 
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Simplified Deflection-Coil Linearity Testing 
Ordinary white light striking a tube-mounted precision pinhole mask 
provides a convenient reference video signal when adjusting coil linearity. 

Marshall Space Flight Center, Alabama 

A mask placed over the face of an 
image-dissecting photomultiplier 
tube can be used to simplify linearity 
testing of the tube and its associated 
focus/deflection coil. The mask has 
a precision array of pinholes that 
permit light to impinge on the tube at 
known points. The deflection signals 
fed to the coil which locks onto each 
point are recorded, permitting the 
linearity of the tube and coil assem
bly to be determined. The test 
method eliminates the need for the 
precision test configuration and the 
complex operator procedure previ
ously used. 

The key to task simplification is 
the precision pinhole mask. An array 
of 25-micron-square apertures is 

symmetrically spaced on 0.050-in. 
(0.127-cm) centers. The mask fabri
cation technique is the same as that 
developed for microelectronic 
circuits . Pinhole spacing provides 80 
to 100 points (depending on the tube 
area covered) while holding test 
time for a complete linearity run to 
less than 45 minutes. 

A readily-available white-light 
source was used to determine that a 
25-micron-square pinhole aperture 
would provide 3.1x1 0-10 watts over 
the pinhole area, or roughly 50 times 
the energy that would be focused on 
the tube cathode by a 50-mm lens in 
a zero magnitude star flux. The 
25-micron dimension is chosen to be 
from 30 to 60 times the wavelength 
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In the Deflection-Coil Linearity Tester, light strikes the pinhole mask 
and impinges on the face of the pickup tube as a precise pattern of 
dots. The resultant video Signal is used as a reference to set x-axis and 
y-axis deflection-coil potentiometers. As scanning voltages are fed to 
the deflection coil, the X-V plotter prints the dot pattern, thus indicating 
coil linearity. Further data processing yields deflection gradients, axis 
skew, and linearity function. 
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of concern over the tube photo
cathode spectral response. Diffrac
tion problems in tube setup are thus 
minimized. 

The tube/coil test fixture is set up 
as shown . Two preliminary adjust
ments are required prior to starting 
the data run. The centermost hori
zontal row of pinholes is alined to the 
horizontal coil axis . The oscilloscope 
used to monitor horizontal and 
vertical currents is adjusted so that 
the scope graticule provides a con
venient reference for each of the 
pinholes. A simple tool holds the 
pincushion mask against the tube 
face, yet it enables the mask and the 
tube to be rotated as an assembly. 
This enables alinement of the mask 
axes with the deflection-coil axes. 

The test procedure consists of 
varying the deflection-coil current so 
that the tube outputs at each of the 
pinholes is read in a predetermined 
sequence. A square matrix of (x,Y) 
coordinates is obtained. An auto
matic X-Y plotter system is 
triggered, and following a 10-second 
integration period for both values of 
x-axis and y-axis deflection 
currents, the coordinates are printed 
out. The data points are computer 
processed later to acqui re deflection 
gradients, axis skew, and linearity
error function data. 

This work was done by George P. 
Kramer of Sperry Rand Corp. for 
Marshall Space Flight Center. 
For further information, including 
pinhole dimensional data and a 
sample computer readout of plotter 
data, Circle 39 on the TSP Request 
Card. 
MFS-23400 
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Contrast Enhancement of Transparencies 
The contrast of a photographic transparency is enhanced or reduced for printing or 
projection by using constructive and destructive interference of a collimated laser beam. 

Goddard Space Flight Center, Greenbelt, Maryland 

Several methods presently exist to 
change the contrast of a poorly
exposed (or developed) photo
graphic transparency. These 
methods range from simple trial
and-error hand dodging to a correc
tion process which is based on 
costly CRT printing with electronic 
feedback and control of image con
trast. In all of these systems, real
time evaluation of the corrected 
image contrast is not possible, or 
empi rical analYSis of the 
transparency is required before 
contrast enhancement or reduction 
can begin. 

A new relatively-inexpensive 
optical apparatus enhances or 
reduces contrast of photographic 
transparencies (positive or negative) 
in real time. The device, shown in 
Figure 1 , consists mainly of two 
parallel , closely spaced, and par
tially reflecting mirrors. The volume 

LASER 

IMAGING SURFACE 

OPTICAL CAVITY 

-----------1I:,...;.jI~~R_---------~1 

PARTIALLY 
REFLECTING 

MIRRORS 

------~--

ANTI-REFLECTING 
COATING ON 

SURFACE 

INDEX-MATCHING 
FLUID 

OUTPUT 
IMAGE 

PIEZOELECTRIC 
TRANSLATOR 

Figure 1. The Contrast Enhancer/Reducer is an optical device with 
constructive or destructive interference for controlling the contrast of 
the output image of the transparency: The contrast of the output image 
is dependent on the spacing d, which can be controlled with the 
piezoelectric translator. 

SEMITRANSPARENT 
MIRROR 1 

TRANSPARENCY SEMITRANSPARENT 
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Figure 2. For Spatial Filtering, two double convex lenses, 1 and 4 are positioned outside the optical cavity. 
As explained in the text, collimated light passing through the transparency is reformed as a spectrum on 
mirror 2. This light passes back through the optics , bypassing the transparency, to form another image 
spectrum on mirror 1 . This spectrum is reformed as an image coincident with the original transparency 
image . Distance between the mirrors can be varied to cause destructive or constructive interference that 
changes the contrast of the image formed on the screen. 
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between mirrors is filled with a fluid 
matching the index of refraction of 
the transparency to avoid phase 
changes in the light as it passes 
through the transparency. 

A collimated laser beam is re
flected back and forth in the optical 
cavity by the partially reflecting 
mirrors. If the distance between the 
mi rrors (d) is an integer ('1) multiple 
of one-half the wavelength (A) of the 
coherent laser light (e.g., d = nAl2) , 
constructive interference occurs , 
and the contrast is increased. If the 
distance between the mirrors is an 
odd-integer (2n + 1) multiple of one
quarter the wavelength [e. g., d = 
(2n + 1) Al4], destructive inter
ference occurs, and the contrast is 
reduced. Light from the cavity is 
projected onto a screen (for viewing 
or printing). 

In addition to contrast processing, 
an alternate version of the apparatus 
permits spatial filtering (see Figure 
2). The laser beam is focused via 

lens 1 to a point on a semitrans
parent mirror. The light then passes 
through the semitransparent mirror 
and is collimated by lens 2, on the 
transparency. A third lens reforms 
the light from the transparency to a 
spectrum on a second semitrans
parent mirror. The light from the 
second semitransparent mirror is 
partially reflected back through 
lenses 3 and 2, bypassing the trans
parency and forming another image 
spectrum on the initial mirror. Re
flected light from this spectrum at 
the first mirror is reimaged by lens 2 
on the transparency. 

Spacing between the mirrors is 
adjusted by a pair of translators 
which can vary the interference 
pattern on the transparency, formed 
by light transmitted directly through 
the first mirror and light reflected 
from the first mirror. The fourth lens 
takes the spectrum formed on the 
translated mirror to form the proc
essed image on a screen. Spatial 

Faceted Solar Energy Collectors 
Faceted collector surfaces and a dyed working 
fluid improve the performance of thermal radiation collectors. 

Lyndon B. Johnson Space Center, Houston, Texas 

Two new concepts can be used to 
enhance the efficiency and flexibility 
of solar energy collectors : faceting 
the collector surface and adding a 
coloring agent to the working fluid. 
Solar energy collectors concentrate 
heat from the Sun and transfer it to a 
heat exchanger using a working fluid 
such as water. From the heat ex
changer, the energy is stored or 
converted to a useful form. 

Normally the collector is placed 
on a structure built especially to give 
the collector maximum exposure to 
the Sun or on a structure that can be 
continuously oriented . If the collec
tor is placed on an existing structure 
not designed for solar energy col
lectors (e .g., the roof of a house), 
the efficiency is far from optimum. 
This problem can be overcome to a 
significant extent by faceting the 
collector. 
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The Faceted Solar Energy Col
lector can be placed on existing 
structures and oriented to take 
advantage of the position of the 
sun. 

The facets shown in the illustra
tion would be oriented to make bet
ter use of available solar energy. For 
instance, if the collector were to be 
installed on the roof of a house, the 
facets might be oriented to take ad
vantage of the general direction of 

filtering is performed either on the 
fi rst or second mi rror , and path 
length can be varied to control the 
location of the spatial filtering. 
Filtering can not only change the 
output image from a low to a high 
contrast (or vice versa) but can also 
change it from a positive to a nega
tive, or vice versa. Projected images 
may also be processed with this 
device by replacing the input trans
parency with a photochromic 
material. 

This work was done by Arnold R. 
Shulman of Goddard Space Flight 
Center and Sing H. Lee of the 
University of California. For further 
information, Circle 40 on the TSP 
Request card. 

This' invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonex- ({I 
elusive or exclusive license for its II ~ 
commercial development should be ,.. 
addressed to the Patent Counsel, 
Goddard Space Flight Center [see 
page A8]. Refer to GSC-11989. 

the Sun during the coldest months. 
The efficiency of the collector could 
be further enhanced by placing a 
magnifying surface over the facets . 

In most conventional solar collec
tors water is used as the working 
fluid . The water runs on a specially
coated (usually black) absorbent 
surface and picks up heat by con
duction. The only way to change the 
absorbance of the system is to re
coat or replace it. By adding a col
oring agent to the working fluid, the 
total absorbance can be increased, 
and the absorbance can be altered if 
required. 

This work was done by Donald R. 
Segna of Johnson Space Center. 
No further documentation is 
available. 
MSC-12687 
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Double-Focusing Mass Spectrometer 
A simplified magnet assembly is 
lighter, more compact, and easier to aline. 

CaltechlJPL, Pasadena, California 

A typical miniature double
focusing magnetic-sector mass 
spectrometer operates with two 
magnetic fields. One is used to turn 
the ion beam, and the other is used 
to operate the ion pump (see Figure 
1). The elements required to gener
ate these fields represent the major 

CYLINDRICAL-m 
MAGNET -m 

Figure 1 . AConventional Magnet Assembly used for a double-focusing 
mass spectrometer includes a duct to the vacuum pump. 

Figure 2. The Compact Magnet Assembly for a double-focusing mass 
spectrometer uses the pole pieces (elements A and 8 above) as a duct. 
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portion of the assembly. The bulk of 
the system is further increased be
cause of a nonmagnetic steel duct 
used in guiding the ion beam. A 
large heavy magnet is used to ac
commodate the duct. Because of its 
mass the magnet is difficult to aline 
in relation to the duct. Shock and vi
bration easily misaline the magnet. 

The Simpler magnet assembly 
shown in Figure 2 is lighter and 
easier to aline . It provides the con
ventional magnetic field required to 
interact with the ion beam, as well 
as the different-strength magnetic 
field required by the ion vacuum 
pump. 

The new assembly has no duct . A 
new evacuated duct is formed by the 
pole pieces, elements A and 8 , that 
support the vacuum pump. In this 
configuration the magnetic gap for 
the ion beam is reduced from 0.183 
in . (4 .64 mm), as required in Figure 
1, to 0.100 in . (2 .54 mm), and the 
weight of the magnet assembly is 
reduced 36 percent , from 5.2 to 3.2 
Ib, (2.4 to 1 .5 kg). 

Key features of the new assembly 
pole pieces include: 
-A conventional homogeneous 
magnetic field as required by the 
magnetic analyzer, 

- A second homogeneous magnetic 
field for the ion vacuum pump, and 

-Walls for the new duct through 
which the ion beam travels . 

This work was done by Charles E. 
Giffin, Alfred O. Nier, and Leonard 
M. Sieradski of Caltech/JPL. For 
further information, Circle 42 on the 
TSP Request Card. 

This invention is owned by NASA. 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
NASA Resident Legal Office-JPL 
[see page AB] . Referto NPo-13663. 
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Low-Reflectivity Spectrally Selective Coating 
A new coating is used as a 
neutral-density reflection filter for an optical tracking system. 

Goddard Space Flight Center, Greenbelt, Maryland 

A mirror, with an area of low re
flectivity, has replaced the neutral
density transmission filter in a star
tracking system, and it may have 
applications in other optical sys
tems. Reliability is increased be
cause the mechanism needed to in
sert and remove the transmission 
filter is no longer needed. In the star 
tracker, a fine-error sensor to track 
brighter stars is achieved by reduc
ing the energy transmitted to the 
sensor to as little as 1 percent of the 
amount entering the sensor system 
over the wavelength range of 400 to 
700 nm. A small area of low reflec
tivity on a normally highly reflective 
mirror permits both bright and dim 
objects to be processed within the 
operating region of the optical de
tector by simply moving the mirror 
slightly. 

The low-reflectivity area is a mul
tilayered coating having low reflec
tivity in the spectral region of inter
est . It comprises a vacuum-deposit
ed film sequence of aluminum, di
electric spacer, semitransparent 
metal, and dielectric spacer. Num
erous combinations of materials and 
thicknesses for the dielectric and 
metal films were tried. Data for the 
best combination are shown on the 
graph. 

The proper thicknesses of the 
various layers are achieved by op
tically monitoring the reflectivity of 
the substrate. The first three layers 
are monitored at a wavelength of 
433 nm, and the aluminum is de
posited until reflectivity reaches a 
maximum. The first dielectric layer 
(magnesium fluoride) is then depos
ited until a minimum is reached. As 
the semi-transparent metal film (in
conel) begins to form, the reflectivity 
continues to drop until another mini
mum is reached, and this deposition 
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Reflectance Data for the Best Coating System: The average reflec
tance of the coated mirror is 1 .4 percent in the 400-nm to 700-nm spec
tral range, which is lower than had previously been attainable. 
is allowed to continue until reflectiv
ity increases to about 20 percent of 
what it was when the inconel epavo
ration started. The fourth and final 
layer, magnesium fluoride , is de
poSited until the reflectivity at a 
wavelength of 546 nm reaches 
another minimum. 

A technique has also been devel
oped to use the low-reflectivity 
coating only on a small area, such 
as a square 0.5 to 1 mm per side, of 
the acquisition mirror, which has a 
high-reflectivity coating on the 
balance of its surface . The process 
used to achieve this is as follows: 
a. The entire surface of the acquisi

tion mirror is coated with a high
reflectivity material . 

b. The coated surface is then over
coated with photoreSist , and the 
area to have low reflectivity is 
exposed to a light source through 
a mask having an appropriately 
sized aperture . 

c. The exposed photoreSist is re
removed via the usual developing 
process, leaving a layer of resist 
only in the unexposed area. 

d. The low-reflectivity coating pre
viously described is deposited 
over the entire mirror surface. 

e. The resist and the coating direct
ly over it are removed by immer
sion in a solvent, leaving the low
reflectivity coating in the area 
from which the resist has previ
ously been removed. 

This work was done by John J. 
Zaniewski and Howard Herzig of 
Goddard Space Flight Center. 
No further documentation is avail
able. 
GSC-12114 
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Pulse Transformer for GaAs Laser 
Transformer and laser are separated, 
but impedances remain matched. 

Marshall Space Flight Center, Alabama 

A high-radiance gallium arsenide 
(GaAs) laser operating at room 
temperature is utilized in an optical 
navigation system. The laser, with 
an injection-current repetition fre
quency of up to 10kHz, confines the 
radiation of the 300-microns-wide 
diode homostructure to the lowest
order transverse mode. In order to 
operate efficiently in this mode, 
1 O-kHz pulses from a generator 
having a low-impedance output are 
injected into the laser via a 
wideband pulse transformer. For an 
efficient transformer-to-Iaser imped
ance match, the laser should be 

connected directly to the pulse 
transformer secondary winding. In 
this application, however, the laser 
is placed inside an optical cavity, 
neceSSitating a physical redesign of 
the pulse transformer which has too 
great an outside diameter to also fit 
in the cavity. 

Redesigning the pulse trans
former allows the necessary 
physical separation between it and 
the laser. The transformer primary is 
wound on a toroidal core . The one
turn secondary winding is connected 
via a low-impedance coaxial trans
mission line to the GaAs diode. The 
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The Pulse Transformer has a primary winding, (not shown) of four 
turns. It is made of an isolated 4-mm copper stri p wound tightly on the 
toroidal core, covering most of the core material. The secondary 
winding of one turn has circular symmetry about the core center and is 
formed by the housing , the rod, and the laser cover. The secondary 
winding tightly encloses the primary winding , thus minimizing the 
leakage induction of the transformer. 
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secondary-winding impedance 
(approximately 0.5 ohm) matches 
the impedance of the forward-biased 
diode (about 20><10-3 ohm) and is 
capable of passing the injection 
current (150 A peak at 50 ns 
maximum duration) . 

The conduction current induced 
by the magnetic field in the toroid is 
radial in the upper and lower part of 
the secondary winding. The sec
ondary winding is coupled to the 
transmission line by the continuity of 
the radial conduction current in the 
upper part of the secondary winding 
and the radial displacement current 
in the coaxial transmission line. 

The low-impedance coaxial 
transmission line is dielectrically 
loaded. The characteristic imped
ance of the cable is 0.28 ohm, and 
the line extends into the optical 
cavity 0.48 inch (1 .21 cm) . The low 
characteristic impedance of the 
transmission line and its short length 
contribute to a primarily resistive 
impedance of 20><1 0-3 + j2 .SX1 0-3 

ohm at 25 MHz, the upper frequency 
limit of the pulse transformer. 

This work was done by Elisabeth 
M. Rutz of/8M Corp. for Marshall 
Space Flight Center. For further 
information, Circle 43 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23399. 
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Books and Reports 
These reports , studies, and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited, otherwise they are available 
from one of NASA's Industrial 
Application Centers or the National 
Technical Information Service. 

Solar Thermal 
Energy Utilization 

A bibliography 
with abstracts 

In the support of the national 
effort to develop alternate sources of 
energy, an ongoing bibliography of 
reports and papers related to the 
practical thermal utilization of solar 
energy entitled "Solar Thermal 
Energy Utilization: A Bibliography 
with Abstracts" is being compiled 
and published by the NASA
sponsored Technology Application 
Center at the University of New 
Mexico. The bibliographic series, 
which is periodically updated, cites 
documents published since 1957 
and is indexed by author, corporate 
source, title, and keywords . Topics 
include: " Overview Documents, " 
"Insulation Data," "Radiative 
Properties, " "Components" (e.g., 
flat-plate collectors, concentrating 
collectors, and thermal storage 
units), "Thermal Characteristics of 
Buildings," "Process Heat Applica
tions ," and " Solar Thermal Power 
Generation. " The bibliography 
organizes much of the significant 
worldwide literature devoted to solar 
energy. 

Thermal use of solar energy takes 
such diverse forms as building heat
ing and/or cooling, water desalini
zation , crop processing, metallurgi
cal research, and power generation . 
All solar thermal systems are similar 
in that they use a collection device 
to transform the solar electro
magnetic radiation into thermal 
energy. Collectors either gather 
solar energy in its dilute Earth sur
face form or concentrate it with an 
optical system to achieve high tem
peratures. This thermal energy is 
then used to produce the desired 
output immediately or is stored to 
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satisfy a future demand. Either input 
heat or output product can be stored 
to overcome the intermittent nature 
of solar energy at the Earth 's sur
face . A backup system using some 
other energy source is frequently 
used to insure reliability and 
economy. 

The utilization of solar energy for 
the heating and/or COOling of build
ings and the production of potable 
water supplies is presently most 
economic and feasible. In many 
areas of the United States, solar 
heat is economically competitive 
with electric resistance heating. 
While the economics of solar 
heating/cooling are considered to 
be better for larger structures, such 
as public buildings, schools, office 
buildings, and apartment complex
es, the most numerous applications 
have been in single-family resi
dences and small laboratories. 
So-called "active" solar space con
ditioning uses collector and storage 
devices that are added to a building 
and uses fans or pumps to collect 
and distribute the heat. So-called 
" passive" techniques use building 
orientation , the structure as collec
tor and storage, and construction 
details such as roof overhangs and 
movable insulation to collect and 
distribute the heat. Both approaches 
have their respective strengths, 
weaknesses , and places in solar 
space conditioning . 

This work was done by the Tech
nology Application Center at the 
University of New Mexico for NASA 
Headquarters. Copies of "Solar 
Thermal Energy Utilization: A Bibli
ography with Abstracts" and sub
scriptions to the update service 
[TAC ST 74-600] ,ay be obtained at 
cost from the Technology Applica
tion Center, University of New 
Mexico [see page A 7] . 
HQN-10900 

Optics and Lasers 

Selected development in 
lasers, spectroscopy, and 
photog raphy 

A recent NASA Compilation, 
SP-5973(03), entitled " OptiCS and 

Lasers, " describes 27 optical con
cepts developed for holographic 
viewing, spectral transmission, and 
film camera technology. This Com
pilation is one of a series of NASA 
Technology Utilization Publications 
which, like NASA Tech Briefs, make 
available aerospace technology that 
may have application in commerce 
and industry. 

"Optics and Lasers" contains 
articles on laser technology, includ-
ing holographic interferometry laser
Doppler systems, laser beam-
deflection controls, an alinement 
microscope for rotating laser scan-
ner, and a coplanarity measurement 
tool . Articles on spectroscopy and 
general optics include descriptions fa 
of a solid-state TV camera, spectral 1-
matching of alkali-metal vapor ~ 
lamps, X-ray photography, and a ,., 
membrane light-valve computer 
memory. Other articles describe 
camera components , such as shut-
ters , focus control , and film calibra-
tion . 

This work was done for NASA 
Headquarters. To obtain a copy of 
SP-5973 [03] , Circle 45 on the TSP 
Request Card. 
HQN-10893 

Optical Devices 

Selected developments in 
optical instrumentation , light 
generation, and lasers 

A recent NASA Compilation , 
SP-5965(01), entitled " Optical 
Devices," describes 30 concepts 
and techniques developed for optical 
instrumentation and light transmis
sion and generation. This Compila
tion is one of a series of NASA Tech
nology Utilization Publications which, 
like NASA Tech Briefs, make avail
able aerospace technology that may 
have application in commerce and 
industry. 

" Optical Devices " contains 
articles on spectrometer com
ponents, such as choppers , mono
chromators , light sources, and 
beam splitters . Other articles on 
telescopes and microscopes include 
design techniques , mounts, mirror 

(continued next page) 
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drives, and applications. Finally, a 
section on laser techniques de
scribes holographic cameras and 
devices and several improvements 
in laser design . 

This work was done for NASA 
Headquarters. To obtain a copy of 
SP-5965[01]. Circle on the TSP 
Request Card. 
HON-10891 

Hydrogen Energy 

A bibliography 
with abstracts 

Recognizing the need for com
plete and up-tcrdate information on 
the use of hydrogen as an energy 
carrier, the NASA-sponsored Tech
nology Application Center (TAC) at 
the University of New Mexico is now 
publishing a bibliographic series en
titled "Hydrogen Energy: A Bibliog
raphy with abstracts." Computer
ized literature search techniques as 
well as manual research methods 
are used in compiling each issue in 
the series. In addition to the cumula
tive volume, an annual supplement 
is available for 1974, and a quarterly 
update program serves 1975 and the 
current calendar year. 

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

SANDTRACKS 
World Map and Stations 
Predictions Computer 
Programs 

SANDTRACKS computes a time 
history of the subsatellite point and 
the visibility from a station to a given 
satellite by integrating a given epoch 
state. 
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Hydrogen, per se, is not a primary 
energy source but a synthetic fuel or 
"energy carrier." A source of 
energy such as nuclear, solar, or 
wind energy must be utilized in order 
to produce hydrogen. Method com
mercially available today to produce 
hydrogen are the electrolysis of 
water, the gasification of fossil fuels, 
and the the thermochemical de
composition of water. In addition , 
the use of hydrogen, either in gase
ous or liquid form, will necessitate 
the development of a large-scale 
transmission and distribution 
system. The growing literature 
reports a variety of opportunities for . 
utilizing hydrogen, notably in space 
vehicles, aircraft, and other vehicles 
and in fuel cells . The residential and 
commercial use of hydrogen also 
appears both feasible and practical, 
especially in new buildings. Also, 
the use of hydrogen in electrical 
power generation may provide 
higher efficiencies than are 
presently possible in conventional 
generating plants. 

Recent high interest in the area of 
the hydrogen economy has been 
shown by the increasing number of 
conferences, study groups, and 
meetings held on the topic . Among 
the latest and most outstanding of 
these were the "Cornell Interna-

Given a geocentriC satellite epoch 
state, several user-defined options, 
starting and ending times, and sta
tion coordinates, the SANDTRACKS 
program generates a "world map" 
andlor "look angles." A "world 
map" is a time history of the sub
satellite point (groundtrace) and the 
satellite height. This groundtrace is 
given in terms of geodetiC latitude 
and longitude, while the satellite 
height is a measure of the normal 
between the satellite and the com
putational ellipsoid. " Look angles" 
consist of the azimuth, elevation, 
and range from a given station to the 
satellite. 

The satellite ephemeris is gen
erated by an iterative process ac
cording to the theory developed by 
Brouwer. The theory is not valid for 

tional Symposium and Workshop on 
the Hydrogen Economy," the 
" Working Symposium on Liquid
Hydrogen-Fueled Aircraft" held at 
NASA's Langley Research Center, 
and the NASAl ASEE 1973 Systems 
Design Institute held on the topic of 
"Hydrogen as a Future Energy 
Carrier" at Johnson Space Center, 
all held in 1973, and the Hydrogen 
Economy Energy Conferences held 
in Miami in 1974 and 1976. 

Hydrogen Energy represents an 
attempt to list and organize the 
literature devoted to hydrogen as an 
energy carrier. Each issue in the 
series is divided into the following 
sections: "General"; "Production" ; 
"Utilization: Transmission, Distribu
tion, and Storage"; and "Safety." 
Author, corporate source, title, and 
keyword indexes are included. 
This work was done by the Tech
nology Application Center at the 
University of New Mexico for NASA 
Headquarters. Copies of 
"Hydrogen Energy: A Bibliography 
with Abstracts, " the 1974 annual, 
and subscriptions to the update 
service [TAC H-74-SOO] may be 
obtained at cost from the Tech
nology Application Center, 
University of New Mexico [see page 
A7J . 
HON-10898 

orbits near the critical inclination of 
63.40

, but is otherwise valid for 
eccentricities between 0.001 and 1 
together with all inclinations. 
Atmospheric drag and solar radia
tion pressure are unmodeled. These 
forces are known to perturb a 
satellite orbit. Consequently, any 
comparison of results from 
SANDTRACKS with those from other 
programs must take into account the 
compatibility of the dynamic model
ing between the two programs. 
FORTRAN, Interactive Mode 
IBM 360/95 

This program was written by 
Richard J. Sandifer of Goddard 
Space Flight Center. For further 
information, Circle 47 on the 
COSMIC Request Card. 
GSC-120GG 
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Chemiluminescent Prediction of Service Life 
A new technique predicts degradation of polymers, 
such as potting compounds, without imposing artificial conditions. 

Lyndon B. Johnson Space Center, Houston, Texas 

A chemiluminescence technique 
can be used to predict the oxidation 
degradation of polymers and other 
organic materials under the actual 
expected-use conditions. Degrada
tion is usually so slow or small that 
conventional aging tests require ar
tificial intensification of critical 
parameters such as temperature . 
When extrapolated to actual condi
tions , this type of data does not 
necessarily give accurate predic
tions of service life . 

A true degradation rate, under 
actual environmental conditions, 
can be determined by measuring the 
weak chemiluminescent emission 
that accompanies the oxidation of 
many organic materials . The emis
sion mechanism is believed to pro
ceed by way of free-radical chain 
oxidation with the formation of ex
cited ketones in the chain determi
nation step. A small fraction of the 
ketone emits light or transfers exci
tation energy to another compound 
that decays with light emission . 

MANUALL V-OPERATED 
SAFETY SHUTTER 

An apparatus deSigned to mea
sure this weak emission is shown in 
the figure . It has been used to mea
sure emission from samples of cis
polybutadiene, Viton, Teflon, sili
cone, and a boron-epoxy composite 
at temperatures from 250 to 150" C. 
Excellent correlations between tem
perature and chemiluminescence 
have validated independent accel
erated-aging tests (at elevated tem
peratures) used to predict service 
life of these compounds . 

In addition, smooth or linear cor
relations are obtained between 
chemiluminescence and physical 
properties (tensile strength, viscos
ity, and loss tangent) of purified 
polymer gums. The data are ob
tained much more easily than with 

COM PUTER-OPERATED 
FILTER WHEEL 

(20 FILTERS) 
PHOTOMULTIPLIER 

conventional methods. Another ap
plication, studying the effects of 
mechanical deformations on poly
mers, is suggested by the chemi
luminescent emission observed on 
milled samples of polymer gums. 

This work was done by John A. 
Hassell, G. David Mendenhall, and 
Richard A. Nathan of Battelle 
Memorial Institute for Johnson 
Space Center. Further infor
mation may be found in NASA 
CR-147463 [N76-18276/LKJ, 
"Space Shuttle Nonmetallic Materi
als Age Life Prediction, " a copy of 
which may be obtained at cost from 
the National Technical Information 
Service, Springfield, Virginia 22151 . 
MSC-1601O 

SAMPLE BANK 
AND CHARGER 

COMPUTER-OPERATED --~ 
SHUTTER ,/ I /' : 

COLLECTOR LENS ~-'~ _ _ . " I 
IRRADIATION---r----_--=;zJ~litt~g:::;§~ __ j 

CHOPPER 

(SHUTTER)I~=J:::~~~~~~il~~6-/ QUARTZ_ 

MUL TIWAVELENGTH 
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WINDOWS ~~~~~~~~~t:~~~~~~~'-----:t LIQUID SAMPLE 

WATER-COOLED 
OVEN SHIELD 
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OVEN 

SOLID 
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AUTOMATIC 
DOORS 

The Photon-Counting Instrumentation for chemiluminescence studies has a lighttight sample chamber with 
provision for temperature and atmosphere control. It is capable of semiautomatic operation and has fittings 
for measuring and recording extremely-weak sample emissions. 
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Thermoluminescence for Forensic Analysis 
Thermoluminescence apparatus is designed for determining 
whether two samples are from the same source. 

CaltechlJPL, Pasadena, California 

The need to assess the common
ality of origin of physical evidence 
frequently presents problems in the 
criminalistics laboratory. In such a 
case, it is only necessary to estab
lish whether two or more items 
issued from the same or different 
sources; their compositions need 
not necessarily be analyzed. The 
present experimental methods used 
for such determinations include 
optical microscopy, infrared and 
emission spectroscopy, density 
gradient techniques, and the meas
urements of the refractive index. All 
of these methods are time consum
ing and involve a long delay for 
processing the samples. 

A new technique for evaluating 
evidence materials has been 
developed which utilizes the phe
nomenon of thermoluminescence. 

Thermoluminescence is defined as 
the emission of light produced by the 
heating of a solid nonelectrical con
ductor to a temperature below that 
of incandescence. The solid is first 
exposed to ionizing radiation (such 
as natural radioactivity, cosmic 
rays, X-rays, or beta particles) 
which produces a cloud of displaced 
electrons within the lattice structure 
of the solid. Some of these electrons 
are caught in lattice traps: imper
fections and vacancies in the crystal 
lattice. When the temperature of the 
lattice structure is raised, thereby 
supplying the kinetic energy neces
sary to cause a recombination of the 
traps, these electrons escape and in 
dOing so emit light. This phenome
non is measured as a function of 
increasing temperature [73 K to 

SAMPLE 
PROCESSOR 

x-v RECORDER 

_ L----

293 K (-3280 to 680 F) for low tem
peratures and 293 K to 623 K (680 to 
6620 F) for high temperatures] 
versus light emitted to give a char
acteristic glow curve. Small varia
tions in crystalline structure and/or 
in the levels of impurities cause 
large changes in the nature of the 
glow curves produced by different 
samples of the same type of 
material . 

The thermoluminescence system 
is illustrated in Figure 1 . Two princi
pal types of light-measuring systems 
were considered: a photon or pulse 
counting system and an analog or 
current measuring system. While 
the photon counting system allows 
the measurement of very low light 
levels, it is expensive and complex. 
The analog system, in which the 

Figure 1. Thermoluminescence System, an analog (current measuring) device, employs a photomultiplier 
tube, the output of which is measured by an electrometer. The control unit contains the photomultiplier 
high-voltage supply and low-voltage sample heater source. 
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L ...... ",,,, ... STAINLESS-STEEL 
RIBBON FILAMENT 

Figure 2. Sample Container and Sample Heater are suspended by 
ceramic standoffs. A 1 O-mg sample of material is placed in the sample 
dish after being granulated and sieved. The sample is then exposed to 
ionizing radiation. Radiation levels are determined by trial and error. 

photomultiplier tube output is meas
ured by an electrometer, is eco
nomical and straightforward and for 
general usage is the most versatile 
and requires the least operator skill. 

A 1 O-stage photomultiplier tube 
was selected for use in both systems 
because of its high sensitivity to blue 
light and negligible sensitivity to red 
radiation . This helps to reduce black 
body radiation as an upper tempera
ture limitation. Also, the light col
lection or sensitive area of the tube 
is large, about 14.2 cm2 (2 .2 in .2), 
which makes it possible to detect 

Graphite-Reinforced 
Bone Cement 

Chopped graphite fibers , when 
added to surgical bone cement, 
form a bonding agent with mechan
ical properties more nearly matched 
to those of bone. To prepare, chop
ped fibers are added to a polymeth
ylmethacrylate composition . Bone 
stiffness is increased without affect
ing flexural strength , but compress
ive strength is reduced . The inhibit
ing effect of the fibers results in a 
maximum cure temperature of 55° 
C. 
(See page 221 .) 
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less than a 0 .1 microlumen of liqht . 
With the exception of this tube, the 
remainder of the system is 
constructed using only solid-state 
components. 

The sample is first granulated and 
sieved to give a uniform particle 
size . Then the sample is exposed to 
50 kilorads of ionizing radiation. In 
some materials, more or less than 
50 kilorads of radiation may be re
quired to get a useful glow curve. 
The exact radiation levels can be 
determined only by a trial and error 
procedure for each sample pair. 

Double-Focusing 
Mass Spectrometer 

A double-focusing magnetic
sector mass spectrometer uses a 
lighter, more-easily-alined, magnet 
assembly to provide the field re
quired to interact with the ion beam . 
It has no separate duct ; instead, an 
evacuated duct is formed by the pole 
pieces which support the vacuum 
pump. The magnetic gap and 
magnet assembly are reduced from 
4.64 to 2.54 mm and from 2.4 to 1.5 
kg, respectively . 
(See page 192.) 

Figure 2 shows the sample container 
and the arrangement for heating the 
sample. 

A uniformly increasing tempera
ture is generated in a platinum 
sample cup by electrically heating 
the stainless steel ribbon with a high 
current/low voltage input to the rib
bon . The temperature ramp is gen
erated by increasing the voltage to 
the ribbon. The temperature of the 
system is measured by an iron/ 
constantan thermocouple . The 
thermocouple supplies output to the 
meter on the thermoluminescence 
unit and to the X axis of an X-Y 
recorder. 

The sample container 
arrangement is unique in that, con
trary to the usual practice in the 
study of this phenomenon , the 
sample cup handles extremely small 
samples, on the order of 10 milli
grams (3.2X1()-c oz) . The usual 
container for other instruments 
handles samples on the order of 
one-half gram or more. Sample 
preparation involves crushing the 
specimen to obtain a fine consist
ency powder and sieving through a 
1 OO-mesh screen . The control unit 
contains the high-voltage supply, 
which IS applied to the photomulti
plier tube, as well as the low-voltage 
sample heater supply. In addition , it 
contains a sweep motor to provide a 
ramp voltage which is used to effect 
a gradually-increasing sample tem
perature. 

This work was done by Daniel D. 
Lawson of Caltech/JPL. For 
further information, Circle 48 on the 
TSP Request Card. 
NPO-11607 

Low-Reflectivity Spectrally 
Selective Coating 

A new multilayer coating for 
mirrors imparts a 1-percent reflec
tion in the region 400 to 700 nano
meters . It is a vacuum-deposited 
film sequence of aluminum, dielec
tric spacer , semitransparent metal , 
and dielectric spacer. The proper 
thicknesses of the layers are 
achieved by optically monitoring the 
reflectivity of the substrate . 
(See page 193.) 
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Low-Temperature Thermoluminescence 
Improved thermoluminescence technique is 
applicable to water pollution technology. 

GaltechlJPL, Pasadena, California 

CIRCULAR 
SEALING 
GROOVE 

SAMPLE 

Figure 1. A Low Temperature Sample Cup with a sealed aluminum 
membrane that is pierced by a knife once the cup is inserted into 
heating and sensing equipment. 

SEALED 
SAMPLE CUP WITH 

IRRADIATED SAMPLE 

SAMPLE CUP 
HEATER / SUPPORT 

SAMPLE PROCESSOR 

_ THERMOCOUPLE 
LEAD 

The usefulness of thermolumi
nescence techniques for establish
ing the commonality of origin of fo
rensic evidence materials can be 
extended to materials which are not 
solids at room temperature and to 
materials which are heat sensitive, 
such as paper, drugs, and the like, 
by making test observations at low 
temperatures . Testing is begun at 
the temperature of liquid nitrogen 
and is concluded at room tempera
ture. The use of the phenomenon of 
thermoluminescence in the high
temperature regime, from 293 K to 
723 K (680 to 8420 F) has been 
described in the preceding article, 
Thermoluminescence for Forensic 
Analysis (NP0-11607) . 

A serious problem encountered in 
low-temperature thermolumines
cence measurements, which is not 

Figure 2 . The Sample Cup in Heater/Support, and Sample Processor which contains a tube with the 
knife-edge foil cutter at the end of it. 
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encountered in high-temperature 
measurements, is the contamination 
of the sample by the condensation of 
water vapor from the atmosphere 
during the liquid nitrogen cooling . 
This problem is solved by using a 
sealed sample cup . An aluminum 
foil membrane is clamped over the 
sample cup to provide sealing and 
remains intact during the cooling 
and irradiation steps . When the 
sample cup is inserted into the heat
ing and sensing equipment , a knife 
pierces the membrane and is rotated 
to move the foil out of the light path 
to the photomultiplier tUbe . 

The sample is heated by passing 
hot air around the cup. Airflow must 
be at a constant rate in order to 
effect the relatively linear recording 

of light levels versus time (for good 
correlation with rising temperature) . 
The nonlinearity of thermocouples at 
low temperatures and the conse
quent nonlinearity exhibited on the 
temperature axis of the glow curve 
are also problems with this tech
nique. The sample cup is shown in 
Figure 1 . 

The cutter which opens the alumi
num foil so that the emitted light may 
be sensed by the photomultiplier 
tube can be seen in Figure 2. The 
cutter is a vertical knife edge which 
is retained at the end of a tube. The 
tube is mounted in the sample 
processor below the shutter so that 
the latter may control the amount of 
light emission which is seen by the 

Solventless Intumescent Coatings 
A new intumescent coating requires no hydrocarbon 
solvent and can be applied in smooth layers. 

Ames Research Center, Moffett Fie/d, California 

An intumescent coating that re
quires no solvent can be made by 
reducing the concentrations of intu
mescent compound and fibrous 
materials that are used in sprayable 
compositions . The formulation is 
then cast or molded into shapes that 
subsequently can be cut and bonded 
onto contoured surfaces . Although a 
variety of intumescent coating com
poSitions are currently in use, 
among the most versatile in the for
mulation NASA-313 , which consists 
of a three-part mixture of polysulfide 
resin , the ammonium salt of 
p -nitroaniline-m -sulfonic acid , 
siliceous fibers, and polymerizable 
epoxy-resin substrate in a solvent 
base. 

The following modification of the 
NASA formulation consists of only 
two parts and does not require a 
solvent to make a smoothly manage
able composition : 
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Part A-Ingredient Weight % 
Polysulfide liquid 

polymer 21 .4% 
Liquid epoxy resin 17.1% 
Ammonium salt of 
p-nitroaniline-
m-sulfonic acid 56.5% 

Quartz microfibrils 5% 
Part B-
Tri(alkylamino)phenol 2 .5% 

The amount of part B to be used is 
about 15 percent by weight of the 
amount of epoxy in part A. The com
position will provide a char yield of 
about 45 percent at over 540" C 
(1 ,000° F), and the temperatu re of 
intumescence is about 260° C 
(500° F). 

Compositions of the type repre
sented by the above formulation can 
be cast between plastic sheets to 

photomultiplier tube, as in the high
temperature system. 

One area of potential usefulness 
lies in assessing the commonality of 
the origin of oil pollutants, such as 
are produced by ships at sea dump
ing oil. It is also believed that the 
technique may be useful for map
ping certain features of lakes and/or 
oceans and for the identification of 
the source of materials, such as 
plastics, rubber, solvents, water 
solutions, and the like. 

This work was done by Daniel D. 
Lawson and John D. Ingham of 
Caltechl JPL. For further informa
tion, Circle 49 on the TSP Request 
Gard. 
NPO-11935 

provide smooth-surface forms. Al
ternatively, the compositions can be 
pressed or molded into a variety of 
shapes. The smooth-su rfaced 
sheets or preforms can then be 
fastened to the surfaces of struc
tures with thin films of adhesives . By 
these expedients , smooth intumes
cent layers can be applied to aero
dynamic surfaces (sprayed coats 
are too rough). Moreover, preforms 
can be cemented to surfaces that 
cannot be overcoated by the usual 
spray-coating techniques . 

This work was done by Seymour 
Schwartz of Hughes Aircraft Co. for 
Ames Research Center. Further 
information may be found in NASA 
CR-137706 [N75-28228] , "Develorr 
ment of an Optimized Intumescent 
Coating, " a copy of which may be 
obtained at cost from the Aerospace 
Research Applications Center, 
Indiana University [see page A 7] . 
ARC-10996 
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Thermal/ Acoustical Insulation Foam 
Lightweight controlled-density foam used 
in aircraft has excellent fire resistance 

Lyndon B. Johnson Space Center, Houston, Texas 

A low-density foam , based on a 
composition of alumina/silica/ 
ceramic fibers , is an improved 
material particularly suitable for use 
in aircraft insulation . The foam has 
several properties which makes it an 
attractive insulant: Material density 
can be controlled over the ran~e of 
fromO.6t01 .2Ib/ftl (9.6t019.2 
kg/m3 ) , and the foam has good 
thermal and acoustic properties. 
The controlled-density foam can 
replace the resin-bonded fiberglass 
batting used to insulate aircraft; and 
it offers a safety improvement over 
the lightweight foam material which 
supersedes the batting , since the 
new low-density foam contains no 
asbestos as does the foam insulation 
it replaces . 

The foam is fabricated by dis
persing the foam fibers and other 

1,250 

fibrous ingredients with a surface
active agent. A soluble organic res
inous binder and a medium such as 
water are added to disperse the fiber 
mixture. Subsequent drying and heat 
treatment produce a porous, non
fluid foam. Two different resin 
systems used to produce laboratory 
samples of the foam are equally 
effective organic binders . 

The figure illustrates the results of 
tests, as comparing these to other 
foams and insulative materials . The 
flame-impingement tests consisted 
of heating one side of each foam 
sample with a 2,250° F (1 ,232° C) 
oil burner; as indicated the backface 
temperature of the controlled
density foam is no greater than 650° 
F (343° C) during the test period . 
Little or no fumes were generated 
during the test. 

STANDARD FIBERGLASS 
3-IN . LAYER, 0.6-LB/FP DENSITY 

Noise-reduction properties have 
not yet reached a satisfactory level , 
but may be improved by incorpora
ting fine-diameter glass fibers in 
various percentages of foam com
position. Further acoustical opti
mization procedures and tests are 
required . 

This work was done by Ruey Y. 
Lin and Edward A. Struzik of The 
Carborundum Co. for Johnson 
Space Center. Further information 
may be found in NASA CR-141498 
[N75-15803], "Development of a 
Thermal Acoustical Aircraft Insula
tion Material, " a copy of which may 
be obtained at cost from the 
National Technical Information 
Service, Springfield, Virginia 22151 . 

This invention is owned by NASA 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Johnson Space Center [see page 
AS]. Refer to MSC-14795. 
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Flame-Impingement Tests of the low-density foam reveal the ability of the material to withstand direct flame , 
as compared to standard fiberglass, phenolic-polymer, and asbestos foam insulants. The backface 
temperature of the controlled-density foam was no greater than 650 ° F during the test period. 
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Coati ng for Solar Panels 
An inexpensive coating requires no primers 
and has high absorptivity and low emissivity. 

Marshall Space Flight Center, Alabama 

A pigment to vehicle-solids weight 
ratio of 0.075 is obtained by ball
milling carbon black with polyvinyl 
butyral (both as commercially avail
able preparations) dissolved in 95 
percent ethyl alcohol. The pigment 
grind is reduced with an ethanol 
solution of the polyvinyl butyral , and 
the finished coating is thinned with a 
65:35 mixture of xylene/diacetone 
alcohol. Panels are wiped with 
toluene, sprayed with a coating 
0.25-mil to 1.O-mil thick, and baked 
at 177" C for 45 minutes. No primer 
is needed for good adhesion to 
aluminum, copper, or stainless 
steel . The coating is a simple means 
of increasing the efficiency of solar 
collectors because of its high 
absorptivity and low emissivity. 

The properties and composition 
are shown in Tables 1, 2, and 3. 

Table 1. Paint Composition 

Component Weight % 

Mill 8ue 
Carbon Black 0.53 
Polyvinyl Butyral 1 .77 
Ethyl Alcohol 16.81 
Water 0.88 

Reducer 
Polyvinyl Butyral 5.31 
Ethyl Alcohol 74 .70 

Table 2. Finished Paint Data 

Component Weight % 

Solids 
Carbon Black 0.53 
Vehicle Solids 7.08 
Total Solids 7.61 

thinner 
Dlacetone Alcohol 35 
Xylene 65 

Improved Insulation Material 
A multilayer insu lat ion material is 
useful for thermal-protection systems and cryogenic containers. 

Lyndon B. Johnson Space Center, Houston, Texas 

Conventional multilayer insulating 
materials usually have plain sur
faces which wrinkle unavoidably 
during installation. This wrinkling 
may cause random diffusions of 
radiant energy, degrading the effec
tiveness of the insulation because of 
the fractions of energy diffused lat
erally along the layers and eventual
ly reradiated into the insulated vol
umes. 

A new insulating material consists 
of embossed, silver-coated Mylar, 
nylon net, and silk net. The emboss
ing on the coated Mylar is in a 
square pattern which creates small 
( ~ -inch) boxlike forms in the sur
face . The embossing serves two 
purposes: (1) to help separate the 
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radiation barriers and (2) to control 
the diffusion of radiant energy. As 
the radiant heat waves impinge on 
each barrier, the small square em
bossed pattern tends to trap the en
ergyand reradiate it in the OPPOSite 
di rection . Theoretically , this action 
should reduce the amount of random 
radiation that actually arrives at the 
pressure vessel. 

The nylon and silk nets used are 
commercially available materials 
with approximately 300 holes per 
square inch. These materials are 
used to separate the Mylar radiation 
barriers. Originally, the netting 
spacers were used as received . 
However, they were found to contain 
sizing matter that could potentially 

Table 3. Properties of Coating 

Absorptivity 0.95 
Emissivity 0.74 
Resistance Salt Spray Good 
Adhesion Good 
UV Stability Good 
Humidity ReSistance Good 
Thermal Cycling Good 
Pigment to Vehicle-
Solids Ratio 0.075 

This work was done by Ronald W. 
Gumbs of R. Gumbs Associates for 
Marshall Space Flight Center. 
For further information, Circle 50 on 
the TSP Request card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23420. 

cause trouble when used in a vacu
um (e .g., in the wall of a Dewar 
container) due to outgassing . 

Each layer of Mylar is separated 
by one or two layers of net. Nylon 
net is more effective at tempera
tures above 400° F (222 K) , and 
silk is more effective below that 
temperature . This insulating materi
al requires no maintenance after in
stallation. The new embossed, sil
verized Mylar may well prove to be 
more sensitive than plain surface 
materials and may be useful in de
signing thermal-protection systems 
on cryogenic containers . 

This work was done by the Beech 
Aircraft Corp. for Johnson Space 
Center. For further information, 
Circle 51 on the TSP Request Card. 
MSC-14642 
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Automated Solvent Concentrator 
Designed for automated drug-identification system (AUDRI), 
the solvent concentrator increases concentration by 100. 

GaltechlJPL, Pasadena, California 

An automated solvent concentra
tor has been developed for use with 
an automated drug identification 
system (AUDRI) . The concentrator 
provides the input material to the 
analysis subsystem. Samples to be 
analyzed range from relatively small 
to relatively large volumes of fluid. 
Each sample is first filtered by pas
sage through a suitable filter 
medium contained within a long
tailed extraction tube . The filter re
moves particulate contaminants and 
simultaneously reduces the water 
content of the sample. 

The sample is then extracted from 
the filtered residue by a specific sol
vent (for example, chloroform). 
Most of this solvent must then be re
moved from the active sample be
fore analysis . The solvent concen
trator removes the bulk of this sol
vent as the fi rst step of a two-stage 
procedure. The remainder is then 
removed by the precolumn proces
sor discussed in the next article, 
.. Precolumn for Extract 
Concentration " (NP0-13083). While 
many types of manually operated 
concentrators are presently in use , 
none are suitable for an automated 
system such as the AUDRI without 
extensive further development. 

The solvent concentrator required 
by the AUDRI must reduce the ratio 
of solvent to specimen by about 100 
to 1 . The maximum concentration 
time is 10 minutes, in which a 
sample content of 100 ml must be 
reduced to 1.5±1 .0 ml of product . 
The output is required to flow against 
a back pressure of about 10 in. of 
water (2,490 N/m2) produced in a 
following precolumn processor. 

A suitable solvent concentrator 
has been fabricated from a helix of 
12-mm (0.47-in .) Pyrex glass tubing 
consisting of about four turns, 6 in . 
(15 cm) in diameter , on a slope of 
about 3" (see figure) . The helix ter
minates in a glass collector cone or 
sump. A series of electrical resis
tance heaters wound on the outside 

206 

INERT 
GAS AND LIQUID 
SOLVENT SAMPLE 

VAPOR VENT INLET 

t 

~==M:A:IN~H~E~A~TE~R~CO;I~L~~~======~~=== TEMPERATURE SENSOR 
(THERMOCOUPLE) T 

(;~~=======:~~;:rp:~~l-IN . PITCH ~ MAIN Cl~ 2.57 TURNS 

NORMALIZING 
HEATER 

INERT GAS AND_ 
SOLVENT VAPOR VENT ===;:::-.... 

f-3IN-j 

CAPILLARY: 
0.01 -IN . INSIDE ""--~// 

SMALL 
HEATER 

DIAMETER 

t 
SAMPLE 
OUTLET 

CAPILLARY: 
O.l3-IN . OUTSIDE DIAMETER 
O.Ol -IN . INSIDE DIAMETER 
l.38-IN. LONG 

The Automated Solvent Concentrator is fabricated from a helix of 
12-mm Pyrex glass tubing conSisting of about four turns on a slope of 
about 3°. The helix terminates in a glass cone or sump. 

of the tubing evaporate the solvent 
as the solution flows by gravity down 
the helix. The sump has a separate 
heater to aid in the final evaporation . 
The construction of the helix , using 
long thin glass tubing of low thermal 
conductivity, facilitates the inde
pendent heating and control of 
various sections of the tubing . 

An inert gas such as nitrogen is 
introduced about 3/4 the distance 
down the helix . The gas sweeps the 
vapor upward and downward and out 
through vents , and it also serves to 
maintain a nearly-uniform low tem
perature in the tubing . This reduces 
the loss of solute by undesired 
evaporation . This is possible be
cause the solvent has a low boiling 

point and the analysis sample has a 
much higher boiling point. 

A thermocouple temperature sen
sor is located in an unheated section 
of the helix, just above the flush gas 
inlet. The sensor is located inside 
the tubing, in the flowing liquid. At 
that position , 70 to 95 percent of the 
solvent has already been evaporat
ed . At a relatively constant flush gas 
flow and gas-liquid interface area 
the temperature drop due to evapo
rative cooling will be inversely pro
portional to the solvent flow rate at 
this point. The thermocouple meas
ures the temperature of the cooled 
flowing liquid which is an indication 
of the flow rate . 

The signal from the sensor pro
vides a flow-rate control signal to the 
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single electronic controller which 
adjusts the heat input in certain sec
tions of the helix tubing in accord
ance with the liquid flow rate . The li
quid maintains a relatively constant , 
repeatable, stream or track resulting 
in a minimum dryout and deposition 
of solutes in the helix. Solute hangup 
is readily removed by increasing the 
flow rate slightly to redissolve the 
solute between samples . 

Two outlets and an input port are 
provided for the flush gas, with an 
option to use them in any combina
tion . Outlet flow restrictors insure 
the proper division of gas flow. 

These arrangements provide nearly
pure flush gas for cooling the liquid 
in the vicinity of the flow-rate tem
perature-sensing thermocouple. 

Two glass capillary tubes are 
used. One conducts the concentrat
ed product from the end of the helix 
to a point near the apex of the cone 
providing essentially continuous flow 
instead of droplet flow, and the sec
ond drains the product from the 
cone . The cone is an accumulator or 
storage device for high flow condi
tions during malfunctions or system 
startup. The cone heater is capable 
of evaporating moderate amounts of 

Precolumn for Extract Concentration 
A precolumn extract concentration increases sensitivity 
in an automated drug identification system (AUDRI). 

Lewis Research Center, Cleveland, Ohio 

The automated drug identification 
system (AUDRI) requires that test 
samples be separated into families 
of organic compounds for subse
quent insertion into several parallel 
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gas chromatographs . A sample is 
first ext (acted by selective organic 
solvents. Solvent is then removed 
from the extract to increase the ratio 
of extract to solvent. This step signi
ficantly increases system sensitivity. 

VENT PORT, 
FLUSH GAS, AND 
SOLVENT VAPOR 
EXITS 
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,--
I 
I 
I 
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I 

excess fluid obviating the need for a 
special drainage system. The lower 
capillary acts as a restrictor for large 
liquid flows . 

This work was done by John S. 
Griffith and Jerry L. Stuart of 
Caltech/JPL. For further 
information, Circle 52 on the TSP 
Request Card. 
NPO-13068 

With each gas chromatograph in 
the AUDRI system there is a preprcr 
cessing unit (the PGC) which in
cludes a solvent concentrator, [de
scribed in the previous article, 
"Automated Solvent Concentrator" 

CARRIER-GAS 
ENTRANCE PORT 

I 

The AUDRI Flow Schematic shows the concentrator, precolumn , and a gas chromatograph. In the precolumn 
the concentrated sample is further reduced to an enriched extract for input to the gas chromatograph. 
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(NPO-13068)], and a precolumn to 
further reduce the solvent concen
tration. The precolumn assembly 
contains a column similar to a con
ventional gas chromatograph 
column . It further concentrates the 
sample by evaporating solvent; then 
it injects the extract into the analyti
cal gas chromatograph. 

Figure 1 is a schematic drawing 
showing the concentrator, the pre
column, and a gas chromatograph. 
After passage through the concen
trator, the reduced product is trans
ferred from the sump to the precol
umn where it is further reduced to an 
enriched extract which can be ac
commodated by the gas chromato
graph. In Figure 1 it is assumed that 
the reduced volume of extract and 
solvent enters the precolumn from 
the right and moves towards the left 
end. 

While the sample from the con
centrator is introduced, flush gas is 

passed through the precolumn along 
the dotted line. The temperature of 
the precolumn is selected to en
hance the vaporization of the solvent 
and to permit the extract to be re
tained. The solvent vapor is then 
vented out of the system through the 
vent port. The precolumn reduces 
the solvent-and-extract volume to a 
few microliters, a volume which can 
be inserted into a gas chromato
graph. 

The flush-gas flow is stopped, and 
the carrier gas is introduced into the 
system along the dashed line. The 
carrier gas goes through a preheat
ing column to raise the temperature 
of the precolumn sufficiently to vol
atilize the sample residue. The car
rier gas then flushes the extract out 
of the precolumn in a direction op
posite to that in which it entered. 
The now vaporized extract is forced 
into the separation column of the 
gas chromatograph . 

The gas flow during solvent va
porization and deposition is opposite 
the flow during injection into the gas 
chromatograph. This backflushes 
the precolumn to more efficiently 
cleanse it before processing subse
quent extracts, thus significantly re
ducing the build up of contaminants 
in the precolumn. Further, it is easy 
to replace the precolumn with a new 
column when desired. 

This work was done by Vilhelm J. 
Jahnsen and William G. Bloom of 
Caltech/JPL. For further 
information, Circle 53 on the TSP 
Request Card. 

Title to this invention, covered by 
U. S. Patent No. 3,859,209 has 
been waived under the provisions of 
the National Aeronautics a,nd Space 
Act [42 U.S.C. 2457 (f)] , to 
CaltechlJPL, Pasadena, California 
91109 
NPO-13083 

Fraction-Storage Unit for Drug-Identification System 
Gas chromatograph samples are 
stored for input to an IR spectrometer. 

GaltechlJPL, Pasadena, California 

The automated drug identification 
(AUDRI) system utilizes gas-chro
matographiC separation of sample 
constituents followed by spectral 
analysis with an infrared (IR) spec
trometer to provide information for 
computer identification of drugs. 
The test sample is processed in the 
sample processor as described in 
the preceding articles (NPO-13068 
and NPO-13083) . The different ex
tracts are then simultaneously ana
lyzed in separate, parallel, gas 
chromatographs (GC's). GC analy
sis is followed by spectral analysis in 
a single IR spectrometer. 

As a result of the simultaneous 
parallel operation, several samples 
may be ready for IR analysis at the 
same time. Furthermore, a singel 
GC may occasionally elute constitu
ents at a faster rate than the IR can 
analyze them. The use of four sepa
rate rapid-scanning infrared spec
trometers or mass spectrometers 
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would largely resolve these prob
lems. However, four spectrometers 
would increase the system cost be
yond acceptable limits. 

This problem has been avoided by 
a fraction-storage unit which con
nects the outputs of all the GC's to a 
single, relatively-inexpensive, I R 
spectrometer. The storage unit pro
vides buffer storage of the samples 
until the infrared spectrometer is 
ready to accept them. The fraction
storage unit consists of several sets 
of gas-chromatograph columns 
equipped with appropriate valving, 
plumbing. heaters, detectors, and 
electronics . It independently 
controls the input and output of the 
storage columns and back-flushes 
each storage column after use in 
order to clean it. 

Typically there are three columns 
for each chromatograph . Constitu
ents from each GC may be stored 
and transferred one at a time to the 

IR. Even simultaneous peaks , if pro
duced by different GC's, can be 
stored in separate holding columns . 
The storage unit can also be used to 
separate overlapping peaks . 

A diagram of the peak storage unit 
is shown in the figure. For clarity 
only one set of holding columns is 
depicted. It comprises three holding 
columns, two pressure-balancing 
columns , and the necessary valves . 
In addition to a similar set for each 
GC, the fraction-storage unit in
cludes a balancing column, a selec
tor valve , and a pair of detectors. 

When a constituent passes 
through a GC detector toward the 
fraction-storage unit, its elution time 
is computed by either the chromato
graph or the computer. If , based on 
the computation, the constituent is 
not of interest, it is directed out the 
vent port (dashed lines). If however. 
the constituent is of interest and 
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The Fraction-Storage System for One Gas Chromatograph consists of three holding columns, two 
pressure-balancing columns , detectors, and the appropriate valving. 

should be analyzed in the spectrom
eter, it is directed to a holding col
umn (dotted lines) . When the spec
trometer is ready to receive the 
constituent for spectral analysis , a 
carrier gas forces the constituent 
out of the column and through the 
selector valve to a detector and 
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thence to the IR sample cell 
(dashed-dot lines). The carrier gas 
is also directed to the IR reference 
cell through the balancing column 
and a detector. Any number of hold
ing columns may be included for 
each Ge, depending upon the ex
pected rate of elution of constituents 

of interest and the length of time it 
takes the IR spectrometer to com
plete a scan cycle . 

This work was done by Charles F. 
Campen and Jerry L. Stuart of 
Ca Itech! J Pl. For further 
information, Circle 54 on the TSP 
Request Card. 
NPQ-13111 
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Abrasion-Resistant Coatings for Plastic Surfaces 
An optically clear coating of organosilicon compounds 
insulates plastic surfaces and protects them from abrasion . 

Ames Research Center, Moffett Field, California 

Scratch tests made with a dia
mond stylus clearly show that the 
scratch resistance of a plastic 
surface coated with a plasma
polymerized silane derivative is 
superior to that of the uncoated 
surface. Also, the uniformity and 
optical clarity of the coating applied 
by plasma polymerization is superior 
to those applied , for example, by dip 
coating, electron-beam coating , or 
ultraviolet polymerization . 

The plasma polymerization tech
nique has been described in detail in 
NASA Tech Brief B73-10507. 
Briefly, the substrate to be coated is 
mounted between electrodes in a 
vacuum chamber , and the system is 
evacuated . Then the monomer, or a 
mixture of monomer and diluent , is 

let into the chamber so that a pre
selected pressure can be main
tained, power is applied to the elec
trodes to establish a plasma, and the 
discharge is allowed to continue 
until a coating of desired thickness is 
obtained. As an example, vinyltri
methoxysilane was polymerized on a 
polycarbonate substrate under the 
following conditions : chamber 
pressure , 0.260 torr; monomer and 
argon flow, 5 and 14.5 cm3 Imin 
(STP) , respectively; power, 30 
watts ; and deposition time , 3,000 
seconds. By varying the conditions , 
films of 400-nm to 800-nm thickness 
have been deposited. 

In general , organosilicon 
compounds may be used which have 
the general formula Si(OR) 2 or 

Growing Crystals From Eutectic Melts 
An inverted Bridgman method for growing crystals 
results in higher homogeneity and better structure . 

Marshall Space Flight Center, Alabama 

A new process called the Inverted 
Bridgman Method is an improve
ment over the ordinary Bridgman 
Method for growing crystals of alloys 
which contain two or more compo
nents. The new process yields 
crystals of higher homogeneity and 
better structure than those grown by 
the ordinary Bridgman Method. 

The ordinary Bridgman Method 
involves melting the alloy in a cruci
ble and then directionally solidifying 
it, starting from the bottom. This is 
accomplished by lowering the mold 
containing the alloy into and through 
the furnace, or by moving the fur
nace itself in the opposite direction, 
or by moving a cooling jacket around 
the mold. The crystal may be grown 
with or without a seed. The problem 
is created by the temperature gradi
ent which is always present at the 
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solid-liquid interface . This results in 
the migration of components either 
toward the interface or away from it 
(a phenomenon known as thermo
transport, or the Soret effect) . 

Thermotransport introduces 
non-homogeneity into the crystal 
which may seriously impair its pro~ 
erties . This is a general effect and is 
appl icable to most alloy systems. 
The degree of nonhomogeneity 
depends on several variables : (a) 
the type of alloy system, (b) the 
duration of crystal growth, and (c) 
the temperature gradient in the 
liquid melt. Eutectics and other poly
phase alloys seem to be affected by 
thermotransport to a greater degree 
than single-phase alloys. 

The Inverted Bridgman Method 
(see Figure 1) eliminates this non
homogeneity and yields better 

Si(OR) 3R/, where R is any appro
priate organic group. Diluent gases 
(such as oxygen, nitrogen, and 
sulfur dioxide) may also be used in 
the process and may increase the 
hardness of the coating even more. 

This work was done by Theodore 
Wydeven of Ames Research 
Center and John R. Hollahan of 
Tegal Corp. Further information may 
be found in U. S. Patent No. 
3,847,652 and NASA Tech Brief 
B73-10507. No further documenta
tion is available. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Ames Research Center [see page 
A8]. Refer toARC-10915. 

TOP 

LlOUID 
ALLOY 

TO 
PULLING 
DEVICE 

Ij<::=-ll-- OUTER 
CONTAINER 

Figure 1. The Bridgman 
Apparatus for the inverted 
Bridgman method reduces non
homogeneity (due to thermo
transport) to yield a better 
crystal. 
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Figure 2. The Temperature 
Distribution in Bridgman 
Apparatus: For a temperature 
gradient of 50 0 C per cm the rate 
of growth is about 1 mm per day. 

crystals . It does so by taking advan
tage of the fact that thermotransport 
can be controlled . Desi red amounts 
of segregation can be introduced 
into a molten alloy simply by holding 
it in a known temperature gradient 
for a known period of time. The alloy 
then is cooled rapidly to quench in 
the state of segregation. The sample 
next is inverted so that the hold end 
becomes the cold end. The crystal is 
then grown in the usual manner. 

The new method may also be 
used for growing single crystals , 

although at present it is only appl ica
ble to eutectic melts. Again using 
the aluminum-copper system for an 
example , there is a eutectic of a and 
e phases forming at 17.4 atoms! 
percent copper. When directionally 
solidified, this alloy has a lamellar 
structure . If the freezing is inter
rupted in the Bridgman apparatus, 
thermotransport will occur, and the 
copper will migrate to the colder re
gions. Hence the liqu id at the solid
liquid interface will become super
saturated and unstable. The excess 
copper will precipitate as e phase 
on the existing lamellae of e phase 
in the solid . A single crystal of CuAI 2 

is obtained in this fashion . 
The rate of growth will be deter

mined by the thermal diffusion ccr 
efficient and the temperature gradi
ent. Using the new technique, the 
crystal is seeded at the bottom. The 
crucible containing the alloy and the 
seed is slowly raised in the furnace 
until part of the seed is melted. The 
crucible is held at that position for a 
time sufficiently long for precipi
tation to occur. The rate of growth 
depends on the temperature gradi
ent and the thermal diffusion ccr 
efficient . 

For a temperature gradient of 50° 
C per cm, the rate of growth is 

Compressed Air Cylinder Pallet 
An inexpensive handling and storage 
device for up to 20 compressed air cylinders. 

Lyndon B. Johnson Space Center, Houston, Texas 

A pallet support can be used to 
handle up to 20 cylinders of com
pressed gas of any standard size , 
simultaneously and with improved 
safety. 

The inexpensive storage and 
handling arrangement for gas cyl in
ders is shown in the figure . A pallet 
of wood or plywood has a support 
structure that holds from 1 to 20 cyl
inders in the vertical position . The 
wooden picture-frame support is se
cured vertically to the center of the 
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The Compressed Air Cylinder 
Pallet may be made as shown or 
larger to hold up to 20 cylinders. 

approximately 1 mm per day. The 
sample is then pulled down by that 
amount, and further growth of e 
phase occurs. These steps are re
peated. Copper in the melt may be 
replenished by adding solid efrom 
the top (this arrangement is not 
shown) . Copper migrates in the 
temperature gradient and deposits 
on the growing e phase. 

Single crystals of ephase, 
several millimeters long , have been 
grown in the laboratory. This method 
is readily applied to any other 
eutectiferous system where thermcr 
transport is appreciable. Pb-Se and 
Pb-Te appear to be good candidate 
systems, the criterion being that the 
component migrating to the cold end 
should be able to precipitate and 
grow either as a primary phase or as 
an intermediate phase. 

This work was done by Biliyar N. 
Bhat of the National Research 
Council for Marshall Space Flight 
Center. For further information, 
Circle 55 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-22926. 

pallet with plywood gussets. A sad
dle is attached to the top of the pic
ture frame . The cylinders are placed 
in the saddle and strapped to the 
picture-frame support . 

This work was done by Kenneth 
G. Highley of Rockwell International 
Corp. for Johnson Space Center. 
No further documentation is avail
able. 
MSC-19217 
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Pyroionic I nfrared Detector 
A new infrared detector operates near room 
temperature and is not sensitive to vibrations. 

Langley Research Center, Hampton, Virginia 

A pyroionic detector that is infra
red sensitive and functions near 
room temperature was developed as 
a replacement for the semiconduc
tors and pyroelectric materials 
normally used in infrared detectors. 
Semiconductors are limited in their 
usefulness because of the necessity 
of being maintained at cryogenic 
temperatures , while pyroelectric 
detectors are sensitive to vibrations 
and have detectivities which are 
below the radiation noise limit and, 
thus , are often smaller than would 
be useful. Ionic materials, LaF 3 in 
particular, may have a higher detec
tivity than others that operate near 
room temperature, and they are not 
vibration sensitive as their piezo
electric coefficient is so low that it 
has not been measured. 

Many ionic solids, particularly the 
rare-earth trifluorides , exhibit a 
strongly-temperature-sensitive ionic 
conductivity and surface polarization 
capacitance . The combination of 
these effects is referred to as the 
pyroionic effect to distinguish it from 
the pyroelectric effect , a phenome
non associated with ferroelectric 
materials . This temperature vari
ability can provide the basis for a 
bolometer-like device (see Figure 1) 
that is sensitive to radiation ranging 
from ultraviolet to microwave fre
quencies. However, the principal 
use for such detectors is in the 
infrared-to-microwave part of the 
spectrum. 

Radiation strikes a thin black 
layer, chosen to absorb radiation in 
the frequency interval to be detect
ed . (This layer can be eliminated if 
the frequency interval lies in the 
range where the pyroionic material 
has a strong absorption band.) Next 
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Figure 1. The Detector Circuit 
is a combination of a battery, the 
device, and a load impedance. 
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Figure 2. The Equivalent Circuit 
of the infrared detector is a 
series resistance (R) and 
capacitance (C) . 

is a thin (rv 0.1 '" to 0.5 "') conduct
ing layer which serves as an elec
trical contact. A thin metal contact 
is also deposited on the back 
surface of the pyroionic material . 
The detector circuit is the combina
tion of a battery, the device , and a 
load impedance. The signal voltage 
is developed across the load . 

The equivalent circuit of the 
device can be represented by a 
series combination of a capacitance 
(C) and a resistance (R) . Thus, with 
a load (ZL), the ci rcuit of the system 
is as shown in Figure 2. When 
charged to voltage (V) and the 
device is functioning, the switch is 
opened to avoid noise generated by 
the battery. Capacitor (GL) is 
chosen to be large compared to 
capacitor (C) as its purpose is to 
prevent the device from discharging 
through the load . 

Since the capacitance in 
pyroionic materials is dominated by 
a surface phenomenon, the effective 
volume that must be heated to 
modulate capacitor (C) may be far 
smaller than the sample volume. 
This would enhance the sensitivity of 
the device. Also, if the ambient 
temperature of the device is 
increased, then capacitance 
increases and resistance 
decreases, but the device time 
constant stays almost steady. 
However, since noise-limiting 
resistance is reduced at higher 
temperatures, noise is reduced. A 
detector operating at 400 K would 
have a detectivity of about 5><109 

(Hz1/2cm /W) . 
This work was done by Arden Sher 

of the Col/ege of William and Mary 
for Langley Research Center. 
For further information, Circle 56 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page A8] . Refer to LAR-11921 . 
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Separation of Water From Air Samples 
A gas chromatograph is modified 
to separate water from preconcentrated air samples . 

Ames Research Center, Moffett Field, California 

The analysis of air samples for 
volatile organic constituents by the 
combination of gas chromatography 
and mass spectrometry requires a 
preconcentration step so that sub
stances which are present in quanti
ties of less than a few parts per bil
lion can be brought up to detectable 
limits . The preconcentration may be 
accomplished by passing measured 
quantities of the air sample through 
a cryogenic trap to condense the or
ganic substances until a sufficient 
quantity is obtained for analysis . 
However, the trapped organics are 
so greatly diluted by the water con
tent of air that analytical procedures 
are often compromised by the large 
amounts of water. 

A preparative gas chromatograph 
with a sorbitol column has been 
used successfully in a three-part 
system for separating collected 
water from organic materials . The 
first part, a preconcentration sub
system, comprises a collecting trap 
and a sorption pump that are cooled 
to 77 K. The air sample is drawn by 

Books and Reports 
These reports , studies, and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited ; otherwise they are available 
from one of NASA's Industrial 
Application Centers or the National 
Technical Information Service 

Vapor Corrosion Inhibitors 

Effectiveness and materials 
compatibility of amine nitrites 

A report on vapor corrosion inhibi
tors (VCl's) which is of potential 
value to those interested in long
term corrosion protection is now 
available. It is known that any salt 
which liberates nitrite ions in neutral 
or alkaline solutions will act to inhibit 
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the pump at a uniform regulated rate 
through the trap, which is a stain
less-steel tube packed with glass 
beads. After the desired volume of 
air sample has passed through the 
collection trap, the trap is warmed, 
and the condensed water and or
ganics are transferred by a stream 
of helium carrier gas to a second 
trap (an open stainless-steel tube 
cooled to 198 K) connected by 
valves to a preparative gas chromat
ograph. 

When the second trap is warmed, 
the vapors are carried by helium on
to the sorbitol column in the gas 
chromatograph . Effluents from the 
column are collected in the third part 
of the system (a stainless-steel tube 
packed with glass beads and cooled 
to 77 K) until just prior to the emer
gence of water, as monitored by a 
thermal conductivity detector. At 
that time the water is vented, the 
third trap is warmed, and the or
ganic sample is carried by helium 
into the analytical system. 

The chromatograph column is 

corrosion . There are many nitrogen
containing organic compounds that 
react in aqueous solution , whose 
nitrous acid salts have been shown 
to be excellent corrosion inhibitors 
for ferrous metals. The VCI products 
are a family of such compounds 
which combine this inhibiting action 
with controlled volatility . Thus they 
are available in various volatility 
ranges . 

These solid amine nitrites are 
slightly volatile at atmospheric tem
peratures , making possible the pre
vention of the atmospheric corrosion 
of the ferrous metals in containers or 
packages . In application, VCI vapors 
are transported by convection and 
diffusion to all surfaces of the metal 
where they condense, giving a thin 
layer of crystals . In the presence of 

made of stainless steel , packed with 
15 percent sorbitol and 5 percent 
Igepal on 60/BO mesh HMDS
treated Chromosorb P (or equiva
lent) . The sorbitol column is useful 
for many compounds which elute 
prior to water , e .g ., aldehydes , py
rans , furans, oxides , and certain 
classes of terpenes . Other columns 
may be used, as long as there is a 
Significant difference in retention 
characteristics for water and the 
compounds of interest. 

This work was done by Bennett J. 
Tyson and Glenn C. Carle of Ames 
Research Center. Further 
information may be found in: "Gas 
Chromatographic Separation of 
Water from Cryogenically Collected 
Air Samples - Enhanced Concen
tration of Trace Organic Volatiles 
Prior to GC-MS Analyses, " B. M. 
Tyson and G. C. Carle, Analytical 
Chemistry, vol. 46, No. 4, p. 610, 
1974. No further documentation is 
available. 
ARC-10890 

even minute quantities of moisture , 
these crystals dissolve , giving their 
nitrite ions to the condensed or 
absorbed moisture , thereby protec
ting the metal. The volatility of the 
inhibitors is merely a means of 
transport . 

Where long-term protection is re
quired, dicyclohexyl ammonium ni
trite is recommended. This material 
has a vapor pressure of approxi
mately 0.00012 mm Hg (0.0160 
N / m2 ), which is one-tenth that of 
mercury, and since it is not readily 
diSSipated from an enclosed area, it 
provides long-lasting protection . 
When rapid initial protect ion is de
sired , diisopropyl ammonium nitrite 
is recommended . The vapor pres
sure of this material is approximately 

(continued next page) 
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4 times that of mercury and 40 times 
that of dicyclohexyl ammonium ni
trite. A combination of these two 
incorporates the desirable features 
of both nitrites, namely, rapid early 
protection with long service life. 

Tests have demonstrated that VCI 
vapors will effectively protect com
plex parts or assemblies which are 
normally difficult or impossible to 
treat with other types of protectives. 
The vapors also diffuse into remote 
corners and small recesses, giving 
uniform protection within the interior 
of a wrap. The presence of an oil or 
other preservative film on the part to 
be protected does not impair the 
protection afforded by the vapors . 
The vapors will not penetrate the oil 
film but will protect where the film 
has been ruptured or removed . 
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Further, the ability of VCl's to pre
vent further rusting of rusted steel 
has been demonstrated in the labo
ratory. 

Since the vapor pressure of the 
VCI is low, the material is not lost 
rapidly through vaporization, if it is 
not subjected to a free circulation of 
ai r. Even when exposed di rectly to 
outdoor air at normal temperatures , 
its retention is remarkable. How
ever, since the VCI is slightly water 
soluble, it is necessary to provide 
waterproof barriers to packages 
subject to rain or any leeching action 
by liquid water. Subject to these 
conditions, short-term protection is 
very easily achieved. USing reason
able care, protection periods of 
several years are possible . 

Tests on nonferrous metals indi
cate that varying degrees of protec
tion are obtained, while the effects 
of VCI on nonmetallic materials 
(such as plastics, protective 
coatings, rubbers, adhesives, 
fabrics, woods, inks, leathers, 
papers , and cork) have also been 
studied. Toxicity studies with small 
animals have shown that VCl's are 
similar in such properties to sodium 
nitrite (a commonly-used food pre
servative) and would have about the 
same degree of hazard. 

This work was done by Lawrence 
A. Bielman of Rockwell International 
Corp. for the Marshall Space 
Flight Center. For further informa
tion, Circle 57 on the TSP Request 
Card. 
MFS-19232 
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Occl usive-Cuff Controller 
Pressure and time are set automatically 
for plethysmographic studies. 

Lyndon B. Johnson Space Center, Houston, Texas 

Occlusive cuffs are a system 
component used in venous 
occlusion plethysmography, which 
is a technique for measuring the 
change in the volume of a limb seg
ment by interrupting venous blood 
return without seriously impeding 
arterial inflow. The cuffs are placed 
on the limbs proximal to the 
plethysmograph and are inflated to a 
specific occlusion pressure for a 
preselected time period . The change 
in limb volume during occlusion can 
be used to determine the 
capacitance and resistance of blood 
vessels within the limb. With this 
technique it is possible to measure 
blood flow, detect arterial block
ages, evaluate venous capacity and 
competency, and assess the res
ponses of blood vessels to various 
therapeutic drugs (e.g ., vasoactive 
drugs) . 

START 

...c:::L r ~----t 

+5 V 

PRESSURE ) 

SIGNAL OUTPUT t~ 

GAS 
IN 

A new occlusive-cuff controller 
can be set to supply the desired 
amount of pressure for a given time 
automatically and may be triggered 
manually or from the patient's elec
trocardiograph. Pressurized gas 
(maximum 2.07x106 N/m2 or 300 
psi) is fed to the flow controll regu
lator and is regulated to within 
0.7x106N/m2 (100 psi) at a nominal 
flow value of 0 .14 m3 Imin (5 
ftl Imin) . The fili/hoid and dump 
solenoid valves are normally closed . 
Prior to an inflation cycle the 
filii hold valve is deenergized 
(closed) and the dump valve is 
energized (open) to assure zero 
pressure in the cuff . The initiation of 
an inflation cycle opens the filii hold 
valve and closes the dump valve . 
When the desired pressurization of 
the cuff is achieved the filii hold 
valve closes . At the end of the timing 

,........------,. 
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cycle the dump valve opens and the 
cuff deflates. 

The cuff inflation is controlled 
automatically by the electronics 
control unit. The unit has two time 
settings of 20 sand 2 min and two 
pressure settings of 30 and 50 mm 
of Hg (4X103 and6.7x103 N/m2) . 
Any combination of settings may be 
repetitively and automatically cycled 
at selectable frequencies from 30 s 
t010min . 

This work was done by J. T. Baker 
and G. W. Hoffler of Technology, 
Inc. and W. Hursta of Johnson 
Space Center. For further 
information, Circle 58 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent ~ 
Counsel, Johnson Space Center r '" 
[see page A8]. Refer to MSC-14836. 

PRESSURE 
GAGE 

GAS 
OUTPUT 

The Occlusive-Cuff Controller includes a flow controllregulator, fill/hold and dump valves, a pressure 
transducer, and a pressure gage, all connected to an electronics control unit. 
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Firefighter's Breathing System 
A new breathing system is lighter and 
less bulky than conventional apparatus. 

Lyndon B. Johnson Space Center, Houston, Texas 

There has long been a demand for 
an improved firefighter's breathing 
apparatus. Among other problems , 
conventional systems are heavy and 
bulky and often interfere with the 
wearer's mobility. An improved fire
fighter's breathing system 
overcomes many of the 
disadvantages associated with prior 
devices. It is lighter and less bulky, 
yet still provides 30 minutes of air 
supply. Human factors, such as 
comfort, visibility , donning time, and 
breathing resistance, have also 
been improved. The apparatus is 
simple to recharge and maintain, 
and its cost is comparable to pre
viously available systems. 

The system is based on an 
open-loop demand-type compressed 
air concept , which was found to best 
satisfy the requirements for a 
moderate duration system at a 
reasonable cost. The bulk of the 
vessel was reduced by increasing 
the air-storage pressure to 4,500 psi 
(31 x1 ()6 N I m2) , and weight was 
reduced by using a storage tank (see 
figure) made from a high-strength 
composite material : glass fibers in 
resin, wrapped over a one-piece 
aluminum liner. 

The 4,500-psi air pressure is 
regulated to breathing demand by a 
high-pressure reducer and a 
mask-mounted demand regulator. 
The frame-mounted pressure 
reducer regulates pressure from the 
4,500-psi (maximum) supply 
pressure to an intermediate 
pressure of 80 to 140 psig (0.55X1 0& 
to 0.97x10& N/m2) . The pressure 
reducer contains two reducing 
valves in parallel . These are 
controlled automatically to provide 
redundancy and to actuate the 
warning device. The mask-mounted 
demand regulator is easily detached 
from the facepiece, and the user 
can breathe through the large 
opening in the facepiece while in a 
nonhazardous environment. The 
demand regulator incorporates a 

The Firefighter's Breathing System includes a light-weight airtank, a 
frame-mounted pressure reducer, and a face mask-mounted demand 
regulator. 
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spray bar that channels the inlet flow 
over the visor during inhalation to 
reduce visor fogging. A 
depletion-operated warning is 
contained in the demand regulator . 

A flexible facepiece bubble, held 
in place by a nylon net and a single 
adjustable strap, provides excellent 
visibility and sealing , and it reduces 

helmetlfacepiece interference. The 
small, thin, flexible shell and the 
restraint simplicity make this 
facepiece considerably lighter than 
those currently available . The 
placement of the components allows 
a clear frontal area, and the support 
harness places the apparatus weight 
on the hips and lower back so as to 
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reduce shoulder fatigue . The fire
fighter's breathing system has been 
evaluated by several cities in actual 
firefighting and an improvement in 
firefighting efficiency was demon
strated. 

This work was done by Pat B. 
McLaughlan of Johnson Space 
Center; Eugene A. Giorgini, John 
L. Sullivan, and Milo R. Simmonds 

of Scott A viation; and Emory J. Beck 
of Martin Marietta Corp. For further 
information, Circle 59 on the TSP 
Request Card. 

This system was developed under 
NASA contracts and a U. S. Patent 
No. 3,957,044 has been granted on 
the automatic redundant fluid 
pressure controls with fluid actuated 
alarm. Title to one version of the 

Manual Dexterity Evaluator 
A hand-controlled tracker is used 
to measure eye-to-hand coordination. 

Langley Research Center, Hampton, Virginia 

The manual dexterity evaluator 
pictured was developed at Langley 
Research Center to be used , in col
laboration with physical therapists , 
in the study and evaluation of 
eye-ta-hand coordination. Many 
areas of physical therapy are in need 
of better , more-quantitative data to 
define and measure the severity of 
physical afflictions and to determine 
the progress of treated patients . This 
device was designed for use in the 
area of neuromuscular dysfunction, 
which includes afflictions such as 
ataxia , bradykinesia , and tremor. 

The manual dexterity evaluator, 
basically, incorporates a hand
controlled tracker that moves over a 
horizontal two-dimensional surface. 
The tracker is relatively inexpensive 
to construct and very simple to 
operate. It uses either linear or sine/ 
cosine potentiometers and a trans
formation logic to locate the position 
of the bull's-eye of the tracker head. 
The subject's task is to move the 
bull 's-eye ring over a OOO-cm2 
surface so as to follow a moving 
image (light spot) . The light spot is 
driven in two dimensions along the 

The Manual Dexterity Evaluator is operated by using the control handles 
to make the bull 's-eye ring follow a moving light spot. 
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pressure tank design has been 
waived to the Martin Marietta Corp. 
under the provisions of the National 
Aeronautics and Space Act [42 
U.s. C. 2457 (f)). Inquiries concern
ing nonexclusive or exclusive 
license for its commercial 
development should be addressed to 
the Patent Counsel, Johnson Space 
Center [see page A8] Refer to 
MSC-14733. 

path that is chosen to best define the 
physical disability being tested. Only 
a few minutes of practice in per
forming the task are necessary to 
obtain a leveling off of the learning 
curve . The data obtained consist of 
time histories of single-axis error, 
magnitude of two-dimensional ~ 
vector error, and other forms of 
analysis desired of these errors, 
such as rms , power spectral 
density, and model matching. 

While the tracker was designed 
for a specific problem, the basic 
concept can be applied to several 
other uses. As a two-dimensional or 
a three-dimensional tracker or piot
ter , it can perform as: 

An X/Y curve plotter . 
• A device to calculate the area 

under a randomly shaded curve or 
of an arbitrarily-shaped twa
dimensional surface. 

• A displacement tracker in either 
twa-dimensional or three
dimensional space. 

• Other general measurements in 
either two-dimensional or three
dimensional space . 

This work was done by Hugh P. 
Bergeron, James D. Holt, and 
Patrick A. Gainer of Langley 
Research Center. For further 
information, including deSign details 
and operating characteristics, Circle 
60 on the TSP Request Card. 
LAR-12022 
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Aseptic Fluid-Transfer System 
An inexpensive storage and transfer system allows blood 
and other fluids to be added or removed without contamination. 

GaltechlJPL, Pasadena, California 

Blood and many other biological 
fluids are normally stored and 
handled in a sterile environment to 
prevent microbial contamination . 
Special care must be taken when the 
fluids are transfered from one con
tainer to another. For example, 
blood is commonly stored in a 
two-bag arrangement. The bags are 
connected by a tube during fabrica
tion. Blood is first collected in one 
bag while the other remains empty. 
When the plasma and red blood cells 
are separated during blood fraction
ation, the plasma is expressed into 
the empty satellite bag . The tube 
connecting the two bags is then 
sealed and detached. Although this 
arrangement is safe it is cumber
some and costly . In addition, no
thing can be added to or removed 
from these bags without the risk of 
contamination . 

A new aseptic fluid-transfer sys
tem shown in Figure 1 is simpler, 
safer, and less costly. On the left 
side is a conventional sterile con
tainer of biological fluid which is fit
ted with a flexible plastic tube ending 
with a newly developed terminal . On 
the right side is an empty sterile 
container . Shown in the center is a 
device which clamps the two termi
nals together . The device heat
sterilizes all external surfaces of the 
terminals that may become contam
inated during handling, and it forms 
a sterile passageway between the 
terminals . 

Cross sections of the two termi
nals are shown in Figure 2. Each 
terminal is a flexible tube fabricated 
from Teflon, or equivalent , that can 
be heat sealed at sterilizing temper
atures. Bonded around the inside 
surface, as shown, is a plastic liner 
that cannot be heat sealed . 

Before the fluid is transferred the 
two terminals are placed together 
and clamped by the clamping de
vice . The upper jaw of the device is 
a flat plate ; the lower has several 
raised ridges to direct the flow of 
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melted plastic . The jaws are electri
cally heated and then cooled 
through a programed tempera
ture/time cycle. The heating pro
cess melts the Teflon which flows 
away from the raised areas and 
forms sealed flaps and an opening 
between the two terminals . The 

plastic liners stay intact. After the 
terminals are fused the jaws are 
cooled and released, leaving the 
terminals as shown in Figure 3. 

The entire process takes less than 
a minute. It is safe in a contaminat
ed environment because the heat 
created during fusion destroys the 
microbes on the Teflon surface. 

CLAMPING, HEATING, AND 
PENETRATING DEVICE 

I 
CLAMP AS 
REQUIRED 

I 
CLAMP AS 
REQUIRED 

EMPTY 
STERILE 

CONTAINER 

Figure 1. The AseptiC Fluid-Transfer System consists of two sterile 
containers connected by flexible plastiC tubing. The key feature is the 
heating clamp forthe terminals , which sterilizes the surface of the 
plastic tubing . 

.---__ U_P_P_E_R_J_A_W ____ ..--CLAMPING 
HEAT-SEALABLE l )' DEVICE 
PLASTIC TUBING '---A------~ 

_ TO FULL 
CONTAINER 

STERILE SURFACES 

HEAT-SEALED 

TO EMPTY 
CONTAINER --+ 

CLOSURE A 
r--__ -'nL.... __ ~ 
( 1--CLAMPING 

LOWER JAW DEVICE 

PLASTIC 
LINER 

0,.'·'" .~ ':t r I~ . .' 

0, 
\. ..Y , :.:>o.,_r 

VIEW A-A 

Figure 2. The TransferTerminals are flexible tubes made primarily of 
a heat-sealable plastic and having a partial liner that cannot be heat 
sealed. 
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Figure 3. The Sealed Terminals, when bonded, create a fluid-flow path 
because of the opposed unsealable plastic liners. 

Graphite-Reinforced Bone Cement 
Adding chopped graphite fibers 
improves stiffness and lowers curing temperature. 

CaltechlJPL, Pasadena, California 

Chopped graphite fibers, when 
added to surgical bone cement, 
form a bonding agent with mechani
cal properties more nearly matched 
to those of bone. In addition, the 
curing reaction produces less heat, 
resulting in reduced traumatization 
of body tissues. 

Preparations of the improved ce
ment are made by adding chopped 
graphite fiber to a polymethylmetha
crylate composition. Weight ratios of 
30 percent monomer, 60 percent 
polymer, and 10 percent fiber work 
well, but it may be possible to im
prove this composition. 
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The addition of graphite fibers has 
several effects. The stiffness (elastic 
modulus) is increased Significantly 
without affecting the flexural 
strength . Compressive strength is 
reduced, although this problem 
might be overcome with process 
improvements. The inhibiting effect 
of the fibers results in a maximum 
cure temperature of 55° C, com
pared to over 1000 C for similar test 
specimens without fibers. In addi
tion, the coefficient of thermal ex
panSion of the graphite-reinforced 
cement more nearly matches that of 
bone. 

This work was done by James C. 
Arnett, Richard M. Berkman, and 
Edward L. Cleland of Ca Itech/ J PL. 
For further information, Circle 61 on 
the TSP Request Card. 

Title to this invention has been 
waived under the provisions of the 
National Aeronautics and Space Act 
[42 U.S.C. 2457(f)] to the California 
Institute of Technology, Pasadena, 
California 91109. 
NPQ-13743 

This work was done by Albert C. 
Knoell of Caltech/JPL. For further 
information, Circle 62 on the TSP 
Request card. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning nonex
clusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
NASA Resident Legal Office - JPL 
[see page AS). Refer to NPO-13764. 
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Physician's Modem "Black Bag" 
A compact medical kit contains most of the 
instrumentation of a well equipped physician 's office . 

Lyndon B. Johnson Space Center, Houston, Texas 

The Physician's Modem "Black Bag" is a lightweight , compact package that contains practically all the 
instrumentation of a well-equipp.ed medical office. 

Physic ians on house and emer
gency calls usually carry a familiar 
" black bag ." The bag contains in
struments and drugs necessary 
for on-site diagnosis and treatment. 
Heavier, more sophisticated equip
ment is kept in hospitals and 
doctors' offices to examine the 
patients more thoroughly. A physi
cians capabilities for on-site treat
ment are greatly extended by a new 
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" black bag" that contains practi
cally all the instrumentation of a 
well-equipped medical office . The 
entire unit which is packed in a suit
case weighs less than 14 kg (30 Ib) . 

The unit includes the electronic 
equipment, drugs, bandages , and 
instrumentation necessary for rela
tively thorough diagnosis and treat
ment. It is packed into an 18-cm by 
56-cm by 36-cm (7-in . by 22-in . by 

14-in.) suitcase for hand carrying . 
The electronic components 

include an electrocardiograph (ECG) 
and electroencelphalograph (EEG) . 
Data are recorded either on a 
built-in strip-chart recorder or on a 
cassette tape recorder , and a 
built-in telephone coupler can be 
used for data transmission over a 
standard telephone line . A single 
printed-circuit card is used to 
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control the measurement and 
display of vital data , such as heart 
rate , respiration rate , temperature , 
and blood pressure . The card is also 
used to precondition ECG and EEG 
signals for the strip-chart recorder 
or the telephone . 

A small self-contained recharge
able battery pack supplies power for 
all the electronics . The battery can 
be used for 12 hours and may be re
charged from a standard ac outlet. 
Battery life is enhanced in this 
system because the instrument data 
are displayed with power-saving 
liquid crystals. 

Fraction-Storage Unit for 
Drug-Identification System 

In a drug-identification system 
which simultaneously identifies 
several drugs via separate, parallel 
gas chromatographs followed by IR 
analysis , one of the chromatographs 
may elute at a faster rate than 
others . A fraction-storage unit which 
connects to each chromatograph 
output and buffer stores the samples 
until the infrared spectrometer is 
ready to accept them. It controls 
storage column input and output and 
backflushes each after use to clean 
the column . 
(See page 208.) 
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In addition to the electronic equip
ment , the kit contains nearly 50 
other diagnostic instruments and 
supplies . These include a combina
tion laryngoscope-otoscope
ophthalmoscope, a stethoscope, an 
emergency supply of drugs, hyper 
dermic syringes, thoracentesis , and 
spinal-puncture trays . All of this 
equipment is compactly packaged 
within the "black bag ." 

The advantages of the new " black 
bag" are many: It extends the 
quality of treatment a physician can 
administer on emergency and house 
calls and helps obtain more 

Precolumn for Extract 
Concentration 

An automated drug-identification 
system requires that test samples be 
separated into families of organic 
compounds for subsequent insertion 
into several parallel gas chromato
graphs . A sample is first extracted 
by selective organic solvents . 
Solvent is then removed from the 
extract to increase the extract-to
solvent ratio . This step, which in
creases system sensitivity , is used 
with each chromatograph . 
(See page 207.) 

complete diagnosis prior to hospital 
admission. Furthermore the elec
tronic instrumentation is sophisticat
ed enough to be used as part of the 
standard equipment in the physi
cians office . 

This work was done by C. K. 
LaPinta and J. L. Day of Johnson 
Space Center and A. E. Schulze 
and G. A. Zivley of Telecare, Inc. 
For further information, Circle 63 on 
the TSP Request Card. 
MSC-14936 

Automated Solvent Concentrator 
When used in an automated drug

identification system, the concen
trator reduces the solvent-to
specimen ratio by 100:1. It feeds 
input material to the analYSis sub
system where each sample under
goes filtration in an extraction tube . 
The filter simultaneously removes 
particulate contaminants and re-
duces the sample water content. ~ 
The sample is extracted from the 
filtered residue by a specific solvent. 
(See page 206.) 
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Computer Programs 
These programs may be obtained at 
very reasonable cost from COSMIC, 
a facility sponsored by NASA to 
make new programs available to the 
public . For information on program 
price, size , and availability, circle 
the reference letter on the COSMIC 
Request Card in this issue . 

Birth/Death Process 
Model 

A first-order Markov model 
implemented on a digital 
computer 

A computer model has been de
veloped for a population having the 
following characteristics: 
-The population must be composed 
of entities that have at most three 
attributes. 

-Entities are born into the system 
and leave the system with definite 
attribute values . 

-Within the system an entity may 
change its attribute values a 
number of times. 
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The system consists of over 22 
programs designed to model various 
attributes of the population and in
cludes the supervisory program 
POPMOD, which interactively allows 
the user to select the desired op
tions. POPMOD uses subroutines for 
its five basic tasks: (1) input; (2) 
P-matrix generation; (3) iteration; 
(4) checking, changing input values, 
and branching at the end of an 
iteration; and (5) output. The system 
is user interactive, self-documen
ting, and does not require the user to 
have a complete understanding of 
the underlying model details. It con
tains thorough error-checking 
algorithms on input and powerful 
default capabilities. 

I n order to make the system con
venient to use, restrictions have 
been placed on the number of attri
butes allowed within the population 
and the types of changes in attribute 
value that are permissible. The 

system allows the entities to be dis
tinguished through the use of up to 
three attributes. For a given entity, 
the value of the first attribute is 
fixed . The values of the second and 
third attributes are allowed to 
increase or decrease one unit at a 
time or stay as they are. That is, if 
an entity has the attribute values de
noted by the set (X, Y ,Z) at a time 
period t, then the entity could have 
attribute value sets (X, Y,Z-1); 
(X,Y,Z); (X,Y,Z+ 1); (X,Y,+ 1,Z-1); 
(X, Y+1,Z); or (X, Y+-1,Z+1) at time 
period t+1 . These are the only tran
sitions allowed. 
FORTRAN 
UNIVAC 1108, EXEC VI/I 

This program was written by 
carleton B. Sol/away of caltech / JPL 
and Wayne Wakeland of Harvey 
Mudd Col/ege for NASA Pasadena 
Office. For further information, 
Circle B on the COSMIC Request 
card. 
NPO-13616 
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Constant-Rate Fluid-Delivery System 
Mechanical-feedback-regulated modulating valve maintains a constant 
pressure within a flexible bag, causing fluid to be expelled at a constant rate. 

Lyndon B. Johnson Space Center, Houston, Texas 

A constant-rate fluid-delivery 
system was originally developed for 
a medical intravenous-feeding 
system. In an early version of that 
system, a pair of plates squeezed a 
flexible bag to force out the fluid . As 
fluid was expelled , the bag changed 
size; and this caused the contact 
area between the plate and the bag 
to change . Thus, although a con
stant pressure was applied across 

the plates, both the pressure within 
the bag and the fluid-delivery rate 
varied. 

This problem has been overcome, 
and a constant rate of fluid delivery 
achieved, using a feedback
regulated modulating valve . This 
relatively simple system maintains a 
constant internal pressure in the 
flexible bag. It could be used in a 
variety of pneumatic control systems 

MODULATING 
' ...... --VALVE 

/~ __ STATIONARY 
PLATE 

FLEXIBLE MOVABLE 
CONTAINER PRESSURE PLATE 

CONSTANT
PRESSURE 
GAS INLET PORT 

~....y:~-- BELLOWS 

The Modulating Valve is shown here as part of a constant-rate 
fluid-delivery system. The disk and valve are rigidly connected. When 
the inlet pressure is greater than the internal bag pressure the valve will 
be open . When the bag pressure reaches the inlet-gas pressure , force 
on the disk and poppet closes the valve to shut off the gas supply. The 
valve will open and close as necessary to keep the bag pressure equal 
to the inlet pressure. 
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or to maintain a constant pressure in 
viscoelastic materials, as would be 
desirable in compression molding 
plastics requiring a uniform density. 

The delivery system, as shown in 
the figure , is operated by pressur
ized gas that expands a bellows that 
squeezes the bag. The important 
new feature is the valve that keeps 
the pressure within the bag equal to 
that within the bellows. 

As gas first enters the system, it 
passes by the valve poppet and into 
the bellows. The bellows expands, 
and the bag is squeezed between 
the stationary plate and the movable 
plate/disk . As it is squeezed, the 
bag exerts a pressure (equal to its 
internal pressure) back against the 
movable plate and disk. When the 
bag pressure equals the gas pres-
sure at the inlet port, the poppet 
closes the valve . As fluid is expelled, 
the bag pressure drops, the disk and 
poppet move against the bag, and 0 
the valve opens. 

The fluid-delivery system as 
described is able to keep flow 
constant to within ± 8 percent at low 
flow rates and to within ± 5 percent 
at high flow rates . The valve and the 
feedback principle could also be 
used with systems where the 
bellows are replaced by cylinders, 
bladders, or diaphragms. 

This work was done by O. S. 
Jacob of Beckman Instruments Inc. 
for Johnson Space Center. For 
further information, including per
formance data, Circle 65 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Johnson Space Center 
[see page A8] . Refer to MSC-14905. 
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ROUSSystem 
Reflection-Oscillator 
Ultrasonic Spectrometer System 

Langley Research Center, Hampton, Virginia 

The ROUS system is a novel ultra
sonic generator / monitor that can be 
used to measure ultrasonic param
eters and therefore determine 
certain physical properties of the 
region under test. Some applications 
of the device are to measure non
invasively lubricants and hydraulics 
for contaminants , changes in stress 
in metals , bolt tension (an honest 
stress wrench rather than a torque 
wrench) , and blood and other liquids 
for particulates , bubbles , or clots . 
The fundamental parameters meas
ured are the change in mechanical 
resonance frequency and the 
change in " 0 " of the system, both 
of which may be related to the 
monitored physical property. 

The ROUS is a closed-loop feed
back oscillator and therefore is 
related to the transmission-oscillator 

AGC 

AMPL~r-( 

"1' AFC 

I 

ROUS 

ultrasonic spectrometer (TOUS) . 
Like the TOUS, the ROUS is 
sensitive , inexpensive, and, for 
resonance measurements, takes 
advantage of sensitivity enhance
ment. Unlike most other continuous
wave (CW) techniques, the ROUS 
requi res contact to only one side of 
the sample , similar to pulse-echo 
measurements. However, being 
CW, the ROUS has high-frequency 
stabil ity , has no duty-cycle effects , 
and is relat ively simple in both con
struction and use. 

A block diagram of the system is 
shown in Figure 1. Changes in the 
" 0 " or resonant frequency due to 
changes in the sample are read out 
with appropriate instruments. 
Changes in frequency of 1 part in 
107 or in " 0 " of 1 part in 105 are 
possible . The one-sided contact CW 

I 
AUTOMATIC .. FREQUENCY AND ... - AMPLITUDE or 

CONTROL 

I 

TRANSDUCER 
ASSEMBLY 

THIN COUPLING AGENT 

SAMPLE 

Figure 1. The ROUS System includes a transducer in contact with the 
sample under test: the automatic frequency and ampl itude controls are 
set to operate as a closed loop oscillator at the peak of a mechanical 
resonance. 
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Figure 2. The ROUS Transducer 
Configuration features isolated 
contact geometry which 
provides good acoustic 
coupling . 

measurement is made possible by 
the isolated contact geometry on the 
transducer shown in Figure 2. With 
this configuration , high electrical 
isolation with good acoustic coupling 
is achieved; and with the closed loop 
oscillator, the system has many 
attributes appropriate for both 
laboratory as well as field use . 

This work was done by Joseph S. 
Heyman of Langley Research 
Center. For further information, 
Circle 66 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page A8] . Refer to LAR-12015. 
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ROUS Bolt-TensiQning Monitor 
The reflection-oscillator ultrasonic spec-
trometer is used to accurately measure bolt tension . 

Langley Research Center, Hampton, Virginia 

By measuring changes in the high 
harmonic resonant frequency of 
bolts, a bolt-tensioning monitor (see 
figure) provides accurate informa
tion on the stress exerted in the 
bolts . The monitor features the use 
of a ROUS (reflection-oscillator 
ultrasonic spectrometer) , which is a 
closed-loop feedback circuit similar 
to the TOUS (transmission-oscillator 
ultrasonic spectrometer). The oper
ating frequency of the system is a 
linear function of stress in the bolt to 
which an ultrasonic transducer is 
attached. The design of the trans
ducer provides high electronic iso
lation between input and output as 
well as good acoustic coupling 
between the reflected acoustic wave 
and the output of the transducer. 
The resulting electronics have many 
applications as they are simple, in
expensive, and flexible . 

The torque wrench is the most 
common device used for tensioning 
bolts but is inherently inaccurate due 
to friction . Pulse-echo ultrasonic 
measurements of bolt elongation are 
more accurate than torque 
wrenches but have the disadvantage 
of not only requiring complicated 
electronics but also expensive gen
eration and monitoring equipment. 
The advantages of the ROUS bolt
tensioning monitor are its simplicity , 
higher accuracy , and potential low 
cost . Other applications of the de
vice are related to stress measure
ments for critical loading , physical 
property monitoring , and use as a 
strain gage or as a load cell . The 
electronics and the transducer can 
be modified for specific 
applications. 

The ROUS bolt-strain monitor 
makes use of a special transducer 
incorporating the bolt under test as 
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The ROUS Transducer Assembly is attached to the bolt, using a thin 
coating of coupling grease. After circuit adjustments (locking on a 
mechanical resonance), the bolt is tightened to the desired change in 
frequency (calibrated while bolt is under stress). 

part of a high " Q " close-loop feed
back amplifier / oscillator . The 
ROUS, with automatic gain (AGe) 
and frequency (AFC) locking , there
fore tracks resonant-frequency 
shifts related to strain (due to bolt 
elongation) with either a frequency 
counter readout (error less than 
0.01 percent) or an analog readout 
of the AFC voltage (95 percent 
accurate) . 

This work was done by Joseph S. 
Heyman and F. Dale Stone of 
Langley Research Center. For 
further information, Circle 67 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page A8] . Refer to LAR-12016. 
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Computer-Automated Ultrasonic Inspection System 
A computer system automatically analyzes 
and records ultrasonic weld inspection data. 

Marshall Space Flight Center, Alabama 

Ultrasonic testing is an excellent 
nondestructive method for detecting 
flaws in welds . However, the 
method is limited by complicated 
signal analysis and test records . A 
computer-automated ultrasonic 
inspection system for weldments 
has been developed that automati
cally analyzes and records the test 

data and the results of the analysis . 
The unit can be operated in three 

modes: manual , automatic , and 
computer-controlled . The first two 
modes are used primarily for setup 
and calibration . In the computer
controlled mode, the results of the 
test-data analysis are displayed in 
real time and are recorded on paper 

copies and in the computer disk 
files . 
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As shown in the figure , the system 
includes an ultrasonic unit, a 
mechanical scanner , a control 
console , an ultrasonic head 
assembly, a computer and the 
associated electromechanical inter
face , and a display and paper-copier 
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The Automated Ultrasonic Testing System consists of four subsystems : (1) the ultrasonic unit ; (2) the 
mechanical scan assemb!y , control unit , and ultrasonic head assembly ; (3) a minicomputer; and (4) the 
displays . The X-Y scan assembly directs the ultrasonic test beam and indicates its location to the computer. 
The computer controls the scanner by means of analog signals generated by the DI A converter. The analog 
o(Jtput of the ultrasonic unit is converted to digital form by the AI D converter for computer compatabi li ty. 
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unit. The X-V scan assembly directs 
the ultrasonic test beam and indi
cates its location to the computer . 
The computer controls the scanner 
by means of analog signals genera
ted by the D I A converter. The 
analog output of the ultrasonic unit is 
converted to digital form by the AI D 
converter for acceptance by the 
computer. 

The computer system includes: 
• A 20K memory 
• Two disk-cartridge data-storage 

units with a total capacity of 2.4 
million words 

• An 8-channel DI A converter 
• A 4-channel AID converter 
• A 5-channel DID converter 
• A high-speed paper-tape reader 

and punch 
• Special-purpose counters 
The scanner has a speed of from 0 .1 
to 10 in.ls (0.25 to 25 cm/s) in 

either axis and an index in the alter
nate axis of from 0.010 to 0.200 in . 
(0.025 to 0.51 cm) in increments of 
0.010 in . 

The computer analyzes incoming 
ultrasonic Signals for anomalies. 
Any anomaly with an amplitude 
above a predetermined threshold is 
recorded as a flaw, and it is indi
cated along with other pertinent 
parameters . The computer compen
sates for transducer variations, 
equipment variations, and far-field 
effects . In addition, it monitors the 
liquid coupling between the trans
ducers and the component under 
inspection and allows inspection to 
begin only when the ultrasonic 
energy is adequately coupled into 
the component under test. 

The system may be used with 
ultrasonic-reflection 
(compressional-wave) , shear-wave, 
or delta-scan methods for weld 

Fail-Safe Hydraulic Shaker Protection 
Fail-safe system controls the acceleration and 
force on a structure undergoing vibration stress testing. 

CaltechlJPL, Pasadena, California 

Seven critical parameters and 
three optimal parameters associated 
with the safe operation of an electro
hydraulic servosystem are moni
tored by a fail-safe protection sys
tem. The failure of any parameter 
closes a relay which operates sole
noid valves that clamp the hydraulic 
ram position and shut down power, 
thereby preventing damage to the 
test object. 

The system has nine channels . 
Each channel processes a voltage 
corresponding to one electrohy
draulic servosystem parameter. 
Each channel converts its input into 
a unipolar voltage which is then ap
plied to a comparator. The compar
ator determines whether the signal 
is within specified limits and outputs 
an appropriate golno-go command. 
The go/no-go commands are routed 
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to logic gates which ultimately select 
the abort commands cutting off the 
hydraulic power. 

A peak acceleration limiter devel
ops an abort command whenever 
the instantaneous acceleration level 
exceeds a prescribed value . Two 
separate channels are used for the 
peak forcelstrain limiter to accom
modate the two force gages normal
ly used to interconnect the shaker 
head to a fixture when force mea
surements are made. If the force or 
strain exceeds a critical value an 
abort command is developed . 

The other parameters monitored 
are as follows : 
-The excitation signal (5-kHz carri
er) for sensors which monitor the 
position and direction of the hy
draulic ram 

inspection. Results are displayed in 
real time at a selected threshold 
level . During the post-inspection 
analysis they can be displayed at 
any desired level to facilitate the 
discrimination of critical flaws . 

This work was done by D. 
Dunmyer, A. H. Gardner, E. E. 
Kerlin, J. S. Kunselman, A. R. 
Robinson, T. C. Walker, T. G. Wells, 
and B. G. W. Vee of General 
Dynamics, for Marshall Space 
Flight Center. For further informa
tion, including descriptions of major 
subcomponents and ultrasonic 
equipment, Circle 68 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23338. 

-The dither signal (815 Hz) applied ~ 
to the hydraulic ram to minimize U 
static friction (which produces er-
ratic ram motion) 

-The excessive dither signal (which 
could cause servo valve wear or 
servoamplifier overload) 

-Three critical voltages associated 
with the servo power amplifier: 
+300 volts, -300 volts, and -600 
volts 

- Displacement of the hydraulic ram 
beyond safe operating limits . 

The system also has a manual abort 
which is independent of the 
electronics . 

This work was done by Raymond 
C. Woodbury of Caltech/JPL. For 
further information, Circle 69 on the 
TSP Request Card. 
NPO-13726 
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Pump Failure Monitor 
High-frequency vibration 
analysis predicts failure in pumps. 

Marshall Space Flight Center, Alabama 

A high-frequency vibration anal
ysis technique , originally developed 
for the detection of ball-bearing 
defects in a control-moment gyro, is 
utilized to diagnose potential failures 
in pumps. The concept is based on 
the fact that when a mechanical 
component is impacted, it will ring 
(vibrate) at one of its natural 
(resonant) frequencies , normally at 
the lowest mode. When the lower 
modes are restrained by mounting 
clearances , the component will 
resonate at higher unrestrained 
modes . The high modes are usually 
not entirely restrained ; extremely 
small deflections associated with 
high force (g) levels are smaller than 
the dimensions of the surface finish 
imperfections of the mating 
surfaces. 

The diagnostic technique com
pares the spectra of a pump mech
anism in service against a plot of an 
identical pump which has compiled 
only a few hours of service life. The 
spectra, viewed on a real-time 
analyzer, are first electronically 
processed to strip away the 
low-frequency components, leaving 
only the high frequencies for view
ing . This signal transformation 
process is called envelope detection 
and is identical to the method used 
in a broadcast radio receiver to 
recover audio signals from the IF 
carrier . 

A set of accelerometers 
connected to the pump are used to 
feed signals from the pump to a 
frequency-modulated tape recorder . 
The tape recorder is operated at 30 
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For Data Reduction for Envelope Characteristic Identification, signals 
from a frequency-modulated tape recorder are fed to a vibration 
envelope detector (YEO) to produce real-time analyses of the filtered 
wave shapes. 
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ips (76.2 cm/s) ; however, the FM 
electronics for 7.5 ips (19 cm/s) are 
used. This is done to reduce FM 
center-frequency pick up on the 
direct channels . The frequency re
sponse of the direct channels is 0.2 
to 100 kHz. The frequency response 
of the FM channels is 0 to 2.5 kHz . 

After the signal has been trans
ferred via envelope detection , it is 
passed through a filter network to 
determine the repetition rate of the 
highest amplitude frequency 
component. The source of impact or 
rub within the pump is thus located . 

The following steps summarize 
the technique: 
• High-frequency resonances 

are identified, and their 
amplitudes are measured. 

• The resonance is band-pass 
filtered and demodulated. 

• The frequency content of the de
modulated signal is determined. 

• From knowledge of the excitation 
and pump mechanism the excit
at ion source is found . 

• The amplitude of the signal at 
the given frequency is observed . 

• Pump condition is determined 
based on the amplitude of reso
nance and envelope frequency 
content . 
This vyork was done by John L. 

Frarey, Donald S. Wilson, and 
Richard F. Burchill of Shaker 
Research Corp. for Marshall 
Space Flight Center. For further 
information, including test setup and 
procedures, Circle 70 on the TSP 
Request Card. 
MFS-23366 
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Vapor/Liquid Interface Sensor 
A fluidic circuit senses the level of liquid nitrogen 
in a pipe or container by responding to pressure changes. 

Lyndon B. Johnson Space Center, Houston, Texas 

A method of detecting a va-
por / liquid interface has been devel
oped to sense liquid nitrogen in a 
pipeline or to sense the liquid
nitrogen level in a container. Con
ventional methods employ electrical 
sensors and valve controllers. Be
cause there is considerable con
densed moisture associated with liq
uid nitrogen, the electrical sensors 
and valves are subject to corrosion. 

In this technique , (see figure) air 
flowing through a small tube serves 
as the sensor. The oxygen in the air 
is liquefied when it is in contact with 
the cryogenic nitrogen. This lique
faction causes a pressure drop in 
the tube . The pressure drop then is 
sensed and amplified by a fluidic 
circuit. A signal at one of the outputs 
(01 or 02) indicates whether the 
sensing tube is in or out of the liquid 
nitrogen . 

This work was done by Jack E. 
Briegy of Johnson Space Center. 
No further documentation is avail
able. 
MSC-12474 
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In the Vapor/Liquid Interface Sensor the oxygen in the air under pres
sure in the thin-walled tube is liquefied when it contacts the cryogenic 
nitrogen. The liquefaction causes a pressure drop in the tube, which is 
sensed and amplified. 
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Improved High-Temperature Heater With Stabilized-Zirconia Elements 
Improved conducting-ceramic heating elements extend 
performance and life expectancy of 2,1000 C furnace. 

Marshall Space Flight Center, Alabama 

Improvements in ceramic oxide 
quality and in platinum-to-ceramic 
electrode interfacing result in a 
reliable furnace heater element 
capable of extended and rapid 
thermal cycling . In addition , these 
elements operate in vacuum or in 
inert , reducing , and oxidizing envi
ronments, adding to their versatility 
as an ohmic heater. 

ELECTRICAL 
INSULATOR 

ELECTRODE 
LEADS 

HOUSING -_N 

A furnace (see Figure 1) fabrica
ted from stabilized-zirconia 
conducting-ceramic heater 
elements has been used at 1 ,940° C 
to melt a platinum/2o-percent 
rhodium alloy. The same furnace 
structure , fitted with a pair of main 
heater elements for axial gradient 
temperature control , (see Figure 2) 
has been operated at 2,050° to 
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Figure 1. The Isothermal Furnace has three insulation systems: (1) the 
internal insulation system between the ceramic heater and the 
preheater, (2) the exterior system between the preheater and 
air-cooling annulus, and (3) the upper and lower plugs. The plugs 
control direct axial thermal losses, and the internal and external 
systems control radial losses . By proper sizing of the insulation 
system, preheating can raise the cavity temperature enough to ignite 
the mai n heater without overheating the pre heaters. 
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2,100° C during the melting of high
purity alumina. A shorter, 
7. 6-cm-long , secondary heater 
element consisted of a platinuml 1 0-
percent rhodium alloy. The primary 
heater element (stabilized-zirconia 
ceramic) was placed on top of the 
secondary. The axial temperature 
gradient was 250° C/cm based on 
the heater-element wall temper
ature . These temperatures do not 
reflect the upper bounds for the 
furnace element ; rather they are 
limits relative to the instrumentation 
used. 

These characteristics are in part 
due to the comparable and linear 
thermal-expansion properties of 
Zr0 2 and platinum. Therefore plati
num metal can be used with the 
stabilized zirconia-ceramic heater 
element for forming an electrode 
interfaCing the flow of electrons with 
oxygen ions. Zirconia was selected 
for both the isothermal and the axial 
gradient furnace systems because it 
contributes increased strength and 
reliability . 

The geometry of the parallel tubes 
also improves the resistance to 
thermal stresses. For moderate 
rates of temperature change, 
thermal-stress resistance is 
inversely proportional to specimen 
dimensions. For very high rates of 
change , this size effect is only 
important for small dimensions. In 
general , sharp corners or edges and 
parts with adjacent thick and thin 
sections should be avoided. 

Transient response (e .g. , 
cool down tests) was excellent. For 
example , a command for a 100° C 
lower setting had a 99-percent 
response in 25 seconds. With an 
industrial solid-state power control
ler , cavity-temperature error was 
less than ±1° C_ 
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Figure 2. The Axial Gradient Furnace has a two-zone heater element. 
The housing, base , preheater, and external physical dimensions are 
identical to those of the isothermal furnace . Two heater-element zones 
are controlled separately. Nominal working cavity size is 2.5 cm in 
diameter and 10 .0 cm long . 

Simplified Deflection-Coil 
Linearity Testing 

A mask placed over the face of an 
image-dissecting photomultiplier 
tube has a precision array of pin
holes that permit light to impinge on 
the tube at known points . Signals are 
fed to the deflection coil which 
sweeps the beam across each point 
to be recorded ; tube/coil linearity is 
thus determined without complex 
operator procedures. 
(See page 189.) 
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Chemiluminescent Prediction 
of Service Life 

The oxidation degradation of 
polymers and other organic mate
rials is predicted under actual 
expected-use conditions . Very-Iow
intensity light emission, which 
occurs during degradation, is moni
tored under actual-use tempera
tures, e.g., from 200 to 1500 C. This 
data can be used to calculate an 
actual rate of degradation . 
(See page 199.) 

This work was done by Carl R. 
Halbach and Russell J. Page of 
Advanced Research and Technology 
for Marshall Space Flight Center. 
For further information, including 
system operating parameters, Circle 
71 on the TSP Request Card. 
MFS-23351 

Transistor-ta-Substrate 
Bond Quality 

X-ray images of bonded power 
transistor chips are interpreted by 
using a light meter to examine the 
images to determine the percentage 
of voids in the bond . The light meter 
provides a quantitative measure
ment of void area. X-rays of identical 
assemblies are always taken at 
Identical machine settings. 
(See page 151 .) 
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Hot-Wire Probe 
A platinum probe measures turbulence at 
high temperatures and hypersonic velocities. 

Ames Research Center, Moffett Fie/d, California 

A high-temperature hot-wire 
probe can be used to measure tur
bulence and Reynolds shear 
stresses in high-temperature 
compressible flows . It is especially 
suitable for measurements in hyper
sonic boundary layers since it does 
not vibrate at high velocities and 
does not react like a strain gage on 
warmup. 

The probe is made from a plati
num/platinum alloy mounted on a 
rigid high-temperature ceramic sup
port of special deSign. The diagram 
illustrates typical arrangements for 
dual and triple hot-wire probes. The 
space between the supports is filled 
with a high-temperature alumina
based ceramic paste that has an 
alumina content high enough to en
sure formation of a rigid high-tem
perature ceramic upon curing. After 
curing , the ceramic filler between 
the hot-wire supports is ground to 
sharp wedges in which the steel 
supports are just exposed at the 
faces of the wedges. 

Filaments of platinum/ 1 0 percent 
rhodium, 5 to 10 /Am in diameter, are 
spot welded onto the exposed lead
ing edge of the steel supports. The 
precious-metal wires are cemented 
to the leading edge of the exposed 
ceramic insulator by a thin layer of 
liquid ceramic. After the cement has 
cured, a current is passed through 
the precious-metal filaments, and 
the current is increased in steps until 
the filaments appear red hot. Final
ly, the ceramic is carefully removed 
from the forward parts of the fila
ments. 

Inasmuch as the precious-metal 
filaments are supported along their 
entire lengths by heat-resistant ce
ramic , they can be operated in the 
high temperatures of supersonic 
wind tunnels (e.g., 1,3000 C) with
out risk of destruction, and they can 
be depended upon to give accurate 
measurements. 
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Dual and Triple Hot-Wire Probes are shown. The hot wire is made of a 
platinum/platinum alloy, and the supports are ordinary hot-wire 
stainless steel. 

This 'NOrk was done by Volker 
Mikulla of Ames Research Center. 
For further information, Circle 72 on 
the TSP Request Card. 

This invention is owned by NASA. 
and a patent application has been 

filed. Inquiries concerning non
exclusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Ames Research Center [see page 
A8]. Refer to ARC-1 0900. 
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"Thermal-Diode" Heat Pipe 
A heat pipe transfers heat in one 
direction and blocks heat transfer in the other. 

Ames Research Center, Moffett Field, California 

In certain cases, such as a highly
variable thermal environment, it is 
desirable to vary the heat-transfer 
characteristics of a heat pipe so that 
flow in one direction is greatly inhib
ited. For example, when the space 
radiator of a satellite-borne heat 
pipe that is designed to cool elec
tronic equipment is exposed directly 
to the Sun, the heat pipe must not 
transmit in the reverse direction and 
overheat the electronic equipment. 
Normal , reversible heat-pipe action 
can be inhibited by introducing a 
section between the condenser and 
the evaporator to act as a "thermal 
diode", that is, a section that 
transmits heat efficiently in one 
direction and very inefficiently in the 
other direction. 

Normal heat-pipe operation can 
be modulated by mechanical means 
such as thermally controlled valves 
or by passive techniques, such as 
freezing the working fluid, noncon
densable gas blockage of the vapor 
space, inclusion of excess working 
fluid to block the vapor space, or a 
liquid trap to dry out all or part of the 
wick. 
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In an application requiring the 
transmission of 20 watts in one di
rection at a minimum conductance 
of 2.25 watts per degree (K) and not 
more than 1 .4 watts in the reverse 
direction with a maximum conduct
ance of 0.01 watt per degree, 
blockage by excess liquid was found 
to be the most suitable method. A 
shutoff temperature of 27."'" C (82" 
F) made impractical a "diode" 
action based on freezing the working 
fluid. The relatively-large reservoir 
volume required for the nonconden
sable gas blockage technique was 
too bulky and too heavy. 

When a heat pipe is charged with 
an excess of working fluid, there will 
be a strong tendency for the excess 
to accumulate as a slug in a colder 
portion of the pipe, except when it is 
displaced by surface tension or by 
graVity. Because of its low conduc
tivity, the liquid effectively limits the 
rate of heat transfer between two 
sections of pipe. Thus the " diode" 
section consists of a cold zone 
between the evaporator and the 
condenser where excess liquid can 

accumulate and interfere with the 
transfer of vapor. 

To overcome the effects of gravi
ty, the vapor space in the blocked 
section of the shutoff "diode" must 
be thin enough to insure that capil
lary forces will support the pressure 
head of the liquid slug. (The vapor 
space must self-fill with liquid and 
remain filled in the reverse mode.) 
Naturally, this can impose thin vapor 
spaces and concomitant large vapor 
pressure drops during normal 
heat-pipe operation. 

Satisfactory "diodes" have been 
produced with spi ral arteries fabri
cated from stainless-steel screen 
and tubing that provide large film 
coefficients and adequate vapor 
cross sections. A 6-percent over
charge of ammonia at 30" C (8e' F) 
was found satisfactory. 

This work was done by John P. 
Kirkpatrick of Ames Research 
Centerand Burton Swerdling and 
Robert Kasson of Grumman Aircraft 0 
Corp. For further information, Circle 
73 on the TSP Request Card. 
ARC-10997 
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Fatigue Life of Spur and Helical Gear Sets 
A mathematical model for determining 
surface fatigue life of spur and helical gears. 

Lewis Research Center, Cleveland, Ohio 

Gears used in power transmis
sions may fail in several different 
ways - such as tooth breakage 
caused by high bending stresses in 
the gear teeth , scoring of the gear 
tooth surface due to an inadequate 
lubricant film, or surface pitting 
caused by high surface contact 
stress . Design techniques have 
been developed for the prevention of 
the tooth breakage and scoring 
problems. However, surface pitting 
will eventually end the useful life of 
even the best designed gear . The 
problem was how to accurately pre
dict the time to failure. 

The fatigue life model by Lund
berg and Palmgren is the commonly 
accepted theory for determining the 
fatigue life of rolling-element bear
ings. A life theory similar to Lund
berg and Palmgren 's theory was de
rived for surface fatigue life of 
gears. 

The factors affecting gear life are 
number of stress cycles, maximum 
critical stress beneath the gear sur
face, the depth below the surface at 
which the critical stress occurs , and 
the total amount of stressed volume 
of gear material. The theory can also 
be used to calculate the dynamic 
capacity, which is defined as the 
transmitted tangential load which 
gives a 90-percent probability of 
survival of the gear set for 1 million 
pinion revolutions. 

It was assumed that the gears 
were geometrically ideal with no 
profile errors or tooth spacing er
rors . The effect of dynamic loads in
duced by tooth flexibility and gear 
inertia was neglected. Uniform line 
contact between mating gear teeth 
was assumed. 

The equations, when simplified by 
setting the helix angle to zero, can 
then be used for spur gears . Fatigue 

Faster X-Ray Analysis of Semiconductor Wafers 
By bending the wafer , the useful X-ray flux is 
increased, and the exposure time reduced . 

Marshall Space Flight Center, Alabama 

POINT 
SOURCE 

ELLIPTICAL 
COLLIMATOR 

The Bent-Crystal X-Ray Camera is a modified Berg-Barret system. The 
wafer may be rotated about two axes through its center: one in the 
plane of the figure and one perpendicular to that plane. 
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tests were conducted using 
vacuum-arc-remelted AISI 9310 
steel spur gears. The theory and ex
perimental results were in close 
agreement. 

This work was done by Dennis P. 
Townsend and Erwin V. Zaretsky of 
Lewis Research Center and John 
J. Coy of the U. S. Army Air Mobility 
R&D Laboratory. Further 
information may be found in: 

NASA TN-D-8045 [N75-30564] 
"Life Analysis of Helical Gear 
Sets Using Lundberg-Palmgren 
Theory" and 
NASA TN-D-8029 [N75-29434] 
"Analysis of Dynamic Capacity of 
Low-Contact-Ratio Spur Gears 
USing Lundberg-Palmgren 
Theory. " 

Copies of these reports may be 
obtained at cost from the New 
England Research Application 
Center [see page A 7J. 
LEW-12596 

X-ray topography is probably the 
best nondestructive test for damage 
to the crystal lattice of semiconduc
tor wafers . For most manufacturers, 
however, the cost of equipment and 
the time required for an exposure 
make the process too expensive for 
production testing. By reducing the 
exposure time at least an order of 
magnitude, a new X-ray camera 
significantly reduces the cost per 
topograph . 

The new camera , shown in the 
figure , features a vacuum chuck that 
bends the wafer such that the X-rays 
from a point source Simultaneously 
satisfy the Bragg condition for a 
given set of lattice planes . Thus the 
instrument is able to incorporate 
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Rowland focusing . The ideal shape 
of the chuck (and thus of the elasti
cally deformed wafer) is an expo
nential spiral. 

No satisfactory method was found 
to accurately machine the exponen
tial spiral within required tolerances , 
and a concave spherical shape was 
chosen instead . However, no single 
setting of the spherically deformed 
wafer will diffract X-rays simultane
ously from the entire wafer surface. 

To compensate, the crystal and film 
are rotated on an axis through the 
center of the wafer and perpendic
ular to the central scattering plane. 

Attached to the face of the chuck 
is a flat edge to match the wafer flat 
and allow a sequence of wafers from 
the same batch to be photographed 
with a minimum of individual adjust
ments. With this configuration one 
person can take from 20 to 30 
topographs per hour. Proposed 

improvements could possibly double 
this throughput. 

This work was done by D. L. 
Parker and W. A. Porter of Texas A. 
& M. University for Marshall Space 
Flight Center. For further informa
tion, including camera specifica
tions and experimental procedures, 
Circle 74 on the TSP Request Card. 
MFS-23315 

Attenuation of Sound in Ducts with Acoustic Treatment 
A generalized approximate equation for duct-lihing 
sound attenuation can be used for design and analysis. 

Lewis Research Center, Cleveland, Ohio 

A generalized approximate equa
tion for duct-lining sound attenuation 
has been written . The equation can 
be used for initial acoustic-liner de
sign as well as to provide an under
standing of the duct sound
propagation problem usually ob
scured in the exact calculation. 

Previous approximate sound
attenuation equations by P. M. 
Morse [P. M. Morse, "Vibration and 
Sound," 2nd edition (McGraw-
Hill, New York. 1948)] are valid for 
nearly hard walls and give good re
sults over a limited range. However, 
as the liner resistance is reduced 
and the exact calculations using the 
wave equation predict higher sound 
attenuations, the Morse approxi
mate equations become inaccurate. 

The generalized approximate 
equation is based on the nearly cir
cular shape of the constant attenua
tion contours in the wall acoustic 
impedance plane. This circular ap-
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- EXACT CALCULATIONS 
--- APPROXIMATION 

Equal Sound Attenuation 
Contours with inlet Mach number 
of 0.4 are shown. 

proximation is illustrated in the fi
gure. The specifications of two 
parameters, the peak attenuation 
and the optimum impedance, com
pletely determine the sound attenu
ation for any acoustic mode at any 

selected wall impedance . For im
pedances far from the optimum, the 
generalized equation reduces to 
Morse's approximate expression. 

Sample calculations using the 
generalized approximate attenuation 
equation show that the peak and the 
bandwidth of the sound attenuation 
spectrum can be represented by 
quite simple functions of the ratio of 
the actual wall acoustic resistance ~ 
to optimum resistance . 

This work was done by Edward J. 
Rice of Lewis Research Center. 
Further information may be found in 
NASA TM-X-71830 [N76-12827J. 
"Attenuation of Sound in Ducts with 
Acoustic Treatment - A General
ized Approximate Equation, .. a copy 
of which may be obtained at cost 
from the New England Research 
Application Center [see page A 7J. 
LEW-12686 

239 



Frozen-Fluid Line Repair 
Improved line-freezing equipment permits 
fluid line repairs in previously inaccessible areas. 

Lyndon B. Johnson Space Center, Houston, Texas 

LlaUID NITROGEN 
INPUT LINE 

THERMOCOUPLE 
LEADS 

CLEAR PLASTIC 

/

TUBING FOR 
GAS DISCHARGE 

Figure 1 . Frozen-Fluid Line Repair Equipment consists of a freeze tool attached to an extension-type cable 
loop clamp. Silicone tubing covers the liquid-nitrogen inlet lines. Thermo couples and readout equipment are 
used to remotely monitor the freeze site. 
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Fluid lines are often repaired by 
freezing a fluid in a section of the 
line so that it acts as a plug. The line 
can then be repaired without drain
ing the system. The frozen plug can 
be formed by circulating liquid ni
trogen through a freeze tool that 
consists of two halves that are bolt
ed around the line. This standard 
technique can be improved on by 
using a spring-retracting cable-loop 
clamp that allows lines to be frozen 
in limited access areas and by using 
remote temperature monitoring 
equipment. 

The improved line-freezing equip
ment is shown in Figure 1. The 
freeze tool is attached to the cable
loop clamp that permits the tool to 
be attached to a line in a confined or 
difficult-to-reach area. Silicone tub
ing is used to cover the liquid-nitro
gen inlet lines, and the cooling-gas 
discharge lines are made of clear 
plastic . Also shown in Figure 1 are 
the thermocouples and readout 
equipment that allow the tempera
ture at the freeze site to be moni
tored remotely . 

The construction of the split-half 
freeze tool is shown in Figure 2. The 
tool is constructed from 0.040-in. 
(0.1 02-cm) aluminum. It has also 
been found that the heat transfer 
from the line can be improved by 
simply using a wet paper towel. 

END OF BAFFLE 

\ 

DRILL 7/161N. 

LIQUID ~---., 

NITROGEN 
INLET 

GAS OUTLET 

3/81N . 
DIAMETER 

WELD BAFFLE 
TO LOWER 
AND END 
SECTIONS 

PACK WITH 
CRES WOOL 
BEFORE 
CLOSING OUT 
TOP COVER 

Figure 2. The Split-Half Freeze Tool has two chambers (formed by a 
baffle) in each half. Right-hand and left-hand halves are made; the ac
tual size will depend on the diameter of the line to be frozen. 

This work was done by John A. 
Stein of Rockwell International Corp. 
for Johnson Space Center. No 
further documentation is available. 
MSC-19132 

Simplified Explosive-Weld Evaluation 
Wave patterns of explosive-charge weldments are visually 
analyzed after being coated with a thin layer of molybdenum disulfide. 

Lyndon B. Johnson Space Center, Houston, Texas 

Explosive welding is increasingly 
used to join both similar and dissim
ilar metals . When materials are 
bonded together explosively, wave 
patterns are generated at the mating 
surfaces which are a direct indica
tion of the quality of the bond. To 
evaluate the quality of a bond made 
in this way, micrographic inspection 
coupled with physical testing is a 
normal procedure . As the parts are 
physically connected, it is necessary 
to make sections in several places 
and to prepare micrographic speci
mens for inspection. 
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A technique has been developed 
to allow visual inspection of the sig
nificant indications of bonding , thus 
saving time and cost in comparison 
with prior methods. The surfaces to 
be welded are first coated with a thin 
layer of molybdenum disulfide, 
which is commercially available in 
an aerosol spray can . The surfaces 
are then subjected to the welding 
process, as usual. Under these con
ditions, however, bonding will not 
occur, and the wave pattern gener
ated may be visually inspected. This 
inspection normally reveals more 

information than does sectioning , 
and it is particularly useful in evalu
ating explosive initiation points, 
shock fronts, and the effects of 
changes in the geometry of the parts 
or the explosives. With the use of 
this technique, fewer trial welds are 
necessary, making explosive bond
ing more competitive in all applica
tions . 

This work was done by D. M. 
McLarty of Martin Marietta Corp. for 
Johnson Space Center. No further 
documentation is available. 
MSC-14654 
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Nomograph for Castor-Cushion Design 
A nomograph allows inexpensive design 
of castor cushions with individual suspension characteristics. 

Lyndon B. Johnson Space Center, Houston, Texas 

A nomograph has been developed 
that allows engineers to easily de
sign inexpensive shock-absorbing 
cushions for castors. Dollies that 
must carry impact-sensitive cargo 
have individual suspension charac
teristics . With this nomograph, each 
castor can be designed for individu
al-impact deceleration . 

!~~:ll 
~ ~ ----;-:::- -- ---: ==l : : ~ DOLLY TRUCK 

: ! II 

Although shock castors are cur
rently available, they are expensive 
and are not adjustable for particular 
loads . Furthermore, unlike this sys
tem , currently-available shock cas
tors do not make a dolly self
leveling. 

The castors are modified by 
sandwiching a shock-absorbent ma
terial, such as neoprene, between 
the castor base plate and the 
mounting plate on the dolly (see fig
u re) . The neoprene acts as a nat
ural shock absorber. When the cas
tor is mounted eccentrically (e.g., 
as is a swivel castor). there is a 
mechanical advantage that 
improves the system, by reducing 
the compression on the neoprene. 

The cushions could be manufac
tured inexpensively and marketed as 
accessories by castor manufactur
ers , or they could be designed and 
made onsite by the ultimate users. 

This work was done by Gary L. 
Dillard of Rockwell International 
Corp. for Johnson Space Center. 
For further information, Circle 75 on 
the TSP Request Card. 
MSC-17094 

242 

I'iiiiiiiiI I IIDiiiiiil I, 

o 

ATIACHMENT 
TO DOLLY 

NEOPRENE 
CASTOR CUSHION 

STEEL 
ATIACHMENT 
TO CASTOR 

CASTOR 
WHEEL 

The Dolly-Wheel Castor Cushion is sandwiched between the castor 
base plate and a mounting plate on the dolly. 
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Cable-Load Equalization System 
The winding speeds of a dual cable/winch drum 
system are synchronized, using a limited-slip differential. 

Lyndon B. Johnson Space Center, Houston, Texas 

A limited-slip differential can be 
used to drive dual-cable winches as 
shown in the illustration. This 'system 
synchronizes winding speeds and in
sures the equal loading of both 
cables . Redundant motors and 
clutch/brakes are mouoted on a 
limited-slip differential in the syn
chronizing shaft connected to the 
dual-cable reels. The loads in the 
cables are equalized through the 
balancing effect of the limited-slip 
differential . 

The appl ication of this technique 
depends on the selection of an ap
propriately designed differential. 
However, the fundamental concept 
should be of interest to the manu
facturers and designers of lifting 
equipment, such as cranes and 
elevators . 

This work was done by Richard W. 
Benjamin of Rockwell International 
Corp. for Johnson Space Center. 
No further documentation is avail-

REDUNDANT 
CLUTCH I BRAKE 

AND DRIVE MOTORS 

CABLE/WINCH DRUM 
(SYSTEM 2) 

SYNCHRONIZING SHAFTS 

LIMITED-SLIP DIFFERENTIAL 
(LOAD EQUALIZER) 

The Cable-Load Equalization System is a limited-slip differential con
nected to synchronizing shafts used to maintain common winding 
speeds of the winch sets. The system thus assures equal cable load
ing. 

~ ~ MSC-17494 

--------

Books and Reports 
These reports, studies, and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited; otherwise they are available 
from one of NASA's Industrial 
Application Centers or the National 
Technical Information Service . 

Analysis of Bonded Joints 

Single-lap, double-lap, and 
flush joints are analyzed for 
peel and sheer stresses. 

The use of bonded joints in pri
mary structures is becoming in
creasingly common . In such jOints 
the adhesive , which transfers the 
load from one member to another, is 
subjected to a shear stress and to a 
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normal stress in the thickness direc
tion (peel stress). The joint , when 
subjected to static or fatigue loads, 
can fail from excessive shear or peel 
stresses in the bond. Thus, for a 
proper deSign of bonded joints , rea
sonably accurate estimates of maxi
mum peel and shear stresses are 
needed . 

A refined elastic analysis of bond
ed joints , in which the transverse 
shear deformation and transverse 
normal stress were considered, was 
developed at Langley Research 
Center. Previous analyses neglected 
these stresses and strains . The re
fined elastic analysis was developed 
to obtain the stresses and displace
ments in the plates and in the bond. 
The displacements were expanded 
in terms of polynomials in the thick
ness coordinate ; the coefficient of 
these polynomials was a function of 

the axial coordinate . The stress dis
tribution was obtained in terms of 
these coefficients by using strain
displacement and stress-strain rela
tions . The governing differential 
equations were obtained by integrat
ing the equations of equilibrium. 

In this study, single-lap, double
lap, and flush joints were analyzed . 
The effects of adhesive properties , 
plate thicknesses, material proper
ties , and plate taper on maximum 
peel and shear stresses in the bond 
were investigated . For a single-lap 
joint the two main plates , which 
were constant, tapered , or stepped 
in thickness , were joined by direct 
bonding. For a double-lap joint the 
two main plates were joined by 
bonding two plates , one on each 
side. For a flush joint the two main 
plates were joined by bonding a lap 
plate on one side only. 
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This analysis of bonded joints re
vealed that maximum peel and shear 
stresses in the bond can be reduced 
by the following methods: 
• Making the bond flexible (in all 

types of joints) either by increas
ing the adhesive thickness or de
creasing the adhesive elastic 
moduli . 

• Using a combination of flexible 
and stiff bonds (in all types of 
joints) with flexible bonds in re
gions of high stresses and stiff 
bonds in regions of low stresses. 

• Using thinner but higher-modulus 
lap plates in double-lap joints. 

• Using thicker and higher-modulus 
lap plates in flush jOints. 

• Tapering the plate or plates in 
Single-lap and double-lap (only 
peel stress) jOints. 
Of the three types of joints ana

lyzed , for a given total adhesive 
thickness and joint volume , the 
double-lap joint had the smallest 
maximum stresses in the bond; the 
flush joint had the highest. 

This work was done by Saroja R. 
Srinivasa of Argonne National 
Laboratory for Langley Research 
Center. Further information may be 
found in NASA TN 0-7855, 
"Analysis of Bonded Joints, " a copy 
of which may be obtained at cost 
from the North Carolina Science & 
Technology Research Center [see 
pageA7] . 
LAR-11871 

Fluid Handling Equipment 

Selected developments in 
fluid lines, filters, and other 
fittings and equipment 

A recent NASA Compilation, 
SP-5976 (03), entitled " Fluid Han
dl ing Equipment," describes 24 
concepts and methods developed 
for fluid transport technology. This 
Compilation is one of a series of 
NASA Technology Utilization PUbli
cat ion~ which, like NASA Tech 
Briefs, make available aerospace 
technology that may have applica
tion in commerce and industry. 

" Fluid Handling Equipment" con
tains articles on fluid lines, including 
a description of a flexible-line insula
tion technique, a break-resistant 
flexible hose, and a manual tubing 
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cutter. Articles on filters, valves, 
and other fittings include descrip
tions of a chatter-free check valve, a 
metal-to-plastic tubing connector , a 
remote-controlled quick disconnect, 
a transpiration seal, and a poppet 
valve pretest device. 

This work was done for NASA 
Headquarters . To obtain a copy of 
SP-5976[03] , Circle 76 on the TSP 
Request Card. 
HQN-10890 

Heat Pipe Technology 

A biblography with abstracts 

"Heat Pipe Technology: A Bibli
ography with Abstracts" is a biblio
graphic series which attempts to 
organize the growing literature on 
heat pipes . The NASA-sponsored 
Technology Application Center 
(TAC) at the University of New 
Mexico began collecting heat pipe 
information in 1970, and today it 
acquires on a continuous basis the 
technical reports, books, confer
ence papers, foreign reports and 
translations , patents, and other 
documents devoted to heat pipes . At 
the present time, publications on 
heat pipes are increasing at a rate of 
about 200 per year . TAC's special 
collection of heat pipe literature 
ranks as one of the most compre
hensive collections available on the 
topic . It also forms the basis of the 
bibliographic series . 

The heat pipe is a simple and in
expensive device which can trans
port thermal energy with little drop in 
temperature . This unique heat
transfer device utilizes the evapora
tion , condensation, and surface 
tension characteristics of a working 
fluid to transfer up to 500 times more 
heat per unit weight than a solid 
thermal conductor of the same cross 
section. By using various working 
fluids , heat pipes can be designed to 
operate at temperatures from the 
cryogenic region up to 3,6000 F 
(2,255 K) and are only limited at 
higher temperatures by materials 
technology. The heat pipe has no 
moving parts and will operate 
silently and reliably for long 
lifetimes . Heat may be transferred to 
or from the heat pipe by radiation , 
convection , or conduction , and the 

heat pipe may be used with a variety 
of heat sources, such as open 
flames , electric heaters, or nuclear 
heat sources. 

There are several companies and 
laboratories currently active in re
search and development on the heat 
pipe. The heat pipe concept has 
been attributed to G. M. Grover and 
associates of the Los Alamos Scien
tific Laboratory, Los Alamos, New 
Mexico. Los Alamos pioneered the 
heat pipe technology and developed 
the heat pipe operational theory. 

Heat Pipe Technology has kept up 
with the various applications of heat 
pipes utilized in solving various heat 
conduction problems. Each issue in 
the series is divided into the broad 
areas of: "General Information, " 
" Heat Pipe Applications," "Heat 
Pipe Theory, " " Design and Fabri
cation," "Testing and Operation," 
and " Patents ." Author, subject, and 
patent indexes are included. The 
initial cumulative volume was pub
lished in 1971 , and yearly supple
ments have followed. A quarterly 
update program serves 1975 and the 
current calendar year. 

This work was done by the Tech
nology Application Center at the 
University of New Mexico for NASA 
Headquarters . Copies of "Heat 
Pipe Technology: A Bibliography 
with Abstracts, " the annual 
updates, and subscriptions to the 
quarterly update service [TAC HP 
72-100] may be obtained at cost 
from the Technology Application 
Center, University of New Mexico 
[see pageA7] . 
HQN-10901 

Cryogenic Storage Tank 
Thermal Analysis 

Nomographs and curves of 
the thermal insulation re
quirements for cryogenic 
liquid tanks 

- ~ 

The results of an analytical study 
of the thermal insulation require
ments for cryogenic liquid tanks are 
presented as a series of nomo
graphs and curves . The multilayered 
superinsulators discussed in the 
study are primarily considered for 
space applications, but the basic 
analysis and equations used are 
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generally applicable to industry. This 
material might be useful to 
engineers storing or handling 
cryogenic liquids , including liquefied 
natural gas . 

The analysis was prepared in 
parametric form to show the 
relationship between cryogenic boil
off and such parameters as tank 
size, insulation thickness and per
formance, structural-support heat 
leaks and the use of vapor-cooled 
shields. No attempt was made to 
arrive at an optimum system, since 
that selection of parameters is de
pendent on a number of cost factors 
that could not be assessed or evalu
ated in such a study. 

This work was done by James P. 
Wright of Rockwell International 
Corp. for Johnson Space Center. 
To obtain a copy of the study, Circle 
77 on the TSP Request Card. 
MSC-19103 

Solar Heating and 
Cooling Performance 

Techniques are developed for 
evaluating solar energy 
systems. 

A recent study defines several 
important considerations for the 
evaluation of solar heating and cool
ing systems . A technique has been 
developed for comparing solar heat
ing and cooling devices with 
conventional devices to determine 
whether conventional energy re
sources may be saved . The tech
nique is applicable to cooling and 
heating systems that are driven by 
solar energy directly and also to 
systems using solar energy to drive 
Rankine-cycle engines. 

Solar and nonsolar energy 
devices are compared in terms of 
primary performance character
istics, including efficiencies , auxil
iary energy requirements, and solar 
energy requirements . Analytical ex
pressions for efficiency are derived, 
and graphical data for solar energy 
requirements to break even in a 
system are presented for various 
coefficients of performance. 
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This work was done by J. W. 
LittlesandJ. C. Cody of Marshall 
Space Flight Center. To obtain a 
copy of the report, Circle 78 on the 
TSP Request Card. 
MFS-23432 

Thermal Network 
Modeling Handbook 

A reference for standard 
formulas, techniques, and 
terminology 

The " Thermal Network Modeling 
Handbook" describes the basic 
techniques used in constructing 
thermal mathematical models. The 
purpose of the handbook is three
fold : 
1. To acquaint a new user with the 

terminology and concepts in 
thermal mathematical modeling , 

2. To present a more experienced 
user with a quick reference, and 

3. To initiate a catalog of standard 
formulas which may be applied to 
automated conversational lan
guage techniques. 

The handbook includes two major 
sections, one discussing thermal 
mathematical modeling and the 
other, operational-parameter rela
tionships . The section on mathema
tical modeling presents thermal net
works as analogous to electrical 
networks. Techniques are used in 
which Ohm's and Kirchhoff's laws 
are applied to the thermal networks. 

The basic approach in the thermal 
analysis of the bodies is to subdivide 
them into a number of finite sub
volumes . The thermal properties of 
each subvolume are said to be con
centrated at its central nodal point. 
(The subvolumes are referred to as 
nodes.) Three types of nodes are 
presented: (1) a diffusion node rep
resented by a temperature and a 
thermal capacitance, (2) an arith
metic node (zero capacitance) rep
resented by only a temperature, and 
(3) a boundary node represented by 
a fixed temperature . The processes 
of defining the nodes and the con
ductors (conduction , convection , 
and radiation) for the thermal net
work are explained for several 
configurations. 

Further discussion includes com
putational methods for conduction 

conductors, convection conductors , 
and radiation conductors . A number 
of graphs and tables are used in 
support of the mathematical formu
lations for the convection and radia
tion conductors. Various finite differ
encing algorithms are discussed for 
the applicable heat-transfer equa
tions. 

Finally, the section on 
operational-parameter relationships 
presents the interrelations of the 
finite differencing parameters (node 
size, time step, number of itera
tions , convergence, and damping 
factor) and their influence on 
solution accuracy and computa
tional time/costs . Two examples, a 
one-dimensional metal bar and a 
two-dimensional metal plate, are 
used to illustrate these relations. 

This work was done by TRW 
Systems Group for Johnson Space 
Center. A copy of the report, NASA 
CR-144418 [N75-30483] "Thermal 
Network Modeling Handbook" may 
be obtained at cost from National 
Technical Information Service, 
Springfield, Virginia 22151 . 
MSC-14964 

Impedance of Curved 
Ducts 

An expression for acoustic 
impedance is developed for 
circular bends. 

The concept of acoustical imped
ance is useful in the analysis of the 
behavior of acoustic systems. Inter
action of different acoustical seg
ments can be determined if imped
ances of those segments are known . 
In the absence of reflections , speci
fic acoustic impedance of straight 
ducts is z = e c , and is thus inde
pendent of frequency and duct 
geometry. 

Until recently, the specific acous
tic impedance of bent ducts-was un
known because of the inability to 
formulate the equations expressing 
the impedance for these geome
tries. A newly derived mathematical 
solution has now permitted showing 
that , for circular bends in hardwalled 
ducts of rectangular cross sections, 
the specific acoustic impedance de
pends on both the frequency and the 

(continued next page) 
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geometry of the bend. That is 
Q c • (kRl)1 v • (r/R l ) 
which, when integrated and aver
aged over cross section , is 

kRl 
zbend = e c -- (a+ 1) 

2v 
where Q is the fluid density, c is the 
velocity of sound waves in unlimited 
space , k = wlc is the wave num
ber , v is the angular wave number, 
w = 2rr • frequency , and a = 
R 2 I R 1 is the radi i ratio of the oute r 
to the inner cylindrical walls of the 
bend . 

The frequency parameter kR 1 has 
to be known or assumed for any 
given problem. 
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The Graph of Impedance for a 
circular bend in a hardwalled 
duct with a rectangular cross 
section gives zbend for various 
values of a = R21 R1 ; the ratio of 
the radii of the outer (R2) and in
ner (R1) walls of the duct. The 
parameter k is defined in the 
text. 

Since the corresponding angular 
wave number v cannot be easily 
calculated , the expression for zbend 
has been evaluated for a range of 
frequency parameters at several 
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radi i rat ios and is given in a graphi
cal form (see figure) . It will be no
ticed that the specific acoustic im
pedance of bends zbend may be 
greater or smaller than the specific 
acoustic impedance Z of straight 
ducts, but there is always one fre
quency at which zbend = z. 

The expression for the specific 
acoustic impedance has application 
in acoustical engineering and in all 
problems of fluid flow where wave 
motion should be considered in cir
cular bends of hardwalled ducts. 

This work was done by W.A. Ros
tafinski of Lewis Research Cen
ter. The theories which allowed the 
derivation of the expression for im
pedance has been verified by exper
iments conducted by A. Cummings 
of the Institute of Sound and Vibra
tion Research, University of 
Southampton, Southampton, 
England. These were published in 
the Journal of Sound and Vibration 
(1974), vol. 35(4), pp451-477. 

in: 
Further information may be found 

NASA TM-X-2698 (N73-15705) 
" Propagation of Waves of Acous
tic Frequencies in Curved Ducts " 
and 
NASA TM-X-71827 (N76-13881) 
"Acoustic Systems Containing 
Curved Duct Sections. " 

Copies of these reports may be ob
tained at cost from the Aerospace 
Research Applications Center, 
Indiana University [see page A 7] . 
LEW-12636 

Remote Sensing of 
Natural Resources 

A quarterly literature 
review 

At present the growing literature 
devoted to remote-sensing research 
and applications is scattered and 

difficult to locate. The " Quarterly 
Literature Review of the Remote 
Sensing of Natural Resources " 
compiles citations and abstracts 
from eight major abstracting and 
indexing services such as STAR and 
1M for quick, easy access. In addi
tion , each issue has an author I 
keyword index to assist the re
searcher . The Review is compiled by 
the Natural Resources Program staff 
at the NASA-sponsored Technology 
Application Center (T AC) at the 
University of New Mexico. 

The potential for remote-sensing 
applications increases daily . The 
broad subject divisions of each issue 
reflect this potential : 
-Geology and Hydrology, 
-Agriculture and Forestry, 
-Marine Sciences, 
-Urban and Land-Use , 
-I nstrumentation , and 
-General. 

In the attempt to review the liter
ature of remote sensing which is so 
strongly an interdisciplinary science, 
a definition of boundaries is nec
essary. The editors include literature 
which reports data obtained or tech
niques used from space, aircraft, or 
ground-based stations with regard to 
remote sensing . All of the documen
tation is related to remote-sensing 
sensors or the remote sensing of the 
natural resources. Meteorites and 
extraterrestrial sensing is normally 
not selected. 

This work was done by the Tech
nology Application Center at the 
University of New Mexico for NASA 
Headquarters. Copies of 
"Quarterly Literature Review of the 
Remote Sensing of Natural 
Resources " and subscriptions to the 
1976 Review may be obtained at 
cost from the Technology Applica
tion Center, University of New 
Mexico [see page A 7J. 
HQN-10899 
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Computer Programs 
These programs may be obtained at 
very reasonable cost from COSMIC. 
a facility sponsored by NASA to 
make new programs available to the 
public . For information on program 
price , size , and availability, circle 
the reference letter on the COSMIC 
Request Card in this issue. 

NECAP 

NASA Energy-Cost 
Analysis Program 

A computer program was needed 
for evaluating the deSign and opera
tion of facilities in regard to building 
energy consumption . The NASA 
Energy-Cost Analysis Program 
(NECAP) was developed to deter
mine and minimize building energy 
consumption . The program is a 
highly-sophisticated and powerful 
computerized simulation system, 
embodying within it all of the 
state-of-the-art techniques of 
ASH RAE (American Society of 
Heating , Refrigerating , and Air
Conditioning Engineers) for per
forming thermal load calculations 
and energy usage predictions . 

NECAP includes such features as : 
(a) taking into account building ther
mal storage and hourly weather 
data , (b) using new weighting fac
tors for building lights and environ
mental equipment schedules , (c) al
lowing infiltration to vary with wind 
velocity, and (d) allowing internal 
temperature to vary with equipment 
capacity schedules. For user con
venience the program has built-in 
input for certain standard analyses. 

NECAP provides users with data 
for selection of the most economical 
system, system size , fuels , window 
area, thermal barriers , and the like, 
during the design phase. After in
stallation , users can optimize oper
ating schedules, determine the most 
economical temperature settings for 
components , and obtain other valu
able information. 

NECAP is actually a set of six in
dividual programs. However , each 
building design or analysis problem 
does not necessarily require the use 
of all six of these programs: 

NASA Tech Briefs, Summer 1976 

1. Response Factor Program -
For wall or roof structures differ
ent from the typical ones built in
to NECAP, the Response Factor 
Program, using a layer-by-Iayer 
description of the surface, will 
calculate and output the set of 
response factors required to per
form transient-heat transfer 
analysis . 

2. Data Verification Program
The Data Verification Program 
interrogates the building
description input data to check 
for proper order, range , and for
mat of the card input data . 

3. Thermal Load Analysis Pro
gram - The Thermal Load Anal
ysis Program performs hourly 
transient-heat transfer calcula
tions for each building space , 
utilizing actual hourly recorded 
weather , the geometry and con
struction of the building , sched
uled internal loads, and the ef
fects of solar radiation . 

4. Variable Temperature Pro
gram - The Variable Tempera
ture Program adjusts the thermal 
loads, calculated in the Thermal 
Load Analysis Program, to ac
count for temperature swings 
occurring within each space due 
to thermostat action , equipment 
capacity, and equipment sched
uling . 

5. System and Equipment Simu
lation Program - For thirteen 
common types of distribution
systems and most types of 
energy-conversion equipment , 
the System and Equipment Sim
ulation Program determines the 
total load on the energy
conversion equipment , and 
based upon part-load efficiencies 
determines the building monthly 
demand and consumption of all 
forms of fuels and energy. 

6. Owning and Operating Cost 
Program - For the expected life 
of the building , the Owning and 
Operating Cost Program calcu
lates the expected annual ex
penditure to own and operate the 
building utility systems. 

CDC FORTRAN, Version 2.3 
CDC 6QOO/CYBER 70 Series 

This program was written by 
Langley Research Center and 
GA TX, Inc. For further information, 
Circle C on the COSMIC Request 
card. 
LAR-11888 

Shock Interference Patterns 
and Heating 

Prediction of supersonic and 
hypersonic interference flow 
fields and surface heating 

Small areas of high heat transfer 
and pressure can occur on the 
surface of a vehicle due to the influ
ence of an impinging shock on the 
local flow. Methods were needed to 
determine peak pressure and heat
ing in these areas. 

In order to determine peak pres
sure and heating in these areas, a 
system of computer programs has 
been developed. The programs cal
culate two-dimensional shock inter
ference patterns for six types of 
interference flows . Results in the 
package also include properties of 
the inviscid flow field and the 
inviscid!viscous interaction at the 
surface, along with peak pressure 
and peak heating at the impinge
ment point. 

The six types of interference flow 
patterns considered are as follows : 
1. Type I interference pattern 

occurs if two weak shocks of 
opposite families (bow shock and 
impingement shock) intersect 
when the flow upstream of the 
impingement point is super
sonic . Peak heating at the 
surface is the result of a shock! 
boundary layer interaction . In the 
case of a blunt body this type 
interference pattern takes place 
well below the sonic point. 

2. Type" interference pattern 
occurs when two shocks of oppo
site families (bow shock and im
pinging shock) intersect. Both 
shocks are weak, as in type I, but 
are of such strength that in order 
to turn the flow a Mach reflection 
must exist in the center of the 
flow field, with an embedded 

(continued next page) 
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subsonic region occurring 
between the intersection points 
and the accompanying shear 
layers. Peak heating is caused by 
the shock/boundary layer inter
action at the surface. Type II 
interference pattern occurs on a 
blunt body when the impinging 
shock intersects the bow shock 
near the sonic point. 

3. Type III interference pattern 
occurs when a weak impinging 
shock intersects a strong de
tached bow shock. High surface 
heating is the result of shear 
layer attachment. On a blunt 
body the shock intersection 
occurs near or above the lower 
sonic point . 

4. Type IV interference pattern can 
occur when the impinging shock 
intersects a strong bow shock 
ahead of a subsonic flow region. 
On a blunt body this shock inter
section is located between the 
lower sonic point and just above 
the body axis. The impinging 
shock causes a displacement of 
the bow shock and the formation 
of a supersonic jet that is embed
ded in the subsonic region . Ajet 
bow shock is produced when the 
jet impinges on the surface, cre
ating a small region with high 
stagnation heating . 

5. Type V interference pattern in
volves the interaction of two 
weak shocks of the same family . 
The interaction produces a shear 
layer, a supersonic jet , and a 
transmitted impinging shock. 
Surface heating is caused by a 
shock/boundary layer inter
action. On a blunt body the shock 
interaction occurs near the upper 
sonic point. 

6. Type VI interference pattern in
volves the intersection of two 
weak shocks of the same family 
which leads to an entirely super
sonic flow field . This type of in
terference pattern is important 
because it provides a means for 
predicting the onset of type V 
interference pattern. 

Peak-heating correlations for 
laminar and turbulent shock/ 
boundary-layer interactions are in
cluded in the programs for types I, 
II , V, and VI interference patterns. 
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Heating correlations for laminar and 
turbulent reattaching shear layers, 
obtained from separation studies, 
are included in the program for type 
III interference pattern . 
FORTRAN IV 
CDC 6000 Series 

This program was written by Dana 
J . Morris and J. Wayne Keyes of 
Langley Research Center. For 
further information, Circle 0 on the 
COSMIC Request Card. 
LAR-11497 

COMOC 
A finite-element algorithm for 
the Navier-Stokes equations 

The finite-element procedure has 
proved highly adaptable to the solu
tion of linear elliptic boundary-value 
problems involving complex 
boundary conditions; however, its 
adaptation to quasi-linear and/or 
nonlinear problems such as the 
solution of the Navier-Stokes equa
tions has been deemed both theo
retically and computationally 
difficult. 

A new finite-element algorithm 
has been devised to facilitate solu
tion of the two-dimensional Navier
Stokes equations governing the kine
matics and thermodynamics of a 
variable-viscosity, compressible, 
multiple-species fluid . This algo
rithm has been implemented into the 
COMOC (Computational Continuum 
Mechanics) computer-program 
system. 

In the theoretical development, 
the primitive dependent variables 
are replaced by a vorticity/stream
function description, which provides 
a uniformly elliptic differential equa
tion system description for all com
putational variables. The preferred 
differential equation systems are 
established in rectangular, cylindri
cal, and spherical coordinate sys
tems. The finite-element algorithm is 
derived for the generalized, non
linear elliptic boundary-value prob
lem of mathematical phYSics and 
contains no requirements for either 
computational mesh or solution 
domain closure regularity. 
Boundary-condition constraints on 

the normal flux and tangential distri
bution of all computational depend
ent variables , as well as velocity, are 
routinely piecewise enforceable on 
domain closure segments arbitrarily 
oriented with respect to a global ref
erence frame. The intrinsic finite
element shapes for one-, two-, and 
three-dimensional domains spanned 
by linear approximation functions are 
the line, the triangle, and the tetra
hedron, respectively . 

The area-coordinate concept of 
structural mechanics has been uti
lized to establish a natural 
coordinate function description for 
the finite-element approximation to 
the Navier-Stokes equations. Ada,r 
tation of these functions represents a 
significant advance that has for the 
first time allowed analytical formula
tion of the complexly nonlinear 
matrix representations for specific 
terms in the equation system - in 
particular, the vorticity transport 
equation. 

The consequence of integration by 
parts of select nonlinear terms in the 
differential equation system is ex
amined in detail, and the assumptive 
constraints are established accord
ing to which the generated surface 
integrals can be neglected or made 
to cancel. The establishment of the 
natural coordinate function descrip
tion allows recognition of the many 
standard matrix forms that constitute 
the finite-element algorithm for the 
nonlinear terms in the equation 
system and provides broad insight 
into the mechanics of the algorithm. 

The finite-element solution 
algorithm for the characteristic 
equation system has been embodied 
into the COMOC computer-program 
system, specific variants of which 
have produced solutions in three
dimensional subsonic and 
supersonic viscous flow fields and 
nonlinear transient-heat conduction, 
in addition to the Navier-Stokes solu
tions. The COMOC system consists 
of four basic macromodules, the first 
of which is Input wherein discretiza
tions are formed and dependent vari
ables are initiated. The Geometry 
module establishes the nonstandard 
element matrices for each finite 
element of the discretization and 
evaluates the matrix multipliers re
quired for the standard matrices. All 

(continued next page) 
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computations are performed in a 
local Cartesian-coordinate system 
with automatic accounting for the 
lack of coordinate transformation 
invariance for other-than
rectangular Cartesian systems. 

The Integration module embodies 
solution algorithms for large-order 
ordinary differential and algebraic 
equation systems, either of which is 
produced by the application of the 
finite-element algorithm to the 
parent, partial differential equation 
system. For discretized-equivalent 
initial-value problems, the basic 
operation is the evaluation of the 
derivative vector on an element 
basis and the assembly of the global 
vector, using Boolean algebra. For 
the solution of an algebraic system, 
the diffusion (that is, "stiffness" in 
elasticity) matrix is formed on an 
element basis, and the equation 
system inhomogeneity is evaluated if 
present. Each is then assembled into 
the global representation through 
Boolean algebra. The matrix
equation system rank is established 
by evaluating boundary-condition 
constraints, and the effective inverse 
is found by equation-solver tech
niques. The final Output module 
serves its standard function . 
CDC FORTRAN IV, Version 2.3 
CDC 6600 
SCOPE 
Memory Requirements Less Than 
77K Octal 6O-Bit Words 

This program was written by A. J. 
Baker, A. M. Bauer, P. D. 
Manhardt. and J. A. Orzechowski of 
Bell Aerospace Co. for Langley 
Research Center. For further 
information, Circle E on the 
COSMIC Request Card. 
LAR-114BO 

Predicting Off-Design 
Performance of Radial
Inflow Turbines 

A one-dimensional model 
accounts for stator, rotor, 
incidence, and exit losses. 

A computer program has been 
developed for calculating off-design 
performance of a radial-inflow tur
bine. The program uses a one
dimensional solution of flow condi
tions through the turbine along the 
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mean streamline. The loss model 
accounts for stator, rotor, inci
dence, and exit losses. 

A previous program used turbine 
geometry and deSign point perform
ance as input and computed the 
performance and velOCity-diagram 
parameters over a range of speeds 
and pressure ratios . The loss model 
of the previous program was modi
fied , and new features were added 
to account for stator and rotor 
trailing-edge blockage and to com
pute the conditions for pressure 
ratios at or beyond stator and/or 
rotor choke. These features are de
sirable since they give more flexibil
ity to the program and offer a greater 
range for off-design turbine analysis . 
Overall turbine geometry and deSign 
point values of efficiency, pressure 
ratio, and mass flow are needed as 
input information. The output in
cludes performance and velocity
diagram parameters for any number 
of given speeds over a range of tur
bine pressure ratios . 

Experimental performance from 
two radial-inflow turbines was com
pared with the results from this new 
computer program and the previ
ously used program. The overall 
computed results from the new pro
gram showed a marked improve
ment over those of the previously 
used program and good agreement 
with experimental data. 

The new program can be used in 
two ways . For an existing turbine 
where the performance at the design 
operating point may be known , this 
program provides a convenient way 
to estimate off-design performance 
without making actual tests. The 
program is also useful as a design 
guide. This program supersedes the 
previously-issued computer 
program, LEW-10764 (Tech Brief 
69-10267). byC. A. Todd and S. M. 
Futral , Jr . 
FORTRAN IV 
IBM 709417044 DCS 

This program was written by 
Charles A. Wasserbauer and Arthur 
J. Glassman of Lewis Research 
Center. For further information, 
Circle F on the COSMIC Request 
Card. 
LEW-12SOO 

Crack-Growth Analysis 

A computer program predicts 
crack growth for structural 
analyses. 

In order to include the important 
consideration of structural failure 
due to the presence of flaws and 
cracklike defects in aerospace 
hardware, it is necessary to have a 
computer program capable of per
forming crack-growth analysis that 
is easy to use and generally appli
cable. The need for a computer 
program (as opposed to simple hand 
calculations) arises from the com
plexity of growth descriptions 
required for crack-growth analysis of 
real materials in complex structure 
under a variety of loading and 
environmental conditions. The 
Marshall Space Flight Center Crack
Growth Computer Program was 
designed to meet this need. 

The MSFC Crack-Growth 
Computer Program calculates crack 
growth for part-through cracks, 
through-the-thickness cracks, and 
cracks which are transitioning from 
part-through cracks to through-the
thickness cracks . The computer 
program has been written to be 
flexible in its operation and to be ~ 
easily adapted and changed as 
fracture mechanics technology 
changes and/or the design usage of 
the program changes . 

This computer program is essen
tially an integration routine which 
calculates crack growth from an 
initial defect size and terminates 
calculation when the crack is 
sufficiently large for a critical con
dition (instability or rapid growth) to 
be reached . In addition, if a design 
life is not met for a particular 
structure, the program has the 
capability of varying the thickness of 
the structure so as to establish the 
thickness which will meet the design 
requirements . 

During the period when a crack is 
a part-through crack, crack growth 
in the depth and surface directions 
may be different due to variations in 
stress-intensity factors and/ or 
directional dependence of material 
properties. The MSFC computer 
program considers both of these 
effects and hence incorporates 
realistic crack-shape changes . 

(continued next page) 
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During the period when a crack is 
transitioning from a part-through 
crack to a through-the-thickness 
crack , the crack lengths on the back 
side and the front side are different. 
The program tracks the growth of 
these two dimensions separately, 
evaluating the stress-intensity 
factors at each surface until these 
dimensions are the same and the 
crack has completed its transition to 
a through-the-thickness crack. 

The program is flexible in the 
methods that can be used. It 
incorporates the recently-developed 
Collipriest-Ehret equation as well as 
the Paris and Forman crack-growth 
equations . Either may be used to 
describe a material in a run case . 
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Retardation effects are also con
sidered . Three models are available : 
(1) Wheeler , (2) Willenborg , and (3) 
Grumman Closure. 

As many runs (each with varying
input conditions) as desired may be 
stacked . As additional runs are 
made, only that section of data 
which is changed (i.e ., loads, 
material properties , or geometry) 
need be reentered . Output for each 
run may be controlled by the user . 
Minimum output for each run 
consists of information on input data 
and failure (crack lengths, cycles , 
and the like) , as well as stress
intensity factors and crack-growth 
rates for the first and last cycles of 
each stress level in the first load 

block applied as a part-through 
crack, a transitional crack, or a 
through crack . Additional informa
tion (crack lengths, stress-intensity 
factors, and crack-growth rates) for 
particular blocks and loading steps 
may be requested by the user . 

Program execution requires 
approximately 1 O.6K 36-bit words of 
central memory. 
UNIVAC FORTRAN V 
UNIVAC 1108, EXEC VIII 

This program was written by C. 
Bianca of Marshall Space Flight 
Center and M. Creager of Del West 
Associates. For further information, 
Circle G on the COSMIC Request 
Card. 
MFS-23320 
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Tool Removes Brazed Fittings 
A new tool and technique removes 
brazed-fitting stubs of all sizes and wall thicknesses. 

Langley Research Center, Hampton, Virginia 

The present technique for the re
moval of brazed fittings from thin 
wall tubing utilizes a collet-type re
moval tool. The fitting is first cut 
midway between the tubes at a point 
previously determined by a radio
graph or other method. The standard 
stub removal tool is then inserted in-

o 

to the cut end of the fitting stub and 
is expanded by means of a collet to 
positively engage the fitting wall. 
The fitting stub and the collet are 
enclosed by the brazing tool, and the 
heat cycle is initiated to bring the 
braze alloy to a fluid condition. The 
fitting stub is then withdrawn from 

--1 r 0.18 IN. 

trSPLIT 

SPLIT-RING HEAT SINK INSERT 

SPRINGS 

The Brazed Fitting Removal Tool with a stainless-steel split ring is 
placed over the collet that engages the wall of the stub. 
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the tube end by the spring force of 
the removal tool. This method has 
several problems: (a) The removal 
tool may bond to the fitting stub, (b) 
the fitting stub wall may melt, and 
(c) the tube end may erode. 

A Simple, expendable, stainless 
steel split ring (see figure) is placed 
over the collet of the removal tool 
prior to its insertion into the fitting 
stub. The collet is expanded which in 
turn expands the ring which engages 
the wall of the stub. The braze tool is 
attached as previously, and the heat 
cycle is applied to melt the braze al
loy. However, the increased heat 
capacity provided by the ring pre
vents the erosion of the tubing end 
and the melting of the stub wall. In 
addition, the ring acts as a capillary 
trap for the melted brazing alloy. 
This may result in the expendable 
ring becoming bonded to the stub 
wall but prevents the bonding of the 
removal tool to the wall. The new 
technique is applicable to brazed fit
ting stubs of all sizes and wall thick
nesses. 

This work was done by W.J. Hur-
ley and S. E. Nelson of Martin Mari-~ 
etta Corp. for Langley Research 
Center. For further information, 
Circle 64 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page A8]. Refer to LAR-10944. 
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Mechanical Positioner 
A mechanical positioner for castor 
wheels can be used to position heavy loads. 

Lyndon B. Johnson Space Center, Houston, Texas 

The mechanical positioner shown 
in Figure 1 has been designed for 
castor wheels on heavy equipment. 
It can be used to rachet the wheel 
forward and backward and to stop 
and steer the wheel. All of these op
erations are controlled manually. 

The device employs a self-engag
ing self-releasing friction cam that 
engages with and moves the wheel. 
The wheel is mounted in aU-shaped 
frame, and the cam is connected to 
a lever arm approximately 4.5 ft (1.3 
m) long. The frame has slots on 
each side, which allow it to be at
tached to the axle of a caster wheel 
(see Figure 2) . 

The wheel is moved by raising and 
lowering the lever arm, which 
causes the cam to engage with the 
wheel and ratchet it forward or 
backward. Adjustable stops control 
the degree of pressure exerted on 
the wheel , and a lock pin holds the 
device in a neutral steering config
uration. A hand guard has been 
added for safety. 

This work was done by George A. 
Tuthill and Garth O. Magnusson of 
Rockwell International Corp. for 
Johnson Space Center. For fur
ther information, Circle 79 on the 
TSP Request Card. 
MSC-15817 

Improved Soldering-Iron Tip 
Nickel-plated soldering-iron tips 

are used to remove multipin elec
tronic hardware from printed-wiring 
boards. The pattern of the recess , 
machined into the tip, matches the 
circuit module . Pin heating and sub
sequent hardware removal is easier . 
The tip is fabricated from oxygen
free , high-conductivity copper and is 
nickel plated to reduce oxidation and 
scaling . 
(See page 158.) 
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ADJUSTABLE STOP 

Figure 1 . The Mechanical Positioner has a self-releasing friction cam 
that engages with and moves the wheel. 

Figure 2. Positioner Mounted on Castor Wheel: a U-shaped frame has 
slots to fit around the axle of the wheel. 

Method of Removing 
Drilling Chips 

A special chuck , used to bore or 
drill long , large-diameter holes , 
receives a mixture of water and 
pressurized air during operation . 
The mixture is directed to a coolant 
passage within the drill bit. The 
water and air flush the hole being 
bored in the workpiece and thus 
remove chips . 
(See page 275.) 

Technique for Joining 
Metal Tubing 

Uniform wall thickness and unin
terrupted heat transfer in metal 
tubing joints can be achieved by 
using a shaped metal insert as wall 
material for the joint. The insert acts 
as a support during brazing. after 
which excess material is ground 
away to bring the joint to the original 
tubing size . 
(See page 289.) 

NASA Tech Briefs. Summer 1976 



Radial Level 
Accurate and simple measurement of the 
angle a surface makes with the ground plane. 

Lang/ey Research Center, Hampton, Virginia 

The radial level is an instrument 
which is capable of determining any 
angle without requi ring any compo
nent to be set, moved, or adjusted. 
It is very simple, not only in con
struction but principle of operation, 
and has distinct advantages over 
other angle-indicating instruments. 
The radial level requires no special
ized training for its use, and an angle 
can be determined more rapidly as 
there are no bubbles to adjust, 
knobs to turn or lock, or other such 
operations to perform. 

The Radial Level has a trans
parent tube around its periphery 
that is exactly 50 percent filled 
with a liquid. Either end of the 
liquid indicates the angle of the 
base with ground level. 
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This angular-indication instrument 
is capable of accurately determining 
the angle of a surface or a line of 
sight in relationship to gravitational 
level. It is functional and accurate 
within the full 3600 spectrum and 
instantly determines the angle of any 
surface without having to make any 
adjustments as the radial level has 
no moving parts. A liquid, captured 
inside a cylindrical transparent tube 
that is radially mounted around or 
under a 3600 scale, is the actual 
angle indicator. The liquid occupies 
50 percent of the volume of the tube 
while the remaining 50 percent is 
evacuated. With this condition, 
either surface of the liquid indicates 
the angle of the instrument. 

The basic instrument consists of a 
lightweight frame, a flat base, a 
3600 scale, and a tube mounted 
radially around the scale. The center 
of the frame serves as a handle. The 
tube is occupied 50 percent by 
mercury, and the remaining volume 
is evacuated to eliminate the possi
bility of bubbles becoming trapped. 
Mercury is used as the liquid due to 
its favorable thermal expansion rate; 
a change in volume due to tempera
ture fluctuation is canceled by the 
linear expansion rate of the glass or 
plastiC tube. The principle and the 
sirrplicity of the instrument are 
shown in the illustration. The angle 
being determined is 170 30 minutes 

off the horizontal , and this angle is 
clearly indicated on the instrument. 

A single radial level may incor
porate rrultiple scales to enhance its 
function and versatility. Two angular 
indication scales are desirable: one 
to indicate the angle off the horizon
tal and one to indicate the angle off 
the vertical . A scale to indicate rise 
per foot could indicate the pitch of a 
roof. A scale to indicate percent of 
grade would be beneficial in the 
construction of roadways, grading, 
and the like. 

This instrument is not limited to 
surface contact applications. 
Mounted on a tripod and equipped 
with a sighting mechanism alined 
with the zero-degree indices, the 
angle, the rise per foot, or the 
percent of grade can be instantly 
determined, further expanding its 
diversified capability. It could also 
be used to determine quickly the 
height of an object . If the angle and 
distance are known, the height can 
be easily determined. 

This work was done by Donald L. 
Poseyof Langley Research 
Center. No further documentation 
is available. 

Inquiries concerning rights for the 
. commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page A8]. Refer to LAR-11982. 
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Split-Ring Seal 
A gland-type seal requires 
little installation space and infrequent servicing. 

Lyndon B. Johnson Space Center, Houston, Texas 

Figure 1. When the Split-Ring Seal nut is torqued down, the ring is 
compressed against the washer, the spacer face, the shaft outside 
diameter, and inside diameter of the housing. 

PILLOW BLOCK 

Figure 2. In the Housing Disconnected Position, the seal bolts are re
moved using a wrench which contacts flats on the housing. The hous
ing is turned relative to the nut. 
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The split-ring seal shown in Figure 
1 may be used with hydraulic and 
pneumatic actuators and similar 
equipment. It is designed for appli
cations with partial vacuums and re
quires little space for installation and 
servicing. 

The shaft is sealed (Figure 1) 
when the nut compresses the split 
ring against the washer, the face of 
the spacer, the outside diameter of 
the shaft, and the inside diameter of 
the housing. The seal is disconnect
ed from the housing by removing the 
seal bolts as shown in Figure 2. The 
seal may then be inspected or ser
viced by manually sliding the hous
ing assembly to the position shown 
in Figure 3. 

The flats on the housing permit a 
wrench to be attached so that the 
housing may be turned relative to 
the nut. The split ring may thus be 
broken away from the inside diam
eter of the housing. The spacer pre
vents the rings from sliding with the 
housing, and the seals will remain in 
full view and readily accessible. 
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Figure 3. The Seal Is Exposed for inspection or service by manually 
sliding the housing to the position shown above. 

Rotary Broaches 
A roughing-out and finishing 
tool is designed for limited-access areas. 

Marshall Space Flight Center, Alabama 

A useful tool (see figure) has been 
designed for counterboring or back
spot facing recesses for bolt heads 
or nuts in difficult-to-reach loca
tions, such as near webs, bosses, or 
flanges . Two versions of the tool 
have been designed: one rotary 
broach for roughing out and another 
rotary broach for finishing. 

Both broaches have a flat area to 
facilitate insertion into a pilot hole . 
This flat area is placed against the 
casting when using the tool. Around 
the periphery of the broach, each 
cutting tooth extends slightly further 
out than its predecessor. Thus each 
tooth removes slightly more materi
al, and the hole is machined to its 
final diameter in a single rotation of 
the broach . 
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TOOTH LENGTH 
INCREASES 
AROUND 
BROACH 

The Roughing-Out Tool with 
staggered cutting teeth will drill 
out the proper diameter in one 
revolution . 

This work was done by Elia A. 
Gallo of Kentron Hawaii, Ltd. for 
Johnson Space Center. No further 
documentation is available. 
MSC-14304 

This work was (Jone by Charles 
Libertone of Rockwell International 
Corp. for Marshall Space Flight ~ 
Center. For further information, 
Circle 80 on the TSP Request Card. 
MFS- 23374 
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Vehicle Load-Equalization System 
A closed-loop cable-and-pulley arrangement maintains 
constant wheel-to-ground contact in an all-terrain vehicle. 

Lyndon B. Johnson Space Center, Houston, Texas 

Two wheel beams are connected 
by cables to form a closed-loop sys
tem which equalizes vehicle-wheel 
loading, regardless of terrain. The 
closed loop causes reactions at 
each of three wheels in response to 
loading action at the remaining 
wheel. 

The wheels on each side of the 
vehicle (see figure) are attached to a 
wheel beam , which in turn is at
tached to the vehicle chassis by a 
central pivot. The respective ends of 
the opposite-side wheel beams are 
connected by a cable-and-pulley ar
rangement. The wheel beams pro
vide for pitch-axis motion; the cable 
system completes the closed loop 
and provides for roll-axis motion of 
the beams. 

The cable system can be replaced 
by a linkage arrangement or a hy
dratJlic system, and it may be 
damped by the addition of shock ab
sorbers . The simplicity of this design 
should be of interest to designers 
and manufacturers of construction 
equipment and off-road vehicles . 

This work was done by W. K. 
Creasy of Johnson Space Center. 
No further documentation is avail
able. 
MSC-12466 
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Vehicle Load-Equalization System uses cables and associated pulleys 
to form a closed-loop suspension system for terrain compensation. 
The loop causes reactions at each of three wheels in response to load
ing at the remaining wheeL 
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Large-Diameter Fasteners of CRES Alloy 
Double-hex-head bolts can be made with diameters of 
up to 1-1 /4 in. and with a tensile strength of 220,000 psi. 

Lyndon B. Johnson Space Center, Houston, Texas 

WHEN REQUIRED 
FOUR HOLES 

EauAll Y SPACED 
(DRill SIZE N) UNJF-3A THREAD 

PER Mll-S-8879 

A specially designed bolthead 
permits bolts of MP 35N high
strength corrosion resistant steel 
(CRES) alloy to be made with diam
eters up to 1 1f.! in . (3 .2 cm) . High
strength fasteners of this material 
have been previously limited to a 
maximum diameter of % in . (1 .9 
cm) . This limitation exists , primarily, 
because the conventional 12-point 
tension heads (double hex heads) 
cannot be cold formed to retain the 
required minimum tensile strength of 
200,000 psi (13.8 x 109 N/m2) . 

The conventional double hex head 
is shown in Figure 1. Figure 2 de
picts the modified head, which can 
be cold formed with a tensile 
strength of 220,000 psi (14 .18 x 109 

NI m2 ) and high fracture toughness . 
The standard bolt design can be 
used for bolts up to 3/4 in . (1 .9 cm) in 
diameter ; the modified design has 
been developed for bolts from 7/8 

Figure 1. Conventional Design of large-diameter fastener of CRES 
alloy can be used to fabricate bolts up to 3/4-in . diameter. 

~GRIPl1 THREAD /l O .016IN .~ 

~-$- -1= --=Ei~3-
1\ ,15°±2° UNJF-3ATHREAD --l "\" PER Mll-S-8879 

in . to 1 1f.! in . in diameter (2 .3 to 3 .2 
cm). Aside from the difference in 
head deSign , both bolt types are 
fabricated in essentially the same 
manner. 

This work was done by J. F. 
Charles and M. L. Marke of 
Rockwell International Corp. for 
Johnson Space Center. For 
further information, Circle 81 on the 
TSP Request Card. 

Figure 2. Modified Bolt Design depicts cold-formed head of up to 1-1/4.14 
in . in diameter having a tensile strength of 220,000 psi. ~ 

MSC-19313 

NASA Tech Briefs , Summer 1976 259 



High-Temperature Heating Array 
A graphite element is less costly 
and easier to replace than a quartz lamp. 

Lyndon B. Johnson Space Center, Houston, Texas 

A heating array (see figure) for 
thermally conditioning the reusable 
surface insulation panels of thermal
protection systems is capable of 
heating samples to 25000 F (1644 
K), at pressures ranging from 0.5 to 
760 torr (66.6 to 10.1x104 N/m2). 
Low-cost, easily-replaceable, 
graphite heating elements instead of 
quartz lamps are used in the heating 
array. Advantages of the array 
include: 
-The operating cost is lower be
cause quartz lamps have a rela
tively short life and are expensive 
to replace . 

-The graphite heating elements 
function well at lower pressures 
whereas quartz lamps do not. 

-The graphite heating elements give 
more uniform heating than quartz 
lamps. However, protection of the 
graphite heating elements from air 
oxidation may cause some difficul
ty. 
This heating array may be useful 

for high temperature processing or 
conditioning of materials. The heater 
elements heat a susceptor plate (in 
this case, a coated columbium
beaded plate) which in turn heats 
the test panel . The elements are 
surrounded by a nitrogen atmos
phere to prevent oxidation of the 
graphite; air is forced between the 
susceptor plate and the test article 
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High-Temperature Heating Array is capable of heating samples to 
2500° F at pressures ranging from 0.5 to 760 torr. The illustrated array 
is used to thermally condition reusable surface insulation panels of 
thermal-protection systems. It is shown with the individual graphite 
elements installed and with the array enclosure removed. 

to provide an oxidizing atmosphere 
around the test article. The unit is 
economical to operate and maintain. 
It is shown in the figure with the 
heating-array elements installed but 
before the heating-array enclosure 
is installed. 

This work was done by Harold E. 
Christensen and B. G. Cox of 
McDonnell Douglas Corp. for 
Johnson Space Center. For 
further information, Circle 82 on the 
TSP Request Card. 
MSC-14287 
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Load-Regulating Latch 
Automatic regulation of latch-tension load, prevention of 
overload, and load sharing in a multiple-latch system 

Lyndon B. Johnson Space Center, Houston, Texas 

A load-regulating latch has been 
designed for remotely latched doors 
or for doors on which the latch 
cannot be reached for adjustment 
after the door is closed . The latch, 
as shown in the illustration, has a 
hook that engages a strike roller . 
The surface of the hook is shaped to 
cam the strike roller to the engaged 
position when a predetermined load 
is applied between the hook and the 
roller. 

A compression spring is mounted 
in a housing and around the latc~ 
stem to allow the latch to move 
along the spring centerline and 
compress the spring . The desired 
preload tension , equal to the 
maximum load desired when the 
door is latched, is set by an 
adjusting bolt. The final hook-and
strike poSition is selected so that the 
minimum desired load is exceeded. 
This causes the hook to move 

PRELOAD-ADJUSTMENT 
BOLT 

THRUST WASHER OVERLOAD SHOULDER 
(IF DESIRED) 

LATCH 
STEM 

(AND CLEVIS) --.IItc::=::.,-----.:..~::!!llL 

P'----'-"'''T\\ .~ c..:::·- ·7~~~;;;;;:;:;;;~~ 

-r--- STRIKE 

The Load-Regulating Latch is splined to the spring housing . The 
splines allow the hook to move along the centerline but prevent 
rotation . A typical spring is sized to travel 0.125 in. It is preloaded to 
220 Ib and produces a force of 280 Ib when fully compressed. 
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toward the strike by an amount 
exceeding tolerances in the strike
and-load interface. 

In addition to the spring travel, 
further motion is allowed for struc
tural deflections occurring over the 
life of the latch. As an increased 
load tends to open the door , the 
spring exerts a greater force on the 
latch . To prevent overload , the 
housing has a shoulder that limits 
travel of the hook to the point where 
the washer meets the shoulder . 

The shapes of the spring and the 
hook also cause the load of closing 
to be shared more evenly among 
latches when there are several on a 
single door. Normally, the latches 
farthest from the hinge do all the 
work until just before the door is 
completely closed . This is also the 
case for loads due to door or jamb 
warpage and seal compression . 
However, with this system, even 
though latches nearer the hinge are 
slightly closer to their strike , they 
share the load because the spring
supported hood contacts the strike 
earlier in its stroke. The illustrated 0 
latch has a 45° stroke and makes 
contact within the fi rst 20° or less of 
closing motion, immediately picking 
up load and relieving the other 
latches. 

This work was done by Walter T. 
Appleberry of Rockwell International 
Corp. for Johnson Space Center. 
For further information, including 
alternate versions of the latch, 
Circle 83 on the TSP Request Card. 

This invention is owned by NASA 
and a patent application has been 
filed. Inquiries concerning non
exclusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Johnson Space Center [see page 
A8] . Refer to MSC-1953S. 
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Solar Concentrator/Absorber 
A dual concentrator and cylindrical 
counterflow absorber improve performance. 

Marshall Space Flight Center, Alabama 

A solar collector / energy convert
er, consisting of a dual-slope optical 
concentrator and a counterflow 
thermal-energy absorber, is at
tached to a multiaxis support struc
ture. The concentrator /absorber is 
efficient over a wide range of illumi
nation levels. Like other thermal
energy collectors, it may be used to 
generate high-temperature steam, 
may serve as a hot-air generator or 
SOlar-powered dryer, and can power 
an absorption-cycle coole r. 

t 

t 
FLOW DIRECTION 

AIRSPACE 

SUN 

c) 

INTERNAL PIPE GLASS JACKET 

The concentrator consists of a 
primary and a secondary cone (see 
Figure 1) . Concentration factors are 
from 10 to several hundred, de
pending on the ratio of the aperture 
area of the cone to the absorber 
surface area. 

Figure 2. The Counterflow Absorber piping is copper tubing coated 
with a black oxide surface, but other high-temperature (600 0 C) 
materials and coatings are suitable. 

SECONDARY CONE 

PRIMARY ---r,X[ 
CONE 

ABSORBER 

Figure 1. The Dual-Slope Concentrator, when aimed at the Sun, 
reflects solar rays into the center region of the primary cone. 
Theoretically, the secondary cone can increase the concentration 
factor of the primary cone by over 70 percent. 
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The absorber comprises two con
centric pipes; the external pipe is 
closed at one end , as seen in Figure 
2. A fluid inlet connection is located 
at the other end. The internal pipe is 
open at both ends and has a fluid 
connection at one end. The heat
transport fluid enters through the in
ternal pipe and exits via the exter
nal pipe. Internal flow is preheated 
by the hot flow returning through the 
external pipe. In transferring from 
the internal to the external flow, the 
fluid contacts the hottest area of the 
absorber. The most efficient transfer 
of heat is thus provided through a 
maximum temperature difference . 

A glass jacket surrounds the ab
sorber to suppress convection. The 
space between the absorber and the 
tube is under low pressure after ini
tial thermal expansion of the trapped 
air and expUlsion through the spring
loaded top gasket . 

This work was done by Georg F. 
von Tiesenhausen of Marshall 
Space Flight Center. For further 
information, Circle 84 on the TSP 
Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]Refer to 
MFS-23428. 
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Proposed Low-Temperature Solar Engine 
Thermal expansion and contraction of a 
metal rod is directly converted to rotary motion. 

Marshall Space Flight Center, Alabama 

A potentially economical way of 
ut ilizing solar energy is directly, or 
nearly directly , to convert the Sun's 
heat to motion, thereby avoiding the 
need for heat pumps and associated 
equipment. An engine proposed for 
th is purpose converts the thermal 
expansion and contraction of a 
metal rod into rotary motion . 

An aluminum rod is alternately 
cooled and heated, using hot water 
from a solar flat plate or concentra
tor. Translational motion is convert
ed to rotational motion by the me
chanical configuration of the rod and 
by its attachment to a modified 
" Chinese" windlass . A linear dis
placement of 0.076 cm in the rod 
will exert sufficient force to drive 
pumps, generators, and compres
sors . 

Ideally, continuous rotation of the 
windlass is desired as the rod 
undergoes displacement . Linear 
motion is converted to rotational 
motion, using the mechanical confi
guration in the figure : One windlass 
pushes , and a second windlass 
pulls . Therefore one windlass ro
tates the load through angle 68, 
while the other reverses rotation 
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The Solar Engine uses the expansion and contraction of an aluminum 
rod to drive two out-of-phase windlasses. As shown, the rod is 
contracting, and the power takeoff shaft on windlass 2 applies a load to 
the system output shaft; the power takeoff shaft of windlass 1 applies 
no load. (The takeoff shafts connect to the system output shaft.) The 
process reverses upon expansion of the rod. 

through the same angle without car
rying the load . Then the operation is 
reversed . A key feature of the wind
lass is the combination of requisite 
strength with moderate dimensions 
and great mechanical power. 

This work was done by Jerry A. 
Peoples and George B. Kearns of 
Marshall Space Flight Center. 
For further information, Circle 85 on 
the TSP Request Card. 0 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23403. 
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Conical Diffuser for Fuel Cells 
A compact manifold has improved 
flow distribution and reduced pressure loss. 

Lyndon B. Johnson Space Center, Houston, Texas 

The space-saving fuel-cell conical 
diffuser shown in Figure 1 reduces 
the expected pressure gradient and 
the resulting cell-to-cell temperature 
gradient. This diffuser is inserted in
to the inlet manifold, producing a 
smooth transition of flow from pipe 
diameter to manifold diameter. 

~I 

The included angle between the 
conical walls of the manifold should 
be JO to 1 (J> for the most effective 
recovery of the pipe dynamic pres
sure. The coolant is discharged from 
the diffuser insert some distance 
downstream of the actual manifold 
inlet, due to the length of the diffuser 

~I 
FLOW TO INDIVIDUAL CELLS 

Figure 1 .Inlet Manifold used in the conical diffuser for fuel cells re
duces inlet losses and improves cell-to-cell flow distribution. 

Figure 2. The Outlet Manifold has a nozzle insert that reduces exit 
losses . 
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and space limitations. The length of 
the diffuser insert causes the efflu
ent flow initially to bypass several 
cells near the manifold inlet. 

This deficiency is overcome byal
lowing adequate clearance between 
the outlet of the diffuser insert and 
the internal diameter of the mani
fold , thus permitting coolant to flow 
into the first several cells without a 
significant pressure loss through the 
clearance area . The clearance al
lowance between the outlet of the 
diffuser insert and the manifold in
ternal diameter does not reduce sig
nificantly the pressure recovery pro
duced by the diffuser insert. 

Although the abrupt change in 
flow area between the outlet mani
fold and the outlet piping has a minor 
effect on flow distribution, a nozzle 
insert used in the outlet manifold will 
further reduce overall system pres
sure losses. The nozzle insert which 
is shown in Figure 2 may be shorter 
than the diffuser insert , but there 
must be a clearance between the 
nozzle inlet and the inside diameter 
of the manifold to allow for coolant 
flow from the one or more cells near 
the manifold outlet. The nozzle in
sert reduces the system pressure 
loss by approximately 37 percent of 
the mean dynamic pressure in the 
connecting piping. 

This work was done by D. w. 
Craft of General Electric Co. for 
Johnson Space Center. No further 
documentation is available. 
MSC-14026 
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Horizontally-Mounted Solar Collector 
Tracking solar collectors are size limited to reduce loading. 
Lightweight tracking vanes allow larger, more efficient collectors. 

Marshall Space Flight Center, Alabama 

COLLECTOR VERTICAL DEFLECTOR 

REFLECTOR 

REFLECTOR SUPPORT 

Figure 1. The Vertical Deflector Structure, which consists of a series 
of flat , horizontally-mounted vanes, is rotated to direct the incoming 
solar energy toward the collector. 

C~ WIRE SLOT 

A horizontally-mounted optical 
reflector is used to direct incoming 
solar energy, regardless of its angle 
of incidence, to a predetermined 
focus point or collection center in a 
solar collector. Consisting of three 
major components - a vertical 
solar-energy deflector assembly, a 
stationary reflector, and a 
motor-driven solar tracking mecha
nism, this collector may lower the 
cost of generating solar energy 
since its collection area may be 
made considerably larger than 
existing stationary or tracking solar 
collectors . The deflector assembly 

. -I -'-"-'--"~ .. .. t . --
! I 
' . . . 

VANE POSITION 
DRIVE CHAIN 

VIEW A·A VIEW B·B 

VANE 
TENSION 
SPRING 

VANE VANE 
POSITION POSITION 

PLATE ARM 

VIEW C-C 

Figure 2. Vane Angle is changed by control wires driven by a motor via a position drive chain (View A-A) . Each 
vane consists of a flexible, reflective material which is reinforced at the top and bottom by a thin metal strip 
(Views 8-8 and C-C) . The vanes are kept under tension with springs and are adjusted using bolts (View D-D) 
located along one side. 

(continued next page) 
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directs incident incoming solar 
energy to a vertical direction , using 
a series of tracking vanes. The 
energy is then redirected via a 
stationary reflector to a fixed 
collector which absorbs the solar 
energy as heat. 

Many of the solar collection 
schemes either built as prototypes 
or as conceptualized models include 
collectors that are pointed at the Sun 
via a motorized assembly. While 
these collectors may be more effi
cient by virtue of their sophisticated 
tracking mechanisms, they are 
limited to some practical (usually 
small) size to reduce strain on the 
tracking drive motors . To offset the 
increased number of collectors 
needed to equal the collection effi
ciency of a much larger tracking 
collector, a greater number of solar 
collectors is required . This 
increases the total cost of the solar 
collecting array and also is a less 
efficient scheme, especially when 
used to generate large quantities of 

Books and Reports 
These reports , studies, and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Ca rd number is 
cited ; otherwise they are available 
from one of NASA's Industrial 
Application Centers or the National 
Technical Information Service 

Hand and Power Tools 

Selected developments in 
shop and industrial tools and 
techniques 

A recent NASA Compilation, 
SP-5976(06) , entitled" Hand and 
Power Tools ," describes 25 tools 
and tooling advancements develop
ed for industrial and small machine 
shop adaptation. This Compilation is 
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energy such as at a commercial 
electrical generating plant . 

The new vertical deflector 
consists of a flat , horizontally 
mounted structure with vanes which 
change the direction of incoming 
solar energy. This structure, illus
trated in Figure 1 , is rotated to aline 
the deflector with the Sun. To 
maintain alinement the structure is 
able to rotate approximately 180" 
across the sky. At nightfall the 
tracking mechanism returns the 
vertical deflector back to the starting 
position for the following day. 

As the structure rotates the angle 
of the vanes is matched to direct the 
solar rays down to the reflector . 
Approximately 75° of rotation are 
built into the vanes for tracking Sun 
angles ranging from 5° to almost 
80" . The vane angle is changed by 
control wires , one wire per row of 
vanes . A wire for each row of vanes 
is rotated through slots in the cross 
frames and the vane position plates . 

one of a series of NASA Technology 
Utilization Publications which, like 
NASA Tech Briefs , make available 
aerospace technology that may have 
application in commerce and 
industry. 

"Hand and Power Tools" contains 
articles on shop tools and tech
niques, including a concept for uni
versal pliers , an allen-head speed 
wrench , improved techniques for 
tool cleaning , and a description of a 
hydraulic valve-lifter remover. 

The vane consists of a flexible 
reflective material which is 
reinforced at the top and bottom via 
a thin metal strip. The strip is held to 
the non reflective side of the vane . 
All vanes extend from one cross 
frame to another and are kept under 
tension with springs. The wires are 
held in adjustment with bolts located 
along one side of the outside flat 
surface (see view D-D in Figure 2) . 

The reflector assembly is 
constructed of several plates, each 
measuring approximately 4 by 8 ft 
(1.2 by 2.5 m), located on a support 
frame . The plates are attached to 
the frame with bolts which permit 
focus adjustment . The plates are 
conical ; solar energy is focused at 
the center of the reflector . 

This work was done by Dolphus H. 
Black of Marshall Space Flight 
Center. For further information, 
including additional drawings, Circle 
86 on the TSP Request Card. 
MFS-23349 

Articles on tools for industry include 
descriptions of a wrench for B-nuts , 
a cable tensiometer attachment for 
a torque wrench , spray tips formed 
from heat-shrinkable tubing , and an 
eccentric-pin alinement tool . Metal
working tools for milling, debrazing, 
and drilling are also described. 

This work was done for NASA 
Headquarters . To obtain a copy of 
SP-5976[06] , Circle 87 on the TSP 
Request Card. 
HQN-10892 
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RF Shaping of Silicon Ribbon 
An RF coil generates magnetic forces within 
silicon melt and shapes it into a flat ribbon. 

Marshall Space Flight Center, Alabama 

Because of the high reactivity of 
the molten crystal, conventional 
methods of shaping molten silicon 
result in crystal contamination and 
die erosion. To overcome contact 
contamination, electromagnetic 
force, generated by a radio
frequency (RF) coil, has been used 
to shape molten silicon. Initial 
efforts were only moderately suc
cessful . Since the shape and 
position of the RF coil are crucial in 
applying maximum force to the melt , 
Marshall Space Flight Center has 
sponsored research to improve RF 
shaping-coil designs. 

The improved design was directed 
at application in a low-gravity 
environment, as much of the applied 
shaping force is normally needed to 
overcome the effects of gravity. 
However, developments in the posi
tioning and contouring of the coil 
have been sufficiently successful 
that the system may have 
application in normal environments. 

The shaping sequence and simpli
fied shaping concept is shown in 
Figure 1. For a ribbon 7.6 by 0.04 
cm the RF coil requires 880 watts of 
power. The frequency, chosen so 
that the penetration (skin depth) is 
equal to the ribbon thickness, is 
slightly over 1 MHz. The copper 
shaping coil requires a mechanism 
for thermal control, such as a heat 
pipe, to maintain its electrical and 
mechanical properties. In addition, 
a thin layer of silver is deposited 
over the coil to reduce possible 
silicon contamination by such 
sublimated .copper. 

Figure 2 is a more detailed repre
sentation of the shaping process. 
The dimensions of the coil depend 
on the width and thickness of the 
ribbon . For an even amount distri
bution over the ribbon surface, the 
coil should be kept well away from 
the ribbon edges. The length of the 
coil (Ls) is approximately 

Ls = 2w + 2nrb + 2Lt 
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Figure 1. The Silicon-Ribbon Fabrication Technique RF 
electromagnetic forces to apply the pressure necessary to shape the 
melt. The shaping coil (see Figure 2) surrounds the melt nearthe 
solid-liquid interface and induces current in a surface region of the 
melt nearly equal to but opposite the coil current. 

mii~i~~~~~~ TO RF GENERATOR 

COIL AND 
CONCENTRATOR 

. (SHAPER) 

Figure 2. The arrows surrounding the RF Shaping Coil are for one 
instant only, as the current oscillates. The coil and the induced current 
generate an H field where the magnetic force ~H) acts in a direction 
to compress the liquid. 

where w is the ribbon width, 
rb is the radius of coil bend, and 
Lt is the distance from the ribbon 
to the cable connection 
where the coil is terminated. 
The radial forces generated by a 

coil, as determined experimentally, 
decline exponentially as the distance 
from the coil increases. For an effi
cient system, 0.05 cm (0.02 in.) has 

been deSignated as the maximum 
coil-to-ribbon gap. 

This work was done by Daniel A. 
Pelhank, Ross D. Rochat, and 
William Marx of McDonnell Douglas 
Corp. for Marshall Space Flight 
Center. For further information, 
including coil dimensions and a 
discussion of the system, Circle 88 
on the TSP Request Card. 
MFS-23424 
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IGFET /SOI Fabrication Method 
Shorter channel length reduces parasitic capacitance . Switching 
speed, that one-time IGFET weak link, is considerably enhanced. 

Marshall Space Flight Center, Alabama 

A new method of fabricating the 
insulated-gate field-effect silicon
on-insulator transistor (IGFET ISOI) 
achieves higher switching speeds 
than are available with present 
IGFET's. The higher speeds are 
possible for two reasons: shorter 
channel length and reduced 
parasitic capacitance . Channel 
length in the new IGFET/SOI's is not 
limited by lateral diffusion at the 
silicon-insulator interface as in the 
IGFET. The new fabrication pro
cedure also aids reduction of gate
channel capacitance , thereby 
decreasing the possibility of un
wanted oscillation and resultant poor 
switching speeds. 

The gate structure of the 
IGFET ISOI is pseudo-self-alined; 
e.g., it has very small dimensions 
compared to the conventional 
IGFET. The gate fabrication method, 
which is described in the figures , 
also results in virtually no gate over
lap, resulting in minimum gate-to
channel capacitance . The 
implanted-gate FET ISOI has two 
main advantages over a 
conventional diffused 
enchancement-mode FET: (1) a 
rapid lateral diffusion along the Si
insulator interface of diffused impu
rities and (2) reduced Miller-effect 
capacitance . Lateral diffusion is a 
limiting factor in decreasing the 
channel length; and using this 
technique, channel length (the N 
region) can be reduced to the limits 
of the masking technology used to 
define the gate area - a factor of 5 
or more reduction from the con
ventional FET. 

The second advantage of the 
implanted-gate SOl transistor, its 
greatly reduced gate-to-channel 
capacitance (especially gate-to
drain Miller-effect capacitance). is 
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achieved by using a self-ali ned poly
crystalline Si gate. There is virtually 
no gate overlap (over source or 
drain) as the gate electrode is used 
to define the P+ diffusion regions . 
However, the device is still limited in 
source-to-drain spacing and is 
limited to about the same channel 
length as the standard devices. Thus 

its transconductance (gm) is limited 
to about the same range of values as 
standard devices. The transistor 
also has about the same gate
channel capacitance , minus the 
overlap capacitance . 

A third type of device employs a 
technique to overcome the limitation 
imposed by lateral diffusion . The 

P-DOPED Si 

Figure 1. Si Island Definition: Si islands are defined to isolate transis
tors from one another using standard techniques. 

Figrue 2. Source-Drain Contact Diffusions: Si02 is selectively etched 
away to expose source and drain contact areas. These areas are then 
diffused by normal means. 

800 TO 1,000 nm SiOz 100 nm Si02 

Figure 3 . Preparation for Gate Implantation: Remaining Si02 is 
removed; then more Si02 is grown. The gate area is defined, and a 
1 OO-nm Si02 layer is grown. 
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Figure 4. Gate Implanted With N-Type Ions: Wafer is subjected to 
N-type ion bombardment. Thick Si02 stops ions, while thin (1 OO-nm) 
Si02 transmits ions as in normal ion implantation. Dosage is two times 
P-type concentration. 

Figure 5. Etch Away 100-nm Si02 Over Gate Area: 1 OO-nm trans
parent Si02 is etched away, and the wafer is cleaned for gate Si02. 

Figure 6. Regrow 1 OO-nm Gate-Quality Oxide [Si02] Over Gate Area: 
1 OO-nm gate Si02 is grown over gate area-Si02. Growth under thick 
Si02 is insignificant. The wafer is masked, and contact openings are 
etched in thick Si02. Metal is deposited over the wafer and is patterned 
by standard masking techniques. 
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P+ regions are defined in a normal 
manner at a convenient spacing. 
Next the gate electrode is made as 
small as possible (limited by the 
ability to define the metal electrode) . 
Finally the entire device is bom
barded with P ions, thus doping the 
P+ gate gap as shown in Figure 4. 
The gate electrode protects the 
channel area from being doped . One 
disadvantage of this geometry is that 
the sharp doping profile of the im
planted region might result in a low
voltage breakdown of the device due 
to high electric-field intensities in 
this region . 

The double-diffused metal-oxide 
semiconductor (or DMOS) has been 
proposed as a very-high-speed 
IGFET ISOI. It is constructed by first 
independently doping the drain N 
and proceeding as with a standard 
self-ali ned gate device by P+ 
doping into the source, gate, and 
drain electrodes . The difference is 
that the channel is P doped instead 
of N. This geometry results in an 
extremely-short effective channel, 
supposedly giving high device speed 
and gain. Although this device may 
have very fast rise and fall times (in 
response to a pulse input), it may 
also have significant signal
propagation delay. 

The new IGFET has the same 
electrical symbol as the conven
tional insulated-gate field-effect 
transistor . Note that , in the figures 
depicting stages of wafer growth, 
the P and N symbols may be 
reversed , thus forming 
complementary devices. 

This work was done by William R. 
Feltner of Marshall Space Flight 
Center. For further information, 
Circle 89 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Marshall Space Flight 
Center [see page A8]. Refer to 
MFS-23312. 
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Solar Cell Electrical Connections 
A study of practical bonding techniques including thermo
compression bonding, parallel-gap welding, and ultrasonic welding. 

Lewis Research Center, Cleveland, Ohio 

A recent study was conducted to 
investigate solderless methods of 
electrically connecting solar cells 
intended to be encapsulated with 
Teflon FEP* . Results indicate that 
three bonding methods show prom
ise as potential mass-production 
techniques for obtaining reliable, 
long-lasting electrical interconnects 
with silicon solar cells . These are: 
(1) thermocompression bonding, (2) 
parallel-gap welding, and (3) 
ultrasonic welding. 

Numerous bonding and welding 
techniques have evolved over the 
years in the metalworking industry. 
However, the creation of solar cell 
technology with its attendant needs 
for establishing reliable, lightweight, 
flexible electrical connections be
tween very thin , somewhat brittle , 
silicon solar cells has eliminated 
most of the traditional bonding 
methods. In addition, the electrical 
connections must withstand the 
573 K (572° F) encapsulating
process temperature . 

This study was conducted to find 
the best methods of attaching pure 
silver and silver-plated Kovar** 
interconnect ribbons to silicon solar 
cells with titanium-silver solderless 
contacts. Tests were conducted 
using 25 and 50 ",m (0 .001 and 
0.002 irr.) thick silver and 25",m 
(0.001 in .) thick Kovar ribbons, 1.4 
mm (0.055 in .) wide, and 10 mm 
(0.4 in.) long . The Kovar ribbons 
were plated with silver approxi
mately 10 ",m (0.0004 in.)thick. The 
solar cells were 0.4 to 0.6 mm 
(0.016 to 0.024 in.) thick with their 
titanium-silver contacts typically 
3",m (0.0001 in .) thick. 
Thermocompression Bonding 

This method consists of applying 
heat and pressure to the intercon
nect assembly by means of a press 

* Trademark of DuPont, 
E.I. de Nemours & Co., Inc . 

* * Trademark of Carpenter 
Technology Corp. 
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with separately controlled, electri
cally heated electrodes. Heating 
both electrodes instead of one pro
duced better bonds with lower over
all solar cell temperature. This tech
nique also resulted in less cell 
breakage during bonding and less 
surface oxidation of the cells . The 
dark area of Figure 1 shows the 
combinations of weld force and dur
ation which will produce acceptable 
bonds, e.g., 20 newtons (4.5 
pounds) and 100 seconds, respec
tively. Minimum bonding tempera
tures were between 547 and 573 K 
(525° and 5700 F), but the best 
bonds were obtained at 673 K (750° F) . 
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Figure 1. Domains in which 
good bonds could be made with 
Thermocompression Bonding 

Although this method worked 
very well with the silver intercon
nects, it would not produce accep
table interconnects with the Kovar 
material . 
Parallel-Gap Welding 

A commercially available, 
parallel-gap, constant voltage weid
er with molybdenum electrodes was 
used for this part of the investiga
tion . Good bonds were obtained for 
both the Kovar and the silver inter
connect materials over a wide range 
of weld time, pressure, and voltage 
(Figure 2) . The only disadvantage to 
this method was a degradation of 
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Figure 2. Domains in which 
good bonds could be made with 
Parallel-Gap Resistance 
Welding 

electrical output in the maximum 
power region of the cell when exces
sive weld energy was applied to the 
cell N-contact. 
Ultrasonic Welding 

Both a 40-watt and a 75-watt 
commercially available bonder were 
used for ultrasonic welding of the in
terconnect ribbons. The applicable 
combinations of weld time and force 
are shown in Figure 3. Of the three 
methods evaluated, this method was 
least successful . 
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Figure 3. Domains in which 
good bonds could be made with 
Ultrasonic Bonding 
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PROCESS PARALLEL GAP THERMO- ULTRASONIC 
COMPRESSION 

MATERIAL KOVAR SILVER KOVAR SILVER KOVAR SILVER 

THICKNESS 25 25 50 25 25 50 25 25 50 (I'm) 
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Figure 4. Comparison of 45° Peel Strength obtained with three 
bonding methods: Line indicates range; arrow points to average. 

PROCESS PARALLEL GAP PARALLEL GAP THERMOCOMPRESSION 

CONTACT N P N P N P 

BONDING 0.73 V 0.73 V 0.57 V 0.77 V 300° C 300°C 

SCHEDULE 25 ms 25 ms 200 ms 200 ms 5s 5s 
27 N 27 N 13 N 27 N 44N 44 N 
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Figure 5. Bonding Through Silane Layer with two different parallel-gap 
processes and one thermocompression process. U = Untreated Cells, 
C = Treated With Concentrate Silane Solution, and D = Treated With 
Dilute Silane Solution. 
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A comparison of the three 
methods in responding to a " peel " 
test is shown in Figure 4. 

Prior to encapsulating silicon 
solar cells with Teflon FEP, a silan
ing treatment is applied to the sur
face of the cells to promote adhe
sion of the encapsulant . In terms of 
the total module fabrication process, 
the most economical way to bond 
the interconnect is through the thin 
(one or more molecules thick) silane 
layer directly. Figure 5 shows that 
the bond strength of only the 
thermocompression bonding tech
nique was adversely affected by 
bonding through the silane layer. 

This work was done by Hans S. 
Rauschenbach and Hans G . 
Mesch of TRW, Inc., for Lewis 
Research Center. Further infor
mation may be found in IEEE Order 
No. 74CH08011 , " FEP Teflon
Covered Solar Cell Array Advance
ments, " a copy of which may be 
obtained at cost [$25] from the IEEE 
Service Center, Department PB, 445 
Hoes Lane, Piscataway, New Jersey 
08854. 
LEW-12293 
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Epitaxial Growth of Ga1-xAlxAs on GaP 
A technique for the growth of light-emitting diodes on GaP 
substrates is suitable for monolithic device fabrication methods. 

Goddard Space Flight Center, Greenbelt, Maryland 

Recently there has been interest 
in the development of high-efficien
cy infrared light-emitting diodes 
(LED 's) as pumping sources for Nd: 

N-TYPE Ga1-xAlxAs 

YAG lasers. The Gat-xAlxAs mixed 
crystal system is very attractive for 
th is purpose, since it has been 
shown to be superior for fabricating 
improved injection laser devices and 
for making efficient LED's by grow
ing the crystals on GaAs substrates 
with the liquid-phase epitaxial (LPE) 
method. Further improvements in 
efficiency have been obtained re
cently by growing thick layers of 
Gat-xAlxAs on GaAs, removing the 
light-absorbing substrates , and 
forming the LED structures into a 
hemispherical geometry. A new 
technique permits the growth of effi
cient GaAlAs LED structures on 
transparent GaP substrates by the 
LPE method, thus obviating both the 
need for growing thick layers and for 
removing the substrates. 

The Ga1-xAlxAs Mesa Diode on GaP Substrate: Both contacts of the 
graded-I~yer diode are on the same side of the device. Light is emitted 
at 8500 A, and the quantum efficiency is 1 .2 percent up to 500 mA, 
without special heat sinking. 

Two types of LED structures have 
been studied. The first was a GaAlAs 
n-type Te-doped layer which was 
counterdoped with Zn at one stage 
during growth to form the p-n junc
tion . The layers were nearly linearly 
graded in composition along the 
growth direction , with the highest AI 
concentration occurring at the 
GaP-Gat-xAlxAs interface. The 
other type of layer, called the mini
mum-band-gap (MBG) structure , 
was such that the material with the 
smallest optical band gap was the 
material in which radiative recombi
nation occurred. As a consequence 
of this structure , light leaving the 
generation region traveled into ma
terial with a very low absorption 
constant for the energy of the emit
ted light. Thus , with suitable geom
etries such as dome-shaped emit
ters , large external quantum effi
ciencies should be realized . 

The growth experiments were 
performed on (111) , (1n), (031), 
and (100) GaP surfaces. The GaP 
substrates were cut from crystals 
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grown by the liquid encapsulation 
method. The best results were ob
tained with the (111) surfaces. In 
order to achieve smooth epitaxy it 
was necessary to upheat a saturated 
GaAIAs growth melt 50 C in the pres
ence of the GaP substrate before 
initiating expitaxial deposition . This 
resulted in phosphorous contamina
tion in the GaAIAs layer next to the 
substrate , indicating some etch 
back of the GaP substrate . 

It was found that phosphorous 
contamination in the radiative re
combination region of the structure 
is detrimental to high quantum effi
ciencies . The phosphorous contam
ination can be greatly reduced in this 
region of the structu re if, before the 
continuation of growth, the substrate 
and the first-grown layer are moved 
into subsequent Gat-xAlxAs melts 
that are free of phosphorous con
tamination . The growth tempera
tures studied were between 8250 

and 8850 C, and the melt cooling 
rates were between 0.10 and 0 .170 
C/min. The melt compositions were 

based on 5g Ga and Excess GaAs. 
Test diodes have been made us

ing both types of structures . An ex
ample of a graded-layer diode is 
shown in the figure : a schematic 
representation of a diode structure 
which is mesa etched to allow both 
contacts to be on the same side of 
the device. The width of the GaP 
face is about 0.073 cm . This part!c
ular device emitted light at 8500 A 
and operated at a quantum efficien
cyof 1.2 percent up to 500 mA with
out special heat sinking . The resis
tance of the device was about 0.5 Q. 

The same type of layer with the 
GaP substrate formed into roughly 
hemispherical shapes operated at 
an efficiency of 5.5 percent. The 
first results on the MBG-type struc
ture were even more promising . Ef
ficiencies of 3 per$(ent for a peak 
emission of 8000 A have been 
measured for mesa-etched struc
tures , when the measuring cell col
lected only the light that was emitted 
through the GaP face . 

NASA Tech Briefs , Summer 1976 



There are currently several prot>
lems which need to be solved before 
large-scale device fabrication can 
be accomplished. There is evidence 
that a large amount of strain is gen
erated at the GaP-Gal--xAlxAs in
terface because of the difference in 
both the lattice constants and the 
thermal-expansion coefficients. The 
Gal-xAlxAs layers will crack if the 
layers are over 20 ~m thick. Crack
ing will also occur if the Gal-xAlxAs 

layer next to the GaP substrate is not 
graded in phosphorus in a manner 
which decreases from substrate to 
surface of the first layer at about the 
0.1-0.01 weight fraction level. 

In addition to cracking , there is 
evidence of other metallurgical im
perfections in the layers. Currently, 
it is possible to fabricate single test 
units that are free of cracks . It is 
anticipated that growth conditions 
will be found to produce layers 

Method of Removing Drilling Chips 
A special chuck and a fluid line 
are used to flush out chips during drilling. 

Marshall Space Flight Center, Alabama 

WORKPIECE 
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"DRILL BIT WITH 
COOLANT PASSAGE 

which are suitable for monolithic de
vice fabrication methods. 

This work was done by J. M. 
Woodall and G. I. Farmer of IBM 
Corp. for Goddard Space Flight 
Center. For further information, 
see J. M. Woodall, R. M. Potemski, 
and S. E. Blum, Ga1-xAlxAs LED 
Structures Grown on GaP 
Substrates, Appl. Phys. Letters, vol. 
20, no. 10, 15 May 1975. 
GSC-11826 

DRILLING 
DRILL MACHINE 
CHUCK 

AIR LINE -
The Drill Chuck with Axial Coolant forces a mixture of air and coolant through the drill bit to flush out long 
holes as they are drilled. 

E 
It is difficult to remove drilling 

chips during the boring of long, 
large-diameter holes, for example in 
gun barrels . A new technique sim
plifies this operation . A special 
chuck (see figure) has been de
signed to receive a mixture of water 
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and pressurized air during operation 
and to direct this mixture into a 
coolant passage within the drill bit. 
In operation, the water and air flush 
the hole being bored in the work
piece , thereby removing the chips . 

This work was done by Francis E. 
Ransom of Rockwell International 
Corp. for the Marsha" Space 
Flight Center. For further informa
tion Circle 90 on the TSP Request 
Card. 
MFS-19235 
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Polishing Gold and Gold-Alloy Crystals 
Surface damage is reduced when polishing 
cross-section samples of single crystals . 

Marshall Space Flight Center, Alabama 

In order to evaluate imperfections 
in gold-copper alloy single crystals, 
it is necessary to have a cross-sec
tional slice with a polished undam
aged surface. Conventional means 
of polishing the surface after cutting 
cause even further damage, making 
evaluation impossible . Conventional 
cutting , grinding with 14-micron grit , 
and 0.05-micron grit polishing cause 
surface damage that extends much 
further into the crystal than is pre
dicted by analytical means. When a 
grit-polished surface is etched to a 
depth below this surface damage, 
the etchant further damages the 
surface beyond evaluation. Chemi
cal bath polishing produces results 
similar to those of conventional grit 
polishing. 

A new polishing technique cir
cumvents these problems . A single 
crystal of gold-copper is cut slowly 
on a chemical string saw or a wire 
saw to keep deep surface damage to 
a minimum. The surface is then 
rough polished with 14-micron grit , 
keeping the pressure on the crystal 

as light as possible . After the saw 
marks have been completely 
polished away, the polishing grit is 
changed to 0.05 micron, and the 
polishing pressure is maintained at a 
minimum level. The surface is pol
ished until it has a smooth or almost 
smooth appearance. If the slice is 
polished too long, then gaulding will 
occur which produces deep 
scratches. When a smooth appear
ance is attained, the surface is then 
chemically polished by hand in a 
dust-free room. 

A Corfam , or equivalent , polishing 
pad is cleaned , washed thoroughly, 
and rinsed with distilled water. A 
gold etchant , a mixture of 10 per
cent KCN and 10 percent 
(NH.) 28208 , is used as the chemi
cal pol ishing agent. This solution is 
poured onto the Corfam pad until a 
small pool is formed. Using surgical 
rubber gloves, the crystal is hand 
polished with a light , brisk, circular, 
or figure eight motion. Most impor
tantly, the solution must be changed 
whenever a small amount of drag is 
noticed on the crystal. 

Soldering High-Impedance Nichrome Wire 
A nickel wire segment allows Nichrome wire 
to be soldered without changing its electrical characteristics. 

Marshall Space Flight Center, Alabama 

A Nichrome wire can neither be 
brazed nor soldered by ordinary 
means without changing its electri
cal properties . In a new technique, a 
nickel wire segment is attached to 
the Nichrome wire . The nickel may 
then be silver soldered , for example , 
to a coaxial cable connector . 

The cable is first prepared for as
sembly. The Nichrome wire (see 
figure) is trimmed to 0.09 in . (0 .23 
cm). A nickel wire 0.051 in. (0 .13 
cm) in diameter is bonded to the 
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ASolderTermination for 
Nichrome wire consists of a 
short section of nickel wire . 

If the pol ishing motion is halted 
during chemical solution change , 
then the surface must be rinsed off 
with distilled water immediately after 
motion stops. A continual flow of 
fresh chemical over the pad is ideal , 
and the flow rate should be such that 
a minimum of drag on the crystal is 
experienced at all times . (During the 
experimental development period, 
the surface was examined after 
every 15 to 20 minutes of polishing.) 
After a total of 12 to 14 hours of 
hand polishing , the damaged sur
face begins to be chemically eroded 
through , and the undamaged crystal 
begins to appear. Beyond this point 
the crystal surface can be etched by 
standard methods, and crystal de
fects which are not caused by the 
cutting and polishing can be 
observed. 

This work was done by J. P. Doty 
of Eagle-Picher Industries, Inc. for 
Marshall Space Flight Center. 
For further information, Circle 91 on 
the TSP Request Card. 
MFS-22800 

conductor, as shown , by percussive 
arc welding . The exposed conductor 
is trimmed to 0.22 in . (0 .56 cm) , 
and the assembly is then completed 
as required . 

This work was done by M. Spruill 
and P. R. Callen of Rockwell Inter
national Corp. for Marshall Space 
Flight Center. For further informa
tion, Circle 92 on the TSP Request 
Card. 
MFS-1457 
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Diffusion Brazing Nickel-Plated Stainless Steel 
Nickel-plated stainless steel can be brazed to 
aluminum at one-tenth the conventional pressure. 

Lyndon B. Johnson Space Center, Houston, Texas 

Conventional diffusion bonding of 
stainless steel to aluminum is ac
complished by first placing chrome
over-nickel plating on the stainless 
steel. The aluminum and stainless 
steel parts are then subjected to a 
platen pressure of 2000 psi (1.4 x 
106 N/m2) at 850" F (4550 C) for 4 
hours. Such high pressure for such a 
long period of time may cause the 
aluminum to deform. 

TOP 
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BOTTOM 
GLIDE ............ ......, 

SHEET ""'" 

,/ 
~~-

A modified process has been de
veloped which requires only 10 min
utes and a pressure of 200 psi (1.4 x 
106 N/rn2 ). The lower pressure re
duces the chance of aluminum de
formation , and the reduced time re
quirement promises to make this 
process more economical than the 
conventional method. The process 
has been used to bond a stainless 
steel part to an aluminum cold plate 
as shown in the illustration . 

~" .. 

The Diffusion Bonding Process as developed for a stainless steel 1 
aluminum heat exchanger requires only 10 minutes at 200 psi to 
reduce the deformation of the aluminum parts. The stainless steell 
aluminum sandwich is placed between a bottom and top glide sheet 
that is placed in a stainless steel retort where the assembly is bonded 
at 580 ° C. 
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To bond the parts , a sandwich as
sembly is made up of the aluminum 
core , an aluminum face sheet with a 
brazing-alloy interface, and the 
stainless steel part which has been 
nickel plated . The core and the face 
sheet are cleaned chemically prior 
to assembly. The stainless steel part 
is chemically cleaned and plated 
with 100 !-lin . (2 .5 !-1m) of nickel. 

The sandwich assembly is placed 
between two stainless steel glide 
sheets which in turn are placed in 
a stainless steel retort. The retort 
is sealed , evacuated , and placed in 
a heated platen press. The assembly 
is bonded at approximately 10750 F 
(580" C) and 200 psi for 10 minutes. 
The nickel-plated stainless steel 
bonds to the aluminum core, and the 
aluminum face sheet is brazed over 
the enti re assembly. 

This work was done by C. S. 
Beuyukian and M J. Mitchell of 
Rockwell International Corp. for 
Johnson Space Center. For 
further information, Circle 93 on the 
TSP Request Card. 
MSC-19322 

i~ 
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Ultra-lightweight Pressure Vessels 
A tank fabricated from two composite overwrapped metal 
sphere halves is 66 percent lighter than a similar all-metal vessel. 

Lyndon B. Johnson Space Center, Houston, Texas 

Ultra-lightweight pressure vessels 
formed from a metal liner and a 
composite overwrap have, to date, 
been utilized in applications where 
weight-saving materials are of prime 

The Pressure Vessel has a 
spherical diameter of 12.5 in. 
(31 .8 cm). A vessel 25 in. (63.5 
cm) in diameter also is fabricat
ed by using ultra-lightweight al
loy metals with a composite 
overwrap. 

importance. A metal tank liner hav
ing a spherical diameter of 12.5 in. 
(31 .8 cm) with a composite [Kel-
var / epoxy (or equivalent) resin] 
overwrap, for instance , weighs only 
66 percent of a simi lar Inconel ves
sel. However, composite tanks fab
ricated from two metal spheres 
which are pressure welded and then 
wrapped with a plastic composite 
offer advantages other than light 
weight. The failure characteristics of 
the tanks differ from the all-metal 
versions: The new tanks offer im
proved worker safety since, in the 
event of tank failure , the overwrap 
minimizes shrapnel effects . The 
overwrap also tends to shift the fail
ure mode to that of cyclic leakage. 

The composite wall thickness is 
able to withstand minimum burst 
pressure , without conSidering the 
load-carrying capability of the metal 
liner. The composite is applied in 
multiple planar wrap patterns such 
that the thickness and materials 

Stripper for Sil icone Polymers 
Potassium hydroxide in an ethyl alcohol solution can strip 

orientation is essentially constant in 
all directions . Additional patterns 
are applied adjacent to polar open
ings for local reinforcement of blow
out loads . 

Liner assemblies are fabricated 
with matching hemispheres, 
machined from forgings with integral 
polar bosses and joined at the center 
girth using conventional metal pres
sure vessel technology. The liner 
serves as a winding mandrel and is 
pressurized during assembly when 
added rigidity is required . The com
pleted vessel is finally proof-pres
sured nondestructively. 

This work was done by Wayne W. 
Schmidt and Russell 0. Hawkins of 
Brunswick Corp. for Johnson 
Space Center. No further docu
mentation is available. 
MSC-14983 

away coatings, adhesives, and encapsulants without damaging the substrate. 

Lyndon B. Johnson Space Center, Houston, Texas 

An ethyl alcohol solution of potas
sium hydroxide (KOH) , after aging a 
few weeks , becomes an effective 
stripper for silicone polymers, such 
as coatings , adhesives, encapsu
lants, oils, greases, and potting 
compounds . Strippers of this type 
are usually either acids that often 
corrode carbon steel or abrasives 
that tend to damage the substrate . 
The hydroxide solution removes sili
cone without these damaging char
acteristics . However, precautions 
for handling the hydroxide solution 
must be observed due to its hazard
ous properties. 
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The solution is prepared by dis
solving 100 grams (3 .5 oz) of KOH in 
3 liters (3 .2 qt) of denatured ethyl 
alcohol ; the KOH is added slowly to 
prevent excessive heating . The so
lution is stored in a polyethylene 
container until the solution has ac
qu ired a deep red color . Polymers 
are stripped by immersing the part in 
the KOH solution at room tempera
ture for 30 to 40 minutes and scrub
bing it occasionally with a stiff 
brush . The part is then rinsed under 
running warm water using a stiff 

brush to assist in the removal of 
residue . 

The solution is known to be effec
tive on RTV-560 adhesive within a 
few days after adhesive application . 
It has little effect on RTV-566 adhe
sive and appears to have reduced 
effectiveness on aged RTV-560. 

This work was done by Billy B. 
Williams of Rockwell International 
Corp. for Johnson Space Center. 
No further documentation is avail
able. 
MSC-19380 
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Improved Photochemical Etching of Stainless Steel 
Machining jobs previously requiring electrical-
discharge machining can be done by photochemical etching. 

Lyndon B. Johnson Space Center, Houston, Texas 

An improved photochemical-etch 
machining process combines con
ventional materials and techniques 
in a new way to produce a tougher 
and more-adherent photoresist 
coating on stainless steel. The coat
ing withstands longer exposure to 
acid etch spray without cracking or 
flaking. It permits etching to a depth 
of 0.050 in. (0 .127 cm) where it was 
previously restricted to 0.010 in. 
(0.025 cm). 

The step-by-step procedures as 
developed to machine cold plates 
made from 347 CRES stainless steel 
are as follows : 
Surface Treatment (of the 347 
CRES stainless-steel base material) 

1. Degrease in a vapor degreaser 
(trichloroethylene) . 

2. Vapor-hone the material on both 
sides. 

3. Alkaline-scrub clean, and follow 
with a double water rinse. 

Conversion Coating 
4. Immerse the base material for 

20 minutes in a 20-percent solu
tion of nitric acid and water 
(concentrated nitric acid , 20 
percent by volume) at 1550 F 
(670 C) . 

5. Rinse in running water at room 
temperature. 

6. Remove the water with oil-free 
compressed ai r. 

Photoresist 
7. Immerse the base material in 

Dynchem liquid resist No. DCR 
3118HP (or equivalent) . 

8 . Air-dry in a lighttight cabinet; 
follow with a heat cure at 
180" F (8~ C) for 20 to 30 
minutes. 

9 . While the base material is still 
hot [150" F (650 C) ] apply 
Dynchem dry-film photoresist 
(or equivalent) to both sides , 
using a roller applicator . 

10. Allow the coated material to 
cool to room temperatu re. 

11 . Apply the photo artwork film to 
both sides, and expose it to a 
mercury-vapor light source 
(3 ,500 angst roms) . 

12. Remove the artwork film . 
13. Develop a vapor degreaser (tri

chloroethylene) developer. 
14. Inspect. 
15. Touchupwith Dynchem liquid 

touchup, DCR 5000TU (or 
equivalent). if'required, and 
oven-dry at 130" F (550 C) for 
30 minutes. 

Etching 
16. Etch in a solution of ferric chlo

ride 3~ to 4~ Be in a Chemcut 
No. 547 (or equivalent) spray 
etching machine at 130" F. 

17. Etch both sides up to a depth of 
0.050 in . Check the depth each 
second pass through the 
machine. 

18. Strip. Remove the photoresist 
from the completed part , using 
Dynchem stripper No. 
SMR-5000 (or equivalent) . 

19. Alkaline-clean, and dry with oil
free air. 

20. Inspect and package. 
This work was done by Gene E. 

Lotgering of Rockwell International 
Corp. for Johnson Space Center. 
No further documentation is 
available. 

Inquiries concerning rights to the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Johnson Space Center 
[see page A8]. Refer to MSC-19728. 

------------------------
Electron-Beam Welder Alinement --
Parts can be easily and quickly positioned in an electron-beam 
welding vacuum chamber with the use of an inexpensive thin metal-foil plate. 

Lyndon B. Johnson Space Center, Houston, Texas 

An inexpensive method of quickly 
poSitioning parts in an electron
beam welding chamber can also be 
used in electron-beam machining. It 
consists of placing a piece of thin 
[0.005 in. (0 .012 cm)] stainless
steel foil under the focus-coil hous
ing of the welder , using vacuum 
grease . A pulse of the electron 
beam is used to pierce a pinhole in 
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the foil. The light emitted by the fila
ment when the welder is in the 
filament-only operating condition is 
then used to indicate the position of 
the electron beam on the piece to be 
welded . This method is much faster 
and easier to use than the standard 
crosshair optical or mechanical 
pointer systems, which also require 
frequent cleaning . 

This work was done by Edwin L. 
Whitten of Rockwell International 
Corp. for Johnson Space Center. 
No further documentation is 
available. 
MSC-19642 
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Overhead Tray for Cable Test System 
An overhead slotted tray housing a set 
of adapter cables reduces test cable hookup time. 

Lyndon B. Johnson Space Center, Houston, Texas 

A major element of cost for elec
trical-cable checkout is the time re
quired to run special test cables 
from the console to the cable as
sembly area. A new system reduces 
hookup time and also reduces the 
cost of fabricating and storing the 
test cables . The system consists of 
an overhead slotted tray, a series of 
compatible adapter cables, and an 
automatic cable test set which con
sists of a control console and a 
cable-switching console. The con
nector system can be used in the 

construction and testing of multiple
wire cable runs where considerable 
redundancy of cables is 
experienced. 

The overhead slotted-tray cable 
support provides out-of-the-way 
runs of standardized test cables 
from the test consoles to convenient 
dropthrough points above each har
ness assembly station . Short easily
handled adapter cables permit 
quick-test plug-in. The photograph 
shows one implementation of the 
connector system. Floor-type test 

connector cables are used with 
short special adapters to reduce 
cable cost and to speed up test con
nections. 

The overhead slotted tray is 
equipped with locking wheels that 
save time when moving the check
out station to different locations . 
Cable tiedowns are used to fasten 
down the test cables hanging 
between the slots, and they also 
speed up the rearrangement pro
cess of the standard cables when 
locating the system at other cable 

Overhead Tray for Cable Test System secures the test cables. It may be wheeled from one test site to 
another. Cable tiedowns speed the cable rearranpement process at the sites. 
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fabrication sites. The equipment in 
the overhead tray is made more se
cure by using the tiedowns, and 
cabinets are provided to store the 
short adapters for the various test 
sets. 

This work was done by Kenneth T. 
Saltz of Rockwell International Corp. 
for Johnson Space Center. No 
further documentation is available. 
MSC-19488 

3-D Foam Adhesive Deposition 
A method for bonding 3-D foam is 
applicable to thermal insulation, acoustical barriers, and consumer goods. 

Marshall Space Flight Center, Alabama 

STEP 1. ADHESIVE 
IS APPLIED AT 
52° C (125° F) 

3-D FOAM II~ 

STEP 3. A SHEET 
OF POLYETHYLENE 
IS ROLLED OVER THE 
ADHESIVE SURFACE. 

/1'\ 

POLYETHYLENE 
FILM 

~"~ STEP 4. THE POLY-
- ETHYLENE IS LIFTED, 

REMOVING MOST OF 
THE ADHESIVE . 

AN ADHESIVE GLOB 
REMAINS ON THE 
FRAYED THREAD 
END. 

II, 11'\ 

STEP 5. THE TANK 
WALL IS BONDED TO 
THE FOAM AT THE 
THREAD ENDS. 

ForAdhesive Deposition Technique of a foam core to a tank wc...11 only the protruding ends of the threads are 
covered with adhesive. This reduces weight, but still results in a strong bond. 

A new method for bonding 3-D 
foam reduces the amount and 
weight of the adhesive . The method 
is applicable to 3-D foam and foam
filled honeycomb-sandwich 
constructions . The novel features of 
the process (illustrated in the figure) 
are : 
-A temperature-viscosity control 
that provides fiber-wetting and 
locking actions around thread ends 
and 

- The removal of excess adhesive by 
transfer to cellophane film. 

The reduction in adhesive weight 
that is possible using this method is 
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dependent on the control of adhe
sive temperatures during critical op
erations. Tests have shown the 
method to be reliable in reducing the 
adhesive weight to less than one
half the normal amount , although 
greater reductions are possible . 

The adhesive is applied at an ele
vated temperature in order to satu
rate the supporting threads . The 
system is then chilled , and excess 
adhesive is removed with an inex
pensive cellophane roller . The net 
result is that only the protruding 
ends of the threads are covered with 

adhesive, reducing weight while at 
the same time providing adequate 
bonding properties . Industrial appli
cations include acoustical barriers , 
thermal insulaton in public buildings, 
and the fabrication of decorative 
consumer goods. 

This work was done by Carl R. 
Lemons and Omar K. Salmassyof 
McDonnell Douglas Co. for Mar
shall Space Flight Center. For 
further information, Circle 94 on the 
TSP Request Card. 
MFS-22739 
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Synchronized Backside-Weld Follower 
An infrared sensor for sensing the backside 
hot spot is particularly useful with ferrous materials. 

Marshall Space Flight Center, Alabama 

Previous machine welding tech
niques using penetration control 
based on infrared sensing of the 
backside weld hotspot temperature 
require mechanical linkage between 
the weld power input side and the 
dropthrough side. To circumvent this 
problem, a magnetic tracking sys
tem has proved satisfactory for non
ferrous materials . Materials which 
are ferrous, magnetic, or both, can 
be accommodated by a new infrared 
system. 

For curved-path tracking with re
spect to the power input side, the 
new system employs two sets of in
frared detectors on the dropthrough 
side for sensing. The fi rst set func
tions with a closed-loop motor con
trol system in the azimuthal direction 

(see figure), and the second set with 
its closed-loop motor control system 
positions the elevation. The systems 
locate the spot of highest tempera
ture on the dropthrough side and 
track this moving spot throughout 
the weld length. Because the azi
muth and elevation control systems 
are identical circuits, only the azi
muth control circuit is illustrated . 

The two sensors shown in the fig
ure are incorporated into a bridge 
circuit. The signal is input to these 
sensors by a combination of lenses 
and mirrors. A balance of the bridge 
is achieved when the two sensors 
are positioned on either side of and 
equidistant from the spot of highest 
temperature . The output signal from 
the bridge circuit is passed to a dif
ferential amplifier, which in turn 

+ DC + DC + DC 

SENSOR 
A DIFFERENTIAL 

AMPLIFIER 

- DC 

EMITTER 
FOLLOWER 

WIDEBAND 
OPERATIONAL AZIMUTH 

AMPLIFIER SLEW 

- DC 

POSITION 
INDICATING 

METER 

+ DC 

+ DC 

The Infrared Azimuth Motor Control System has two sensors incorpo
rated into a bridge circuit. The signal is fed into these sensors by a 
combination of mirrors and lenses. 
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feeds the emitter follower stages. 
The emitter follower outputs are in 
turn fed into a wideband operational 
amplifier which, finally, is connected 
to the tracking motor . 

Mechanically linked to the motor 
is a multiturned potentiometer which 
is electrically connected to a meter 
that indicates motor position. A slew 
control for setting the motor initial 
position is also included. The 
sensors in the bridge circuit will pro
duce equal Signals when the unit is 
centered on the spot of highest tem
perature . An unbalanced sensor 
output will result in the closed-loop 
motor system making a correction to 
lock onto and track the desired spot . 

Another infrared sensor (not 
shown) may be added so that the 
programed distance between it and 
the weld hotspot is held constant. 
Together with a closed-loop current 
control system, it insures that the 
welding equipment maintains a con
stant weld penetration. The system 
can also be programed to control the 
offset for delayed opposed arc 
welding. The new system is current
ly more expensive than previous 
systems, which use OSCillating 
scanners, but offers faster response 
and higher reliability . 

This work was done by William F. 
Iceland and William M. Beaupre of 
Rockwell International Corp. for 
Marshall Space Flight Center. 
For further information, Circle 95 on 
the TSP Request Card. 
MFS-24454 
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Ablative-Filled Honeycomb Composites 
Two techniques reduce 
fabrication cost and complexity. 

Langley Research Center, Hampton, Virginia 

Two new techniques have been 
developed to simplify and reduce the 
expense of fabricating ablative
filled honeycomb composite struc
tures . One technique, called net 
surface molding, permits ablative 
insulators with sculptured tapers to 
be produced over a substrate having 
unpredictable irregularities. Thick
ness may easily be controlled with a 
precision of ± 0.010 in . (± 0.025 
cm) . Previous methods, which were 
very costly and not very reproduc
ible, required a final machining of 
the entire outer surface after curing 
the ablative to an oversize thick
ness. This required that the depth of 
the molded mate rial, to the sub
strate, be measured, followed by a 
rough machining and a final hand 
finishing to produce a tapered sur
face of precise thickness . 

The second technique, called 
subsurface molding, results in an 
ablative surface below the honey
comb face . Then the composite is 
machined using the honeycomb face 
as a tooling reference surface. The 
method may also be used to fabri
cate composites having thin strata of 
different densities throughout their 
core thicknesses. This makes it 
possible to tailor the heat-char and 
ablation rates to satisfy varying re
quirements and to produce localized 
islands of high or low density without 
costly premolding or mUltiple-cure 
processing . 
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The steps of the processing se
quences for both techniques are 
similar. 

1. The core is machined in detail 
to final thickness using simple 
plane-surface machining 
methods, and the core thick
ness is verified. The core may 
be tapered as desired at that 
time. 

2. The core details are hot formed 
and are bonded together. Alter
natively, this may be done prior 
to machining. 

3. The substrate and all details are 
cleaned. 

4. The core is bonded to the sub
strate. Simple depth measure
ment techniques may be ap
plied then to verify the core 
thickness. 

5. The core is primed, and a base 
coat is applied. 

6. The preweighed quantities of 
the desired filler are loaded to 
given surface areas using load
ing frames, a slipsheet, and a 
leveler bar. 

At this stage the two techniques dif
fer. If the first process is being used, 
proceed directly to step 10.; if the 
second process or a variable density 
core filler is desired, then: 

7. Uncured silicon gum-rubber 
sheets are positioned over the 
surface to be molded and serve 
to drive the filler into the core, 
producing controlled 
depressions. 

8. The filler is cured under a 
vacuum bag in a convection 
oven. 

This completes the subsurface 
molding process. For a variable 
density filler that completely fills the 
honeycomb core, the steps are : 
9. The gum rubber is then stripped 

away, and step 6. is repeated, 
using a filler of a different den
sity. 

10. The last of the filler is pressed 
into the cells which are then 
covered with a flexible pressure 
membrane. A controlled pres
sure is applied over the mem
brane, assuring uniform cell 
filling and the control of the filler 
densities. 

11. The flexible pressure membrane 
is removed , and the excess 
filler extending beyond the core 
surface is removed using flex
ible strips of metal shim stock 
as scrapers . 

12. Rigid caul sheets are positioned 
over the surface to be molded 
and serve to bridge over the 
core cell width. This prevents 
the core pressure membrane 
from pulling into the cells, thus 
precluding the possibility of an 
uneven filler thickness occur
ring across the open cell faces. 

13. The filler is finally cured under a 
vacuum bag in a convection 
oven . 

The resultant ablative net thickness 
has a molded finish which requires 
no additional machining. 

This work was done by H. L. 
Linebarier of Martin Marietta CorD. 
for Langley Research Center. No 
further documentation is available. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Langley Research Center 
[see page AB]Refer to LAR-111BO. 

-IE 
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Compound Solder Joints 
A technique for joining pipes under sterile 
conditions can be used to join dissimilar-metal tubes. 

Langley Research Center, Hampton, Virginia 

SOLDER SLEEVE 
CORROSION-RESIST ANT 
STAINLESS-STEEL TUBE 
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JOINT CROSS SECTION 

Flow Chart For Compound Solder Joint Technique shows butt ends of tubes to be joined are held in place by a 
pair of concentric sleeves . The outer sleeve is stainless steel and the inner sleeve is Teflon. 
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The techniques for joining pipe or 
tubing under ordinary circumstances 
are well defined. When ultrasterile 
conditions must be preserved, how
ever, special precautions must be 
taken to prevent flux or solder from 
flowing into a tube and contaminat
ing a whole system. Thus, existing 
procedures need modification. 

A new joining technique has been 
developed. The new technique not 
only prevents contamination but also 
may be used to join dissimilar metal 
tubes (thus avoiding couples). It 
minimizes fluid and gas entrapment, 
expedites repairs and can yield 
jOints having leakage rates less than 
10-6 standard cm3 He/min . As 
shown in the figure, the butt ends of 
the tubes to be joined are held in 
place by a pair of concentric 
sleeves. The outer sleeve is stain
less steel, and the inner sleeve is 
Teflon . Thus, the components of the 
joint are a solder sleeve, two solder 

Cleaning Carbon Steel 

rings, a Teflon sleeve, and the tub
ing to be joined. 

The solder sleeve is usually stain
less steel. Its diameter is slightly 
greater than the O. D. of the tubing, 
and its length is determined by the 
position and location of the joint. 
After deburring, the ends of the 
sleeve are flared, inspection holes 
are drilled, and the unit is given a 
gold plate 1 .3 x 10-3 mm (50 x 10-6 

in .) thick. The solder rings are 
shaped to slip over the tubing and 
nestle inside the flared ends of the 
solder sleeve. They may be pure tin 
or any other suitable solder com
pound. The Teflon sleeve is TFE 
shrink tube cut to about half the 
length of the stainless sleeve. 

The ends of the tubes to be joined 
are prepared and also given a gold 
plate 1 .3 x 10-3 mm thick. Then FEP 
Teflon enamel is applied and heat 
cured ; this improves the chances of 
a solid bond with the Teflon sleeve. 

A fast cleaning method for carbon steel 
results in a more protective passive coating . 

John F. Kennedy Space Center, Florida 

Chemical cleaning of carbon steel 
bottles and vessels, using a citric 
acid solution, requires considerable 
time. A new method reduces the 
time required in the citrosolve pro
cess and provides a more protective 
passive coating . 

The new method employs an in
creased concentration of citric acid . 
In the old method a 3-percent acid 
solution was used as higher concen
trations increase the etch rate. Tests 
have revealed , however, that an 
increased etch rate using 8 percent 
citric acid actually reduces the total 
amount of material etched away by 
eliminating the reprocessing that 
was frequently required, using the 
3-percent citric acid concentration, 
in order to meet cleaning specifica
tions. The average time required to 
clean and val idate a carbon steel 
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vessel, using the old method was 
about 20 hours. By using a more 
concentrated acid solution, the time 
required is reduced to approximately 
5 hours. 

The improved citrosolve process 
has two steps: (1) degreasing and 
(2) derusting and cleaning. The de
greasing procedure consists of 
heating the vessel or part for 0.5 to 2 
hours in an aqueous solution of 
sodium hydroxide (10 to 20 percent 
by weight) containing 0.01 percent 
by weight of detergent. Drying is not 
required following this process. For 
derusting, the article is heated for 
approximately 3 hours in an aqueous 
solution of citric acid (8±0.5 percent 
by weight), ammonium hydroxide 
(approximately 3 percent by volume) 
to stabilize the pH at 3.5±0.5 per
cent , small amounts of ammonium 

Before final assembly, all parts are 
cleaned thoroughly. The parts are 
then assembled on the tubing in se
quence: one solder ring, the solder 
sleeve, the Teflon sleeve, and the 
second solder ring. The Teflon 
sleeve is positioned over the butt 
joint and is heat shrunk (leakage 
through the Teflon sleeve may then 
be tested) . Keeping the tubing axial
ly alined, the solder sleeve is moved 
over the butt joint, and the solder 
rings are snubbed into the flared 
ends. A 300-W induction coil is suf
ficient to fuse the solder and com
plete the joint. A mild resin flux may 
be applied to the fillet to help solder 
flow. Finally, the completed joint is 
leak tested according to specifica
tions . 

This work was done by Roy I. 
Batista and Robert B. Simonson of 
TRW, Inc. for Langley Research 
Center. No further documentation 
is available. 
LAR-11444 

bifluoride, and an inhibitor. 
During the heating, citric acid is 

added as required to maintain the 
pH below 4.0. When the ferric ion 
content has stabilized, the solution 
temperature is allowed to fall to 
145±5° F (63±3° C). Citric acid (0.4 
percent by weight) is added, and the 
pH is readjusted to 9.5±0.5 with 
ammonium hydroxide. Sodium 
nitrite (0.5±0.05 percent by weight) 
is added, and the solution is aerated 
with nitrogen. The temperature is 
maintained at 140±5° F (60±3° C) 
for approximately 2 hours until the 
ferric ion content has again 
stabilized. The article is flushed and 
purged with nitrogen until it is dry. 

This work was done by Vadis 
Maynard of The Bendix Corp. for 
Kennedy Space Center. No 
further documentation is available. 
KSC-10689 
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Repair of Fused Silica Platens 
Refill/leveling of platens used in retort 
brazing extends their service life fivefold. 

Lyndon B. Johnson Space Center, Houston, Texas 

Silica platens used in 2,000° F 
(1 ,107° C) retort brazing processes 
normally have very short service 
lives , on the order of 5 to 10 cycles 
before platen replacement is 
requ ired . The platens , a sample of 
which is shown in Figure 1, measure 
34 by 60 in . (86 by 152 cm) and are 
supplied in densities optimized to 
minimize brittleness and thus wear 
longer. As they are used , however, 
the platens tend to develop surface 

cracks and depressions in the 
loading area (Figure 2) , hastening 
their replacement. 

A refill/leveling technique now 
can extend the service life of the 
platen up to 5 times (50 production 
cycles between maintenance 
downtime) . The cost of the 
technique is only $700 per repair as 
compared to the replacement cost 
of the platen which is valued at 
$17,000 . A slurry refill material 

supplied by the platen manufacturer 
is repeatedly applied to the affected 
areas . Several in-place applications 
of the refill material gradually 
increase density in the affected area 
and extend platen lifespan . 

After the refill is applied and 
leveled in the press , it is allowed to 
harden. An abrasive-paper-covered 
tool is drawn over the refilled sur
face to sand it to within ±0.003 in . 
(0 .007 cm) of flat. 

Figure 1 . A Silica Platen used in retort brazing normally has a 5-to-1 0 cycle service life. The repair technique 
extends platen service life fivefold at a cost of $700 per repair. 
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Figure 2. The Silica Platen After Use develops surface cracks and 
depressions in the loading area. The refililleveling repairtechnique 
consists of spreading slurry refill material to the affected areas and 
then sanding until the surfaces are flat. 

Flexible Fitting for Fluid Lines 
A stainless-steel tubular coupling 
permits axial and/or rotational motion. 

Lyndon B. Johnson Space Center, Houston, Texas 

The tube fitting, shown in the il
lustration , provides a flexible joint 
that allows axial and rotational mo
tion. The fitting consists of a mov
able tubular section containing two 

MS24399-27 1-718 IN . OMNISEAl 
CONNECTOR HEX AR101CJ4.1)28EH 

r 
1-718 IN. 

ROLL PIN 

spring-pressure Teflon-actuated 
low-friction seals , two standard 
connectors, and two hexagonal re
taining nuts. The sizes range from 
114 to 2 in . (0.6 to 5 cm), but can be 

8-3/4 IN . MINIMUM -----------1 

1-IN. TUBE 
EXPANSION FiniNG 

SECTION A-A 

The Flexible Tube Fitting includes low-friction seals, two standard 
connectors, a pair of hex retaining nuts, and a tubular stainless-steel 
section. The fitting is leak-free over the temperature range of from 16 to 
505 K. 
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The temperature and pressure 
(200 psi) of the brazing process 
cause the internal cast-in heater 
openings to close off gradually . As a 
final maintenance procedure the 
holes are resized to their original 
diameters. To resize, the heaters 
are removed, and carbide extension 
drills are used to bore the holes. 
After boring , the heaters are 
replaced , and the platen is returned 
to service. 

This work was done by Robert M. 
Heisman and Charles S. Beuyukian 
of Rockwell International Corp. for 
Johnson Space Center. No 
further documentation is available. 
MSC-19713 

manufactured in larger dimensions. 
All parts , except the seals, are of 
stainless steel . 

The fitting is pressure-balanced, 
bidirectional, and has straight
through flow for easy cleaning . It is 
compatible with most liquids and 
gases, and ideal for high pressures 
requiring a low-pressure drop and 
zero leakage. The fitting is opera- _ 
tional from 16 to 505 K (-430 to 450" E 
F). -

Manufacturers of tube fittings, 
especially where contraction and 
expansion points are needed , could 
use this innovation in place of bel
lows fittings . 

This work was done by S. L. 
Barajas of Rockwell International 
Corp. for Johnson Space Center. 
No further documentation is avail
able. 
MSC-177BO 
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Borosilicate Glass-to-Kovar Tube Bonding 
When compared to prior materials used to fabricate leaks, glass/Kovar 
leaks used in mass spectrometry minimize gas sample distortion. 

Goddard Space Flight Center, Greenbelt, Maryland 

A 2-micron-diameter inlet leak is 
fabricated from a tube of borosili
cate glass. The glass tube is fired 
and drawn down to the inner 
diameter of a Kovar metal tube , 
which is prepared to receive the 
glass by rounding the Kovar edges 
and then oxidizing them. The glass is 
inserted and then bonded to the 
oxide film ; it is heated and drawn 
again until the interior diameter 
reaches the desired leak size. When 
fabricated in this fashion , the inlet 
leak is suitable for operation in high
temperature [4750 C (8870 F)], high
pressure [1 ,500 psi (1 03 .5x1 05 

N / m2 ) ] mass-spectrometry appli
cations. 

LEAK HOLE (2 I'm) 

7056 GLASS 

1/8-IN . 0 .0 . KOVAR TUBING 

The Borosilicate Glass Leak is 
drawn under a microscope; 
Corning-ty pe 7056 boros i I icate 
glass is reduced to 2 microme
ters diameter. Prior to drawing , 
the glass is bonded to Kovar 
tubing, first oxidized to imple
ment a glass-ta-metal seal. 
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The technique and the materials 
used to form the borosilicate glass 
leak eliminate some of the draw
backs of previous leaks fabricated 
from sintered ceramic. To be useful 
in mass-spectrometry applications , 
the leak must minimize gas sample 
distortion that occurs between the 
sample and the leak, must be easily 
joined to the spectrometer inlet 
system, and must withstand unusual 
gas pressures or temperatures . The 
large internal surface area of the 
sintered leak, under certain condi
tions , modifies the gas constituents 
under analysis by adsorbing some of 
the gas on the walls of the porous 
material . The adsorbed gas can later 
be released from the ceramic walls 
and cause sample distortions. The 
minute openings of the ceramic are 
also susceptible to blockage; 
instrument calibration thus is not 
long-term stable . 

The leak is fabricated by wet
hydrogen firing a length of tubing , 
0.125 in . (0 .32 cm) 0 .0 ., 9000 to 
1,0000 C (1 ,6520 to 1 ,8320 F) fo r 30 
minutes. This oxidizes the tubing 
and prepares it for glassing . The end 
of the tubing used for glassing is 

rounded and polished with 600-grit 
sandpaper to reduce strain in the 
sealing area. A length of the tubing 
is again fired and drawn down to 
0.094 in . (0 .24 cm) 0 .0. and then is 
fire cut. 

The lesser diameter tubing is 
sealed inside the Kovar tubing by 
using a torch having a flame 
temperature of about 1 ,1150 C 
(1 ,2590 F) . After the seal is made, 
the borosilicate glass is slowly 
heated with a hand torch . The inside 
diameter of the glass is reduced 
while viewed under a microscope to 
the correct diameter. After testing , 
the excess glass is cut off to expose 
the leak hole . 

This work was done by Robert F. 
Harris of Goddard Space Flight 
Center. For further information, 
including bonding-process data and 
the test configuration, Circle 97 on 
the TSP Request Card. 

This invention is owned by NASA, 
and a patent application has been 
filed. Inquiries concerning non
exclusive or exclusive license for its 
commercial development should be 
addressed to the Patent Counsel, 
Goddard Space Flight Center [see 
page A8] . Refer to GSC-12077. 
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Technique for Joining Metal Tubing 
A shaped insert is used to achieve uniform wall 
thickness and improved heat transfer across the joint. 

Ames Research Center, Moffett Field, California 

Uniform wall thickness and unin
terrupted heat transfer in metal 
tubing joints can be achieved by 
using a shaped insert as wall 
material for the joint. The insert acts 
as a support during brazing , after 
which excess material is ground 
away to bring the joint to the original 
tubing size . The short , hollow insert 
is formed from the same material as 
the tubing to be jOined . Its bore size 
is the same as the internal diameter 
of the tubing. 

The outer surfaces of the insert 
are shaped to fit between flared 
ends of the tubing lengths to be 
joined, as shown in the diagram. The 
angles of the flares and the surfaces 
of the insert must be accurate to 
within a few degrees. A compatible 
braze material , without flux , is laid in 
the gap as indicated in the upper 
part of the diagram. Then the 
junction is slipped into a short length 
of glass tubing that is large enough 

BRAZE MATERIAL 

~ 
-t~--S;=--3-

\: 
INSERT 

In the Joining Technique for 
metal tubing , a machined insert 
has outer surfaces matching the 
angle of the flared tube ends. 
The upper half of the drawing 
shows the joint before brazing, 
and the lower half, after brazing 
and filing. 

to permit packing glass wool around 
the metal tube so as to form sealed 
sleeves . 

A seal is made by induction 
brazing in an argon atmosphere . The 
tube assembly is purged externally 

Braze/Rebraze Process for CRES Steel 
Repair costs are significantly reduced because joints 
brazed with a gold/copper /nickel alloy can be reworked. 

Lyndon B. Johnson Space Center, Houston, Texas 

Tubing made hom 21-6-9 CRES 
steel (a high-manganese stainless 
steel) is finding wide application due 
to its high strength that allows thin 
lightweight tubes to replace those 
made of heavier steels . Using an in
duction brazing process , joints in 
this tubing can be reworked up to 
seven times , thus Significantly re
ducing the cost of fabrication , re
pair , and part replacement . 

An 8.5-Au/16.5-Cu/2 .0-Ni braze 
alloy is used . This alloy has better 
wettability than the industry standard 
of 82 Au/18 Ni, and it may be cycled 
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to the braze temperature as many as 
seven times . It was previously 
thought that copper was unaccept
able in the braze alloy for 21-6-9 
CRES because of intergranular at
tack. Although the success of this 
Au / CulNi braze cannot be attribut
ed to any single step, the overall 
process produces a braze of excel
lent quality . Tests show that even af
ter seven heat cycles the alloy intru
sion is less than 0.003 in. (0.075 
mm), a negligible amount on tubes 
0.016 in . (0.4 mm) thick . 

with argon, while the inside of the 
tube is evacuated with a vacuum 
pump. When the dewpoint is less 
than -730 C (about 30 minutes) , the 
seal is consummated . 

The joint is barely visible when its 
periphery has been filed down to the 
external diameter of the tubing . 
Lengths up to 60 meters have been 
made from several lengths of 
1.6-mm, 316 stainless-steel tubing 
(nickel-gold braze). When wound on 
a 2.5-cm mandrel and pressurized 
at 69x1 06 N/m2 (10,000 psi) , no 
joints ruptured . Measurements after 
the pressure test indicated leakage 
rates of less than 5x1O-10 scc/s 
heliumatO.69x106 N/m2 (100psi) . 

This work was done by Harvey W. 
Wright of TR W, Inc ., for Ames 
Research Center. For further 
information, Circle 98 on the TSP 
Request Card. 
ARC-10946 

ill 
This work was done by Clinton E. 

Silverman of Rockwell International 
Corp. for Johnson Space Center. 
For further information, including 
detailed brazing procedures, Circle 
99 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to the Patent 
Counsel, Johnson Space Center 
[see page A8] . Refer to MSC-19600. 

289 



Age-Forming Aluminum Panels 
Contoured-stiffened 2124 aluminum alloy panels are 
machined in-the-flat using combination check and forming fixtures . 

Lyndon B. Johnson Space Center, Houston, Texas 

SLIDING 
OVERBOWING 

CONTOUR 
FORMER 

//~ 

NET CONTOUR 
FORMER 

Figure 1 . Aging Fixture, showing net contour and overbowing contour, has an eggcrate-like structure for use 
in forming and checking the integrally-stiffened panels. The fixture includes net contour formers made from 
lofted contour templates . 

AGING 
FIXTURE 

Figure 2. To Compensate for Springback Effect, sliding formers are 
bolted through s lotted holes to net contour formers. Pressure bars , 
made to match the overbowed contour, are used to convert from a 
check fixture to an age-forming fixture. 
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An improved technique has been 
developed for forming contoured
stiffened aluminum panels . The 
panels , 63 by 337 in . (1 .6 by 8.6 m), 
are machined in-the-flat to make in
tegral , tapered T-capped stringers, 
parallel with the longitudinal center
line . The stringers vary in height 
from about 2.0 to 2.5 in . (5 .1 to 6.5 
cm) . The selected material is 2124 
aluminum alloy. The finished panels 
are in a twisted compound-curve 
configuration . This configuration in
troduces difficulty in forming due to 
the inherent stiffness of this type of 
panel , in either the T351 condition or 
in the finish (T851 ) temper . 

Most of the common forming 
techniques , including stretch, ex
plosive, shot peen , and creep form
ing , were investigated for use in this 
application , and were rejected as in
adequate , insufficiently developed , 
or too expensive . The method se
lected, age forming , is analogous to 
creep forming . 
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Combination check (contour) and 
forming fixtures (Figure 1) have 
been built for use in forming and 
checking the integrally stiffened 
panels. These age forming fixtures 
are made as an eggcrate-like struc
ture and include net contour (struc
tural inner mold line) formers made 
from lofted contour templates 
which, after assembly into the egg
crate structure, become a check 
form for inspection of the inner mold 
line of a panel. They also support it 
while the structural outer mold lines 
are checked with the lofted contour 
templates . During panel forming, it 
is necessary to compensate for the 
springback effect. To accomplish 
this, the fixture includes sliding, 
mated formers which are bolted, 
through slotted holes, to the net 
contour formers . These mated 

Books and Reports 
These reports , studies, and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited ; otherwise they are available 
from one of NASA's Industrial 
Application Centers or the National 
Technical Information Service. 

Fracture Mechanics for 
Weld Acceptance 

A new set of weld acceptance 
criteria reduces the number of 
weld repairs required . 

A set of acceptance criteria for 
welds for the Space Shuttle external 
tank (2219 Aluminum) has been 
developed by the application of 
fracture mechanics technology. 
These criteria are generally 
applicable to the fabrication of 
welded pressure vessels and other 
similar structures . Although con
servative, they are less stringent 
than previous weld speCifications 
and result in a significantly smaller 
number of weld repairs. 

The criteria include speCifications 
for allowable cracklike defect 
lengths, undercut , underfill , 
suckback , mismatch, and peaking in 
butt welds ; and for root penetration , 
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formers can be raised (from the net 
contour) and secured in the raised 
position for use as an overbowing 
device to convert the check fixture 
to an age-forming fixture. Pressure 
bars, made to match the overbowed 
contour, are used on the panel sur
face to clamp the panel over the 
overbowing formers (Figure 2) . 

The panel is fully clamped into the 
age-forming fixture which then is 
placed in an electric heat treatment 
furnace where the panel is aged at 
3750 F (464 K) for 12 hours to make 
the T851 temper. Upon cooling, the 
panel is unclamped and removed 
from the fixture. The overbow form
ers are then lowered out of the net 
contour, exposing fixed net contour 
(inner mold line) formers. The 
age-formed panel is then relocated 
on the fixture , and the fit to the inner 

weld bead dimensions, lap joint 
dimensions, and acceptable defect 
sizes and densities for double and 
single fillet welds . Also included are 
specifications for welding operations 
and quality assurance testing , 
including tensile tests , bend tests , 
metallographic sections , and visual, 
radiographic , and penetrant 
inspections . 

This work was done by C. A. 
Bolstad and L. W. Loechel of Martin 
Marietta Corp. for Marshall Space 
Flight Center. To obtain a copy of 
the criteria, Circle 101 on the TSP 
Request Card. 
MFS-23360 

Machining Titanium Alloys 

A study suggests ways of 
reducing chatte, increasing 
productivity, and reducing 
tool wear. 

A recent report on the machining 
of titanium and titanium alloys will be 
of interest to organizations setting 
up titanium machining programs. 
The low thermal conductivity of tita
nium, the low contact area between 
tool and chips , and the high chip 
velocity cause high tOOl-tip tempera-

mold line (the stiffeners) is checked . 
The contour templates for the skin 

surface then are positioned across 
the panel surface, and the outer 
mold line is checked at each butt 
line. In addition, station line con
tours are checked, with templates, 
along each edge and midway 
between the stations. If the panel 
deviates slightly from the correct 
contour, hand pressure at the butt 
lines and/or the station lines may be 
enough to correct it. If hand pres
sure cannot correct the contour, the 
overbow formers are adjusted for 
refinement on the next panel. 

This work was done by G. I. Bax
ter of General Dynamics Corp. for 
Johnson Space Cente r. For fur
ther information, Circle 100 on the 
TSP Request Card. 
MSC-12648 

tures and accelerated tool wear. To 
avoid these problems, machining 
speeds are usually reduced con
siderably , resulting in productivity 
loss. To restore productivity, the 
feed and the depth of cut can be in
creased ; however, this leads to 
another problem: tool instability or 
chatter . 

The report describes a thorough 
investigation of titanium-machining 
problems. Static and dynamic cut
ting tests are described. Static 
cutting tests indicate that both tool-
nose forces and components of the _ 
cutting force that deflect the cutting & 
tool can cause poor machining toler- -
ances . It is shown that the cutting-
force components can be reduced 
by a proper tool-rake angle and that 
tool-nose forces can be reduced by 
lapping the tool after grinding it. 

The dynamic tests show that the 
dynamic cutting force in the thrust 
direction is a stabilizing force . The 
workpiece material affects only the 
magnitude of the stabilizing force . 
Simple tool-grinding procedures 
can , therefore, increase productivity 
by reducing chatter problems. 

Tool materials and finishes are 
also discussed. Tool-finish tests 
show that an improved finish 
reduces tolerances and increases 

(continued next page) 
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tool life. Optimum machining condi
tions are reported for both lapped 
and as-ground tools . The effects of a 
proper coolant are also found to be 
important. The most effective 
cooling is achieved with a spray-mist 
coolant at 100 psi (6.9><105 N/m2) . 
Tool life is then three times greater 
than when no coolant is used . 

This work was done by Ian A. 
Sutherland of Marsha II Space 
Flight Center. To obtain a copy of 
the report, Circle 102 on the TSP 
Request Card. 
MFS-23006 

Annealing Strained Alloy 718 

Tensile tests and metal
lographic examinations of 
grain size. 

Zone cracking (microfissuring), 
produced by weld heating, has re
cently been encountered in several 
parts fabricated from Alloy 718. The 
components had been hydrosized 
and annealed prior to welding, and 
the hydrosizing may have imparted a 
critical amount of strain to the mate
rial, which in turn could cause 
severe grain coarsening during the 
annealing. It has been shown that 
grain coarsening in Alloy 718 can 
result in a greatly reduced resist
ance to weld-heat-produced zone 
fissuring, especially when the final 
grain size is ASTM #2 or coarser. A 
report is now available detailing the 
influence of annealing time-temper
ature parameters on the grain size of 
critically strained Alloy 718. Tensile 
tests and the metallographic exami
nation of bend test specimens pro
vide the necessary data. 

The Alloy 718 stock tested was 
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0.133 in. (0.338 cm) thick and was 
in the cold-rolled condition. A total 
of 26 bend-test specimens, each 
measuring 0.25 by 0.133 by 2.00 in . 
(0.64 by 0.338 by 5.08 cm), and 12 
tensile strips, each measuring 9 by 
0.50 in. (22.86 by 1.27 cm), were 
cut from the plate transverse to the 
rolling direction. All pieces were 
solution annealed at 19000 F (1310 
K) for one-half hour to duplicate the 
standard as-received material con
dition . The bend specimens, ex
cepting a single control piece, were 
bent through an angle of greater 
than 1350 around a mandrel 0.125 
in. (0.318cm) in diameter. 

An examination of the grain size 
data for the critically strained areas 
of the bend test specimens shows 
that annealing temperatures of 
17000 F (1200 K) and 17500 F (1227 
K) with times up to 2 hours do not 
cause any measurable amount of 
grain coarsening . At 18000 F (1255 
K) for 10 minutes, the first evidence 
of grain coarsening is observed, and 
grain size increases significantly 
with increasing time. This is the 
initial sign of the grain coarsening 
which could degrade Alloy 718 weld
microfissure resistance and is the 
result of the presence of critical 
strain prior to grain size formation . 
As higher temperatures and longer 
times are employed, the grain size in 
the area of critical strain continues 
to coarsen. Temperatures above 
19000 F (1310 K) for 10 minutes or 
any time at 19500 F (1339 K) result 
in severe grain coarsening, with 
areas of grain size ASTM #2 or #1. 
Alloy 718 with such areas has been 
shown to have a reduced weld-
fissu re resistance . 

The tensile testing of the rectan
gular 9-in. by 0.50-in. (22.86-cm by 
1.27-cm) strips was employed to 

determine if detrimental effects on 
the yield strength and ductility of 
Alloy 718 would result from a lower 
temperature annealing than is nor
mally used. An appreciable increase 
in the yield strength of Alloy 718 and 
a decrease in its tensile ductility, 
due to such annealing, might pre
clude the use of such a process 
where good material formability is 
necessary. The data, however, 
reveal that even a low-temperature, 
19000 F (1227 K) anneal restores 
virtually full ductility and removes 
the cold work from Alloy 718. The 
low-temperature anneal can there
fore be used without any loss in alloy 
formability. After welding, a 19000 F 
(1310 K), or higher, solution treat
ment followed by a 14000 F 112000 F 
(1035 K/920 K) aging should be 
used to obtain full material prop
erties. 

In conclusion , any Alloy 718 com
ponent which is thought to have a 
critical amount of strain (between 0 
and 15 percent) in an area to be 
welded should not be annealed at a 
temperature above 18000 F (1255 
K), and prefe rably not above 17670 

F (1230 K) if times exceeding one
half hour at temperature are ex
pected. The use of a solution
annealing temperature of from 1255 
K to 1230 K, in place of the standard 
1310 K anneal for Alloy 718 com
ponents, should not impair ductility 
and formability to an extent where 
production problems could arise . 

This work was done by Thomas J. 
Morrison of Rockwell International 
Corp. for Marshall Space Flight 
Center. To obtain a copy of the 
report, Circle 103 on the TSP 
Request Card. 
MFS-19242 
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Relative Humidity from Psychrometric Data 
An analytical expression for relative 
humidity includes the effects of pressure. 

Dryden Flight Research Center, Edwards, California 

The determination of relative hu
midity from measurements of wet 
and dry bulb temperature has long 
been a tedious table look-up task. In 
addition to depending on wet and dry 
bulb temperatures, the relative hu
midity depends on the ambient at
mospheric pressure. Tables of rela
tive humidity as a function of dry 
bulb temperature, wet bulb temper
ature, and atmospheric pressure are 

. not widely available. 
An analytical equation for com

puting relative humidity as a function 
of wet bulb temperature, dry bulb 
temperature, and atmospheric 
pressure has been developed which 
is suitable for use with a calculator 
or computer . The precise definition 
of relative humidity was taken from 
the Smithsonian Meterological 
Tables as shown in Equation 1. 

Using analytical expressions for e 
and es, Equation 1 can be expressed 
as a function of the psychrometric 
variables and atmospheric pressure. 
The result is shown in Equation 2, 
which is valid for wet bulb tempera
tures 3~ F and greater and for dry 
bulb temperatures less than 12CJ" F. 

Where e is the Vapor Pressure of Water Vapor in Moist Air, and 
es is the Saturation Vapor Pressure 

Equation 1: The precise definition of relative humidity 

RH = 100 

Where A and Bare: 

A = -2937.4 -4.928310910 [ 95 (T d+459.4~ +22.5518 

~ (T d+459.4) J 
9 

B = -2937.4 -4.928310910 [ 59 (T w+459.4)] +22.5518 
~(Tw+459.4) 

9 

and , 

T w = Wet Bulb Temperature in Degrees Fahrenheit 
T d = Dry Bulb Temperature in Degrees Fahrenheit 
P = Atmospheric Pressure in Inches of Mercury 

In addition to this expression, ad
ditional equations relating relative 
humidity, absolute humidity, dew 
point , dry and wet bulb tempera
tures , and atmospheric pressure in 
U.S. and metric units are being de
veloped . These analytical 
expressions may also be useful for 
chemical process control systems 
and building environmental control 
systems. 

equation 2: An analytical expression for RH as a function of pressure.tj 

This work was done by Terrill W. 
Putnam of Dryden Flight 
Research Center. For further 
information, Circle 104 on the TSP 
Request Card. 
FRC-10108 
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Bit-Error Rates in Optical Communications 
Optimal threshold detection reduces 
bit errors caused by atmospheric scintillation 

Marshall Space Flight Center, Alabama 

A statistical model for optical 
communications over atmospheric 
channels has been derived . The 
effects of atmospheric scintillation 
are considered more closely than in 
previous models. As a result a more 
reliable output is obtained. The 
model, which consists of an on/off 
binary system, assumes a Poisson 
detection process and log-normal 
atmospheric scintillation. Based 
upon the detection process and 
atmospheric ionization, a piecewise
linear model for an adaptive thresh
old system is developed. The 
optimum receiver threshold for 
binary on/off keying is predicted 
through semiempirical methods. 

In a pulse-code-modulated (PCM) 
optical communications channel, 
atmospheric scintillation not only 
increases the bit-error probability 

Books and Reports 
These reports , studies, and hand
books are available from NASA as 
Technical Support Packages (TSP's) 
when a Request Card number is 
cited, otherwise they are available 
from one of NASA's Industrial 
Application Centers or the National 
Technical Information Service. 

Lea rning/Cos t-I mprove ment 
Curves 

A clear view of, and reference 
tool for, an important aspect of 
cost estimation. 

A review, "Guidelines for Appli
cation of Learning I Cost
Improvement Curves," has been 
published as an aid to the manager 
or engineer who must determine 
production costs for components , 
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but also influences the decision level 
for optimum threshold detection. 
The latter effect is of considerable 
practical importance to the design of 
efficient PCM optical communica
tions systems whether fixed or 
adaptive threshold detection is used. 
Prior studies of bit-error rates in an 
optical communications channel 
assumed Gaussian or Poisson de
tection statistics, approximations 
which are valid only for large and 
small numbers of signal photons, 
respectively. 

In an on/off binary optical com
munications channel, a laser may 
transmit either a "1 ", which 
corresponds to a transmitted pulse, 
or a "0" (no pulse) . A threshold 
detection system in the receiver 
interprets the received signal as 
either a "1" or a "0", depending on 
whether the total number of received 

systems, or services . The approach 
combines two factors : increased 
skill achieved through the repetition 
of assembly or clerical operations 
(learning curve) and improvements 
in methods, design, tooling, and 
processes (cost-improvement 
curve). 

A learning/improvement curve is 
generally drawn with time or number 
of units on the horizontal axis 
(abscissa). The ordinate units are 
cost per unit in man-hours or dollars 
for the Crawford system and the 
cumulative average cost per unit in 
the Wright system. Both systems are 
discussed in the "Guidelines," 
although a survey is reported 
showing that 93 percent of manufac
turers currently use the Crawford, or 
unit cost , system. 

Methods are described by which 
manufacturers may use historical 
data , task characteristics, and 

photoelectrons is greater or less 
than some threshold level T. In the 
new model the optimum detection 
threshold is developed as a function 
of the number of received photons 
and the strength of scintillation. 

The bit-error probability has been 
evaluated by numerical integration 
on a UNIVAC 1108 computer . An 
iterative procedure was used to 
minimize the error probability and to 
determine the optimum threshold in 
the presence of scintillation. In 
addition, simultaneously, the effect 
of suboptimum threshold levels on 
the error rates was studied. 

This work was done by W. E. 
Webb of the University of Alabama 
for Marshall Space Flight Center. 
For further information, Circle 105 
on the TSP Request card. 
MFS-23340 

current cost data to estimate unit 
prices as a function of the number of 
units to be produced. Curve slopes 
are cited for various industries and 
task types. Several sample problems 
are included, such as how to 
determine the cost of a given 
number of items when the slope of 
the improvement curve is unknown. 

The volume contains tables and 
formulas that make it a handy 
reference for cost estimation. Cost 
projections for complex tasks are 
discussed and explained , and 
present practices and future trends 
in cost estimation are also 
discussed. 

This report was prepared by Leon 
M. Oelionback of Marshall Space 
Flight Center. To learn how to 
obtain a copy of the Guidelines, 
Circle 106 on the TSP Request Card. 
MFS-23429 
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Computer Programs 
These programs may be obtained at 
very reasonable cost from COSMIC, 
a facility sponsored by NASA to 
make new programs available to the 
public. For information on program 
price, size , and availability, circle 
the reference letter on the COSMIC 
Request Card in this issue. 

Multivariate Normal 
Integration 

A Monte Carlo evaluation of 
integrals over rectangular 
and elliptical regions 

A Monte Carlo program evaluates 
mUltivariate normal integrals over 
rectangular regions for dimensions 
less than six and over elliptical re
gions in the bivariate case . Integra
tion over rectangular areas is per
formed by generating the product of 
independent uniform distributions 
and a random vector. The program 
gives the positive definite symmetric 
variance/ covariance matrix factor
ization, and it calculates the recip
rocal of a lower triangular matrix and 
the product of the diagonal elements 
of the triangular matrix. This pro
cedure converges slowly in most 
cases, and an effort was made to 
increase the precision and speed of 
convergence . This was done byex
panding an exponential expression 
into a Taylor's series . 

Integration over elliptical regions , 
a requirement common in meteoro
logical problems, is similar to the 
case for rectangular areas. Just as in 
the rectangular-area case, a series 
of random vectors are generated in 
the region being integrated. The 
procedure is to assume the ellipse is 
in standard poSition, to obtain a ran
dom point in the ellipse , and to 
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rotate and/or translate it to the pre
scribed area. The random point is 
obtained by generating to uniform 
numbers . Once translated or rotated 
to the prescribed area, the method 
of rectangular areas applies . 

The program inputs permit con
siderable flexibility in the elliptical 
parameters required . Specifically, 
there are two options: 
1. Inputs include x ,y axis lengths , 

rotation angle, and center after 
rotation ; or 

2. Inputs are five points on the locus 
of an ellipse (the program de
termines the ellipse and puts it in 
standard form) . 

FORTRAN 
UNIVAC, EXEC VIII 

This program was written by Lee 
W. Falls of Marshall Space Flight 
Center and M. C. Carter of 
Appalachian State University. For 
further information, Circle H on the 
COSMIC Request Card. 
MFS-22867 

DOReA II 

Dynamic Operations 
Requirements and Cost 
Analysis Program 

DORCA II was written to handle 
the logistics of acquisition and trans
port of personnel , equipment, and 
services . It determines costs, trans
port schedules, acquisition sched
ules, and fuel requirements of cargo 
transport . 

Functionally the DO RCA II pro
gram has four main features: 
1. Cargo loading encompasses 

procedures and computations 
associated with the assignment 
of cargolvehicle combinations. 
Cargo item numbers, weights , 
and lengths are accumulated as 

the loading operation progresses 
and are compared to vehicle 
capabilities and other loading 
restrictions to assure that vehi
cles are not overloaded and ap
plicable restrictions are not 
violated. 

2. Propellant computation 
permits the summing of fuel re
quirements. This summing can 
be done in one of two ways at the 
option of the user. With the first 
method, fully loaded tanks are 
assumed; in the second method 
the fuel required is computed 
based on the load weight being 
transported . 

3. Vehicle traffic/fleet computa
tion is used to assign to individu
al vehicles all runs generated by 
the cargo-loading process. With
in this feature all of the book
keeping is performed related to 
transport time and history of in
dividual vehicles . The number of 
transports of a given vehicle in a 
given year and the total number 
of vehicles required in that year 
are determined. In addition, vehi
cles are retired at their assigned 
ends-of-life, and new vehicles 
are acquired as dictated by 
yearly requirements . 

4. Cost computation - Once 
vehicle loading and scheduling 
have been accomplished and 
traffic rates and fleet acquisition 
have been determined, the costs 
are determined. The cost report 
contains cost subtotals for : (a) 
vehicle costs, (b) payload costs, 
and (c) operations costs. 

FORTRAN 
CDC 6O(X)IUNIVAC 1100 Series 

This program was written by The 
Aerospace Corp. for NASA 
Headquarters. For further infor
mation, Circle J on the COSMIC 
Request Card. 
HQN-10834 
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ABORT APPARATUS 
Fail-safe hydraulic shaker protection 
~em N~~~~ 

ABRASION RESISTANCE 
Abrasion-resistant coatings for plastic 
surfaces 
page 210 ARC-l0915 

ABSORPTIVITY 
Thermal network modeling handbook 
page 245 MSC-14964 

ACCELERATED LIFE TESTS 
Chemllumlnescent prediction of service life 
page 199 MSC-1 6010 

Fall-safe hydraulic shaker protection 
page 231 N PO-13726 

Testing flat-conductor cable 
page 164 MFS-23174 

ACCIDENT PREVENTION 
Compressed-air cylinder pallet 
page 211 MSC-19217 

ACOUSTIC DUCTS 
Attenuation of sound In ducts with acoustic 
treatment 
page 239 LEW-12686 

Impedance of curved ducts 
page 245 

ADHESIVES 
Graphite-reinforced bone cement 

LEW-12636 

page 221 N PO-13764 

3-D foam adhesive deposition 
page 281 MFS-22739 

AEROSOLS 
Airport laser-doppler 
page 183 M FS-23423 

AGING (MATERIALS) 
Age-forming aluminum panels 
page 290 MSC-12648 

AIR CONDITIONING 
Solar heating and cooling performance 
page 245 MFS-23432 

AIR INTAKES 
Conical diffuser for fuel cells 
page 264 MSC-14026 

AIR SAMPLING 
Separation of water from air samples 
page 213 ARC-l0890 

AIRCRAFT EQUIPMENT 
Multiplanar binocular visual display system 
page 176 ARC-l0808 

AIRCRAFT WAKES 
Airport laser-doppler 
page 183 M FS-23423 

ALIGNMENT 
Mechanical positioner 
page 254 MSC-15817 

ALLOYS 
Annealing strained alloy 718:a report 
page 292 MFS-19242 

Large-diameter fasteners of CRES alloy 
page 259 MSC-19313 

ALUMINUM ALLOYS 
Age-forming aluminum panels 
page 290 MSC-12648 

ANALOG CIRCUITS 
Modular design of high frequency analog 
Circuits 
page 153 M FS-23408 

ANGULAR RESOLUTION 
Radial level 
page 255 LAR-11982 

ANNEALING 
Annealing strained alloy 718: a report 
page 292 MFS-19242 

ARC WELDING 
Soldering high-impedance nichrome wire 
page 276 MFS-1457 

Synchron ized backside-weld followers 
page 282 M FS-24454 
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ARRAYS 
Combined GaAs laser outputs 
page 183 MFS-23397 

ATMOSPHERIC MOISTURE 
Relative humidity from pyschometric data 
page 295 FRC-l0l08 

ATMOSPHERIC SCATTERING 
Airport laser-doppler 
page 183 MFS-23423 

Bit-error rates in optical communications 
page 296 MFS-23340 

Simplified deflection-coil linearity testing 
page 189 MFS-23400 

AUSTENITIC STAINLESS STEELS 
Braze l reb raze process for CRES steel 
page <189 MSC-19600 

AUTOMATIC CONTROL VALVES 
Constant-rate fluid-delivery system 
page 227 MSC-14905 

AUTOMATIC TEST EQUIPMENT 
Overhead tray for cable test system 
page 280 MSC-19488 

BATTERY CHARGERS 
Compact recondltloner for NIICd cells 
page 155 M FS-23270 

BEAM SPLITTERS 
Beam splitterlcomblner 
page 186 GSC-12083 

BELLOWS 
Constant-rate fluid-delivery system 
page 227 MSC-14905 

BIOINSTRUMENTATION 
Aseptic fluid-transfer system 
page 220 N PO-137 43 

Occlusive-cuff controller 
page 217 MSC-14836 

BIREFRINGENCE 
Two-wavelength dye laser 
page 180 LAR-12012 

BIT SYNCHRONIZATION 
Long binary frame sync words 
page 172 NPO-13727 

BIVARIATE ANALYSIS 
Multivariate normal Integration 
page 297 M FS-22867 

BLOOD 
A septic fluid-transfer system 
page 220 NPO-13743 

BLOOD CIRCULATION 
Occlusive-cuff controller 
page 217 MSC-14836 

BODY FLUIDS 
AseptiC fluid-transfer system 
page 220 NPO-13743 

BODY MEASUREMENT (BIOLOGY) 
Occlusive-cuff controller 
page 217 MSC-14836 

BOLTS 
Large-diameter fasteners of CRES alloy 
page 259 MSC-19313 

ROUS bolt-tensioning monitor 
page 229 LAR-12016 

BONDING 
Solar cell electrical connections 
page 272 LEW-12293 

3-D foam adhesive deposition 
page 281 M FS-22739 
Translstor-to-substrate bond quality 
page 151 M FS-21931 

BONES 
Graphite-reinforced bone cement 
page 221 NPO-13764 

BOROSILICATE GLASS 
Borosilicate glass-to-kovar tube bonding 
page 288 GSC-12077 

BOUNDARY LAYER FLOW 
Hot-wire probe 
page 236 ARC-l0900 

BOUNDARY VALUE PROBLEMS 
COMOC 
page 248 LAR-11480 

BOW SHOCK WAVES 
Shock Interference patterns and heating 
page 247 LAR-11497 

BRAZING 
Braze l rebraze process for CRES steel 
page 289 MSC-19600 

Diffusion brazing nickel-plated stainless 
steel 
page 277 MSC-19322 

Repair of fused silica platens 
page 286 MSC-19713 

Technique for Joining metal tubing 
page 289 ARC-l0946 

Tool removes brazed fittings 
page 253 LAR-l 0944 

BREADBOARD MODELS 
Modular design of high frequency analog 
circuits 
page 153 MFS-23408 

BREATHING APPARATUS 
Firefighter's breathing system 
page 218 MSC-14733 

BRIDGMAN METHOD 
Growing crystals from eutectic melts 
page 210M FS-22926 

BRIGHTNESS DISCRIMINATION 
Analog-to-blnary conversion of video data 
page 173 GSC-11918 

BUFFER STORAGE 
Fraction-storage unit for drug-identification 
system 
page 208 NPO-13111 

BUILDING STRUCTURES 
NECAP 
page 247 LAR-11888 

BUNDLES 
Electrical-cable design guide 
page 166 MFS-24280 

BUNKERS (FUEL) 
Cryogenic storage tank thermal analysis 
page 244 MSC-19103 

BUS CONDUCTORS 
Connector contact-ring bus 
page159 MSC-19480 

BUTT JOINTS 
Compound solder Joints 
page 284 LAR-11444 

CABLES (ROPES) 
Cable-load equalization system 
page 243 MSC-17494 

CAMERAS 
Opt ical devices 
page 195 HQN-l0891 

Optics and lasers 
page 195 HQN-l0893 

CARBON FIBER REINFORCED PLASTICS 
Graphite-reinforced bone cement 
page 221 N PO-13764 

CARBON STEELS 
Cleaning carbon steel 
page 285 KSC-l0689 

CEMENTS 
Graphite-reinforced bone cement 
page 221 NPO-13764 

CERAMICS 
Improved high-temperature heater with 
stabilized-zirconia elements 
page 234 MFS-23351 

CHEMICAL ANALYSIS 
Automated solvent concentrator 
page 206 NPO-13068 

Borosilicate glass-to-kovar tube bonding 
page 288 GSC-12077 

Chemllumlnescent prediction of service life 
page 199 MSC-16010 
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Fraction-storage unit for drug-Identification 
system 
page 208 NPO-13111 

Precolumn for extract concentration 
page 207 N PO-13083 

CHEMICAL ATTACK 
Vapor corrosion Inhibitors 
page 213 M FS-19232 

CHEMICAL CLEANING 
Cleaning carbon steel 
page 285 KSC-l0689 

CHEMICAL MACHINING 
Improved photochemical etching of 
stainless steel 
page 279 MSC-19728 

CHEMILUMINESCENCE 
Chemiluminescent prediction of service life 
page 199 MSC-16010 

CHLOROPRENE RESINS 
Nomograph for castor-cushion design 
page 242 MSC-17094 

CIRCUIT PROTECTION 
Compact recondltioner for Ni/Cd cells 
page 155 M FS-23270 

CLAMPING CIRCUITS 
CMOS-compatible tristate cable driver 
page162 MFS-23410 

CLIMATOLOGY 
Relative humidity from psychrometric data 
page 295 FRC-l0l08 

COATINGS 
Coating for solar panels 
page 205 MFS-23420 

Low-reflectivity spectrally selective coating 
page 193 GSC-12114 

COAXIAL CABLES 
Waveguide-to-coax transition/low pass 
filter 
page 160 NPO-13642 

CODING 
Long binary frame sync words 
page 172 NPO-13727 

COLD SURFACES 
Improved photochemical etching of 
stainless steel 
page 279 MSC-19728 

COLD TRAPS 
Separation of water from air samples 
page 213 ARC-l 0890 

COLD WORKING 
AGE-forming aluminum panels 
page 290 MSC-12648 

COLUMNS (PROCESS ENGINEERING) 
Separation of water from air samples 
page 213 ARC-l 0890 

COMMUNICATION CABLES 
CMOS-compatible tristate cable driver 
page162 MFS-23410 

Electrical-cable design guide 
page 166 

COMMUNICATION THEORY 
Long binary frame sync words 

MFS-24280 

page 172 NPO-13727 

COMPARATORS 
Analog-to-binary conversion of video data 
page 173 GSC-11918 

COMPENSATORY TRACKING 
Horizontally-mounted solar collector 
page 265 MFS-23349 

COMPOSITE MATERIALS 
Ablative-filled honeycomb composites 
page 283 LAR-11180 

Graphite-reinforced bone cement 
page 221 NPO-13764 

Ultra-lightweight pressure vessels 
page 278 MSC-14983 

COMPRESSED AIR 
Compressed-air cylinder pallet 
page 211 M SC-19217 
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Firefighter'S breathing system 
page 218 MSC-14733 

CONCENTRATORS 
Automated solvent concentrator 
page 206 NPO-13068 

Fraction-storage unit for drug-identification 
system 
page 208 NPO-13111 

Precolumn for extract concentration 
page 207 NPO-13083 

CONDUCTIVE HEAT TRANSFER 
"Thermal-diode" heat pipe 
page 237 ARC-l 0997 

Thermal network modeling handbook 
page 245 MSC-14964 

CONICAL FLOW 
Conical diffuser for fuel cells 
page 264 MSC-14026 

CONNECTORS 
Connector contact-ring bus 
page 159 MSC-19480 

CONiAINERS 
Ultra-lightweight pressure vessels 
page 278 MSC-14983 

CONTINUOUS WAVE LASERS 
Low-threshold lig ht-e m Itting-dlode-Iase r 
page 185 LAR-11477 

CONTINUUM MECHANICS 
COMOC 
page 248 LAR-11480 

CONTROLLERS 
Power-control switch 
page 161 M FS-23395 

CONVECTIVE FlOW 
Heat pipe technology 
page 244 HaN-l090l 

Thermal network modeling handbook 
page 245 MSC-14964 

COORDINATION 
Manual dexterity evaluator 
page 21.9 

CORE STORAGE 
Digital video image system 
page 174 

CORROSION PREVENTION 
Cleaning carbon steel 
page 285 

Vapor corrosion inhibitors 
page 213 

COST ANALYSIS 
DORCA II 
page 297 

LAR-12022 

MFS-23322 

KSC-l0689 

MFS-19232 

HaN-l0834 

Learning / cost-improvement curves 
page 296 M FS-23429 

NECAP 
page 247 LAR-11888 

COUPLINGS 
Flexible fitting for fluid lines 
page 287 MSC-17780 

COVARIANCE 
Multivariate normal Integration 
page 297 M FS-22867 

CRACKING (FRACTURING) 
CraCk-growth analysis 
page 249 M FS-23320 

Repair of fused silica platens 
page 286 MSC-19713 

CRANES 
Cabie-Ioad equalization system 
page 243 MSC-17494 

CRYOGENIC FLUID STORAGE 
Cryogenic storage tank thermal analysis 
page 244 MSC-19l03 

Vapor/liquid interface sensor 
page 233 MSC-12474 

CRYOTRAPPING 
Separation of water from air samples 
page 213 ARC-l 0890 

CRYSTAL DEFECTS 
Polishing gold and gold-alloy crystals 
page 276 MFS-22800 

CRYSTAL GROWTH 
Epitaxial growth of Gal_xAlxAs on GaP 
page 274 GSC-11826 

Growing crystals from eutectic melts 
page 210 MFS-22926 

RF shaping of silicon ribbon 
page 269 M FS-23424 

CRYSTAL SURFACES 
Polishing gold and gold-alloy crystals 
page 276 M FS-22800 

CURIE TEMPERATURE 
Analog data recording on MnBI film 
page 184 NPO-13302 

CURRENT AMPLIFIERS 
Power-control switch 
page 161 MFS-23395 

CURRENT REGULATORS 
Power-control switch 
page 161 MFS-23395 

CURVED PANELS 
Age-forming aluminum panels 
page 290 MSC-12648 

CUSHIONS 
Nomograph for castor-cushion design 
page 242 MSC-17094 

CUTTERS 
Rotary broaches 
page 257 MFS-23374 

CYLINDRICAL TANKS 
Compressed-air cylinder pallet 
page 211 MSC-19217 

DATA CONVERTERS 
Analog-to-binary conversion of video data 
page 173 GSC-11918 

DATA CORRELATION 
Long binary frame sync words 
page 172 N PO-13727 

DATA FlEADOUT SYSTEMS 
Interactive Imaging and data proceSSing 
page 175 NPO-13655 

DATA RECORDING 
Analog data recording on MnBi film 
page 184 NPO-13302 

DATA STORAGE 
Photorefractive page composer 
page 181 M FS-23419 

DATA TRANSMISSION 
Long binary frame sync words 
page 172 NPO-13727 

DECISION THEORY 
Demodulator aids synchronization 
page 172 NPO-13605 

DEFORMATION 
Diffusion brazing nickel-plated stainless 
steel 
page 277 MSC-19322 

DEGRADATION 
Chemiluminescent prediction of service life 
page 199 MSC-16010 

Thermolum inescence system for forensic 
analysis 
page 200 N PO-11607 

DEHUMIDIFICATION 
Separation of water from air samples 
page 213 ARC-l 0890 

DEMODULATORS 
Demodulator aids synchronization 
page 172 N PO-13605 

DEPOSITION 
3-D foam adhesive deposition 
page 281 MFS-22739 

DETERIORATION 
Pump failure monitor 
page 232 MFS-23366 
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DIAGNOSIS 
Occlusive-cuff controller 
page 217 

Physician 's modern " black bag" 

MSC-14836 

page 222 MSC-14936 

DIFFRACTION 
Field d istribut ion of a th in lens 
page 188 LAR-11392 

DIFFUSERS 
Conical diffuser for fuel cells 
page 264 M SC-1 4026 

DIFFUSION Welding 
Diffusion brazing nickel-plated stainless 
steel 
page 277 MSC-19322 

DIGITAL INTEGRATORS 
Simplified deflection-coil linearity testing 
page 189 M FS-23400 

DIMENSIONAL MEASUREMENT 
Electrical-condu it sizing gage 
page 163 MSC-19491 

DISCRIMINATORS 
Analog-to-binary conversion of video data 
page 173 GSC-11918 

DISPLAY DEVICES 
Digital video image system 
page 174 MFS-23322 

Interactive imag ing and data processing 
page 175 N PO-13655 

Multiplanar binocular visual d isplay system 
page 176 ARC-10808 

DOLLIES 
Mechanical posit ioner 
page 254 MSC-15817 

DOMAIN WALL 
Analog data recording on MnBI film 
page 184 NPO-13302 

DOORS 
Load-regulating latch 
~geW MS~%~ 

DOPPLER RADAR 
Airport laser-doppler 
page 183 M FS-23423 

Wind veloc ity measurement 
page 182 

DRILLING 
Hand and power tools 
page 266 

MFS-23362 

HaN-10892 

Method of remov ing drilling chips 
page 275 MFS-19235 

Rotary broaches 
page 257 

DRUGS 
Automated solvent concentrator 

MFS-23374 

page 206 NPO-13068 

Fraction-storage unit for drug-identification 
system 
page 208 N PO-13111 

Precolumn for extract concentrat ion 
page 207 N PO-13083 

DUCTILITY 
Annealing strained alloy 718: A report 
page 292 M FS-19242 

DUCTS 
Attenuat ion of sound In ducts with acoustic 
treatment 
page 239 LEW-12686 

Double-focus ing mass spectrometer 
page 192 N PO-13663 

Impedance of curved ducts 
page 245 

DYE LASERS 
Two-wavelength dye laser 
page 180 

EARTH RESOURCES 

LEW-12636 

LAR-12012 

Remote sensing of natural resources 
page 246 HaN-10899 
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EFFICIENCY 
Learning/cost-improvement curves 
page 296 MFS-23429 

ELASTIC PROPERTIES 
Analysis of bonded joints 
~geM3 LA~1m 

ELECTRIC BATTERIES 
Compact recond ltioner for Ni/Cd cells 
page 155 M FS-23270 

ELECTRIC CHOPPERS 
DC-to-DC conversion with voltage 
multipliers 
page 152 LEW-12297 

ELECTRIC CONDUCTORS 
Connector contact-ring bus 
page 159 MSC-19480 

Electrical-cable design guide 
page 166 M FS-24280 

Electrical-conduit sizing gage 
page 163 MSC-19491 

High-temperature flat-conductor cable 
page 157 MFS-23451 

Overhead tray for cable test system 
page 280 MSC-19488 

Surface-mounted flat-conductor cable 
page 164 M FS-231 35 

Temperature rise of installed FCC 
page 164 M FS-23127 

Testing flat-conductor cable 
page 164 M FS-2317 4 

ELECTRIC CONTACTS 
Solar cell electrical connections 
page 272 LEW-12293 

ELECTRIC POWER TRANSMISSION 
Free-space microwave-power transmission 
page 171 M FS-23443 

ELECTRIC WELDING 
Synchronized backside-weld followers 
page 282 MFS-24454 

ELECTROACOUSTIC TRANSDUCERS 
ROUS bolt-tensioning monitor 
page 229 LAR-12016 

ROUS system 
page 228 LAR-12015 

ELECTROCHEMICAL CELLS 
Compact recond itioner for Ni /Cd cells 
page 155 MFS-23270 

ELECTROCHEMICAL MACHINING 
Improved photochemical etching of 
stainless steel 
page 279 MSC-19728 

ELECTROL YSIS 
Hydrogen energy 
page196 HaN-10898 

ELECTROMAGNETIC ABSORPTION 
Free-space microwave-power transmission 
page 171 MFS-23443 

ELECTROMAGNETIC FIELDS 
Double-focusing mass spectrometer 
page 192 N PO-13663 

ELECTRON BEAM WELDING 
Electron-beam welder alinement 
page 279 MSC-19642 

ELECTRONIC PACKAGING 
Gu idelines for multiple LSI packaging 
page 166 MFS-23367 

Modular design of high frequency analog 
circuits 
page 153 M FS-23408 

ELECTRO-OPTICS 
Two-wavelength dye laser 
page 180 LAR-12012 

ELEVATORS (LIFTS) 
Cable-load equalization system 
page 243 MSC-17494 

ELLIPTIC DIFFERENTIAL EQUATIONS 
COMOC 
page 248 LAR-11480 

ENCAPSULATING 
Removal of encapsulat ing materials 
page 157 GSC-11696 

ENERGY ABSORPTION FILMS 
Coating for solar panels 
page 205 MFS-23420 

ENERGY CONSUMPTION 
NECAP 
page 247 LAR-11888 

ENGINES 
Proposed low-temperature solar engine 
page 263 MFS-23403 

ENVIRONMENTAL ENGINEERING 
Solar heating and cool ing performance 
page 245 MFS-23432 

EPHEMERIS TIME 
SANDTRACKS 
page 196 GSC-12099 

EPITAXY 
Epitaxial growth of Ga1_xAlxAs on GaP 
~ge2~ GS~1~6 

EPOXY RESINS 
Solventless intumescent coatings 
page 203 ARC-10996 

ETCHING 
Improved photochemical etch ing of 
stainless steel 
page 279 MSC-19728 

EXHAUST SYSTEMS 
Conical diffuser for fuel cells 
page 264 MSC-14026 

EXPLOSIVE WELDING 
Simplified explosive-weld evaluation 
page 241 MSC-14654 

Soldering high-impedance nichrome w ire 
page 276 MFS-1457 

EUTECTIC ALLOYS 
Growing crystals from eutectic melts 
page 210 MFS-22926 

FAIL-SAFE SYSTEMS 
Fail-safe hydraulic shaker protection 
page 231 N PO-13726 

FAILURE ANALYSIS 
Pump failure monitor 
page 232 MFS-23366 

FAILURE MODES 
Ultra-lightweight pressure vessels 
page 278 MSC-14983 

FASTENERS 
Large-diameter fasteners of CRES alloy 
page 259 MSC-19313 

FATIGUE LIFE 
Analysis of bonded joints 
page 243 

Crack-growth analys is 
page 249 

LAR-11871 

MFS-23320 

Fat igue life of spur and helical gear sets 
page 238 LEW-12596 

Fracture mechanics for weld acceptance 
page 291 M FS-23360 

FERROMAGNETISM 
Analog data record ing on MnBI film 
page 184 NPO-13302 

FIELD EFFECT TRANSISTORS 
IGFET/SOI fabrication method 
page 270 M FS-23312 

FILMS 
Analog data recording on MnBi film 
page 184 N PO-13302 

FIRE FIGHTING 
Automat ic f i re / weather data station 
page 169 ARC-10993 
FIRST AID 
PhYSician 's modern "black bag" 
page 222 MSC-14936 

FITTINGS 
Flexible f itt ing for fluid li nes 
page 287 MSC-17780 
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Tool removes brazed fittings 
page 253 LAR-l0944 

FLAT CONDUCTORS 
Flat-conductor cable baseboard 
page 165 MFS-23141 

High-temperature flat-conductor cable 
page 157 MFS-23451 

Installation of surface-mounted 
flat-conductor cable 
page 166 M FS-23266 

Manufacture of flat-conductor cable 
page 165 M FS-23121 

Surface-mounted flat-conductor cable 
page 164 M FS-23135 

Temperature rise of installed FCC 
page 164 M FS-23127 
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FLUID DYNAMICS 
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Age-forming aluminum panels 
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FOSSIL FUELS 
Hydrogen energy 
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Chemlluminescent prediction of service life 
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FREIGHT COSTS 
DORCA II 
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FUEL CELLS 
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Transistor-to-substrate bond quality 
page 151 MFS-21931 

HEAT TRANSFER 
Heat pipe technology 
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HOLOGRAPHY 
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Optical devices · 
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Optics and lasers 
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Ablative-filled honeycomb composites 
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Fail-safe hydraulic shaker protection 
page 231 NPO-13726 

Fluid handling equipment 
page 244 HaN-l0890 

Split-ring seal 
page 256 MSC-14304 

HYDROGEN-BASED ENERGY 
Hydrogen energy 
page196 HaN-l0898 

HYDROMECHANICS 
Fluid handling equipment 
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HYPERSONIC BOUNDARY LAYER 
Hot-wire probe 
page 236 ARC-10900 

HYPERSONIC FLOW 
Shock interference patterns and heating 
page 247 LAR-11497 

IMAGE ENHANCEMENT 
Contrast enhancement of transparencies 
page 190 GSC-11989 

Interactive Imaging and data processing 
page 175 NPO-13655 

IMPEDANCE MATCHING 
Pulse transformer for GaAs laser 
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INDICATING INSTRUMENTS 
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INDUCTORS 
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INFRARED DETECTORS 
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INFRARED SCANNERS 
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Annealing strained alloy 718 : A report 
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INSPECTION 
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Installation of surface-mounted 
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INSULATION 
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Double-focusing mass spectrometer 
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ION IMPLANTATION 
IGFET/SOI fabrication method 
page 270 M FS-23312 
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ION PUMPS 
Double-focusing mass spectrometer 
page 192 N PO-13663 

IONIZATION 
Pyroionic infrared detector 
page 212 LAR-11921 

ISOTHERMAL PROCESSES 
Improved high-temperature heater with 
stabilized-zirconia elements 
page 234 MFS-23351 

JACKETS 
Electrical-cable design guide 
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JOINTS (JUNCTIONS) 
Analysis of bonded joints 
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Solar cell electrical connections 
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LANDING SYSTEMS 
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LASERS 
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Bit-error rates In optical communications 
page 296 M FS-23340 

Combined GaAs laser outputs 
page 183 M FS-23397 

Contrast enhancement of transparencies 
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LEARNING CURVES 
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LENSES 
Field distribution of a thin lens 
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LIFE SPAN 
Birth/death process model 
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LIGHT BEAMS 
Beam splitter/ combiner 
page 186 GSC-12083 

LIGHT EMITTING DIODES 
Epitaxial growth of GA1_xAlxAs on GaP 
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Low-threshold light-em itting-diode-Iaser 
page 185 LAR-11477 

LIGHTING EQUIPMENT 
Fluorescent-lamp power supply 
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LINEAR CIRCUITS 
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Constant-rate fluid-delivery system 
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LOAD DISTRIBUTION 
Load-regulating latch 
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LOADING MOMENTS 
Cable-load equalization system 
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Vehicle load-equall~ation system 
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LOGISTICS MANAGEMENT 
DORCA II 
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LOW DENSITY MATERIALS 
Thermal/acoustical insulation foam 
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LOW TEMPERATURE TESTS 
Low-temperature thermoluminescence 
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LUMINAIRES 
Fluorescent-lamp power supply 
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High-temperature heating array 
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MACHINE TOOLS 
Hand and power tools 
page 266 HQN-10892 

Rotary broaches 
page 257 MFS-23374 

MACHINING 
Improved photochemical etching of 
stainless steel 
page 279 MSC-19728 

Machining titanium alloys 
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MACH-ZENDER INTERFEROMETERS 
Double-exposure holographic interferometer 
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MAGNETIC COILS 
RF shaping of silicon ribbon 
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MAGNETIC DOMAINS 
Analog data recording on MnBi film 
page 184 N PO-13302 

NASA Tech Briefs , Summer 1976 



MAGNETIC FORMING 
RF shaping of silicon ribbon 
page 269 

MAGNETIC POLES 

MFS-23424 

Double-focusing mass spectrometer 
page 192 N PO-13663 

MAGNETIC RECORDING 
Analog data recording on MnBi film 
page 184 NPO-13302 

MAN MACHINE SYSTEMS 
Computer-automated ultrasonic inspection 
system 
page 230 MFS-23338 

Interactive imaging and data processing 
page 175 N PO-13655 

Overhead tray for cable test system 
page 280 MSC-19488 

MANIFOLDS 
Conical diffuser for fuel cells 
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MAPPING 
SANDTRACKS 
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MARINE RESOURCES 
Remote sensing of natural resources 
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MARKOV PROCESSES 
Birth/death process model 
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MASKS 
Firefighter's breathing system 
page 218 MSC-14733 

MASS SPECTROMETERS 
Borosilicate glass-te-Kovar tube bonding 
page 288 GSC-12077 

Double-focusing mass spectrometer 
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MATERIALS TESTS 
Computer-automated ultrasonic inspection 
system 
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MEASURING INSTRUMENTS 
Hot-wire probe 
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Radial level 
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MECHANICAL MEASUREMENT 
ROUS bolt-tensioning monitor 
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ROUS system 
page 228 LAR-12015 
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METAL BONDING 
Analysis of bonded joints 
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METAL CUTTING 
Rotary broaches 
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METAL WORKING 
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Crack-growth analysis 
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Diffusion brazing nickel-plated stainless 
steel 
page 277 MSC-19322 

Electron-beam welder alinement 
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Hand and power tools 
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METEOROLOGICAL PARAMETERS 
Relative humidity from psychrometric data 
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MICROMODULES 
Guidelines for multiple LSI packaging 
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Free-space microwave-power transmission 
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MILLING (MACHINING) 
Hand and power tools 
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Low-reflectivity spectrally selective coating 
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MODULATION 
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MULTILAYER INSULATION 
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NAVIER-STOKES EQUATION 
COMOC 
page 248 LAR-11480 

NAVIGATION INSTRUMENTS 
Pulse transformer for GaAs laser 
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NEUROPHYSIOLOGY 
Manual dexterity evaluator 
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NICHROME (TRADEMARK) 
Soldering high-impedance Nichrome wire 
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page 155 M FS-23270 

NICKEL PLATE 
Diffusion brazing nickel-plated stainless 
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NOISE REDUCTION 
Thermal/acoustical insulation foam 
page 204 MSC-14795 
NOMOGRAPHS 
Nomograph for castor-cushion design 
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NONDESTRUCTIVE TESTS 
Computer-automated ultrasonic inspection 
system 
page 230 MFS-23338 

NORMAL DENSITY FUNCTIONS 
Bit-error rates in optical communications 
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NUCLEAR RADIATION 
Solid-state particle detectors 
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OPTICALCOMMUN~ATlON 
Bit-error rates in optical communications 
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Simplified deflection-coil linearity testing 
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OPTICAL CORRECTION PROCEDURE 
Optical alinement system . 
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OPTICAL DATA PROCESSING 
Photorefractive page composer 
page 181 M FS-23419 

OPTICAL EQUIPMENT 
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Optical alinement system 
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Optical devices 
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OPTICAL FILTERS 
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page 183 M FS-23397 
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page 180 LAR-12012 

Wind velocity measurement 
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ORBIT CALCULATION 
SANDTRACKS 
page 196 GSC-12099 

ORGANIC SILICON COMPOUNDS 
Abrasion-resistant coatings for plastic 
surfaces 
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ORTHOPEDICS 
Graphite-reinforced bone cement 
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OSCILLATORS 
Electronic circuits 
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Chemiluminescent prediction of service life 
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OXYGEN MASKS 
Firefighter's breathing system 
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PACKINGS (SEALS) 
Split-ring seal 
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PANELS 
Age-forming aluminum panels 
page 290 MSC-12648 

PARABOLIC REFLECTORS 
Horizontally-mounted solar collector 
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PARTICLES 
Solid-state particle detectors 
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PEELING 
Stripper for silicone polymers 
page 278 M SC-19380 
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PHASE COHERENCE 
Combined GaAs laser outputs 
page 183 MFS-23397 
PHASE ERROR 
Unbalanced quadriphase demodulator 
page 170 MSC-14840 

PHASE SHIFT KEYING 
Demodulator aids synchronization 
page 172 NPO-13605 

Long binary frame sync words 
page 172 N PO-13727 

PHOTOGRAPHIC PROCESSING 
Contrast enhancement of transparencies 
page 190 GSC-11989 

PHOTOGRAPHY 
Optics and lasers 
page 195 HaN-10893 

PHOTOMETERS 
Chemiluminescent prediction of service life 
page 199 MSC-16010 

PHOTOMICROGRAPHY 
Simplified explosive-weld evaluation 
page 241 MSC-14654 

PHYSICAL FITNESS 
Manual dexterity evaluator 
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PHYSIOLOGICAL TESTS 
Manual dexterity evaluator 
page 219 LAR-12022 
PLASMAS 
Double-exposure holographic Interferometer 
page 179 N PO-13796 

PLASTIC COATINGS 
Abrasion-resistant coatings for plastic 
surfaces 
page 210 ARC-10915 

Solventless Intumescent coatings 
page 203 ARC-10996 

PLATENS 
Repair of fused silica platens 
page 286 MSC-19713 

PLATES 
Repair of fused silica platens 
page 286 MSC-19713 

PLENUM CHAMBERS 
Conical diffuser for fuel cells 
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PNEUMATIC EQUIPMENT 
Constant-rate fluid-delivery system 
page 227 MSC-14905 

Fluid handling equipment 
page 244 

Split-ring seal 
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page 256 MSC-14304 

P-N-P JUNCTIONS 
IGFET/SOI fabrication method 
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POISSON DENSITY FUNCTIONS 
Bit-error rates In optical communications 
page 296 MFS-23340 

Simplified deflection-coil linearity testing 
page 189 MFS-23400 

POLISHING 
Polishing gold and gold-alloy crystals 
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POLYETHYLENETEREPHTHALATE 
Improved insulation material 
page 205 MSC-14642 
POL YIMIDE RESINS 
High-temperature flat-conductor cable 
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POLYMERS 
Stripper for silicone polymers 
page 278 MSC-19380 

POLYMETHYL METHACRYLATE 
Double-exposure holographic Interferometer 
page 179 NPO-13796 

POLYSULFIDES 
Solventless intumescent coatings 
page 203 ARC-10996 
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POPULATION THEORY 
Birth/death process model 
~~~ Nro~~6 

POSITIONING 
Electron-beam welder alinement 
page 279 MSC-19642 

Mechanical positioner 
page 254 MSC-15817 

POTASSIUM HYDROXIDES 
Stripper for silicone polymers 
page 278 MSC-19380 

POTTING COMPOUNDS 
Removal of encapsulating materials 
page 157 GSC-11696 

POWER LINES 
Electrical-cable design guide 
page 166 MFS-24280 

POWER SUPPLIES 
Compact reconditloner for Ni/Cd cells 
page 155 M FS-23270 

Fluorescent-lamp power supply 
page154 MSC-14900 

Power-control switch 
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PRESSURE DROP 
Vapor/liquid Interface sensor 
page 233 MSC-12474 
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ROUS bolt-tensioning monitor 
page 229 LAR-12016 

PRESSURE REGULATORS 
Constant-rate fluid-delivery system 
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Firefighter's breathing system 
page 218 MSC-14733 

PRESSURE VESSELS 
Firefighter's breathing system 
page 218 MSC-14733 

Fracture mechanics for weld acceptance 
page 291 MFS-23360 

Ultra-lightweight pressure vessels 
page 278 MSC-14983 

PRINTED CIRCUITS 
Guidelines for multiple LSI packaging 
page 166 M FS-23367 

PRINTING 
Contrast enhancement of transparencies 
page 190 GSC-11989 

PRODUCTION MANAGEMENT 
Learning / cost-improvement curves 
page 296 MFS-23429 

PROSTHETIC DEVICES 
Graphite-reinforced bone cement 
page 221 NPO-13764 

PROTECTIVE COATINGS 
Abrasion-resistant coatings for plastic 
surfaces 
page 210 ARC-10915 

Vapor corrosion Inhibitors 
page213 MFS-19232 

PSYCHROMETERS 
Relative humidity from psychrometric data 
page 295 FRC-10108 

PULSE CODE MODULATION 
Long binary frame sync words 
page 172 N PO-13727 

Unbalanced quadriphase demodulator 
page 170 M SC-14840 

PULSED LASERS 
Two-wavelength dye laser 
page 180 LAR-12012 

PYROIONIC MATERIALS 
Pyroionic Infrared detector 
page 212 LAR-11921 

PYROL YTIC MATERIALS 
Improved high-temperature heater with 
stabilized-zirconia elements 
page 234 MFS-23351 

QUALITY CONTROL 
Computer-automated ultrasonic Inspection 
system 
page 230 MFS-23338 
Fracture mechanics for weld acceptance 
page 291 M FS-23360 

Overhead tray for cable test system 
page 280 MSC-19488 

Simplified explosive-weld evaluation 
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QUARTZ LAMPS 
High-temperature heating array 
page 260 MSC-14287 

RADIATION DETECTORS 
Pyrolonlc infrared detector 
page 212 LAR-11921 
RADIATION DISTRIBUTION 
Field distribution of a thin lens 
page 188 LAR-11392 

RADIATIVE HEAT TRANSFER 
Heat pipe technology 
page 244 HaN-10901 

Solar thermal energy utilization 
page 195 HaN-10900 
Thermal network modeling handbook 
page 245 MSC-14964 

RANDOM PROCESSES 
Multivariate normal Integration 
page 297 MFS-22867 

RANKINE CYCLE 
Solar heating and cooling performance 
page 245 MFS-23432 

RECTENNAS 
Free-space microwave-power transmission 
page 171 M FS-23443 

REFlECTANCE 
Low-reflectivity spectrally selective coating 
page 193 GSC-12114 

REFRACTORY MATERIALS 
High-temperature heating array 
page 260 MSC-14287 

REMOTE CONTROL 
Load-regulating latch 
page 261 MSC-19535 

REMOTE SENSORS 
Remote sensing of natural resources 
page 246 HaN-10899 

RESONANCE TESTING 
Pump failure monitor 
page 232 MFS-23366 

RESONANT VIBRATION 
ROUS system 
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REYNOLDS NUMBER 
Hot-wire probe 
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RIBBONS 
RF shaping of silicon ribbon 
page 269 MFS-23424 

ROLLING CONTACT LOADS 
Vehicle load-equalization system 
page 258 MSC-12466 

ROTORS 
Predicting off-design performance of 
radial-Inflow turbines 
page 249 LEW-12500 

RUSTING 
Vapor corrosion i nh ibitors 
page 213 MFS-19232 

SAFETY DEVICES 
Compressed-air cylinder pallet 
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SANDWICH STRUCTURES 
3-D foam adhesive deposition 
page 281 MFS-22739 

SATELLITE ORBITS 
SANDTRACKS 
page 196 GSC-12099 
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SCANNERS 
Photorefractive page composer 
page 181 MFS-23419 

SCATTERING 
Beam splitter/combiner 
page 186 GSC-12083 

SCHEDULING 
DORCA II 
page 297 HON-l0834 

SEALS (STOPPERS) 
Split-ring seal 
page 256 MSC-14304 

SEMICON DUCTORS (MATERIALS) 
RF shaping of silicon ribbon 
page 269 MFS-23424 

IGFET/SOI fabrication method 
page 270 MFS-23312 

SEPARATION 
Stripper for silicone polymers 
page 278 MSC-19380 

SEPARATORS 
Automated solvent concentrator 
page 206 NPO-13068 
Precolumn for extract concentration 
page 207 NPO-13083 

SERVICE LIFE 
Chemilumlnescent prediction of service life 
page 199 MSC-16010 

Repair of fused silica platens 
page 286 MSC-19713 
SHAFTS (MACHINE ELEMENTS) 
Cable-load equalization system 
page 243 MSC-17494 

Split-ring seal 
page 256 MSC-14304 

SHAKERS 
Fall-safe hydraulic shaker protection 
page 231 N PO-13726 

SHEAR STRESS 
Analysis of bonded joints 
page 243 LAR-11871 

SHOCK ABSORBERS 
Nomograph for castor-cushion design 
page 242 MSC-17094 

Vehicle load-equalization system 
page 258 MSC-12466 

SHOCK TUBES 
Double-exposure holographic Interferometer 
page 179 N PO-13796 

SHOCK WAVE INTERACTION 
Shock interference patterns and heating 
page 247 LAR-11497 

SHOCK WAVE PROPAGATION 
Double-exposure holographic Interferometer 
page 179 N PO-l 3796 

SIGNAL DETECTORS 
Bit-error rates in optical communications 
page 296 MFS-23340 

Unbalanced quadriphase demodulator 
page 170 MSC-14840 

SIGNAL PROCESSING 
DC-to-DC conversion with voltage 
multipliers 
page152 LEW-12297 

SILICON 
RF shaping of Silicon ribbon 
page 269 MFS-23424 

SILICON RADIATION DETECTORS 
Solid-state particle detectors 
page 156 GSC-11785 

SIZE DETERMINATION 
Electrical-conduit sizing gage 
page 163 MSC-19491 

SOLAR CELLS 
Solar cell electrical connections 
page 272 LEW-12293 

SOLAR COLLECTORS 
Coating for solar panels 
page 205 MFS-23420 
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Faceted SOlar-energy collectors 
page 191 MSC-12687 

Horizontally-mounted solar collector 
page 265 MFS-23349 

Solar concentrator / absorber 
page 262 M FS-23428 

Solar thermal energy utilization 
page 195 HON-l0900 

SOLAR ENERGY 
Faceted solar-energy collectors 
page 191 MSC-12687 

Proposed low-temperature solar engine 
page 263 MFS-23403 

Solar thermal energy utilization 
page 195 HON-l0900 

SOLDERING 
Compound solder joints 
page 284 LAR-11444 

Improved soldering Iron tip 
page 158 MSC-19349 
Soldering high-impedance Nichrome wire 
page 276 MFS-1457 

SONIC BOOMS 
Shock interference patterns and heating 
page 247 LAR-11497 

SOUND PROPAGATION 
Attenuation of sound in ducts with acoustic 
treatment 
page 239 LEW-12686 

Impedance of curved ducts 
page 245 

SPECULAR REFLECTION 
Beam splitter/combiner 
page 186 

LEW-12636 

GSC-12083 

Low-reflectivity spectrally selective coating 
page 193 GSC-12114 

SPHERICAL TANKS 
Ultra-lightweight pressure vessels 
page 278 M SC-14983 

SPOT WELDS 
Synchronized backside-weld followers 
page 282 MFS-24454 

SPRAYED COATINGS 
Coating for solar panels 
page 205 M FS-23420 

Solventless Intumescent coatings 
page 203 ARC-l0996 

STAINLESS STEELS 
Braze/rebraze process for CRES steel 
page 289 MSC-19600 

Diffusion brazing nickel-plated stainless 
steel 
page 277 MSC-19322 

STATISTICAL ANALYSIS 
Birth/death process model 
page 224 NPO-13616 

Demodulator aids synchronization 
page 1 72 N PO-13605 

Multivariate normal Integration 
page 297 M FS-22867 

STATORS 
Predicting off-design performance of 
radial-inflow turbines 
page 249 LEW-12500 

STIMULATED EMISSION DEVICES 
Beam splitter/combiner 
page 186 GSC-12083 

STORAGE TANKS 
Cryogenic storage tank thermal analysis 
page 244 MSC-19103 

STRAIN GAGES 
ROUS bolt-tensioning monitor 
page 229 LAR-12016 

ROUS system 
page 228 

STRESS ANALYSIS 
Analysis of bonded joints 
page 243 

LAR-12015 

LAR-11871 

Crack-growth analysis 
page 249 MFS-23320 

Faster X-ray analysis of semiconductor 
wafers 
page 238 MFS-23315 

Fatigue life of spur and helical gear sets 
page 238 LEW-12596 

ROUS bolt-tensioning monitor 
page 229 LAR-12016 

SUBSTRATES 
Transistor-to-substrate bond quality 
page 151 MFS-21931 

SULFONATES 
Solventiess Intumescent coatings 
page 203 A RC-l 0996 

SUPER HIGH FREQUENCIES 
Waveguide-to-coax transition /Iow-pass 
filter 
page 160 NPO-13642 

SUPERSONIC FLOW 
Shock Interference patterns and heating 
page 247 LAR-11497 

SURFACE DEFECTS 
Faster X-ray analysis of semiconductor 
wafers 
page 238 MFS-23315 

Fatigue life of spur and helical gear sets 
page 238 LEW-12596 

Polishing gold and gold-alloy crystals 
page 276 MFS-22800 

SURFACE FINISHING 
Abrasion-resistant coatings for plastic 
surfaces 
page 210 ARC-l0915 

Beam splitter/combiner 
page 186 GSC-12083 

Repair of fused silica platens 
page 286 MSC-19713 

Solventless Intumescent coatings 
page 203 ARC-l0996 

SUSPENSION SYSTEMS (VEHICLES) 
Vehicle load-equalization system 
page 258 MSC-12466 

SW.ITCHING CIRCUITS 
Power-control switch 
page 161 M FS-23395 

SYNCHRONISM 
Unbalanced quadriphase demodulator 
page 170 MSC-14840 

TASK COMPLEXITY 
Learning / cost-improvement curves 
page 296 MFS-23429 

TELEMETRY 
Demodulator aids synchronization 
page 172 N PO-13605 

Digital video image system 
page 174 MFS-23322 

Long binary frame sync words 
page 172 NPO-13727 

TELESCOPES 
Optical alinement system 
page 187 ARC-10932 

Optical devices 
page 195 . HON-l0891 
TELEVISION SYSTEMS 
Analog-to-blnary conversion of video data 
page 173 GSC-11918 
Interactive imaging and data processing 
page 175 N PO-13655 
TEMPER (METALLURGY) 
Age-forming aluminum panels 
page 290 MSC-12648 
TEMPERATURE MEASUREMENT 
Automatic fire/weather data station 
page 169 ARC-l0993 

TEMPLATES 
Age-forming aluminum panels 
page 290 MSC-12648 
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Electrical-conduit sizing gage 
page 163 MSC-19491 

TEST STANDS 
Overhead tray for cab le test system 
page 280 MSC-19488 

THERAPY 
Manual dexterity evaluator 
page 219 LA R-12022 

THERMAL CONDUCTIVITY 
Faceted solar-energy collectors 
page 191 MSC-12687 

Heat pipe technology 
page 244 HQN-10901 

"Thermal-diode" heat pipe 
page 237 ARC-10997 

THERMAL ENERGY 
Faceted solar-energy collectors 
page 191 MSC-12687 

NECAP 
page 247 LAR-11888 

Proposed low-temperature solar engine 
page 263 MFS-23403 

Solar thermal energy util ization 
page 195 HON-10900 

THERMAL EXPANSION 
Proposed low-temperature solar engine 
page 263 MFS-23403 

THERMAL STRESSES 
Improved high-temperature heater with 
stabilized-zirconia elements 
page 234 MFS-23351 
THERMODYNAMICS 
Thermal network modeling handbook 
page 245 MSC-14964 
THERMOELECTRIC MATERIALS 
Pyroionic infrared detector 
page 212 LAR-11921 

THERMOLUMINESCENCE 
Low-tem perature thermolum I nescence 
page 202 NPO-11935 
Thermoluminescence system for forensic 
analysis 
page 200 N PO-11607 

TITANIUM ALLOYS 
Machining titanium alloys 
page 291 MFS-23006 
TRACKING (POSITION) 
Horizontally-mounted solar collector 
page 265 MFS-23349 

Synchronized backside-weld followers 
page 282 MFS·24454 

TRAINING SIMULATORS 
Multiplanar binocular visual display system 
page 176 ARC-10808 

TRANSMISSION LINES 
Waveguide-to-coax trans it ion /Iow-pass 
filter 
page 160 NPO-13642 
TURBINES 
Predicting off-design performance of 
radial-Inflow turbines 
page 249 LEW-12500 
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TURBULENT FLOW 
Airport laser-Doppler 
page 183 

Hot-wire probe 
page 236 

MFS-23423 

ARC-10900 

Shock Interference patterns and heating 
page 247 LAR-11497 

ULTRASONIC TESTS 
Computer-automated ultrasonic inspection 
system 
page 230 MFS-23338 

ROUS bolt-tensioning monitor 
page 229 LA R-12016 

ROUS system 
page 228 LAR-12015 

Solar cell electrical connections 
page 272 LEW-12293 

UNDERCARRIAGES 
Vehicle load-equalization system 
page 258 MSC-12466 

UNIONS (CONNECTORS) 
Flexible fitting for fluid lines 
page 287 MSC-17780 

VALVES 
Constant-rate flu Id-dellvery system 
page 227 MSC-14905 

VAPORS 
Vapor corrosion Inhibitors 
page213 MFS-19232 

VARIANCE 
Multivariate normal Integration 
page 297 MFS-22867 

VIBRATION TESTS 
Fall-safe hydraulic shaker protection 
page 231 N PO-13726 

Pump failure monitor 
page 232 

VIDEO DATA 

MFS-23366 

Analog-to-blnary conversion of video data 
page 173 GSC-11918 

Digital video image system 
page 174 MFS-23322 

Interactive imaging and data processing 
page 175 NPO-13655 

VISCOUS FLUIDS 
COMOC 
page 248 LAR-11480 

VISUAL AIDS 
Multiplanar binocular visual display system 
page 176 ARC-10808 

VOLTAGE CONVERTERS (DC TO DC) 
Compact recondltioner for NI/Cd cells 
page 155 M FS-23270 

DC-to-DC convers ion with voltage 
multipliers 
page 152 LEW-12297 

Free-space microwave-power transmission 
page 171 M FS-23443 

WASTE ENERGY UTILIZATION 
NECAP 
page 247 LAR-11888 

WATER POLLUTION 
Low-temperature thermolum inescence 
page 202 NPO-11935 

WATER RESOURCES 
Remote sensing of natural resources 
page 246 HON-10899 

WAVE PROPAGATION 
Impedance of curved ducts 
page 245 LEW-12636 

WAVEGUIDES 
Pulse transformer for GaAs laser 
page 194 MFS-23399 

Wavegu Ide-to-coax trans ition /Iow-pass 
filter 
page 160 N PO-13642 

WEATHER DATA RECORDERS 
Automatic fire/weather data station 
page 169 ARC-10993 

WELD TESTS 
Computer-automated ultrasonic inspection 
system 
page 230 MFS-23338 
Fracture mechanics for weld acceptance 
page 291 MFS-23360 

WELDING MACHINES 
Electron-beam welder allnement 
page 279 MSC-19642 

Synchronized backside-weld followers 
page 282 MFS-24454 

WINCHES 
Cable-load equalization system 
page 243 MSC-17494 

WIND MEASUREMENT 
Automatic fire/weather data station 
page 169 ARC-10993 

Wind velocity measurement 
page 182 

WIND SHEAR 
Airport laser-Doppler 
page 183 

WRENCHES 
Hand and power tools 
page 266 

X-RAY APPARATUS 
Optics and lasers 

MFS-23362 

MFS-23423 

HON-10892 

page 195 HON-10893 

X-RAY INSPECTION 
Faster X-ray analysis of semiconductor 
wafers 
page 238 MFS-23315 

X-Y PLOTTERS 
Manual dexterity evaluator 
page 219 LAR-12022 

YAG LASERS 
Ep itaxial growth of Ga1_xAlxAs on GaP 
page 274 GSC-11826 

ZIRCONIUM COMPOUNDS 
Improved high-temperature heater with 
stabilized-zirconia elements 
page 234 M FS-23351 

ZONE MELTING 
RF shaping of silicon ribbon 
page 269 MFS-23424 
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Bacteria counts are made in a fraction of the time 
previously required, with luciferase [an enzyme 
derived from fireflies] to measure ATP in cells. 

Rubber developed for a small Moon tire 
that remains pliable in extreme cold was used 

for a winter radial that grips ice without metal studs. 
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