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FOREWORD

The Applied Physics Laboratory (APL), a division of The Johns Hopkins
University, is located in Howard County, Maryland, midway between Baltimore
and Washington. Its work is carried out under contractual agreements between
the University and the federal, state, and local governments. APL employs a staff
of more than 2700 including 1430 professional scientists and engineers, of whom
more than half have advanced degrees. Their ideas are implemented and extend-
ed through several field activities and a network of associate contractors and col-
laborators from coast to coast.

The primary mission of APL is to enhance national security by applying
advanced science and technology to the solution of problems important to na-
tional objectives. The l.aboratory conducts programs in fundamental and applied
research, exploratory and advanced development, component engineering, sys-
tems engineering and integration, and test and evaluation of operational systems.
Approximately 85% of the Laboratory’s effort is for ihe Department of Defense
(76% for the Navy and 9% for other DoD agencies). The remaining 15% is devoted
to nondefense areas, including space research.

The current programs at APL cover a wide range of activities. Many are
broad in scope, long term, or highly classified, and therefore not reportable here-
in. The articles for this document are solicited annually from the whole Labora-
tory. The writers are individuals or small groups who have been personally involved
in particular efforts and are motivated to report to a wider audience than they
usually communicate with. For these reasons, this publication does not necessari-
ly represent all the accomplishments of APL during fiscal year 1983 (1 October
1982 through 30 September 1983).

APL was organized in 1942 under the auspices of the Office of Scientific
Research and Development to develop a proximity (VT) fuze for antiaircraft de-
fense; that was the principal effort during World War 1. The era of emerging
guided-missile technology extended from about 1944 to 1956. During that time,
APL concentrated on providing better air defense for the Fleet by developing a
family of shipborne surface-to-air missiles. The Navy-sponsored **Bumblebee'
program pioneered many basic guided-missile technologies later used in other air,
surface, and submarine missile programs.

The era of weapons systems engincering began in 1956 with the commis-
sioning of the first guided-missile cruiser. The experience gained during that peri-
od has found application in many systems of interest to the Navy in various warfare
areas and to other branches of the government. Significant activities are proceed-
ing in areas of special APL competence, including advanced radar techniques,
missile propulsion, missile guidance, countermeasures, and combat systems in-
tegration.
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Of the newer weapon system programs, the Aegis Shipbuilding Project is
of major importance. USS Ticonderoga (C(G-47), now in the Fleet, is the first ship
in a new class of multimission guided missile cruisers that will carry the Aegis
surface-to-air weapon system. The Laboratory is Technical Advisor to the Navy
in the design and development of the Aegis system. APL now has the broader
challenge of integrating the system into the operations of the battle group. This
effort, for which APL. is Technical Direction Agent, includes the design and de-
velopment of the Battle Group Antiair Warfare Coordination System exploiting
the operation ot Aegis cruisers with other ships and aircraft of the battle group.
Other areas of tactical systems support involve aviation countermeasures as well
as the improved effectiveness of the Harpoon cruise missile. The Laboratory has
recently been made Technical Direction Agent of the Tomahawk cruise missile
program. APL has a major role in the conceptualization of future command, con-
trol, and communications (C*) systems to facilitate the operation of Naval forces.
Both strategic and tactical aspects of the C’ process are being examined. An im-
portant increasing effort at APL involves assessing the integrated performance
of all the above systems.

The Laboratory continues to provide technical evaluation of the operational
Fleet Ballistic Missile (FBM) System. Quantitative test and evaluation procedures
are applied to every newly commissioned ballistic missile submarine. Similarly,
APL currently provides precise evaluation of the Army’s Pershing missile pro-
grams. Significant programs are also under way for Naval strategic communica-
tions and tactical targeting. Since 1970, APL has had the responsibility for planning
and conducting a significant technical progam to ensure the security of the FBM
submarine fleet against possible technological or tactical countermeasures. The
approach is to quantify all physical and tactical means that might be developed
to detect, identify, and track our submarines and to propose and evaluate suit-
able countermeasures and tactics.

APL has a significant space program. It started with the Navy Navigation
Satellite System, originally known as Transit, one of the Laboratory’s most im-
portant accomplishments since the wartime proximity fuze and the surface-to-air
missile program. APL invented the concept, designed and built the initial satellite
constellation, and set up and operated a worldwide satellite tracking network. The
APL Space Program has greatly expanded and is now applied to the design and
construction of a broad range of scicntific satellites and spaceborne scientific ex-
periments for NASA and the DoD.

With the encouragement of the DoD, APL is applying its talent and the
experience developed in DoD programs to a number of government-sponsored
civil programs. Some examples of the areas to which attention has been devoted
in recent years are biomedical research and engineering; power plant location; in-
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tegration of national ocean service surveys; navigation aids; reduction of pollu-
tion of the biosphere; ocean thermal, geothermal, and flywheel energy systems;
and advanced education.
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Through the extensive and intensive use of integrated circuits and
microprocessor logic in satellites, in radar and other naval systems, and in bio-
medical engineering and other civil areas, APL has become a recognized leader
in the area of computer technology. Furthermore, it continues to pioneer in in-
novative applications of computers of all sizes to problems of national impor-
tance. This trend is underscored throughout the document by the frequent
references to computing as an integral part of most of the accomplishments reported
herein.

i

To support its R&D activities through knowledge and experience in advanced
research, the Laboratory performs fundamental research in biological, chemical,
mathematical, and physical sciences related to its various missions. Through unique
applications of system engineering, science, and technology to the needs of socie-
ty, APL has enhanced the University's tradition of excellence while gaining world-
wide recognition of its own.
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Dr. Robert C. Morton, Chairman of the Coordinating Committee for the
past two issues of the APL Selected Accomplishments, died on February 9, 1984.
What he has left behind is much more enduring than the many memories that
his friends and co-workers will always carry with them. Something of his spirit
lives on in all who knew him. But perhaps his most significant legacy is the ex-
traordinarily capable and successful team of peaple — numbering in the hundreds
— who today carry on the tradition of professional excellence and service for which
he stood.
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INTRODUCTION

In response to the Kamikaze threat of World War I1, the U.S. Navy's Bu-
reau of Ordnance requested APL 10 conduct research and development in all phases
of guided missilery and to analyze the effectiveness of new systems in an appropriate
environment. The Laboratory did so with the assistance of a group of associated
contractors haying expertise in various areas of science and technology. That team
developed the new technology and resources required to put the Terrier, Talos,
and Tartar surface-to-air missiles into operational service and advised the Navy
on doctrinal matters. The Terrier was introduced in USS Boston in 1955; that event
was followed by the introduction of Talos on USS Galveston in 1958. Subsequently,
Tartar went to sea on USS Adams in 1960.

In succeeding vears, APL supported the Navy with an aggressive program
to give the Fleet an effective defense against an ever-increasing threat. That pro-
gram has produced Standard Missile in addition to Terrier, Talos, and Tartar.
In time, APL's scope of activities broadened to include fire control, acquisition,
and surveillance radar systems. Working first with analog and then with digital
clectronic computational techniques, the Navy produced tactical data and weap-
on systems that relieve weapons personnel of much of the routine associated with
a fighting ship and also greatly reduce reaction rime. APL has made and con-
tinues to make important contributions in this evolution. In addition, the Labo-
ratory has brought to the Navy weapon community an understanding of the
potential capabilities of the emerging world of electronic computation and auto-
mation.

In its effort to help develop the basic structure of shipboard combat sys-
tems, APL has defined the functions of sensor, command, support, and weapon
clements for those very complex systems. Such consistency in basic structure has
tavored technical interchange among major developments in which APL. has plaved
arole, e.g., the Acgis Combat System, Terrier and Tartar New Threat Upgrades.
and, most recently, the new multimission DDG-51 Combat System.

In keeping with these trends, APL’s current emphasis in antiair warfare
i to enhance the effectiveness of a battle group by integrating, at the battle group
level, the mtormation available 1o individual <hips and by coordinating the
responses of the individual ships. The Acgis ship plays a key role in achieving this
abjective and s particularly valuable as the number of attackers increases and
the countermeasures environment worsens.,

In addition 1o the enhancement of battle group vaw resources, APL s
conductime naval warfare analysis to improse the coordination of ships, aircraft,
submarines, and sensors including satethites-—an activity called composite warfare
anahvas. Composite wartare is the combat use of maritime forces in the principal
dreis ol antiatr, antisurtace, antisubmarine, and electronic wartare against enc-
my systems. Intrinsae to composite wartare are the attributes ol foree coordina:
ton among the wartare arcas. Coordination includes tactors of time and toree




position relationships, communications, combat system interfaces and interactions,
tactics, doctrine, and training. By means of coordination, an attempt is made to
achieve battle synergism among the warfare areas.

As a result of the surface missile experience, the Laboratory was able to
assist the Naval Air Systems Command with its upgrade of the Sparrow Missile
to the AIN-7M model, the Army with its development of the Improved Hawk
and Patriot systems, and the Air Force in its current development of AMRAAM.

In the area of strategic missile systems, the Laboratory has helped develop
and conduct an independent evaluation program for the Navy’s Fleet Ballistic Mis-
site (FBM) Weapon System. The program requires continuing technical and oper-
ational testing throughout the operational lives of various models of the weapon
system, ie., Polaris, Poseidon, and Trident 1. It also includes the future Trident
1. For those systems, APL derives quantified estimates of performance under
operational conditions, identifies sources of system inaccuracy and unreliability
for corrective action or future improvement, and assesses weapon system readi-
tiess for operational deplovment.

In the mid-1960°s, in response to an Army request, the Laboratory expanded
its strategic evaluation effort to include the Pershing Weapon System and its stra-
tegic role in Europe. The program uses the evaluation techniques developed for
the Navy's FBM Weapon System. It continues today and relies on data collected
and analvzed from test exercises at *‘alert”" sites in Europe as well as from Opera-
tional Tests conducted in the United States.

In addition to its testing and evaluation of antiair-warfare and ballistic mis-
sile systems, APL has participated in the conception, development, and testing
of cruise missile projects, Much of the early work was associated with Harpoon,
an antiship missile developed by the Navy in response to the 1967 sinking of an
Israchi destrover by antiship missiles. The APL effort for the Tomahawk missile
has recently been expanded to cover a broad range of technical topics and te in-
clude an active role in program management. APL continues to support both the
Harpoon and Tomahawk programs,

In recent vears, the 1 aboratory's contributions to command, control, and
communications (CY) have been increasing. From an initial task to assess the ef-
fectiveness of communications with strategic missile submarines, the effort has
grown to include participation in a broad assessment of Navy € capabilities and
technical planning for tuture systems,

Although the selection has been limited by security requirements, the fol-
lowing summaries of current tasks illustrate the diversity of API. tasking in weapon
svatems developiaent. The tasks range from technical development and operations
analysis at the battle group level to the development of theory and the conduct
ol tests applicable 1o small subsystems,
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C. C. Phillips and R. T. Lundy

The Battle Group Antiair Warfare Coordination
Program has evolved as a buattle group svstems engi-
neering program at APL under the direction of the
Aegis Shipbuilding Praoject Manager, PMS-400. Its ob-
fective has been to improve the effectiveness of antiair
warfure by building on the capabilities of Aegis and
other fleet combat svstems 1o provide improved wea-
pons coordination. Many studies conducted throughowt
the 1970°s hud identified major benefits (o battle groups
that could act as a single, closely integrated force. With
such u foree, it is possible 10 acquire data from a wide
variery of force sensors and (o integrate the datu to

torm a unified coherent air picture from which coordi-

nated responses 1o batile group  threats could  be
dereloped.

DISCUSSION

The Battle Group Antiair Wartare Coordination
(BGAAWC) Program is a very broad application of the
combat system disciplines that have been built up in
Terrier, Tartar, Standard Missile, and Aegis. The sig-
niticant distinction is that BGAAWC engineering is at
the battle group level, The BGAAWC system is distri-
buted over a wide variety of surface and air combatants
with considerably different capabilities in terms of
mobility, weapons, reaction times, and automation.
The system configuration consequently is required to
accommodate a large, indefinite number of variants be-
cause any change in the battle group represents a con-
tiguration change in the battle group’s system for con-
ducting warfare.

The BGAAWC plan envisions the use of a cen-
tral command system aboard an Aegis cruiser to sup-
port the needs of the AAW Commander. The system
provides the computers, displays, and decision aids for
an orderly conduct of coordinated AAW. The plan
further provides the basis in other ships and aircraft for
detecting, tracking, and wransterring accurate fire con-
trol data across standard Navy links 1o support coordi-
nated engagements.,

The upgrading requires modifications to antiair
warfare combatants in order to facilitate coordinated
data exchange and weapons use. The principal func-
tional requirements to be met in a Fleet modification
upgrade effort are listed in Table 1. Specific coordina-
tion capabilities to be achieved include the following:

1. The ability to convey a complete and rehable
air picture within the battle group. Radar

BATTLE GROUP ANTIAIR WARFARE COORDINATION

Table 1 — Functional requirements for a BGAAWC
system.

Control Unit
Acgis Combat System
Build battle group track daca base
Share Acgis tracks with battle group
Antiair Wartare Command support
Display antiair wartare situation
Assimilate extra-foree data
Promulgate antiair wartare doctrine and operations
Control anuair wartare engagements

Participating Units
Gridlock 1o Acgis
Respond to torce doctrine
Accept engagement orders
Report engagement status

Data Links

Connect all units in all environments
Transmit tracks, status, doctnne, and commands

data from Aegis ships will be usable on other
combatants for all the normal internal decis-
ion-making processes.

2. The ability of the AAW Commander to des-
ignate targets to other ships and aircraft in
the battle group.

3. The ability 1o designate a target directly to
the fire control and launching systems of a
remote ship or aireraft.

4. The ability to designate . issile launch
from a remote ship using guidance and/or il-
lumination supplied by another ship or air-
craft.

Early engineering efforts within the BGAAWC
Program identificd a number of deficiencies in current
systems that had 1o be resolved. Those efforts resulted
in the identification of near-term (Phase 1) and long-
term (Phase 1) objectives and resulted in a phased de-
velopment plan (Fig. 1) that provides the basis tor im-
proved weapons coordination in the near term by
means of new displays for the AAWC in the Aegis
cruisers and by the resolution of long-standing informa-
tion exchange problems such as gridlock,* automatic

*Gridiock is the process ot accurately registering remote data
meo a ship's own coordinate system. e removes or mini-
mizes naviganon tadar abignment errors and translates data
ditterences between coordimate teterenee ssstems.
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Phase |, near-term — Coordination by information exchange

Phase 11, mid term - Coordination by direction

Phase 111, future  Advanced weapon employment
—— P
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Figure 1 —— The three-phase development plan for the
BGAAWC Program provides for systematic growth in ca-
pabilities. The near-term goal is the improvement of
command capabilities by aiding information exchange.
Longer-range goals are improved data links and more
sophisticated coordination techniques for future weap-
onry.

local-to-remote track correlation, and improvements in
automatic detection and tracking systems. (Two of
these efforts are reported in companion articles.) All of
these problems will be resolved by 1985 or 1986.

Phase 11, scheduled for the late 1980's, will deal
more specifically with the AAW weapons coordination
command problem. It will provide additional display
and decision aids within Aegis cruisers and better infor-
mation flow among combatant units. Many routine
decisions by the AAW Commander will be automated
under the concepts of doctrine management algorithms
within the computer complex that drive the AAWC dis-
play system (in the Aegis cruiser). The integration of
new tactical data links (JTIDS and OTCIXST) will pro-
vide the imnroved command capabilities.

"ITIDS, inits current definition, is a data link that provides
substantial improsements in performance and data capacity
over existing links, 1t is intended to augment the current
Naval Tactical Data System links. OTCIXS is the satellite
communication link that serves the needs of the Ofticer in
Factical Command.

.

=
k._ ‘ -

Phase TH deals with specifics of advanced weap-
on employment and will resolve the details of the en-
gagement problem for (a) very-long-range intercepts
using the techniques of '‘forward pass” of surface-
launched weapons (o targeting aircraft, (b) the remote
launch of weapons from launchers other than the Aegis
ship, and (¢) control of the SM-2(N) weapon in con-
junction with other surtace and aircraft-launched
weapons.

SUMMARY

The BGAAWC Program grew out of the effort
to apply the automated weapon concepts in Aegis to the
coordination of antiair warfare in battle groups. The
advanced capabilites of Aegis combat and command
control systems make it readily applicable to this en-
deavor. Coordinating antiair warfare involves numer-
ous challenges, including

1. Enhancing the ability of all ships and air-
craftin a BGAAWC system to gridlock, cor-
relate, and accept tactical direction;

2. Improving communications t0 maintain es-
sential connectivity despite countermea-
sures;

3. Supporting the AAW Commander by means
of command displays and decision aids;

4. Defining procedures and tactics to carry out
the assigned mission of the battle group suc-
cessfully.

The AAWC problem transcends the scope of
Aegis alone. Consideration must be given to the inter-
actions of other new AAW capabilities, such as the
AN/SPS-48E radar, which is part of the Terrier
New Threat Upgrade Program. Consequently, the
BGAAWC program is developing into a broad-based
Fleet modernization program that provides the requisite
command support, intercommunications, and interop-
erability of ships and aircraft for the most effective em-
ployment of the Fleet's modern radars and weapons.

This work was supposted by NAVSEASYSCONMN, PAS-400,
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THE TACTICAL ELECTRONIC WARFARE

SUPPORT CENTER

G. S, Gealy

The Tactical Electronic Warfare Support Cen-
ter, a computer-based capability, has been developed by
APL o produce tactical documents for the Air Warfare
Program at the Laboratory. Data bases for tactical air-
craft of the Navy (EA-6B, E-2C, F-14) and Air Force
(EF-111A) are implemented and maintained with pri-
mary emphasis on electronic warfare as it relates to
those systems. In addition to that use, the facility is
used to integrate threat intelligence and tactical elec-
tronic warfare data for the production of EA-6B and
EF-111A electronic warfare tactics guides. Specialized
software has been developed to perform (a) the inte-
gration of mission threat data and electronic warfare
tactics, (b) data base management, and (c) the user-
defined formatting of tactics guide outputs. The soft-
ware is currently being expanded to provide the data
manipulation and processing required to make the
threat data base interface compatible with the Nauvy's
Tactical EA-6B Mission Support System.

BACKGROUND

The Laboratory has been involved in the devel-
opment of electronic warfare (EW) tactics for 18
years — originally through Project F/O 210 and, more
recently, through a number of different projects in the
Air Warfare Program. Those projects contribute to the
development, test, and evaluation of operational tactics
for Navy tactical aircraft and airborne EW equipment,
including the EA-6B, E-2C, and F-14 systems. Since
1981, the program has also included similar efforts for
the Air Force’s EF-111A Tactical Jamming System.

A Tactical Electronic Wartare Support Center
(TEWSC) was developed to provide a capability dedi-
cated to specific projects of the Air Warfare Program.
It was recognized that a computer-based system was
needed for data base maintenance, storage, and retriev-
al because of the dynamics and growth of the threat in
recent years. The expanding data bases must be main-
tained with the highest standards of quality control
while minimizing manpower costs. The Support Center
facility has been certified by the Defense Investigative
Service for the processing of classified material that has
restricted access.
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DISCUSSION
The TEWSC Facility

The TEWSC is built around a Wang 2200 com-
puter system. It is dedicated to supporting EW-related
projects of APL’'s Air Warfare Program. Figure l isa
schematic of the facility. Table 1 lists various input/
output software functions and the associated hardware.
The Wang operating system uses the BASIC computer
language, which is easy for both professional and non-
professional programmers to use and has sufficient
flexibility and speed to support advanced software
requirements.

The original system had a 32K byte random-ac-
cess-memory central processing unit (CPU), a display/
keyboard, a line printer, a daisy wheel report printer,
and a triple floppy disk drive. It has been upgraded to
include a flatbed plotter/digitizer, an additional 32K
byte random access memory for the CPU, high-speed
hard-disk storage, and a nine-track tape unit.

Operational Support for EW Tactics

The principal users of the TEWSC are the EA-
6B and EF-111A tactical employment projects, which
require that related mission threat data and optimum
EW 1actics data be maintained in order to produce
guides for the EA-6B and EF-111A Tactical Jamming
Systems. Specialized software developed at the Labora-
tory for data base management is used to maintain and
manipulate the threat and tactics data. The EA-6B
OPTEVFOR Tactics Guide and the EF-111A Employ-
ment Guide provide the data directly to Navy and Air
Force users. Also, a nine-track data tape is generated
for use by Marine Corps EA-6B squadrons in mission
planning.

The purpose of the tactics guides is to provide
the mission planners with a single source of data on
mission threats, optimized EW tactics, and tactical jam-
ming system effectiveness. The documents are specifi-
cally designed to support and be compatible with the
operational capabilities of the aircraft. The information
in the guides is obtained by evaluating data received
from a wide variety of sources. As new data become
available, the APL analysts evaluate the significance of
any changes, including their effect on EA-6B or EF-
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Figure 1 — The physical layout of the Tactical Electron-
ic Warfare Support Center.

111A mission effectiveness and survivability. The Sup-
port Center enables the rapid generation of hard-copy
or magnetic-tape updates and, if the new information
warrants it, an immediate response in support of the
EA-6Bor EF-111A user.

In addition to those capabilities, software has
been developed that allows the merged mission threat,
tactics, and effectiveness data to be printed on an oft-
line laser printer, via nine-track magnetic tape. Because
the laser printing capability provides an approximate
hundredfold increase in speed over that of the TEWSC
Wang daisy wheel printer, significant cost savings in
manpower are realized.

A recent demand upon the Support Center is to
provide data base support for the EA-6B ICAP Il air-
craft, which will be deployed soon. This version of the
EA-6B provides significant increases in overall jam-
ming system capabilities, with attendant greater sophis-
tication of on-board system software. The compatible
Wang software development effort, which is nearly
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complete, will generate the required ICAP Il data
tape.

Electronic Countermeasures Analysis

Software has been developed to evaluate the rel-
ative effectiveness of random pulse jamming and noise
jamming. It is used to calculate the ratio of peak signal
10 mean noise power that is required for detection by
the radar receiver, as a function of jamming parame-
ters. It can be used, for example, when evaluating U.S.
systems 10 optimize a jamming response for two differ-
ent types of radars that could be jammed with a single
modulation because of their overlapping frequency
ranges.

The TEWSC also has been used extensively 1o
analyze the capabilities and limitations of the E-2C and
F-14 aircraft in multiple-jamming-platform environ-
ments. The F-14 analvais uses a dynamic simulauon, in-
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Table 1 — Input/ioutput functions ot TEWSC hardware.

Hardware Input bunction Output Function

CRT display and
kevboard

TEWSC sottware®

Mission threat
data**:

Jamming modula-
tions and com-
puter lists¥3

ECM analysis -
puis*®

Modulatuon analy-
ssinputstl

Matr Software mainte-
printer nance listings”

Mission threat
data maintenance
listings¥3

Modulation analy -
sis oulpul

ECM analysis out-
put

Daisy wheel EA-6B and EF-
printer 1TIA Tactics
Guide reproti

EA-6B TACAID

wpro:

Triple tloppy Mission threat
disk drive datati
Externally gener-
ated sotiware*®
CPU operaung

Fleet compatible
software®**®

system®
Plotter- Radar and jam-
digitizer mer patterns® ECM analysis
graphics®*§
Nine-track tA-6Band EF- Marines EA-6B
tape FHEA mission data tape?

EA-6B TEAMS
threat ibranesi .

Source tape tor
laser printert;

threat data® s

Hard-disk drive EA-6Band BE-
LETA misston
threat data ev-
change's

EAOB ER-TTIAE-20,F 14 k20
't A6B k-4
FERALLIA

cluding up to four F-14 aircraft, against up to 30 hostile
jamming platforms.

FUTURE DEVELOPMENTS

The TEWSC facility’s hardware and software
will be upgraded continually as appropriate to meet the
changing Air Warfare Program requirements. Exten-
sive software development tasks eventually will provide
better routines for processing the EA-6B and EF-111A
mission threat data and will provide output in virtually
any user-defined format. Also, it is anticipated that the
Support Center will be expanded within the next few
years to include a Tactical EA-6B Mission Support Sys-
tem (TEAMS). The Texas Instruments T1/990 com-
puter, 100M byte hard-disk storage, magnetic tape in-
terfaces, and multiple color graphics features for
TEAMS will represent a significant impro\ement in
TEWSC capabilities and will allow the Laboratory to
continue its leadership in the development of EW
tactics.

Thiswork was supported by the USAE Tactucal v Command
and the U S, Navy Operanonal Test and Byvaluanon Foree
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SEMICOHERENT PROCESSING — A UNIQUE METHOD
OF PROCESSING RADAR DOPPLER DATA

R. t. Thurber

U method of processing radur data coherently by
sampling and digitizing the radar 1V at the information
bandwidth hus been demonstruated. This technique sim-
plities the hardware required for Doppler processing of
radur duata. An experimental svstem was constructed
and evaluated in a live radar environment.

BACKGROUND

Daoppler processing has been applied extensively
in shipboard, land based, and airborne radars for two
MAIN pUrposes:

L. Improvement in signal-to-clutter ratios tor

detection and position estimation processes,

2. Estimation of target radial velogity,

For radars with fully coherent exciter and transmitter
stages, digital Doppler processing is tyvpically achieved
through quadrature-phase detection, analog-to-digital
(A D) conversion, and vector processing. However, the
implementation of Doppler processing in radars using a
noncoherent transmitter (such as a magnetron) is more
comples because the pulsed oscillator transmitter pro-
duces a random phase on cach pulse. This fact has
limited the application of Doppler technigues in several
important classes of radars, including shipboard sur-
tace survelllance, coastal survelllance, and ship col-
fivton-mvoidance systems. By means of the latest ad-
vances in high speed conversion and digital timing cir-
ciits, i simpler way to extract Doppler data trom non-
coherent ssstems has been devised, making Doppler
processing tor these svstems more cost ettectine.

DISCUSSION

I'he Semicoherent Technigue

Doppler processaing of radar data aw accom-
phshed by hiltering the data tor several consecutive
transmissions to enhance the range samples that extibi
& phase change caused by the Doppler ettect ot a
movimy target. The ampliude and phase of a4 given
ranee cell must be measured precisely tor several radar
transmissions, which imphes that the exacr amphtude
and phase ot the transmitied encres pulse are known
Thiv s not the case tor radars that use a pulsed hieh
power osaillator as a transmiutier . The amplitude s well

controlled, but the phase of the ransmitted signal is
random from transmission 10 transmission.

In the past, Doppler processing for these types of
radars used a device called a coherent oscillator
(COHO), a stable oscillator at the radar 18 that s
phased locked to the transmitted signal every trans-
mission (see Fig. 1), The COHO output is used to trans-
late the 1F return signal to in-phase and quadrature base
band signals where they are amplified and con-erted 10
digital words for tiltering by the moving target in-
dicator (MT1) tilter. The pertormance of the system is
limited by the stability and balance of the COHO and
the quadrature video  processing  and  conversion
circuits. In order 1o obtain adequate data to separate
true moving targets from cluter, these circuits neces-
sarity are comples and costly.

By using recent signal processing component
technology, the need for a COHO and quadrature video
processing circuits can be eliminated. (See the technique
illustrated in the lower portion of Fig. 1) Sample and
hold circuits wath extremely small aperture times (<30
ps) and high speed (> 30 MHZ) A D converters make it
possible to sample the return signals at the radar {+ and
comvert them to digital words tor filtering without
going through the quadrature video processing step.
I'he quadrature data tor cach range sample are de-
veloped by taking two samples of the 1F time spaced by
90 clectrical degrees of the 1. The samples are taken for
every range resolution cell, ie., at the system infor-
mation bandwidth.

T'o establish coherence., the sample clocks must
be phase locked precisely 1o the transmitted signal by
means of verv-high-speed emitter-coupled logic circuits
to form a control Joop to phase lock a stable osciltator
to a sample of the transmitted pulse. 1 ocking accura-
cies of better than 100 ps are achieved. The in-phase
and quadrature digital samples thus derived are put
directly into the MTI ilter for Doppler processing. This
techmque has chiminated alt coherent 1t and gquadrawure
video processing and has replaced it with one high-
speed comversion device and a precision phase locked
ctock. Two-channel stability requirements tor heeping
the svstem balanced are completels eliminated.

Performance Considerations

The pertormance of any Doppler processing sye-
tem s hmiuted by the accuracy 1o which the amphiude
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Figure 1 — Doppler processing techniques that were used to process data coherently

from a radar with a noncoherent transmitter.

and phase of the data are measured. The accuracy de-
termines to what extent the clutter signals can be sepa-
rated from targets containing Doppler signals, and this
can be expressed as decibels of clutter attenuation.

The semicoherent processing technique is limited
by the accuracy with which the sample clock is phase
locked to the transmitted signal and by the time jitter
between the nonsimultaneous in-phase and guadrature
samples. This is in addition to the quantization accura-
¢y and amplitude stability of the system plus environ-
mental effects, all of which are common to every Dopp-
ler processor. For typical radar receiver parameters, the
accuracy obtained from the sampling and clock circuits
permits clutter attenuation in excess of 0 dB. This was
the design goal of the svstem and is not an inherent limi-
tation of the technique.

Experimental Fvaluation

A signal processing unit that contained the gquad-
rature time phase direct IF sampling circuits was de-
signed and constructed. The unit took the radar [+ and
a reference for locking the sampling timing and pro-
duced in-phase and quadrature digital data for every ra-
dar resolution cell. In order to analyze these data, a re-
cording interface was built into the processor. Because
there are several million data samples every radar scan,
the data volume was limited for recording by setting up
a window for data collection that could be placed
around returns of interest (targets, land, sca, cte.).

The unit, a Coherent Radar Digital Data Collec-
tor (CRDDC), was used to record data from an L-band
two-dimensional surveillance radar located on the coast
of California. The data collection effort verified the
performance of the CRDDC and provided a base of co-
herent radar data for analysis. Figure 2 shows the in-
strumentation used to collect data with the CRDDC.
The region over which data were to be recorded was
chosen by viewing the movable sector on the plan posi-
tion indicator display. The size and location of the win-
dow were selected by front panel switches on the
CRDDC.

In order to verity the coherence and obtain a
measure of the coherent processing gain, the data col-

IF
Video
L band two- Coherent Radar
dimensional [F _reference Digital Data
radar _Synchro. Collector

TRadaLtnggeAr

Video + Data,

6 dB sector | control
Plan Formatter

position Magnetic

indicator tape unit

Figure 2 — Instrumentation used to collect data with
the Coherent Radar Digital Data Collector
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lected were spectrum analyzed with g fast Fourier trans-
torm (FE Dy algonthm. N = 27 pointy were used in
bearnng at the same range celbn the FET processing,
and successive FET's jumped by N2 points o allow
S0%y overlap. This FET processig was pertormed at
cach range cell within the limies detined by the record-
ing window . For the piven radar parameters, a 32-point
FED (e, N = 32, m = S)ywas appropriate, vielded a
Doppler resolunion of approvimatelsy 6.5 Kkt with ambi-
pties separated by 205 ke Hamming weighting was
used so that FET tilter sidelobes are down by about 43
dB trom the peak value,

Figure 3 allustrates data collected on an aircratt
target. This plotis the Doppler filier power response for

aoH

Filter power {dB)
)
S
)|

N\N———=

0 10 20 30
Doppler fiter number

Figure 3 — FFT output ot data coliected on a 235-kt air-
craft target using IF sampied data from a noncoherent
radar.

a enven range cell tor eight successive 32-point trans-
forms as the radar scanned past the arget. Also ana-
v zed were data trom ship and helicopter targets and sea
and fand clutter.

CONCLUSIONS

A way to extract Doppler data by directly sam-
pling the radar 1t signal has been demonstrated. The
technique allows a simpler hardware implementation ot
Doppler processing tor noncoherent radars than has
been possible in the past. Although there are perfor-
mance himitations because of hardware accuracies, the
method is adeguate to meet many radar processing re-
guirements.
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SIMULATION OF THE VERTICAL LAUNCH OF
TOMAHAWK FROM THE SSN 688 CLASS SUBMARINE

J.S.O0'Connor

A digital computer code (STEP/688) has been
written (o simulate the nonlinear dvnamics of an under-
water, vertical launch of a Tomahawk cruise missile

trom the SSN 688 cupsule launch system (CLS). The

simmudation is an engineering tool for use in the design
phuase for evaluating gas generator designs against the
performance requirements of the SSN 688 CLS vertical
launch system. The simulation uses the predicted pres-
sure/time history of the gas generator, the thermody-
namic characteristics of the combustion products, and
the geometry of the Tomahawk and CLS to calculate
acceleration, velocity, and displacement histories of the
missile and the pressure and temperature histories of
the ejection chamber. The simulation has been verified
by comparison with test data and has been used to pre-
dict the performance of the recently redesigned Toma-
hawk Phase IC gas generator.

BACKGROUND

The Tomahawk missile is ejected vertically from
the 688 class submarine by means of a gas generator
contained within the capsule launch system (CLS).
Pressure resulting from the combustion in the gas gen-
erator forces the missile out of the CLS. A set of six
ring seals in the CL.S maintains the pressure behind the
missile (Fig. 1). As the missile clears the sixth and final
seal, the hot pressurized gas in the CLS chamber is re-
leased inside the submarine fairing. To protect the fair-
ing covering the hull of the submarine, NAVSEA has
specified that the pressure at the muzzle of the CLS at
the time of missile exit should not be more than 40 psi
above the ocean ambient pressure. Also, 1o ensure the
stability of the Tomahawk missile, General Dynam-
1es/Convair states that the muzzle pressure of the CLS
should not be less than ocean ambient pressure. The
contractor also stipulates that the velocity of the missile
at tube exit should stay between 40 and 100 ft/s.

The conditions in the ejection chamber at the
time of missile exit are nonlinear functions of launch
depth, missile weight, friction between the missile and
the 1S, and the rate at which the gas generator sup-
plies energy to the ejection chamber. The simulation
uses the predicted pressure-time history of the gas gen-
crator, the thermodynamic characteristics of the com-
bustion products, and the geometry of the Tomahawk
and  C1S o calculate  longitudinal — acceleration,
velocity, and displacement histories ot the missile and
the pressure and remperature histories ot the cjection

Fairing hatch Submarine fairing

CLS hatch

Closure diaphram

n ga— l+—— CLS muzzle
j| | t
"
S
NI |S | o— Submarine launch tube
| |
| |
,: ;‘_/ Capsule launch system
| ]
| |
| |
SO
| I
| | { —Tomahawk cruise missile
i j
v
! )
|
| |
! 'S
| |
N
i
| : >R|ng seals
| U
} “A
S
' | {4——Booster
i <l
]
SHE

b =
JL[S:‘]#‘*“"“G"S generator
4 A4

Figure 1 — The Tomahawk capsule taunch system.

chamber. Because the equations are nonlinear, they
cannot be solved in closed torm. To obtain a solution, it
Is necessary to assume that the nonlinear variables
remain linear over a short period of time, Ar (usually
0.001 ), and to solve the equations for cach Ar during
the entire taunch,
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A DISCUSSION

[- A CLS gas generator is a device with a character-
- istic mass flow history that is essentially independent of

launch depth. The hot gas always flows into the ejection
chamber the same way, regardless of other launch pa-
: rameters. Some of the energy from the hot gas heats the
: walls and contents of the ¢jection chamber, some does
work (in the thermodynamic sense) by lifting the missile
against the forces restraining it, and the remainder
- increases the internal energy (temperature and pressure)
of the gas aiready in the chamber. The hydrostatic force
of the ocean tending to retard forward motion of the
: missile is the largest of the component forces used to
1 calculate the thermodynamic work; that component can
vary by a factor of 3 between shallow and deep
launches. This fact leads to a wide range of tempera-
tures and pressures in the launch chamber for launches
conducted at difierent depths but otherwise identical.

The thermodynamic theory wused in the
STEP/688 code assumes isentropic flow from the gas
generator and ideal gas behavior in the CLS ejection
chamber.! The energy entering the chamber, the work
performed by the gas in the chamber, and the heat lost
- between times 7, and ¢, | are calculated using values for

chamber pressure, temperature, and volume and for
! missile acceleration, velocity, and displacement at 1,.
- The result is the change in internal energy between ¢,
: and 7 ., that is used to calculate the new chamber
temperature, 7T, ,. Using the ideal gas law, the
pressure, P, is calculated. The ejection force (P,
times the missile cross-sectional area) is summed with
the retarding forces (hydrostatic, hydrodynamic,
friction, and capsule closure rupture) and divided by
the missile mass to give the acceleration at ¢, . The ac-
celeration is integrated numerically to yield missile ve-
. locity and displacement. When all the system variables
- have been calculated at 7, ,, the simulation uses them
. as initial values and repeats the process for ¢ .

The simulation was validated by comparing cal-
culated and experimental results for three dynamic test
launches and one stationary launch of a boost flight
vehicle. Figure 2 shows the comparison of calculated
and experimental missile velocities for one dynamic test
launch. Reference 2 provides complete theoretical and
experimental results, the derivation of the simulation
equations, and a simulation user’s guide.

: APPLICATIONS

The flow rate (burn rate) of a gas generator

varies from the design value in a random manner be-

] cause of manufacturing tolerances. In addition, it
varies predictably, depending on the temperature of the

- e LR R TR

1T 7 17T 1T T T

- A Experimental
® Calculated

Missile velocity (ft s}

|
Time

Figure 2 — Comparison of calculated and experimental

missile velocities.

gas generator grain at ignition. A parametric analysis
was conducted using the STEP/688 code to determine
the maximum allowable deviation from the nominal
flow rate of the proposed Phase IC gas generator, based
on specified muzzle pressure requirements. The para-
metric analysis considered variations in missile weight,
missile/CLS friction, capsule closure load, and gas gen-
erator flow rate. The results of that analysis were S
reported in Ref. 3. STEP/688, is currently being used to ;»i
determine the limits of allowable launch depth that will o
meet the system requirements. |
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DESIGN AND DEVELOPMENT OF A MODULAR
SIX-DEGREE-OF-FREEDOM DIGITAL SIMULATION
FOR THE TOMAHAWK CRUISE MISSILE PROGRAM

G. B. Stupp and F. W. Riedel

An all-digital simulation of the Tomahawk mis-
sile has been developed. To facilitate simulating differ-
ent members of the Tomahawk family or different
levels of complexity of subsystem models, a modular
architecture was developed that allows the use of a
high-order integration routine. The simulation is cur-
rently being used to analyze the dependence of the
Tomahawk antiship missile impact point on the aim-
point model.

BACKGROUND

In its role as Technical Direction Agent for the
Tomahawk Cruise Missile Program, APL needs a flex-
ible simulation of the missile round to provide under-
standing and perspective on issues affecting the dynam-
ic performance of the missile. The Tomahawk missile is
actually a family of similar missiles, each having its
own mission but differing from the others in order to
fulfill that mission. Even for a particular missile vari-
ant, the range of questions to be investigated can re-
quire significantly different levels of complexity for
various subsystem models. It is important to have a
modular simulation that can be reconfigured easily for
the different members of the Tomahawk family and for
different subsystem models.

Modularity, by itself, is not a difficult feature to
design into a simulation. Each state can be integrated as
its derivative is calculated. However, a high-order inte-
gration routine, with all elements of the state vector up-
dated from a single subroutine call, was selected for ac-
curacy and efficiency. A simulation methodoiogy was
developed for the program that permits the use of a
high-order integration routine and still provides the
modularity required for the Tomahawk round simula-
tion. Run documentation is automatic so that the out-
put from any run can be identified as to the subsystem
models used and the parameter values for those models.
In addition, a flexible, easy-to-use plot program was
written to facilitate interpretation of the simulation
results.

DISCUSSION

The simulation of the Tomahawk missile round
is currently configured to represent the terminal
guidance portion of a Tomahawk antiship missile
flight, although its modularity would allow

reconfiguration to represent other members of the
Tomahawk family. The six-degree-of-freedom homing
model is shown in Fig. 1. Each box is represented in the
simulation by one or more model definition subroutines
that implement the functional characteristics of that
part of the missile system. The computations performed
in most of the subroutines depend on the results from
other routines. All of the subroutines are under the
control of a main program and several intermediate
subprograms.

Figure 2 is a block diagram of the general simu-
lation architecture that implements the model shown in
Fig. 1. A central subroutine (INTEG) is used to
perform the integration of all states (the vector X(t) in
the figure). This subroutine calls other subroutines
(XDOT, SUBI, SUB2, etc.) to compute the derivatives
()'((l)) of the state variables. These low-level derivative
subroutines usually represent the various missile subsys-
tems, such as the autopilot and sensors shown in Fig. 1.
The simulation was developed with the aim that the
model definition subroutines be *‘plug-in’’ modular.
In other words, any individual subroutine can be
modified or even replaced without requiring changes in
other parts of the system.

The conventional simulation approach is to have
the state and state-derivative vectors defined in the
main program (o be exactly »# elements long,
corresponding to the n states of the total system. These
vectors are passed to the model definition (derivative)
subroutines. Within the subroutines, variables are
associated in a one-to-one manner with the n elements
of the state and derivative vectors. Thus, in the
conventional approach, each subroutine must know
which positions within the state vector are allocated for
that subroutine’s states. Modularity is lost because
modifying a particular subroutine (i.e., changing the
number of states) would change the positions of the
other subroutines’ states within the state vector.

The Tomahawk round simulation avoids those
problems. First, an initialization procedure is executed
during which each model definition subroutine is
queried to determine how many states are required.
From that information, a state vector is constructed.
Changing the number of states of a particular subrou-
tine is handled at program initialization without affect-
ing any of the other model defintion routines. Second,
all intersubroutine communication takes place using
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Figure 1 — Six-degree-of-freedom terminal homing model for the Tomahawk antiship missile.

functional inputs and outputs that do not change from
model to model. However, because these computer var-
iables are distinct from elements of the state vector, it is
necessary to update them after the state has been up-
dated by the integration routine. In the Tomahawk
round simulation, this is handled by special assignment
calls.

Another modularity problem with the conven-
tional simulation approach involves parameter changes.
Typically, input parameter changes are read in through
the main program and passed to the appropriate model
definition subroutine. This approach requires that the
main prcgram know the parameters that might change,
and they, of course, change as models are changed. As
part of the initialization procedure in the Tomahawk
round simulation, the parameters needed to define and
initialize an individual subroutine for a given simula-
tion run {or Monte Carlo run series) are read as inputs
by the subroutine that neceds them. Thus, no change is
required in the main program.

This high level of modularity requires the simu-
lation to be self-documenting. The program output
functions have been structured so that the output for
every run clearly indicates which version of a subrou-
tine is used to make that run and which program input
parameters have been changed from their nominal

values. When the initialization entry point of each
model definition subroutine is called to return the num-
ber of states, the subroutine also writes statements to a
run summary listing and to a detailed run data file that
give the subroutine name and version number. In addi-
tion, the model default parameters are output to the de-
tailed data file. When a subroutine reads its program
input for a given run (or Monte Carlo series), parame-
ters that have been changed from their default values
are written by the subroutine to the detailed data file
and to the summary listing. The detailed data file is for-
matted like a page of printout. Thus, a user of the simu-
lation may view the run results on a time-sharing termi-
nal and/or create a hard copy for later review. An inter-
active plotting routine was created to allow easy inter-
pretation of the detailed simulation output.

SIMULATION VERIFICATION AND
APPLICATION

Three steps were taken for simulation verifica-
tion. First, as part of the simulation development, a lin-
ear analysis model was constructed. Stability derivative
data (generated by perturbing aerodynamic data) were
compared to those from the airframe contractor's sim-
ulation. A frequency analysis of the linear analysis
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Figure 2 — General program architecture for the nu-
mernicaiintegration of dynamic equations

model was used to verity autopilot gains, stability mar-
gins, etc. Step responses from the nonlinear six-degree-
of-freedom simulation were then compared to the linear
model.

The second step was to compare the autopilot
step responses to those from the airframe contractor’s
simulation. Initial differences were resolved, and the re-
maining slight differences were shown to have resulted
from known differences in propulsion models. In the
last step, closed-loop terminal guidance runs were com-
pared to the guidance contractor’s simulation. Again,
the stight ditferences that were observed were attributed
to differences in propulsion models. Those differences
are not important for the first planned use of the simu-

lation and, because of the simulation’s modularity, can
be removed by using a more detailed engine model.

The Tomahawk simulation was programmed in
IBM Fortran IV on the Laboratory’s IBM 3033 com-
puter sysem. The antiship missile configuration runs
were at aproximately half of real time and used a nu-
merical integration step size of 0.005 s. The time step 1s
determined by seeker filters and may be increased for
simulating Tomahawk land-attack variants.

The successful use of the simulation’s modular-
ity features has been demonstrated repeatedly. As part
of the verification process, a stability-derivative acrody-
namics subroutine was substituted for the original de-
tailed aerodynamics routine on several occasions. The
instrumentation subroutine has been upgraded. A sub-
stitute seeker model was tested easily. The aimpoint
subroutine has been changed from a single-shift model
to a stochastic bimodal aimpoint model. The latter
model has been used to demonstrate the relative sensi-
tivity of the missile impact point to vertical and hori-
zontal aimpoint probability distribution functions.
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RAIN DAMAGE EFFECTS ON
HYPERSONIC MISSILE RADOMES

R. K. Fruzer

An experimental test program has been con-
ducted to demonstrate the effects of raindrop impuact on
tuctical missile radomes in the flight regime between
Mach 3.5 and 5.0. The experiments involved exposing
three full-size radome samples to a calibrated rain field
Jfor distances of 1000 to 6000 f1, followed by a safe re-
covery. The data on muaterial loss generated in this test
constitute a unique record of the rain erosion phenome-
non in slip-cast fused silica as it varies with axial loca-
tion. The results will serve as a basis for obtaining em-
pirical correlations to predict the effects of rain on the
erosion of such radomes during operational flights of
udvanced missile svstems.

BACKGROUND

The Navy's Advanced Wide Area Defense Con-
cept includes, as a fundamental part, a surface-
launched missile capable of ranges far beyond the radar
horizon and traveling at hypersonic speeds. When all-
weather performance and high-precision target homing
are included as system requirements, the radome mate-
rial and the physical design become critical, perform-
ance-limiting issues. The overall goal of the rain dam-
age program is to provide a reliable way to predict
missile system degradation resulting from changes in
the radome caused both by aerodynamic heating and by
physical damage trom raindrop impacts. These envir-
onmental effects can alter a radome’s RF transmission
characteristics 1o the point where the missile cannot ef-
fectively close on the target. The current effort concen-
trates on testing the rain erosion performance of slip-
cast fused silica (SCFS), a material with excellent
thermomechanical characteristics but that suffers mate-
rial loss during supersonic flight through rain. The per-
formance data generated by the tests will be valuable in
developing predictive techniques.

In the carly 1960's, refinements in the process-
ing of high-purity SCFS (Si0.) led to the production of
prototype radomes that showed excellent potential for
hypersonic missile applications.! Although it is struc-
turally weak compared to other ceramics, its very low
coefficient of thermal expansion (0.3 x 10 “/°F versus
4.0 x 10 "/°F tor alumina, Al.O,) and low elastic
modulus (4.0 x 10" psi versus 40 x 10" psi for AlLO;)
provide ideal thermal shock resistance. A low dielectric
constant partially compensates for the low mechanical
strength by allowing relatively thick wall sections to be
used. Moreover, the dielectric properties have a low de-
pendence on temperature, allowing extended operation

at high heating conditions. On the other hand, the ma-
terial's slight porosity and low hardness value leave it
susceptible to impact damage by raindrops with a nor-
mal velocity componeiit larger than about 1500 ft/s.

Early screening tests” provided a basis for com-
parison with other materials but produced little data
useful for full-size radome design. Recent work of
Letson® has provided a consistent body of erosion rate
data for SCFS; incidence angles between 19 and 35°
and velocities near 5500 ft/s are covered. Letson’s data
were gathered using small conical samples about 1.5 to
2.0in. long as opposed to the earlier screening studies in
which small flat plates were used. Unfortunately, none
of the tests has provided information about the erosion
rates that would occur along the length of a full-size
surface. It is expected that the aerodynamic flow field
along the radome’s length and the presence of water in
the boundary layer would have a mitigating effect on a
drop’s potential for damage aft of the tip region. Be-
cause local changes in wall thickness on the order of
0.010 in. will have a significant effect on a radome’s
boresight error, estimating the erosion rate at various
stations is crucial to an accurate prediction of missile
system performance. The important issue here is not
whether the radome survives but that changes in wall
thickness tend to reduce RF performance. The present
effort provides data on erosion versus station on full-
size prototype radomes that will be correlated with an
empirical model.

DISCUSSION

The development of a rain erosion model and the
supporting test efforts have five major goals: (a) con-
ducting a literature search to provide an overview of the
state of technology for both experimental and theoreti-
cal developments,* (b) developing a correlation method
for handling full-size sample tests,” (c) procuring and
preparing the test items, (d) conducting the tests, and (e)
correlating the erosion rate data with theory and devel-
oping an improved rain-erosion model.

The first four goals have been met, and the test
data are being analyzed. The literature survey revealed
that only the experimental work of Letson and
Balageas" could be used effectively in a correlation
scheme. Subsequently, a method for predicting SCFS
erosion rates along the radome was proposed that ac-
counts for variations in the intensity of the rain field,
the local incidence angle, and the shielding of the sur-
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face by water and/or eroded material within the bound-
ary laver. The method assumes that the erosion rate
ncar the tip follows the emperical relationship of
Letson’s data. Erosion rates aft of the tip are modu-
lated by the effects of changing incidence angle and
debris shielding. In functional form, the relationship

is

E(x) = (Ag(y) + Ba(x)) f(x,)

where
e(\) is the erosion rate at any radome
station v,
1(x,) is the erosion rate occurring at the tip

location (x,) and has parametric
variation with radome shape, veloci-
ty, and rain rate;

g(x) is the amount of water in the bound-
ary laver at station x:

h{x) is the amount of croded material
similarly swept along the radome
surface;

Aand B are cmpirically  determined  con-
stants.

The experiment, designed 1o determine the sta-
ton-dependent erosion effects, has used the Holloman
AFB Test Track. The tacility can accelerate various size
pavloads to speeds beyond Mach § and then decelerate
them to a safe stop. The 10-mi-long track has a 6000-1
secton equipped with sprinklers that can approximate
rain storms at rates of about 2.5 in./h, Three SCFS
radome samples were procured in cooperation with a
separately funded APL program, and preparations
were made to test them at Mach 3.5 and 5.0. Two of the
samples were shaped  ramjet-nose-inlet compression
surfaces with base diameters of 19 in. They were suit-
able tor testing only up to Mach 4.0. The third sample
was a 207 halt-angle cone with a diameter of 11 in. The
absence of the high-incidence-angle att section on this
latter sample allowed it 10 be tested at Mach §.0.

Fhe test preparations” involved the design and
manutacture of 1two vibration isolation systems capable
of withstanding up o 30,000 Ib of axial drag torce
while isolating the radome from average lateral acceler-
ations of around 100 ¢ at frequencies up to 2000 Hy,
After extensive static and dvpamic testing at APL's en-
vironmental test lab,>" the hardware was shipped 1o the
Holloman test track and mounted to the appropriate
rochet sleds. A checkout run using a simulated radome
made of steel verified the structural integrity of the vi-
bration isolation system and the rocket sled perform-
ance. The rocket motors provided a peak velocity of
3740 tto s, and the braking system brought the sled to
rest intact. Accelerometers mounted to the sled and
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radome showed that an overall attenuation in the vibra-
tion environment ot 17 dB was achieved by the isola-
ton svstem.

Each large-diameter radome sample was tested .
at a peak velocity of about 3800 ft-s; one experienced
1000 tv of rain-field exposure while the other went
through 4000 ft. Figure 1 is a high-speed photograph of
one radome in the rain tield a1 3775 f1.«. The figure

shows the overall character of the flow field around the j
radome andd the presence of water streaks (rom drop :
impacts at the radome surface. Figure 2 is a closeup of g
the surface of the radome that experienced 4000 ft of Ti

rain. The damage sites closely resemble those observed
in laboratory tests conducted on plate samples impacted
by single drops.'" The large size of the damage sites and
their infrequent distribution indicate that only the larg-
estrain drops contributed to the damage. The potential-
Iy damaging effect of the more numerous smaller drops
has been attenuated by the flow around the radome
structure ahead ot the damaged section.

Figure 3 shows the small-diameter conical test
sample during testing. The peak velocity was S300 £ s

SO0 | N

and the total rain exposure was 6000 ft. Unfortunatels, -]
this tostitem was not recovered intact at the end of the " 4
run because of a structural failure that occurred very ]
near the end of the run, when the sled was trascling at ij
about 800 {t/s. Photographic coverage showed the test =3

sample to be intact after leaving the rain tield and 1o
have suttered significant crosion over its entire surface.
The recovered fragments (representing about one-half
of the test sample) indicated that material was remosved
over the entire surface by impacts with drops of all sizes
and that there is a station-dependent effect. Efforts to
quantity these observations will depend on assembling
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Figure 1 — A radome in the rain field. traveling 3775
ftis.
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Figure 2 — Closeup of damaged surface of a radome
that experienced 4000 ft of rain.

the fragments and making erosion depth versus station
measurements.

CONCLUSION

The experimental test program described here
has provided o unigue set of rain crosion data on tull-
size SCES radome samples. The availability of these
data tor correlation with predictive technigues provides
a credible foundanon for further theoretical deselop-
ment. Fhe two AP -built vibration isofation systems
provided a structurally adequate “sof € ride for the
refatisely fragile ceramic samples. Morcover, an in-
creasen the reliability of rocket sled testing of weak ve-
ramie radomes has been demonstrated. The test sam-
ples show g aeniticant attenuation of rain damage at
stations downstream of the np, verifving a rundamental
assumption n the proposed  correlation scheme.
Fuarthermore, the attenuation phenomenon appears to
vary with randrop sizes Follow-on efforts will be di-

Figure 3 — The small-diameter conical test sample dur-
ing testing.

rected at quantitying the erosion experienced in the tests
and developing the parametric erosion model for use in
preliminary missile design.
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DEVELOPMENT OF COMPUTATIONAL CODES FOR THE
ANALYSIS OF SUPERSONIC FLOWFIELDS

M. E. White, M. D. Griffin, and D. M. Van Wie

Recent udvancements in computer speed, storage
capacity, und algorithmic sophistication have enabled
techniques in the field of computational fluid dvnamics
1o become powertul design tools for ramjet engines. In
particutlar,  modern  computational  methods  have
proven to be very valuable in the analvsis of complex
supersonic flowtields that are tvpical of ramjet inlets.
This article discusses the development of computational
codes for the solution of both inviscid and viscous inlet
towtields.

BACKGROUND

Computational fluid dynamics is the direct nu-
merical solution of the governing partial differential
equations that are appropriate tor the particular tluid
dynamic regime of interest. Once determined, the solu-
tion may be processed in order 1o obtain performance
parameters that are important to vehicle design. In the
design of ramjet inlets, inexpensive supersonic inviscid
flow codes bave been developed to ebtain flowfield so-
lutions permitting the calculation of inlet additive drag
and air capture and the gualitative prediction of inlet
ctticieney. In addition, supersonic viscous flow codes
have been developed to obtain internal inlet flowficld
solutions that result in detailed flowtield **pictures’”
and the caleufation of quantitatively accurate inlet
cfticiencies.

DISCUSSION

Inviscid Fiow Code Development

iwo- and three-dimensional finite-difference
codes have been developed tor the solution of steady
supersonic inviscid flows, The codes essentially use a
steady-state Fuler marching technigue such as that de-
seribed by Kutler." Onge the flowfield is obtained, the
data are processed 1o yield inlet performance parame-
ters such as air capture, additive drag, cowl wave drag,
and kinetic energy etticiencies.”

Figure 1is a schematic of a typical supersonic in-
let tor a ramjet missile. When the engine is operating at
low angles of attack at Revnolds numbers typical of
ramjet applications, the external flowtield is basically
inviscid in nature. That is, viscous ettects arc effectively
confined to the thin boundary laver on the compression
surfaces, Theretore, it is reasonably accurate and cco-

Axial
coordinate Qe
B 0
o G
5 o)
Cowl inlet radius
ea\’“\v\“/ -
. Y -
Air capture o S~
P owWoL >
radius -
>z

Figure 1 — Axisymmetric inlet flowfield at zero angle
of attack.

nomically efficient to use an inexpensive inviscid
marching code for the calculation of this external super-
sonic flowfield.

The important performance parameters relating
to the external inlet flowfield are calculated as appro-
priate. Figure 2 is an artist’s conception of a chin inlet
operating at small angle of auack. The additive axial
force, often loosely referred to as additive *‘drag,”” is
obtained by a program developed to trace the stream-
lines impinging on the cowl lip back to their point of in-
tersection with the bow shock. The additive drag is then
calculated by integrating the pressure along the surface
of the capture stream tube and multiplying by the
tube’s projected axial area. The additive normal force
is determined by multiplying the pressure by the normal
projection of the stream tube. It additive forces are cal-
culated as described above, the axial projection of the
capture envelope determines the air capture. However,
if only air capture is desired, a mass integration routine
is applied at the inlet plane so that the relatively expen-
sive streamline tracing routine can be avoided.

One of the most important inlet performance pa-
rameters is the kinetic energy efficiency, which is essen-
tially a measure of how much of the flow's total energy
is recoverable as total pressure at the inlet diffuser exit
(i.¢., the combustor entrance). Although viscous effects
play an important role in the internal inlet flow field,
much of the inlet flowfield's total pressure loss oceurs
because of the internal shock system. In order to
analyvze those losses, a three-dimensional inviscid
marching code has been developed to solve the inlet’s
internal supersonic flow." From such a solution, the
gqualitatively accurate imviscid kinetic energy efticiency
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Figure 2 — Chininlet at angle ot attack.

is caleulated. This capability has proved to bevery vatu-
able as an mexpensive sereening tool with which to
climinate inetticient inlet designs.,

Viscous Flow Code Development

Purcly invisaid analyses have preat utihity, as
can he seen trom the above discussion, but also possess
severe Hmitations tor the analysis ot internal tlows. As
one might expect, viscosity plavs a major role i an in-
ternally ducted tlow; in fact, the boundary layer may
span the entire flow at stations tar attin the duct, Inad-
dition, shock-wave: boundary-layver interactions will
alter the internal shock structure. Therefore, it is always
true that viscous effects alone will reauce inlet efticien-
¢y, and a viscous analysis capability is necessary to pre-
dict internal properties accurately. Such a capability has
heen deseloped tor two-dimensional and axisvmmetric
infet geometries. It is based on approximations to the
Navier-Stokes cquations that remove their ellipucity
and mahke them parabolic in nature.’ The analysis pro-
vides a supersonic tlowtield solution of the steady-state
cquations using g relativels  inexpensive,  spatially
marched, finite-ditterence scheme. Avoided is the enor-
mous expense of a time-dependent solution ot the un-
steady equations, which requires several hours ot execu-
tion time on even the most advanced computers. Such a
technigque is economically impractical tor use as a de-
sign tool with the present state of computers.

The parabolized Navier-Stohes (PNS) code was
originally developed for external flow  appheations

whereas our primary arca ot concern is to estimate the
losses resulting from internal viscious effects. Accord-
ingly, @ NASA - Ames version ot the external PNS code
was adapted and extended to handle internal flows,
PNS results have been obtained tor several ramjet inlet
designs; they compare favorably with results obtained
using a time-dependent solution to the full Navier-
Stokes equations and with experimental measurements.
An example of such a comparison is shown in Fig. 3,
which presents the pressure distribution tor a ramjet
inlet. The experimental results were obtained from a
wind-tunnel test of a one-third-seale inlet model, and
the Navier-Stokes solution was obtained for the tully
three-dimensional  anlet  configuration  using  a
NASA - Langley computer code. The PNS solution was
generated for an avissmmetric approximation ol a
three-dimensional internal flow  where the viscous
eftects of the sidewall are not taken into account. As
can be seenin Fig. 20 this approximation results in less
disstpation ot the inlet shock system: however, the over-
all agreement iy pood.

Lable 1| compares the inlet khinetic energy effi-
cieney (. ) tor ananvisad flowfield sofution with that
tor a PNS solution dat vanous stations in an axisvmmet-
rne ranvet ilet.

Note in the table that the viscous o s signatfi-
cantly Tower than the inviserd . and that the differ-
ence hetween the two becomes greater at stations far-
ther att n the duct. At the ewat, the ditterence corre-
sponds toa 12%a increase i total pressure loss resulting
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Figure 3 — Pressure distribution for a scramjet inlet.

Table 1 — Mass averaged 75, for the axisymmetric
ramjet inlet,

Cowl Throat

Lip o Midstation | Exit

PNS 0.989 0.981 0.969 0.969
Inviscid 0.996 0.991 0.985 0.984

from viscous effects. It is obvious that viscous losses
can make up a substantial amount of the total inlet
losses. This fact highlights the importance of a viscous
analysis capability for the accurate calculation of ram-
jetinlet performance.

The current PNS capability can solve flow fields
in ramjet inlets with axisymmetric geometries; however,
most of the inlet designs currently being studied are
complex three-dimensional configurations. Efforts are
currently under way to further extend the internal flow
PNS code o that solutions can be obtained tor infets
with three-dimensional geometries.
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INTRODUCTION

The Laboratory’s involvement in space programs began in the postwar vears
when Aerobee and captured V-2 rockets carried Geiger tubes, magnetometers, and
optical spectrometers high above the earth’s surface. The flights provided the first
high-altitude measurements of cosmic rays, the geomagnetic field, and atmospheric
constituents such as ozone and were conducted by James A. Van Allen, John J.
Hoptield, and S. Fred Singer (who were then APL staff members). In 1946, a
V-2 rocket carried a camera, installed by Clyde T. Holliday of APL., for the first
look at the earth trom an altitude of 100 miles. From those beginnings, APL"s
record of accomplishments proceeds, and includes the conception, design, and
development of the Transit Navigation Satellite System and the Satrack Missile
Tracking System for the Navy.

Space activities at APL have been supported by an active program of basic
rescarch directed toward understanding the chemical and physical processes in-
volved in the earth's atmosphere, ionosphere, and magnetosphere and in inter-
planetary phenomena. Laboratory achievements include the design and construction
of one of the longest-lived scientific satellites ever launched (1963-38C), the dis-
covery of heavy ions trapped in the earth’s radiation belts, the experimental con-
firmation of large-scale ficld-aligned currents in the auroral regions, the discovery
that plasma in the magnetospheres of Jupiter and Saturn has a higher tempera-
ture (300 to 700 K) than any other plasma vet observed in nature, and the de-
velopment of radio astronomy technigues for predicting geomagnetic storms that
can disturb terrestrial radio transmissions. Advances in remote sensing include
design concepts for future satellite-borne radar altimeters, the derivation of large-
scale ocean wave characteristics from satellite-borne radar data, and the develop-
ment of RE and light trequency radars to monitor crop damaging insects. In ad-
dition, APL has developed techniques 1o predict the disruptive effects of
tropospheric phenomena, such as rain, on earth-satellite communications.

In addition to the work reported in this issue of the API Selected Accom-
plishmenis, there are a number of space activities presently under way at the Lab-
oratory. The following list s far from inclusive but is intended 1o provide examples
ot current efforts.

o APL is collaborating with the Max-Planck [nstitute on the Active Mag-
netospheric Particle Tracer Experiment. By creating and monitoring an
artificial ion cloud within the distant magnetosphere, the experiment will
vield information on the mechanisms responsible for the formation of
the Van Allen radiation belts. T aunch is scheduled for August 1984,

e Work has begun at APL on the Polar Beacon and Auroral Research (Po-
lar Bear) Satelllite Program. The satellite will carry several scientific in-
struments: an ultraviolet imager for observing the auroral disk and a




magnetometer for measuring the polar magnetic field. Those instruments
will permit a unique analysis of auroral phenomena on a global basis.

* The Laboratory is collaborating with the Max-Planck Institute in the de-
velopment of an energetic particle detector for the NASA Galileo mis-
sion. The instrument will be integrated into the Galileo spacecraft
scheduled to orbit Jupiter in 1990.

* An APL-built instrument to measure energetic charged particles in the
heliosphere will be aboard the International Solar Polar spacecraft sched-
uled to pass over the sun’s poles at the end of this decade.

e APL continues to participate in planning for the Voyager encounter with
Uranus in 1986.

e APL is supporting NASA in the design of spacecraft to map simulta-
neously the earth's gravitational and magnetic field with unprecedented
precision.

Eight articles have been chosen for inclusion in this edition of the APL
Selected Accomplishments.

The first article describes the polar orbiting satellite, HILAT, that was
launched on June 27, 1983. HILAT was designed and built by APL. and carried
experiments by APL., the Air Force Geophysics Laboratory, and SR1 International
for the Defense Nuclear Agency.

The next article describes AP1 s ultraviolet imaging instrumemntation aboard
HILAT that was used to miake the first davlight observations of the global auroral
display over a polar region.

The Geosat-A satellite being built by APL will carry out radar altimetry
to obtain worldwide oceanographic data and a more precise determination of the
geoid. Kev components of the altimeter are discussed in the third and fourth articles.

In the fifth article, the redesign of the drive and control system for the APL
60-foot parabolic dish antenna is discussed. The system was upgraded to meet
the pointing requirements for the reception of S-band frequency energy from
Gicosat-A.

The sixth article reports on the preliminary syvatem design and integration
study of an alternate fine guidance sensor to control and stabilize the Hopkins
Space Telescope. The requirement that the Space Telescope maintain a pointing
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stability of 0.007 arcsecond with respect to guide stars made this effort particu-
larly challenging.

The next article describes the Fault Isolation and Monitoring System
designed by APL for NASA. The system monitors both the quality and the quan-
tity of communication between the Tracking and Data Relay Satellite ground sta-
tion at White Sands, N. Mex., and the Network Control Center at the Goddard
Space Flight Center.

Finally, to support the Galileo mission, APL scientists have examined the
thermal response of the spacecraft’s nuclear heat source in the event of an off-
normal reentry. The results will be used to assess the safety margin of the design.
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THE HILAT SATELLITE

K. A. Potocki, S. D. Baran, and 1.. H. Schwerdtfeger

The HIL AT satellite was launched successfully
on June 27, 1983 into an 800 by 807 km elliptical orbit
with un 82.0° inclination. The objective of this mission
is to provide tn situ and remaote-sensing observations of
the plasma density irregularities in the high-latitude ion-
osphere und of their effects on RI propagation.

BACKGROUND

Naturally occurring radio wave scintillation
caused by structured plasmas in the ionosphere can
hinder Department of Defense communications and
surveillance systems. The Defense Nuclear Agency,
which investigates these ettects, has sponsored iono-
spheric research to measure and characterize such phe-
nomena as signal fading, temporal and frequency co-
herence, ete. This article describes the HILAT (high-lat-
itude ionospheric research) satellite, which was built for
the Defense Nuclear Agency to provide measurements
of both ionospheric parameters and RE propagation
effects.

SPACECRAFT DESCRIPTION

HILAT, designated P83-1 and depicted 1n
Fig. 1. 15 an operational-class, U.S. Navy Transit navi-
gation satellite modified by APL to carry the instru-
mentation listed tn Table 1. To measure high-latitude
plasma structure, it carries a unigue complement of ex-
periments to perform in situ and remote-sensing obeser-
vations of the ionosphere. These experiments include
(a) radio beacons 10 measure scintillations caused by
ionospheric irregularities; (b) in situ detectors 1o ob-
serve precipitating electron tfluses, plasma density, elec-
tric fields, and magnetic fields; and (¢) an ultraviolet
imaging svstem with visible photometers o provide
global views of the auroral regions,

In order to provide a stabilized plattorm tor
smaging, HILAT was three-avis stabilized by means ot
the Transit grasity-gradient boom and an added mo-
mentum wheel tor vaw stabilization, There is no on-
board data storage. The in vitu and imaging data are
tormatted and telemetered in real time at 4098 bits « on
the coherent beacon experiment transmission to ground
receiving stations. The actual ground coverage depends
upon the location of the receiving stations and on the
spacecratt orbit, Measurements will be made trom
Sondre Stromford,  Greenland;  Kiruna,  Sweden;

Gravity gradient

boom \ 7

Solar

X  panel

Momentum
/ Magnetometer
sensor

Drift meter
and RPA sensors

Particle
spectrometer

Auroral \\
antenna lonospheric

Mapper

Figure 1 — The orbital configuration of the HILAT satel-
Iite Earthis always inthe - Z direction

Tromso, Norwav, Bellevue, Wash.: and Churchill,
Canada.

ftis important to the HIL AT objectives that the
various experiments operate simultancously. However,
the spacecratt's solar arrayvs and batteries cannot sus-
tain such operation continuously, Theretore, a timer,
designed 1o control the experiments, allows simul-
tancous operation tor one-fourth of an orbit. The orbit-
al phase of the timer is adjustable by ground command
to permit operation over any desired 90° sector of the
carth, Control of HILAT is provided through the
Transit Auniliary Command System. Experiment mode
selection, nmer adjustments, and housekeeping telem-
ctry monitoring are performed by the Navy Astro-
nautics Group.

Prior to launch, HIT AT underwent an extensine
test and environmental qualitication program. After in-
tegration of the spacecratt and the experiments, electro-
magnetic compatitnlity and vibration tests were per-
tormed at AP, and magnetics calibranon and thermal
vacuum testing were performed at the Goddard Space
Flight Center. Figure 2 shows HEILAT 1 preparation
tor testing at AP AL of these tests supported a reads
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Table1 — HILAT experniments

Instrument T

Observations

Operating Characteristics

Faperimenters

Cohierent

beacon

monior

i Prasma
|

Medton

magnctometer

l

i tlectron
f speviromenes

Auroral
ronospheric
mapper

Suimtlfation

Lotal clectraon

vontent

I otal on concentration
Dommant species

lon tempetature

Flectnie ticld

Magnenie tield
Flectric current along
magnctic tield lines

Flectron tlus and

Cnergy spectra

Nightand day aurora

F-laser emissions

Phase coherent radio wave signals
at 138,390, 413, 836, 1239 MH/;
right-hand circular polanzation

I angmuir prabe: spectral density
of concentration irregularities
at 3,10, 35,500,750 m
wanelengths

Retarding potential analyzer:

ion concentration, 2.5 km resolu-
tion; temperature and mass ot
dominant ion

lon drift meter: cross track electric
tield with 880 m resolution

hree-anis flungate: 12 n'T
quantizations, 400 m resolution

EFnergy range: 20 ¢V 10 20 keV:
three ook directions: up, down,
457 from zenith

I'hree modes, spatial resolution
200, 600, and 1ROG m

1150-2000 N imaging
spectrophotometer

914 and 6300 A nadir-viewing
photometers
Winvelength resolution 30 A
spatial resoluttonin b (H)
aver is § - 203 F3yhmat
nadir

Fremouw (Physical
Dynamics 1 ab.)
Rino (SRI International)

Rich (Air Foree Geophysics
I.ab.)

Heelis, Hanson (University
of Tewas, Dallay)

Potemra (JHU APL)

Hardy (Air fForce
Geophysics Lab.)

Huftman (Air Force
Geophysies Lab.)
Meng (JHU APLY

ness review prior to shipment ot the spacecraft o the
Vandenberg Air Foree Base, Calit.

On June 27,1983, HIL AT was launched success-
tully on O NASA Scout rocket into an 800 by 807 hm ¢f-
hiptical orbit with an 82.07 inclination. That alutude
was selected because it was high enough for imager glo-
bal viewing and low enough tor the various in situ mea-
The 8207 iclimanon was chosen to give
some overhead passes along the peomagnetic mendian

sprenents.

at the ground receiving stations. Ground measurements
atter launch indicated thar all spacecraft subsystems
were operating properly and that all of the experiments
were meeting their technical objectives.

ACKNOWLEDGMENTS

The HIT AT spacecratt is a US. Navy naviga-
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Figure 2 — HILAT being prepared for electromagnetic compatibility tests at APL

and subsequently modified by APL. The engineering
success of HILAT is due to all niembers of the APL
staff who were part of the Transit and HILAT teams.
HILAT was funded by the Defense Nuclear Agency,
and launch activities were coordinated by the U.S. Air
Force Space Division. The beacon experiment was built
by the Stanford Research Institute, International; the
plasma monitor and the electron spectrometer experi-
ments were provided by the Air Force Geophysics Lab-
oratory; the vector magnetometer experiment was built

by APL; and the Auroral lonospheric Mapper experi-
ment was built by APL for the Air Force Geophyvsics
Laboratory.

REFERENCE
'The HILAT Science Team, “The HILAT Program,”” {08 64, 16}-
170 (1983).

Fhis work was supported by the Detense Nuclear Agency
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ULTRAVIOLET IMAGER OF ATMOSPHERIC

EMISSIONS AND DAYLIGHT GLOBAL AURORAL

IMAGERY FROM SPACE

C.-1. Meng and k. W. Schenkel

The globul auroral display over the north polur
region has been imaged for the first time in full sun-
light. This was accomplished by means of the Auroral
lonospheric Mapper, designed and built by APL in col-
luboration with the Air Force Geophysics Laboratory.
The instrument was launched on 27 June 1983 abourd a
low-altitude, polar-orbiting, high-latitude research sut-
ellite (HILAT, P83-1) as u joint venture of the Defense
Nuclear Agency and the USAF Space Test Program.

BACKGROUND

The spatial and temporal variations of the global
auroral display reveal extensive information concerning
the configuration and dynamics of the magnetosphere.
Because the polar auroral phenomenon is the only **vis-
ible'” consequence of the solar-wind/ magnetosphere
interaction that can be sensed remotely, the monitoring
and understanding of it has been of major interest to
geophyvsicists and space physicists. The ability to ob-
serve aurora on the sunlit hemisphere will add impor-
tant information to the understanding of solar terrestri-
al processes.

Auroral atmospheric emissions cover very broad
wavelength ranges, from infrared to extreme ultraviolet
and the short-wavelength bremsstrahlung X rays. In the
visible and near-ultraviolet ranges, the most intense au-
roral brightness can reach a few hundred kilorayleighs
(kR) per nanometer, while the Rayleigh scattering of
the solar radiance by the atmosphere is about 10" kR
nm, making it impossible to detect optical auroral emis-
sions in the sunlit hemisphere. Fortunately, the atmo-
spheric effect is drastically different at <hightly shorter
wavelengths. Radiatnion below about 200 nm is totally
absorbed by atmospheric molecules and atoms. Thus,
the corresponding solar radiations can neither penetrate
the carth’s atmosphere nor be retlected by it

Auroral optical emission below 300 nm was
found in 1960 by Fastie, Crosswhite, and Markham
during a sounding rocket experiment. Subsequently, n
has been demonstrated that vacuum ultraviolet (VU'V)
auroral emissions are sometimes detectable in full sun-
light and that the maximum contrast between the au-
rora and the davglow background is i the 135 1o 188
nm band. Theretore, it should be possible to image the
global auroral distribution and activity over the pola
regions in both sunfit and dark hemispheres by moni-

toring atmospheric emissions of the proper VUV wave-
lengths. The first successtul attempt to do this was
made by the VUV imager aboard the HILAT satellite,
which was launched on 27 June 1983 into an 830 km cir-
cular polar orbit with 82° inclination.

DISCUSSION

Imaging Experiment

Figure 1 is a schematic diagram of the Auroral
[onospheric Mapper on the three-axis-stabilized HI-
LAT. The mirror shown in the nadir viewing position
can scan 67.2° in either direction perpendicular to the
satellite’s flight path. The light input from the mirror is
focused on the entrance slit of the VUV spectrometer by
an oft-axis parabolic telescope. The spectrometer is a
1/8-m Ebert-Fastie type and the detector is an EMR
510G photomultiplier tube with a cesium iodide photo-
cathode and a magnesium fluoride window. The en-
trance slit of the spectrometer is 1.5 mm, which corre-
sponds to a spectral resolution ot 3 nm; the spectrome-
ter covers the wavelength range from about 110 10 190
nm. The advantage of using the spectrometer as the sen-
sor of this imager instead of a more common photomul-
tiplier tube with a filter wheel is in its ability to provide
measurements with a narrower wavelength passband.

With this combination of scan mirror, telescope,
and spectrometer, the imager can be operated in three
different modes. In the imaging mode, the instrument
provides global-scale imagery of atmospheric emission
at a selected wavelength in the VUV band. The pictorial
swath of about 5000 km width is produced by the com-
bination of the s cross-track horizon-to-horizon scan
and the forward motion of the spacecraft, similar to the
raster scan of a television tube. The spaunal resolution
near nadir is about 20 km along the satellite track and 4
ko perpendicular toit, and it expands to about 90 by 20
km near the horizon, There are two other modes of
operation when the scan mirror s loched in the nadir
direction — the photometer mode with the spectrometer
finved at a selected wavelength and the spectrometer
mode in which the grating rotates.

In addinon o this VUV imagimg device, there
are two nadit-poinning photometers at visible wave-
leneths (291 4 and 620 nm) wath a L-nm passband (tuall-
width, halt-mavimuam). Thesr trield of view v a 25-km-
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drameter circle that s sampled once per second. These
two welb-known auroral wavelengths have been chosen
m oorder to monitor the total enerey deposition and the
spectral charactenistios of preapitating clectrons. The
visthic photometers operate onbyan the dark henisphere
and are controfled automatically by sensing the carth's

albedo brightness.

Daslight Auroral Imagery

Fhe suroral smagery presented here was collect-
cd over the nerthern hemisphere i July T9X near sum-
met solstice when the magor part ot the northern auror.
aboval was under tell sanbieht. The orbital plane of the

ahoet 2300 U T I oanayes the atmosphen
ONVeeH Ciibssion g 13N 6 0 TSy i over the
castern part ot the North Amiencan continent and the
westorn patrt o ob the Nilantic Ocean trom Cuba o the
Huduon Stan Figure 2 — Eyoninig fase of HILAT 0
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Figure t — S tiematn of the Aurarai lonoesphenc Mapper on the HILAT satellite
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by ~oler UV radiavion. The dark blue and black on the
right correspond to the transition into the dark hemi-
sphere. The caleulated peometric terminator on the
carth’s surtace s shown for reference by a vertica!
dotted tine. The vellowish green on the lett is assoctated
with the limb brightening phenomenon of davglow be-
cause of enhanced volume per solid angle as the
mager’s freld of view moves toward the horizon. The
most exciting part, the observation of the evening au-
coral oval entending across Hudson Bay, is shown as
vellowish-green structures above the daselow back-
eround. The structures are clearly identitiable even in
the imb-brightening region. These optical auroral tea-
tures are detected more than 3000 km into the Jay hght
repton; they are shown enlarged in Fig. 30 The man tea-
ture s i degenrerated westward traveling auroral suree
that appears as & knot with ivwo paralle! ares along the
oval. The dimension ot the surge s about 200 km, and
the discrete ares are about 20 kmowide and 26 km
apatt.

I he second exampic (Fig. 3) s an umage of the
major part ot the auroral oval detected on 23 July 1983
at about 1600 U 1. The data on this satellite pass were
recetved at Kiruna, Sweden. The entire auroral oval was
- davhighe, The aimospheric emissions monitored were
G 193 e 5 nmy from both atomic and molecular
nittoven. bon this preture, the sun is toward the lett. The
auroral oval from afternoon o midnight was imaged
above the dasglow background: its display indicates the
proviess of a weak auroral substorm. Active auroras
were over central and west Siberia near the Arctic coast
ot the Soviet Umons Faint diserete and dittuse auroras
eatended along the afternoon and evening oval. These
observed VUV auroral features o the saniic polar re-
cion dare sinthr to auroral features of the visible wave-

RORAL IMAGE

TR 1P Y o

[.40h

N

Figure 3 — Enbargement. st ggronal o by 2

Figure 4 —An 1mage of the major part of the auroral
oval indicating the progress of an auroral substorm

lengths commonly observed over dark polar regions by

carlier spacecratt.

CONCLUSIONS

The VUV imager on board HEF AT clearly dem-
onstrates thar the global auroral display i the local
summer polar region under sunlit conditions cai be
imaged by using properiv chosen wavelengths. The
carth’s albedo and the davelow backeround caused by
salar radiation previousdy have provented auroral ob-
servations in the visible and near UV tanges. Fhat v not
a Tormidable obstacle to the described opacal mcasure
ment. Hois believed that this was the tirst successtul at-
terapt to image the auroral display m tull dayheht and
that continuous and complete auroral monitonny s
possible from space plattorms,
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DIGITAL SIGNAL PROCESSOR FOR THE

GEOSAT-A RADAR ALTIMETER

J. AL Perschy and S F. Oden

A3 SGH L pudse comnprreacon radar altimerer
to be arhited on hoard the Geosar 4 spacecrats i late
1984 will provide worldwide owcanocraphec data, in
cluding sea-state ntormiaties and ocoar topogcraph
Ill(’l/iﬂllll/ \IL’II(I//’-’H(('\\HI Jrorfion o eealtomerer die
thizes radar video retarns and o portorms alio necessary
irchine ol the
ocean’s surlace and booderice seiected oceanovrapling
duta.

processing Lo oo plish redl o

BACKRGROUND

Lhe signal processor tor the Geosat-A radar al-
tmeter s an estension ot the Seasat-A radar alumerer
desten. The transmn pudse leneth ot the altimeter was
mncreased from 2.2 1o 1024 s to accommodate & more
rehiable but fower-power traveling-wave-tube transmit-
ter. To accommodate this change, the dispersive delay
line used tor Seasat-A 1o generate a 3.2 ps linear BM
Charp pulse was replaced by adigital design that gener-
ates o 102,34 s charp pulse. The continuous wave (CW)
acquisition mode detecnion circuit was redesigned and
moved from the ssnchronizes 1o the waveform sampler.
Fhe svnchronizer was redesigned to accommodate the
new long-pulse radar timing requirements. The longer

misston reguirements of Geosat-A required 4 review of
parts reliability and radiation environment survivabili-
tv. The wavetorm sampler unit was completely rede-
signed to make use of large-scale integrated circuits.,
L he radiation-sensitive 808G microprocessor in the Sea-
sat-A adaptise tracker unit was replaced by the less sen-
sitive BORS microprocessor. The acquisition, rack, and
cabibration algorithmy in the adaptive tracker unit were
redesigned  on the basis of in-tlight Seasat-A- ¢x-

perience.

DISCUSSION

The altimeter is comprised of two major subsys-
tems: an RE section and a signal processor section. The
two primary outputs of the radar altimeter are the pre-
ciston height from which the ocean geoid and surface
topography are determined and the ocean wave-height
estimate. In addition, receiver gain control settings are
provided in the operate and calibrate modes for the de-
termination of the ocean surface reflectivity. The signal
processor is partitioned into tunctional units (see kg,
1), cach of which is defined by performance and inter-
face specitications. Figure 2 is a photograph ot the
completed signal processor.

Chirped mode
time domain

> . Video Waveform data samples Digital filter
— >
RF section sampler bank
A A 4
Sample CW acquisition Spectral
gate mode video data
Phase Transmit receive, detect samples
modulation gain control, .
t"m"‘"e Fine height
. correction
Synchronizer
ﬂ Acquisition range
Chirp ~_ Chirp gate *| Adaptive
nerator - tracker
¥ Predicted range, ‘4
Spacecratt RF gan, \
5 MH2 RF mode Data Commands
y
Spacecraft Commands
Engineerin 4 i
4 dmg -——»{ interface
and control f——————>
Tetemetry
data
Figure 1 — The signal processorintertace to the RF section and the spacecraft




Figure 2 — The signal processor.

Waseform Sampler

Lhe basic tunction of the wavetorm sampler is to
digitize the in-phase and quadrature (1 and Q) video re-
turns from the receiver and to store the time domain
samples tor processing by the digitaf tilter bank. During
cach radar pulse iterval, two S-bit analog-to-digital
converters tithe 64 samples cach at a rate of 625 kHz,
which covers the 102.4 48 recenve gate window; the
samples are stored temporarily in two § < 64 bit reg-
isters. At the end of the receive gate samplingsstoring
intersal, the digital tilter bank begins reading out the |
and Q data ~amples noa repetitive, nondestructive
manner unbl processing is complete. When the nest re-
cenve vate mterval begins, the new data samples are
wntten over the previoushy stored data.

Ihe wavetorm sampler pertorms a secondary
tunchon durnime the ¢W aequisition mode of operation,
[he mconnne L and Q video s detected by a full-wave
rectitier ad ditterence amphtier combination; the out-
puts are compared to two thresholds, and returns ex-
ceedime those Tesvels are reported 1o the svachronizer

it o deterinime dogunsinon range estimates.

Digital Filter Bank

The dreal filter bank provides a spectral analy -
sivoof the video retuns divinized by the wavetorm
samplers Beaause the radar pulse s fregueney modu-
Lated. this spectral antormation provides range for
trachine and data tor the analysis ot ocean surface
Charactenstics. Duninye the peniod between receive gate
mtervals approvimately 877 400 the digual filtey per-
torms o disarete Founer tramtorm of the 64 1 and Q
tme domamn samples imto 63 power spectral samples,
Sinty notmal treguenay terms are tormed plus three
spearal terms ar band center. The tilter resolution is ap-
provimatels 10 KHZz Fach o the 63 tilter responses is
Jdetermaned by readime out the sampled data, multiply-

ing them by appropriate sine and cosine terms, and ac-
cumulating the results, Finally, the | and Q freguency
terms are squared to form power values and are then
added 10 give the measure ot signal energy recenved at
that parucular frequency mcrement. As cach filier
value is computed, it is sent 1o the adapuve tracker tor
turther analssis.,

Fine height correction as also accomplished in
the tilter bank. Information supplied by the synchron-
1zer s used 10 modulate the phasors in the multipliers,
thus shifting the entire tilter bank in freguency. The
digital filter bank module (shown in Fig. 3) is an ex-
ample of typical construction in the signal processor.

Adaptive Tracker Unit

The adaptive tracker unit is a microcomputer
built around an 8085 microprocessor. It contains 8192
byvtes of read-only program memory and 2048 bytes of
read-write storage memory. Dual input storage buffers
alternately accumulate radar return waveform sample
data from the digital filter band for 50 pulse returns and
hold the data tor processing by the microprocessor.
Height tracking, automatic gain control, and wave-
height estimations are then performed at a rate of 20 in-
puts per second, based on the smoothed waveform
samples,

Telemetry data formatting, interpretation of
commands, and control of the altimeter mode sequenc-
ing between acquisition, track, and calibrate states are
accomplished within the adaptive tracker unit. For that
purpose, interfaces are established with the inter-
taces control unit and the svnchronizer unit.

Processing within the adaptive tracker unit is
keyved to the radar transmit pulse that occurs every 980
gss that is the highest-priority normal interrupt 1o the
microprocessor. The interrupt initiates the data trans-
ters to and from the synchronizer unit and inter-
tace control unit that must occur cach radar trigger. In
addition, a modulo 100 count is maintained of the

Figure 3 — The signal processor digital filter bank
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RF SECTION OF THE GEOSAT-A RADAR ALTIMETER

.G Weiermiller and ). Daniels

he Geosdt-=4 niission was undertdhern (o salisiy
the need tor precise ocean wave-heweht and topo-
craphical anformation. Engineering and Hieht model
Kt s have been built, tested, and mtegrated into the
cneneering and flight models of the Geosat--4 radar
daltemeter bv AP,

BACKRGROUND

Onver the past decade, APL has parnapated i
spatce provams that have signiticanty pushed the staee
of the att e precise spaceborne tadar alumetry.
Althoueh Scasat A had a relatinvely shornt misaon hite,
the gquabity of the alometrs data provided by s APL
buatlt tadar altimeter caused vreat exatement amonyg it~
sorentitie and miditary users The Geosat- Nomssion was
undertaken to satsty the need Tor precise ocedn wasve-
hereht and topostaphical intormation. This arocle de
woribes the RE ~ection of the tadar altimeter tor Geosat
AL which s scheduted tor Taunch i Seprember 1984

DISCUSSION

Fhe conceptual desien ot the Geosat A albimictar
RI section s based upon that of Scasat A The desien
approach of both was to use ot the-shell components
as uch as possible to mimimize cost

Pigure 1as o tunctional block diagram of the R!
sechion. The tive umits that comprise the Risectien are
the travehng wave tube (EW Ty amphitier, the up conver-
ter trequency mualupher (L CENY, the chirp generator,
the muicrowase transmssion unit (MTU), and the re-
cenver umit. A SATHZ ervstal osallator reterence signal,
supphied by the spacecratt, s the mpuat to the UCENM.
One output of the UCENM v used as the input carrier
trequenes tor the chirp penerator. (CChirp™ s the
term used 1o denote a hincar 1N apphlied 10 radar
pulses) The chirp generator tormes a chirped pulse with
A carner frequency ol 250 MH/zo That pulseas returned
to the LCEM where at s up converted to a chirped
transmission frequeney ot 133 GHz and a hiest local os-
allator (1 O) treguency ot 13.0 GHz. Precise height in-
tormation s obtamed by operating on the frequency -
tormation that results when the chirped ocean return is
nuved with a similarly chirped 1O pulse.

The 133 CH7 chirped pulse from the UCFM
drnves the TWT amplitier, the alumeter’s RE power
tube. The TW T amplitier output pulse s routed via the
switchimg network of the MTU to the antenna of the ra-
dar altimeter wheretis radiated to the ocean below.

[he ocean surface return s transterred from the
antenna to the MTU where the signal is amplified and
the tirst trequenes down conversion (to a SO0 MHz 1)
takes place. The return sipnal continues to the receiver

Up converter/frequency multiplier

. - 5 M2
I N Ku band o O
| i e up converter Multiplier et
Y
- Multiplier Single Second
(O and sideband L0
fitter modulator
Chirp generator RF
.M_.jL i
LS .
Switch RF‘ ) Down AGC Post 1-Q
> y network preamplifier ’ converter attenuator[ amplifier detector
Microwave transmission unit |
Video To
amé’hjler F— s ignal
f|lrt1((3r PrOCeSsOor
Receiver
Flgure 1 — T BE w Do P he Geossal Ataar aitimeten
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unit where itis adjusted to a partucular amplitude by an
automatic gain control (AGC) and down converted
again to extract two channels of video separated in
phase by 90°. Those signals are then output to the sig-
nal processor section ot the radar aitimeter.

Although the ininal plan called tor an altimeter
using the Seasat-A design, the 18 month mission design
goal of Geosat-A was not compatible with the 2.5 kW
TWT amplifier used as the power amplifier in the
Seasat-A altimeter. A space qualified TWT amplifier
having approximately 22 W of Rl output power and
casily able 1o meet the Geosat-A mission lite goal was
located.

A technigue long used by radar designers to re-
duce transmitter power while maintaining maximum
detection range was the primary way to compensate for
the [oss of Rt power. The width of the transmitted pulse
was increased so that the total amount of energy in the
pulse (i.e., the product of pulse amplitude and pulse
width) remained unchanged. A system design problem
1s normally associated with that technique. An in-
creased pulse width usually results in a decrease in range
resolution; however, because the Geosat-A altimeter
makes its height measurement by operating on the chirp
modulation rather than in the time domain, the resolu-
tion trade-oft does not apply.

Several modifications to the Seasat-A Ri design
became necessary in order to accommodate the substan-
tial increase in pulse width. They are discussed below.

TWT Amplifier

The Geosat-A TWT amplifier was procured
under a subcontract from Watkins-Johnson. The unit
provides approximately 22 W of Ri- output power at the
13.5 GH/ transmission frequency.

Chirp Generator

The heart of the chirp generator, which was the
unit most affected by the increase in pulse width, was a
surtace acoustic wave device supplied by Andersen Lab-
oratories. A similar device capable of handling the
compression ratio associated with the large ( =100 us)
Geosat-A pulse would have been beyond the state of the
art; therefore, a completely different design approach
was taken. The Geosat-A chirp generator, referred to as
the digital chirp generator, was a joint effort by
engineers for the digital and RI parts of the altimeter.
The linear frequency was generated digitally and then,
by means of RF techniques, a chirp pulse with the
desired  pulse width  and  carrier  frequency  was
formed.

Ak e Seseciie Shan Shue s Sas s S Shate et 4

Microwave Transmission Unit

The MTU performs the necessary switching of
transmit and receive signals, including isolating the re-
ceiving channel from TWT amplifier noise power while
the altimeter is waiting for the ocean return. This new
function was needed because the Geosat-A TWT ampli-
tier, unlike its Seasal-A counterpart, cannot be
switched off between pulses to cut out TWT amplitier
noise.

The MTU, as noted earlier, also pertorms the in-
itial functions of a receiver (i.¢., signal amplification
using a low-noise preamplifier and frequency down
conversion to IF).

Other MTU functions include providing a chan-
nel to monitor the TWT amplifier output power and a
way to calibrate the altimeter. The calibration is done
by coupling the transmit signal through a channel
known as the calibration path where it is attenuated and
then injected into the receiver channel. The calibration
path includes a programmable pin diode attenuator; by
varying the loss in the known increments of the calibra-
tion path, changes in the operational signal path can be
simulated and the system calibrated. The greatest chal-
lenge in building the MTU has been to isolate the cal-
ibration signal from leakage through the normal opera-
tional path and from R¥ interference (R} from parallel
paths of unknown origin.

Several modifications have been made to the
Geosat-A MTU to improve the calibration path isola-
tion:

1. Separating the MTU switching assembly into
three components to better isolate each por-
tion from paraliel path RF1,

Using an iridite (conductive) finish on the ex-

terior surface of the waveguide components

rather than the typical painted finish that

might protect surface currents from attempts

to break them up,

3. Adding a metal enclosure to isolate the MTU
from potential external leakage,

4. Using RE absorbing material to attenuate the
REI.

[}

RF absorbing material was used to line the enclo-
sure and baseplate. It also was glued to sheet metal baf-
fles placed between the channels to break up radiation
within the box and was used as a wrapping for key
power and control harnesses to attenuate any RE1on the
wires.

Receiver Unit

The receiver unit consists of an AGC module, an
in-phasesquadrature  (1/Q) module, and matched
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Figure 2 — The flight model RF deck.

phase-quadrature video channels. The AGC module
ensures that a fised signal amplitude is sent to the signal
processor section. The T Q module use- the 500 MH/
I O signal from the UCEM 1o perform the second fre-
quency down conversion, The down comersion pro-
duces two video signals that are in phase quadrature.
The signals are filtered and amplified before being sent
to the signal processor.

T'he AGC and 1 Q modules have been designed
using off-the-shelf microwave integrated circuit compo-
nents rather than the diserete components used to build
the Scasat-A receiver. Such components are readily
available and mount directly to printed circuit boards,
thereby significantly reducing module size and weight
compared 1o those of a discrete component.

Up Converter: Frequeney Multiplier

The UCENM uses the S MHy reference input to
penerate tour output signals: @ 125 MH7z continous sig-
nal that s used as a chirp generator input, the 13,8 GH/
pulse (with or without chirp modulation) that drives the

TWT amplitier. the 13.0 GHz first LO signal used in
the initial down conversion of the radar return in the
MTU, and the 500 MHz 1.0 signal for the second (1/Q)
down conversion in the receiver, This unit was original-
Iy procured vnder subcontract from Zeta Laboratories
tor the Seasat-A Program. Only minor design modifica-
tions were needed for Geosat-A.

Testing and Integration

Enginecering and tlight model R} units have been
built, tested, and integrated into the engineering and
flight models of the Geosat-A radar altimeter. The
tflight model R deck i< shownin Fig. 2,
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UPGRADE OF THE APL 60-FT DISH ANTENNA

CONTROL SYSTEM
R. L. Konigsberg, V. k. Neradka, and T. M. Rankin
The drive and control system for the APL 60-ft

parabolic dish antenna has been redesigned in order (o
meet pointing requirements for the reception of S-band

Jrequency energy from the Geosat-A satellite following

s launch in 1984, Using the Lundsat-D satellite as a
test turgel, dish pointing errors of less than 0.05° and
peak Ri pointing errors of less than 0.1° have been
demenstrated. The svstem was used successfully to sup-
port the Hilat satellite launch operations during July
und August 1983.

BACKGROUND

The 60-ft parabolic dish antenna (Fig. 1) has
probably been the most readily recognized facility of
the Laboratory since its erection in 1962-1963 by Philco

Figure 1 — The APL 60-ft dish antenna

Western Development Laboratories. The facility has
supported reliably the development and operation of
the Navy navigation satellites at 150 and 400 MHz. In
the summer of 1982, it was proposed that the antenna
be used to acquire data from the Geosat-A satellite,
which will transmit data in the S-band frequency. The
reliable reception of data from satellites of opportunity
at that frequency proved to be impossible. A detailed
engineering evaluation showed that a complete drive
and control system redesign was necessary.

DISCUSSION

The task consisted of (a) redesigning and fabri-
cating new control system electronics using modern
technology, (b) completely rebuilding all hydraulic
components, and (c) rebuilding all mechanical drive
components (including the 2.5 ton gearboxes).

The newly designed and fabricated servo elec-
tronics were connected to a complete single-axis hybrid
simulation of the antenna in the APL Inertial Labora-
tory using the actual antenna resolver for feedback
from the servo rate table to simulate antenna axis
rotation. By means of the simulation, the antenna servo
rate loops and position contro{ loops (which contain an
imbedded microprocessor) were tested, debugged, and
optimized before actual integration into the antenna.

The antenna’s main bearings were found to be
in excellent condition during an on-site investigation by
their manufacturer, but the large gearboxes showed
excessive wear. They were removed and shipped to their
manufacturer for overhaul. All hydraulic components
in the drive system were either overhauled and tested in
the APL hydraulics laboratory or returned 10 the manu-
facturer for overhaul. The large hydraulic snubbers,
which are required to preclude the possibility of a run-
away antenna and are of particular concern, were com-
pletely rebuilt. To generate the equivalent of the maw-
mum torgue of 1,000,000 ft-1b that may be required of
the snubbers in use, they were temporarily plumbed
into the antenna’s hydraulic supply and tested for
proper rate control and snubbing action prior 10 rein-
stallation on the antenna.

Figure 2, a block diagram of the antenna control
system, shows the dedicated HP 9836 pointing comput-
er that computes at 1 Hz the predicted position com-
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mands from the satellite Kepler elements and inputs 16-
bit position commands 1o the microprocessor. The mi-
croprocessor linearly interpolates betweeen discrete -3
input position commands at a 32 Hy rate, comparing
each interpolated command position with the actual
antenna position that v obtained trom the antenna
shatt angle encader. The resulting ditterence is output
for cach axis by a 16-bit digital-to-analog converter.
Thus, the output represents the error signal needed to
close independently cach of the two position control
loops. The microprocessor has its own aceurate internal
clock o generate the 32 Hz commands. 1t abo synchro-
nizes this internal clock 1o the stanon UTC 1-pps refer-

SR eI

St st
T Jm,vz v
b

ence clock when it s commanded 1o “*begin track’™ by
the HP 9836.

To minimize pointing error while poinuing dy-
namically at satellites, a type H servo loop has been im-
plemented with an acceleration constant of .19 «
The resulting maximum dynamic pomnting error es-
pected for Geosat-A is <0.02°. Figure 3, a block dia-
gram of the servo loops, shows the basic blocks of the
design and the overall equivalent open-loop transter
function that defines the dynamic performance and the
acceleration constant. To provide rapd repositioning
and stowing ot the antenna, mode switching s
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automatic if the error angle exceeds 0.9°. At that error
level, the system switches from type Il to the
unconditionally stable type | system response. When
the error drops to below 0.25°, the system reverts to the
more accurate and responsive type 11 system. The elec-
tronics are also designed to be antenna-rate and acceler-
ation limiting to preclude undue stresses on the drive
system mechanical components, thereby extending the
expected life and reliability of the facility.

The dynamic performance requirements of the
servo electronics are not dictated by actual satellite line-
of-sight dynamics but by the disturbances caused by
wind-turbulence-induced torques. To study the effects
of those disturbances and 1o serve as a guide during the
development of new circuitry, a nonlinear, discrete
computer simulation of the antenna was developed. The
servo dynamics were designed with as broad a band-
width as reasonable, while retaining adequate stability
margins. Figure 4, which contains typical Bode plots of
the measured antenna performance, shows phase and
gain margins from the open-loop curves.

CONCLUSIONS

The complete pointing system was tested and
evaluated using the Landsat-D satellite as an S-band
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Figure 4 —Measured dynamic performance of the 60-ft
dish antenna servo
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target. The total RF boresight pointing errors were mea-
sured by scanning mechanically 0.25° at | Hz and ob-
serving the received RIF automatic gain control signal.
The manual closing of an RF track loop around the
pointing system during the satellite passes enabled the
measurement of the amount of manual correction
needed to null track errors. Analysis of the data from
about 30 satellite passes has shown that the dish servo
and reflector are dynamically better than 0.05° and that
the overall Rt pointing error using satellite orbital pre-
dictions is less than 0.1°. This performance exceeds the
requirements.

During the summer of 1983, the APL Satellite
Tracking Facility entered a new era of reliability with
automation by digital control. Beginning with the Geo-
sat-A launch in 1984, the facility will track four passes a
day until approximately 2200 passes have been accumu-
lated. It is estimated that over the next two years the
total use of the facility will exceed its use from its
inception in 1963 through to the 1983 upgrade.
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SPACE TELESCOPE

ML DL Gritfin, T, FL Strikwerda, and D, G, Grant

A opreliminary system desien and ntesration
study o of an alternate (e guidance sensar o control
und stabilize the NASA Space Telescope has been comi-
pleted. The Space Telescope must nmaniam a pomting
stubility, reterenced o selected vide stars, of 0.007
arces (Jo). The recommended sensor consists of an
clectrostatically Tocused Digicon tubhe that nnages a de-
sired gutde star aon a four-elenient siicon detector array
aperated o a photon countere mode. An aleorithn tor
e quadrant tensiey balancine s wsed to maintain
the cuide star posttion at the sensor boresiehi position,
thus developme an error sienal Jor Spuce  Telescope
pomting conirol. The pertormance of the svstem has
been analvzed by micans of a stnele-axis sunidation of
Space Telescope dvnarnes und has been compared wich
hoth the origtnal svstem and wilt other possible control
COHCCP S

BACKGROUND

I he bascline tine puidance ssstem (FGS) tor the
Space Telescope (S 1) uses i Koesters prism iterterom-
cter tosense the wavetront nlt of hight trom a vude star
telative to the ST boresieht avis. The interterometer has
& usable angular tine-lock ranee of, at most, £ 0.04
arces, outside ot winch the telescope pointing accuracy
ouncertam toowrthim several are seconds. This charac-
teristic, tovether with the possible existence ot environ-
mental and spacecratt-gencrated disturbance torques ol
sulhicient magmitude to result s loss of tine fock,
cattsed concern as to whether the basehine sssem conld
meet the ST pomnme stabshiy reguirements. These and
other ssaes Ted o the implementanion of an Nrernate
e Guondance Sensor Proviam at APL L sponsored by
NASAS NMarshall Space hiohr Center, with W (G
Faste ot THU S Homewood camipus as the Promapal
fnvestivator. Fhe three coals o the provram were tode
velop a prehmmary atternate sensor Jdeseen that could
et the speabications with anmam proetam mpat,
toassess the cost and schadule regquirenments tor inte
atine s sensor o the exesnime spacectratt, and o
ientite appropride mdustral reams tor the accem
phetient ot theework s shonld m be required

DISCLUSSION

semsor Selection

Froial work at AP conered around oostads ot

the overall ST ovarem to under tard the cnvironment i

ALTERNATE FINE GUIDANCE SENSOR FOR THE

which the alternate sensor was required 10 operate, in
crder to allow a credible recommendanion 1o be made.
I'he results are reported in Ret. 1o parallel, the analy-
sisoof various candidate sensor concepts was under-
tahen, with the goal of wdentifving sensors most suited
to the program requirements.

I'he emphasis during this study was on the re-
quirements of a retrofit design. To be viable as a back-
up or an alternative, a sensor was sought that would
satisty the acceepted ST science requirements while
providing more flexibie performance characteristios
than the buaseline approach. The ““best™ design was
considered to be one that would have the least effect on
the overall ST program, should comversion be required.
The sensor should be conceptually and operatonaily
simple, pose reasonable reguirements tor integration
mto the present spacectatt, and introduce minimun
cost and schedule perturbanons.

Sty approaches were examined dunmg the vourse
of the studs:

1. Softaare  enhancements to the  bascline
svstlem:

to

An opncal sphuer that would divide a vt
pe mio lour separate beams, which then
would  be touted 1o the existing FGS
photomultipher tubes, eenerating signals 1o
be used i a quadrant detection scheme;

o Imaee dissector tubes, opetated essennally as
star trackers, but usine ST opties instead ol
the normally smaller star-tracker anagig
SN

4. Sobdsuate scanned arravs operated the same
way as deseribed for tem 3;

oA microchannet plate. operable either as an
ATy sensor or m g guadrant anode contigu-
LAton;

6. v clectostatically tocused Digicon senson

operated as a gquadrant detector but with the

possibility of sy a detector contiguration
having an outet
controf.

cuard ring™ for coarse

Our ~tudies showed rechnically plausible wasvs
ahich cach approach could be used in the system. How-
cver, on the basis of cutrent mtormation, the clectro-
staticatihy toctused quadtant Dievwcon (FEQD) marketed
by othe Plecttone Viston Ssystemis Diviston of Scienee
Applications Tne s the sensor that best ties the pade-
hoes and constramt approproate toa tetrotit desien.
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Sottware nterterometer  enhancements ottt
substantilly amproved pertormance waithout hardware
moditication but can be undone by an untoreseen thaw
m the basic mtertetometer desiens Fuether, it s not
lear that extensne sottware modihicattons and addr-
tons dare to be prederred over hardware changes. Pris-
natie optcal sphiters otter porentially excellent per-
tormance and are conceptually simple both i design
and svstemintegration: however, test model sphitiers
with acceptable characteristios have vet to be tabri
cated. Accordingly, proot ol concept has not been dem-
onstrated, and their true pertormance capabilities and
then tabrication, mounting, and ahgnment require-
ments have not been determmed. Solid-state scanned
array sensors are attractive and may well be the sensor
ol preterence Tor future pointing control apphications.,
but they have not vet demonstrated the background of
tlight usage and qualitication desirable ina retrofie of
hackup applicaton. Microchannel plates are almost too
ensitive tor the ST application: awkwardly large image
stzes are required to disperse the guide star image over d
farye enough area (o stay within the count-rate hmita-
tons ot current devices. Image dissectors have an exten-
<ive history of space apphcations and could be suitable
but are substantially more dithicult tonregrate in aret-
rotit desten than other chorees.”

Fhe electrostaticalhy Yocused Digicon is a strug-
tarally and operationally simple device that can operate
at 40 Hy tthe existine, and dithicult o alter, tundamen-
tab samphing rate within the ST control ssstem) on 148
m wmde stars (the desired dimestar imit) with nonse
copovalent angles mothe 0.00% aroes tanee. The Digicon
opetates by electrostanically aceeleratinyg electrons ennt-
ted trom g photocathode, atter which they impact on a
abicon drode detector arrav, eencrating hole-electron
pait~ at the tate of one panr per 3.6 ¢V ot photoelection
cnerey . Becase an aceelerating potential on the order
of 1o kY s used, several thousand electrons are uln-
mateh collected, amplitied, and used in pulse venera-
tron and shapmye aramtes o allow pb o conntine o
be pertormed  bivore 1 shows the bas.omneicon deviee
toeether with o diode array approprate tor a vundance
appheation sinular to that tor the S

Work to date i the provram shows the Dicon
wwinsor to provide the best asy aitable match to rhe vunde
hines. Considerably more comples mavneticaliy tocused
sersions have been developed and space quahitied tor
e on the ST the Faimnt Object Spectrocraph and the
Hich Resolution spectroeraph, The use ot mne outer
drode clustering (gl D allows awade (S arc ey mstania
neous tield ot view (IFOV) tor acquisanon, compared
with the 3 arces TRFOV i the basehne svsrem, ver pet
s the use ot a narrow (0.5 arcesy THON tor time Tock

IThis taatare reduces sensitaty 1o beckeroonnd norse

Photar sthode

W
1200 um
dia
=
800 um
dia
Quadrant array
configuration
20 HS gl
4 places.

Figure 1 — The gquadrant D on

and extrancous stars and has advantages tor astronomy
as well as for puidance.

Sensor Performance

Al ot the sensors considered i this study pro-
duce, or can be contigured 1o produce, an error sienal
ot the svpe shown by the dashed hine mm bes 20 e
portant teatures are the ossentially hnear ranye about a
revton near the orwn and a nonlinear transibon o a
ftine valuae ot tar trom the null posinon. Fhis
fneh stenal it contrasts wath the nominal Koesters
interterometer Charadtenstie (the sobid hine e boel 230
which returns to a Tow sienal i at faree displace:
mienis Both corves m by 2 depict tvpical measured

duta tarthe two sensors ~hown
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turbed o, o acamually ary a position tar rone The de
ared null, appropoate direchional mtoroaton tar errot
correction s sodb obtoned s Thes characterisine allows o
control scheme 1o bhe davaoped that v ot o Classie
Shane-bane’™ torm tar trom the oreem and that pro
vides woresponse proporoonal to the crrar near the one
s feallows vood pertormuance i tine lock while at the
~anmie e procidime robust behavior i the prosence o

nunon disturbanees

Because the Koesters prisointerterometer (KPD
has such @ narrow usetul range, o rather compley and
very time-consuning puide star acguisition sequence s
tequared. The sequence 1s modihied tor a sensor such as
the Duncon, and pornons of an (eop. rooanse track ™
are dedeted ennirelv to be replaced by an AP -desiened
Cranation mode” Fhe new scheme allows anoox
tremely rapnd pade- st acquisition sequenee 1o be de
veloped that s substantally more robust i the presence
ot eftedts such as photon noise and binary stars than s
the baseline svstem Divare Yshows a tvpieal aoquisiiion
RUSTHUIING

The contral cvstom pedtanmance o hine lodk

o the Dicon W aecced Byomeans ol acane e o

cradatien eodel o the ST mctudimy the errecrs o

Pos cond pograme conrol oo v o tor el
e toebic badc nodo s nde o Gaanitin. norec
Vool ok o tals cvro nores and othio e

P o by o bren oo ol devclopea
SNASN G d S Phiebe o cnre s and moditied

RN N LY thre ~rady

N on parteon ot the FEODY enon and

R o ke e b rde el coe o nonse hinted

operation, the simulation shows the two e 1o be
essentally equivalent, with a root mean ~gqua e pamuny
nter of (L0042 arces tor the FEOQD and 00045 qr s
for the KPL tFhese resulisare mtended tar censor come
parisons onh and should nor be taken as an mdication
ot o sealizable overall ST pomting capabiliny because
mwany potential disturbances are not modeied mthe sim
ulaton,) The FEQD, a~ expected, provides substanual
hvomore robust control than the KPP the prosence ot
sosere distirbances (eoe L thormal oreaking™ o the
structure) Phisas shownom Fe o 40 whore rosponse to g

sudden boresieht shine s plotred tor both

sensor Design and Tntegration

Suatenn mterration studies tooestabbich o the e
it nts tor e the retront alvernaie setor dosen
i the baeclive oS were andariaken ae part o0 the
prociam s NP The dosenmnolved the replacament
ot cortarn clencns o the PN apecal i nntb e S and
) Froure 7 ochows one of the theee PGS aesambhies
the Paschire cortievr ation the encircled area shows the
careptest o be rorroved and roptaced By ohe alternarne
cteor e b the cttecis hunve becncortitred 1o a
caomadlb s ot e ST bor retorence, e N shoae
the ST ad e aie s the location ot the PGS aescmblhie

whiobars desrencd nocho o veplaccablo tne

Nty aoetoant oaes bt o beoaddies o s
th tady o alow o credib e recomim endanion o e

St g tention b

LoDy cne cpace ganalitog shvon,

h
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Koesters prsm nterferometer 4. Digicon count-rate e ettects for bright
Erectrostatically tocused quadrant D gicon vurde stars;
"Of" o | SR S D S 1 N SooSensor hitetme and aging;

6. Design and tabrication of low-noise prean-

plitiers;

Cosmic-ray etfects and radiation hardenny;

N Mass volume, and mounting area constraents
tor an alternate sensor:

9. Power wvarlabiliny and requirements;

10, Thermal control requirements and  system
moditications;

11, Sottware tirmware moditications and mter
face requirements;

. 120 Emaging optics requirements and design.
808—“L’_§5*l#1‘ ,5%74,,,,%, LiT(J]O In contrast to the intertferometer, the wliernate
Time (s) sensor design requires that a real star image be tormed !
Figure 4 — The tesponse of the KPLand EFQD sensors and thus necessitates the use of a re-imaging system i
o a sudden boresight shitt dahead ot the Digicon. The required analysis was pro-
vided by David Grev Associates under subcontract 1o
20 Maenetic ticld sensitviny and shielding re- APL. Many of the sensor-related topies were ad-
QUITCMCnis; dressed by the Digicon svendor, also under subcon-
T Availabilien of tlight-qualitied tigh-voliage tract.” while the system integration issues were exam-
power supplies: med by the APL siatt, All were favorably resolved,
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weihe the rosule thar hivh contridence exists m the viaal-
1 ot el Doercon based alternate tine vwdance system,
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FAULT ISOLATION AND MONITORING SYSTEM

D. E. Buchholz, A. J. Cote, Jr.,
and P. J. Grunberger

NASA s replacing most of its Spaceflight Track-
ing and Data Network of ground stations with iwo Track-
ing and Data Relav Satellites operating at synchronous
altitudes and a single ground station situated at White
Sunds, N. Mex. The Tracking and Data Relay Ground
Segment (TDRS-GS) of the ground station provides the
interfuces between the satellites and the network. The
NASA Ground Ternunal provides the interfaces among
the TDRS-GS. NASA Communications (NASCOM), and
the Network Control Center ut the NASA Goddard Space
Flight Center.

APL was given the responsibility for designing a
Fault Isolation and Monitoring Svstem as part of the
Ground Terminal to provide qualitative and quantitative
assessments of the communication between the TDRS-
'S and the Network Control Center. Monitoring takes
pluce both before and after the interfaces 1o the NAS-

COM lines. APL s effort included the development of

all the software and the fabrication of some of the sub-
svstems in the fuctluy. The installution of the system was
completed and the final software package was delivered
in November 1982, The system 1s now in routine use.

DISCUSSION
Figure 1isan overview of the Fault Tsolation and

Monitoring Svatem. Al data to be analvzed enter through
the distribution and switching svstem via a “tree’”” cone

nection in the main data path between the Tracking and
Data Relay Ground Segment (TDRS-GS) and the NASA
Communications (NASCOM) data path. The monitored
data are routed within the system to the frame analyzer
hardware whose outputs are routed to the system com-
puter. There, data are processed for transmission back
1o the Network Control Center. Data characteristics are
observable at an operator console.

Operational Characteristics

Figure 2, an operational view of the svstem, con-
vers the data tow and identities the magor files and opera-
tional tunctions,

['he system s assigned monitoring tasks by means
al schedule messages that ongmate at the Network Cone
trol Center and are sent by the datia imes These incoming
messages are received automancally and placed o
hutfers, Recept is noted man activaty dop: the vontent
v entracted, placed mto an admumistrative message file.
and prmted at the operator’s option. This reception
Process s autontatic and imdledes analert to the opera-
tog consodeandicatime ol ot the message. A commue
tications service avalable at the operator console permuts
dovess Tothe acnivty loe the alerts table, and the con

oot the admmistoain e messaee hie
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Figure 1 — The FaultIsolation and Monitoring System.

Assignment messages identify the data links to be
monitored, the time span of the monitoring, the data
stream characteristics, and other information, as required.
Initial analysis of the data stream is performed by the
frame analyzers, cach of which is connected to its assigned
stream by the distribution and switching system. The con-
nections between analyzers and streams are not fixed but
are established by means of the control console as needed
to support a particular mission’s monitoring re-
quirements.

Lach frame analyzer is **set up”” or initalized from
the operator console to ensure compatibility with the data
stream and to establish the range and character of the
parameters to be monitored. Files of such setups can be
established in advance of a mission and assigned individu-
ally or in groups to one or several analyzers, respective-
Iv. For example, the frame analyzer can be set to start
and stop automatically at specific times to encompass a
particular data stream support interval.

Frame analyzers produce packet reports that are
processed and analyzed automatically to generate dynam-
ic and pass summary reports. Dynamic reports, which
convey the state of the stream at S-s intervals, can be
transmitted automatically back to the Network Control
Center as they are received. The operator can examine
both types of reports at his console as they are generated
during the course of the mission.

A dynamic report contains nine items of infor-
mation, including the state of the monitoring analyzer,
a count of good frames received, a count of expected
frames, and the bit error rate. A pass summary report
has eight items, including the total of good frames re-
ceived, the percentage of good frames, the times of ini-
tial acquisition of signal and last loss of signal, and the
bit error rate.

Equipment Configuration

Figure 3 is a detailed view of the equipment con-
figuration. The data streams are allocated to the analvz-
ers by two types of switches that comprise the distribution
and switching system. Type 1 handles signals with rates
up to 12 megabits (Mb} per second while tvpe 2 supports
streams up to 85 Mb s,

Similarly, there are two types of analyzers: 32 type
1 units (designed and built by APL) and four type 2 unity
(government-furnished equipment). Type 1 data can be
simulated by means of a pulse code modulation (PCM)
data generator while type 2 streams are synthesized by
simudators built into the type 2 analvsers.

All the analyzers are interfaced through a data
communications multiplexer to a minicomputer that hosts
the operational software. The host computer has a nor-
mal complement of peripherals plus a high-speed data-

v
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9
| — g
et controbler that provides the hink 1o the Network Con- are shown on a horizontal line connected to the block;
trol Center data hoe inputs to a block are depicted along a vertical line.

There are four categories of software modules:

) Lo analyzer, communications. service, and terminal. The
software Description alvser, cc nicatic ervice, d mina ¢

concurrent execution of multiple tasks, regulated by task :
Figure 4allustrates the role of the software and priority, is managed by the computer’s operating svstem. 3
its interactions with the major hardware elements. Out- The role of the modules in system operations (Fig. 2) s
60 put products ot a block on the main diagonal of the higure as follows, 1
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]
Administrative messages arrive through the data- port request to the analyzer software. It then sends
set controllers and are transterred to the message buf- commands to the specific analyzer hardware unit that was
ters. The message content s placed in a file, and acknowl- requested. As the data streams are monitored, all active
edgment and alert activities are initiated. The alert reaches analyzers are reporting results by putting out periodic
the operator by means of a screen-update program. With- packet reports. Those reports are fielded by preposted !
in the service comole, & separate program manages the read requests initiated by the analyzer software. They are :
kevboard, the screen, and transters between the host and subject to further processing to produce the statistics re- " 4
the console. On the host side of the interface, screen up- quired for the dynamic and pass summary reports. This e
dates originate with one program while another supports report composition software sends the reports to the .
the service being used by the operator. Such service sup- screen and/or the message transmission software, as ap- _j
part involves managing files and bufter interfaces with propriate. ‘.4
analvzer and communications software.
Fhere are tive ;1\;}11];1h|0 operator \crucc\., and each SUMMARY
presents the operator with one or more screen image op-
tions. The images share a common field format, with The Fault Isolation and Monitoring System pro-
ticlds tor prompts, alerts, error messages, function key vides a measure of the quality of data received from the
labels, and the main data field. An example is shown in TDRS-GS. The use of software is a flexible way to allo-
Pig. S, where the main field i split the right side depends cate hardware resources among the various data streams
on i selection made by positioning the cursor on the left. and to manage the presentation and communication of
Function Key labels at the bottom of the sereen indicate the various data products.

the current role of certain kevs on the operator console.,
They are used to change the servige, the trame within the

current service, or the state of the system. ACKNOWLEDGMENT

When an operator imnaizes a frame analyzer us Many individuals contributed 1o the development
g stich aservice. the service program torwards the sup of the capabilities described here, includimg 1. Azhin, 61
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REENTRY THERMAL-RESPONSE PREDICTIONS FOR THE

GENERAL-PURPOSE HEAT SOURCE

P.T. Brenzu and D. W, Cona

Ihe thermal response of the General-Purpose Fleat
Sowrce was determmed for an ott-normal orbual-decas
frajectory that has been posadared for NASAS nission
toJupnrer o 19800 he analvsis conspdered uncertaing v
factors reluted 1o acrathermmodyvnamiee bowndary condi-
Hons and the irernal heat tran-fer characteristes of the
structioal conticuration. The resudis wall e applied withm
the framework of astatistical crror analvsis to assess Hhe
satety mrgreir ol the contractor™s deseen, The deseen 2oal
o mtamiam the contanonent of the nuctear fuel dur
e the ottt normal reentry and the subsequent errestr
@b anpadd

BACKGROUND

bor cortam space appheanons, it s desirable o
provide electiical power tor the spacecratt by using the
cnerey derived trom the decas ot tadioisotopes, Two cur -
rent nissions that require such power are the Cahleo theht
to tuprier and the Solar-Polar Hight our of the plane o
the echiptic, To supphy the power, contractors tor the Uos,
Department of Foergy (DOE) have developed @ new
more etficient Radiosotope Thermoclecttie Generator
that uses a new tuel module called the General-Purpose
Heat Sourcee tGPHS)Y These moduades are desiened 1o keep
the radioisotope, plutonium 238 salely enclosed within
an ndium cfad during exposure to the envivonments ot
postulated faunch accidents,

U nder the aceis o the DO Otice of Special Nu-
Clear Projedts, radioactine tueled devices, including the
GPHS recenve athorough sateny assessment. The Inter-
aeendy Nudlear Satety Review Panel, composed ot rep-
resentatives from NASAD oDy and DOEL review the
satety anabvses and. at the final review, provide a risk
assesstent ol the mission as a prerequisite to obtaining
Prosidential approval tor the Tounch, AP serves man
advisony capaaity 1o DOE regarding reentiy technology,
One ot AP tunctions s tomake independent predic-
trons of teentiy thermal tesponses for the fuel module.

DISCUSSION

General-Parpose Heat Source

Fach Radiorotope Thermoclectne Generator con-
tans o stack of I8 GPHS modules. Bicure 1 shows the
maor components and mdcates row they are mstalled

i the aeroshell, The overall dimensions ot the module
Wwe VT2 by 932 by SR syt mass s A4 ke, and
the toue tuel pellets produce atotal of 256 thenmal watts
ot energy. The actoshelll mmpact shetls, and Hoatme mem-
brances are tabricated trom o three-dimensiongd catbon
carbon composite. The msulators are tabnicated trom o
carbon-bonded carbon-tiber (CBCH) matenal, and the
Cad s made of midiom. Fach module v destened 1o
reenter the canth’™~s atmosphere imdependentds and, upon
mmpact, heep the tadiosotope contaimed o mamobilized.

Potential Reentry Failure Modes

Ihe assessment of the reentry satets pertormanee
o device such as the GPHS indicates that the tatture
modes that can be postulated 1o lead directls or indirect-
I\ 1o a tuel-containment breach are heat shield ablation
burn through, heat shield stress failure, melt of the con-
tanment shell; and impact fracture of the containment
shelll The latter mode has Tong beenidentitied as the crit-
cal tadlure mode for GPHS and is the focal point of this
article.

The entical component ot the design from the
standpomt ot impact tracture is the indium clad that con-
tains the tuel. The ability of the clad to accomplish the
design purpose depends on both ats peak temperature dur-
myg reentry sand s temperature at the nme of tmpact The
amount of fime at whichat s near peak temperature aft-
Tects the gram structure of the material, while the impact
temperature determines the degree of ductliny . These tac-
tors relate to the abiliny of the duom o absorb encrgs
without fracturing i a dynanue loading environment

Reentry Trajectory

O1 the many possible reentry traiectories that re-
sult trom postulated acaodent seenarios, orbital decay s
the most probable; i also leads to one of the more cniti-
cal temperature histories tor the imdm clad. Theretore,
the pertormance of the module during reentry along that
tragectory s evaluated caretully at the satety reviews, In
the mital portion of an orbital-decay reentry, acrodynam-
e heating generated during hyvpersonie supeisonie theht
soaks mto the menor ot the module and mereases the
temperature of the clad. Fater, theht i the subsonmie 1e
etmie causes the acroshel] to coob down and results i heat
leakage from the clad, thus teducing the temperature. The
temperature ot the clad at mmpact has been the togus of
an entensive sensivity analysis with the obiective ot as-
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Figure 1 — The General-Purpose Heat Source

sessine uneertaimfies assoctated with the reentry environ-
ment and the GPHS desien,

Fhermal Response Sensitivity Anabysis

The anadsss imvolved two magor steps, First, the
thermal response ot the GPHS was determined on the
Basts of actoheanne, material properties, and internal
heat-transter assumyp tons that were used by the desien
contractor, The results served as baseline values tor the
sensttiviey anadvsis Nt the sensitinv iy analysis swas pet -
tormed: the principal tactors that attect the thermal re-
sponse were vaned ndividualiv o determine the

stenthicance ol cach,

Ihe most exhaustive task i the analssis was the
developiment of the thenmal model, which s a computer
tepresentation of the tansient heat-tlow paths through
the module and o deseniption of the surface boundary
condittons. Although the model takes advantage ol the
techmague ol asine the ceometrical ssmmetry of the con-
teuration to mmnnize the erid stze, approsinnately NS0
nodes were needed to desenbe mathemanically the ther
il characteristios of o one cichth section of the mod
ule. Togve anappreciation of the details included i the
model. nearls two hours ot TBNT 03 computer tune ate

constmed tor asmyle analvsis tthe evaluation ot one un

certainty tactor based on the selected reentry trajecton
that has a tlight time of about 200 secondsy.

Todate, we have examined the significance of the
uncertainty for 16 tactors, including acrody nanne heat-
g, thermal conductivity of the insulators, internal ther-
mal contact between mating components, mternal thermal
radiation and gascous conduction, and the eftect ot asta-
ble versus a randomly tumbling module.

A nvprcab result s shownan e 2 tor the case ol
G S0%% uncertaimty i the transient actrody namie heating
rates. The lareer convedcinge heat-transter coethiaients to
the carly pertod of the reentiy when the module s rrased-
e at hypersonie supetsome velodities results i an m-
crestse of about 12001 1 the peak temperature ot the
irtdium clad, 10 the assumption s made that the uncer -
tamnty applies only to the latter portion ot the reentiy (the
subsonie theht rerimed, the temperature ot the clad
ipact will be 60 b colder than the baseline value hecause
the aeradynamic convection s coolimg tather than heat
my the surlaces ot the module.

Another result s shownoan Fie 30 Phat analvsas
assumes that the GPHS module reentered i a stable ar
titude so that the broadside was contnually exposed 1o
the severe windward convective heanme rates. Tor the

bascline analyvses, the moduale was assaumed to be tum-

Aerosheil cap

"
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Figure 2 — Ciad temperature. baseline versus 150
Herat conyves tron

bling random?y dunmny the by personic supersonic portion
of the thehto thus, the severe convective heating rate was
umtormiy distiibuted over the totad surtace arca. The tem-
perature history ot the surbace that views the severe heat-
my rates shows remperatuees seemeticantis higher than the
baschine values. The haeher temperatures caused the sur-
face o act asan eticient radiator because radiative heat

transter s diectly proportional to the fourth power of

tempetature. The net eftect was that less heat soaked into
the mtenior of the module during the hypersonic su-
personie portion ot the theht, resaltiimg inoa colder tem-
petature profile (peak temperatured tor the clad. The
teriperature of the clad onmpact, however, was nearly
unchanged trom the baseline value because the surtace
boundary condinons dunng the subsonic portion of tlight

were the same.

CONCLUSIONS

W have concluded that the sensitivity analyses
that determine the thermal response of the GPHS to un-

Reentry time (s}

Figure 3 —Clad temperature. baseline versus broadside
stable

certainty tactors are a usetul tool for the safety reviews,
Fhese analyses resvealed the factors, such as comvective
heating rate, that are critical to the reentry thermal per-
formance and revealed those that are not, such as the con-
ductivity of the heat shield material. As a result of these
conclusions and to ensure that the thermal response is
predicted as accurately as possible, the values of the crit-
ical tactors become the subject ot closer scrutiny, first
through more refined theoretical treatments and later, if
necessary, through experimental verification. In addition,
the completed package of results torms the framework
tor a statistical error analvsis that can be used 1o assess
the satety margin built into the GPHS.

This work was supported by the Departmient ot b pergy
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INTRODUCTION

Computing technology at APL is an essential, integral element of ali tech-
nical, systems, and administrative functions. The computer is so necessary 10 scien-
tific achievement that the scope and magnitude of its contributions to space science,
medicine, energy research, naval fleet defense, missile guidance, and other prob-
lems of national importance are often lost in the rigors of daily computer implemen-
tation activities. Yet the importance of the computer at APL with its myriad
technologies and applications cannot be overemphasized. To this end, the Labo-
ratory conducted a major review and assessment of computing capabilities and
requirements for the future, Several areas that received particular attention in-
clude intelligent work stations, data networking requirements, central computing
tfacility user groups, Class VI computing effort with the impending acquisition
of a Cray IM svstem, and technical planning, policy, and coordination of com-
puter systems.

Extensive computational facilities maintained by the Laboratory tor use
by its scientists and engineers include a major digital computer; an integrated com-
puter-aided-design/computer-aided-manufacturing (CAD/CAM) system: ana-
log-hybrid computer laboratories; a computer-based image processing system; rapid
real-time data reduction systems: five major stand-alone computer-aided-
engineering workstations tor electronic design; and hundreds of special-purpose
computers, word processors, and computer-controlled data acquisition systems.

The central digital computer facility consists of an [BM 3033 multiproces-
sor with high-speed, large-scale, dual data processors. The 3033 uses a virtual mem-
ory operating system that accesses a 16 million byte main memory and up to 115
biffion bytes in auxiliary direct access storage (disk and mass). The central com-
puter serves a wide variety of tasks, including large-scale simulations, complex
analyses, and data processing and reduction. The 3033 and its associated com-
puters in the linked APL computer network provide extensive facilities for inter-
active real-time processing, image processing, large data-base transfers, advanced
graphics processing, and resource sharing,

The Computervision CAD CAN svatem has provided APL with a mod-
ern design, drafting, and manufaciuring capability, 1t i a flesible system, providing
three-dimensional design capability tor mechanical, electrical, and electronic svs-
tems. Output from the system, tn addition to the normal hard copies, includes
photoplotted master masks and numenically controlled machine tool tapes. Resi-
dent system software, along with data Iinks 1o larger computers, can provide de-
sign analyses including fimte element modeling, logic simulation, and design rule
checking. Stand-alone computer-aided-engineering stations, such as the Mentor
Graphics System recently installed in the CAD CANM center, are providing the
[ aboratory with the capabihity to do compley electronic circuit design, simula-
tion, and test vector generation necessary tor the fabrication of gate arravs, stan-
dard cell chips, and (ultimately) tall custom integrated circuits,




TV,

T

PN

o
L' _ N
= HE A NS NP S

APL also supports two analog. hyvbrid computer laboratories: the Interac-
tive Simulation Laboratory with EAL 680 analog computers and the Guidance Sys-
tems Evaluation Laboratory with the EAL Pacer 600 system. Analog and hybrid
computations are essential to the solution of complex problems that require the
simultancous solution of a large number of differential equations. The hybrid
laboratories provide simulations for large physical systems and are particularly
usetul in the missite and missile-guidance fields.

Because computers and computer applications at APL are so interwoven
with all Laboratory activities, it is impossible in a limited section 1o provide arti-
cles addressing all the yearly accomplishments in this field. The selected articles
represent the generic type of activities that one may find in all parts of the Labo-
ratory. They range from special-purpose processors, emulators, hardware, and
data information facilities through standard modeling and simulation activities
to specialized graphical outputs and even the solution of problems at the graphics
fevel. This trend toward specialized computers—especially engineering worksta-
tions, novel methodologies, and emphasis on graphical display and interaction—is
expected to continue.
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IMPLEMENTATION OF A SARPROCESSOR ON A

VAN T 780 FPS-164SYSTEM

Bl Ratl, RN MeDonoueh, and V. L. Kerr

et ’(‘.'f',”('l/ wethi P v hordr saielline and

FE sveticie apertioe radar processor s

I

Crdappdicaiions e procossor was aepleineried o a

VLN LD TS0 by coiepiater wath oo EDRS 0 anachied

A T R R N T B S CR AT e chosiitnedd Tty e Hie tise ot
PR o o P et e oy L atind
v siod devios ot e DS IO Care was taien e
tloprhe soence condc s adlapiahic onodiiiios Tor sented
sCdper e radars ot diiterert characteriitos. T he basi
Socessir fionciiors Grd Do eotplesenidiion o e

FOS Indgecdosorhed hret

BACKRGROUND

Ihe diestal production ot imaees trons syithietng
apertue e tadh ISARY senad dara requires thie mmple
Brentation of g complen proveant on o beh speed com
PHTCT sy stenn Bavime an extensive tast memorny and bulk
Stetare capactiy I the tadl o 19820 the Taboraton
undertoak the deselopment of such a capabihiy tor pro
ety SAR Gharas There was avaslable a dual-processon
St thiat cave proinise ol meeting the obrectives. Tt
ot ol g Dregal Fguipment Corpo VAN T 7RO

cotepacs wsthoa Ploanme Pome Svstems PSS 164

tachiod proncs e oo bhisnd oo o hneh spead.

provhined cean peosessor wethe g ot e mtarnal micenien s

(L7 nnihon wor g ot 64 b cach and oo disk stona

aosten o 67 nalbon words capacity s N enfenis g
soctor cnrcntad ath hibrary and provran development
ottwar e are avaibables The svsteni has the capabihis
tor overlapped processine i both computer -, ateatune
thiat s particubar h adsantaecous dunme tape and disk

iputoourpun operabion s,

DISCUSSTLON

Frowre T shows adieirally processed Seasat seene
nedar the Goldstone Track iy Station i the Calitornia
NMaojave Desert. The boeht retlectinye object s the SAR
dave of g 26 moantenna. Fhe antenna s so brightrela-
tve toats surroundimes that 1 casy 1o Tace s s1eia-
tare throueh the vatious phases of the processor. The
Preure was eencrated by pertornine a two-dimensional
correlatnion ot the SAR echo data with areterence tune-
ton that i~ the theorenical SAR point-target response.
Ihe pomnt-tarect respotise tunction is simply the radaar -

transmitted wavetorm alone the rancee dimension and

Figure 1 — SAR image showing the Geotdsto o et gt g s o enter
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the poimnt tareet phase listory alony the azunuath

Jinenston

Copsder the correlation process m the ranee Ji
vnsion, commotdy reterced tooas Cranee compres
SoncT N tadar pulse conntted at some transmitier locas
toni v s saattered byoa pomt tareer on the carth's
suttace and recenved atter wornme delay that depends on
the ~lant ranee + I the common cise of d@ormansmitter
pubse with o hocir v swept trequenay, the tecenned
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Lhe vesult ot ranee comprossion s dlustrated in
Fie. 20 The actual tme wavetorm ot the recanved tetle-
tion trom the Goldstone antenna tor one radar pulse i~
shown in bies 2ur the result of correlanion with the
transnntted wavetormos shownoan Bl 20 The correla-
ton provess s actwadly carned out by raseT convolu-
tion, in which the inverse Fourer transtorm i tiahen ot
the product ot the Founer transtorms ot the reterence
tunction and the data. The amenna sisnatuse of Jag, 24
2h. Note that the

i~ thus compressed o the pulse ot by,
compressed range dara tor cach pulse are reallhy com-
pleny data - o) the tormesp (dayre Ny - that extubit the
phise history of the targer i terms of the sfant ranee at
cach pulse. fdeadty, the nextstep is to compress the duta
dlong  the thehe Crazmuth™)y direcuon, However,
betore this compression can be accomplished, itis nec-
essary 1o adijust the data 1o aecount tor a process catled

Crange migration.”’
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[he sfant ranye of a pomt Geeet s approvisale-
Iv o quadratic function ol the nme s alony the theha
path:

roor (N D ) A e ) )

where 7ois range, - s time, r,on Doppler frequency
tall at the time the tareet s in the center of the radi
beann, A i~ the rate of change ot Doppler treguency
with ooand Aas radar waveleneth, The hnear erm in
b, 2 s called the range walk,” and the quadratg
term is called the vange curvature.™ The total ettect,
ranee nerabon, represents movement ot the point tar-
cel Fesponse across range bins i the computer meniory
as covanes, [eis convenient to remove the range-wlk
term during the range compression process and 1o deal
with the range-cunvature term duting the azimuth com-
nression process. When both of these ettects are com-
pensated, data are more convenienty available in mem-
oy ot cotrelation i the azimuth coordinate.

For machie implementation, data are trans-
terred pulse by pulse o the array processor. For cach
ratre hne tone pulse), the array processor pertorms the
provess of tast comvoluton and range-watk removal,
Lhe ranee-hne data are stored in the array processon
untl 128 ranye hines have been accumulated  [he bfock
ol 128 complexalued, range-compressed hines is pary
ttoned dlony the azimuth direction and witten into 64
ot more separate tiles on the tour disks untill 8192 ranye
lines have been compressed and stored. At that pomng,
cach disk tile contanns 64 azimuath lines, cach line con-
sty o 8192 data points inthe s coordmate. ividimg
the tanee lines into sections and storing them i mul
ple disk les i ctlect pertorms a “teornet turning.”” or
matny transposiion, on the datas The size ol cach disk
file, 8192 by 64 ranee cells, s voverned by the memony
avantable when one disk tile s read i tor azimuth com
prosston. The number of ranve bins avatbable at this
“tave of the processinye i~ also consenient tor pertorm

e the quadtatic ranee correction,

Afrer the vorner turmnge has been pertormed,
Jata are castly accessible alone the time o azimuth co
ordinate, and the azimuth compression procedure can
commence. Aznnuth comprossion s completely analo
COUs [0 TANYC COMpPression, ds van be o seen trom the
quadratic phase history correspondime to bl 2oand the
fast comvolution process s used avam. However s
st pecessany todssemble the Fourner transtonm ot the
datacatene the azmmurth diections This assembly s done
by oremovine the eftect of the remaming ranee niierg
ton error on the spectacof azmuth hnes When appro
priaatels corrected, the tareet encrey appear- onlvan one

ranee bins Azumuth compression then consists ot muln

phving the assembled data transtorm by o matched
tlter, thereby producing the tinal image response,

Lhe generation ot the wznmuth compression filrer
tegtnres hnowiedee of the azimuth chirp rate, A L the
cocttictent of the quadratic rermon Fgo 20 Actuallv, A
iv often ot known a priorn 1o suthicent accuracy and
must be estimated trom the data. Currenthy, the o
called subaperture correlation method v used; 0 was
tound to work well even tor occanographic imuaeery .

Betore the tinal mmage s assembled, the mualt-
look process can be pertormed. With Scasat, which s
typical of SAR desiens, the ssnthene aperture s longer
than s required to cenerate the desired azimuth resolu-
ton. s theretore possible to divide the synthetic aper -
ture into several subapertures, or looks™ that can be
compressed independently along azimuth, detected, and
summed inorder to reduce the SAR speckle nose in the
tinal imagce. Figure 3altustrates mululook processing.
The overall azimuthal target spectrum: has been pro-
cessed independenthy by tour compression filters, pro-
ducing the tour mdependent reahizations shown ot the
mnage. Fhose realizations are simphy aligned and
summied to produce the resaltm big, 3b.

In the machime mplementation ot azimuth com-
pression, as discussed above, the range-compressed
data are resident e disk tiles organmized 1 64+ 8192
tanee colls, Fach tile s ansterred into memors i turn,
and a Founer transtorm s pertormed on cach azimuth
hne. Then the two-dimensional array s corrected 1on
quadratie ranee nuerauon by a <hitt and interpolation
apphed to cach ot the 8192 vectors ot length 640 Finally.
the data are multiphied mdependently by cach ot the
tour muliilook aznvath tifters, detected. and summed
to assemble the timal image.

Flapsed twall clocky and computanonal (central
processing  umn) o tmes were obtamed  tor o mam
components of the processine on both the VAN and the
IPS 164 computers. The total elapsed time required 1o
produce a tour-Took 100 by 100 ki maee trom SAR
dati on sy Seasat tapes tor this il version ot the
processor, tunning onan uidoaded svsrem s S 6 houns
Fast Founer transtorm calculations, which overlap
PUE Oulpul Processiie ab a4 e staees, dare oveaiiad

Jurnine 3600 ot the toral processor tie

MWhfe S 6 oy to venerate o 100 by oo Ky

e compares tavorablv wath published tmnnes tor
snmnhar sostems, enhancements to the il svstom are
cvpected tomprove the processime speed Inpuat outpat
processie trme on the VAN could be reduced consder
ablv by acqurminy a faree disk stotave capatiliny sothae
tapenput and ourpai could be avorded. Vo beme
vestieated o the possibibny of attachime a smalter arran
Processat to the FPS 1T6ad 1o the sele purpose of com
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SIDE-LOOK SONAR IMAGE EXPLOITATION

D.Co Doty and €. AL Iwigg

Stde-look sonar systems are powerful tools for col-
lectme mlormation. Svstems now operational perform
exclusively one-dimiensional signal processing on the sonar
data to form images. This paper describes an application
of two dimensional sienal aned image processing to side
look sonar data at or near real-time rates (o improve
veometric gualine and nnace mterpretability,

OVERVIEW

[his paper presents the results ot an apphication
ot two-dimenstonal signal and image processing tech-
nigues o side-look sonar (5SES) imagery . The project had

tour objectives:

Lo Develop and demonstrate a capability 1o per-
torm two-dimensional signal and image pro-
cessing at or near real-time rates,

20 Develop and evaluate tilters to enhance the use
ot SES images tor water column and bottom
search operations,

2 Develop and evaluate an algornthm to correct
SES tmages for distortions caused by plattorm
maofrons,

4. Demonstrate the use of the SEL T sonar signald

processing ssstem s i research ool

BACKGROUND

AN SES system uses aeoustic energs to produce
aimage ot the ocean bottom. A transducer illuminates
the bottom with a narrow pulse ot acoustic energy severadl
times per second. Following cach dlumination, a trans-
ducer array receives the enerey retlected from the bot-
tom and torms the return into a narrow beam. The svatem
clectronies apply one-dimensional signal processing and
assemble successive beams o an imaee on o hard-copy
display .

Fhe SETTEsignal processing svstem was developed
4t APl

processing technrgues to STS mages and 1o act as atest

to studs the apphication ot advanced signal

bed tor alvorithms proposed 1o mclusion i the opera
tronal systemis. The processing subsysrem ot SEL [ con
ststs of L control umia control bus, two data buses, and
anarhirrany number of processing modules connected to
the buses The conrrol umt mav route Jdata between the
Pprocessine maodules moarbitrany combimations under sott

ware control s Hhos archntecrure allows the sostem to be

evpanded nearly mdetinitels wathout hardware moditica-
ton. Processimg modules in the current ssstem include
sonar signal input, one-dimensional digital tilters, video
output. and a bidirectional intertace 1o & minicomputer
used inalporithm development and experimentation. Pro-
cessing rates of tour tmes real time have  been
demonstraied.

DISCUSSION

Enhancement Filters

Weidentitied three classes of enhancement filter-
me aigorithms 1o apply to the SIS images:

1. Scementation algorithms to emphasize poten-
trad target characteristios such as hines, edges,
and points;

2. Two-dimensional noise reduction technigues to
enhuance details by increasing the signal-to-
noise ratio;

3 Contrast enhancement techniques to redistrib-
ute the image informaton in order to utilize
fully the dynamic range of the display devices.

Fach algorithm described below has been implemented
in software to process operational data.

The segmentation tilters were implemented as con-
volutions of the image with 3 by Tmasks. Fach mask was
chosen to emphasize one class of feature, but several
mashs could be applicd simultancously to a given image.
Uhis filter was most etfective when used as an edge

detector.

I he two-dimensional noise-reduction techmyues
were the local (3 by 3 window) mean and the median. The
local mean was implemented using the 3 by 2 comvolu-
ton deseribed above. These technigues proved to be most
uscetul as preprocessors tor the image segmentation and
contrast enhancement algonthme, although they also pro-
vide great subrective improvement in the quality ot the

RTINS

I wo contrast-enhancement techmqgues were mmple-
mented: historram moditication and homomorphie nl-
tennge. Histogram modihication treats the mmage as a
probabihny density tunction of intensity levels and remaps
the existing levels into a distribution thar ilis the dy namig

tanee of the display . Figure T shows the intensity distribu-

Hon of an muage betore histogram moditication: e, 2
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Figure 1— Histogram of an unprocessed SLSmage This
graph shows the frequency of occurrence of pixel inten:
stty versus intensity in a real SLS image before contrast
processing. Notice that virtually all the image intorma
tion 1s contaied in the low-order 6 bits of the 10 bt
dynamic range

shows the result ot the maoditication. inear and hypor
bolic redistributions ot itensity were implemented . (The
h perbolic redistribution theoretically corrects tor the e

sponse ol the human evel)

Homomorphie hiltenng modeds itensiy as the
product ot dlunmation and retlectance. Takime the lov
anthim of the mmaee transtonms the product toa s,
Weapphv o comventional twosdimensional tast Founer
danstorm oand treguency domam hiltenine toremone the
dummation ewhich s prmany low trequencyy and leave
the retlectance fpramanthy ieh trequenay). When the
roesudt s mverse tast Fourer transtormed and exponenn
atad, the combination of norse reduction and wtorm il
ITumanation makes the tare much Cearer Freare 3 s o
block diavram ol this algonthm,
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Figure 2— Histogram of the SLS image atter contrast
enhancement. Notice the quantization of the result, cor-
responding to the 6-bit quantization ot the onginal
Although the frequency of the high-intensity pixels
decreses. the closer spacing of the occupied levels keeps
the distribution approximately constant over the full 10-bit
dynamic range.

I*:— fix,y) = i(x,y}r{x.y) (raw image)

In

In(f(x.yl = Infifx,y)) + Inlrix,y))
z2ix,y) = nlitx,y)) + Inlrix,y))
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To display

Figure 3— The homomarphic titering process
Homomaorphic Hitening assumes a myltiphcative mode!
fortamination and retiectance The tao components are
separated by taking the inganthm transtormed to the tre.
aquency Jomain, biterad with a high or band-pass Hifter
to reduce the low-frequency diummation and enhance the
high frequercs retloctacce raturned 1o the space domain
Ard evponeatigted to ragam the ongimal dynanuc rarge
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Platform Motion Compensation

Ihe utihty of the preceding two-dimensional filter-
mye depends on having an image where neighboring lines
ot the mage correspond to neighboring slices of the ocean
Hoor. Because the SES images are tormed one line at a
time, any mancusering by the sonar plattorm can distort
the unage beyvond recognition. Theretore, the images must
he corrected tor the distortions before enhancement
aleorithms can be applied.

W developed a correction algorithm using the
navigation iformation asatlable on wypical plattorms,
Lo test the algorithm, we developed a simulation to take
4 hnown target (i rectangular grid) and Cinsonify™ it from
o Uplattorm™ wath tvpical dynamics. The simulation was
necessary because the SEL T system does not currently
provide an interface between SIS and navigation data,
Our experimentation showed that we could, given a hard-
ware implementation and sufticient navigation data, cor-
rect tor plattorm motion variations in real time. The
corrected images could then be enhancement fiftered as
described above.

CONCLUSIONS
[he following conclusions were reached:

Vo Bach filtering method was implemented in soft-
ware in the minicomputer component of the
SEL T svstem. With the exception of the
homomorphic filtering with two S12 by 512 tast
Fourter transtorms, the algonithm performs at
or near real time. Hardware implementation
should be straighttorward and should casily
reach two to four times real-time rates. (The
mage segmentation, noise reduction, and mo-
tion compensation algonthms process one im-

age hine per second slosser than ceal time by

ST N P LI PP RS P U O W SN S, SO S

a factor of the pulse repetinon trequency. 1he
pulse repetition frequency  tor operational
systems ranges between 1 and 140)

2. Present systemns are not fully exploiting the in-
formation available in the images. (4) Platform
motion eftects should be removed before any
enhancement processing is applied. It the cor-
rections are not made, the bottom features of
interest may not be recognizable. In addition,
the correction can make the operator aware of
areas not insonified or of multiple insonifica-
tions, and it allows for real-time correction of
the search pattern. (b) Application of the
enhancement algorithms can significantiy im-
prove the interpretability of the images and can
lead to the automatic or semiautomatic detec-
tion of targets.

3. T'he architecture of the SEL 11 svstem makes
it ideal for experimentation in signal and im-
age processing, either in software or hardware,
and # can be used as a base for operational
systemis.
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DEVELOPMENT OF POWERFKUL SPACE-QUALIFIED

COMPUTERS
B. W Ballard, R. M. Henshaw, and 1. Zaremba
AP has desiened, butdde, and tested prototyvpes

tor the two computers that widl control and monitor the
Haophins Ultravioler Telescope, u 1986 Space Shuttle ex-

fanguage. s arocle deseribes the design and deselop-
ment ol g computer system to meet the data processing
requitements of HU T, Fabrication and test of the flight

GRERIDY | Y B

V'

perunent. These prototvpes are the first members of a
tanndyv of tast, reliable, lanenage-based computers to be
b developed by AP

computer systems based on the already completed pro-
totype syastem witl be completed in April 1984,

MRS ‘-'LJ

DISCUSSION
BACKGROUND ;
System Architecture .
Ihe Hophins Ultiavioler Telescope (HU ) s a A
Figure [ shows the intertaces that connect the -

HU T thght computer system (o the other components
ot the telescope and 1o the Shuttle's experiment sup- ]

port equipment. Two independent processors, the spec-
trometer provessot and the dedicated experiment pro- q
cossar, provide the computational power for HUT. The
spectrometes provessor receives data generated by the .
telescope’s detector, computes the wavelength of ¢ach
ultraviolet photon detected with a high-speed centroid-
e alvorithm, and periodically forwards the accumu-

Space Shuttde expenmment desiened to oban the tar-ul
ravioler spectra ot astronomical objects as tant as
seventeenth magmtude. Accutate teal nme computa
L ton ot the wanvelenyth ot cach photon sensed by the
HU T detecton coguires vreater processing power than s
avafable i any space qualified nncroprocessor being
produced commeraally I addinon, the compley and
chanpeable control and momtonme requrements ot
HU T dictare the uae ot o powertul and tlewble com

puter system that can e proveammed ina haghe-teved

Experiment F)M!u ated |nstfunjent
i -t x e pointing h
S computer T OCOSS)! system -1
Terminal l ! K
Telemetry . ] 4 i 1
system 1 ! R
oI eter Detector ‘_j :
FOCessor 7| electronics J
* )
Shuttie flight HUT flight HUT optics, B
. computers computers detector, control,
and monitor )
. subsystems
- , Y
T ronat
. st b 0,
. Corepag e P .
.. O Ul I B A

Figure 1 — The HUT configuration 77
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lated spectral data o the dedicated experiment proces-
sar. The Ltter processor receives the data, handles tele-
scope control and  momtoring  funciions, interprets
commands and venerates displass in the Shuule at
theht deck tor HU 'S astronaut-operator,  acquires
and analyzes star-tield pictures 1o assist e telescope
pointing, and transmits status, video, and spectral data
to the yround by means of Shunde's relemetry system.

Lables and 2 summarnize

those tunctions,

Table 1 — HUT computer functions, spectrometer

PO s S 0!

—_—— e -
Function

[ Rate

Read data trom ultraviolet
detector

Compute photon wase-
length

Send ultraviolet spectrum
to dedicated experiment
processor

Interpret five command
tvpes from dedicated
CAPCTINENL Processot

1024 6-bit analog-to-digital
CORVEISIONS per
mulhsecond

Once per photon, up to
O per second

2067 words every 2

Once per conumand

Table2 — HUT comiputer tuncticins edn atead oapos

TN processor

r
Function

Rate

Recerve spectrum from
SPECITOmMELEr Processor

Control 8 motors, 6 power
supplies, 14 heaters

Monitor 60 analog, S6
diserete lines

Interpret 88 command
types

Generdte one ot tour dis-
plavs

Analvze TV picture, com
pute pointng crrors

Transmaut telemetry 1o
wround station

Control observing
sequenge

2067 words every 28
Occasional, as commanded
Onceevery 28

Ongee per command
Onceevery 28

Onceevers 20

97,656 bty

CORUIIOUN

Continuously during oh
servanon; average

duranon 20 nun

Computer Architecture

The two processors have adentical central pro-
cessing unit and memory board designs, with additional
boards to handle umgue processor mput output re-
quirements. The spectrometer processor contains one
board tor the mrertaces with the telescope detector and
dedicated experniment processor, while the dedicated ex-
periment processor has several boards tor video memo-
v, video control, equipment momtorning and controt in-
put output, and tertaces o Shuttle systems. Table 3

Hists some of the hardware teatures ot the processors,

Fhe central processime umit s a f6-it nucropro-
vrammed machime contaming tout Am2903 4-bit mi-
croprocessar shices, an Am2910 sequencer, an Am29o2
carry look ahead unit, an AmM2904 status and shitt con-
trol unit, and an Am292s provrammable dock genera-
tor, all from Advanced Micro Devices, Inc The micro-
program consists of S12 63-bir words stored i pro-
vrammable read-only memory, and the nicromstrue-
LOn exectinion tne vanes from 200 1o 400 ns under ni-
croprogram control, with qutomatic wat states 1or sfow

peripherals.

Table 3 — HUT computet fedtures

Dedicated

Spectromelter b aperiment

| Processor Processor
= i—— o= ff———ﬁ‘
S T Fhivet by [ < fichrfny s i
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The mwn memory s 4 16-bit wide, word ad-
dressable design using 16 Mlobit NMOS technology
memory componentis. The memory access time s 230
ns, and the memory wnte ovele s 280 ns. The memory
desiens have been reviewed for sensitivity o transient
and permancent taults caused by radiation. Various cen-
tral processing unit and memory design changes have
been incorporated to reduce that sensitivaty

Microcode

Instead of mterpretimy @ comventional assembly
lanyuage, the processors” nudroprogrants implement
prmitives of the Forth iehdevel language direct!s . The
measared execution speed s approvimately S00,000
Forth pomntives per second tor a tvpical instracnon
i (N Forth pronone s anvthing trom a sample arnh-
metie operation to a comples foop control or block
move operation.) Forth, an mteractive extenable lan-
suare, has been used oo tapidhy grow g number ot
real-time mincompuicet and microprocessor apphea-
nons sinee its development i 1973,

Shehtly over halt the nocrocode space ot the
processors is tsed to mmplement processor minahization,
mterrupt service lovie, the macromstruction tetch-ee
cute loop, and 66 Forth prmutives. This microcode is
the same in both processors, while the remainder ot the
mictocode space is avatlable for the mugratnon o apph-
cation ~ottware o microcode. Fhe addinonal space in
the spectrometer provessor contans data coliecnion and
centrording routimes to caleulate the wavelengths ot in-
dividual photons. The dedicated expernment processor
uses this space tor video processing, character stong
nanipulation, and operating system support routinges.
The processor-specitic microcode rounimes are aecess:
thle to the programmer e the same way as standard
Forth pimutives are.

Software

Fhe processars are programmed entirely n
Forth since they have no assembly language i the
normal senses N small operating ssstem (wnitten in
Forthy provides the wteractive programming environ-
ment common o all Forth languaye implementatnions.,
Phat comvironment interprers Forth sonrce code entered
through the terminal or trom mass storave devices,
ather execnting it immediately or compiling it incre-
mentadly imto memory tor fast evecution later. Thas,
the programmer deals only with source vode, bypassiny
the separate intermediate steps of compilation and
hoking

The processor nucrovode contams extensions 1o

the standand Forth Linguage to suppott concutient pro

pramming. The extensions allow the detinition ot any
number ot independent Forth processes that compete
tor the processor on i prionty basis, Hardware inter-
rupts and softwareamuated interprocess signals are
represented as operations on counting semaphores. Any
process may stignal crawae the signaling of any sema-
phore. The sienad and waie semaphore operanons cause
the processor to be reassigned to the highest prionin
process not wattimy tor an unsignaled  semaphore.
Sentaphore operations provide mechanisms tor et -
process communications and tor mutaally esclusive ac-

cess toshared resources,

Fhese concutrency coneepts have been used ev-
tensively inomplementing the HU T applicanons solt-
ware. Fhe spectiometer processor software consists ot
seven mdependent processes, while the dedicated exper-
nnent processor sottware s amplemented  as 26

Processes.

Project Status

APL has bult and tested engmecring prototypes
tor both processors. The tabrication ot thight versions
qualitied for the Shutide orbutal environment and de-
signed tor efficient heat dissipation will be completed
by April 1984, The development of all microcode and
ot the specirometer processor apphication ~oliware s
complete: the dedicated experiment processor applica-
tnon sottware will be completed by May 1984 Integra-
ton with the rest of the telescope will begin in Mav, and
the complete instrument will be dehvered 1o the
Kennedy Space Center in December 1984 tor Shuttle in-
tegratton. The first of three 10-day Shunle thehis s
scheduled tor Matrch 1986,

APLU has started the design of g simgle-board im-
plementation of the computer architecture embodied in
HU T's processors for use in tuture appheations. 1t will
atfer higher speed. use less power, aceept memorny i
tegrated crreuits of vartous technologes, he companble
with an industry standard bus, and executre the recenthy
approved Forth-83 version ot the Forth lanpuaee
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TEXT PROCESSING PROMPTERS
FOR THE IBM 4341 VM/CMS SYSTEM

S. M. Schaaf

Text processing software has heen availuble for
several vears at APL’s McClure Computing Center, bug
tvpically it has been difficult (o learn and cumbersome
to use. User interfuces have been developed at the Center
to provide a very productive, easy-to-use environment for
text processing on the IBM 4341 computer.

BACKGROUND

While computerized text processing has many well-
recognized advantages over the “old tushioned’™ manual
methods (ease of revision and spelling verification, tor
example), it also has some disadvantages. With manual
typing, one only had to fearn how to type; on a com-
puterized svstem, an inexperienced text processor has a
great deal to learn before even starting to process text,
Most significantly, one must learn how to use a text editor
for textual data entry, a text formatting control language
tor marking up text to be tormatted, and the commands
and options required o evectste the test formatting pro-
gram, 1.e., to translate the marked-up text into format-
ted text suitable tor pninting.

Fwo excellent text processing tools are available
on the VM COMS system tan operating. monitoring svstem
forimteractive computing on the IBM 4341): XEDIT, the
VM OMS tull-sereen editor used for textual data entry;
and GMI, the Generalized Markup Language, a text for.
matting language supported by the IBM Document Com-
position Facility (commonly known as SCRIPT).

I'wo user “‘prompters”™ (MEMO for internal
memoranda and GDOC for larger gendial documents)
have been developed at the Center to combine those tools
T AN Casy-1o-1earn edasy-to-use text processing system.
In this context, a prompter is a user intertace that pro-
vides assistance and information to the user of a system
while he s using it. With the MEMO and GDOC prompt.
ery, even someone with no experience using compter -
1ized text-formatting fanguages can, with very little ettort,
produce nice-looking, well-tormatted documents, Betore
deseribing the prompters, a briet discussion ot the tools
on which they are based s i order.

The Generalized Markup Language

With many text formatting languages, the 1vpisg
must use spedial control words to specity exactly how cach
text component (e.g., Paragraph, Heading, Distoand Tile

——— D ——

Page) should look when formatted. For an ordered list
(Iike the following one), the typist might have o

1. Use the “space’ control word to create blank
lines betore and atter the list;

2. Usethe “indent”” control word to indent each
item an the hst (notice that the text of each hist
item s andented. or otiset, to the right ot the
numbery;

3. Number cach item explicitly, which makes revi-
ston difficult it addivonal list items are in-
serted:

4. Reset the indention for the test that follows the
list.

Fhis is known as specitic markup and is not only tedious
to use but difficult 1o revise.

With GMIL | tags are used to tell the formatting
program, SCRIPT, what the text is, not how it should
look; SCRIPT already knows how it should look and
takes care of all the details to format it properly. For the
ordered fist, onfy the folfowing three GMI tags are ne-
cessary: O, to tag the beginning of the ordered hist; Li,
to tag cach listitem: and FOL | to tag the end of the order
list. SCRIPT inserts the blank lines, indents where nec-
essary, and numbers the list 1tems,

Two sets of GMIL 1ags are available on 1he
MoClure Center's TBM 4341 computer:

1. General document tags. These tags were sup-
phed by IBM with the SCRIPT text tormat-
ting program. They may be used 10 mark up
large documents consisting ol such components
as Title Page, Abstract, Preface, Table of Con:
tents, st of Figures, the mam body ot the
document, Appendives. Glossary, and Index.
I'here are many additional tags for text com-
ponents tound in the body of the document:
Paragraphs, Headings, T, Bigures, Foor
notes, and <o torth

2 Memorandum tags. These tags were developed
by the Mo lure Center 1o support the tamihar
mternal memorandum sivle: They include: To,
Vi, From, Subject, Tist o1 Reterences, vt
ot bFaclosures, Sgnature, and istnibution
Last, i addition to those used i the body ot
4 peneral Jocument.

Almost all ot the GMIT taes have "names™ that
are both casy to fearn ang casy to remember, but, with




the MEMO and GDOC prompters, there is little need to
learn or remember them. They are generated by program
tunction (PF) keys—special programmable keys found
on many terminal keyboards.

The YM/CMS Full-Screen Editor

The VM- CMS editor, XEDIT, and the EXEC2
command language give the program developer extensive
capabilities to tailor the full-screen editing environment
for a specific application. He can program new editor
commands, known as XEDIT macros; assign commands
to the PF kevs, to be executed by a single keystroke; and
reserve lines on the full-screen display to be used for con-
stant (i.c., nonscrollable) text, such as a menu describ-
ing the tuncuons of the PF kevs. The McClure Center
has taken advantage of these capabilities to develop the
MEMO and GDOC prompters.

DISCUSSION

MEMO and GDOC are VM/CMS commands that
create specially tailored text entry environments for the
creation of memoranda and general documents, respec-
tively. With them, the typist has the complete capabilities
of the VM/CMS editor, but the PF keys have been pro-
grammed to correspond to GML tags. When one of those
keys is pressed, a program 1s executed that causes the ap-
propriate tag(s) to be inserted into the document, leav-
ing the cursor in position for the typist to enter the
corresponding text. Because there is a menu at the bot-
tom of the editing screen describing the function of each
PF key, there is no need for the typist to remember the
names of the GML tags or the numbers of the keys to
which they correspond.

The menu shown in Fig. 1 is the first one displayed
at the bottom of the editing screen when a new memoran-

===z PF keys for APL Memo: Standard Header Tags z====s=ss===
1= HELP REDIT 2= Reference 3= FILE Memo and Quit
4= To: 5= Retference List p=oV1ac
7= From: 3= Enclosure: G= Title Citation
10= Subject: 11= Enclosure List 1= Eody of Memo
Figure 1 — The MEMO prompter's first text entry menu.
Formatted SCRIPT output file printed on
J letter qualdty system printer
SCRIPT coput tiie an entered by the typist

woth the g of the JIERTO) prompter

[' SCRIPT
tent
tormatting
pragram

Figure 2 — A sample memorandum entered with the ard of the MEMO prompter formatted with SCRIPT and

printed on a letter quality system printer
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dum is being created via the MEMO prompter. As can
be seen, the functions of most of the PF keys are self-ex-
planatory. When a PF key is pressed, the corresponding
GMIL. tag is inserted automatically into the document, and
the cursor is left in the appropriate position for the typist
to enter the required text. After the tags and text of To,
From, Subject, References, and/or Enclosures have been
entered, PF12 s used to tag the beginning of the body
of the memo. It causes a new menu 1o appear (because
the tags on the first menu will not be needed again). Ad-
ditional tags such as Signature, Distribution, Figures,
Footnotes, and Paragraphs are assigned to PF keys on
the second menu and alyo on a third menu that is accessed
via PF12 on the second one.

The GDOC environment is functionally sinular to
the MEMO covironment, but the PE kevs are pro-
grammed to correspond 1o text components typrealls
tound in larger documents, ¢.g., Title Page, Table ot Con
tents, and Preface.

Using the MEMO and GDOC prompters, i is casy
to enter the text of a document. The typist can coneen
trate on typing rather than on formatting. Onee the tewt
has been typed, the document may be tiled (e, stored

THE COMPUTERVISION CADDS 4
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on a disk) and then formatted with the SCRIPT com-
mand. The output may be viewed on a terminal screen
or sent directly to one of the system printers.

Figure 2 is an example of a memorandum created
with the MEMO prompter, before and after processing
with the SCRIPT formatting program. The GML tags,
which begin with a colon and end with a period, were
inserted by the prompter when the typist pressed the ap-
propriate function keys. SCRIPT has been programmed
to “"know ™ what cach tag means and to tormat the cor-
responding text accordingly.
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FINITE ELEMENT MODELING PACKAGE

D.F. Persons

Csers of the Muc SNeal-Schwendler Corp. N A4S
Structural  Analvsis (MSCONASTRANYY tinmite e
nrent analvsis procram at AP now have sofiwadre in
howse 1o generate interactit el a Lintre-clement model
The Computervision CADDS 4 tivate-clement imodel
e puchuee was tsed 1o generate un VS
NASTRAN nput data deck for the siructiral analyvsas
af the electronies module cover of the Hophos Ultra
cioler Telescope. Ynantertace program between VIS
NASTRAN and CADDS 4 has been developed (o en
able the analy st to display the response of the maodel on

the hasis of eradpoms displacement data recovered trom
(he analvai

BACKGROUND

Famite clement models can be constructed € 1o 10
times more quick s with the use of fante-clement model
venetators than when built manualiv. The use of com
puter-ded congimeenme on the electromes module cover
ot the Hophains Ultiravioler Telescope provided a more
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acctrate aiadvsis o less tme than it i had been done
without computer-aided engineering. The hme saved
usine those technigues was spent optunizing the il

desien; the result was acsubstannially sttter stracture.

Fhe cledrromes module cover has an alumnum
anele trame stuttened with a thin outer sk ot aluma-
num sheer. Sottempy beads and hat-~ectioned sptreners
provide suppott 1o vanous commponents attached to the
outer ~hans The tiate-element model tepresentng this
structure had o be compley cnough 1o represent the
mtergction ot the many components and detaried
ctiotyeh to provide tlesibaliny tor the casy representation
ot changes i the desien, The fimal MSCNASTRAN
model ot the cover (e D vonssted of 236 codpoinis
and 302 beam and shell clements, Building a tinite-cle-
ment model ot this size by hand would have taken ap-
provimately three weeks. Using the Computersision
modceter, 90"a ot the analssiy ipat deck was generated

rtwo dayvs.

Fhos articte sammiatizes the strengths and weak:
nesses ot the Computersision fante-elemient package
that were tound durmye the consttuction ot the timte-el-
ciient model ot the clearronies module cover. Also oat-
Aned are tvpical steps tor model preparation and post-
Pproces-iny arnd the capabihities of the new CADDS 4N
cackase N prospedtne user of the modeler could use
S ocport o evaluate the teasibihits of usine the Com-

vicrnon tne clement packare tomeet has needs.

DISCUSSION

he Compatervisieon CADDS 4 and the up
craded CADDS IN e clement packaces are actual-
[vosubect od the total Computerssion voaphies pack
are o thew are pet sband adone proviams  The complete
craptines capabiliny s presented mmoorder oo ad the n
pire clement modeler o detinne the imtal wae trame
coometry e ot the naess properiy calvadaiion package

Wl e the s areas, voliumes, masses, and areaand

Figure 1 — The Hnite olement model f te 1 s
VHI pwnieed Tovdossages efenc oy o af o
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mass moments of anertia of the wire frame regions,
However, the ssstem can become innnndating because
ot the large number of commands available. Usually, it
I~ better to have an expenenced desiener detine the ware
trame geometrs, thus freeing the finte-element user to
tamiharize limselt with only the fimte-element pack-
age. Oudined betow are the major teatures and capathils
ttes ot the finite-clement package; usetul cupabilizres
that are noteurrently avarlable are also indicared.

Graphics and Data Input

1. Fintte-clement  package commands may - be
iput by using the cursor o pich trom Q4
dynamic menu.

2. Graphies commands may be selected by dignuze
ing a programmable funcoon tablet.

3. Full-color display is available.

4. Intiniely  variable  dynamic rotations and
translanons are avanlable by vanyg the Image
Control Uit functions,

S Geometry data can beinput by diitizing an e
sung  drawing, by ocreating the geometny
through the use of graphies commands, or by
using an existing CADDS Y or CADDS 4 data
buse.

Mesh Generation and Preparation ol
the Analysis Deck

1. The MSC NASTRAND ANSYS, SUPERB,
STRU D, and SAPS tinte-element analysgs
codesare supported.

20 Bty tour element types are avalable.

[he user may automatically venerate a mesh of
one- or two-dimensional finte elements by de-
tinnye a boundary and speaitvine the number
of clements reguired along cach wide ot the
boundary. An custime mesh may be rotated,
tramshated, o mitrored to produce additonal
clements

40 Individual clements can be anserted by the
ordered prokimye ot exinting eodpomts swath the

NG
<Oospedttrcations tor foadme tor the sinelo poee
constrant s, and tor marerial aed oo
properties van be venerated v s
6. There s complete control ov !

clement pamberimy

There s lietde need 1o display ¢
because the cursor can be used to e
stred line, pomt, proadpomt, o elone

N The user can ~shook clements to cboes

contmuty, meree cornordent vradponr e

v

e b
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a user-detined sphencal tolerance, and with
the CADDS 4X svstem highhieht selected sets
of eridpous and elements

Post-Processing

Fhe detormed shapes ot the model can be dis
plaved usting MSCONASTRAN endpomt displacement
results post-processed by means ol an nterface wiitten

by APL.

Additional Features Available with the
CADDS 4X Upgraded Finite-Flement Package

Stress results can be displaved by means of un
clement color Tl procedure. (Fhe mtertace between
MSCONASTRAN and the Computersision tinite-ele
ment packhare has notver been written) tn addition, ¢l
crients with selected numbers, propertios, ot material
descriptions and  endpomnts with selected numbers,
stnple-pomt constraimt sets, or loads can be hiehlivhied

tor model checking purposes.

Computervision Finite-Element Package Features
Not Available but Needed

Fhe tinre clement packave Lacks 1he capabalin
Do et an exishing innte Aement anadvsis provram
mput deck o a CADDS S data base tor subseguent
dieplay o moditicanon This should be corrected
Asoothe model checkimy teatures should be expanded
toranchude the automatic orentation of clement tace
porials by comparnson tooa user detimed vector,
check ot clement aspect tatios tthe tatio ot eneth 1o
wedth o hewho, an clement wterion envle chiedk, and o

swosdimensional shell element thatness chieck (Both o
th,

detiaenaes can be remedied by stand alone pro

cratis that have notver been written )

PROCEDU R}

Onthined below e the vencral steps used 1o een
crate a tite clement moded nane the Compuaten isvon
trnte clement packhave Nso vnven s stmimaiy ot she
procedare that must boe tolloswed to recover the analy as
displacaent data tor displas s o detonmed shuagpe on

e Computersoton viaphos termnad

Model Preparation

I Obtan veomettne data on the part to be ana
o
Computervasion eraphios commands, o trom

vred trom dietizer mpnt, trom the ase

ancesstine data base

2 Tnpat the matenal and element propernes

A Gienctate the Timte element mesh usiny aulo
matic mesh veneration methods combined,
whenever posaables with the eraphics moditier
Tnedr T Corredt missane o addiv shapad el
ments by means of andiadoal clement venera
tron methods

40 NMeree duphicate vordpomis. Reduee the com
putation e requtred byomeans ot the p
window ™ Command o olate the mesh
boundares

Sodd loadime s and constramr s tothe pnidpomits

. k‘lk‘
ment shenk option and. with CADDN 4N by

hehbe e ~clecred ennty set-

Complete the madel chock - by uvnye th

6 bt the model toocorrect problems tound du
iy the model chedk

TOoWonte the MSCONASTRAN (o another sup
ported analy s codey bulk data card mages o
tape. Transter the tape 1o the TBN 3033 1o

danaly s

Post-Processing

Reterence 3 detands the procedures used tor the
recoverytnanstation, and display ot MSC NASTRAN
cordpome displacenient results. A briet summary of the

vrocedure tollows

AMdd doseries of MSCNASTRAN diect maton
absrracr prosrammimye language statements o the andl-
veorsdeck betore exeontion s These statements wite the
mmrertor coidpoint displacemient table OUL GV o tagpe
o the FBNE 3033 Nrrer coviewarny the andlvas, eaeaue

the retormattnne proviat to read the abose e and
produce o Comparenvcon ccadable e or the sanee
tapre D ster the rape Do b Cone it s ton s Ie
aind coneent the Chatacier o o Compirter vt o

mat b NeonTe g ot e conpiere the ot

atd o rocho o placom e darac o vadt lod e e
copatate e Koo cadt Toadaaee o e e Con
ARG N T B IR AL S AN I N TGRS ATC I LUOVEGI LTS 1Y
EC TN B BT S LR 1

A\ NS FINA N v o
Cobieor e s B ek
Ve Posnr o Sy g
oo en o owe el b
Pocase the darac b wnl bo ooy st o 1
Prov o onshy et nered prorar e Beoriods g o

pab e advartace ot b rea Daradn
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INTRODUCTION

From striped bass to synthetic-aperture radar, the range of the Laborato-
rv's work in matters that relate o the oceans is wide indeed. At the one extreme,
we try to tathom progesses that are at the core ot the decline of the toothsome
rockfish; at the other, we seek to exploit the capabilities of advanced radars to
map the mesoscale teatures of the ocean’s surface.

Betseen such contrasting pursiits Hes & great diversity of effort here at
APE in the tields of ocean science and ocean technology. The common threwds
that run through such varied endeavors are, tirst, the search for understanding
and. second, the application ol that understanding 1o pracocal purposes — the
same threads that have been woven into the very fabric of the [ aboratorny s work

SICe 1S meeption.

As might be expected, many ot the projects in ocean saience and technolo
ev (OST) contribute directty to the support of Navy programs Both sartace and
subsurtace ocean processes and propertes are imvestigated, and the hnowledee
cained s put to use in govariety of programs, most notabhy those relared = ander
seawartare, Currently the D aboratory supports several ditterent Ny sponsons
i more than a score of such projects.

Notso well known is that the Faborarory works i sieniticant ON1 pro
erams for avariety ol sponsors other than the Navy; they indude the tollowme

dgencies:

Detense Advanced Rescarch Projects Avenay
Natonal Oceanic and Atmosphene Admimistration
Public Service Blectnie and Gas Col (ot New Jersey)
State ot Manvland

Uiited States Ay

United States Fishoand Wildhite Service

Asmall sample of OST work done tor Navy sponsors appears i this see-
ton. Most sach ettorts must vo untemarked tar reasons of secunity, but the ae-
complishments repatted here, albeit tor the nahitary, tlustrate the was i which
the 1 aboratory apphes s capabiltios toward the solution ot occan-related prob-

s ot mportance to sevetal components of o sodieny

PR S P 1D W S S S S S P
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A NEW TECHNIQUE FOR THE ENCAPSULATION

OF THERMISTORS

C. W Andersonand G . Farruggia

A new technmique was developed 1o encapudule
thermustors wsed on g towed oceanagraphic instrumenl!
arruyv. The technique has sigriticanth inereased the ser-
ticeable lite of the thermistor assembites by reducing by
un order of magmiiude the Trequency ot leaks catsed by
waterinirusion info the inswlatine cncapsulation. 1ralso
has reduced the fabrication time by iwo-thaeds and the
production costs by one halt,

BACKGROUND

In 1975, development began on an oceanograph-
I HINTUMEnt svstem consisting of an array ot thermis-
tors mounted alony an clectncal mechamceal cable.
Measurements trom the thermistors provide a vertieal
profile of the ocean’s temperature as the array is towed
hehind aresearch ship, The combimanion ot plastic low -
dray tarnes on the cable and the hydrofoil depressor
allows the thermistor array to tral at @ steep vertcal
angle. The twirnng nose s used as the mounting location
tor the thernstor i order to expose it to manimum tree

flow,

The thermistor mountiny should have the con-
tour of the tammnyg noseprece, it needs to be tlesible so
that 1t can be secured around the cable strenyth mem-
ber, and womust provide mechamcal and electrical intee-
1ty tor the protection ot the tragile plass-bead thernus-

tor and clectnical connections

Onenally, the mounnny that encapsultated the
thermistor was made ot o sinele polvurethane com-
pound because it appeared to meet the coiteria tor tles-
By, strenvth, and clearocal msulaton Thermastor
assemblhics had showe no devradation ot insalation
mtegrity when tosted under hvdrostane . pressare
loadmye, but the umts were not evposed to mechanical
tHevng. Under actuad el the mechanieal tlevimy and
hydrostatic pressure foadine caused the bonds alonye the
thermistor ~tem and wire feedthrourh secoon to break
down, resulne an o scawater deake coand clearnical

“hortine

Dranine carly e tests, the guantity ot thernns
tors i the array crewer than three dosem was as Laree as
coudd be mamtamed e the teeld, viven the low reluatal
iy ot aindividual sensors By 19820 test ~chedules had
become demandime 1o a devree that allowed httle more
than minor repats s so the teld, cesulnmye i some foss ot
data durime test operanions. Concurrently, the requite

ment tora lareer theranstor array cmerved. T addimon

to the hmiting tactor ot sensor reliabiliny, the tabrica-
ton techingues then available militated against g larpe
mcrease 1n the size ot an array because ot the high cost
o cach sensor assembly . 1t became clear that much-
improved  encapsulavon techmygues were needed n
order to field a new | darger system in a rehable contipu-
ration at an attordable price.

In the spring ot 1982, AP 'S Electrical Fabrica-
ton Group, Flectrical Design Group, and the Tewt
Group of the Submarine Technology Division com-
bined ettorts to develop an inespensive way to tabricate
large quantities of thermistor assemblies that would
remain mechanically and electrically sound throughout
several oceanographic tests.

DISCUSSION

An imvestigation was started to determine the
vood and bad characteristios of the exisiting mounting
design and encapsulating procedures. lis objectives
were to prevent seawater leakage into the encapsulated
assembly, simplity the encapsulation procedures, iden-
tify the material properties of available encapsulants
when used in the ocean environment, and establish test-
ing methods to evaluate various designs.,

[ hose objectives were met svstematically by pro-
curing numerous encapsulaton materials and by build-
my and testing several protonype thermistor casting
mold contigurations. Mechanical fixtures were buls tor
runming dynamic, flesural, and shear tests under hydro-
static pressure inoorder 1o eapose bondine delamina-
tons and cracking weaknesses, The final design ot the
Casting molds tocused on climimating tght assembly tol-
erances white mamuaming hgh prece-to-piece umitormi-
v, Graphic step-by-step tabnicanon procedures were
documented tor use by shop rechnaans toamprove the
quality ot the tinshed assemblies.

Ihe production of the thernustor Lanmy mounts
hepins by preparing the plass-bead thermustors and the
clectnical wires that extend trom the thermistors o the
clecttomes. The tramle thermistors are Jleaned
bothne  acetone and  kept tree ot contanunaton,

mcludmye  timgerpnints, throughout  the  remanune

dasembly steps

lectncal wires desiened speatically tor the ap-

phoation are encapsulated ana thin outer packet o

T aaa LY,
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Conap FN-T urethane (Figs Do The wire s twasted and
hielded 1o reduce capacitine coupling and s covered
with an mnoer polbvvny) chlonde (PVO)Y and an outer
polvurcthane jacket. The PVC provides hivh electrical-
msulation mtepnty, and the polvurethane provides o
tourh abraston-resistant cover. Both matenals adhere
well to the encapsulant. Prepotting the wire provides an
yntrad barmier avamst scawater intruston and serses i~ d
wiy Lo focate the device i the subsequentassembly

The ends ot the prepotted electical wires that
will be attached to the thermstor leads are tnimmed,
and the prece v placed e the noseprece mouant casting
mold ¢hie. 200 A sinele abynment check ensures proper
wire placement. he molds are coated waith a permanent
nonstich suttace of Istutt 33 Tetlonand have Tetlonm
setts ettt cnitcal arcas. Noospray-on release agents
are apphed because contamination by release apents has
been shown o devrade encapsulant adherence

properies.

The nosepiece mold s tilled warh Conap EN-T
wiethane encapsutant that s prepared and cured accord-
iy to specthic imstructons. bocapsulant leakage, cabled
ashine, mav show up near the casting-mold parting
Iines when the poseprece s remosed atter cunng. The
thashine v casily tnmmed ottt and occurs only
noncntical darcas because the molds were bt to very

tyht machunnyg tolerances.

1 arve quantities ot posepiece mounts can be tab-
ficated whenever there v an antiapated need because
the thermistors ate not placed i the mounts unol all the

comphyated tabnication steps have been completed.

Ihe Tetton block showiim e 2 v used to torm
@ small cavity i the nosepiece that wall fater hold the

Shield drain wire Aluminized Mylar shield

No. 30 twisted
par wires

N

}
\ N

\

Teflon wrap

N\

PVC insulation jacket Polyurethane outer jacket

Conap EN 7 polyurethane wire prepotting

‘A”

t 1 n -4

Figure 1 — T+ N T T

v i i Doty v (A

Figure 2 — Aqprartiatly assembledd aose e micld

thermistor and the encapsulant around the thermistor,
Flectrical conductors from the prepotted wires placed
in the Tetlon block are exposed in the cavity and are
ready to be soldered to the thermistor leads.

FThernnstor installation in the molded nosepiece
takes phace in i soldering tisture (Figs 30 1t eentls holds
and aceuratels Tocates the gliss thermistor probe so that
the techmician s hands are tree to solder the tine No. 40
pange wires. Dhe imstallation of the thermistor can be

completed within several ninutes

The tinal assembly step consists ot filling the
canity atound the thermistor with Fecobond 24 epoxy,
which torms a nigid structural toundation tor a scal
around the thermistor and electrical wire. Prior to en-

Thermistor probe
{No. 40 wires)

An Ir:)tation
alignment
Hold-down clip (hidden,

Figure 3— The songenag fitarne
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capsulaon,  a horseshoeshaped mold v damped
agaimst the noseprece to complete the cavity walls and
torm the contour ot the noseprece’s Teading surtace.
No primers are tequited onthe glass-bead o urethane
surtace to achieve bondimye this ivan ads antaye because
some primers absorb o water and cause leaks atrer ey
tended submersion. The wiethane eposs bond without
primers i proven o be stronger than the urethane
el

Furure 4 shows the horseshoe shaped thermastor
pottny wobtd, & completed thetmstor nosepiece wind a
protective cover that chps over the nosepiece 1o prevent
acadentdd breakace Jdunng succeedine calibration
procedures and total svstem assembly

RESULILS

[he newly developed thermstor mounts look
sinnfar to those made prion to this work: however, they
have hitde o common with the carlicr sersiony The
choree ot materials, the tvpe ot electnical conductor
wires, the complesity ot molds and intures, and the
simplicity. ot assembly - procedures are chaneed
markedly.

Samples taken randomiy trom production were
mechameally tatipue-tested by severely twisting the
nosepiece mounts whide under hiydrostatiic pressure (o0
P Noomeisutable degradation o the thermistor as-
semblies was tound atter rens ot thousands ot oveles,
Stk tests on previoushy bl amits showed imsulation

loss atter several hundred similar eyeles.

Figure 4 — T e e e AT

sroahe e ot

Lhe towed thermistor array bt tor atall 19s2
tield test was used tor tour weeks of ~tupboard opera
ton, mcluding tive davs ot continuous 24 hout towigy
Freld testmyg mmvolved danly texmy and twistine o1 i
thernnstor nosepreces as the array was wound around
!

tature, includioy insulation loss and mechanical vlass

the winch and over the towing sheave Al modes o

breakape, attedted less than 30 ot the assemiblies,
considerable improsement over prior expenieiice. A seq
ond and independent thermussor system was balt 1ot g
tield test conducted i the spring of TY83 No encapala
ton falures occurred atter several weeks o ield wea

[J RGN

Lhermistor tabricanon time i now redoced by
6500 trom over 1O hours per unit to 30 hours, Adde
tonal savies are realived because tew teplacement
untts are needed tor spares, and tield repan s almost
chmmated

Although these techmgues were developed spe-
aitically o encapsulate phass-bead thermistons, they are
bemg used inoseveral other arcas and may eventualhy
prove usetul tor encapsulatime other types ot occano-

vraphic sensors,
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MODEL FOR THE ASSESSMENT OF ANTISUBMARINE

ACOUSTIC SURVEILLANCE SYSTEMS

J. L Bowenand R.E. 1. Johnson, Ir.

T compaer model of the detection of o sthinia-
rine I tield ol passir e acouste sensors s been de
veloped Y Monge Carlo model, 1 generaies contact sta
nistios based orn the submarine sienarure (cludimy s
e varviny componenisy, the motion of the subniu
rine relati e foothe indn wdual sensors Concludine the as
sorctated ettects onorecen ed sienal tevelsy ) and the enct
roeens Cindludore the rapidhy chaneinge back eround

rHese )

BACRGROUND

I he problem was todassoss the acoustic detedt
abihiy of a submanne e a teld ot towed arcas sonars.
Lhe approach ot developmye a simulation model was
adopred becanse mant random and dy namie etiects are
mvolved moan encounter berween o submanne and a
tickd ot sensors. Those ettects, i the apverevate, would
mahe the deselopaent of analvoe expressions tor the
desired tesulis extremely ditticnlt. The resulis the model
vencrates are quantitative estimates of sursellance per
Totmance i tenms of operationally siembicant mea
cares For enample, estimates of contact and loss rates
A tunctions ot sensor densaty i ditterent operating en-
vitenments, with the imphed amsotropie and dynamie
Behavtor, are particularihy valuable pertormance mea
cures The model provides the distnbution ot such mea
Jres tor vtions combrnattons of steady stare and
tine Jdependent radiared aenads. Accordimeds, the e
st readily apphy o the quantitative examination of
Sich o thene s g the ettedr o none tedicion as o coun

S A RSN R RN

DISCLU SSTON

Overview

Foeare 1o o sumphined diram of the manor
tancnon-s e the model The baac obgecrnve ot the calon
Lattons 1o tind the senal exces €85 ar cach avons
teteeener i eadh tme mtenval Steoal eveess s detimed
e the amonnt o cienal Toomorse talio in exeess of
threhold value necded to discern the prosence ot a bt
sob with the detection thresholds vanvoy sath the Chae
dacteristics ot the aenall oo srababiey and spectral

hatactar

Fhe satious tvpes o acoustn stends tadiared by

A4 subianne encompass ditferences an Joesel, spectral

» Move
N platforms
1
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summaries

Figure 1 — Flow chart of modet functions

content,  trequeney ot oceurrence, and  durauon,
Fowed-array recenvers have azimuthally varving re-
sponse tunctions that sefectively enhance energs arm-
g trom preterred directions. Signals are attenuated in
water by oan amount that s range- and trequency-
dependent (transimission foss, 7T (R The recened
stenal level (s varnies with time because of changing
target-recener distances (R ) and angles (#) that are
iherent m any sunveillance encountet. Furthermore, all
the stemls are accompanied by frequency -dependent,
nme-varsimg noise () because the nose background
contams mportant contributions trom the sea surtace
and trom shippie e the revton, both random tunc-
Hons of e,

One can caloudate o tile of signal excess based on
these dynanne tactors, and the tile can be mampulated
to vicld detection statistios of operational interest.

Model Structure and Specifications

Fhe maodel developed to represent the necessany
features ot the problem s a nmesstep Monte Carlo sime-
ulation, coded i Fortran 77 and carrently available on
4 VAN Model 11780 computer - The model has about
000 lines ot code and requites some 430,000 bytes of
stotare, ob wihnch shightds mote than halts needed tor

- Y.
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transmission foss tables It s divided into subroutines,
distinet blocks of which pertorm cach of the tunctions
m bigs 1o Wherever possible, specttic parameters ot
data are prosided externally through data tiles o1 pro-
eram inputs. lable 1 oadentifies the major tunchional
blocks and the types of data provided to cach.

Table 1 — Functional modules and mpats,

Maodule l Functions L Tput Dt

I § QU
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Fundamentally, the model allows the placement
of somie number of receivers at imtially specitied loca-
trons, and then ot moves them. At prosent the receivers
are towed arravs, and they are bemng moved back and
tarth alony parallel track scgments. The tareet subma-
Srandom™ patol ac presenty in the
nidst of the moving recenvers while its detectabiliy s

tine vonducts a

evaluated, Target motion s constramed to reman with-
i the tickd of sensors e a was that simualates uncon
strained monon i a larger tield.

ypical tuns msolve atarget on patrol tor 800
hours mea hield ot mne sensors; computations are pet
tormed every 6 i One rephicanon ol such a4 tun
tequires abour 90 min ot central processing unit time
Fypically, more than one rephication was tound o be
unnecessdry because the temporal vanations over one
ROO hrun are suttoent o estabhish reliable statstes

Submodule Characteristics

Ihe submodule sealizanons that constitute the
model are based extensively onavailable daia, A <tatis
tical charactenization of submatine moton was Jdevels

oped, as were distributions ot tandomiy tmed imermat-
tent acoustic emisstons . Signal source fesvels are based
oI at-sea measurements. The model treats the venal
spectium as 1t were composed of discrere bands ot
varving wadths: cach band v assodated with properties
necessary tomter detecoon thresholds (treated as model
mputs) and to select the suntable tunsnussion loss trom

data hiles representing specttic ensironments

I he most compley and challenginyg submodule i~
the one that estimates ambient notse. As was noted cat-
lier, the intmmsically tme-varving constituents ot noise
result trom shipping and wind. Those components are
modcled separately and are then power summed.

Shipping noise 1v based on o time sernies gener-
ated by a model that allows tor the movement ot ships
about a recenver, thus changing noc onds distances but
also the bearings relative 1o the recenver array patiern,
Fhe total shipping noise at any tme s the mcoherent
sumn of contribunons (heam formed as necessary) from
individual ships. Shipping-nose time series are frequen-
oy dependent because the ship-radiated levels, the prop-
agation to the receiver, and the array patterns are all
trequencey dependent. The shipping-noise time series aire
then processed by a derisative model that abstracts the
temporal behavior of the maintobe and sidelobe contn-
butions separately; the former cause short duration
peaks or spikes in the noise, while the fatter mahe more
slowly varying contributions.,

The wind-noise variations are induced primarily
by changes inwind speed. In the model, wind speeds are
drawn randomly trom regronally and seasonally speait-
ic distributions at tme intervals selected from a second
tevponental) distribunion. Thes are then converted to
wind-noise variatons in ome; the mean and standard
deviation of an (assuned) Gaussian process are related
deterministically to the wind speed, and random draws
are made from that distribution. The procedure resubin
e a rapid and small wind-noise varnation superposed on
a(uvpreally)y slower and larger sanaton mduced deter-
mnistically by wind speed changes.,

It should be noted that this complexy: model ot
ocean ambient nose tollows physcal evidence that s
widelhv  documented i the literature, 1t has been
carctulhy compared with, and intluenced by, extensine
dbased measurements made by Laboratory personnel,
particularhy those made m 1980 and 1981

Model Outputs

The prinapal results generated by the model,
summartzed i Table 20 were selected <o as to permn
broad analyvses of avanets ot tactors relating to surv el

lance system eltectiveness. bach output s computed tor
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5
‘u Table 2 — Mol autpasts tur cach signatu’e etement contact was last held. Phe effecrs ot variatons an
T e numbers (density) ot search platforms, target or search

thistograms plattorm speeds, or leveis of target-radiated noise can
be established with successive runs ot the model.

—

Nbet o s Boldoe contae

T ahee et contagt
Ieneth ot nme conitadt was freld e a- - ) Ny
1 oneth ot tinre contact was oot ACKNOWLEDGMEN]

We are indebted to the tollowing people who
participated an development of the assessment mode.
Probabihiny that tareet 1o contage EooJo Moses, assisted by WO Knoy, directed model im-
Potab puniber obdetecnons plementation by ORI, Inc. The noise model was devel-
\oan .(Il\(‘xhllhi.ll\’\Ik»\l.lltﬂll wrrz:mg‘n .unjh-:g\mm upcd h_\ 1R, Davies (ORD) and A. C. Biondo (APL).
while R, Doolittie (as a consultant to OR1) contributed
stgniticantly to the reconciliaton ot noise model results
and tield measurements.

Senanary stdisdes

the ditterent sienal elements in the submanine signature;
these clements can be combined in ditterent wans,
including o combmation incorporanng all potennally
detectable \Ipnill\.

Analvses ot the outputs from a particular run
permit the wdentitication ot the most signiticant (e,
most compromising) clements in the signature. Survel-
fance ettectiveness can be estmated i terms ot disun-
butions of umes moand out ol contact, probabilities
that at any random time the searchers are i contact
with the tareet, and the distiitbunions of tmes sinee [his work was supported by the Department of tae Navy .
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INTRODUCTION

[ he colluborative bromedical program between APL and The Johns Hop-
hins University s School of Medicine began i 19650 The provram brings together
the expertise inmedical and brofogical sciences tound at the Medical School wath
those m the physical saences, engineering, and mathematios tound at APEn
arder o solve signiticant problems i biomedical science and health-care dehy -
ety From the beginmng, the collaboration has received strong support from the
Unnversiy s leadership and encouragement from the Navy, APL 'S sponsor. The
stretigth ot the collaboration i~ evidenced by the jomnt appomtments made within
the two University divisions: 1S members of the APL statt have appoimtments
at the Medical School, and 16 members ot the medical taculie have Prinapal
Protessional Statt appointments at APL .

Currenthy, there are 30 active projedts inophthalmology | neutosensory je-
sedarch and instrumentation development, cardiovascular ssstems, patient monitor-
ine, therapy and rehabilitation, chintcal information svstems, and  chnical
enemectng. Tharty sy APL physacal saentists and engineers are workig i col-
laboration with biomedical saentists and chincrans trom 12 JTHMI departments
on those projects. Ther rescarch and deselopment results are published in the
peerreviewed saenttic and medical literature. Since the program’s inception, over
90 papers hase been pubhshed, and there are even more published absracts and
prosentations at major saentibe and medical meetings.

Lhe articles appeaning m this sear’s AP Selected Accomplishments indi-
cate the breadth ot the collaboratn e bomedical ettort. They describe ettorts i
ophthalimoloes | the maenetic detection of bram waves, artery repair, and the de-

Lelopmient of devices tor speditic medical problems.
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REFINAL VASCULAR DEVELOPMENI

IN KETTEN AND PUPPY EFYES

R. W Hlowere AP and DoSONMelcod G A Taty,
B. Goldbery, and S D0 Wager (IHN
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overlie arteries, capillary-free zones eventually form as
the arterial vessel gradually moves into and occupies the
capillary plane. We speculate that capillary atrophy
may, in fact, be initiated by displacement of the
capillaries.

Veins

Veins are formed by the coalescence of embryon-
ic capillaries into lacunas, which then remodel into
veins. The pattern of venous vessels appears to depend
passively on the earlier developed pattern of arterial
vessels, the shape and size of each vein being a con-
sequence of the total blood flow and pressure it must
accommodate.
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SEM STUDY OF THE HYALOID VASCULAR SYSTEM
IN NEWBORN MICE EXPOSED TO OXYGEN

P. M. Bischoff and S. D. Wajer (JHMI)
and R. W, Flower (APL)

For a significant period during their develop-
ment, the vitreous and lens of the eye are nourished by
the hyaloid vascular system, a network of blood vessels
that consists of the tunica vasculosa lentis (vessels that
surround the immature lens) and the vasa hyaloidea
propria (vessels that permeate the vitreous). As the eye
matures, the hyaloid system gradually atrophies, and it
disappears shortly after maturation of the eye. Several
species of animals, including cats, dogs, and mice, nor-
mally are born full term with immature eyes, providing
an opportunity to study the hyaloid system. It has been
reported’ that neovascularization occurs in the tunica
vasculosa lentis of newborn mice reared in environ-
ments of high oxygen content, but our study produced
evidence that indicates instead that oxygen exposure
delays the normal atrophy of the hvaloid vessels,
causing them to persist for an abnormally long time
postnatally.

BACKGROUND

It has been suggested that the hyaloid vascula-
ture of newborn mice undergoes vasoproliferation after
oxygen exposure and therefore might be used as an ex-
perimental model of neovascularization. A scanning
electron microscopic (SEM) technique that provides vis-
ualization of the entire hyaloid vascular system was
used to study its response in mice exposed to elevated
oxygen levels. Marked differences were found between
the hyaloid regression in oxygen-exposed mice com-
pared to control mice kept in air, but no evidence of
neovascularization was found in any group. It was con-
cluded that the dilated, persistent hyaloid vessels and
accompanying exudates may have been misinterpreted
previously as vasoproliferation in the histologic cross
sections of the earlier studies, indicating that the new-
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born mouse is not a proper model of neovasculariza-
tion.

For a significant period during early develop-

Lo LW TS WU ML o e RS S SRARL i A Ae i e - A 0 bt B e i e

India ink suggested a *‘profuse proliferation of new ves-
sels”’ in the hyaloid of newborn mice exposed to oxy-
gen for 5 days and then returned to air for 5 days.’ Patz

first suggested the SEM technique to study the oxygen
effect on the mouse hyaloid and found a ‘‘second layer
of vessels” overlying the persistent hyaloid. However,
he was not able to distinguish between ‘*abnormal per-
sistence or possible proliferation” of those vessels.
Using the same technique and procedure but examining
mice ir: different age groups during and after oxygen ex-
posure, we attempted to determine if the hyaloid vascu-
lature in oxygen-reared mice truly develops neovascu-

ment of the eye, the hyaloid vascular system constitutes
the main blood supply for the developing lens and vitre-
ous. As the eye matures, the metabolic needs of the lens
and vitreous gradually decrease, and the retinal vascula-
ture matures concomitantly with the atrophy of the hya-
loid vascuiature; yet both the retinal and hyaloid vascu-
lar systems share a common arterial supply at the optic
nerve head. It has been long recognized that both of
these vasculatures are affected by prolonged exposure

A“l( 'ff-’}f_x.-P 2 ¥ 7 2_K I

to elevated oxygen levels. larization.
" The mouse eye is suitable for the study of the hy-
L aloid vessels because these vessels are fully developed at
full-term birth (Fig. 1). The retinal vessels, on the other METHODS

_ hand, have only begun to form near the optic disc at
T birth; this vascular development is comparable to that

One-day-old albino mouse litters and mothers
were reared either in air as controls or in 70% oxy-

p i i ; . . X
[., n th:‘ human.embfry;)mcheye at about th}:ee to gour gen/30% nitrogen as test animals. Test mice were raised

months ge'stauon.. ¢ changes seen in the newborn in isolettes ventilated with the humidified gas for up to
b - mouse during the first four weeks of life may reflect (at

I : ) h devel betw 14 days and then returned to room air. Mice from each
east approximately) human eye development between group were killed on days 1, 3, 7, 10, 14, 21, and 28.

f'j the fourth month of gestation and birth. Specimens were prepared using a standard biologic

In early experiments, the hyaloid vessels of oxy- technique for SEM.
gen-exposed newborn mice were examined by histologic
cross sections made of whole eyes. It was reported that
a persistence and probable proliferation of the retrolen-
RESULTS

tal hyaloid vessels occurred and that the retinal vessels
were constricted.” Later studies using eycs injected with

In contrast to the vasoconstriction response ob-
served in the developing retinal vessels during continu-
ous exposure to 70% oxygen/30% nitrogen, it is note-
worthy that the hyaloid vessels remained patent. While
there was little change in the vascular pattern during the
first days of oxygen exposure, by the second week of
continuous hyperoxia a vascular persistence of delayed
vascular regression accompanied by increasing vascular
distention occurred in the tunica vasculosa lentis
{TVL); this occurred to an even greater extent in the
vasa hyaloidea propria (VHP). These oxygen-induced
changes were even more pronounced when the mice
were returned to room air for one week following 6 to
14 days of oxygen exposure (Fig. 2a). In addition to
vasodilation in both the TVL and the VHP, there often
were exudates in the primary vitreous that partially or
totally masked the posterior surface of the lens. After a
second week in air, those vessels always became smaller
and continued their regression. In no specimen exam-
ined was there ever a greater number of TVL vessels ;
than was present in a normal newborn eye, and there .

o Figure 1 — Anatomy of the normal hyaloid vasculature was no indication of neovascular tuft formation. :

- from a 3-day-old-mouse eye; hyaloid artery (short white . . .
.‘_ arrow). hyaloid vessels nounishing the posterior lens Our interpretation of the data from this study
N (black arrow), and vitreal cavity (long white arrow) (bar leads us to the following conclusions with respect to the
. gauge = 100, m). mouse eye as an experimental model: 10§ .
'-._ "
~. - . - - - - - - i
T RN . . .
LI S e o . t. e . A ._'-._ I R .._ & . U F LT . U o
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Figure 2 — Scanning electron micrographs of the eye
from a 10-day-old mouse reared in oxygen for 6 days and
then returned to room air for 3 days. (a) Note huge vas-
cular distention in vitreal hyaloid vessels overlying the
hyaloid vessels of the posterior lens (x 75). (b) Higher
magnification view. Note the open and distended
overlying vessels embedded in exudates and cells
( x 370).

1. The mouse hyaloid vasculature appears not
to be a model for the formation of intraocu-
lar neovascularization.

2. Oxygen exposure of newborn mice leads to
pathologic persistence and distention in the
TVL and also, to an even greater extent, in
the VHP with subsequent bleeding and exu-
date deposition in the primary vitreous. Con-
ceivably, pathologic changes of the vitreal
branches of the hyaloid vasculature could
play a role in some of the cases of advanced
stages of retrolental fibroplasia (a blinding
retinal disease of premature infants associ-
ated with prolonged oxygen exposure).

3. The hyaloid vasculature is an appropriate
model for studying the relationship between
atrophic vessels (the hyaloid system) and a de-
veloping vasculature (the retinal circulation);
these two systems are hydrostatically coupled
to “‘active’’ vessels capable of responding to
changes in the arterial pO, level. Such vascu-
lar combinations may exist in human dis-
eases. Examples of the relationship might be
found between extant preretinal vessels and
the normal retinal vasculature in diabetic ret-
inopathy following laser photocoagulation
therapy or even in cases of regressing retro-
lental fibroplasia.
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STROMAL DAMAGE IN RABBIT CORNEAS EXPOSED TO

CO2 LASER RADIATION

R. L. McCally, C. B. Bargeron, W. R. Green (JHMI), and R. A, Farrell

We have found that threshold damage of all
tvpes of corneal cells—stromal, epithelial, and endothe-
lial—is correlated with their achieving similar peak tem-
perature increases that have simifar dependences on ex-
posure duration. This suggests that all these cell types
have the same thermal damage mechanism.

BACKGROUND

The cornea is the transparent front wall of the
eye through which we see. From front to back, it con-
sists of a tear layer (about 6 um thick), a cellular layer
five to six cells thick called the epithelium (about 40 um
thick), the collagenous connective tissue layer called the
stroma (about 350 um thick), and a single layer of cells
called the endothelium (about 5 um thick). Cells called
keratocytes are interspersed within the stroma and
occupy 3 to 5% of the stromal volume.

Because the cornea is about 80% water, it
strongly absorbs infrared radiation. Indeed, 99% of the
10.6 um radiation emitted by a CO, laser would be
absorbed in the first 48 um of penetration and would
therefore raise the temperature of the cornea’s epitheli-
um. Thus, most investigations into the nature of CO,
laser damage and the threshold conditions that cause it
have concentrated on this cellular layer.'* However,
heat conduction causes the spread of the thermal insult
to deeper layers. In this regard, we recently have
reported the threshold conditions for damaging the en-
dothelium** and have determined the temperature his-
tories at the endothelium following such exposure.*-*

During the course of those investigations, we
noted that corneas that had been exposed above the
threshold for epithelial damage, but below that for en-
dothelial damage, developed characteristic bowl-shaped
lesions in the stroma. Examinations 48 hours following
such exposures showed that the edges of the lesion were
sharply defined, and histology showed that the injured
area was essentially devoid of cells. Furthermore, the
keratocytes just outside the cell-free region were found
to be normal. These observations suggested to us that
the keratocyte damage depends sensitively on the
thermal insult. Thus, we designed experiments to deter-
mine the conditions that produce minimal thermal dam-
age to keratocytes in order to discover how their dam-
age thresholds compare to those of the other corneal
cells.”

RESULTS

A CO, laser operating in the TEM,, mode,
which has a Gaussian irradiance profile, was used to
produce stromal damage.” With the laser operating at
0.27 W, the 1/e radius of the beam was set at 0.94 mm
and the peak irradiance was 9.7 W/cm-?. At 1.2 W, the
1/e radius of the beam was 1.2 mm, and the peak irradi-
ance was 26 W/cm?. The exposure durations for these
two power levels were 2.5 and 0.4 s, respectively. Both
exposures are about four times longer than that re-
quired to produce minimal epithelial damage at the re-
spective power levels,’”' and both produced similar
damage to the cornea.

Figure 1 is a slit-lamp photograph taken 48
hours following an exposure of 26 W/cm? for 0.4 s. It
shows the profile of the bowl-shaped lesion at its deep-
est point. Figure 2 is a composite light micrograph of
another cornea exposed the same way as the one in Fig.
1. The sections were cut as nearly as possible to a plane
passing through the center of the circular damage area.
At its deepest point, the essentially cell-free lesion ex-
tends about halfway through the stroma. Higher mag-
nification electron micrographs of this lesion (not
presented) show that the few remaining cells are dead.
They have small vacuoles and show a loss of normal

Figure 1 — Slit-lamp photograph of a laser fesion 48
hours after an exposure of 26 W/icm? for 0.4 s. The slit
lamp was arranged so that the light was incident per-
pendicular to the surface of the cornea at the middle of
the circular lesion. The bowl-shaped profile of the lesion
at its deepest point is revealed.
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Figure 2 — A montage of light micrographs of a stromal lesion 48 hours after an exposure of 26 Wicm? for 0.4 s.
The essentially acellular lesion extends about halftway through the stroma. The lesion is bordered by normal

keratocytes.

intracytoplasmic organelles. The electron micrographs
also clearly reveal the sharpness of the demarcation be-
tween the damaged and undamaged stroma.

Figure 3 shows the profiles of the border of the
bowl-shaped lesions that were obtained by carefully
measuring enlarged slit-lamp photographs like the one
in Fig. 1. The curves are the calculated profiles of sur-
faces having equal peak temperature increases. For the
9.7 W/em?, 2.5 s exposure, the lesion border closely
corresponds to the 47°C surface, whereas for the 26
W/cm?, 0.4 s exposure, the border is close to the 52°C
surface.”

The calculations also reveal that the temperature
history is nearly the same at any position on a given
peak temperature isotherm.” This is illustrated in Fig.
4, which shows the temperature histories at two posi-
tions on the isotherm corresponding to a peak tempera-
ture increase of 45°C. As expected, the temperature rise
occurs later for the deeper position, but the shapes of
the two curves are nearly identical.

DISCUSSION

The experiments show that the border of the
stromal lesion produced by CO, laser radiation is
sharply delineated, that it corresponds to a surface of
egual temperature rise, and that the temperature rise de-
pends (but not strongly) on exposure duration. The con-
ditions on this border represent the threshold for kera-
tocyte damage, which is at a slightly higher temperature
for short-duration exposures than it is for longer
ones.

Thermal damage of the epithddial and endotheli-
al cellular layers has been correlated with their achiev-
ing peak temperature increases in the 30 to 50°C
range.’ * Epithelial damage resulting from exposure to
various sequences of subthreshold pulses also is cor-
related with peak temperature increases in the same
range, even though the temperature/time histories were
varied widely in the experiments.® Such experiments

400 T T T T T T
(a) AT = 40°C
- 44°C |
200 /:%T
:Ez 0 > 1 1 1 1

~ 400 | B m— T T 1
A (b) AT = 40°C, 50°C 60°C
200/_ —

0 T 11 P B

800 400 0 400 800
r (um)

Figure 3 — Measured position of the border of the bowl-
shaped lesion compared with calculated surfaces of
equal peak temperature increases. The points are ob-
tained from highly magnified slit-lamp photographs
taken 48 hours after the exposure. In the figure, r is the
radial position from the center of the beam and z is the
depth beneath the anterior surface. (a) The exposure
was 9.7 Wicm?2 for 2.5 s, and the 1/e radius of the beam
was 0.94 mm. The points are from a singie cornea. (b)
The exposure was 26 W/cm? for 0.4 s, and the 1/e radius
of the beam was 1.21 mm. The points are the average
values from two corneas.
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Figure 4 — Temperature histories at two positions on
the surface having a 45°C temperature rise following a
9.7 Wicm?, 2.5 s exposure. The solid curve is on the
beam axis at a depth of 243 . m. The dashed curve is ata
point 695 ;m from the beam axis. 50 ;m below the
surface.

tend to support the use of the peak temperature increase
to correlate threshold damage; however, the required
temperature increase does appear to depend weakly on




exposure duration. For example, Egbert and Maher' re-
ported that epithelial damage thresholds were associ-
ated with peak temperature increases (above the am-
bient value of about 35°C) ranging from 50°C for a 100
ms exposure to 39°C for a 100 s exposure. We reported
similar results for endothelial damage.*® For exposure
durations between 1 and § s, damage occurred when the
calculated endothelial temperature rose about 48°C
above ambient, whereas for a 240 s exposure it occurred
at only 32°C above ambient.

The temperature values on the damage border in
the stroma, and their weak dependence on exposure
duration, are similar to those required to damage the
epithelial and endothelial cells. This suggests that all
corneal cells have essentially the same thermal damage
mechanism.
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NEUROMAGNETIC MEASUREMENT SYSTEMS

H. W, Ko, J. S, Hansen, and D. A. Bowser

Sensor systemis that measure minute magnetic
signals from the brain are susceptible to noise contami-
nation from sensor motion. This noise has been reduced
by as much as 40 dB in nose power by adaptive filter
stgnal processing, The processing technique also shows
promise for the identitication of other noise signals that
night he nusconstrued as part of the hiological
response.

BACKGROUND

Recent neurological investigations of responses
evoked by visual and auditory stimulation and by epi-
lepsy use a sensitive, noninvasive magnetic sensor called
a SQUID (superconducting quantum interference de-
vice). Neuromagnetic signals are gencerally about 100 T
(1T = 10 * gamma) in amplitude, which is about one
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part in 10" of the earth’s static magnetic field. In order
to cancel the relatively uniform time-varying geomag-
netic field, the SQUID is used in a configuration called
a superconducting second-derivative gradiometer
(SSDQ). This sensor is housed in a dewar cryostat and
is cooled to 4 K with liquid helium.

Because magnetic fields evoked by sensory stim-
ulation of the human brain are orders of magnitude
smaller than typical environmental and biological noise
at low frequencies, some technique of noise reduction is
required to extract the biological signals from the mea-
sured data. Previous noise cancellation efforts applied
to similar data usually have consisted of signal averag-
ing, which requires large amounts of data to achieve ad-
equate noise reduction. That technique imposes a seri-
ous limitation on the investigation of evoked responses
when the concentration of a human subject on a repeti-
tious stimulus is required. Its use might allow a hazard
to develop in the case of medical monitoring by wasting
precious time determining changes in vital life
functions.

This study has implemented alternative tech-
niques of noise cancellation with the goal of reducing
the amount of data required to characterize the evoked
response.!

DISCUSSION

Noise Sources

Several kinds of noise contribute to the output of
the neuromagnetic SSDG. One is the inherent noise of
the SQUID and its electronics. The noise floor for the
device used in this study is about 50 fT - Hz and, in
general, is not reducible. Another type of noise is that
caused by motion of the dewar and the magnetometer in
the ambient magnetic gradient. Motions of the build-
ing, support structure, and dewar are easily measurable
by linear accelerometers.

The third type is environmental magnetic noise
caused by changes in the ambient magnetic gradient
(c.g., operating motors, moving metallic objects). The
largest environmental magnetic noise, normally re-
moved by a notch filter, is that from local power lines at
50 10 60 H/. In general, ambient gradient changes are
proportional to ambient ficld changes and can be moni-
tored by a triaxial fluxgate magnetometer. When they
are attached to the dewar, fluxgates will also sense
motion noise because they move with respect to the am-
bient magnetic vector. The fourth type is biologic noise.
The gradiometer senses magnetic signals that originate
with the subject but are not related to the evoked
signal.

Experimental Apparatus and Data Acquisition

To support studies of magnetic background
noise characterization and cancellation, data were
taken by APL in an urban environment at the Human
Neurophysiology Laboratory at the University of Cali-
fornia, Los Angeles.” The biomagnetic sensor was an
SSDG with a noise floor of about 50 T - Hz . For
the results presented in the next section, the gradiometer
dewar was mounted by a triaxial fluxgate magnetome-
ter with a noise floor of about 10* fT - Hz  to moni-
tor environmental magnetic noise. The gradiometer
dewar also supported three orthogonal linear acceler-
ometers, each with a noise floor of about 1 ug (about
10 ° m/s*). The accelerometers measured only dewar
motion noise (see Fig. 1). The data were taken in time
segments of 2 or 8 s. All seven sensors were bandpass
filtered at 1 to 35 Hz with a 60-Hz notch filter. Data

3-axis

K? accelerometer

x
~

RF head \E

3-axis fluxgate-|
magnetometer [~

Dewar

Magnetic probe

Figure 1 — The mounting locations of the motion moni-
toring sensors (triaxial linear accelerometers) and the
ambient magnetic field sensors (triaxial fluxgate magne-
tometers).
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were taken in real time and digitized on 12-bit analog-
to-digital converters at 256 samples per second by a
PDP 11/34 computer.

The multiple sensors capable of distinguishing
different noise sources and the short duration of the bi-
ologically induced signal are amenable to adaptive digi-
tal filtering for noise cancellation. The adaptive filter
parameters, and hence the frequency response of the
tilter, are allowed to change or adapt in time. Thus, if
the noise is nonstationary, the filter also will vary, in an
attempt to follow the changes and provide maximum
noise reduction. The adaptation process itself adds
*‘misadjustment’’ noise, which can be minimized by
an appropriate filter, although it cannot be
eliminated.

The adpative filter, called the adaptive noise
canceller (ANC), uses the algorithm developed by
Widrow et al.’ Two parameters are chosen by the user:
the length of the filter and the feedback constant. The
filter lenigth determines the number of samples required
to specify the filter response and is also equal to the
number of filter weights. The feedback constant deter-
mines the gain in the feedback loop that governs how
quickly the filter weights are allowed to adapt. The
choice of appropriate values for the two free parame-
ters is based primarily on experience with the particular
data of interest; in this analysis it was based on experi-
ence with parametric studies.

RESULTS

Although the mounting and laboratory location
of the gradiometer were chosen so as to reduce motion
and magnetic noise, the UCLA instrument was still sen-
sitive to that contamination. Simultancous measure-
ments from the accelerometers allowed the identifica-
tion and reduction of motion noise from the gradiome-
ter. Similarly, simultaneous measurements from the
fluxgate magnetometers allowed the identification and
reduction of magnetic noise.

Figure 2a shows 2 § of simultancous time-series
data from the gradiometer and the two associated accel-
crometers. Only noise (no biologic response) is con-
tained in these data. The obvious correlation between
the x-accelerometer and the gradiometer time series sug-
gests a large amount of motion noise at a nominal fre-
quency of 4 Hz in the gradiometer data. The bottom
time series of the figure shows the result of adaptively
filtering the gradiometer data using the x- and y-acceler-
ometers as reference sensors. The presence (and sub-
sequent removal) of motion-induced magnetic noise in
the gradiometer is evident both in the time-series data
and in the power spectra of the filtered and unfiltered
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Figure 2 — (a) A demonstration in the time domain of
the effectiveness of the adaptive noise canceller. (b)
Spectra of the gradiometer output before (solid line) and
after (dashed line) the application of the adaptive noise
canceller.

gradiometer data (about 40 dB reduction in noise
power) shown in Fig. 2b. Misadjustment noise, which
shows up as increased power levels in the power specira
of the filtered data, is relatively minimal in this case, in-
dicating that appropriate values for the feedback
constant and filter length were chosen.

The results of this study show that noise can be
reduced in real time and that small signals can be ex-
tracted from the ambient noise. The next step in the
analysis is to apply the adaptive filter to data with an
evoked response, in order to determine if noise can be
reduced to such an extent that the number of averages
required to study the evoked signal is reduced dramatic-
ally. If an appropriate biologic noise sensor is chosen, it
is possible that one might obtain the evoked signal from
a single response to a stimulus.
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SUTURELESS VASCULAR ANASTOMOSIS SYSTEM

J. J. Wozniak

The objective of this project is to develop a
weans of rejoining severed rvessels {end-to-end anasto-
mosis) without using sutures. Two essential elements in
the concept, an instrument to evert the vessel and a bio-
compatible sleeve that contraces to bind the vessel to-
gether, are currently under development. Personnel

Srom APL, the Johns Hopkins Medical Institutions,

and the University of Marvland, representing talents in
the disciplines of engineering, vascular surgerv, and
polvmer science, are working on the project.

BACKGROUND

Severed blood vessels are frequently encountered
in penetrating wounds inflicted during combat, civil
violence, and accidents. When this type of injury is en-
countered near centers in which the required skills and
facilities are available, the blood vessels can be rejoined
with sutures during vascular surgery. Under combat or
emergency conditions, the prerequisite skills, facilities,
and time may not be available to prevent loss of limb or
lite.

AL the present time, vascular anastomosis is ac-
complished using a curved needle. The sutures must be
placed precisely. piercing the adventitia (fibrous sheath)
from the outside and the intima (elastic tissue layer)
from the inside in a number of locations for proper
vessel approximation (tissue atigned and in good con-

tact). Either individual or continuous-running sutures
are used.

Typically, for an artery with a 3 mm lumen, ap-
proximately 20 stitches are taken around the circumfer-
ence using 6-0 (0.1 mm diame.er) thread. Usually, an
end-to-end anastomosis on a vessel of this size cannot
be performed in less than 20 minutes.

The greatest success is achieved when the anas-
tomosis is performed in cases where a good collateral
blood supply is available or where loss of blood for
moderate periods of time can be tolerated. If the intima
is not approximated properly, vascular occlusion may
occur, with disastrous results.

The application of sutures on intracranial vessels
presents additional difficulties. Differences in the struc-
ture of cerebral arteries compared to that of extra-
cerebral vessels with fess adventitia and reduced media,
the presence of many perforating branches that pre-
clude rotation, and the limited time of vessel occlusion
hamper the application of sutures to these vessels.

The sutureless concept atitempts to avoid some of
these problems while providing the benefits of a high
patency rate, the virtual absence of post-operative
bleeding, and a faster procedure. Additionally, the skill
required for this technique should be less than that re-
quired for suturing. Therefore, the work can be done at
locations other than centers that specialize in vascular
SUrgery.,




DISCUSSION

Figure 1 shows the steps involved in the suture-
less anastomosis technique. Figure la shows the severed
vessel, which characteristically constricts and retracts
because of the smooth muscular structure (media) with-
in the vessel wall. Temporary clips are applied to the
transectional vessel, and the lumen is irrigated with hep-
arimized saline. The vessel diameter is sized, and fer-
rules are selected that approximately match the outside
diameter of the vessel.

The ends of the vessel (Fig. 1b) are then everted
over the ferrules. This process opens the vessel fully for
flow and ensures continuous intima contact, which is
vital for preventing thrombosis when the anastomosis is
completed.

In the next step, the outer sleeve, fabricated
from a heat-shrinkable biocompatible thermoplastic, is
placed on one section of the vessel. The two sections of
the vessel are brought together, and the sleeve is cen-

Figure 1 — Sutureless vascular anastomosis.

tered over the junction (Fig. 1¢). The sleeve is heated
with an instrument that provides a controlled warm air-
stream or jet of warm saline. Heat causes the sleeve to
contract and assume the local contour of the everted
vessel (Fig. 1d). The sleeve also contracts 5 to 15% 'n
length, ensuring good contact of the vascular intima.

In the completion sequence, the proximal clip is
removed (Fig. 1d), and a hypodermic needle is inserted
into the vessel lumen to relieve entrapped air. When a
steady flow of blood through the hypodermic needle is
achieved, the needle and distal clip are removed.

Vascular Everting Instrument

The proposed anastomosis procedure requires an
efficient way to evert the ends of the severed vessel over
the ferrule. For this purpose, an everting instrument has
been designed, fabricated, and tested.

The everting instrument must cause minimal
damage and displacement of endothelial celis lining the
lumen and must be flexibile so that it can =vert vessels
of different sizes. Three devices were developed for
bench studies. The most successful of the three uses an
iris-diaphragm mechanism to expand the leading edge
of the lumen and a balloon, inflated within the lumen,
to accomplish the everting action. With this apparatus,
excised pig carotid arter‘es were successfully everted
over thin-wall cylindrical ferrules. On the ba.is of this
success, a prototype clinical configuration of the everter
(Fig. 2) has been designed, built, and successfully tested
in vitro.

Heat-Shrinkable Sleeve Development

The second essential element in the sutureless
vascular anastomosis concept is the sleeve that con-
tracts 10 bind the everted vascular sections together.
Work began in this area with a literature study centered
on identifying semicrystalline polymers that could
undergo crosslinking (especially by ionizing radiation)
and thereby attain elastic memory properties. Other re-
quirements include biocompatibility, low-melting tem-
perature, and reasonable crystallinity.

Polyethylene oxide (PEQ) was the first polymer
selected for fabrication trials on the basis of prelimin-
ary radiation-chemistry experiments and the knowledge
that the material is highly biocompatible. PEO was
successfully processed into a low-temperature, heat-
shrinkable slceve, but the sleeve swelled in water and
therefore was unsuitable for the application. Coating
the PEO sleeve with elastomeric materials and grafting
a monomer to the surface of the PEO were the two ap-
proaches taken in attempting to waterproof the sleeve.
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Figure 2 — The prototype clinical vascular everting instrument.

Four different coating/graft attempts were made, but
none provided the required degree of protection.

Recent efforts to develop the sleeve have cen-
tered on another polymer, synthetic trans-1,4-polyiso-
prene. A reinforced form of this material has found use
as a low-temperature (130°F), moldable, orthopedic
material.

An in vitro trial using a sleeve fabricated from
trans-1,4-polyisoprene to anastomose a freshly excised
pig carotid artery proved highly successful. Figure 3
shows the ferrules, sleeve, and anastomosed artery. Vis-
ually, the lumen remained patent throughout the artery,
and the anastomosis remained intact when tension was
applied. Unlike PEO, trans-1,4-polyisoprene is unaf-
fected by water.

Figure 3 — Sutureless anastomosis applied to a pig
carotid artery.

FUTURE PLLANS

During the next year, the remaining components
(biocompatible ferrules and sleeve-heating apparatus)
needed for in vivo trials of the anastomosis concept will
be developed. In a concurrent etfort, a primary acute
toxicity screening test will be performed on synthetic
trans-1,4-polyisoprene to assess its biocompatibility. If
it proves to be biocompatible, in vivo animal experi-
mentation of the sutureless anastomosis concept will be
initiated.
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A SYSTEM TO INHIBIT SELF-INJURIOUS BEHAVIOR

A. L. Newman

APL has designed and developed a system to
inhibit self-injurious behavior (such as head banging)
in severely retarded and autistic patients. Most of the
Junctions of the device are controlled by an integrated
circuit designed at APL. A working prototype of the
chip has been fabricated and tested.

BACKGROUND

Self-injurious behavior (SIB) is a hidden prob-
lem. Most people have never heard of it, and yet as
many as 150,000 mentally handicapped patients com-
pulsively beat and abuse themselves. Starting in the
crib, a child may eventually beat himself so severely as
to threaten blindness, brain hemorrhage, and death.
SIB is a horrifying, life-threatening probiem of psycho-
pathology with no known cure. To address the prob-
lem, APL is working under the sponsorship of the
American Foundation for Autistic Children to develop
a system to inhibit SIB.

There is a great need for successful, less expen-
sive SIB therapy. Current SIB patient care is very ex-
pensive, labor intensive, and time consuming. It is also
emotionally demanding. Physical resiraints for immo-
bilizing hands, arms, or legs and protective shielding
and padding are often used: this protects the patient but
neither eliminates the bzhavior nor permits rudimentary
education and sociii interaction.

Bebuvioral conditioning is a form of therapy
that bas been used with some success in the treatment of
SIB. In this paradigm, an aversive stimulus is delivered
to the patient in close temporal association with the un-
desired SIB. The patient responds by decreasing the fre-
quency of the undesired behavior. Ideally, the inhibit-
ing stimulus should be delivered automatically and
consistently.

The initial application of behavioral condition-
ing as SIB therapy used a therapist to close the loop in a
simple biofeedback system by administering a stimulus
at the onset of SIB. Aversive stimuli tested for their
ability to decrease SIB included loud noises, hair pull-
ing, slapping, noxious odors, and aromatic ammonia,
but none has been as effective as electric shock. Lovaas
and Simmons concluded: **First, the use of shock, given
contingent upon self-destructive behavior, brings about
an immediate cessation of that behavior. Second, the
effect of shock appears specific to the situations in
which is is administered.”’ Investigators have found

an almost immediate or, at least, quick cessation of SIB
when the child was shocked with a hand-held **shock
stick™ by his therapist or attendant. The shock used as
an aversive stimulus for SIB is described by J. Carr as
an *‘electric shock of sufficient strength to give an un-
pleasant, though very brief, sensation, but not to cause
injury.””> However, the behavior returned when the
attendant who had delivered the stimulus or the child
left the therapy room. Suppression of SIB was only
effective in that room, not elsewhere.

It is thus clear from the literature that therapist-
administered shock is not the optimal therapy. The
shock becomes psychologically paired with the therapist
and the environment, and there are variable delays be-
tween head banging and shock. In such a situation, the
inhibiting stimulus cannot reliably be delivered auto-
matically and consistently.

A further advance in behavioral conditioning of
SIB was made when the American Foundation for Au-
tistic Children (AFAC) developed a device that sensed
‘‘abnormal’’ accelerations of the head and delivered a
shock to the arm. such a device obviates the need for
the therapist to observe the SIB and eliminates human
delay in delivery of the aversive stimulus. It ensures that
the stimulus will be paired automatically with a specific
behavior (head banging) and also will be delivered
consistently.

The AFAC device consists of a helmet on the
head connected by wires to an arm electrode. The hel-
met contains an accelerometer and also protects the
head. The accelerometer switches a power circuit on the
patient’s back that is connected by wires to the elec-
trode assembly on the arm. Several of these devices
were built and have been found to inhibit SIB success-
fully. In fact, patients feel so safe and secure with the
device that they struggle to keep it on when one tries to
remove it. With these successes, AFAC came to APL
with the idea of further developing, through the appli-
cation of state-of-the-art technology, a Self-Injurious
Behavior Inhibiting System (SIBIS).

DISCUSSION

The basic configuration of SIBIS is shean in
Fig. 1. When the sensor module, contained in a licad-
band, detects abnormal accelerations (2 g or morc) re-
sulting from head banging, it transmits a digitally
coded signal to the stimulus module on the arm. On re-
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Figure 1 — Configuration of the SIBIS device as worn by
an individual.

ceiving this signal, the stimulus module checks the sig-
nal code with a stored identification code and delivers a
shock and sounds a buzzer if the codes match. The sen-
sor module electronically counts each transmission, and
the stimulus module counts each shock. An equal num-
ber of counts in each module, as shown on the display
unit, verifies proper system function.

The design goals tor SIBIS were as follows:

e Miniaturize the device

e Develop a wireless communications link
* Provide for data recording and display
e Keep the device inexpensive

We have accomplished these goals through ex-
tensive use of microelectronics and now have a working
unit that proves our design. At the heart of SIBIS is a
custom-made, large-scale integrated circuit called a gate
array; that contains the bulk of the communications
and control circuitry (see Fig. 2). Instead of designing
two integrated circuits, one for the sensor module and
one for the stimulus module, we designed one with all
the circuitry for both sensor and stimulus functions.
The chip’s identity is one-bit programmable; i.e., the

. 1.28
T kHz
12.8 kHz . | ) N
oscillator I +10 i - 4096 j
\
12.8 1.28 80 100 200 400 1.6
kHz kHz Hz ms ms ms s
FE Clocked Output |
one- stimulug L —»FGD4
Data bus{ shot drive ]

|

tdentification bus

= N =
Event Multiplexer Data bus
-

counter
SEN/STIM + 256
BUZZ/STIM
Control
DUR : 1.6 s>—] Buzzer o
logic 1.28)— driver — Buzzer
Read out kHz
Reset > THRL +
I |
Clocked Alternating —» AMFA
ACCEL one-shot 1 2.8) magnetic
< kHz field (AMF)
SDO drive — > AMFB
\
116 Figure 2 — Simplified diagram of the SIBIS gate array.




logic state of input SEN/STIM determines whether the
chip has a sensor tfunction or a stimulus tunction (Fig.
2). This approach not only minimizes development
costs, but also simplifies the whole manutacturing

process.

Hybrids are microminiature, multilayer printed
circuit boards. Two were designed, one for the sensor
module and one for the stimulus module. They contain
the gate array as well as the discrete components (re-
sistors, capacitors, ete.) and circuitry tor supporting it
and detining its function.

The gate array has circuitry for a low-power,
crystal-controlled clock (12.8 kH/ oscillator) and an as-
sociated divide-by-4096 counter tor producing the dit-
ferent clock frequencies that are required by various
parts of the circuit.

In the sensor mode, a digital one-shot is clocked
by an accelerometer switch (input signal ACCEL, Fig.
2). This enables the alternating magnetic field drive cir-
cuitry on the chip that, concurrently, is digitally coded
by the modulating input signal SDO. The different
parts of the original AFAC device are connected by
wires, an approach that is unwieldy and unreliable. In
SIBIS, the coded alternating magnetic field serves as the
communication link, and connecting wires are avoided.
The code, different for cach patient, prevents a patient
from receiving inappropriate shocks because of another
patient’s SIB. It also keeps SIBIS immune to electro-
magnetic interference, both natural and man-made. A
digital comparator on the chip is used in the stimulus
mode for comparing the received coded signal on the
data bus with that stored on the identification bus (Fig.
2). When there is a match, a clocked one-shot enables
the output stimulus drive to start, via signal FGD4, the
shock-producing circuitry contained clsewhere in the
module.

In a series of experiments, we tound that the sub-
jective intensity of pain from shock is a function of
shock duration. We allowed a choice of only two shock

without a shock. A goal of SIBIS is to develop a psy-
chological pairing of the shock with the tone so that the
tone itself becomes aversive. The circuitry providing the
limited choice (100 ms, 200 ms, or no shock) is
loched™ on the silicon of the gate array in order to
prevent abuse of SIBIS. Shock duration is programmed
through the input DUR. The device cannot produce a
more painful shock than the one lasting 200 ms.

An event/counter register in the gate array re-
cords the number of SIB events that have occurred.
Data trom this régister are read out on a display unit,
and it is then reset 1o zero (Fig. 1). This data logging
provision will be important for the clinical evaluation
of SIBIS as well as for the ongoing monitoring of a pa-
tient's progress.

We expect to have a working prototype of SIBIS
by the fali of 1984. The packaging of each module has
been kept simple because the electronic complexity of
SIBIS has been limited to the gate array and the two hy-
brids in which it is placed. The manufacturer of SIBIS
simply orders the hybrids as part numbers from the hy-
brid manufacturer. The final electronics assembly and
packaging is simple and inexpensive, for yielding a mar-
ketable device that we hope will help thousands of
patients.
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ENERGY, ENGINEERING, AND CIVILIAN TECHNOLOGY




INTRODUCTION

Included in APL’s tasks are specialized investigations in which advanced
scientific and engincering technologies are applied to designated civilian and
defense-related needs. This section includes selected articles in those categories.

During the past six years, the Laboratory conducted programs for both
the State of Maryland and the Federal Government associated with the genera-
tion, storage, environmental impact, and efficient use of energy. The work has
been extended this year to include an assessment of the potential use of geother-
mal energy at Naval facilities on the East Coast. Other special engineering inves-
tigations conducted for the Navy include the design, fabrication, and successful
use of a compact data recording system for special field operations.

The APL Transportation Program, active in urban transit technology since
1969, has developed and evaluated concepts for the rapid transit of the public
in vehicles on automated guideways. A computer simulation has been developed
and used this year to investigate the performance, control, and network manage-
ment of such systems.

The development of prototype electronic systems at the Laboratory for strin-
gent applications requires the use of highly reliable, miniaturized circuit assem-
blies and associated packaging. This necessitated in-house qualification of the
pertinent assemblies. Related articles include epoxy characterization and qualifi-
cation and the shear testing of ball bonds. Also, in-house computer-aided design
tools have been developed for the design of custom very-large-scale integrated
circuits.
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GEOTHERMAL ENERGY ASSESSMENT
AT EAST COAST NAVAL FACILITIES

R. W. Newman

Atlantic coust Naval fucility sites have been eval-
uated to determine their potential 1o benefit from the
installation and use of geothermal wells in order 1o re-

duce energy costs for hot water and steam heating. Of

the 130 sites reviewed, six were selected for detailed in-
vestigation and two  (the Jucksonville and Norfolk
Nuval Air Rework Facilities) have been reconumended
to the Navy as promising candidutes.

BACKGROUND

The Arab oil embargo ot 1973 underscored the
nation’s vulnerability 1o a sudden interruption ot its oil
supply and indicated the need tfor ensuring that such in-
terruptions do not jeopardize the integrity of our mili-

. tary capability. Consequently, the Navy began a pro-
3 gram 10 assess the teasibility of replacing some of the
petroleum used at its bases throughout the world with
geothermal energy.

Because of our past experience in geothermal en-
erey' and our large data base associated with geo-
- thermal activity, the Navy has asked APL to review the
Naval and Marine facilities along the Atlantic coastal
plain as possible sites for the use of geothermal cnergy.
A survey of the facilities showed that the most promis-
ing facilities are in Norfolk, Va., south-central Florida,
and Charleston, S.C.7*. The following facilities were
- visited tn those regions:

.. 1. Nortolk Naval Air Rework Facility (NARF);

Jacksomville NARF, Cecil Field Naval Air

Stavion, and Orlando Training Center;

3. Charleston Naval Shipyvard and Charleston
Polaris Missile Facility Atlantic.

)

. The Norfolk and Jacksonsille NARFE's appear
- 10 be the best suited for geothermal energy use. Conse-
quently, cconomic analyses have been performed on
proposed geothermal systems at those two facihties.

!
" DISCUSSION
’.
Y Proposed Geothermal System at Norfolk NARF
‘ The Nortfolk NARE s Jocated ina region of
above-average temperature gradient. An estrapolation
122 of the eradient results ina temperature of 107°F at the
f

v e
SAS N,

3

top of the solid rock basement at 2700 fu. Currently, =
Norfolk's primary energy source is steam supplied by

four power stations. Most of the steam s supplied by

power station 1, which uses No. 6 tuel oil at a cost of .
$6.36 per 10" Biu. As a result of our study, a geo-
thermal system has been proposed that uses 107°F geo-
thermal well water to preheat make-up water for the
power plant (Fig. 1).

An electrical pump brings geothermal well water
up from a drawdown depth of 400 ft; the water goes .
through a water-to-water heat exchanger and transfers
its heat 1o the incoming teed water. A 5°F temperature
difference across the exchanger surface is a reasonable .
trade-oft between heat exchanger costs and the amount —4
of energy extracted from the geothermal water.” The =
spent geothermal water is reinjected at 2000 {1, which is
just below the potable water table. With this system, ) '
geothermal energy could provide 3.4% of Nortolk's -
vearly energy needs (equivalent to $918.000 worth of
fuel oil per vear). However, an average geothermal
water flow rate ot 690 gal ' min would be required. Itis
unlikelv that this flow rate could be supplied by a single
well, but five wells producing at a reasonable tlow rate :
of 150 gal’ min could supply the necessary energy. N

As an initial step in the development of geo-
thermal energy at cast coast Naval facilities, a single .
well system has been proposed that would provide geo-
thermal water at an average tlow rate of 150 gal min. e
Because of the relatively high inlet temperature of the
make-up water in the summer, over 9070 of the geo-
thermal enerey v provided during the colder months -
from October through May. Consequentiy, the imuted
water supply is better utilized in the winter months, -
With a weighted flow, that single well could replace 3
$229.000 worth of tuel oil per year. T

Feedwater S

690 gal min 690 gal min -

102 F 53 F o

dl ‘ T,

Bol Heat ‘e
orler exchanger .

' )

gé%dm | Geothermal Remnjection .~
¥ well well

8 F 690 ga! mmn 690 gal min 3
107 F 58 F B

400 ftt drawdown (157 of 2700 fu

Figure 1 — Geothermal system to preheat feedwater at
Nortolk NARF
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A net-present-value economic analysis has been
made of the income trom this weli, using the conditions
presented in Table 1 and assuming that tuel costs and
operating expenses increase at the intlation rate. The re-
sulting net present value is $2,600,000, which means
that the net income, over the 20-yvear life of the well, is
equivalent to having $2,600,000 today. In other words,
one would be willing to spend up to $2.600,000 today to
obtain the energy savings of a geothermal well over the
next 20 vears.

Table 1 — Estimated geothermal System character-
istics for Norfolk NARF.

Woater tlow rate (gal mim) 150

Drawdown depth (tn 400 (1590 ot well depth)
Mater temperature ( F) {07

Costol money (o) 10

Intlation rate ("w) s

Cost ot tuel (million Bru) $6.36

Cost ot electriants (mthon Bru) S11.80
Annaal operatimg and nann-
TCIANCY Costs 320,000

Geothermal System Costs

Estimates have been made of the capital costs of
a geothermal system. They have been divided into four
categories:

1. Production well depth-independent drilling
CONES,

2. Production well  depth-dependent  drifling
COSS,

3. Remjecton well costs,

4. Heat exchanger and associated piping costs,

These costs are summarized in Fable 2 tor wells with
producnon rates ranging trom 100 1o 200 gal nun. Well
costs are based on dridling costs tor geothermal tew
holes drifled on the cast coast. Heat exchanger and pip-

Ny
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ing costs are based on estimated current costs. At 150
gal/min, the system cost is $929,000 and the net present
value is $2,600,000. In Fig. 2, values of system cost and
corresponding net present value have been plotted as
funcuons of average well flow rate and water tempera-
ture. They show that even at flow rates as low as 60
gal/min, a geothermal system is still economical. In ad-
dition, geothermal water temperatures as low as 80°F
may still be practical if flow rates greater than 110
gal/min can be attained. The results indicate that a geo-
thermal system at Norfolk is very promising and should
be investigated further.

Proposed Geothermal System at Jacksonville
NARF

A similar analysis was performed on a proposed
geothermal system at the Jacksonville NARF. The
major differences between the two sites are:

4000 — T T
Present value of a
S 3500 107°F well -
§—~ 102°F well
c ¢ 3000 —
L o
£3
27 25001 —
gs
+ O
° S 2000~ 80°F well m
83
© — / -
E§ 1500 /
L
& 1000 ,_/_ - Systemn cost -
0 100 200 300 400

Average weighted well flow rate {gal/min)

Figure 2 — System cost and net present value as func-
tions of the average weighted well flow rate at Norfolk
NARF

Table 2 — Geri. rmal systems costs and net present

value

100 gal min

150 gal min | 200 gal min

Production well
cdepthimdependenty

Pooducnon well
tdepth dependenn

Rutmpes trorr el 0o 1oy
Flear ovchanect - and prpine
Total co

Nl present valug

NS00 SIS NN 360,000
2RS (NX) IRS.000 RS (00
207000 207 000 207 000

[SIXLLY] S2.000 120,000

SYO2,000 $Y29,000 NYT2 KN

NELASO (KN

82,600,000 ST,560. 000
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1. The well at Jacksonville is deeper (4900 11 2000 T T T T )
G compared with 2700 f1) and has hotter water ° P
A (124°F compared with 107°F). 2
e 5 N mp ) . 3 1600 Net present / —
AN 2. Jacksonville uses gas to fire its boilers and 2= value
i currently gas is cheaper than oil (83.11 per §_‘§ /s System cost
10° Btu compared with $6.36 per 10° Buu). £3 1200 —
§3 d
. The analytical results (Fig. 3) show that at a flow rate of 5 8 o
150 gal/min, the geothermal system cost is $1,200,000 < § 800— / —
A and its future energy savings have a net present value of S _§ 7/
<. only $817,000. Flow rates over 200 gal/min are needed Exz 4
A _ 27 400k o —
to make the system economically viable. Consequently, 2
- a geothermal system at the Jacksonville NARF is not as »
economically attractive as one at Nortolk. 0 ! | y | 1
50 150 250 350
We conclude from our analyses that geothermal Well flow rate (gal‘min)
syslcms at both JaCk.\(?n\‘ll!C and Norfolk are ccononpc- Figure 3 — System cost and net present value as func-
ally viable. The Navy is using these results to determine tions of the average weighted well flow rate at Jackson-
how best to develop geothermal energy at their cast ville NARF.
o coast tacilities.
. ‘R.W. Newman, Potential Geothermal Energy Use ar Easi Coast
g (Naval Facilities, JHU/APL BBE/EM-5093 (11 Oct 1982).
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TAPLE-X DATA RECORDING SYSTEM

R. A. Quinnell, R. L. Nelson, and (. A, Twigg

Tupe-X s a digital data recording system based
on a consumer-grade video cassette recorder. 1t was de-
vised for an applicaiton where conventionul data re-
corders had repeatediy proven unable to meet the sys-
tem constraints. Taking advantage of the high bund-
width und long recording times on a video casselte re-
corder, Tupe-X met system requirements in a compuct,
easv-to-use unit. Ir was used successfully 1o acquire the
first  field data  ever collected in us  intended
application.

BACKGROUND

Post mission processing of data collected on
Navy electronic systems in their operational environ-
ment provides valuable insights into the performance of
those systems. As part of its continuing evaluation of
system performance for the Navy, APL required data
from an uninstrumented signal processing  system.
Attempts 1o collect the data using conventional data
recorders were unsuccessful owing to the bulk and deli-
cacy of such units and the ditficulties in their use by un-
trained operators.,

In response to the need for the data, APL de-
vised the Tape-X system. In order to take advantage of
the spare video cassette recorders (VOR'™S) in the sys-
tem, Tape-X was designed 1o interface with an unmodi-
fied, consumer-grade VCR. The high bandwidth, long
recording time, and ease of operation of the units made
them well suited to satisfy the system constraints.

DISCUSSION

The performance of complex systems can be
studied with the aid of an accurate estimate of their ex-
pected behavior. To provide this estimate, the system
inputs must be known or modeled. Recording the actual
system inputs in field operations provides the basis for

Serial input data

¥

parallel selector

Buffer A |
Serial- Paralle!-
to- Data to-

converter converter sync
‘ E—o generator

the best estimates. Tape-X was devised to record the in-
puts 10 a large signal processing system.

Data collection consists of data recording and
data recovery. The data-recording portion of the Tape-
X system is diagrammed in Fig. 1. Selected data from
the input data stream are held in a first-in/first-out
(FIFO) buffer and then are converted to a serial bit
stream that is combined with a video syn¢ waveform.
The resultant waveform is similar to a standard com-
posite video signal, although if displayed on a television
monitor it would appear as snow. The waveform is re-
corded on an unmodified, commercial-grade VCR.

The format of the data recording is shown in
Fig. 2. During the portion of the composite video signal
that corresponds to the visible image on a monitor, data
are encoded as white and black streaks in each scan line.
The format consists of two blocks of 50 bits, each block
being divided into five words. The first word of each
block is a valid data indicator and synchronizing word
that designates whether or not the remaining four
words in the block are meaningful. A total of 80 bits of
input data can be recorded on each scan line.

The average data rate available using this format
is 1.2 million bits per second. The instantaneous data
rate varies because data are not added to the composite
video during the vertical retrace interval. In addition,
data are not added during the scan lines just prior to the
beginning of the vertical retrace interval. The gap is left
in order to avoid the data distortion caused by the
VCR, which switches its recording heads for alternate
television fields. The FIFO buffers hold the incoming
data during those intervals.

Recording the data is only half the job. The
data-recovery portion of the Tape-X system is dia-
grammed in Fig. 3. The recorded data are detected and
synchronized to a high-speed clock. Transitions in the

To

E VCR

serial Video

Figure 1 — The Tape-X recording system.
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Data Word Word Word Word Data Word Word Word Word
valid A B C D valid A B C D
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Sync - Horizonta! scan line {63.5 us) »
Figure 2 — The format used for Tape-X data recording.
40 MHz
Data Data
sync resampler
[ i
40 MHz 40 MHz —>
. —
Serial- L > 3
From Data »| Edge Resample _| word to- | -
ﬂ Level detector clock clock parallel |} 3
detector Video sync T T converter | _
—

1]

Figure 3 — The format used for Tape-X data recovery.

data are used to synchronize a data resampler, and the
resampled data are shifted into a parallel output regis-
ter. A word clock counter provides a signal whenever a
full data word is available.

The data-recovery portion of the system is the
most critical. The choice of data format is critical to its
success. Bandwidth limitations of the VCR require that
simple binary coding of the data be used in the record-
ing. The resampling clock depends on data transitions
to determine the beginning of a data bit interval. Those
two factors lead to the use of the valid data word. The
valid data indicator distinguishes between no data and
zeros, since both result in an all-black line. The valid
data indicator also provides a guarantee that at least
one transition will occur for each 50 bits of data. Exper-
iments with the VCR have shown that this transition
density is sufficient to maintain synchronization of the
resampling clock.

Data integrity is an important factor with all
data-recording systems. The Tape-X system does not
use special formatting to correct for data dropouts or

errors in the recording medium. The nature of the data
being recorded in the design application is highly redun-
dant. Because of the immense quantity of data record-
ed, error rates as high as 10 * have little effect on the
usefulness of the collected data. Field tests of the Tape-
X system have resulted in very acceptable data integrity.
The true bit error rate of the system has never been
measured.

The system has been used successfully to collect
some 36 hours of data from the field. Those data, the
first ever collected on the system, are being used to eval-
uate the system’s design and performance. In addition,
the Tape-X data have allowed for post-exercise experi-
ments in processing the data by means of direct com-
parison with field processing results. These new capa-
bilities are yielding significant results in the evaluation
of the system.

Thiswork was supported by the Department of the Navy.
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A NETWORK MANAGEMENT SIMULATION OF AGRT
SYSTEMS UNDER VEHICLE-FOLLOWER CONTROL

H. Y. Chiu, D. L. Kershner, and P. J. McEvaddy

A computer simulation was developed to provide
the first capability for efficiently evaluating station op-
erations, vehicle munagement techniques, and vehicle-
Jollower longitudinal control algorithms in a full
Automated Guideway Rapid Transit (AGRT) network
context. The simulation was then exercised to investi-
gate the performance characteristics of vehicle control,
network management, and station models and their
interactions.

BACKGROUND

The use of AGRT has been proposed to alleviate
many problems associated with conventional transpor-
tation modes in urban areas. The concept requires the
deployment of remotely controlied vehicles carrying 10
to 50 passengers in a dedicated guideway network.
Many strategies have been developed to handle the si-
multaneous longitudinal control of possibly hundreds
of such vehicles. One generic control approach is
vehicle following (VF), in which vehicle spacings and
velocities are determined only by status information on
the immediately preceding vehicle. VF has been ex-
amined extensively at the individual vehicle interaction
level.' This article describes the development of a net-
work management simulation (NMS) to provide the
first capability to evaluate the operation of a VF control
system in a full AGRT environment.*

With NMS, the network-level behavior of the VF
approach to longitudinal control in AGRT systems can
be examined in great detail. A typical AGRT system
was constructed for an initial application of the NMS.
The following study objectives were established:

1. Assess the practical link flow capacities as
a function of system demand.

2. Determine the interactive effects of VF
with station operations.

3. Ascertain the energy consumption and
power demand characteristics of VF.

DISCUSSION

Simulation Design

A key simulation requirement was the ability to
retain the dynamics of vehicle-to-vehicle interactions
that are fundamental to VF control. A continuous, or

time-step, modeling approach was selected to simulate
the movement of individual vehicles through the net-
work as controlled by VF logic previously developed at
APL.' The simulation of off-line vehicle movements
(i.e., on station ramps and through the docking area)
was accomplished by using a discrete-event modeling
approach for shifting vehicles from one location to the
next within a station because it required substantially
less computation than continuous modeling and still
preserved a level of fidelity sufficient for the purposes
of the study.

To keep the computational burden from becom-
ing excessive and to direct the focus of study toward the
management performance of vehicle-related opera-
tions, the modeling of the passenger side of system op-
erations was omitted. Although passenger arrivals and
associated trip demands represent the ‘‘driver” in
most network simulations, a fixed route type of service
structure (based on the anticipated demand) was
assumed and was used as a way to maintain the flow of
vehicles through the network. This form of service has
been used in many studies for peak period operations
and, because of station operation complexities, may be
the preferable mode of operation for initial AGRT
deployments.

The resulting simulation product, shown sche-
matically in Fig. 1, is a combined, continuous, discrete-
event simulation incorporating VF logic to control
mainline vehicle motion and using predetermined ser-
vice route frequencies (i.e., vehicles per hour per route)
to drive the vehicle flow in lieu of system passengers.
An event-scheduling approach characteristic of
discrete-event type simulations was used for primary
control of the sequence of execution. Vehicle mainline
operations, simulated using a continuous, or time-step,
approach, were integrated into this event-based process
by simply scheduling the state-update events at regular
intervals that equaled the selected time-step interval. As
indicated in Fig. 1, the types of events that were
scheduled included station-related events for vehicles in
the discrete-event mode, state-update events for vehicles
in continuous mode, and state-related events to transfer
vehicles from one mode to the other and to actuate logic
for merge-control and network-path selection.

Network Configuration

The initial network configuration is shown in
Fig. 2. It consisted of approximately 8 lane-miles of
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Scheduled events

Update vehicle state
event {continuous

Do while T < Ty mode)
*Take next event Station processing
e Advance clock |—= events (discrete
e Process event mode)

End

Vehicle dispatch
event

Data sampling/
output events

Simulation
initialization ‘

State events

Vehicle mode changes
® Station arrival
—>[ Event calendarj<— ® Station egress

Divert junction arrival

Merge junction arrival

Figure 1 — Network simulation control structure.

| Station
e Link node

{

> 4

e 1 mile >l
Figure 2 — Test network for traffic management
simulation.

unidirectional guideway connecting 20 off-line stations.
The network was representative of an activity center cir-
culation system that might be typical of initial AGRT
deployments. This configuration was chosen because it
had many of the characteristics and complexities of
larger networks (e.g., alternate paths, full intersections,
multiple service routes) but was still amenable to simu-
lation at a reasonable cost because of its limited size.

The configuration of the NMS included 90 links
with line speeds ranging from 7 to 15 m/s. The links im-
mediately upstream of merge junctions represented
parallel data regions within which vehicles maneuver in

order to resolve merge conflicts. All stations were
assumed to be single-channel, serial-berth configura-
tions with an entrance, a dock, and exit queues.

Simulation Results

Several runs were made with the NMS with sys-
tem vehicle fleet sizes. The duration of all runs was set
to one hour of simulation time. Some of the following
observations were made:

1.  With vehicle flows close to theoretical
system capacity, the NMS did not show
any dynamic vehicle string instabilities,
such as ‘‘bunching,”’ that were due to
vehicle-follower controls.

2. For heavily congested network segments,
a constant-safety-factor spacing policy
gave better system performance than a
comparable constant-headway spacing
policy.

3. A vehicle management reservation strate-
gy significantly reduced station entry
rejections of mainline vehicles without
degrading other system performance
measures.

4. The energy consumption per vehicle-mile
traveled was found to vary by as much as
3%, depending on the spacing policy
used.

The NMS was written in Fortran and executed
on the Laboratory’s IBM 3033 computer system. For
the assumed network configuration, the NMS provided
ratios of simulation times to computer processing unit
times that ranged from 60 to 90. The efficiency of these
ratios makes the NMS a potentially powerful tool for
performing sensitivity studies of previously unacces-
sible network performance measures.
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EPOXY CHARACTERIZATION AND
QUALIFICATION STUDIES

H. K. Charles, Jr., E. S. Dettmer, J. A. Weiner, and R. C. Benson

An extensive epoxy analysis, characrerization,
and testing program has been perfcrmed at APL. New
epoxies huve been qualified for use in high-reliability
microcircuit environments, Advanced materials testing
and surface unalviical techniques to determine the elec-
trical, mechanical, and chemical properties of epoxies
have been used 1o certifv un udhesive tvpe of epoxy and
also to develop optimum processing parameters and
methods for lot-to-lot quality assurance. The new adhe-
sives have been used in several ongoing programs.

BACKGROUND

Epoxies have plaved an extensive role in the at-
tachment and packaging of microelectronic circuits.
Epoxies (and other organic adhesives) provide the

Figure 1 — Historical epoxy problems: (a) htted die. (b)sheared wirebond. (c) Al-Au intermetallic. (d) Al corrosion.

microcircuit-designer/development-engineer with many
advantages including lower temperature processing (less
stress on chips and other packaging materials), ease of
use (screen printable, amenable to automated assem-
bly), rapid assembly processing (fewer complex and
high-temperature processing steps), rapid rework meth-
odologies, and ultimately lower costs. Historically, or-
ganic adhesives have caused many reliability problems,
both at APL and throughout the electronics industry.
Epoxy problems can be divided into three principal
areas: (a) mechanical strength, thermal expansion, and
adhesion problems; (b) electrical conductivity (resistivi-
ty) instabilities; and (¢) chemical interactions (alumi-
num-gold intermetallic growth, aluminum corrosion
moisture retention, etc.). Some examples of epoxy-re-
lated problems are illustrated in Fig. 1.
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In order to make use of the inherent advantages
of epoxy die and substrate attachment, the APL Micro-
electronics Group needed 1o quality several new epoxy
adhesives that were more tlexible and pertormed better
than the existing qualitied epoxy. Particular emphasis
was placed on a nonconducting epoxy with superior ad-
hesion o gold and on a low-resistance high-stability
conductive adhesive. Because epoxy failures (such as
loss of adhesion and advanced intermetallic growth)
had been associated with several important Laboratory
programs, it was necessary to conduct an extensive de-
velopment and analyvsis program prior 1o the introduc-
tion of i new epoxies into the microcireuit production
line.! The program was divided into three major areas:
bulk epoxy testing (mechanical, electrical, and chemi-
cal), controlled hybrid construction and process devel-
opment, and the establishment of rehability and quality
assurance criteria and equipment.

DISCUSSION

Bulk Epoxy Testing/Analysis

Mechanical testing has been performed using
both shear and tensile test methods on bulk epoxy sam-
ples and on silicon dies attached to representative sub-
strate materials. Shear test results for a typical epoxy
sample set are shown in Fig. 2. The top histogram was
produced just after curing while the bottom data were
collected atter thermal stressing at 150°C for 1000
hours. Although both distributions show that the epoxy
is strong and quite suitable for die attachment (NASA*
indicates that the minimum shear strength for epoxies
should be greater than 7 MN/m*, or 8 N for our sample

Failure between the epoxy

and the thin fitlm interface Failure at the chip and

Failure hetween the chip combinations of chip
and the epoxy interface and epoxy

(a) After cure

—

TTT

NN

N B

(b) After 1000 hours at 150 C
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L

Figure 2 — Die shear strength of Abiebond 36-2 con-
ductive epoxy

geometry), there s a distinet change in the failure mode
with thermal aging. Following epoxy curing, the shear
failure mode occurred in the bulk epoxy or else the sili-
con die fractured as is shown in Fig. 3a. Post-thermal-
annealing tailures were localized at the interfaces (Figs.
3b and 3¢), indicating a loss of adhesion even though

Figure 3 — Die shear taillure modes: (a) butk failure. chip
and chip epoxy combinations; (b) epoxy/die intertace
separation; (c) epoxy/substrate interface separation.
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the shear strengths are still high, A tensile test that
stresses the intertace strength in the normal direction
(perpendicular to the plane ot the substrate and/ or die)
appears 10 be @ more sensitive response parameter, os-
pecially after thermal annealing. All subsequent test se-
quences used @ combination of shear and tensile force
loadings. The tensile tests were conducted with special
test buttons (about 60 mm-) with a surface plating rep-
resentative of the particular substrate metallization sys-
tem of interest (e.g., gold, aluminum). Full mechanical
test flow sequences are presented schemadically in
Fig. 4.

The bulk resistivity of conductive epoxy was
measured using a deposited  four-point-probe tech-
nique. The results for two candidate epoxies are shown
in Fig. 5. In the case of Ablebond 36-2, the experimen-

tal points agree quite favorably with the values ohtaimed
in a previous NASA studv.” Stability measurements
have been made under various conditions ot thermal
and electrical stress, as is shown in Fig. 4. Typical volt
age versus current curves tor test samples with ten op
oxy joints in series are shown in Fig. 6. The curves are
linear (implying constant resistance) tor the three tem-
peratures indicated and for all currents less than 2 A
(900 A/cm”).

Advanced materials analysis technigues such as
residual gas analysis, the scanning Auger microprobe,
differential scanning calorimentry, and secondary ion
mass spectrometry have been used to determine the
compositional and behavioral properties of candidate
epoxy matenals both during and after curing as well as
for an analysis of residual deposits (from the curing

[ Deposit epoxy ]
i

Step for electrical stabilityr Place chips—j

and die stress tests

=
[ Cure epoxy ]
_

[
[ Bulk resistivity |

B
[ Electrical stabi@

‘

Test
resistivity
versus

[ﬁ)lvent immersion1

(9

L Vacuum bake |

_‘_

{Up to 100 temperature cycles |

'_

[_Up_to 1000 hours at 150°C |

‘

temperature

1
[ Epoxy in package |

ﬁ Wire{)ond —J

[Place in test socm

Test
V versus |
at 25°C

Test
R versus
Test temperature
V versus | at 100 mA

at 150°C

Test Test
Test 1000 hcgurs 1000 hgurs
V versus | at 126°C at 126°C
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Figure 4 — Mechanical and electrical test flow sequences
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Figure 5 — Bulk resistivity versus temperature charac-
tenistics of conductive epoxies.
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Figure 6 — Voltage versus current charactenstics of
conductive epoxies.

process) on adjacent substrate material.” An example
ot a residual gas analysis is shown in Fig. 7. Tt was used
to determine proper cure cycles, and it can be seen that
the longer cure (twice the manufacturer's recom-
mended tim=Y produced less gascous products during
subsequent post-cure heating. Both the mechanical and

o 7 7 T T T T T
a CHACO
Ablefilm 517

z
z S
=78 NS Y D I S S A S N Y
e[ T T T T T T T T T
$ y
3 | [|Ablefim 517 CH3CO
o

L
0 10 20 30 40 50

Mass-to-charge ratio

Figure 7 — Volatile species from cured epoxy after ex-
tended heating at 125 C (residual gas analysts spectray.
(a) Short cure (2 h in nitrogen at 150" C). (b) long cure (4 h
in mtrogen, 4 hinvacuum at 150 C.

the eclectrical propertics of samples that were cured
longer are equal to or exceed (in the case of shear
strength) those of samples using the manufacturer's re-
commended time.

Secondury ion mass spectrometry and the
scanning Auger microprobe have been used to analyvze
not only the bulk material but also the residual sub-
strate deposits from the epoxy during curing. A typical
Auger spectrum for a representative metallization is
shown in Fig. 8. Carbon and fluorine signals appear in
the vicinity of the cured epoxy and are absent on the
control. Differential scanning calorimetry has been
used to determine the glass transition temperature and
the percentage of cure.” Such information, when cor-
related with the residual gas analvsis spectra and the
Auger and secondary ion mass spectrometry results,
can provide a comprehensive picture of the matenal
characteristics and behavior,
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Figure 8 — Auger electron spectroscopy spectrum of
substrate (aluminum on silicon) exposed to outgassing
from Ablebond 36-2 epoxy during cure at 150 C (1 h.in
vacuum. 1 h in nitrogeny. (a) Control. (b exposed
sample

Hybrid Fabrication

Fabrication of representative hybrid test samples
torms an integral part of the epoxy qualification pro-
vram. A tvpical multitabrication technology hybrid
(i.¢., one that uses three torms of die attachment  cu-
tectic (AuS1), solder (PbSn), and cpoxy  1v shown in
Fig. 9a. The use of conductive epoxy would allow this
hivbrid to be assembled in a much faster manner with a
hieher intial vield (the matched transistor pair was par-
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Figure 9 — Hybnd test samples (Model 0534 Peak De-
tector). (a) Multifabrnication attachment system (stan-
dard process). (b) all-epoxy system (new process)

ticularly susceptible to the high temperatures encoun-
tered during cutectic die attachment), An all-epoxy ver-
sion of this hybrid is shown in Fig. 9b. Full hybnd gual-
ification has been performed on these hybrid samples
and has shown that this method results ina better vield
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than the multifabrication technology method. Detailed
destructive physical analysis, long-term materials test-
ing, and rehiability studies are under way.

Reliability and Quality Assurance Considerations

An extensive qualification testing program to in-
troduce new epoxies into the hvbrid manutacturing line
consisted of three distinct, but salient, phases: (a) mech-
anical and electrical property determination; (b) fabri-
cation, screening, and analysis of representative hybrid
lots: and (¢) the application of advanced chemical and
surface analysis methods to the bulk epoxy and to rep-
resentative hybrid surfaces. Several interesting observa-
tions were made:

1. Although shear sirengths remain relatively
strong following long-term (1000 hours)
thermal exposure and hybrid processing, it
appears that changes occur either in the
epoxy itself or at the interfaces. The changes
shift the dominant mode of failure from bulk
shear to interfacial separation, which sug-
gests that a technique for die tensile testing
may be a better measure of epoxy strength
then the common shear test (especially
considering the typical hybrid qualification
test using constant acceleration),
Most efectrical stability tests involve moni-
toring the room temperature resistivity after
exposure to thermal and electrical stresses. It
appears that the entire resistivity-versus-tem-
perature curve should be monitored to detect
end-point (intercept) changes and changes in
slope.

3. Although the basic electrical and mechanical
properties of an epoxy may appear to be ac-
ceptable, certain problems may occur in their
actual use, such as handling, dispensing, and
bleed-out during curing. Therefore, empiri-
cal hybrid tfabrication must be included in
any epoxy qualification program.

4. Advanced methods of materials  analysis
must be used to investigate both bulk impuri-
ies and, more importantly, adsorbed impuri-
ties on surrounding surfaces deposited dur-
ing curing and subsequent hybrid processing,
Such analvses should include ditferential
scanning calorimetry, residual gas analysis,
Auger clectron spectroscopy, and secondary
100 Mdss spectrometry.,

[ )

I'he results of the program indicate that exten-
sive complen tesung and analysis are necessary 1o
quality an epoxy tor high-reliability applications. Once
they are quahtied, certam basic tests can be pertormed
routinely on ancoming lots and, after specitied time

periods, on lots in inventory to ensure lot-1o-lot
integrity and viability, The tests should include;

1. Viscosity  measurement  on conductive

epoxies to provide for optimum screen print-

ability, especially with epoxies whose sol-

Vents evaporate in air;

Bulk electrical resistivity with temperature

(for conductive epoxies);

3. Mechanical die shear and tensile strength
measurements (both conductive and noncon-
ductive epoxies) to check the basic strengths
and to monitor changes in surface adhesion
properties;

4. Measurement of glass transition temperature
and an analysis of residual gas when curing
volatile species.

[

If results are nonstandard, either the lot should
be rejected or the full new epoxy qualification plan
should be repeated.

ACKNOWLEDGMENT

The authors greatly appreciate the efforts of the
following individuals: G. W. Edwards for substrate
preparation and epoxy curing; N. C. Kauffman, S. A.
Brigman, K. J. Mach, and D. E. Talkin for epoxy ap-
plication; D. P. Glock for all die shearing; J. M.
McLean, H. S. Allwinc, S. J. Mobley, and B. G. Cark-
huft for electronic testing; D. O. Cowan for use of the
DSC equipment; T. E. Phillips, W. A. Bryden, and M.
Lee for DSC measurements; C. B. Bargeron and B. H.
Nall for Auger spectroscopy: and F. G. Satkiewicz for
SIMS analysis.

REFERENCES

"H. K. Charles, J1., B. M. Romenesho, G. D. Wagner, R. C. Benson,
and O. M. Uy, " The Influence of Contamination on Aluminum-Gold
Intermetallicn.” an Proc. 1982 International  Relability - Physics
Svmp., San Dicgo, p. 128 (30 Mar-1 Apr 1982).

“Jo 0 Lican, Bo Lo Wangand, and Co AL Sovkin, Development of
Qualittcation Standards for Adheswes Used in Hyvbrid Microcircus,
NASA Contractor Final Report, George C. Marshall Space Flight
Center, NASA CR-161978 (1981).

'FOS Dettmer, H. K. Charles, Jr., R C. Benson, B, H. Nall, |-, .
Sathiewicz, C. B. Bargeron, and T. F. Phillips, “'Fpoyy Characteriza-
von Usaing Mechanical, FElectrical. and Surtace Analywas Tech-
aques, Ine o Hvbrid Microelectron. 6, 283 (1983),

Fhis work was supporied by Independent R&AD.




"
- .

~r-
‘eb

[.
.
"
:
}.

BALL-BOND SHEAR TESTING

H. K. Charles, I, GOV Clatterbangh, ). AL Weiner,
and G. 1. Wapner

U comprehiensice procrant 1o pest ball-bond
shearing huas been conducted. 1r has led 1o the svstermat-
e modeling of the thermaosonic ball-bondimg process,
the optnuzation ol bonding machine parameters, and
the production of hughly reliable wire bonds for nicro-
crrewt applications. The ball-bord shear test has been
tsed as w qualification 1ool tor meestivating the el tects
of thermal processing, contammation, and material
morphology on the bondme nterface. Over 13,000
therntosonic ball bonds harve been sheared in 300 exper-
mnental 1est sequernices.

BACKGROUND

Fhe destructive wire-bond pull test is the uni-
versally accepred techmque For evaluating and control-
ling the quality  strengthy ot nucroelectronic wire
bonds, tor setting bonding machine parameters, and
tor cerutying wire-bond hne performance. Although
that technigque has been shown o be adequate for the
evaluation and control of aluminum wedge bonds,” itis
quite apparent that, because ot its large intertacial weld
arcas (nominally siv o en ames the cross-sectional drea
of the wire), it provides httde information on the
strength and henee the relanve quality of the ball-bond/
bonding-pad interfaces. Eyven in poorly made ball
bonds the wire will break in pull testing! before the ball
litts. Only in the case of catastrophic failures, such as
low-temperature impurity-drisen intermetallic growth,’
will the destructive wire-bond pull test vield informa-
tion other than the relative breaking strength of the
wire. Thus, @ new test that stresses the ball-bond s bond-
ing-pad intertace is needed as a complement’ 1o the tra-
ditional wire-bond pull 1est to ensure complete wire-
bond viability in the various microelectronic pachages
and systems avatlable today .

The ball-bond shear test” (Fig. 1) can provide
this intertactal stress. The toest imvolves bringing a me-
chanical shearing ram up to the outside of a bonded
ball, applving a force to the ball (paraliel to the planc of
the bonding-pad metattization) of sutticient magmtude
to push the ball oft the pad and or substrate metathza-
tion, and recording the value of that toree.

DISCUSSION
Lgquipment

The ball-bond sheer data were obrtamed using a
Dage-Preama MO T-20 Microtestern, a semiautomatic

. . AR A M A i i Nl s s gk diate Sarw 4 g 4
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Interfacial contact
ball bond weld drea

Bonding pad
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tnterfacial contact
ball bond weld area

Shearing ram

Interfacial contact

Bonding pad
» area -weld nterface
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(c)

Test specimen

Specimen clamp —am
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Interfacial contact
bao borid weld areq

Figure 1 — Schematic diagrams of the ball-bond shear
tests. (a) Horizontal sample and horizontal ram, (b) hori-
zontal sample and vertical ram, and (c) vertical sample
and vertical ram

mictoprocessor-controlled umt m which the ram must
be positioned manuallyv - Usmye the nucrometer-con-
trolled universal sample holder (bies 23 the shearme
ranm can casihy be posioned o tolerances better than
S0 Lm0 2 b o the yand s dieecoons and 25 om
(LT maby i the 2 tabove substrater duection Onge pos
voned, the umt automatically pertorms the testing op
cration, 1 diwenally sl the mavmuom value ot

shear torce as measarad by thie bailt o stram cauee (0
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Figure 2 — Close-up view of shearing ram and test sub-
strate on the Dage-Precima MCT-20 Microtester.

The MCOT-20 Microtester is also equipped to per-
form nondestructive ball shear testing (in complete
analogy o the nondestructive wire-bond pull test™). In
the nondestructive case, the shearing ram loads the ball
bond with a predetermined load specitied by the opera-
tor. When that load has been reached, the ram automat-
ically returns 1o s starting position. The display indi-
cates the preset load unless the ball sheared betore the
specitied limit was reached: then the display indicates
the tailure load.

A tlat chisel-shaped tool (big. 2y with a shearing
cdye dimension of 0,152 mm (6 mils) has been most ¢t
tective for sheartng ball bonds made with 2354 ;m (l
mily diameter gold wire. The tavel rate ot the shearing
ramy on the MOT-20 4 adijustable trom 025 10 6.0
mm s esperunents have shown that ball shear distribu-
nons are essentially independent of shearmye tate i this
range. Most ot the 13,000 ball shears conducted 1o date
wereat arrate ot Lomm ~.

Bascline Data and Fxperimental Design

U sine the sheanne cquipment and the veneral
procedures authined abose, vold thermosonie ball-bond
shear data have been cotleared on a vaniety ot cacuns
and matendd sample contirurations, awludine vold
metallizavon  on o alunonma (polversstalhine AL O
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Shear strength (g-f)

Figu.e 3 —Histogram of wire-bond shear strengths of
gold thermosonic ball bonds to aluminum metallizat.on
(on silicon).

99.6%0 pure) and aluminum metallization on silicon.
Figure 3 is a typical nistogram tor the shear strength of
vold ball bonds on aluminum metallization with silicon
(1/p type, (100) orientation) as the substrate material.

Care was taken to clean all substrate metalliza-
tions with oxveen plasma or ultraviolet hight (LV)-
osone before bonding. The bonding machine parame-
ters were optimized using the standard wire-bond pull
test. 1t was quite clear from preliminary experiments
that this set of bonding parameters — although produc-
ing good wire bonds (by visual inspection and pull test
criteria) and adequate shear strengths — did not opti-
mize the ball-bonding process. With the ball shear test
providing a direct measure of the ball-bond, bonding-
pad interface strength, it was possible to construct ex-
periments whose resulis provided specific guidelines for
ball-bond optimization. In those experiments, the effect
of bonding parameters on gold-to-aluminum ball shear
were investigated using a fractional tactorial design.”

A complete 27 factorial design table including
second- and third-order interactions is shown in Table
1. (In the table, Pis the fiest bond power in millivolts, T
is the substrate temperature in degrees centigrade and D
is the first bond dwell in milliseconds.) The responses
denoted as S (1 = 1 1o 8) are the mean strengths for

Table 1 — Experimentat design and observed
responses for linear ball shear mode!.

18t Order 2nd Order 3rd Order
P r D IPxT PxD TxD|PxTxID) Respouse
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cach expenimental treatment. The caleulanion of any ef-
tect is simply the sum of the products of each level and
the corresponding response, all divided by 2 "' where
A nthis case equals 3, For example, the effect of tirst
bond power is

P=(-S8 -8 S -8 +5.

+ S5, + 5+ S)4.

Experimental results on aluminum  metalliza-
tions of various thicknesses (1, 2, 3, and 6 pm) indicate
that increasing the first bond power by 30 mV (i.e., - 1
to + 1) has a significant effect (except for the 6 ym film)
on increasing the bond shear strength. The mean shear
strength as a function of dwell time is plotted in Fig. 4
for various substrate temperatures and power settings.
For the 100°C substrate temperature, the mean shear
strength is a linear function of dwell time over the range
trom 26 to 50 ms with a slope of +0.25 gef/ms. At
150°C, the linear relationship breaks down and the
shear strength increases rapidly with dwell time up to
approximately 40 ms.

Ball Shear Model

A lincar model tor the mean ball-bond shear
strength in terms of the bonding machine parameters
(1, T, and D) was constructed using a 2 factorial ex-
perimental design with replicated center points, as
shown in Table 2. The resultant linear model tor the
shear strength(s) takes the tform

S=8, +BP+B. + BD,

®pP=260mV T =100C apP=2860mV T = 1560°C
wP=290mV T =100C epP =290 mV T = 150°C
50
T T
[
&
= —
2
'
5
£ _
5
&
2
20 L L !
20 30 40 50 60

Dwell time (ms)

Figure 4 —Effect of dwell time on mean wire-bond shear
strengths for various first bond power and pedestal tem-
perature settings.

Table 2 — A complete 23 factorial design interaction
table (unreplicated).

Shear strength
r A s g
-1 -1 -1 24.7
-1 -1 +1 26.2
-1 +1 -1 37.8
-1 +1 +1 42.0
+1 -1 -1 31.8
+1 -1 +1 37.9
+1 +1 -1 47.0
+1 +1 +1 48.4
0 0 0 37.6
0 0 0 36.9
0 0 0 37.4
0 0 0 35.1

*P(+1=290mV,0=275mV, -1 =260mV)
t7 (+1 =150°C,0 = 125°C, -1 = 100°C)
D (+1 =45ms, 0 = 38ms, -1 = 30ms)

where the coefficients for the responses shown in Table
2areB, = -1043,B = 029, B, = 0.27,and B, =
0.22. The equation simplifies the understanding of how
the bonding parameters influence bond strength, elim-
inating the need for the usual complex three-dimen-
sional graphical plots. In addition, the linear factorial
design provides an efficient way to generate new models
should different substrates and/or substrate metalliza-
tions be required. The linear equation’s ‘‘goodness of
fit"’ to the experimental data was found to be within
950% for the range of bonding parameters considered.
Figure S is a histogram of gold-to-aluminum ball shear
data for optimized bonding parameters derived from
the ball shear equation.

Paramelteric Test Results

The influence of the thickness of the aluminum
metallization on the strength of the gold-to-aluminum
wire bonds was investigated using ball shear as a re-
sponse parameter. The test results clearly indicate a lin-
ear reduction in the net shear strength as a function of
film thickness for constant bonding parameters with a
slope of approximately 1.9 gof/ um thickness of alumin-
um. In addition to metallization thickness, the effects
ol substrate surface roughness (morphology) and mate-
rial were investigated. Silicon, alumina, and single-crys-
tal sapphire (A1.0,) were used tor the comparative
analyses. The results were considered for several metal-
lization thicknesses and a range of bonding parameters.
The only significant as-bonded effect noted was the in-
tluence of film thickness (associated with a particular
substrate morphology). That effect consisted of an in-
creased mean shear strength for the rougher alumina as
the metal film  thichness increased v aile for the
smoother silicon and sapphire the mean shear strength
decreased.
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Figure 5 — Histogram of wire-bond shear strengths of
gold thermosonic ball bonds to aluminum metallization
(on silicon) after optimization with the ball shear
equation.

Contamination and cleaning methods have been
studied using ball shear as the parametric response pa-
rameter, Four different cleaning methods (hvdrocarbon
solvent, acid, UV-ozone, and oxygen plasma) were used
10 remove two types of contamination: photoresist and
epoxy gascous products. Typical test data have been
published previously.™ Solvent cleaning was found to
be the least effective way to restore ball shear strength
to the levels of uncontaminated materials. The solvent
treatment had fittle etfect on cleaning either epoxy resi-
dues or photoresist; the shear strength ditfered little be-
tween the cleaned and the uncleaned surfaces. In fact,
in most cases, the sample mean was actually lower after
cleaning.

Cleaning both contaminants with a sulfuric
acid/ potassium persulfate solution did restore the mean
shear strength to the level of bonds made on uncontam-
inated substrates. The method performed equally well
on both aluminum and gold metallized substrates. Un-
fortunately, this type of cleaning process is incompat-
ible with many organic materials used in microcircuit
assembly, including epoxy resins. Oxyvgen plasma clean-
ing was also found to be acceptable tor restoring shear
strengths for both contaminants and substrate types.
The UV-ozone cleaning vielded the most significant im-
provement in bond shear strength for both contami-
nants on gold metallization. For aluminum on silicon

A - - Ty N ittt S A

samples, the sheer strength was not restored to uncon-
taminated levels, but there was some improvement.

Thermal wire-bond stressing experiments at ele-
vated temperatures (125, 200, 250, and 300°C) were
conducted to evaluate bonding mechanisms and alum-
inum-gold intermetallic growth. Activation energies
were determined using parabolic intermetallic growth
laws. During the initial growth phases, a combined acti-
vation energy of 13 kcal/mole was calculated on the
basis of ball shear test responses.
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CUSTOM LARGE-SCALE INTEGRATED CIRCUIT

R. €. Maore and R. L. Jenkins

A custom lurge-scale integrated circuit design ca-
pubility has been established at APL. A fully integrated
set of wuser-triendly software tools has been placed on 1wo
of the Laboratory’s computer systems to enable design
engineers to create and simulate custom integrated cir-
cuil designs. The facility has been used to create a con-
plex NMOS design that has been successfully fubricated
hy a silicon foundry.

BACKGROUND

Out of the current technological advances in very
farge scale integration (VI.SI) has emerged a potential for
the cost-effective, full custom design of high-density inte-
grated circuits in smail fots. The availability of sophisti-
cated computer-aided design (CAD) tools and the
existence of competing silicon foundries ofter government
laboratories without in-house LS tabrication facilities
a unique opportunity to explore this potential. The pos-
sibility now exists for solving problems in innovative sys-
tems applications that cannot be accomplished with
oft-the-shelt components or gate arrays. APL has reduced
this possibility to practice by designing a custom inte-
grated circuit and having it fabricated.

DISCUSSION

The overall goal of this effort was to establish a
capability for applying LSI technology to spaceborne sys-
tems, The effort was limited to design considerations; test-
ing of complex LSI circuits is beyond the present
capabilities of the Laboratory. However, certain built-
in-test functions were included in the design to facilitate
manual testing of the finished chips.

The heart of the design facility is an integrated col-
lection of CAD tools running on a VAX-11 780 computer:

1. A hierarchical interactive color graphics editor
(called CAESAR) by means of which cell li-
braries are built at the mask lavout level;

2. A conversion or translation program that con-
verts CAESAR data-base formats into Caltech
intermediate form (CIHF);

3. A cireuit extractor that creates a device file and
net list, including estimates of parasitic capac-
itances, from the CIF file;

4. Two logic-level functional simulators: one sim-
ulates enhancement mode transitors as if they
were switches, the other performs simplified cos-
timations of system timing as well;

5. A conversion program that translates the out-
put of the circuit extractor into a format com-
patible with the circuit simulator;

6. A detailed circuit simulator that simulates ac-
tual node voltages and currents by modeling
transistor parameters;

7. A design rule checker that checks the mask-level
layout for design rule violations, e.g., the poly-
silicon too close to diffusion, the transistor gate
not extending far enough beyond the source/
drain region, improper overlapping of the ion
implant, or buried contact with corresponding
structures;

8. A Versatec plotter package that permits hard-
copy checkplots to be created directly from the
CIF files.

All of these tools are made compatible by main-
taining files in particular predefined formats. File direc-
tory maintenance is performed by the UNIX operating
system, under which all these CAD tools run. Several
other CAD tools are available to supplement them,
including an automatic, programmable, logic array
generator.

The goal in the design was to include on the chip
all the major portions of the carrier tracking logic for
the digital phase-locked loop of a global positioning sys-
tem navigation receiver. The most recent designs for
global positioning system receivers use microprocessors
to control the carrier- and code-tracking logic. The
microprocessor performs arithmetic associated with scal-
ing, integrating, and filtering the detected phase error
signal. The microprocessor then controls a digitally con-
trolled oscillator (DCO) that is usually a form of binary
rate multiplier (BRM).

The minimum required hardware functions for
carrier tracking in this type of design are two identical
phase error detectors/integrators (one for each quadrature
component, I and Q, of the local DCO), a BRM to func-
tion as the DCO, and some logic at the output of the BRM
to produce the two quadrature phases of the local signal
at baseband frequency.

To reduce the overall scope of the chip project to
a realistic level, it was decided not to implement a com-
plete stand-alone carrier tracking loop but to include the
major pieces with sufficient input/output capability to
test functionality and to include the chip in a breadboard
version of a carrier tracking loop if that later proved de-
sirable for demonstration purposes. Included were an
18-bit BRM designed to operate at a clock frequency of
2.5 MHz and a phase error detector/integrator designed
to operate at a sampling frequency of 10 MHz. Figure
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Figure 1 — The microprocessor-controlled carrier tracking loop.

1 is a block diagram of a microprocessor-controlled car-
rier tracking loop. The tinted area indicates the region
included on the chip.

Two copies of the phase error detector (sine and
cosine) would be required in an operational receiver; how-
ever, only one was included on the chip. This permitted
the scope of the project to be expanded to include two
other functions: a control unit switch and an arithmetic
multiplier. The control unit switch is designed to control
the switching of a computer terminal between two termi-
nal control units. The arithmetic multiplier is an expand-
able, parallel two’s complement design with wide
application in signal processing. Figure 2 shows the com-
pleted chip.

The major function cells that were generated in
the design are:

1. A toggle flip-flop used as high-order bits in
phase integrator counters and in several
divider circuits;

2. A D-type flip-flop widely used in various con-
trol circuits and in the control unit switch
project;

3. A generator of two-phase, nonoverlapping
clocks with super buffer line drivers;

4. An inverted exclusive-OR with 20 MHz
response, used as a phase comparator;

5. A high-speed OP/NO-OP counter used as a
lowest-order bit in phase integrator counters
and in divider chains;

6. A binary full adder to compute the effective
up/down count in the phase integrator;

7. A parallel-load, serial-shift register element to
sample and shift out the phase integrator
results;

8. A clock synchronizing cell with a super buf-
fer line driver, used in control sections to syn-

chronize control signals with desired clock
phases;

9. A 2-bit counter module with a synchronous
carry chain, used in the BRM (the BRM
counter is formed by nine of these modules);

10. An output logic module for the BRM that uses
the positive derivative of BRM counter out-
puts to produce a BRM output that is rate
controlled.

In addition to these cells, various others were pro-
duced for use in isolated places throughout the chip.
Various test cells also were included; they will allow dif
ferent types of devices to be tested by the probing of un-
packaged chips.

Processed wafers, each containing about 165 dice,
were received from the silicon foundry seven weeks after
the purchase contract was issued. Probe testing of the
wafers and subsequent testing of the packaged parts
verified that the circuits work exactly as predicted by the
computer design models. Pulses as short in duration as
20 ns were modeled accurately by the circuit simulator.
The BRM easily ran at 2.5 MHz, and the phase error in-
tegrator ran at clock speeds up to 20 MHz. The compleied
circuits met all of their specifications with some margin
on speed.

The chip was 0.197 by 0.219 in. and contained ap-
proximately 8000 transistors. Foundries can produce chips
as large as 0.42 by 0.42 in. Therefore, using the existing
CAD tools and design rules, one could design and
fabricate a circuit that would contain 30,000 transistors.
This is just a factor of two away from VLSI. These CAD
tools are adequate for designs well beyond this level of
integration, and their establishment puts the Laboratory
in a position to exploit future improvements in foundry
technology for custom VI.SI design.
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Figure 2 — The completed integrated circuit chip.

CONCLUSION clude CMOS technology will enhance its usefulness to the
Laboratory.

An integrated circuit design capability has been
established at APL and has been proven by the creation -
of a working chip. Future expansion of the facility to in- This work was supported by Independent R&D.
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INTRODUCTION

Fundamental research has been firmly established at APL for many years
as one of the Laboratory’s principal missions. Those missions include the appli-
cation of advanced science and technology to the enhancement of the security of
the United States and the pursuit of basic research to which the Laboratory’s fa-
cilities can make an especially favorable contribution. The incorporation of basic
research into APL’s mission recognizes that such research will play a vital role
in future technological achievements and that it is needed to avoid institutional
obsolescence.

Much of the basic research conducted at APL is done in the Research Cen-
ter, which was formally established in 1947. Its objectives are ‘‘to carry on basic
research supporting present and potential mission areas of the Laboratory, to es-
tablish the Laboratory as a contributor to basic science, to provide research tech-
niques and technical consuiting for solving problems critical to Laboratory
programs, and to serve as an entry for new talent and scientific information into
the Laboratory.’’ Since its inception, the Research Center has spawned new pro-
grams that are now carried out in other units of the Laboratory. Most notable
are the Space Department and the Biomedical Research Program.

Today, the Milton S. Eisenhower Research Center is comprised of 52 staff
members organized into four groups. Research is reported in the professional scien-
tific literature; typically, 60 papers are published each year. The articles in this
section describe some recent accomplishments in fundamental research by staff
members of the Research Center.
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PHOTOELECTROLYS
TRANSITION METAL OXIDES

T. E. Phillips, J. C. Murphy, K. Moorjani,
and T. O. Poehler

We have shown that the ulloving of FeTiO, into
the n-type Fe O, lattice significantly improves the pho-
toelectrochemical spectral response of the semiconduc-
tor, making it a potentially attractive candidate for
solar energyv conversion applications.

BACKGROUND

Recognizing the difficulties generally associated
with the currently established energy sources (such as
reliability of supply, guantity, and pollution and safety
problems), it is slowly becoming evident that alternative
energy sources must be given serious consideration. Of
all the other sources available, solar energy will most
likely be the principal candidate.

Solar energy conversion by means ot solid-state
photovoltaic cells is a well established process and will
play a major role in the use of solar energy in the vears
to come. Another less well known approach to solar
energy conversion known as photoelectrochemistry is
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beginning 10 show promise and may also play an equal-
Iv important role in the future.

The basis of a photoelectrochemical cell lies
within the Schottky barrier that is formed when a semi-
conductor is immersed in a liquid electrolyte (Fig. 1).
The solution serves as a substitute for the metal clec-
trode in a conventional Schottky junction. In fact,
much of the interest in photoelectrochemical systems
stems from the fact that with the replacement of the
metal electrode by the solution, the barrier interface is
now readily accessible for investigation and the
“metal”” electrode can be neatly and conveniently al-
tered simply by varying the chemical composition of the
solution. Also, with the interface so exposed, it is possi-
ble to perform productive chemical reactions right at
the interface — notably the photoelectrolytic decompo-
sition of H.Oto O, and H..

Much of the work ' in this field has concentrat-
ed on the semiconductor side of the Schottky junction,
searching for a material with a bandgap of about 1.3 1o

Figure 1 — Energy level diagram for an n-type semiconductorelectrolyte junction
showing the relationships between the electrolyte redox couples O H.O and H .00 .
flatband potentiai. space charge regron. bandygap. conduction and valence bands. and
Fermi tevel Also depicted 1s a simphitied pucture of an etectron-hole par being genetr

ated by the absorption ot a photon th.

With the electron beimng avceforated into

the semiconductor bulk. and the hole reacting with the solution
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1.8 eVoin order to use the solar luy energy protile effi-
ciently. The ideal material must be stable toward de-
composition by the photogenerated minority carrier (a
hole in the case of an a-type semiconductor), and its
tlatband potennal (1, almost cqual to the energy of
the conduction band) must be negative of the H./H. O
reduction-onidation potential in order to photocelectro-
lysze H.O.

No single known semiconducting material has all
of these properties, although a tamily of semicondue-
tors derived from transition metal osides is not far
from being ideal. Transition metal oxides are inherently
stable toward decomposition, have fair-to-good effi-
ciencies, and have reasonable 1, s Their major
drawback is a bundgap that s typically 2.2 10 3.8 eV —
too high for solar energy comversion applicatrons. Our
approach has been to try 1o reduce the bandgap through
chemical moditicanons while retaining the other posi-
tive features ot the semiconductor material.’

DISCUSSION

Speaitically, we are imvestiganng a naturally oc-
curring afloy system ot Fe O and Fe O (hematte
and ilmenite) that torms i solid solution over the whole

COMpOSLION range.

I the hematite-tlmenite naneral series [be O,
. (1 vbe O} Mossbauer measurements indicate
that tor v~ 0.6, there is a considerable amount ot
charge transter trom Fe 7 in the ntanate to Fe o ¥ in the
hematite. For many minerals where the crystal field
interactions of the participating ions are ditferent, the
energy of this charge transfer reaction is often found in
the vistble region of the spectrum.” Tt is imporiant o
examine the effects of those interactions (be - = Fe
Fe "~ Tifyand Ti 7 — Ti 4y when introduced into
the Fe O3, photoelectrochemical system.

We also wanted 1o evaluate the stabilization of
the Fe (), semiconducting properties by the introduce-
ton of Fe ions contained within a nearly identical
crastal lattice (FeTiO ), as opposed to the usual addi-
tron by means of a4 structurally incompatible Fe, Q)
spanel structure. Finally | changes in the other photoelec-
rrochemical parameters of interest such as quantum cf-
ticieney and flatband potential o the alloy system were

mvestigated.

The xbeli@y, o (1] Vbe. O samples were pre-
pared i che torm of thin Films on glass subsirates by Kl
reactive sputtering (hnown as RE oxidesy and by thermial
onvidation (known as thermal oxides). The fidms were
chatacrenized by Xeray dittraction mesurements tor im-
tormation on structure and composition, secondary 1on

mass spectroscopy tor clemental composition, and dit-
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ferential capacitance measurements for tlatband deter-
minations. The results of the measurements will not be
discussed explicitly; rather we will concentrate on vis-
ible absorbance, photoconductivity, and photoelectro-
chemical measurements and on the variations observed
as a function of the FeTiO, concentration,

The absorptivity spectra ot the Rl oxides are
presented in Fig. 20 I we take the 0% curve (Fe Oy as
a point of reference, the addition of 8.8 to 10.6%
FeTi0O, causes the absorptivity 1o incredse somewhat in
the 500 to 600 nm region. As the Fe O, concentration
mcreases bevond 10.6%s, the absorptuivity begins 1o
drop as the edge appears to be blue shitied. Thivis o be
expected because FeliO | has a bandgap energy (£ )
of 2.58 ¢V, and the tilm's spectral response should at
some point reflect the tact thar the FeTiQ, content iy

ncreasing.,

When these data are presented in the form
(che)  versus Ae, where aots the absorption coetticient
and /e is the photon energy, the linear relationship
indicates that the bandgap transivions are indirect.
There talso some suggestion that the £ may have
been lowered to 1.9 o 1.8 ¢V for the 8 to 1% films
from the 2.0 value seen for Fe. O,

['he photoconductivity ot the Rt oxides is shown
tr Fig. 3. Although it is not possible 10 overlay the
photoconductivity response with the absorption spectra
in an absolute sense because of variable electrode
placement and excitation beam area, the photometric
responses are qualitatively similar, with the concentra-
tion-dependent red shift being even more predominant
in the photoconductivity spectra.,

Because of the uncertainty in the absolute photo-
current vield (clectrons per incident photond, it is not
possible to calculate the absorptivity of the materials
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Figure 3 — Normalized photoconductivity as a function
of wavelength for the RF oxides. Values were normalized
to the value at 400 nm

from the photocurrent. On the other hand, it is possible
to calculate a relative photoconductivity spectrum from
the absorptivity spectrum, assuming a constant quan-
tum  vield  throughout the  wavelength  region  of
interest.

When this is done tor the data in Figs. 2 and 3.
the measured photoconductivity of the 0%o tilm is less
than the photoconductivity calculated from the absorp-
tivity spectra. This indicates that not all the absorption
events oceurring in the film are resulting in the torma-
tion of free carriers in the conduction band. As the con-
centration of FeTiO, increases, the caleulated photo-
conductivity curve begins to approach the measured
photoconductivity spectrum, indicating that more ot
the photon absorption events are resulting in freec-carn-
er formation.

Photoclectrolysis measurements were performed
on both RE oxides and thermal osides. Figure 3 depiets
the photocurrent spectrum tor the series of RE ovides at
an applied potential of 0.0 'V (versus saturated calomel
clectrode (SCE)). Taking the 0.0%0 curve as a point ot
reference, the relative photoresponse in the 450 to 600
nm region is enhanced tor the tower FeliO, content
samples (B8 1o 14.470). A the concentration mcreases
above 14.4%, the response in this wavelength region be-
gins to tall back to the 0" reference curve. Note also
that the addition of Th extends the photoresponse ot the
ovides bevond the 620 nm (2.0 ¢V) bandedge ot Fe. O,
as it the bandgap had been Towered. Attempts 1o deter-
mine the bandgap and nature of the transition by
plotting (yeh) - versus energy, where g is the quantum
efticiency and #iva constant that depends on the tvpe
of transition, were iconclusive, It appears that the
actisity beyond the 620 nm bandedge probably resulis

o 338" FeTiO4
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* 144
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Figure 4 — Relative photocurrent as a function of
excitation wavelength for the RF oxides. Each curve has
been normahzed to 400 nm and has been corrected for
variations in the excitation intensity. The solution 1s 1
molar NaOH. The potential applied to each sample was
0.0V (versus SCE).

from impurity states in the gap. All of the curves,
except the 33.8% one, represent anodic photocurrents
from an n-1ype semiconductor. The 33.8% curve, on
the other hand, represents a cathodic photocurrent that
one would expect from a p-tyvpe semiconductor.

Figure S shows the wavelength dependence of the
photocurrent for the similar «eries of thermal oxides.
Note the same general trend ot enhanced photoactivity
in the 425 1o 600 nm region tor the (8.8 to 10.6%0)
FeTiO, samples. A« the FeTiO. s inereased to 22.8%,
the photoactivity curve returns approvimately to the
reterence 0% curve. Unlike the RE oxides, the thermal
onides appear to have hule or no photoactivity beyond
650 nm. Thiv may be a conseguence ot the somewhat
less energetic condinons under which they were pro-
duced compared to the RE oades. The less strenuous
conditions presumabiy produced tewer states in the gap
and thereby reduced the tathng beyond the bandedge.

Ihe photoconversion (quantum) etticiency., de-
tined as electrony generated per incident photon, was
determuned tor the RE onides and the thermal ovides.
he etficieney was determined at 450 nm and an applied
potential of 0.5V, Within the RE ovde samples, the ef-
hiciendies vaned from 0.1 1o 1.3, with most ot the
samples Iving in the vicinity of 00470, The conversion
ctticiency of the 0% sample was 0,357 On the other
hand. the thermal onides, including the 0% sample, had
efficiencies that varied trom 3o 4%, One 3% sample
evhibited an impressive 117 conversion etticiency, sug-
eesting that reasonable quantum etticienaies may be ob-
tainable.

Preliminary stabiliny: measurements have been
made on 0 and 106" Rl onides. A small amount of
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Figure 5 — Retative photocurrent as a function of
excitation wavelength for the thermal oxides. Each
curve has been normalized to 400 nm and has been
corrected for variations in the excitation intensity. The
solution 1s 1 molar NaOH. The potential apphed to each
sample was 0.0 V (versus SCE).

dissolution was observed in the 0% FeTiO, sample
after 67 hours, but no decomposition was seen in the
10.6%0 FeTi), sample after it was in solution for 96
hours and had passed 13.9 O of charge. The illumina-
tion source in both measurements was a 100 W mercury
lamp.

CONCLUSION

We have examined a series of Fe. O, thin films
made by two different techniques comaining various
amounts of FeTiO,. There is a defimite modification of
the Fe. O, thin films' properties upon the addition of
FeTi0),. This can be seen in the consistent behavior of
all the composition-dependent measurements, visible
absorbance measurements, spectral response of the
photoconductivity, and photoelectrolytic response. Al
thowgh not presented here, similar trends in behavior
were observed in the flatband potential and in the bas
voltage dependence of the photoetectrolysis current. All
of the measurements indicate the oceurrencee of dramat-
i changes in a narrow compaosition region ranging from
approvimately 2.5 10 14,4%,,

From the standpoint of photoclectrolytic apph-

cations, the observed moditications are in the direction
ot improved pertormance and appheability. Specitical-

T WYY N e e e -

Iy, although the bandgap does not appear to change
signiticantly, the enhanced absorbance and the result-
ing increase in photoactivity in the important region
immediately above the Fe. O, bandgap increases the
collection etficiency of the solar tlux there. Theretore,
the ettect is almost the same as if the bandgap had been
lowered.

Scecondly, and just as important, the moditica-
tions of spectral response were made without sacriticing
any conversion eftficiencies. In fact, there is a sugges-
tion that the efficiency may actually be improved. Fi-
nally, a point not previously emphasized, at the very
high concentration of FeTiO,, the thin films begin to
exhibit p-type behavior., This is quite interesting be-
cause itis well known that p-n photoelectrolytic systems
are much better photoconversion devices because the
combination ot the two electrodes reduces the bandgap
and flatband potential requirements of the individual
ones. The possibility of making p-n junctions simply by
maoditying the Ti concentration of an Fe-Ti oxide
system has some very interesting and usetul ramifica-
tions, which will be pursued.
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NONDESTRUCTIVE TESTING AND EVALUATION OF
METALS AND CERAMICS USING PHOTOTHERMAL IMAGING

I.C. Aamodtand J. C. Murphy

A omethod has been deceloped  tor evaluating
rondestructicely the meegriey of materials by means of
optical-beam: detlection photothermal techniques. The
method s noncontacting, can be tised in hostlde enti-
ronments, does not requare special sample preparation,
and can often be wsed i site 1 can locate surtace and
Hear surfaee cracks, discontinuaties, voids, and abrupt
chanees tnoptical and thermal properies.

BACKGROUND

Many recently introduced matenials such as com-
posites, high-pertormance ceramic and polvmer mate-
rualss new o metal allosvs, and thin-film compounds are
nuportantn clectrome tabrication or as structural com-
ponents  Fhere s a need tor better characterization ot
thew thermal, optical, and structural properties and a
need tor more mtormation about their latent detects.,
Photothermal nmaging is well suited tor this type ot
study iy espeaally usetal in examining thin films
where it can measure film thickness and detect film dis-
bonding. This methad of imaging is presently being
used only na laborators environment, but it has the
promise of bemyg adaptable to industnial applications
becanse it requires no physical contact with the speci-
men, s relatvely insensitine Lo dts emvironment, can be
used with larger specimens than most other thermal
nondestructive evaluation methods, and involves rela-
tively simple instrumentation.

DISCUSSION

I'he Basic Photothermal Technigue

Heat flow in a specimen is determined by the
tvpe and location of its heat sources, by its shape and by
its thermal properties and thermal environment. In gen-
cral, the surface temperature of a heated body is a com-
plicated function of all of those parameters, and the
temperature at cach surtface paint is affected by heat
tlowing to that point from all other points in the sample
volume, However, when a modulated heat source iy
used, the time-varving component of heat flow attenu-
ates rapidly as heat diftuses away from its source. Con-
sequently, the modulated component of the tempera-
ture at cach point in the sample depends predominantly

on thermal, optical, and geometric properties within a
thermal dittusion length of that pomnt. Because this
length sy a tuncthion o1 the modulation trequency, the
localized region ot anterest can be changed expert-
mentally within certaim himus.

W hen a point source (usually an amphtude-mod-
ulated laser beam) v used 1o heat o sample harmon-
ically, only the sample volume near the heated arca con-
tributes signiticantly 1o the modulated temperatare.
Consequently, the thermal map obtamed by scanmine
the laser beam over the sample surtace reseals the
thermal and optical heterogeneity of the sample surtace
and the near-surtace volume.

When a specimen contains structural detects
such as cracks, fissures, vouds, ete. or has structural
varniations such as grain boundanes or spaual amor-
phous-crystalline transitions, and the dimensions ot
these features are comparable to a thermal diftusion
length, they disrupt the modulated heat tlow n the
specimen, causing nonuniformities in the surface tem-
perature. Toillustrate this point, Fig. 1 shows a thermal
map of a 6061-aluminum surface. The thermal vari-
ations 1n the figure were produced by a series ot subsur-
tace crachs that extend bevond the visible tip of a small
surface crack approximately § gm wide.

Figure 1 — A photothermal scan of a 6061 aluminum
sample showing a sertes of subsurface cracks extend-
ng beyond the visible bip of a surface crack with a width
of approximately 5 .m
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Optical-Beam-Deflection Imaging

The detection ot the modutated thermal pattern
on the sample surtace can be accomplished by various
means, cach having its own advantages and himuanons
[ he photothermal method developed at APL uses the
“marage cttect” A Upump’t daser heats a local-
ized area on the sample, which, in turn, heats the gas
that i~ i thermal contact with the heated surtace. A
“probe’ laser beam directed parallel to the sample
surtace passes through the heated gas and s detlected
by thermally dependent chianges in the index of retrac:
non ot the gas. The detlection s measured by a posi-
ton-sensitive hight detector. This very sensitive method
altows the measurement ot temperature changes as
smallas 107 K.

A vanant ot that method (“reflective™ optical-
beam-detlection (OBD) detections) has also been devel-
oped at AP e difters from the “skimming’™ OBD
detecnon rechmgue deseribed above in that the probe
beam strikes the sample surface and is reflected prior to
its beng detected. In this case, the photothermal signal
depends both on changes in the refractive indev of the
vas and on thermal expansion of the specimen.

OBD detection has certain advantages over other
thermal detection methods. 1t is not restricted to small
samples as photoacoustic detection is, it does not re-
dguire physical contact with the sample as piezoelectric
detection does, and it does not require a large ambient
temperature as radiation detection does. The most sig-
niticant advantage of the OBD method is its localized,
vector mode of detection.® Two deflection components
enist, one normal to the sample surface (which is pro-
pornional to the average temperature along the projec-
tion of the probe beam path on the sample surface) and
the other parallel to the sampie surface (which is pro-
portional to the transverse slope of the surface tempera-
ture averaged along the projection). Most other thermal
imaging techniques average the surface temperature
over the entire sample and thus obtain localization only
through the use of focalized excitation,

When localized detection as well as localized ex-
citation are used, the topography of the temperature
profile can be studied in the vicinity of a heated point;
this aids in establishing the local geometry ot a defect or
a structural anomaly that is not possible with photo-
avoustic or piczoclectric detection.

Fhermal and Optical Properties

It the only purpose of a thermal scan is to aceept
or reject i specimen such as an electronic component, a
comparison of s thermal scan with that of a detect-

T ——p— o >

tree sample may be sutticiens However when more de
tasled intormation 1~ wanted. teatures oL the therma
scalt must be redated to chanees o the hiermal, optical,
and geomcetine properties at the sample maternal
Some intormation that maeht be wanted o the locdtion
of ainapient detects ot the sample o g imdication ot
what change in sample propertics i g precatser ol
detect tarmation Other items ot nterest might be the
changes in physical properties caused by gpimg o
changes caused by exposure o the ~sample to a particu
lar bemgn or hostle envitonment  Sull more basic
would be g study ot tundamental processes that chanee
the thermal and opucal properties ol g material

Basic to the use ot photothermal imagimg as an
analvucal tool s the abihty tonterpret thermal scansin
terms of changes in the thermal properties of the sample
matenal and. operationally, to know the ettect ot e
perimental parameters (such as the modulanon tre-
quency, the laser beam radi, the relatne positton ot the
pump and probe beams, and the distribution of energy
i the cross section ot the laser beams) on the photo-
thermal signal.

Fhose relanonships usually are comphceated, but
a detatled analbysis ™ of the OB method shows that thes
are simpler under certain experimental condinons and
for certain values ot a sample’s physical parameters,
The results obtained from the analysis provide some
usetul rutes of thumb for interpreting experimental
data.

The results obtained in Ref. 7 show that the sen-
sitivity of the photothermal signal to small changes in
the optical absorpuion coefficient, .3, the thermal con-
ductivity, , and the thermal capacity, €. depends
uniquely on two ratios, R-p and 6 R, where R is the
laser pump beam radius, & is the thermal diffusion
length, and g is the thermal absorption length. 4 and 6
are related to 3, &, and C through the relationships, ¢ =
triand 6 = (2a/wC) , where « is the angular modula-
tion frequency. A convenient way of showing this rela-
tionship is through topographical maps such as Figs. 2
and 3, which show contours of equal photothermal
saturation and thermal character, respectively.

Photothermal saturation, o, measures the photo-
thermal signal's sensitivity to changes in optical ab-
sorption. When the photothermal signal is 100% satur-
ated (0 = 100%0), it is insensitive 10 any changes in 3,
whereas when it is completely unsaturated (o = 0%), it
is linearly proportional to changes in 3.

lhermal character (7C) measures the sensitivity
of the photothermal signal to changes in thermal pa-
rameters. When 7C = 1, the signal depends exclusively
on s when 7C - 0,0t depends exclusively on C; and
when 7C - 'e it depends only on s and € through the
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Figure 2 — A topographical map showing contours of
equal photothermal saturation plotted as a function of
Ry and s R = 5 ' where .;1s the optical absorption
coetficient). When the OBD signal is saturated. it is in-
sensitive to smatll changes in ;. When it 1s unsaturated.
1t1s proportional to .5

product «C. Several definitions of 7C can be given. In
terms of the photothermal signal, §, 7C = |1 -
(6/5)(35/808)]/2. It can also be expressed in terms of
the sample-related frequency dependence of the photo-
thermal signal, which can be measured experi-
mentally.

Figure 2 shows that saturation occurs at high
optical absorptions and large thermal diffusion lengths
(relative to the pump laser beam radius). Figure 3 in-
dicates that the photothermal signal is dominated by
changes in the thermal capacity when optical absorp-
tion is high (so that heating occurs mainly at the sur-
tace) and thermal conductivity is small (so that the
modulated heat travels only a short distance before
being attenuated). On the other hand, when heating
oceurs at a greater depth in the specimen and « is large
(so that the modulated heat flows farther from its
source before being attenuated), thermal conductivity
becomes dominant. For experimental purposes, the im-
portant point to be noted is that the crossover between
these regions occurs when the thermal diffusion length
and the optical absorption length are equal to the pump
beam radius.

Three distinet regions can be seen in Fig. 3, one
where the signal depends exclusively on C(7TC = 0),
one where it depends exclusively on « (7C = 1), and a
small plateau where it depends on the product sC (7TC
1.2). For other values of R/u and 4/R. the
relationship is more complicated. (In photoacoustic
imaging, the photoacoustic signal never  depends
exclusively on a so that a study of this thermal variable
using the photoacoustic technique is more difficult.)

o . TR TR R TR TR .
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Figure 3 — A topographical map showing contours of
equal thermal character (TC) plotted as a function of
R/uand s/ R.

In an optically, or thermally, heterogencous
sample, the values of R/u and 6/R may vary from point
to point on the sample surface. In addition, the ratios
can be changed experimentally by varying the value of
R and w. Consequently, as indicated in Figs. 2 and 3,
each sample point may have a different sensitivity to
small changes in 3, «, and C during a thermal scan, and
this sensitivity can be changed experimenially within
certain limits by changing R and w.

These results, which are more fully described in
Refs. 7 and 8, provide a convenient guideline for inter-
preting thermal patterns and help to determine whether
features in the patterns can be attributed to changes in a
particular physical property. For example, it « feature
appears in the photothermal scan at a particular point
on the sample surface whose values of R/u and 8/R lie
in the saturated region of Fig. 2, then that photother-
mal feature must be caused by changes in thermal, not
optical, propertics. Similar types of conclusions can be
drawn when the ratios lie in other regions in Figs. 2
and 3.

SUMMARY AND CONCLUSIONS

Reflective and skimming OBD photothermal
imaging methods developed at APL have been used to
detect a varicty of defects in metals and ceramics. Fa-
tigue and corrosion cracks have been studied in various
samples. Surface and near-surface cracks a few mi-
crometers wide are detected easily. OBD photothermal
imaging is currently restricted to a laboratory environ-
ment, but methods are being investigated that will
adapt it for technological applications. Photothermal
studies are currently being made on the thermal charac-
teristies of grain boundaries in metal samples.
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OLDROYD FLUIDS OSCILLATING IN
RECTANGULAR DUCTS

V. O'Brien and 1. W, Ehrlich

F'he rectilinear, oscillatory, pressure-driven mao-
ton of Oldrovd viscoelustic liquids with complex dy-
nanie viseosity within straight rectungudar ducts hus

It was possible to generalize the analvsis for par-
allel oscillatory motion of a Newtonian fluid in rectan-
gular ducts' to the class of linear viscoelastic liquids

been described theoretcally. The complementary exact
analvses and numerical solutions can be used to infer
clustic time constants trom laser Doppler velocimeter
measurerments,

obeving the incompressible Oldrovd model. The new
solutions are given as functions of a Stohes number, the
ratio of cross-section side lengths, and the two Oldrovd
time constants.” Exact analysis and. or numerical ap-
proximate solutions by means of finite difference
methods atlow the prediction of the time-dependent ve-
locity fields that could be measured optically in trans-
parent viscoelastic liquids. Or, inverting the known and

BACKGROUND

Many common tluids like water and air have a unknown aspects, laser Doppler velocimetry© in rectan- .
simple response (o pressure forees; they are called New- gular ducts would allow the rheological time constants "
tonan. The real shear viscosity, py s a constant and 1o be determined by means of the theory. -
there s no elastic response. However, some liguids have
a more complen viscoelastic response to forees gener- ’
ated in Howing luids and they are called non-Newton- DISCUSSION '1
ian. he response relation is embodied in a *constitu- *1
mve relation™ or tequation oll" state,”” Ain ;u.r.llo.y,\ o Dy namic Viscosity 1
the adeal gas law. One possible relationship s the ' : :
Oldrovd three-constant response that incorporates a The rectilinear oscillatory flow of Newton- sl
constant shear viscosity and two time constants related ian viscous flow in straight round ducts was ana- L 4
to the clastic response of the tlaid that is manifest in Ivzed long ago.’ It was shown to be dependent on a '
trequency -dependent motions. ingle parameter, a Stokes number A - @ wpoy, where 1583 :
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y is the (constant, real) shear viscosity of the tluid, p is

its density, ¢ is the pipe radius, and @ is the frequency Y

(in rad/s) of the oscillation. Oscillatory parallel flow of ‘r

linearly viscocelastic fluid in round pipes requires only a T

slight moditication in analvsis when the shear viscosity b 2 W

is complex.” Under the assumption of an Oldrovd con- l

stitutive relation, pipe oscillatory tlow depends also on — X
0 [«— Jd -

two time constants as well as a Stokes number. Oscilla-
tory flows of viscoelastic fluid in rectangular ducts
stmilarly can be generahized trom the Newtonian solu-

tions and otter a scheme to verity the experimental re-

sults of round pipe measurements of the Oldrovd Figure 1 — Rectilinear fiow 1 a straight rectangular

. duct. Wi X. Yy
constants,

1eis assumed that onhy linear viscoelastiany is re-
quired to predict the non-Newtonian flow. Specitically,
we assumie the three-constant Oldrovd model in which

wotactors ¢ that can be factored o, b 2 can be re-
duced 1o

the complen dy namic viscosity s

T TR hodpe
. ( - b )H . = W (real)
It o, oo (AN il ] n dZ )
where e
where £* s the Z-dependent pressure magnitude, and
" v a characteristic velocity. (The minus sign s .
AN L) introduced because a positive B velocity corresponds to |
oo - Ao : tha a negative pressure gradient.) Dividing through by #7 ’
and setting w = H™* W = w' + iw' Lk = wob oy,
and ¢* n g a7 the nondimensional equation to k
IR A be solved is .
I BN . (]h)
[ ~
] ) e 1;:")'-‘7 A (w’ v w ) | I (X3 '4
and relanation and retardation time constants A L A ]
respectively | satisty
The nonslip boundary condition w = 0 applies at the 1
walls: k
L Y N § I (1) )
g
a "
) ) o (R Lov= 1 (u = h) .
Clearly, i the lmit w — 0, ¢* corresponds to the shear b

viscosity of Newtonian fluid in steady tlow, The param-
eters in by, 1 can be related 1o the relanation function

v _ » By separation of variables, h
ot the tlnd through a Fourier transtorm., b
- -
CREE 5 ¥ b
" - . i o 5 N cosh 5 vcos pv R
a Analysis wo= u,,(] 2 E K
- oo Py cosh (4 y,a7h) R
® The rectilinear incompressible flow everswhere i
k- - paradled 1o the bounding walls (Fig. 1) is governed by a -
A 1
;-’ : one-dimensional momentum cquation; L SOv g eosh N (5) :
-~ * ] ‘ < .
X cosh fy | 1
4
ak dPn .
4 CENTAMA | (] .
a1 ds where g
. . . . . hl hl
Normalizing by the duct halt-height A, and assuming Py = M - qy = WM+ b ]
v = v = 7 . .
154 that the pressure £2¢4) and velocity () have harmon- 2 2 7] 1
.1
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Ty = NPy oA iy = \‘I\/‘ v A

Here.
| .
", " - ¢ - (A)
and
) th _opah’ i N
" e gl s N A W) dw(A X))

1 he evaluation of an infinite series of terms with
comples arguments is tedious even with modern com-
puting programs. An alternative scheme is to start with
Py, 4 and assumed values of A, A and compute the
tlow ticld dirccthy by a finite-difference approximate
solution. Writing out the real and imaginary parts, kq.
Jseparates into

ol e E AW !
(6)

(o b+ ADw - w0

usinye 4 tor the matriy operator and 1 for the identity

matiiy,

With a mesh ot N\
tlow wrea and using the boundary condition that w’
w (0 on the boundary, the matrin equations (6) can
be solbved readily by oa successive  overrelanation

A7 points (o represent the

techmque.

Results

As dehned, wasa complex number, but only the
real part (we ) has phyaical realins . Sinee ¢ (Ccos
S osn wr) .t sattices tor illostranon to show the
real and mmaginary parts o1 w (wand w7 respective-
I along the centerplane of a square duct. They are
shown an Fres, 2 and 3 tor two svalues ot A for the
assumed values A 0.3 8, A 0.1~ and 16
poise. Also shown Jor contrast are the cotresponding

Newtonan wooand W tor the same AL

CONCLUSION

Osaillatory rectifinear flow an rectangular ducts
otfers new prospedts tor determiming materil proper-
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Figure 2 — Real and imaginary parts of w on the center-
planes for k = 1.1n a square duct for a viscoelastic flurd
with +. = 03 s. v, = 0.1 s (corresponding Newton-
1an distnbution shown tor contrast).

ties of viscoelastic fluids thar complement oscillatory
flow data in round pipes or other apparatus. Although
the velocuy tields are compheated, harmonie behavion
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Figure 3 — Real and amaginary parts of w in the
snterplanes ot a square duct fork = 10,

permits the prediction ot the tlows 1o be evpected as a
tunction of the two Oldrovd time constants. A compan-
son o aeloaties obtamed by laser Doppler rechmigues
should  provide vood  estimates . o the  clastic

CONSTAn S

I et the measured harmonie veloaity protiles at a
given volume tflow steady state be referenced o the
manimum velocity in the center of the duct in phase and
amphtude. Data taken across the centerplane (or any
other hine through the center) can be reduced by means
ot Fq. 6 to give the best-tit real and imaginary parts ol
the complex viscosity . The basic oscillatory parameter 4
also depends on A, so that varsing the duct cross section
provides @ check on the frequency-dependent . The
evperimental apparatus and data reduction scheme can
be calibrated with a Newtonian tluid that has only real
viscosity, not dependent on w.

The numerical scheme can also be applied 10
ducts of other shapes, but the rectangutar ones seem 1o
ofter the most practical approach o clastic measure-
ments. In partcular, plane walls are optimum for laser
Doppler velocity measurements.,
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BOUNDARY CONDITIONS AND REVERSIBILITY
IN DIFFUSION CONTROLLED REACTIONS

o g

1 . Monchick

A sunple two-state model is explored in which
product newly formed by the reaction of a solid pariicle
arnd u gaseous reactant relaxes by internal radiationfess
transitions henween its bound states and by redissoci-
ation followed by diftusion of the reactants into the
solvent. Generally, the maiching equations between the
tmrernal and external dvnamies do not take the form of
sinple boundary conditions but of a rather more com-
plicated mteeral relation.

BACKRGROUND

Lhe correct modeling of reactons of molecules
with surfaces requires knowledege of both the internal
and the external dynamics. Historically, the internal dv-
nanies have been modeled by a radiation type bound-
ary conditton that has as a consequence that the re-
avtion decavs 1o the cquilibrium  approvimately as
eapt constant = time). However, this model has been
criticized recenthy P because it replaces a reversible pro-
coss with an irreversible one not consonant with Kinetc
theors and because the usual Chapman-bnskog type ot
kinctic theory cannot be valid just outside the surtace.

DISCUSSION

The simplest ssstem ™ displaving true reversibiliny
connists ol a eround stare and a reaction compley or
Sdoorway™ state that s tormed when the reactants
Dt camie toecther. Phis can be visualized by the fol-

lowime reaction ~cheme:

doorwan st < pround state

[T Teneth ot the arows are supposed toindicate the
colaciy ot cach sreps N mass balance relation can now
Bowet up that relates the net Huy mto the doorway state,

i rocthethoy our of the doornway state,

) ot AN ST BV K
A aorerscbde cnibie the relavation ob the sastem to
b b o o e SV, D Consists ol Twe
cvier ot decan mod I Transmission or

ot ponabyly ton entenine the tedation zone. The

e tooarat o ot thie tean e asten s shosenin b

T T

Reactant

Reaction zone

Transition zone

0]

Figure 1 — A spherical particle (crosshatched area) em-
bedded in a gas of reactant molecules (spheres). Three
spherical zones are shown concentric with the particle:
a reaction zone, a transition zone of width A, and an
outer zone where the usual gas dynamic laws are
vahd.

where R s the dimension of the reaction comples. For
reaction of a gas with a particle, it would be the radius
of the particle plus the width of the reaction zone,
which can be taken 1o be a shell ot the thickness of one
molecular diameter. The problem is sull unsolved un-
less j o is specified. In the case of a gas, this can be
determined by kinetic theory. As a result, the net tluy
into the reaction complex takes a particularly simple
torm at sufticient!s fong times, 1t is convenient 1o sepa-
rate the gas into two regions. The firstis the region out-
side o distance B+ A trom the center of the particle;
here it is a vood assumption to describe the gas with or-
dinary vas hinetic theory, The second i a transition
sone, ashell of thickness A0 where the reaction does not
allow thicappronimation. The net flus into the reaction

sone, joomay be evpressed moterms ot g the average
thermal velocity: ey, the coneentratton of gascous re-
dactant pnt outside the reaction zone: #1 (1), a tictitious
concentratton that would be i equihibnium with the
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total amount alicads reacted; and A, the width of the
transition zone tahen o be several mean tree paths
thick:

] (e (1) — n(ry)

I I B " (2)

| R .
I 7"(I\’+_\)

A is @ unit vector normal to the particle surface. The
numerator is just what physical intuition would hase
postulated as the correct form: a transmission coettici-
ent times an average arrival rate times the displacement
trom equilibrium.

The denominator is unexpected and takes it
special form tor two reasons. One is that the caleulation
ot molecular tluy through a surface must take into
account the perturbation ot the velocity distribution
trom cquilibrium. In the presence of a fimite tluy j, this
perturbation, according to standard Chapman-tnskog
kinctic theory,” would be proportional to j itself. Sec-
ondhv, Chapman-Enshog theory s not valid at a gas-
surface imterface,t but can onhy be applied a suitable
distance away. By mass balance, the flus at the edge of
the transition zone can be related to the tlus at the sur-
tace. These two effects account tor the form of the de-
nominator of Fq. 2 and introduce several nice features
into the theory ot diftusion controlled reactions. The
veometric factor, (R/(R + AN, 1~ a knudsen cor-
rection that can aecount for the rarctaction ot the gas:
at very low pressures, A becomes intuntedy large and
Fqg. 2 poes over into the expected vacuum vate. For
more complicated particle shapes, the veometne tacton
would be replaced by more complicated tunciional rela
Honships.

At hieh pressures, A vamshes, and 1t seen that
the transimission coetticient, 5, ot the mtunine theon
has  been replaced by oan cttecine  transtission

coctticient:

LA I s o e e e R —————
.I
!
1 52
The ditterence s not vl at 5 = 1o neglect ot this

entra factor would underestimate the reactive fluy by o

tactor of two.

Finalhv, # can be moditied 1o depend also on
the degree ot relanaton that has taken place in the
reaction product. For the two-state theory, only twote-
lanation modes need be considered, but a4 more comphi-
cated N-state model ot the reacton product can be set
up’ that, in general, leads o a kernel with A separate
relanation modes,

The two-state model, then, and its extension to
include N states, i conjunction with Chapman-bnskog
theory, can describe an extremely Targe range of expert
mental conditions. Tt has the vivtue of assaming the cor-
rect form at both vers high and very low pressures and
of satsfving kinenc theory and the prinaple of micro-
scopic reversibility
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D. F Williams, **The Earth’s Ring Current: Causes, Genera-

tion, and Decay,” Space Sci. Rev. 34, 223-234 (1983).

. Wudl, . Aharon-Sharon, D. Nalewajek, J. V. Waszczak,

WM. Walsh, Ir.,and L. V. Rupp, Jr. (Bell Labs.), P. Chai-

kin, R. Lacoe, and M. Burns (UCLA), T. O. Poehler (APL),

and M. AL Beno and J. M. Williams (Argonne National Lab.),

*Ductramethylietraselenafulvalenium Flurosulfonate: The Ef-

tect of a Dipolar Anion on the Solid State Physical Proper-

ties of the (FMTSEF)LN Phase,” J. Chem, Phys, 76, 5497-5501

(1982). )

| . 1. Zanctti ¢(APDH), W, Baumjohan (Max-Planck Inst.), and
I. A Potemra (APL), “*lonospheric and Birkeland Current
Distributions Inferred trom the MAGSAT Magnetometer
Data,” [ Geophvs, Res. 88, 387S5-4884 (1983).
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o). Adnan, 2 Charge Transfer Effects ain Surtace Fnhanced
Raman Scattermng,” 3rd International Cont. on Vibrations at
Surtaces, Asilomar, Calif. (1.4 Sep 1982).

I. J. Adrian, **Mechanisms of Surtace Enhanced Raman Scat-
tering,"’ Laboratory of Chemical Biodynamics, Univ. Califor-
nia, Berkeley (7 Sep 1982).

.1 Adrian, ' Possible Direct Singlet-Triplet Charge Transfer
Mechanism,” Gordon Cont. on Electron Donor-Acceptor In-
teractions, Meriden, N.H. (16-20 Aug 1982).

F. J. Adrian, **Spin-Orbit Coupling Mechanism of Electron Spin
Resonance Line Broadening in Organic Conductors,” JHU
Collog , Baltimore (16 Nov 1982).

F. J. Adrian, **Surface Enhanced Raman Scattering,”” JHU Col-
log., Baltimore (12 Oct 1982).

W. H. Avery, “*Ocean Thermal Energy Conversion (OTEC): A
Major New Source of Fuels and Power,”” Resources for the
Future Meeting, Washington (30 Mar 1983).

W. H. Avery and D. Richards, "*Design of a 160 MW OTEC
Plantship for Production of Methanol,”” OCEANS '83, San
Francisco (29 Aug — 1 Sep 1983).

W. H. Avery, D. Richards, W. G. Niemeyer, and J. D. Shoe-
maker, “*OTEC Energy via Methanol Production,”” 18th In-
tersociety Energy Conversion Engineering Conf., Orlando
(21-26 Aug 1983).

C. B. Bargeron, B. H. Nall, and A. N. Jette, **Current Image
Diffraction (CID) of Single Crystal Metal Surfaces,”” 29th Na-
tional Symp., American Vacuum Soc., Baltimore (17 Noy
1982).

A. G. Bates, L. J. Rueger, and M. C. Chiu (APL), P. Dachel,
R. Kunski, and R. Kruger (Bendix), S. C. Wardrip
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cent Data,’” 14th Annual PTTI Meeting, Goddard Space Flight
Center, Greenbelt, Md. (1 Dec 1982).
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raphy: Five Years after Seasat’™ JHU/APL Collog. (30 Sep
1983).

W. G. Berl, ‘*‘Human Fatalities from Unwanted Fires,"" Gor-
don Research Conf., Colby-Sawyer College, New London,
N.H. (Aug 1983).

P. M. Bischoff (JHMD), R. W. Flower (APL.), and S. D. Wajer
(JHMI), **Histologische Studien zur normalen Entwichlung
der Netzhautgefasse,”” Symp. Fruehgeborenen-Retinopathie,
Horsaal der Universitatskinderklinik, Inselspital, Bern (3-4 Jun
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B. [. Blum **A Microcomputer Based Environment for System
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tems (CISS), JHU, Baltimore (23-25 Mar 1983).

B. . Blum, **Changing Information Technology: Application
Generators and Consultants,”” Independent Computer Con-
sultants Assoc. (ICCA '82), Arlington, Va. (5-7 May 1982).

B. I. Blum, **Computers in [ .ocal Public Health Services Deliv-
eryv: An Introduction,”” U.S. Conf. of City Health Officers,
Washington (13-14 Sep 1982).

B. 1. Blum, **Micro-TEDIUM tor Program Generation,” 12th
Annual Meceting, MUMPS Users® Group, San Francisco (31
May-4 Jun 1983).

B. I. Blum, **Rapid Prototyping of Information Management
Systems,”” Second Software Engineering Symp. on Rapid Pro-
totvping, Columbia, Md. (19-21 Apr 1982).

B. 1. Blum, “*Svstem Design Methodology tor the MUMPS En-
vironment: A Tutorial,”” 11th Annual Meeting, MUMPS
Users” Group, Denver (7-11 Jun 1982).

B. 1. Blum and J. M. Blum, **“MUMPS Program Generation
Productivity Measures,”” Hith Annual Meeting, NMUMPS
Liser's Group, Denver (7-11 Jun 1982).

A Brandt, UHydrodynamic Flowfield Imaging,”™ 3rd Inerna-
tional Symp. on Flow Visualization, Univ. Michigan, Ann Ar-
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Changes,”” Seminar, Chesapeake Bay Institute, Shady Side,
Md. (f Sep 1983).

D. T. Burton, **Power Plant Chlorination,” 1982-83 Severn
Technical Society Speakers Program, Annapolis (27 Jan 1983).

H. K. Charles, Jr., **Modern Electronics and Medicine,”” Armed
Forces Communications and Electronics Assoc., Aberdeen
Proving Ground, Md. (28 Oct 1982).

H. K. Charles, Jr., **Multiclectrode Microprobes: An Update,™
13th Neural Prosthesis Workshop, National [nst. of Health,
Bethesda (14 Oct 19825,

SCAL D Anna (JHMD and H. A. Kues (APL), **High Resolu-
tion Fndothelial Photomicrographs,” Wilmer Meetings,
JHAMNI, Balumore (20-22 Apr 1983).

[ W Ehrlich, * The Ad-Hoc SOR Method,™ Eltiptic Problem
Solvers Mecting, Naval Postgraduate School, Monterey (11
fan 198,

I W Ehrlich, **The Ad-Hoe SOR Mcethod —A Local Relaxa-
tion Scheme, ™ Meeting, fmplicit Methods for PDL'S, Los Ala-
mos (26 Jul (Y83}

AL Bisner (APL), Y. Brill INASA), and I . Osborn (RCA), **The
thght Appheanon of a Pulsed Plasma Microthruster: The
NOVA Satelline,”” t6th International Flectric Propulsion
Cont., New Orleans (1719 Nov i982).

R AL Farrell and RO MeCuany, “Light Scattering Analysis
Based on Structure in Electron Micrographs,” American Phys-
wal Society, T os Angeles (21-25 Mar 1983).

R. A Farrell, RO MeCally, and C. B, Bargeron, ©CQO), Laser
Damage Thiesholds in Rabbit Corneal Epithelium: Deviations
trom a Simple Crincal Temperature Model,”” Spring Meet-
iy, Assoctation tor Rescarch in Vision and Ophthalmology,
Sarasota (2-6 May 1983),

R. b Fischell, “*Animal Implant Resutts from Artificial Pan-
creas,”” The 1ecture Group, Baltimore (26 Jan 1983).

R. B Fischedt, *Human Tissue Stimulator,”” Disabled Ameri-
can Veterans, Washington (12 Oct 1982).

R. L. Fischell, “*Hypertension Control Systems, ™ 1 ecture, Cor-
nell Medical College, New York (28 Sep 1983).

R. E. Fischell, “Implantable Droug Delivery, ™" Univ. Minnesota
School of Medicine, Minneapolis (26 Oct 1982).

R. L. Fischell, **Presentation of Grand Rounds in Endocrinol-
ogy,"” Lecture, Univ. Wisconsin School of Medicine, Madi-
son (19 May 1983).

R. L. Fischell, “Programmable Implantable Medication Sys-
tem,” Meeting, Association for the Advancement of Medi-
cal Instrumentation, Dallas (23 May 1983).

R. L. Fischell, “*Space Age Technology: Applications in Drug
Delivery,” Distinguished Lecture, Harvard Medical School,
Boston (1-5 Mar 1983).

R. F. Fischell, “*Space Technology Transter into Medicine,™
Manned Space Flight Center, Houston (29 Jun 1983,

R. E. Fischell, “SYMOH - SAMS,"" Marvland High Blood Pres-
sure Commission, Johns Hopkins Hospital, Baltimore (2 Feb
1983).

R. E. Fischell, *The Treatment of Diabetes with a Program-
mable ITmplantable Medication System,” Sth Annual IEEE-
EMBS Cont., Columbus (10-12 Sep 1983).

R. W, Fower, *Oxygen and the Immature Eye: A New Per-
spective on an Old Problem,”” Sth Annual Willie Reams Bio-
medical [ecture, Univ. Richmond (14 Mar 1983).

R. W, Fower, A Mechanism of Oxygen Damage to the Im-
mature Retinal Vasculature,” [SOTT Meeting, Dortmund,
FRG (1517 Sep 1982).

R. W, Flower, “Oxyveen-Induced Retinopathy,” Workshop on
Oxyvgen: In-Depth Study of Pathophysiology, Oak Ridge (30
Jun-1 Jul 1983,

R. W Flower, " Permatal Ocular Vascular Development,'” THM
Dept. of Anesthesiotogy and Critical Care Medicine Tecture
Series, Baltimore (3 Jun 1980,
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R. W. Flower (APL) and P. M. Bischott (JHMI), **Auswirkun-
gen von CO, und (): aut das Glaskorpergefass-System:
Scanning —EN —Studie bei der Neugeborenen Maus,” Symp.
Fruehgeborenen-Retinopathie, Horsaal der Universitatskin-
derklinik, Inselspital, Bern (3-4 Jun 1983).

R. W. Flower (APL) and P. M. Bischoff, R. P. Murphy, and
.S, Mceleod (JHMD), “*High Speed Choroidal Angiogra-
phy with Indocyvanine Green at the Wilmer Institute,”” Wil-
mer Meetings, JHMI, Baltimore (20-22 Apr 1983).

R. W. Flower (APL)and P. G, Helwue, D. S. Mcl.eod, and S.
. Wajer (JHMI), *'Perinatal Retinal Vasculature Develop-
ment,”" Sth International Congress of Eve Research, Eind-
hoven, The Netherlands (3-8 Oct 1982).

S. N. Foner and R. 1. Hudson, “*Molecular Beam Mass Spec-
trometric Studies of Energy Transfer and Chemical Reactions
on Heated Surfaces,” 29th National Symp., American Vacu-
um Soc., Baltimore (19 Nov 1982).

M. H. Friedman, **Geometric Risk Factors tor Arteriosclero-
sis,”" Institute tur Biomedizinische Technik, Zurich (12 Aug
1983).

M. H. Friedman, **The Interaction of Arterial Geometry and
Hemodynamics in Atherogenesis,” Imperial College of Science
and Technology, L.ondon (4 Jun 1982).

M. H. Friedman, Q. J. Deters, F. F. Mark, and C. B. Bargeron
(APL) and G. M. Hutchins (JHMI), **Geometric Risk Fac-
tors for Atherosclerosis,’” 6th International Symp. on Athero-
sclerosis, Berlin (16 Jun 1982).

M. H. Friedman, Q. J. Deters, F. F. Mark, and C. B, Bargeron
(APL.), and G. M. Hutchins (JHMI), “*The Effect of Arteri-
al Geometry on Hemodynamic Stress at the Vascular Wall,”
Meeting, Federation of American Societies for Experimental
Biology, Chicago (12 Apr 1983).

M. H. Friedman and R. A. Meyer, ‘*Membrane Transport in
Concentrated Sotutions: Theory and Experiment,”” NIADDK
Mathematical Research Branch Seminar, Bethesda, Md. (5
May 1982).

1. E. Garey, D. T, Burton, and E. P. Tatft, **Marine Biotoul-
ing,”” EPRI Symp. on Condenser Macrofouling Control Tech-
nologics State of the Art, Hyannis, Mass. (1-3 Jun 1983).

W. J. Geckle and M. M. Feen, **Evaluation of the lonospheric
Refraction Correction Algorithm for Single-Frequency Dop-
pler Navigation Using TRANET-I1 Data,” Position Location
and Navigation Symp., Atlantic City (6-9 Dec 1982).

. AL Giannini, J. S. Hansen, and L. W, Hart, “*Experimental
Measurements of Temporal Phase Shifts during Solitary Wave-
Wave Interactions,” 35th Annual Meeting, American Physi-
cal Soc. Division of Fluid Dynamics, New Brunswick, N.J.
(1982).

H. E. Gilreath and A. Brandt, *“‘Experiments on the Genera-
tion of Internal Waves in a Stratified Fluid,'* AIAA 16th Fluid
and Plasma Dynamics Conf., Danvers, Mass. (12-14 Jul 1983).

A. D, Goldfinger, R. C. Beal, D. E. [rvine, F. M. Monaldo,
and D. G. Tilley, **SAR Calibration: A User’s Viewpoint,'’
Alpach Workshop, Graz, Austria (Dec 1982).

R. A. Greenwald, *High Latitude HF Radar Studies,” Air Force
Geophysies [ab. Seminar, Hanscom AFB, Mass. (15 Apr
19R82).

R. A. Greenwald, **New Tools for Magnetospheric Research,™
URSI International Symp. on Radio Probing ot the High Laui-
tude lonosphere and Atmosphere, Fairbanks (9-13 Aug 1982).

R. E. Hicks, H. K. Charles, Jr.. G. D. Wagner, and B. M.
Domeneski, ** Trends in Medical Electronics Using Surface-
Mounted Components and Hybrids,” Proc. International So-
ciety for Hybrid Microelectronics, Philadelphia (31 Oct-2 Nos
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D. A. Hurdis, “*An Experimental Investigation of the Interac-
tion of Internal Wasves with Thermohaline Convection,™ kn-
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gineering Foundation Conf. on Double Diffusion Convection,
Santa Barbara, Calif. (Mar 1983).

G M. Hutchins JHMD, M. H. Friedman (APL), G. W, Moore
(JHMD), and C. B. Bargeron, O, 1. Deters, and F. F. Mark
(APL), “Correlation of Intimal and Medial Thickness with
Shear Rate in Human Aortic Bifurcations,” 72nd Annual
Meeting, lnternational Academy of Pathology, Atlanta (28
Feb 1983).

G M. Hutchins and G, W, Moore (JHMI) and M. H. Fried-
man (APL), **Difterences in Aortic Geometry in Inbred 344
and LEW Strains of Rats,” 67th Meeting, Federation of
American Societies for Experimental Biology, Chicago (12 Apr
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. E. Irvine, “*Uses of Spectral Variability Data,” Seasat SAR
Workshop on Ocean Wave Spectra, JHU/APL, Laurel, Md.
(13-15 Oct 1982).

C. .. Johnson, “*Towed Observation of Free Convection dur-
ing a Strong Winter Storm,”" 1982 Fall AGU Meeting, San
Francisco (Dec 1983).

R. J. Klauda, **Overview of Major Ichthyoplunkton Programs
Conducted in the Hudson River System, " 7th Annual Larval
Fish Cont., Colorado State Univ., Ft. Collins (17-19 Jan 1983).

H. W. Ko, “A Modern Magic Carpet: Anomalous Radar Propa-
gation Through Atmospheric Ducts,” JHU/APL. Colloyg. (!
Oct 1982).

H. W. Ko, “*Microwave Propagation Modeling,”" 7th Joint
Working Group on Tropospheric Propagation, Air Foree Ge-
ophysics Lab., Hanscom AFB (23 Jun 1983).

S. M. Krimigis, **Hot {on Plasma and Electron Resonances in

Saturn’s Magnetosphere: Results from Vovager," Seminar,

Applied Physics and Information Science, Univ. Calitornia,
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. M. Krimigis, **Hot, Multicomponent Plasmas in the Mag-

netospheres of Jupiter and Sacurn,”” American Physical So-

ciety Plasma Physics Meeting, New Orleans (1-15 Nov 1982).

S. ML Krimigis, “"Hot, Multicomponent Plasmas in the Mag-

netospheres of fupiter, Saturn, and Earth,” Seminar, Inter-

nitional School for Space Simulations, Kyoto (1 Nov 1982).

. ML Krimigis, UHot, Multicomponent Plasmas in the Mag-

netospheres of Jupiter and Saturn: Resulis from Voyager,™”

Astronomy Seminar, Univ. Hawaii (12 Nov 1982).

H. AL Kues, " The Frtects of Pulsed Microwaves on Primate Cor-
neal Fndorthelium,™ Bioelectromagnetics Society Meeting,
Univ, Colorado, Boulder (Jun 1983).

H. AL Kues, “*Microwaves and the Corneal Endothelivm,” Guest
I ecture, Brooks Air Force Base, San Antonio (Apr 1983).

H. A Kues, “Photography as Applied to Research Documen-
tation,” Nikon House Fducational [ ecture Series, Garden
City, NUY . (15 Dec 1982).

H. AL Kues, Study of Microwave Induced Corneal Change,™
ONR AIBS Briefing and Peer Review, Boulder (Jun 1983).

H. AL Kues, (APDYand 1. W Hirst (JHMID), *The Effect of Low
L evel Microwave [rradiation on the Corneal Endothelium, ™
Bureau of Radiological Health, Rockville, Md. (1 Mar 1983)

1S, Tombardo, A Paravane System for Compensation of Dis-
tortions in Towed Arravs,” [EEE 16th Electronies and Aero-
space Systems Convention, Washington (Jun 1983).
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£ b Mark and V. O'Brien, **Rectilinear Oscillatory Viscoclas-

tic Flow in Rectangular Ducts,” Scientific Conf. on Chemi-
cal Defense  Research, Chemical  Systems  [aboratory,
Aberdeen Proving Ground, Md. (19 Nov 1982).

S HL N auk and C.-1. Meng, “* The Modeling of Geostationary
Particle Features Using the *Injection Boundary® Approach,”’
Univ. New Hampshire Seminar, Durham (7 Oct 1982).

E. E. MeColtigan (JHMI) and B. 1. Blum (AP1), “Evaluating

an Automated Core Medical Record System for Ambulatory
Care,"" American Medical Informatics Assoc. Meeting, San
Francisco (2-S May 1982).

C.-1. Meng (APL) and R. R, Babcock and R. E. Huftman (Air
Force Geophysies Lab.), **Ultraviolet Imaging for Auroral
Zone Remote Sensing,”” 21st AIAA Aerospace Sciences Meet-
ing, Reno (10-13 Jan 1983).

I. I, Mobley, *Passive Attitude Control,”” AIAA /NCS Semi-
nar on Spacecraft Attitude Control Systems, Goddard Space
Flight Center, Greenbelt, Md. (24 Oct 1983).

G. W. Moore and G. M. Hutchins (JHMI) and M. H. Fried-
man (APL), **Racial Differences in the Distribution of Major
Coronary Artery Branches of the Human Heart,”” 67th Meet-
ing, Federation of American Societies for Experimental Biol-
ogy. Chicago (12 Apr 1983).

J. C. Murphy, *'Photothermal Imaging and Microstructural
Characterization of Sciids,”” Symp. on Electron and Photo-
acoustic Imaging and Spectroscopy, American Vacuum So-
ciety, Princeton (16 Mar 1983).

J. C. Murphy and L. C. Aamodt, ‘"Photothermal Deflection
Imaging and Microstructural Characterization of Solids,”
AAAS Symp. on Thermal Wave Imaging, Detroit (31 May
1983).

D. E. Nelson and J. W. Sari, **‘Shock and Bubble Pulse Charac-
teristics of Long Line Charges,’ Navy Symp. on Underwater
Acoustics, Washington (1-3 Nov 1983).

V. O’Brien, **Flows in Pressure Holes,"" J. Non-Newtonian Fluid
Mech. 12, 383-386 (1983).

V. O'Brien, “*Oblique Instream Streamline [ntersections,’” Phys.
Fluids 26, 1379-1380 (1983).

V. O'Brien, *‘Oscillatory Flows of Oldroyd Fluids,"* 3rd Work-
shop on Numerical Methods in Viscoelastic Fluid Mechanics,
Fairlee, Vt. (8 Jun 1983).

V. O'Brien, ‘*Viscous Flow in an Annulus with a Sector Cavi-
ty,”” ASME, Winter Annual Meeting, Phoenix (18 Nov 1982).

V. 1.. Pisacane (APL)and D. B. DeBra (Stanford Univ.), **Satel-
lite Technology Developments in Gravity Research,” 34th
Congress, International Astronautical Federation, Budapest
(10-15 Oct 1983).

T. O. Pochler, **Optical Switching and Memory of Organometal-
lic Charge Transfer Materials,” Martin-Marietta Seminar, Bal-
timore (7 Jan 1983).

R. S. Potember, **Electronic Devices trom Conductive Organ-
ics,”” 1983 Summer Institute for Polymer Science and Tech-
nology, New Paltz, N.Y. (17 Jun 1983).

R.S. Potember, **Optical Switching in Organic Charge-Transfer
Complexes,” 1BM Research Center Collog., Yorktown
Heights, N.Y. (19 Nov 1982); also, Seminar, Wright-Patterson
AFB (8 Jul 1983).

R. S. Potember, **Optical Switching in Organic Semi-Conductor
Complexes,”” International Conf. on the Physics and Chemis-
try of Synthetic and Organic Metals, Les Arcs, France (15 Dec
1982).

R.S. Potember and T. Q. Pochler, **Erasable Optical Switch-
ing in Semiconductor Thin Films,” 2nd Workshop on Molecu-
lar Electronic Devices, Naval Research Lab., Washiagton (13
Mar 1983).

. FoSmola (AP and N. E. Peterson (NASA “Goddard), *° The
AMPTE Program—An Overview,”” STAR Motor Space
Symp.. Univ, Delanare, Newark (14-15 Sep 19813).

S. G. Tolchin, “*Computer Networks—Architectures and Pro-
tocols for Hospital Information Systems,” TEEE Tutorial,
MEDCOMP 82, Philadelphia (25 Sep 1982).

S. G, Tolchin, **Computer Networks—Architecture and Pro-
tocols for Hospital Information Systems (Tutorial),”” 6th An-
nual Symp. on Computer Applications in Medical Care,
Washington (1982).

R. Turner, R. E. Lec, and R. A. Murphy, **Particle Sizing in
a Fuel Rich Ramjet Combustor,”” American Association tor
Acrosol Research, Univ. Maryland (19 Apr 1983).
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jam, T. O, Poehler, and . G Satkiewicz (APLD), *Magnetic
Resonance in Amorphous Fe By, Sputtered Films,"" Inter-
nanional Magnetics Conf., Philadelphia (5-8 Apr 1983).

G. G Whitworth, 10 W Medniyre, and R. B Downs,  Time
Maintenance ot User Satellite Clocks via the Tracking and
Data Relav Satellite System,”” 14th Annual PTTI Meeting,
Goddard Space Flight Center, Greenbelt, Md. (30 Nov 1982).

The following papers were presented at the 1982 Fall AGU Meet-
ing, San kFrancisco (7-15 Dec 1982):

K. B. Baker and R, AL Greenwald, ' Preliminary Analysis of
HE Radar Signals Backscattered trom Very High Latitude |-
Region Trregularnities;™

P. . Bvthrow and T. A. Potemra, **Dawn-Dusk Birkeland Cur-
rents, Their Latitudinal Location as a Function of the Inter-
planetary Medium;™”

M. Candidi (National Research Council, Ttaly) and C.-f. Meng
(AP1), “The Polar Cusp Electrons, Geomagnetic Activity and
the IME:

3. b, Carbary and S, M. Krimigis (APL) and R. P. Lepping
(NASA), “Fyentsin the Interplanetary Medium near Saturn;™

M. S Engebretson (Augsburp College), L. 3. Cahill, Jr. (Univ.
Minnesota), T. AL Potemra and 1., ). Zanetti (APL), R. L.
Arnoldy (Univ. New Hampshire), and S. B. Mende and T.
J. Rosenberg (Univ, Marvland), **The Relationship between
Irregular Magnetic Pulsations and Field-Aligned Currents;”’

R. L. Gold and E. C. Roelof, **Fluctuations in the Coronal Emis-
sion of Solar Wind at Fixed Longitudes;™

R. A. Greenwald (APIL), ). P. Villain (Univ. Toulon, France),
and K. B. Baker (APL), **An AF Radar for Studying E- and
F-Region lrregularities in the Auroral Zone and Polar Cap;™*

S, M. Krimigis, J.F. Carbary, and E. P. Keath (APLyand T.
P. Armstrong (Unmiv. Kansas), “Energetic Electron Spectra
in Saturn’s Magnetosphere;™

AT Y. Lui and C.-1. Meng, “*Magnetic Field Signatures of
the Neutral Sheet in the Barth’s Magnetotail;™”

K. Makita (Takushoku Univ., Japan) and C.-I. Meng (APL),
* The Average Electron Precipitation Pattern during Extremely
Quict Times and lts Dependence on the Magnetospheric
Substorm;™*

B. H. Mauk and C.-1. Meng, ' Dynamical Particle ‘Injections’
as the Source of Geostationary, Quiet Time Particle Spatial
Boundaries:”

D. G. Mitchell and E. C. Roelof (APE) and 8. 3. Bame (Los
Alamos National 1 ab.), **Solar Wind Iron Abundance Vari-
ations at Solar Wind Speeds > 600 km s 'L 1972-1976;"

b C. Roelotand D. G, Mitchell, Eoergetic Neutral Atoms (E
> S0 keV) from the Ring Current: Sumultancous Measure-
ments by IMP-7 and -8 at =35 R ™

. Venkatesan (Univ . Calgarvy and R, B, Decher, S, M. Knimi-
gin, and B, C. Roctor (APL), Radial Gradient of Cosmic
Ray Intensity trom a Comparative Study ot Vovager 1 and
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D. 1 Williams and . AL Frank, ©An Anomalous T ow Al
tude Heavy lon Population;™”

F. Yasubara (Chyukyo Univ ., Tapan), R AL Greenwald (APL),
and S.-1 Akasofu (Univ. Alaska), On the Rotation of the
Polar Cap Potential Patern and  Assoaated Polar
Phenomena:™”

L. ). Zanets, P. ¥ Bythrow, [. A, Potemra, K. Makita, and
C.-1. Meng, “Ground State of the Earth’s Magnetosphere.™

The following papers were presented at the Vought. DARPA
Semiannual Review Meeting, JHU,APL (15 Mar 1983):

T. L. Phillips and T. O. Pochler, **Titanium and Tungsten Doped
VO,—Electrical and Optical Properties;””

R. S. Potember, T. O. Pochler, and R. C. Benson (APL.) and
R. €. Hoftman (JHU), "*Organic Switching Materials.™

The following papers were presented at the American Physical
Society Meeting, Los Angeles (22-25 Mar 1983):

C. B. Bargeron, A. N. Jette, and B. H. Nall, **Current Image
Diffraction (CID) of the Basal Plane of Titanium;"’

W. A. Bryden, T. J. Kistenmacher, and T. O. Poehler, **DBTSF-
TCONQF,: A Mott Insulator with a Sharp High-Temperature
Magnetic Transition;”’

A. N. Jette, B. H. Nall, and C. B. Bargeron, *‘Bragg Scattering
in Low-Energy Current Image Diffraction (CID);"

R. S. Potember and T. O. Poehler {APL), R. C. Hoffman
(JHU), and R. B. Givens and R. C. Benson (APL), *‘Elec-
tron Beam [nduced Switching in Thin Films of Organometal-
tic Charge Transfer Complexes;”

R. S. Potember and T. O. Poehler (APL), R. C. Hoffman
(JHLH, and R. C. Benson (APL.), **Erasable Optical Switch-
ing in Semiconductor Organic Thin Films.™

The tollowing papers were presented at the International Union
ot Geodesy and Geophysics Meeting, Hamburg, West Germa-
ny (15-28 Aug 1983):

S. A. Mach, *The Two-Dimensional Character of Ocean Micro-
structure;™
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