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INTRODUCTION AND EXPLANATION OF CONTENTS

This document has been prepared to provide information on the United States Alr Force (USAF) Research, Development,
Test and Fvaluation (RDT&E) Program to Congressional Committees during the Fiscal Year 1983 hearings. This information
{s in addition to the testimony given by DoD witnesses.

A Descriptive Summary 1s provided for each program element within the USAF FY 1983 RDT&E Progrem. Also included
are Descriptive Summaries of projects requiring $5 million or more within an element in FY 1983. A Test and Evaluation
section {s provided for major weapon systenms.

The formats and contents of this document are in accordance with the guidelines and requirements of the Congres-
sional Comanittees insofar as possible. The RDT4E funding information contained in the Descriptive Summaries {s consis-
tent with data contained in a separate document entitled, "Justification of Estimites for Fiscal Year 1983 RDT&E, AF,”
except where noted on the individual Descriptive Summaries.

The “RESOURCES” portion of the Descriptive Summaries includes, in addition to RDT&E funds, procurement funds and
quantities, Military Construction Appropriation funds on specific development programs, Operation and Maintenance
Appropriation funds where they are essential to the development effort descridbed, and vhere appropriate, Department of
Energy (DOE) costs.
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: #61101F Title: In-House Laboratory Independent Research
DOD Mission Area: Defense Research, #5190 Budget Activity: Technclogy Base, #1

RESOURCES (PROJECT LISTING)($ in thousands):

Total
Project FY 1981 FY 1982 FY 1983 Fy 1934 Additional Estimated
Number Title Actual Estimate Estimate Estimate To Completion Costs
TOTAL FOR PROGRAM ELEMENT 10,177 11,258 13,124 15,580 Continuing Not Applicable

BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: This effort is spread among thirteen research and development labora-
tories and provides discretionary funds to the Laboratory Directors to pursue new work of high promise or importance.
The program is personally reviewed annually by the Assistant Secretary for Research, Development and Logistics. No
higher headquarters approval or justification is required prior to starting the work, which is usually a one-time
effort to initiate activities on time-critical ideas. .

BASIS FOR FY 1983 RDT&E REQUEST: To provide the Laboratory Directors discretionary funds to pursu: new high-promise
work in a timely manner.

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY:

FYy 1981 FYy 1982 FY 1983 FY 1984 Additional Estimated
Estimate £Estimate Estimate To Completion Costs
10,20C 11,500 13,600 Cont inuing Not Applicable
OTHER APPKOPRIATION FUNDS: Not applicable.
1
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Program Element: #61101F Title: In-House Laboratory Independent Research
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

(U) DETAILED BACKGROUND AND DESCRIPTION: This program provides discretionary authority to Laboratory Directors of the
Air Force Systems Command for new research work judged to be of high promise or importance. The Air Force has set up and
administered this program in strict compliance with the intent that it would be unencumbered by restrictive reviews and
procedures or justifications and documentation prior to beginning work. Laboratory Directors meet annually with the
Assistant Secretary of the Air Force for Research, Development and Logistics to account for their research projects.

(U) RELATED ACTIVITIES: Efforts accomplished through this program are of significant importance and are an integral part
of the total work being done in the Air Force Laboratories. Usually funds are used to start or expand particularly
promising work and continue for one year or until the work is transitioned to the regular program. The responsibility for
insuring against unwarranted duplication of efforts rests with the Laboratory Directors. Similar programs are funded by
the Army and Navy.

(U) WORK PERFORMED BY: Numerous small and moderate size contracts are piaced with universities and industry each year,
in conjuncticn with directly related in-house laboratory efforts, to investigate promising new areas of Research and
Exploratory Development. OCirectors of the Air Force in-house Laboratories are supported by and participate in this
program. The ten major contractors were: Southeastern Center for Electronic Engineering, Inc.., Orlando FL; Raytheon
Service Co., Burlington MA; University of California, San Diega CA; Systems Research Laboratories, Inc., Dayton OH;
Massachusetts Institute of Technology, Cambridge MA; Texas A & M University, College Station TX; Scientific Technology
Associates, Inc., Princeton NJ; Martin Marieta Corp, Santa Monica CA; Decision-Science Applications, Inc., Arlington VA.
There are 125 additional coniractors doing work under 150 contracts.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments:

(1} Direct Driven Spoal for Hydraulic Actuators: The requirement for hydraulic actuators has become more
complex with the advent of the fly-by-wire aircraft. In order to reverse tuis trend, an electrical force-motor was
successfully substituted for the first stage hydraulic control loop. If this new actuator had bzen available for use on
the F-18 aircraft we could have (a) saved 77 pounds per aircraft; (b) eliminated 14 solenoids, 20 wires, 10 failure
sensors, and 48 relays; (c) greatly simplified the hydraulics; (d) substantially reduced hydraulic system heat rejection
thereby eliminating several heat exchanges; and (e) realized an estimated life cycle cost saving of $13M based on a fleet
size of 800 aircraft.

(2) Multiple Pulse Ignition System for Advanced Air-Launched Missiles: The application of pulse motor
techaclogy to air-launched missile systems introduced the need for an arm/fire device to mechanically interrupt the
ignition sequence from inadvertently igniting all pulses. The design and analysis of a remotely actuated arm/fire device
to initiate three or more pulses on command and in any combination was completed. The component development and tasking
has transitioned into exploratory development for feasibility demonstration.

(3) Concentric Radial Pulse Motor Demonstraticn: Prior technology efforts were focused upon the development of
a tandem grain, radial pulse motor for seveial new missiie syst2is such as advanced medium range Air-to-Air Missile
(AMRAAM), “Interlaboratory Air-to-Air Technology (ILATT), Advanced Intercept Auto Air Missile (AIAAM). Design studies for
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Program Element: #61101F Title: In-House Laboratory Independent Research
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

the first two systems indicated that the tandem concept lead to high burn rate requirements to pirovide the desired boost
thrust levels with low burning surface area. The test results of the concentric radial pulse motor substantiated low burn
rates, lower inert weight and higher performance than the tandem approach.

(4) Co-Pyrolyzed Carbon-Carbon Composites: Developed and demonstrated a method for processing co-pyrolyzed
carbon-carbon composites with superior matrix/fiber interfacial bonding. This method significantly reduces the processing
time and cost, relative to conventional carbon-carbons, by eliminating at least three impregnation/carbonization and
possible graphitization cycles. These composites are candiate substrates for oxidation-resistant materials for
air-breathing and gas turbine engine uses.

(5) Inflight Doppler Bubble Sensor for Warning of Bends Risk: Successfully developed a method to detect
intravascular precardial bubbles which can be used in an inflight system to warn high altitude aircraft pilots of
impending bends. This method will be used at the USAF School of Aerospace Medicine and by the Strategic Air Command in
chamber research and pilot screening.

(6) Wideband Interferometric Soectrum Analyzer: A new approach using the inherent parallel processing nature of
acoustic-optic spectrum analysis for handling multiple, simultaneous threat signals over a large dynamic range was defined
and evaluated. This new approach was sufficiently promising that it has been transitioned to regular laboratory program
for hardware development and experimentation.

(7) Guided Projectile Feasibility Study for Aircraft Application. Determine the feasibility for developing
small caliber guided projectiles which can be fired from aircraft gun systems. This guidance capability results from
using a portion of the projectile ogive nose as a control surface. This effort has transitioned into the regular
exploratory development program.

(8) Precise Geodetic Measurements using the Global Positioning System (GPS). Developed a technique that
accurately measures the distance between two points on earth using signals frow.. Global Positioning System satellites and
small man portable radio receivers. These Miniature Interferometric Terminal for Earth Surveying are transitioning into
exploratory development for system prototype demonstration.

(9) Moisture Protection of Optical Fiber. Developed a hermetic coating process using ion deposition of
dieiectric and metallic materials for moisture protection of optical fibers. Advantages include increased lifetimes,
smaller, easily deployable fiber and reduced electromagnetic propagation and detectability.

(10) Advanced Windblast Restraint. Completed the design study evaluation of the two windblast protection system
concepts. The arm protection enclosure that is deployed from the crew members torso harness and lap belt were discarded
because of high speed depioyment problems. The net/epaulet concept performed well ir all evaluation categories.
Consistent high scores were received in the areas of biomedical loading, depioyment, windblast and torso positioning,
encumberance and donning/doffing.
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Program Element: #61101F Title: In-House Laboratory Independent Research
DOD Mission Area: Defense Rgsearch, #510 Budget Activity: Technology Base, #1

(11) Target Identification Using Target Motion Resolution. Developed an advanced signal processing technique
that results in images which have higher information content than obtained with conventional methods, which permits
improved target identification performance. This work has application in the synthetic aperture radar and invarse
synthetic array radar sensors.

2. (U) FY 1982 Program: The distribution of $11.258 million wzs approved Ly the Assistant Secretary of the Air Force

for Research, Development and Logistics. Participating Laboratory Directors will again select projects of high promise to
be supported.

3. (U) FY 1983 Planned Program: The program will continue as in FY 1982. Indivicual tasks will be determined during
discretion of the Laboratory Directors, who will be participating in this program.

4. (U) FY 1984 Planned Program: The program will continue with individual tasks being determined during the year at the
discretion of the Laboratory Directors, who will be participating in this program.

5. (U) Program to Completion: This is a continuing program.
6. (U) Milestones: Not applicable.
7. (U) Resources: Not applicable.

8. (U) Comparison with FY 1982 Descriptive Summery: Not Applicahle
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: #6]102F Title: Defense Research Sciences

DOD Missicn Area: pEFense Research, #510 Budget Activity: Technology Base, #1
(U) RESQURCES (PROJECT LISTING)($ in thousands):

Total
Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Number Title Actual Estimate Estimate Estimate to Completion Costs
TOTALL FOR PROGRAM ELEMENT 116,435 135,339 185,858 178,045  Tontinulng Not Applicable

2301 Physics 12,994 14,657 15,831 16,996
2303 Chemistry 11,926 13,778 18,065 19,524
2304 Mathematics 10,700 12,504 15,932 17,258
2305 Electronics 13,463 16,142 17,167 18,472
2306 Materials 16,346 18,064 19,916 21,343
2307 Mechanics 16,946 20,552 22,261 23,941
2308 Erergy Conversion 7,654 9,304 13,163 14,308
2309 Terrestrial Sciences 2,259 2,417 2,647 2,870
2310 Atmospheric Sciences 8,115 8,888 9,603 10,270
2311 Astronomy and Astrophysics 4,976 5,264 5,712 6.128
2312 Biological and Medical Sciences 5,794 8,092 9,067 9,876
2313 tman Resources 5,262 6,237 6,494 7,062
2314 University Research Instrumentation 0 0 10,000 10,000

(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: This program element is dedicated to the advancement of military
aerospace technclogy through scientific research.

(U) BASIS FOR FY 1983 RDTAE REQUEST: A broad base of scientific research will be carried out with the project resources
listed abave. Increased funding for FY 1983 wili be used for three rew major space related initiatives: (1) Space
Propulsion and rower ($3.0 million, Prcject 2308), (2) Spacecraft Structures and Materials ($3.0 million, Project 2303),
and (3) Spacecraft lmage Processing ($2.0 million, Project 2304). Detuils or these initiatives are descrihed in the
section, "FY 19€3 Planned Program", which follows and also in the descriptive summaries of the projects which encompass
them. A new project (2314) will begin in FY 1983 to upgrade and modernize research equipment in the university community
($10.0 million). All programs are directed toward the improvement of Alir force technology.

(U) COePARISON WITH FY 1982 DESCRIPTIVE SUMMARY:

Total
FY 1982 FY 1983 FY 1984 Additional Estimated
Fy 198} Estimate Estimate Estimate to Complet ion Costs
RDTAE (3 in Thousands) 118,540 142,700 178,700 Continuing Not Appiicable




Program Elamant: #61102F Title: Defense Research Sciences

DOD Mission Area: Defense Research, #510 ' Budget Activity: Technology Base, #1

(U) OTHER APPROPRIATION FUNDS: Not Applicable.

(U) DETAILED BACKGROUND AND DESCRIPTION: This program eiement supports the entire Air Fcrce research program including
extramural and in-house investigations. It encompasses those scientific areas in which technological progress is judged
essential for advancing Air Force capapilitiezs. Tne principal thrusts of tnese reseaich programs are in tn2 areas of
aerospace structuzes and aerodynamics; materials; propulsion and power; electronics; directed energy; conventional
waapons; terrestrial, atmospneric, and space sciences; and life sciences.

(U) RELATED ACTIVITIES: Program coordination among government agencies is achieved througn annual in:eragency meatings
and data exchange witn the Army, Navy, National Science Foundation, Department of Energy, National Aeronautics and Space
Administration, Federal Aviation Administration, Defense Advanced Research Projects Agency, Defense Nuclear Agency, and
other Federal rescarch activities. Otler means of coordination include annual priefirgs to the Under Secretary of Defens2
for Research and Engineering, attendance at technical symposia and topical reviews cosering research areas of common
interast, and other activities such as the Joint Army-Navy-National Aeronautics and Space Administration-Air Force
Propulsion Committee. In addition, particularly effective coordination is accomplished on an informal basis among
individual Air Force prograin managers and tieir counterparts in otner agencies or with scientists whose researcn is
suppnrted by otner yovernment sources.

(J) WORK PERFORMED BY: Tne Alir Force basic research program is conducted predominantly under extramural grants and
contracts witn academic institutions and industry. The entire Air Force research program, extramural and in-nouse, is
:nanaged oy tne Air Force Office of Scientific Research, Bolling AFB, DC. Researcn is now underway in-huuse at the Air
Force Aright Acronautical Laboratories, Wriynt-Patterson AFB, OH; Air Force Armament Laboratory, £glin AF8, FL; Air Force
#eapons Laooratory, Kirtland Argd, NM; Air Force Rocket Propulsion Laooratory, Edwards AFB, CA; Alr Force Geopnysics
Laboratory, Hanscom AFt, MA; Air Force Human Resuurces Laboratory, Brooks AFB, TX; Aerospace Medical Division, 3rooks AFB,
TX; Franic J. Seiler Researcn Laboratory, USAF Academy, C0; and the Rome Air Dcvelopment Center, Griffiss AFB, NY. The ten
inajor contractors are: Stanford University, Stanford, CA; University of California, primarily at 8erkeley and

Los Aweles, CA; Massacnusetts Institute of Technology, Camoridge, MA; University of Southem California, Los Angeles,
CA; university of Texas, Austin, TX; universal Erergy Systems Incorporated, Oayton, iMH; SRI International. Menlo Far<, CA;
Systems Res2arch Ldporatories, Cayton, OH; Texas lech Uhiversity, Lubbock, TX; and Princeton university, Princeton, NJ.

In tetal, tnere are 330 contractors #itn 1,200 coniracts.

(U) PRUGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

L. () FY 1931 and Prior Accomplishments: Fullowing is a selected sample of recent accomplishwents resulting from
researcn conducted under tnls program element.:

(1) free Electron Laser: Tne first Jemonstration of the free electron laser was sponsored oy this piogram element in
1973.  Since tnen, research nas continued to advance various aspects of such devices. During 1981. key accomplishments
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Program tlement: #61102F Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 . Budget Activity: Technology Base, #1

involved the first demonstration of a free electron laser in ttie visionle regicn of the spectrum, and the first
demonstration in a storage ring. Storage ring operation is important pecause the energy remaining in thz electron beam is
reused after radiation is extracted, tnereby leading to the possioility of very high efficiency et very nigh powers in
relatively compact devices.

(2) Ionization Front Accelerator: A milestone has been reached toward creating a new acceleration technique for
positive ions. Wnhile work in collective field accelerators has beers ongoing for several years, accurate control of the
acceleration process w#as not possible. The ionization front accelerator has, for the first time, demonstrated
accurately—controlled motion of tne potential well at the head of an intense relativistic electron beam. This work has
potential for extremely compact, hign voitaye accelerator designs in support of tne particle-beam program.

(3) Polym:r Research: Long term research sponsored urder this program element has produced self-reinforced, long
chain ordered polymers wnicn; in comparison with other polymecs, caroon, glass, and steel fibers; have superior tensile
strengtn and ultra high modulus concurrent with excellent thermal stability and environmental resistance. Ouring 198l
processing researcn on these new ordered polymers resulted in the capabiiity to manufacture large quantity batches naving
the same superior properties as the earlier researcn-size patches. In related work molecular leval alloying in polymers
was achieved for the first time, resulting in significant improvements in tne tensile strengtn, optical transparency, and
use temperature of polymer sheets and films. Tne outstanding mecnaniral and thermal properties of advanced palymers will
provide a new nigh performance lightweight structural material fur missile, spacecraft, and aircraft applications.

(4) Broadoand Optically Transmitting Glasses: New chemically durable, non-toxic optical glasses based on metallic
fiuorides and fluorochlorides rather than oxides have besn deveiopad whicii have excellent optical transparency from the
Jltraviolet to nine microns in the infrared region of the spectrum. New prepavation tecnniques have resulted in
oxygza-free, water-free glasses with non-detectable irun and copper impurities which are responsiole for tne hign optical
attenuation of current materials. The outstanding optical and chemical durability properties of these new glasses are
e«p2cted to provide a new high performance material for long wavelength fioer optic commmnications, optical waveguidas,
aindows, lenses, and infrared Jomes.

(5) Tneory of Forginy: Research on the theory of forging has produced a oreakthrough in the abpility to predict the
optimal Jie shapes ana metzllurgical properties of the forged part for axisymmetric snapes such as turbine engine discs.
significant savings will oe achizved in cost and lead time in designing and procuring forjing dies.

(6) Rapid Aunway Repair Concrete: Kesearcn sponsored under this program element. has produced water compatible polymer
concretes for use in rapid repairs for oomo-damaged runways. Requirements for such concrete are simple and rapid
placzmant, rast curing (less than one nour) under all weather conditions, high strengtn, and duranility. Previous
canuidates failed to meet cne or more of these requirements, adst notaoly, compatability witn wet aggregate and strenqtn
gain at low temperatures. Ouring tests of tn2 new concretes, one hour compressive strengths in excess cf 2000 psi were
acnleved using water saturated aggregates. Similarly, strength requirements were met or excecded at temperatures as low
45 -20 Jdeyrees Centigrade. Th2 wor< nas uveen transferced to the Air Force Engineering and Services Lavoratury for field
testing.
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Program Element: #61102F Title: Defense Ressarch Sciences
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

(7) Turbulent Drag Reduction: Experimental observations of the struciure of turbulent boundary layer flos have
indicated that ring or loop vortex interactions with the surface may be a major source of turoulent friction drag.
Researcn is continuing to investigate techniques for turoulent drag reductlon through manipulation or control of turoulent
vortex characteristics. Such research has potential for significant drag reduction for future fuel-efficient aircraft.

(8) Pnotochemical Ignition: Current aircraft comoustion systems are limited oy comoustion associated phznomena such
as flammability, flame propagation, ignition, and stanle comoustion. These limitations are basically system dependent and
are not necessarily fundamental limitations. During research conducted under this program element, ignition and
comoustion ennancement of fuel-air mixtures by photochamical energy addition was successfully demonstrated. Ignition witn
a continuous light source could lead to a breakthrough in flame stabilization. The technique holds the potential for use
as a "zero pressure drop," optical-radiative flame stabilizer, replacing the present gas turbine bluff-body flameholders
which can incur a 5-6 percent pressure loss, and therefi.re holds the potential for higher gas turcine fuel efficiency
and/or higher developed thrust.

(3) Mesoscale Weather Forecasting: Long term research sponsored under this program element is formulating the
theoratical foundation and numerical techniques to permit the creation of mesoscale (2-500 kilometer) weather forecasting
Capaoilities. Tne classical approach to mesoscale predictive models is to create an instrument networx dense enough that
a m250scale feature is large compared to the data grid--an unacceptably expensive concept for worldwide application.
Howaver, N2 new mesoscale model can generate mesoscale features 12-24 nours in advance pasad upon conventional sparse
weather data. Tnis research demnstrates tnat high resolution forecasts can be produced from the existing worldwide
42atner obsacving network. dattlefield-scale weather forecasting may be significantly enhanced by this research, directly
aldirg operational planning and execution.

2. (U) FY 1982 Program: See individual project descriptive summaries.

3. (U) v 1733 Planned Program: Tne FY 1983 research program includes three new major initiatives.

(1) Space Propulsion and Power: Mis initiative will inciude orograms to address (a) more efficiant orvit transfer
Propulsiong i.e., programs aimed at improving tne energy efficiency of oroit-te-oroit propulsion systems using ooth
coweational and unconvantional approaznes and/or nnpellants; (o) increased energy efficiency of space venicle low power
(tens of «ilowatts) electrical power sources; and (v} space venicle high power (megawatt) electrical pewer scuices and
a330ciated power storage and conditioning systeas, the type of power sources and systems that must pe availaole ir
sPace-odsed dicected energy weapons are to oe developzd. This initiative will oe narried out under Project 2308.
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Program Element: #61102F Title: Defense Reszarch Sciences
DOD Mission Area: Defense Research, #510 Budget Activity: Technology dase, #1

(2) Spacecraft Structures and Materials: This initiative will include programs for research to provide fundisental
information on new materials, structures, and structural dynamics leading to improved, stable spacecraft with estendau
life. Chemistry and materials research will focus on new “eramic, polymeric, and caroon-caroon concepts for dimensionally
staole, environmentally resistant space composites; vibration damping materials; and non-welded, in-place Joining and
space processing of multiple composite units. Structural dynamics research wiil address active distributed controi
coricepts and modeling for snape control, orbital transfer dynamics, and damping enhiancement, and nonlinear large motion
dynamic modeling for slewing and attitude control. This initiative wiil pe carried out under Project 2303.

(3) Spacecraft Image Processing: This initiative will include ressarch to exploit pronising ideas emanating from the
field of computer science and apoly them to the processing of information/image data obtained from space-based
survelllance platforms. Specific research efforts will oe directed toward the following: novel computer architecture,
promising an order of magnitude greater computer power; mathematical image models, useful for data compression for
transmission efficiency; time varying imagery, in which important information is detected Dy observing target motion
against a stationary packground; and three-dimensional imagery, with possible advances coning from stereo-vision,
detemining shape from logical inference, and methods depending on laser radar returns. This initiative will be carried
out under Project 2304.

In addition to toe above new major FY 1983 initiatives, the FY 1983 research: funding requast will permit tne Alr Force to
continue the following FY 198l and FY 1982 initiatives:

(1) Research programs to explore aerodynamic phenowsia wnicn will enhancz the enargy efficiency and capaonilities of
tactical air venicles. Specific researcn efforts will continue to be directed towards tne aerodynamics of friction and
form drag roduction, and lift and thrust ennanceanent from unsteady, laryz amplitude «#ing motions. Tne potential
application of active control of wing metion to reduce drag and enhance efficiency will continue to pe explorad. This
initiative is oeing carried out under Project 2307.

(2) Reszarcn programs whicn explore tne aerodynanic pnenomena asscciated with very low speed take off and landiny
Includ2d in tnis inftiative are efforts to understand interaction of high speet Jjets with surfaces, tne aerodynamic
Interaction of propulsive lift jats, and the mixing of confined co-fiuwing tuioulent strzams. Tnis initiative is peing
cdarried out undar Project 2307.

(3) R2search in systeas automation which is exploring artificial intelligence (Al) techniques leading to smart,
aufonoaous systems. Al is a subfield of computer science tnat deals with having computers perform tasks requiring the
hunan trait of intelligence. Advances in AI will lead to systems having tne capability to sense, tnin«, and act.
Examples of such systems Include unmanned atmospheric and space vehicles capaonle of reacting to situations encountarag,
and expert systems that assist humans in conplax tasks such as scheduling of resources and the diagnosis and maintenance
of complex mechanical and electronic equipment. Tis initiative is b2ing carrfed out under project 2304.
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{4 Aesearch Jdirected to tne sciences of manufacturing. This program is emghasizing technologies associated with the
latter stages of the manufacturing cycle wren the value of assembled and tested products is highest. These t.echnologies
are optical recognition and metrology, computer vision, robotic controls, multistate acceptance, and nondestructive
evaluation. This initiative is being carried out under Project 2305.

(5) Research directed toward the defense of Air Force systems and personnei against chemical agents. This reseacch is
incorporating efforts in analysis of the chemical properties of chemical agents, detection systems, transport of chemical
agents oy tha environment, protective products, and the physiology and oiochemistry of chemical agents. This research
progran is veiny coordinated with, and is complementing, Army chemical defense research. This initiative is peing carried
aub undes Project 2312.

{5) Research directed toward those scientific areas expected to contripute to the development of directed energy
weapons. frree 2lectron laser oscillator experiments will pe conducted. Researcn wili oe conducted on the creation and
reutralization ov negative lon peams for exoatmospheric applications. Theoretical studies of the propagation of
neutralized and ion beams from the exoatmospheric region into the atmosphere are planned. An expanded effort in X-ray
sources will probe the basic physics necessary for the generation uof directed energy at X-ray wavelengths. The free
electran laser and lonization front accelerator accomplishments described abave are examples of the progress made during
FY 1981 in this initiative. ™is initiative is peing carried out under Project 230l.

™e FY 1943 research funding reguest «ill also allow for a continuation of the oroad core program in basic rasearcn
required to provide the advancamnents neaded py the Air Force to maintain technical excellence. Detalled information on
the spacivic reszarcn to oe conducted in tha various scientific and technical areas is contained in tne individual project
dascripeive swimaries.

4. (U)  FY 1284 Planned Progran: See individual project descriptive summaries.

5. (U) Projram to Oompletion: Tnis is a continuing projram.

6. (J) dilastones: ot Applicdole.
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Project: #2301 : Title: Physics
Program Element: #6110 Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 Budget ActIvity: TechnoIogz Base, #1

(U) DETAILED SACKGROUND AND DESCRIPTION: AlL Air Force systems, from space surveillance systems to transport aircraft,
are deeply dependent rfor effective operation on accurate knowledge of physical principles. whether the question is safety
and reliaoility of explosives, the ability of a laser weapon-guidancs beam to read the target through a rain shower, or
more detailed understanding of comoustion processes to develop a more powerful fighter aircraft engine, tne study of
physical processes is the only source of answers. Contirued progress and prevention of technological surprise require a
dynamic research program in physics. This project provides scientific information to the technology oase to help solve
Air Force pruolems in new wzapon systems devalopment, electromagnetic countermeasures, nuclear weapons effects,
nondestructive and nonintrusive testing and analysis, and new materials development. To provide the necessary scientific
knowledyc, work is supported in optical physics, plasma pnysics, electricitv and magnetism, atomic and molecular pnysics,
particle bean technology, and physics of ccllective phenomena.

(U) RELATED ACTIVITIES: Program coordination among gcvernment agencies is achieved through interagency meetings involving
tne Army, Navy, Department of Energy, Defense Advanced Research Projects Agencv, Defense Nucleai Agency, and the National
Science Foundation; program briefings to the Under Secretary of Defense for Research and Engir.eering; formal and infonnal
discussions among scientists and engineers in the Services; and by attendance at symposia and topical reviews covering
research areas of common interest. In addition, the Air Force research program in physics is related to other Alr Force
programs througn discussion with laboratory personnel at technical reviews and tnrough participation in various technology
planning meetings. For example, during FY 1981 the particle beam program was briefed to the Director of Diraited Enaryy
for the Departiment of Defense on four occasions, at a 40-organization technical interchange symposium, and at three
reviews at the Defense Advanced Research Projects Agancy.

(U) WORK PLRIORMED BY: In-nhouse research is now underway at the Alr Force Wright Aeronautical Laooratories,
Wrignt-Patterson AFB, OH and the Air Force Weapons Laboratory, Kirtland AFB, N4. The ten major contractors are: Texas
Tecn niversity, Luboock, TX; University of Arizona, Tucson, AZ; Stanford University, Stanford, CA; Systems Researcn
Lanoratories, Oayton, Oh; Massachusetts Institute of TechnoloQy, Cambridge, MA; University of southam California,

Los Angeies, CA; tniversity of illinois, Chicago, IL; Princeten University, Princaton, NJ; SRI International, Manlo Park,
CA; and iniversily of California, Santa Barbara, CA. In total, there are 82 contractors with 132 contracts.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: (1) Free aleciron lassr amplificalion nas osen deconstrated for the first tims
In a sturage ring (at 4888 TArTgi“s%romsJ. This s the first and only demonstration of a free electron laser in the visible
region of tne spectrum, and the first and only demonstration in a storage ring. Storage ring operatiun is important
decause tne energy remaining in the electron oeam is reused after radia“ion is extracted, thersby leading to the
possioillty of very hign efficiency at very nigh posers in relativaly compact devices. (2) A milestone nas peen rsacned
toward achleving a new acccleratiun technique for positive ions. while work in collective field accelerators has oeen
ogalng far several years, accurate conirol of the acceleraticn process hes not baen possible. e fonization front

i
§




Project: #2301 Title: Physics

Prooram Element: #61102F Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #l

accelerator has, for the first time, demonstrated accurately-controlled motion of the head of an intense relativistic
electron beam. Controlled accelerating fields of 50 million electron volts per meter (over 10 times larger than
conventional accelerators) have been achieved over a distance of about 1C centimeters. This work has potential for
extremely compact, high voltage accelerator design in support of the particle-beam program. (3) An all-purpose, rigorous
program for molecular calculations has teen formulated which incorporates models and theories not previously combined.
These computationally efficient methods permit more accurate calculations than were previously possible. They are being
used to determine vibrational excitation cross sections needed by the Air Force Rocket Propulsion Laboratory and the
Defense Aovanced Research Projects Agency in the design of missile detectors. (4) Research in collective electromagnetic
effects in plasmas has led to near millimeter wave production from the world's shortest wavelength Cerenkov source. This
source offers the possibility of scaling to relatively small sizes and could have important uses in communications, radar,
electromagnetic warfare, and directed energy systems.

2. (U) Fy 1982 Program: The directed energy thrust is continwing. Increased emphasis i1s being given to both theoretical
and experimental studles of ion and plasmoid beam propagation in the exo-atmosphere, as well as charged particle and
neutral beam propagaticn across atmospheric density gradients. Work is also being increased in the area of regative ion
formation and electron detachment in support of space-based neutral beams. Pulsed-power research, especially the physics
of high-power, repetitively-operated switches, is continuing to receive heavy emphasis. Basic research into the
generation of space-based prime power is receiving emphasis. The effort in nonlinear optics in single crystal fibers is
being expanded into a major program. The ability to take advantage of nonlinear optical processes on the scale of a meter
and longer rather than the centimeter scales currently used will lead to dramatic new capabilities in optical sources,
freauency converters, etc., for application to optical countermeasures, recording magnetometers, and time standards.
Another new program area in laser-induced, nonequilibrium processes at surfaces is underway. This work will lead to
dramatic new capabilities in surface diagrostics, preparation, and coating. A program in laser detection of very small
amounts of materials is being given additinnal emphasis.

3. (U) FY 1983 Planned Program: Demonstration of recovery of the energy from a electron beam in a radio freguency linear
accelerator will be Inltlated. This is the last key principle in the feasibility demonstration of high efficiency, ultra
high energy free electron lasers using radio frecuency linear accelerators. Funding for studies of the generation of
incohere:.t and coherent X rays will increase and the application of these sources to material studies will be initiated.
Pulsed-power studies will remain level, while funds for specific aspects of patticle acceleration, propagation, and
detection will increase. Funding for studies of countermeasures to particle beams will be increased. The thrust in the
directed energy area will continue. Emphasis will shift from collective effects acceleraticn studies to such efforts as
advanced high efficiency radio freauency sources. Propagation experiments, especially loi beam propagation, will be
e«panded. Pulsed-pcewer studies, specifically the exploration of advanced switching concepts such as plasma instability
and optogalvanic switches, will be expanded. Space-based prime power research will exparid vo include such basic studies
as dielectric behavior at high temperatures, advanced thermodynamics, high energy density storage, photovoltaics and
photolonics, and high-pressure electrochemistry. The proaram in collective mechanisms for the enhanced production of

radiation from plasmas will address the more difficult problem of generation of radiation at wavelengths shorter than
those of the previous year's effort.
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4. (U) FY 1984 Planned Program: Energy recovery studies in free electron lasers will be completed, thereby
demonstrating, individually, the feasibility of all of the elements necessary for high energy, high efficiency devices.
Specially designed free electron laser accelerator facilities will be initiated to demonstrate that the elements can work
together to produce high energies. Photochemical materials processing and diagnostic efforts will be expanded.

Advanced particle-beam research areas such as microparticle acceleration will receive new emphasis, as will
countermeasures research. Electron propagation research will be phased down in favor of ion/plasmoid experimental work.
Pulsed-power studies will remain level, space-based prime power generation research will be further expanded, and funds
for aspects of particle-beam acceleration and detection will be increased.

S. (U) Program to Completion: This is a continuing program.

6. (U) Milestunes: Not applicable.

7. (U) Resources: (% In Thousands)
Total
FYy 1981 FY 1982 Fy 1983 FY 1984 Additional Estiiiated
Actual Estimate Estimate Estimate to Completion Costs

ROT&E Funds 12,994 14,657 15,831 16,536 Continuing Not Applicable

8. (U) Comparison with FY 1982 Descriptive Summary:
13,080 14,900 16,600 Continuing Not Applicable

The $769 thousand reduction in the FY 1983 estimate compared with last year's FY 1983 estimate was accomplisned partially
by scaling back the planned growth in the overall program, and partially by reducing the planned rate of outyear growth
for the FY 1981 initiative in directed energy weapons.
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(U) DETAILEL BACKGROUND AND DESCRIPTION: Research in chemistry includes: (1) synthesis and cnaracterization of materials
for utilization in structural composites, luoricant systems, sealants, and fluids; (2) atmospheric chemistry responsible
for influencing the operational Air Force environment; (3) methods for synthesis of advanced ingredients for rocket fuels
and explosives; (4) eiectrochemical processes important for improved batteries; (5) naw analytic methods for utilization
in comoustion diagnostics; and (6) energy conversion processes fundamental to high energy laser development.

(U) RELATED ACTIVITIES: The Air Force chemistry program is coordinated through a federal interagency panel which includes
participation by the Army, Navy, Department of Energy, National Science Foundation, National Institutes of Health,
National Aercnautics and Space Administration, and the Environmental Protection Agency. Coordination is also achieved
tnrougn triservice programs; e.g., the Joint Technical Coordinating Group for Munitions Development; or special topical
reviews of the Under Secretary of Defense for Research and Engineering.

(U) WORK PERFORMED H@Y: In-house research is now underway at the Air Force wright Aeronautical Laporatories,
Aright-Patterson AFd, OH; tne Air Force Weapons Laocratory, Kirtland AF8, N4; the Air Force Geophysics Iaboratory, Hariscom
AFY, MA; the Frank J. Seiler Researcn laporatory, USAF Academy, CO; and the Al: Force Rocket Propulsion Laboratory,
Edwards Ard, CA. The ten major contractors are: SRI International, Mzalo Park, CA; University of Zalifornia,

Los Angeles, CA; Stanford University, Stanford, CA; Massachusetis Institute of Technology, Cambridge, MA; Harvard
University, Cambridge, MA; University of Florida, Gainesville, FL; University of Texas, Austin, TX; University of Soutiern
Califurnia, Los Angeles, CA; Columoia University, Nes York, NY; and Rockwell International Corporation, Thousand Oaks,

CA. In total there are 73 contractors with 130 contracts.

(U) PROGRAM ACCCAPLISHMENTS AND FUYURE PROGRAMS:

1. (U) FY 138l and Prior Accomplisnmiants: (L) Polymer alloys, uniform at molecular levels, have peen produced from t«o
component polymers. The alloys possass higner strengtn and can endure higher temparatures than either camponent polymer.
Molecular level zlloying was confimned with the first polymer applicacion of laser Ramar. phonon spectroscopy. The
outstanding mecnanical and thennal properties of advanced polymers will provide a new high performance ligntweight
structural material for missile, spacecraft, and aircrart applications. (2) The full potentlal of iodine fluoride fur
cnemical lasing in the visiole (ygreen) spectrum nas oeen demonstrated. Suitable methods of energizing the system with
activatea oxygen are under investigation. Earlier research (in 1977) produced the iodine, activatad oxygen transfer
cnenical laser emitting in the near infrared and (in 1966) tne first entirely chemical series of infrared emitting
cheaical lasers that included the hydrogen fluoride system. (3) A new family of metallic fluoride glasses has oeen
discovered tnat nas oroader oand transmittance (infrared, visible, ultraviolet), yreater chemical duraoility, and reduced
toxicity than competitive materials. (4) Fioers from a polymer whose molecular architecture has been designed for maximum
strengtn and stiffness have peen consistently produced in tens of pound exparimental patcnes. Up to 25% Increases in
fioer tensile strength and stiffness, compared to the pest competitive fibers, have been achieved.
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2. (U) FY 1982 Program: The four areas of technical cmphasis are: molecular kinetics, non-metallic structures, surface
dependent properties, anc synthesis. Included in molecular kinetics are the rates and mechanisms of chemical reactions,
the dynamics of energy transfer processes, and applied spectroscepy for chemical analysis. Growing emphasis is being
placed on chemical reactions in the upper atmosphere which are the sources of background auroral radiation. Evaluation
efforts continue in shorter vavelength emitting, visible chemical laser systems. Non-metallic structures research
includes structure-property relationsnips of polymers, glasses, and ceramics. A major program addresses an advanced
concept of molecular reinforcec polymer composites for high strength fibers, films, and bulk structures. Special
attention is also provided ion transport mechanisme in solid state and liquid electrolytes for specialized battery
systems. The program in surface dependent properties addresses contamination processes limiting performance of thin film
elecironic devices as well as lubrication and corrosion. Research in synthesis is directed at storable, energetic
propellant ingredients; processible, higher performance composite matrix resins; and advanced hydraulic fluids with
controlled viscosity and high temperature stability.

3. (U) FY 1983 Planned Program: A large new research initiative will address requirements for large scale, stable
spacecraft and platforms ot long lifetime. Emphasis will be on new classes of polymer and ceramic ccmposite materials,
novel processing and joining concepts, material structural properties, and structural dynamics. The overall levels of
funding for molecular kinetics and synthesis will be maintained with real growth foreseen for non-metallic structures and
surface dependent properties. Surface research will ~onsider the importance of particle surface structure and purity in
auality control of ceramic processing. Also, growing emphasis will be given selected aspects of tie inierface chemistry
of semiconductor materials. New polymer systems with optimum electrical conductivity will pe sought by molecular
substitution to define intrinsic limits followed by systematic addition of low levels of soluuvle additives (or dopants).

4. (U) FY 1984 Planned Program: The research initiative for spacecraft structures and materials will continue. Research
in molecular kinetics will address new concepts for short wavelength chemical lasers based cn oxidation of two component
metal vapors. Structural materials research will seek new electroactive polymers for optical devices. The effort in
surface chemistry will place growing emphasis on the mechanism of nucleation and growth of protective coatings. A0
expension is foreseen in research on synthesis and characterization of higher performance materials for lubricants, enerqy
transter fluids, and sealants.

5. (U) Program to Completion: This is a continuing program.

€. (U) Milestones: Mot applicaole.
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7. (U) Resources: (% in Thousands)

FY 1981
Actual

FY 2982
Estimate

Title: Chemistry
Defense Research Sciences

Budget Activity:

Technology Base, #1

Additional

Estimate Estimate  to Completion

Jotal
Estimated
Costs

RDT&E Funds 11,926
8. (U) Comparison with FY 1982 Descriptive Summary:

12,140

the $1,065 thousand inciga

initiative in spacecrafi structures and materials.

13,778

13,740

i I

R4

Py

1f

Continuing

Continuing

Not Applicable

Not Applicable

e In the FY 1983 estimate compared with last year's FY 1983 estimate partially funds the new
T
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(U) DETAILED BACKGROUND AND DESCRIPTION: The objective of the research program in the mathematical sciences is to produce
new mathematical and computational techniques needed to solve mathematical and computer problems occurring in Air Force
aeraspace systems; aerodynamic design of aircraft, missiles, and weapons; command, control, computers including software,
and communications systems; surveillance and reconnaissance systems; systems reliability and maintainability; and resource
P allocation systems for logistics and operational activities.

(U) RELATED ACTIVITIES: The caordination of this program among government agencies is achieved through annual interagency
meetings involving tne Army, Navy, Department of Energy, and the Naticnal Science Foundation; annual program briefings to
tne Under Secretary of Defense for Research and Engineering; ard by attendance at symposia and topical reviews covering

] rasearcn areas of common interest. In addition the Air Force program in mathematical researcn is tied to otner Air rorce
research and davelopment progranms through participation in planning activities, and tnrough coordination with Air Force
laporatory personnel at annual tecnnical reviews cf programs. For example, the annual meeting of the Interagency
Comnittee for Extramural Mathematics Program was held in the fall of 1980 at the National Science Foundation. Tne Air
Force, Army, Navy, National Science foundation, Department of Energy, National Security Agency, mational Institutes of
Healtn, National gdureau of Standards, and Lawrence Berkeley Laboratory participated.

(U) WORK PERFORMED BY: In-house mathematics research is row underway at the Air Force Wright Aeronautical Laboratories,
Wright-Patterson AFB, OH; the Air Force Armament Lavoratory, Eglin AFB, FL; the Air Force weapons Laooratory, ¥irtland
AFZ, N4; and the Rome Air O=velopment Center, Griffissc AF8, NY. The ten major contractors are: WUniversicy of Southern
California, Los Angeles, CA; University of California, gerkeley, CA; uUniversity of Maryland, College Park, MD; University
of Pittsaurgn, Pittsburgh, PA; Stanford University, Stanford, CA; University of Texas, Austin, TX; Massachusetts Institute
of Tecnnilogy, Camoridge, MA; State University of New York, Stony drook, NY; University of North Carolina, Chapel Hill,
NC; and Florida Statz University, Tallahassee, FL. In total there are 78 contractors witn 194 contracts.

{U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

L. (U) fYy 1981 and Prior Accomplishments: (1) New results in computer science have produced cumputer arcnitectures that
em)ioy multiple inscruction and multiple data streams. To demonstrate and test these ideas an axperimental design of a
networ< computer consisting of a numder of microprocessors has been completed. This multiprocessor can paraliel process
in several ways. Processors in a jroup can operate independently with a means of communicating with otner processors in
their group or tne processors in the group can operate in the mode where all the processors simultaneously execute the
sane instruction out apply the operation to a diffarent set of data. This level of parallel processing technigue is
ne2ded Lo handle images at real-time video rates. (2) A new way of representing continuous input data for digital
cannunication nas oeen discoverad. It is ideally suited for the type of data used In complex signal processing
applications. Tne metndd avoids tne need for lengthy computer op2rations and can be implemented py low cost electronic
davices. This discovery promises ta signiflicantly speed up the processing of many forms of commsication that require
Low-distortion, digitally efficient processing. rfor example, immediate applications lie in digital speecn communication,
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and furtner work along this line should berefit image processing. (3) A new stochastic cumulative damage model has been
formulated wnich describes and predicts the iife of materials under fatigue, crack growth, and wear. The new model takes
into account tne major sources of variability including damage due to original material, manufacturing metnods, duty cycle
severity, and environment. This model allows one to study the influence of combinations of variability on all aspects of
a materials life. It can assess influence of chang2s in service conditions, determine inspection times and numoer of
spares needed, and minimize testing needed for specific ranges of operating conditions. When cost factors are introduced,
the model can assess cost. of changes in usage and 1ife cycle cost. All this leads to correct assessments of durapility.

2. () FY 1982 Program: A major research initiative is underway in large systems automation through artificial
intclligence. Otner major efforts continue to investigate methods to lmprove reliability and reduce costs for software in
computer systems and to study the architecture of computing systems with a large numoer of processors. Preliminary
analysis is peing made In research on direct control theory of flexible structures. Adaptive control continues as the
major thrust in tnis area. Computational mathematics is starting to emerge as a major new thrust in this project.
Investijations are oeginning to examine parallel processing algorithms for major engineering prooclems. Tnis is the next
major way to maintain the impetus of increased computer power. In statistics, major efforts continue to extend
relianilicy tneory to include more realistic constraints. In the yeneral area of stochastic processes new, expanded
programs are underwdy. Nonparametric tecnniques for signal processing are becoming a major part of this program. In
systam science, programs are peing continued in distributed decision modeling, which hold promise of application to
co.nand, conirol, and communications theory. We are also expanding the programs in nonparametric statistical
coamunications tecnniques and initiating nes work in algorithms for parallel processing.

3. (U) FY 1933 Planned Projram: A major initiative will investigate and define research issues in image processing with
2mndsis on space applicatlons and automation. Researcn will continue in systems automaticn addressing matnamatical
nodeling and concrol strategies uncerlying the guidance and control of stand-off weapons, remotely piloted vehicles, and
urnaned space systems. These two research programs will comoine basic research in methematics, artifl-ial intelligence,
decision and control theory, and other areas of computer science. These fields are the ones most likely to make important
contcroutions toward future systems in which the most advanced autosation is possible. Tney define a technology pase for
stand alone systems that would acnieve cost savings, new capabilities, and the aoility to operate in hazardous
environieais.  Researcn will continue in computer science designed to automate programming and to comoine this mathod witn
the fopnal metnods of proof-of-correctness to ootain more efficient ways of coding and verifyirg software. FY 1982 starts
Ly compytational matnematics that empnasize parallel algoritnms will oe continued and expanded. Continued empnasis will
o2 placed on chaos, solitons, multivariate relfadbility analysis, and stochastic processes. New in-house research will
addrzss decision aids for command and control. Signal processing will continue to be a major part of this program.
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4. (U) FY 1984 Planned Program: A major new initiative on computational mathematics emphasising fast and parallel
algorithms is planned. Emphasis will center on software reliability techniuues, systems automation techniaues,
statistical communication theory, and advanced numerical and nonlinear techniaues for parallel processors. Stochastic
processing research will be continued in order to erhance Air Force capabilities for signal processing. Continued effort
will be placed on making advanced mathematical techniaues available to in-house Air Force scientists and engineers engaged
in solving problems occurrirg in aerodynamics, command and control, communications, and various Air Force operational
problems. Additional funds will be used to support new activities in communication theory, computer science, nonlinear
mathematics, ard distributed processing.

5. (U) Program to Completion: This is a continuing program.

6. (U) Milestones: Mot applicable.

7. (U) Resources: ($ in thousands)
Total
FY 1981 FY 1982 Fy 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate  to Completion Costs

RDT&E Funds 10,700 12,604 15,932 17,258 Continuing Not Applicabie

8. () Comparison with FY 1982 Descriptive Summary:
11,070 13,440 20,200 Continuing Not Applicable

The $4,268 thousand reduction in the FY 1983 estimate compared with last vear's FY 1983 estimate was accomplished
partially by scaling back the planned growth in the overall program, and oertially by reducing the planced rate of outyear
growth for the FY 1982 initlative in large systems automation.

15

1




Bt e S i R o N S A

Project: #2305 Title: Electronics

Program Element: #61102F Titie: Jefense Research Sciences
DOD Mission Area: ODefense Research, #510 Budget Actlvity: Technology Base, il

(U) DETAILED BACKGROUND AND DESCRIPTION: The research program in electronics seeks to provide the fundamental knowledge
required to advance the Air Force capabilities in surveillance, guidance and control, information and signal processing,
comnunications, and command and control. These topics include optical signal processing for target recognition ard
terminal guidance, compound semiconductor devices for high speed digital signal prucessing and for microwave power
generation, electromagnetic propagation, anterivas, vomnet signatures, microwave tube science, magnetostatic and
alectro-acoustic analog signal processing devices, integrated optics for advanced gyroscopic sensors, nuclear radiation
nardening, and rooust communications techniques for command and control.

(U) RELATED ACTIVITIES: Electronics research is coordinated through the program reviews of t«e uUnder Secretary of Defense
for Research and Englneering including the Technical Coordinating Paper on Elzctronics. Coordination with other research
agancies is ootained througn data exchange with the Office of Naval Research, the Army Research 0ffice, and the National
Science Foundation. The Joint Services Electronics Program is funded witnin this prcject and is managed oy a Technical
Coordinating Comnittee witn one representative from each Service and a Technical Review Panel with represantatives drawn
from tne three Services. In FY 198z the Joint Services Electronics Program Triservice Committee will review and evaluate
the research programs at Harvard University, Polytechnic Institute of New Yoik, Columbia University, and the University of
Southern California to identify the most promising research in solid state electronics, guantum electronics, information
2lectronics, and electromagnetic theory.

(U) WORK PERFORMED dY: In-nouse els¢ctronics research is now una2cway at the Rome Air Development Center, Griffiss AFB,
NY; the Air Force Wright Aeronauticil Laooratories, Aright-Patterson AFB, OH; and the Air Force Armament Laboratory, £glin
Ar8, FL. Tne ten major contractors are: Varian Associates, Palo Alto, CA; University of Soutnern California,

Los Angeles, CA; Southeastern Cente: for Elcctrical Engineering Education, Orlando, FL; University of Texas, Austin, TX;
Polytechnic Institute of nNew York, 3rooklyn, NY; University of California, terxeley, CA; Stanford University, Stanford,
CA; Cornell Unlversity, Ithaca, NY; University of Illinois, Urbana, IL; and University of Pennsylvania, Philadelphia, FA.
In total, thare are 59 contractors w#ith 97 contracts.

(U) PRUGRAA ACCOMPLISHANTS A FUTURE PROGRAMS:

1. (U) FY 198l and Prior Accompliswnents: (1) The wavelength of infrared detecior pnotoresponse was extended
significantly for sllicon charge coupled detectors indicating the possivility of extremely lightweight and low cost
finaging systems for infrared surveillance and air-to-air missiles. (2) A laboratory Jdemonstration of extremely high
res0lution radar was achieved tnat could produce nigh quallty radar images of alrcraft for identification oy ground-oased
surveillance radars. Tne concept of synthasizing a large imaging aperture oy sweeping tne frequency of the incident
fllunination was employed. Tne frequaicy concept is oased on the fact tnat scattering or diffraction patterns, resultiny
from the iliuningtion of an object by conerant radiation, will expand and contract as the frequency of radiation is
incraased and Jecreased. Tnis allows the use of a small array of receivars tnat will detect all of tne i{nformation in the
diffraction pattern as it sw2eps across tne array. (3) A oreakthrough has been achieved {n the sensitivity of laser
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gyroscopes fabricated with fioer optics and solid state lasers. An accuracy of 0.1 dzgree/hour was demonstrated, a factor
of 15 improvement over previous results. The use of fibers and solid state lasers offers the possibility of extremely
rugged and compact gyroscopes.

2. (U) FY 1982 Program: A new FY 1982 initiative is underway in this project to lower the cost of assemcly of aerospace
systems through research on manufacturing sciences, including robotic assembly and computer control of the entire
manufacturing process. Surveillance researcn is continuing to advance techniques for achieving higher resolution radar
threugn oetter understanding of the scattering characteristics of targets and background. A demonstration is being
condusted of the high resolution imaging radar technique using aircraft targets of opportunity. Navigation research is
continuing on the newly improved fiber optic gyroscope and on new metnods of characterizing tie laser mirrors in
conventional laser gyroscopes. Commund and control researcn is centinuing on improved time and frequency standards Jsing
nes laser standards and stability from conventional quartz standards. Adaptive nulling antennas with greater bandwidth
and conformal shape for reduced drag on aircraft are being studied. JIonospheric effects on communication are ceing
studied using satellite probes. Signal processing research is a major component of the electronics project and supports
surveillance, guidance, commurications, and command and control. The emghasis in signal processing is on novel methods
that overcome the limitations imprsed on silicon integrated circuit processors oy the serial manner in which they process
Jata. rarallel processors are peing pursued using new siiicon architectures, optical processors, analog magnetic
Jrocessors, surface acoustic waves, and superconducting procsssors.

3. (U) rY 1983 Pianned Program: The surveillance, guidance, communications, and commard dand cunirzi research wili
continue. MNavigation, guldance, and control research will pursue new alternatives to rotational rate sensing, optical and
dcoustical tecnniques to improve acceieroweters, and real-time image processing for terminal guidance. Comaunications
res2arcn #ill continue to determine if electromagretic propojation channels in the ionosphere are suitaole for robust
cherjency communications systems, to provide real-time detection of stochastic and spread spectrum signals, and to provide
ultra-wideoand signal processing capapility. Parallel processors will continue to re pursued using optical processors,
andlog majytic precessors, superconductor processors, and hybrid prucessors. [Ine manufacturing science initiative will
provide support for centers of research to improve productivity and provide reszarchers trained in the interdisciplinary
s«ilts n2cessary to automate the manufacturing of aerospace weapons system.

4. {(U) FY 1984 Planned Program: The 2lectronics program for FY 1584 will expand tne program areas above, while seexing
to stimlate Fondamental Tnnovative science in areas of intelligent sensors, hign speed infomation processing, target
Identification and terminal guldance, inertial guidance, and commnicatlions. Increased emphasis will pe given to the
Jevelopment of a superconducting hyorid analog processor and electronic router witn ultra.sideoand signal processing
capanility to preprocess large valumes of data. Whe hyorid techniques will use supertonduct .ag and optical processors to
fexd manageavle parcals to very liigh speed integrated silicon clrcuits, compound semiconductor circuits, or
swerconducting digital processors. Hign critical temperature superconducting matecial will oe pursued. Ultra-submicron

2lectronics r2searcn will continue to oe investigatad with empnasis on compound soniconductor, very large scale integrated
circults.
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S. (U} Program to Completion: This 1s a continuing program.

6. (U) Milestores: Not applicable.

7. {U) Resources: ($ in Thousards)
Total
Fy 1981 FY 1982 FY 1983 FY 1984 Additional tstimated
Actual Estimate Estimete Estimate to Completion Costs

ROTAE Funds 13,463 16,142 17,167 18,472 Continuing Not Applicable

8. (U) Comparison with FY 1982 Descriptive Summary:
13,480 19,240 22,500 Continuing Not Applicable

The $5,333 thousard recuction in the FY 1983 estimate compared with last year's FY 1983 estimate was accemplished
partially by scaling back the planned growtn in the overzll program, and partially by reducing the planned rate of outyear
growth for the FY 1982 initiative ir manufacturing sciences.




L

Project: #2306 Title: Materials
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{(U) DETAILED BACKGROUND AND DESCRIPTION: The Air Furce materials research program investigates phenomena which have
potential for improved performance, cost, and rellability of both structural materials anu ele:ztronic materials. The
structural materials research program studies a broad range of material properties such as strength, fatigue resistance,
and corrosion resistance of airframe and turnine engine materials with primary emphasis on titarium, aluminum, and nickel
oased alloys as well as ceramics. A strong program of research in non-destructive evaluation o' these materials
complements research on improved properties. The electronic materials research program is concarned with semiconductor,
optical, and magnetic materiais of interest for avionics, surveillance, communications, guidance, and electronic warfare.
Empnasis is placed on compound semiconductors, superconductars, surface acoustic wave and wagnetostatic wave materials,
fiber optic and integrated optic materials, and high purity quartz for time and frequency standards. An increasing
progran of research on reliability of semiconductors and on their radiation hardness complements the research on improved
properties.

(U) RELATED ACTIVITIES: Materials research is coordinated through the Under Secretary of Defense for Research and
engineering oaterials Techrology Coordinating Paper and tne Interagency Materials Coordinating Group which includes the
Nitional Science Foundation, Oepartment of Znergy, National Aeronautics and Space Administration, and the military
sarvices. As a specific example, powder metallurgy research is coordinated sem!-annually witn tiae exploratory development
and engineering development project managers in the Air Force and other agencies.

(U) WORK FERFORMED d8Y: In-house naterials researcn is now underway at the Air Force Wright Aeronautical taboratories,
Arignt-Petlerson AF3, OH; and tne Rome Alr Development Canter, Griffiss AF8, NY. The ten major contractors are:
Massachusetts Institute of Teconology, Camoridge, MA; Stanford university, Stanford, CA; Systems Researcin Lavoratories,
Daytnn, Oi; Rockwell International Corporation, Tnousand Oaks, CA; University of California, Los Angeles, CA&; dattelle
vemirial Institute, Columous, OH; University of Cnicago, Onicago, IL; Honeywell Incorporated, Bioomington, MN; SRI
Interiational, Menlo Park, CA; and Dayton University Researcn Institute, Dayton, OH. In total there are 75 contraciors
#ith [32 contracts.

(U} PRIGRAA ACLUMPLISHMACNTS AND FUTURE PROGRAMS:

L. (J) Fy 1981 and Prior Accomlisnmants: (1) Research on the theory of forging has produced a oreaxthrough in tne
anility to predict the optimai die shapes and .netallurgical properties of the forgad part for axisymmetric snapas such as
aircraft tuiuine engine discs. Potential savings in cost and l2ad time in designlng and procuring forging dies are very
sigiificant.  (2) e nignest purity quartz ever grown was produced by the ongoing research program in materials for time
1 frequancy standards. e staoility of quaitz clscs for long mission duration satellites 1s expected to be graatly
increased vy tnls researcin. (3) foe raliaollity of complex integrated circuits has not been a major concern for the
diited States saalcondrcwor Indastry since about 5% of their market is for commercial appilications. The Alr Force needs
taz Imroved perforaance of tnis technology, out requires consideranly greater relianility. A researcn effort to laprove
Ly Alr rorce sollity to diagiose causes of failure in complex integrated circuits has produced a new technigue for
visuallizlng the tocation of defects In these circuits oy comguter control of a liquid crystal display.
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2, (U) Fy 1982 Program: Research on the theory of forging is being extended to consider non-axisymmetric shapes.
Research on structural materials is emphasizing titanium and nickel based alloys for turbine engines and powder metallurgy
of aluminum for airframes. research on ceramic coatings to imprcve the oxidation and corrosion resistance of turoine
materials, missile avlators, and laser hardened optical components is continuing. Research on non-destructive evaluation
of structural materials is emphasising ultrascnic imaging of flaws. Electronic materials research concentrates on
semiconductors for signal processing, glasses for fiber optics, guartz for timekeeping, magnetic and acoustic materials
for signal processing, and super-corductors for power generation.

3. (1) Fy 1983 Planned Program: A new effort is planned to improve the survivanility of satellites tihrougn greater
resistance to laser radiation and improved covertness. Reseacch in structural and electromagnetic materials will continue
at tne same level as in FY 1982 out with more emphasis on new materials and fiber optic glasses witn imoroved radiation
hardening. Tae ceramics coatings research will oe expanded to include thermal barrier as well as oxidation resistan~e
coatings while the empnasis on ceramic turpine engine materials will shift toward understanding now microscopic structure
affects properties. Both areas are designed to increase operating temperatures and, therefore, the effiency of advanced
turvin2 engines. The research in non-destructive evaluation of structural materials will continue to focus on the
development of improved ultrasonic imaging systems with planned expansion into the areas or photoacoustic and optical
imaging. Iovestigation of thin film durapility under laser radiation will ve started. The superconducting materials
researcn will snift emphasis from power generation to electronic signal processing and applications.

4. (U) FY 1934 Planned Program: Materials research will continue to support tie technologizs vital to reliavility and
advanced perfomnance of Al force equipment. The synthesis and characterization of metals and ceramics promising long
lifetime and a high dagree of resistance to high temperature and corrosive environments will be supported.
semiconducting, superconducting, and acoustic .aterials research will continue as a b3sis for ~omponents with enhanced
perforinance and niyn reliavility to meet tne comnunications and powsr nandiing requirements of Air Force systems.
tmnasis «ill continue tu pe placed on powder metallurgy, Jsining and forming, nmon-destructive evaluation, and submicron
eiectronic inaterials science.

5. () Proygcam to Comopletion: Tais is a continuing program.

5. (U) dilestonzs: ot applicaole.
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7. (Y) Resources: ({$ in Tnousands)

. Total
Fy 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Costs
fIDT&E Funds 16,346 18,064 19,916 21,343 Continuing Not Applicable
8. (U) Comparison with FY 1982 Cescriptive Sutnmary :
16,640 18,010 23,700 Continuing Not Applicable

The $3,784 thousand reduction in the FY 1983 estimate compared with last year's FY 1983 estimate was accomplished Ly
restricting research increases planned primarily for synthesis end characterization of electronic materials.
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(U) DETAILED BACKGROUND AND DESCRIPTION: Mechanics research provides fundamental knowledge pertaining to aerodynamics and
structural principles reaquired for improving the efficiency, effectiveness, and safety of current and future Air Force
aerospace vehicles, and civil engineering technology for field installations. Investigations are conducted in fluid
mechanics, solid mechanics, flight dynamics, and soil and field structure mechanics. The results of this work provide the
generic aerodynamic and structural technologies with new insights and concepts necessary to assure the design and
production of superior aerospacz weapon systems and installations.

(U) RELATED ACTIVITIES: Department of Defense topical reviews and the Technical Coordinating Paper on Structures
published by the Under Secretary of Defense for Research and Engineering provide overviews of the mechanics research of
the three Services. Overall project coordination takes place in annual triservice reviews. Meetings of special interest
are alsc held invelving the National Aeronautics and Space Administration, Army Research Uffice, Army Materials and
Mechanics Research Centa., Uffice of Naval Research, and National Academy of Engineering, as well as with universities and
industry. For e<ample, the Department of Defense review of fluid mechanics, structures, and propulsion research was held
on 3-4 March 1981 at the National Academy of Sciences with representatives from the Army, Navy, Air <arce, and Defense
Advanced Research i°rojects Agency.

(U) WORK PERFORMED BY: In-house research in mechanics is now underway at the Air Force Wright Aeronautical Laboretories,
Wright-Patterson AFB, OH; the Frank J. Seiler Research Luboratory, USAF Academy, CU; the Air Force Armament Laboratory,
Eglin AFB, FL; the Air Force Rocket Propulsion Laboratory, Edwards AFB, CA; and the Air Force Weapons Laboratory, Kirtland
AFB, NM. The ten major contractors are: Massachusetts Institute cf Technology, Cambridge, MA; Stanford University,
Stanford, CA; California Institute of Technology, Pasadena, CA; Princeton University, Princeton, NJ; Texas A4M University,
College Statlon, TX; Georgia Institute of Technology, Atlanta, GA; University of Pittsburgh, Pittsburgh, PA; University of
Washington, teattle, WA; University of Southern California, Los Angeles, CA; and University of Cincinnati, Cincinnati,

OH. In total there are 96 contractors with 184 contracts.

(4) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accomplishments: (1) Controlled acoustic feedback using adjacent reflecting surfaces to
Increase the mixing rate (spreading rate) of turbulent rectangular subsonic and under-expanded supersonic jets has been
demonstrated. This work is of importance to a wide range of flows involving turbulent jets, particularly to the thrust
augmenting ejector. Thrust augmenting ejectors have promise for use in flight vehicles capable of very low speed take-off
and landing. (2) Experimental observations of the structure of turbulent boundary layer flow have jndicated that ring or
loop vortex interactions with the surface may be a major source of turbulent friction drag. Researcir is continuing to
investigate techniaoues for turbulent drag reduction through manipulation or control of turbulent vortex characteristics.
Such research has potential for significant drag reduction for future fuel-efficient aircraft. (3) A model has been
developed which predicts the occurrence of liauefaction in saturated soils due to blast, a condition in which the
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saturated soil deposit exhibits a sudden loss of shear strength and flows like a dense liguid. Liaquefaction has only
recently been recognized as having a significant influence on crater size and shape, and ground motions, resulting from
nuclear events at the Pacific Proving Grounds. The research tn date has examined the Pacific craters (wet geologies),
low yield nuclear craters in Nevada {dry geologies), and high explosive simulations in both saturated and dry snils, and
detcrmined that vulnerability/survivability assessments for hardened structures may be in error if licuefaction is not
considered. The research is continuing to validate the model for specific soil properties and site conditions.

(4) Research sponsored under this program element has developed water compatible polymer concretes for use in rapid
repairs for bomb-damaged runways. Reauirements for such concretes are simple and rapid placement, fast curing (less
than one hour) under all weather conditions, high strength, and durability. Previous candidates failed to meet one or
more of these reauirements, most notably, compatability with wet aggregate and stiength gain at low temperatures.
During test: of the new concretes, one hour compressive strengths in excess of 2000 psi were achieved using water
saturated aggregates. Similarly, strength reauirements were met or exceeeded at temperatures as low as -20 degrees
Centigrade. The work has been transferred to the Air Force Engineering and Services iaboratory for field testing.

2. (U) FY 1982 Program: Research initiatives which address the aerodynamics of fuel efficient aircraft and tie
aerodynamics of low speed take off and landing are being implemented. The turbulence program is receiving increased
emphasis in the areas of mathematical modeling and computation of organized flow features. Research in computational
grid generation for complex geometries and in unsteady, large scale flow separation is being expanded. Highly
deflected, energetic jets characteristic of vertical/short take off and landing aircraft are also being investigated at
an accelerated pace. Computational methods for flows through geometrically complex passages and studies of time
dependent flows in axial flow compressors are dominating the internal aerodynamic program. New activity is exploring
aerodynamic heating on wing-store geometries in supersonic streams. The solid mecharics program is being restructured
to emphasize five areas: design methods, dynamics, aeroelasticity, structure conce ts, and durability. The dynamics
and aeroelasticity efforts are being increased and durability (fatigue and fracture) is being decreased, although it
will still be nearly half of the program. New efforts to develop turbomachinery deflection predictisns and wing-with
stores flutter analysis technioues are being conducted. Studies of piezoresistance gauge-matrix interaction are being
expanded to develop gauges capable of measuring in-place stresses in soil masses. Effarts to model the constitutive
properties of geotechnical materials, including the response to three dimensional sta:ces of stress arising from nuclear
and conventional detonations, are continuing. Studies are underway to develep constitutive relations for materials for
alternate launch and recovery surfaces.

3. (U) FY 1983 Planned Program: The FY 1982 initiatives in fuel efficient aircraft and low speed take-off and landing
will receive continued emphasis. In fluid mechanics, research in the transonic regime will focus on three-dimensional
flows with strong shock waves and significant viscous interaction effects. Incieased emphasis will be placed on
research into the mixing processes of co-flowing, turbulent streams and, in particular, of multiple jets in confined
regions. Turbulei:ce research will emphasize the physics of structural flow features whirh might be exploited to control
turbulence characteristics. The levels of effort in experimental charascterization of turbulence structure and
laminar-turbulet transition will decrease slightly to accommodate increased activities in analytical modeling and

27

P ———




Project: #2307 Title: Mechanics

Program Element: #61102F Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, il

computation of turbulence. Support for rasearch in unsteady flows with time-dependent boundary conditions including
separated flows will level off after two prior growth years. In the contirued exploration of computational grid

generation procedures, emphasis will be cn adaptive grids which maintain the most dense portiors of tha grid in regions of

large gradients as the solution evolves. In solid mechanics, emphasis will be on the iteration logic of integrated
design, dyramics of flexible structures, and durability of compusites. In civil engineering, theories will be developed
which accurately predict the response of geotechnical materials to complex stress paths such as result from multiple
nuclear detonations. Mathematical models will account for plastic flow, shear-volumetric coupling, hysteretic effects,
and strain softening. Theories will be formulated which account for the transfer of free-field stresses and motions to
Air Force strategic structures, thereby providing desigr erd amalytic tools to insure their survivability. Strain rate
effects in geotechnical materials and reinforced concrete will be studied to better describe tensile and shear response.

4. (U) Fy 1984 Placned Program: In fluid mechanics, the research efforts on jet interacting flows and jet mixing in
confined regions will be phased down. Work will continue on devising the logic for adaptive grid generation in
generalized 3-D flows and on improving understanding of complex viscous, compressible flows with large separation

regionrs. Previous results obtaired from turbulent shear layer control investigations, including those #hich probe mixing
processes in co-flowing turbulent streams and burst suppression in transitiomal and fully turbulent boundary layers, will

influence the direction and emphasis of the turbulence research program. Results of research in unsteady flows will
determine whether this area receives increased growth or reduction in emphasis.

5. (U) Program to Completion: This is a continuing program.

€. (U) Milestones: Not applicable.

7. (U) Resources: !$ in Thousands)
Total.
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Costs

RDT&E Funds 16,946 20,552 22,261 23,941 Continuing Not Applicable

8. (U) Comparison with FY 1982 Descriptive Summary:
17,390 22,530 28,700 Continuing Not Applicable

The $6,439 thousard reduction in the FY 1983 estimate compared with last year's FY 1983 estimate was accomplished by
reducing planned funding for the continuing program and the two major new initiatives in aerodynamics of low speed take
off and landing and aircraft fuel efficiency.
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Project: #2308 Title: Energy Conversion
Program Element: #61102F Title: Defense Research Sciences

————r——

DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

(U) DETAILED BACKGROUND AND DESCRIPTION: This project is concerned with combustion, detonation, and propulsion. The
areas in vhich new knowledge is being sought include: (1) combustion and ignition phenomena associated with rocket and
aircraft engines, ooth present and future; (2) advanced diagnestics and instrumentation needed to advance propulsion,
materials, and weapons technologies; and (3) solid and gasecus detonation mechanisms associated with advanced conventional
weapons and with improved safety in the use of energetic materials. The goal. is to recuce the cost and to increase the
flexibility and effectiveness of future Air Force systems.

(U) RELATED ACTIVITIES: This research is actively coordinated within the Departiment of Defense by annual triservice
reviews by the Under Secretary of Defense for Research and Engineering and within the Air Force through extensive
participation of user organizations in both planning and evaluation. Coordiration with other government agencies includes

rticipation in such formal mechanisms as the Interagency Advanced Power Group and the Joint Army-Navy-National
Aeronautics and Space Administration-fir Force (JANNAF) Propulsion Committee, as well as less formal but continunus
contact with the National Science Foundation, the National Research Council of the National Academy of Science, and the
Department of Energy. For example, on 19-23 (October 1981 the 18th JANNAF Combustion Meeting was held at the Jet
Propulsion Laboratory. The Air Force representatives served on the planning committees, acted as sescion chairmen, and
presented technical papers.

(1J) WORK PERFORMED BY: In-house research is now underway at the Air Force Armament Laboratory, Eglin AFB, Fi; the Air
Force Rocket Propulsion Laboratory, Edwards AFB, CA; and the Air Force Wright Aernnautical Laboratories, Wright-Patterson
AFB, OH. The ten major contractors are: Stanford University, Stanford, CA; Princeton University, Princeton, NJ; Georgia
Institute of Technology, Atlanta, GA; Purdue Research Foundation, Lafayette, IM; University of Dayton, Dayton, OH;
University of California, Berkeley, CA; Atlantic Research Corporation, Alexandria, VA; Wright State University, Dayton,
OH; Purdue University, West Layfette, IN; and Exxon Research and Engineering Company, Linden, NJ. In total there are 34
contractors with a total of 45 ccntracts.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PRUGRAMS:

1. (U) FY 1981 and Prior Accomplishments: (1) Using properly contoured swirlers in place of existing flameholders in
current volume limited ramjet dumo combustors, combustion efficiency was improved and total pressure loss reduced by about
10%. This makes feasible the use of very short aspect ratio combustors. These improvements in combustor performance and
more efficient packaging can result in over 50% increase in range over existing integral ram rocket configurations. (2)
Ignition and combustion enhancement of fuel-air mixtures by photochemical energy addition has been successfully
demonstrated. This techniaue holds the potential for use as a "zero presssure drop" optical-radiative flame stabilizer,
replacing the present gas turbine bluff-body flameholders which can exhioit a 5-6% pressure loss. (3) Spatially and
tempcrally-resolved temperatures and multi-species in turbulent flames were measured using multi-detector Raman
scattering. This techniaue provided, for the first time, probability density functions reauired for the development and
validation of turbulent combustion theories. (4) The unexpectedly high infrared emission from the plumes of metallized
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propellants has been explained by accounting for the surface waves on the condensed alumina particles. The emissivity
attributed to the surface waves is very dependent on small levels of carbonaceous material entrained in the alumina and on
particle diameter.

2. (U) FY 1982 Program: Strong emphasis is being directed to diagnostic methods and instrumentation applicable to
reacting flows. The dynamics of high-speed turbulent steady-state and transient chemically reacting flows are being
investigated theoretically and experimentally. Research on the pyrolysis and oxidation kinetics of hydrocarbons 1is
continuing with emphasis on representative aromatic hydrocarbon constituents of shale oil or coal derived future fuels.
Research continues on exploring phenomena associated with undesired ignition from multiple sources. Research is being
conducted on alternate means of ignition and flame holding for airbreathing engines. An increase is flanned in efforts
pertaining to the combustion of alternative fuels and high-energy/high-density fuels (e.g., carbon and boron slurries), to
ramjet combustion instability, and to supersonic and dual mode (subsonic and supersonic) combustion. Efforts are
continuing on particulate and soot formation and on other combustion generated exhaust emissions and plumes. Efforts are
being initiated to explore the phenomena associated with rocket motor combustisin to provide knowledge needed to improve
performance and efficiency. Phycical and chemical reactions in rocket plimes along with a number of radiation pheromena
are being investigated. Efforts relatin? to rocket comtustion dynamics are being emphasized. New efforts are being
started to understand the processes reauired to rapidly and efficiently burn metals. The potential of realizing improved
propellants through additional research on synthesis is being addressed.

3. (U) FY 1983 Planned Program: A major rew initiative will address the scientific issues underlying future space
propulsion and power reauirements including power generation, switching, and beaming; thermal management technology; and
more energetic propellants. Several of the approaches resulting from the research iritiatives on nonintrusive technioues
to obtain reliable experimental measurements from reacting flaws will be validated and compared to theoretical results.
Attention will be given to advanced diagnostics for performing research on energetic materials, particularly condznsed
phase processes. Research will continue on new techniaues which are essential to understand combustion systems,
air-breathing and rocket engines, effective fuel utilization, and exhaust plume signatures. Continuing research will be
directed at the dynamics of high-speed turbulent steady-state flows and transient chemirally reacting flows with emphas’ s
placed on realistic modeling and characterization of the flow ficld, processes and prienomena occurring in dump-type
ramjet, gas turbine, and ducted rocket combustors. Attention will be given to establishing the research needs associated
with the combustion of alterraiive fuels and high-energy, high-density fuels; ramjet combustion instability; and ducted
rocket and supersonic/dual mode combustion. Efforts will continue to explore the phenomena associated with rocket motor
combustion to provide knowledge needed to improve performance and efficiency of tactical, strategic, and space propulsion
systems. Physical and chemical reactions in rocket plumes along witn a number of radiation phenosena will be studied in
Air Force laboratories and through contracts. Efforts relating to rocket combustion dynamics will continue to be
emphasized with the long range goal of making a priori assessments of the likelihooc of stable motor operation. This will
be the third year of the research to understand the processes reauired to burn meta), in particular boron, in ducted and
ram rockets fueled by either slurries or solid propellant gas generators.
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Project: #2308 Title: Energy Conversion
Program Element: #61102F Title: Defense Research Sciences

DOC Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

4, (U) FY 1984 Plarned Program: The spa = propulsion and power initiative will continue as a major effort in 1984.
Additional growth is expected in efforts pzitaining to ramjet and ramrocket performance and combustion instability and to
supersonic/dual mode combustion. Some growth is expected in efforts pertaining to the combustion of metalized fuels for
air-breathing systems. Fuel-air explosion research will probably remain constant. Additional tesearch on space
prorulsion and power is expected.

5. (V) Program to Completion: This is a continuing program.

6. (U) Milestones: Not applicable.

7. (U; Resources: ($ in Thousands)
Total
Fy 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Costs

ROT&E funds 7,654 9,304 13,163 14,308 Continuing Not Applicable

8. (U) Compariscn with FY 1982 Descriptive Summary:
8,780 9,640 12,200 Continuing Not Applicable

The $963 thousand increase in the FY 1983 estimate compared with last year's FY 1983 estimate partially funds the rew
initiative in space propulsion and power.
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Project: #2309 Title: Terrestrial Sciences

Program Element: #61102F Title: Defense Research Sciences
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(U) DETAILED BACKGROUND AND DESCRIPTION: The capability of a ballistic missile to strike a target on the other side of
the earth is derived directly from accurate knowledge of many aspects of terrestrial sciences. The very stringent
accuracy reaquirements of the new missile generation demiands increasingly detailed understanding of the earth and
increasingly imaginative methods and instruments for obtaining that understanding. This project supports Air Force

obJectives in missile system guidance, control, and delivery; advanced guidance component testing; and missile site
selection. Research in geodesy is reauired to determine the exact position of targets with respect to missile launch
sites. Research in gravity is required tu determine its effect on missile guidance systems along flight paths. Research
in seismology is reauired to determine the effects of earthauakes, nuclear explosions, and other natural or
system-generated nolse on the degradation of missile guidance systems before launch.

(U) RELATED ACTIVITIES: Complementary research is conducted by the Army, Navy, National Aeronautics and Space
Administration, National Science Foundation, and the United States Geological Survey. Coordination with the Army and Navy
is accomplished through the Environmental Sciences Technology Coordinating Paper and during Under Secretary of Defense for
Research and Engineering annual reviews. Additional coorcination is accomplished through interagency groups (e.g., the
Interagency Geophysics Discussion Group, a ten-agency group which meets monthly) and scientific symposia.

(U) WORK PERFORMED BY: In-house research 1s now underway at the Air Force Geophysics Laboratory, Hanscom AFB, MA. The
ten major contractors are: Massachusetts Institute of Technology, Cambridge, MA; Systems Science and Software
Incorporated, LaJolla, CA; Stanford Universit{, Stanford, CA; University of Colorado, Boulder, CO; University of Alaska,
Fairbanks, AK; Nova University, Fort Lauderdale, FL; Ohio State University Research Foundation, Columbus, OH; Canadian
Commerciai Corporation, Hull, Quebec, Canada; Weidlinger Assoclates, Menlo Park, CA; and Sierra Geophysics Incorporated,
Arcadia, CA. In total there are 16 contractors with 21 contracts.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Acvompiishments: (1) Advances have been achieved in satellite radar altimetry, lunar laser
ranging, absolute gravity measuring instrumentation, and techniaues for combining various types of gravity data into earth
gravity models enabling the Air Force to improve baliistic missile accuracies and to calculate precision orbits for
military satellites. (Z) The Air Force Geophysics Laboratory has demonstrated that rapid precise geodetic measurements
can be made between two points on the earth over short distances by recording and comparing signal phase differences from

the Global Positioning System on man-portable radio receivers. This significant accomplishment and demonstrated techniaue
could be used as a rapid surveying system for determining the reauired locatioris of possible mobile missile launch sites.

This system reauires less than one-tenth the time previcusly reauired. (3) A program was implemented to test and compare
ail instrumentation used for measuring the true long-period ground motion occurring at sites used or planned to test,
calibrate, and evaluate future missile guidance systems. A standard for comparison now exists for determining the true
ground motion at low freauencies.
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2. (U) FY 1982 Program: The reduction and analysis of additional data from intercontinental radio interferometry and
lunar laser ranglng Is being continued for the determination of variations in earth rotation and polar motion.
Theoretical and experimental studies are being continued on improved earth motion measurements. Improved knowledge of
irregular earth rotation and polar metion are recuired to assess and test advanced inertial sensors for navigation and
guidance. An improved gravity field model is reaquired to meet the navigation and guidance accuracy reauirements for the
mid-1980s. To further improve the gravity field model, detailed geoid and earth gravity fields are being derived for
selected geographical areas from satellite altimetrical data. Ocean and earth tide models are being studied to make tidal
corrections to absolute gravity measurements. Refinement in the representation of the geoid surface is being achieved by
removal of tidal and other disturbing effects. The testing of prototype miniature interferometer terminals for 1apid
earth surveying is being conducted. Research in seismology, seismic wave propagation, and new instrumentation is being
continued to provide the necessary data to predict the effects of spurious earth motions on advanced missile guidance
systems. The third prototype cryogenic gravity gradiometer is being used in an experiment to test the inverse sauare
gravitation law at laboratory distances.

3. (U) FY 1983 Planned Program: The Air Force will participate in organizing the international project on Monitoring
Earth Rotation and Intercomparison of Techniques (MERIT) to determine the earth rotation by intercomparing densely spaced
observations by various modern and classical techniaues. Gravity field model improvements will be made possible by
research programs in earth-to-satellite and satellite-to-satellite tracking techniaques, satellite altimetry, mobile
gravity gradiometry, geodesy theory, and computer software and hardware. The evaluation of the cryogenic gravity
gradiometer techniaues will be completed and recommendations made as to system development transfer. Phase differencing
technigues using satellite signals from the Giobal Positioning System will be used for making high p:recision gecdetic
measurements using the Miniature Interferometer Earth Surveying (MITES) techniaue. Techniaues will be further developed
for predicting the nature and magnitude of ground motion (amplitude and freauency) which can be expected from earthauakes
and distant nuclear attacks on land-moblle missile systems. Increased funding will be us=d to expand seismic ultrasonic
technioues to test model materlals matching typical earth properties for sites selected for missile systems.

4. (U) 7Y 1984 Planned Program: The field tests and data analysis on the MITES techniaue will continue. The technique
and system for processing data from the new aitimetry satellite being launched during 1984 wiil be determined. The study
to reassess the potential ef asrial gravity mapping using improved navigational capabilities and tracking technigues will
ve completed. The geophysical and geological parameters reauired for the prediction of the ground motion in the
basin-range structures for MX sites will be finalized in computer models. The juint-agency program ¢o test and compare
various types of instruments measuring strain, stress, and tilt will be completed. Finite element and seilsmic ray-tracing
computer codes will be finalized and ready for use to predict seismic wave propagation in realistic gevlogical structures.

5. (U) Program to Completion: This is a contirwing program.

6. (J) Milestones: Not Applicable.




Project: #2309
Program Element: #61102F
DOD Mission Area: Defense Research, #510

7. (U) Resources: ($ in Thousands)

Title: Terrestrial Sciences

Title:

Budget Activity:

Defense Research Sciences

Technology Base, #1

Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Costs
RDT&E Funds 2,259 2,417 2,647 2,870 Continuing Not Applicaple
8. (U) Comparison with FY 1982 Cescriptive Summary:
2,080 2,430 2,700 Continuing Not Applicable
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Project: #2310 Title: Atmospheric Sciences
Program Element: #61102F Title: Defense Research Sciences
DOD Mission Area: efense Research, #510 Budget Activity: Technology Base, #l

(L) DETAIILED BACKGROUND AND DESCRIPTION: The design and operation of Air Force systems are affected by atmospheric
properties such as oensity, optical transmission, winds, temperature, precipitation, and infrared emissions. The research
program in ztmospheric sciences involves the study of the earth's environment from the surface to orbital altitudes.
Research i the lower atmosphere is concerned primarily with the characteristics of clouds and aercsols (e.g., haze, dust,
or smoxe) that impact on optical or infrared weapons guldance and delivery systems and on the prediction of weather
phencmena &t medium scales, i.e., battlefield scale. Research in the structure and dynamics of the upper atmosphere is
clirected at enhancing the capabilities of communications and surveillanc: systems.

(U) RELATED ACTIVITIES: Complemertary research programs in atmospheric sciences are conducted by the Army, Navvy, and
other Federal agencles. Coordination within the Department of Defense is accomplished through tiiservice reviews.
Coordination with other agencies is through the Committee on the Atmesphere wnd Oceans and the Office of the Federal
Couvrcinator for Meteorology. Special topicel reviews in FY 1981 included mesoscale meteorology and numerical weather
prediction. Comprehensive project-wide reviews are heid annually by the Office of the Under Secretary of Defensz for
Research and Engineering.

{U) WORK PERFORMED BY: Tha basic research in atmospheric sciences is conducted through contracts with industrial,
academic, and not-for-profit organizations as well as in-house at the Air Force Geophysics Laboratory, Hanscom AFB, MA.

The ten major contractors are: Utah State University, Logan, UT; SRI International, Menlo Park, CA; Physical Sciences
Incorporated, Woburn, MA; Universitv of Missouri, Rolla, MO; University of Lowell, Lowell, MA; Massachusetts Institute of
Technolo?{, Cambridge, MA; University of Macsachusetts, Amherst, MA; Northeastern University, Boston, MA; University of
Utah, Salt Lake City, UT; and University of Wisconsin, Madison, WI. There are a total of 40 contractors with 81 contracts.

(U} PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) Fy 1981 and Prior Accomplishments: (1) Several advances were made in understanding the physics and dynamics of
small-scale processes In the lower afmosphere and in methods of predicting them. Snow growth is an important mndeling
pazameter i bolh microphysical and mesoscale dynamics and for precipitation forecasting. Observations of cnow, using a
new alrborne cbservational procedure, aided the development of a new theory to explain characteristics of snow growth,
including size and number concentration parameters, that were not well defined by previous theory. These results provice
a basis for future research on processes in the melting layer and will ultimately permit better parameterizations in
nunerical models. (2) Development of a numerical prediction modei to predict small-scale weather phenomena based on input
data from a dense network yleldzd the result that these small-scale phenomena could also be predicted from conventional
weather data because cof the improved methods of incorpcrating the data into the rumerical grid. (3) Ionospheric
measurements by radar and by rocketborne instruments have provided the virst observations of detailed structure in the
ionesphere during a geomagnetic disturbance which severely affected radio transmissions. A relationship is indicated
between such disturbances, which tend to occur near the poles, and the occurrence of a region of cdepleted electron density
in the lonosphere at lower latitudes.
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2. (U) FY 1982 Program: Kkesearch is addressing the physics and dynamics of the melting layer, where the transition of
snow to raln absorbs reat from the air. Observations by airborne instruments and by two Doppler rcdars are planned in
conjunction with thesretical iiwvestigations to explain the interacting processes and their effects on weather system
development. Ground-based radar is investigating wind structure and variation in the lower atmosphere. Joint
observations by three icnospheric research radars are providing a global view of auroral processes and other ionospheric
phenomena. A major effort in ionaspheric modification is being undertaken in the Brazil Ionospheric Modification
Experiment (BIME). The effect of a release of water in the ionosphere is being docurented by radar and optical
measurements from the ground, by Instrumented sircraft, and by rocketborne instruments. An expanded iorospheric modeling
effort is being aimed at understandin? the role of plasma instabilities, the existence of which was first recognized in Fy
W 1581. Thesa and other projects will increase our understanding of natural processes in the lonosphere and of the extent
' tn which these may be modified, either inadvertently or intentionally.

3. (U) FY 1933 Planned Program: Oevelopment of the Space Shuitle will provide new research opportunities to study the
medification of the lonosphere by powered vehicles. An ionospheric research redar located at Chatanika, Alaska will be
relocated to Sondrestrom, Greenland to permit the first radar observation of the ionosphere from the northern side of the
auroral zone and extend an approximate north-south chain of lonospheric research radars. This will permit improved
documentation of high-latitude geomagnetic disturbances and the development of electron density fluctuations which are
thought to originate there and move to lower latitudes. Prediction of ionspheric variability and structure is critical to
assessing the real time performance of such systems as the Over-The-Horizon radar surveillance system. Continuing
research with ground-based radars will yield improved understanding of small-scale atmospheric dynamics and also elucidate
the dynamics of the 10-100 kilometer altitude region, referred to as the middle atmosphere. This region is the focus of a
multi-year international research effort. In lower atmospheric research, efforts in the physics of the melting layer will
continue, data obtained during a 1982 planetary boundary layer experiment will be anaiyzed, and further theoretical cloud
o physics studles will be performed in anticipation of the completion of a large cloud simulation chamber which has been in
development since 1979.

4. (U) FY 1984 Planned Program: The anticipated completion of a cloud simuiation chamober will provide new opportunities
for research in the formation and evolution of clouds. This major facility will permit precise ana repeatable control of
all parameters affecting cloud development and thus will permit testing of hypotheses and verification of theoretical
models. Participation in a national effort aimed at understanding regional variations in the small-scale structure of
large weather systems is planned. Support will be cortinued and expanded on ground-vased radar studies of etmospheric
dyramics. Experimental opportunities on the Space Shuttle will be utilized in lonospheric research.

5. (U} Program to Completion: This is a continuing program.

6. (U} Milestones: Not applicable,
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Project: #2310
Program Element: #61102F

DOD Mission Area: Defense Research, #510

7. (U) Resources: ($ in Thousards)

Title:

Title:

Atmospheric Sciences

Defense Research Sciences

Budget Activity:

Technology Base, #1

RDT&E Funds 8,115 5,888

8. (U) Comparison with FY 1982 Descriptive Summary:

Total
FYy 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate tc Completion Costs
9,603 10,270 Continuing Not Applicabie
7,830 8,720 10,600 Continuirg Not Applicable

The $997 thousand reduction in the FY 1983 estimate compared with last year's FY 1983 estimate was accomplished by
restricting earlier planned growth in investigations of middle atmospheric (10-100 kilometers altitude) dynamics, cloud
particle physics, and thermospheric (above 126 kilometers altitude) dynsmic influences on weather at lower altitudes.
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Project #2311 Title: Astronomy and Astrophysics
Program Element: #51102F Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

(U) DETAILED BACKGROUND AND DESCRIPTION: Space environmental conditions produced by radiation and atomic particles can
endanger the mIsslon and degrade the performance of military spacecraft, disrupt the detection and tracking of missiies
and satellites, distort communications, and interfere with surveillance operations. This research project provides basic
knowledge of the space environment for the design and calibration of advanced Air Force systems. The project also
supports the Air Weather Service by improving observing and forecasting technigues that support operational military
systems. Experimental and theorzstical means are used to study: (1) methods to improve space surveillance systems, (2)
solar outbursts and their travel to the earth where they affect communications and s-tellite systems, (3) composition of
the space environment in which Air Force systems operate and changes caused by natura- ind man-made disturbances, and (4)
the response of spacecraft systems and operations to the space enviromment.

(U) RELATED ACTIVITIES: The Navy, National Aeronautics and Space Administi- :ion, N¢  wal Oceanic and Atmuspheric
AdminIstratien, and National Science Foundation are conducting/sponsoring cumplementary research. Coordination is
accomplished through the Environmental Sciences Coordinating Paper, during reviews by the Under Secretary of Defense for
Research and Engineering (held 6-9 July 198l1), through formal and informal discussions among government scientists on
programs of mutual interest, and througn attendance at symposia and scientific meetings. Cooperative programs include Air
Force and National Aeronautics and Space Administration particle sensors flown on Air Force satellites and auarterly Space
Forecasting Workshops to support Air Weather Service reacuirements.

(U) WORK PERFORMED BY: In-house research in astronomy and astrophysics is now underway at the Air Force Geophysics
Laboratory, Hanscom AFB, MA. The ten major contractors are: Emmanuel College, Boston, MA; Regis College, Weston, MA;
Johns Hopkins University, Laurel, MD; University of California, Lalolla, CA; University of Michigan, Ann Arbor, MI;
Analytic Information Processing Incorporated, Danville, CA; Rice University, Houston, TX; Boston College, Chestnut Hill,
MA; University of Arizona, Tucson, AZ; and Environmental Research Institute of Michigan, Ann Arbor, MI. In total there
are 53 contractors with 7C contracts.

(U) PROGRAM_ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) Fy 1981 and Prior Accomplishments: (1) Theoretical studies have indicated, and satellite observations have
verified, that spacecraft are vulnerable to cosmic rays approaching from beneath the spacecraft. They can affect the

per formance of onboard surveillance and commuriication sysiems. These results will be used to describe the actual high
ene:gy radiation in the space environment and will assist in solving problems in the reliability of high technology solid
state devices aboard spacecraft. (2) A study of auroral chenomena ?n the polar regions has heen completed which will
provide data for specifying and predicting the space environment in which Air Force systems must operate. These studies
describe the entrance of particles and energy from the sun into near-earth space and their affects on the polar and high
latitude lonosphere. (3) A forecasting study has been completed for solar flares whose radiation and atomic particles
propagate to the earth and disrupt the near-earth space environment and the radio propagation properties of the upper
atmosphere. The results are superior to tre conventional method of solar flare forecasting and the solar parameters most
significant in the prediction analysis can be identified.
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2. (U) FY 1982 Program: The analysis of satellite measurements of electrons is continuing in order to study specific
events in the polar regions and to produce statistical surveys for the understanding and prediction of radar and radio
propagation problems. Data on solar protons is being used to develop models of these disturbances, which can degrade Air
\  Force communications and satellite systems. Data on solar flare precursors from radio, X-ray, and optical measurements
are teing combined to produce forecasts of solar outbursts which effect Air Force communication systems and the charged
particle environment in which Air Force spacecraft orbit. Work is continuing on techniaues for imaging space objects from
ground based telescopes for the surveillance and tracking of spacecraft.

rays which flow through interplanetary space, enter the region around the earth and the earth's upper atmosphere, and
affect radio transmissions and long-range radar. A comparison will be made of three technioues for imaging solar features
to aid in identifying solar disturbances which cause storms in space that disrupt Air Force communication and satellite
systems. Understanding gained through both of these efforts will enable better forecasting of periods of temporary
interference and of permanent damage to systems and will enable improved system designs v r:duce both temporary and
permanent loss of capability caused by solar phenomena. SExperiments will be desigred ar-d hardware fabricated for
satellite measurements of the earth's charged particle environment in which Air Force space systems must operate.

Thorough understanding of the particle envirorments existing ir various regions of near-earth space will aid the design of
space systems which will be more reliable in presently-used orbits, and which can survive in presently unused
severe-environment orbits.

T 3. (U) FY 1983 Planned Program: A study will be made of solar proton events and their relation to solar X-rays and gamma

4. (U) FY 1984 Planned Program: Methods to improve the observation of faint space objects will be investigated for
application to the identification, surveillance and tracking of spacecraft. Relationships will be sought between solar
disturbances and those in near earth space which can degrade communications and satellite systems and affect Air Force
radlo and radar transmissfons. The study of satellite data cn the space environment and of celestial background radiation
will continue in order to reduce, avoid, or forecast adverse interaction effects upon Air Force operations.

5. () frogram to Completion: This is a continuing program.

6. (U) Milestones: MNot applicable.
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Project: #2311 Title: Astronomy and Astrophysics

Program Element: #61102F Title: Defense Research Sciences
DOD Mission Area: Defense Resesarch, #510 Budget Activity: Technology Base, #1
7. (U) Resources: ($ in Thousands) Total
Fy 1981 FY 1982 FY 1983 FY 1984 Additional Estimateu

Actual Estimate Estimate Estimate to Completion Costs

RDT&E Funds 4,976 - 5,264 5,712 6,128 Continuing Not Applicable

8. (U) Comparisor with FY 1982 Descriptive Summary:
4,710 5,220 6,300 Continuing Not Applicable

The $588 thousand reduction in the FY 1983 estimate compared with last year's FY 1983 estimate was accomplisheu by
restricting earlier planned growth in magretospheric, solar, and stellar physics.
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Project: #2312 Title: Biological and Medical Sciences

Program Element: #61102F Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 Budyet Activity: Technology Base, #1

(U) DETAILED BACKGROUND AND DESCRIPTION: This program provides fundamental knowledge in biotechnology reauired in the
development and operation of effective manned weapon systems. Toxic materials such as Air Force unique fuels and pro-
pellants as well as electromagnetic radiations are studied to assess their potential hazard and to devise corrective
measures. Research in aerospace physiology and biomechanics provides knowledge for improving personnel protection and
performance in varied stress environments encountered during flying. Research in neurobiology is intended to investigate
alternative architectures to that of the conventional digital computer, xith an emphasis on neurobiologically oriented
approaches to machine intelligence. Research is conducted in envirommental auality to assess, measure, and control Air
Force generated pollutants to meet national environmental concerns while maintaining operational flexibility.

(U) RELATED ACTIVITIES: The Air Force Biological and Medical Sciences program is coordinated through several interagency
panels and ?roups which include participation by the Army, Navy, Federal Aviation Administration, National Aeronautics and
Space Administration, Defense Advanced Research Projects Agency, Environmental Protection Agency, Mational Institutes of
Health, Food and Drug Administration, and Department of Agriculture. For example, uniaueness and non-relation to other
agency work of a new initiative in neurobiology was determined at the .September and November 1981 meetings of the
Interagency Working Group for Neuroscience. This group is composed of program directors from five institutes of the
National Institutes of Health, National Science Foundation, Society for Neuroscience, Veterans Administration, Navy and
Alr Force.

(U) WORK PERFORMED BY: Research in the biological and medical sciences is now underway in-house at the Air Force School of
Rerospace Medicine, Brooks AFB, TX; the Air Force Aerospace Medical Research Laboratory, Wright-Patterson AFB, OH; and the
Air Force Wright Aeronautical Laboratories, Wright-Patterson AFB, OH. The ten major contractors are: University of
California, Irvine, CA; Ohio State University, Columbus, OH; University of Connecticut, Storrs, CT; University of Kentucky
Research Foundation, Lexington, KY; University of Texas, Austin, TX; Texas A4M University, College Station, 7X; Monsanto
Research Curperation, Dayton, OH; University of Wisconsin, Madison, WI; Harvard Medical School, Bostori, MA; and University
of Miami, Miari, FL. In total there are 44 contractors with &9 contracts.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 and Prior Accompiishments: (1) Research on the effects of Air Force chemicals cn immune response has
demonstrated that unsymmetrical dimethyl hydrazine inhibits suppressor cell function. Decreased suppressor cell function
could result in a high incidence of autoimmure dissase and increased susceptibility to infection. Studies with cellular
flourescent probes indicate that hydrazine alters cell surface and mitochondrial membranes. Such alterations may have
adverse effects on cell transport, intercellular communication, and cell energy utilization and storage.

(2) A hardy strain of bacteria has heen developed using plasmic vector techniaues which is capable of degrading solvents
used in Air Force paint stripping operations. These organisms can efficiently degrade large aquantities of such compounds
which, if not degraded, could shutdown air base wastewater treatment plants. (3) Research on the subject of flash
blindness has revealed tnat small flashes that produce a small spot on the retina (0.7 millimeter and 2.3 millimeter) are
sufficient to cause flash blindness. It was also determined that light flashes producing a spot size of 0.4 millimeters
were as effective at a freauency of 1 Hertz as they were at a freauency of 10 Hertz. These results have important
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implications for target tracking during flashblinding. (4) Research in biomechanics has resulted in the formuluiion of a
model to predict the response of intervertebral discs to any force function. Other work has described and documented
vertebral bone fractures from sudden compressive loads similar to those experienced by pilots during impact of ejection
forces. These studies will result in better ability to predict aircrew ir:juries due to forces of impact or
acceleration/deceleration, and serve to improve the safety of aircrews operating in advanced weapon systems.

2. (U) FY 1982 Program: A major initiative will study the basic physiological and biochemical respcnses to chemical
warfare agents in order to provide novel means of protection and therapy for personnel. Chemical characterization and
degradation of organic phosphorous compounds is also part of the chemical defense thrust. The pharmacokinetics and
metabolic pathways of Air Ferce chemicals are receiving increased study in order to define the ultimate disposition of
these compounds in the body. The new initiative in the blological basis for advanced information processing systems is
being continued. This research is intended to show that brain cclls adapt to their environment through feedback mechanisms
and that these mechanisms may be used to design adaptive computer components for use in advanced information/decision
systems. Flashblindness research, in its final vear, will concentrate on studies of the freauency of flash, the flash
duration, and the spot size produced on the retina. Studies in aerospace physiolcgy are concentrating on completion of the
heart and vessel model of effects of acceleration, and beginning a more intense effort to examine how feedback mechanisms
serve to control the function of heart, lung, the circadian rhythms of the body, and other physiologic parameters that are
important in limiting performance of man in the operational aerospace environment. Biomechanics studies are being reduced
and focused on definition of those material properties of bones, joints, and ligaments that are not known so that
predictive models of impact injury may be refined and validated. An in-house research project is being directed at
developing valid, subjective performance scales, as well as physiologic and electrophysiologic performance methods for
assessing fatigue and workload during operational activities.

3. (U) FY 1983 Planned Program: The research initiative in defense against chemical agents will be expanded to incluae
new approaches In quantum chemical analysis, new emphasis on the effects of sublethal doses of nerve agents on the visual
system and new efforts examining organophosphate induced delayed neurotoxicity. New efforts in toxic hazards research wiil
employ novel genetic approaches tc determine actual mechanisms of chemical mutagenesis for Air Force chemicals.
Toxicant-cell membrane interaction will also be emphasized. The effects of electromagnetic radiation and the enzymatic
process will be investigated as a new area of in-house research emphasis. Research on the environmental fate and
biological effects of Air Force chemicals will emphasize studies at the biochemical and population parameter levels.

The research thrust in neurobiologically based information processing mechanisms will be expanded to include investigation
of positive and negative reinforcement in nerve cell adaptation, and the goal-seeking behavior in higher level
organizational units in the nervous system. This work in neurophysiology will be complemented by research to utilize basic
nerve cell mechanisms to design an adaptive computer component. Research in aerospace physiology will concentrate on
studies to define central nervous system control of the heart, lungs, and circadian pacemakers; and to provide the
fundamental methodology to objectively measure stress and/or fatigue. Biomechanics studies will maintain an emphasis on
defining failure/fracture mechanisms of bone and supporting biologic components for accurate predictive models for use in
advanced aircraft crewsystems design. Research in toxicology, chemical defense, and biomechanics will help the Air Force

&2

e
|
| , ,
1 !




Project: #2312 Title: Biclogical and Medical Sciences
Program Element: #61102F Title: Defense Research Sciences
DOD Mission Area: Defense Research, #510 Budget Activity: Technology Base, #1

meet environmental and safety standards without compromise cf operational effectiveness and flexibility. This research
will provide the basis for future development of new, less toxic fuels and propellants; binmedical countermeasures against
chemical weapons; and development of criteria for restraint syctems for aircraft ejection ard side-to-side maneuvers.
Efforts in physiology will devise approaches *o counteract fatigue and performance deterioration of aircrews. Research in
neurobiology will provide an alternate approach in the development of intelligent machines for use in irege recognition,
decision making and rototics. This will complement efforts in mathematics and electrorics that are involved in researcn on
intelligent processors.

4. (U) FY 1984 Planned Program: Strong programs in environmental toxicology and deferse agairst chemical warfare agents
will contirue to be emphasized. A major new research initiative in molecular regulation of responsiveness will pbegin. The
biochemical approaches to be employed in this initiative could realistically reasult in the ability to alter human response
time by a factor of three ard could provide significant benefit to the Air Force in terms of enhancement of human
performance. This rnew initiative will be complemented by an increase in ongoing studies to define how the central nervous
system, through a variety of feedback loops, controls the function of the nheart, lungs, and circadiun rhythms. This work
is also directed at defining limitations of human performance and the possible discovery of means to enhance performance of
the human in the aerospace environrment. Continued and increased emphasis will be placed on studies of neurobiologically
based intelligent processing components, with adaptive components being evaluated in Air Force laboratories for utilization
in advanced weapon systems.

5. (U) Program to Completion: This is a continuing program.

6. (U) Milestones: Not applicavule.

7. (U) Resources: ($ in Thousands)
Total
FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Costs

ROT&E Funds 5,794 8,092 9,067 9,876 Continuing Not Applicable

8. (U) Comparison with FY 1982 Descriptive Summary:
5,750 8,380 10,100 Continuing Not Applicable

The $1033 thousand reduction in the FY 1983 estimate compared with last year's FY 1983 estimate was accomplished partially
by scaling back the planned growth in the overall orogram, and partially by reducing the planned rate of outyear growth for
the FY 1982 initiative in defense against chemical agents.
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(U) DETAILED BACKGROUND AND DESCRIPTION: This program provides the knowledge reauired to insure that Air Force personnel
are fully prepared to develop, cperate, maintain, an< manage current and future weapons systems. Specific objectives
include: establishment of an improved manpower and personnel system, advanced education and training metheds, and
definitions of the role of the operator in the design and operation of increasingly complex operator-machine systems.
Research is conducted tc characterize and predict human capabilities relative to military occupational requirements.
Major areas of concentration are: (1) evaluation of basic human abilities, (2) quantitative measures of workload, (3}
human operator performance reauirements in advanced aerospace systems, (4; studies to advance the use of simulation in
flying and technical training, (5) visual processing in simulation training and in system design, and (6) information
p-ocessing/decision aiding in command and contrcl contexts.

(U) RELATED ACTIVITIES: The Air Force Human Resources program is coordinated through several interagency panels and
groups which include participation by the Army, Navy, Federal Aviation Adminictration, National Aeronautics and Space
Administration, and the Defense Advanced Research Projects Agency. Coordination is also achieved through the Technical
Coordinating Paper on Human Resources of the Under Secretary of Deferise for Research and Engineering. For example,
auarterly meetings with the Army Research Institute, the Defense Advanced Research Projects Agency, and the Office of
Naval Research resulied in the decision to discontinue an Air Force research program in learning and to strengthen the
Navy program.

(U) WORK PERFORMED BY: In-house research in human resources is now underway at the USAF Academy, CO; the Air Force Human
Resources Laboratory, Brooks AFB, TX; and the Air Force Aerospace Medical Research Laboratory, Wright-Patterson AFB, OH.
The ten major contractors are: Virglnia Polytechnic Institute and State University, Blacksburg, VA; Texas Tech
University, Lubbock, 7X; University of california, San Diego, CA; Rut;urs, The State University of New Jersey,

New Brunswick, NJ; Massachusetts Institute of Technology, Cambridge, MA; University of Illinois, Urbana, IL; Northwestern
University, Chicago, IL; McDonnell-Douglas Electronics Corporaticn, St Charles, MO; New York University, New York, NY; and
Ohio State University, Columbus, Ohio. In total, there are 45 contractors with 53 contracts.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (U) FY 1981 anu Prior Accomplishments: (1) Significant progress continues to be made in understanding the
relationship between fidelity of a flight simulator and its value as a trainer. Research results specify which parameters
must be duplicated for combat flight training to be effective as well as clarify those situations where fidelity of detail
inhibits training because it interferes with the trainee's ability to perceive and ahsorb essential relationships. These
findings have important implications for effective and economical simulator design. Related research has determined novel
ways to use sophisticated simulators for teaching critical combat skiils, particularly those skills that are impossible to
train in real aircraft in peacetime because of safety considerations. (2) A component of the human brain event related
potentiai has been identified to index workload. (3) Human visual processing research has provided important implicaticns
for pilot selection and training procedures, for cockpit and display design, and for model development of electronic
visual systems. The development of rew, more accurate visual standards has progressed far enough to be transitioned to
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expiloratory development. Efforts during the past two years have resulted in the development of simple visual and
visual-motor tests which have high predictive power for future flying performarce.

2, (U) Fy 1982 Program: Experiments are continuing to measure and code brain wave and related physiological activity.
The automated coupling of such activity to man-machine systems will improve their design and effectiveness. In addition,
nexw magnetoencephalographic technigues are being used to index complex sensory and cognitive information processing
capabilities in relation to varying human operator workload demands in high date rate environments. The learning apility
of enlistees is being studied to predict their adaptability and trainability in varicus Air Force occupations. Research
is also underway to describe the nature and limitations of neural mecharisms responsible for Air Force relevant types of
visual information precessing. Related research specifies the constraints imposed on visual information processing by
nonsensory factors such as attention, memory, and eye movements. We will complete the basic research efforts involving
novel training procedures for complex skills and support its transition teo exploratory developmerni.

3. (U) FY 1983 Planned Program: The FY 1983 program will concentrate on developing a unitary workload metric based on
new electrophysiological and neurcmagnetic indices of human information processing and performance capabilities under
increasingly complex display conditions of cperational reievance. Major attention will be focused on ceding and
differentiating neurophysiological bases of braln wave activity for biocybernetically linking man to machine for shared
systen operation. The vision programs wili focus on development of a comprehensive integrated auantitative model of
visual information processing. The model is a necessary prerrquisite for the optimal design of heads-up displays, control
panels, and other operator interactive components of highly sophisticated weapon systems. A major effort in visual
interactions will integrate earlier work on neural mechanisms and explore theii mutual interactions in complex visual
functioning. This thrust relates to combat environments in which the pilot must rapidly interpret dynamic, complex

patterns of visual cues.

4. (U) FY 1984 Planned Program: The vision research program will be redirected to concentrate on coupling mcdels of
neural processing with computer moderated "visual" sensors. Models of biclogical image processing will be interrelated
with electronic and mathematical basic research. This merger should result in experimental efforts directly confronting
the problem of developing robotic visual systems as well as creating vew approaches to interactive visual displays. The
biocybernetics/workload program is aimed at developing a unitary performance metric. This program will explore the
utility of psychophysiology and related mezsures as well as brain wave activity for evaluating and predicting human
operator effectiveness. A neurophysiological test battery will be developed to evaluate operational behavior under
varying workioad conditions in high data rate environments.

5. (U) Program to Completion: This is a centinuing program.

6. (U} Milestones: Not applicable.
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7. (U) Resources: ($ in Thousands)

Total
FY 1981 FY 1982 FY 1983 FY 1934 Additional Estimated
L Actual Estimate Estimate Estimate to Completion Costs
RDT&E Funds 5,262 6,237 6,494 7,062 Continuing Not Applicable
8. (U, Comparison with FY 1982 Descriptive Simmary: )
5,590 6,450 8,100 Continuing Not Applicable

T The $1,606 thousand decrease In the FY 1983 estimate cumpared with last year's FY 1983 estimate was accomplished partially

by scaling back the planned growth in the overall progrem, and partially by the conclusion of a multi-year prcgram which
explored techniaues to attract gualified students to engineering and scientific careers with the Air rForce.
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(U) DETAILED BACKGROUND AND DESCRIPTION: This project has been initiated to manage the additional resources identified by
DOD to rebulld basic research facilities and eaquipment at universities in areas important to the rational defense.

(U) RELATED ACTIVITIES: The Army, Navy, and Air Force eaually participate in this program. Coordination among the
Services will be achieved through meetings and reviews as reauired by the Under Secretary of Defense for Research and

Engineering.

{U) WORK PERFORMED BY: This project will be directly administered by the ASr Force 9ffice of Scientific Research. This
project is planned to start in FY 1983; therefore no list of major contractors is available.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE. PROGRAMS:

1. (U) FY 1381 and Pr’or Accomplishments: None.

2. (U) FY 1982 Program: This is a new start planned fur FY 1983.

3. (U) FY 1983 Planned Program: An interagency Working Group on University Recearch Instrumentation concluded that the
deterioration of research facilities at universities in the United States has reached a crisis stage. In order to restore
the university research base in areas supporting DOD objectives, the Office of tre Serretary of Defense nas recomrended
that each Service increase 1ts research budget by $10 million starting in FY 1983. For comparison, the Rir Forze research
nrogram normally provides $2 to 5 million per year for rasearch eauipment. Air Force plans are to utilize tihe increased
monies to fund research eauipment purchases associated with grants anc contracts to the university community for
scientific research directed to the advarcement of military asrospace techrology. The Air Focre Office ¢f Scientific
Research will administer this program by a minor modification to current procedures; i.e., by selecting research proposals
for funding bas~d upon significance to the Air Force, scientific merit, competence of the investigator, and reasonableness
of the proposed cost, but with acded criteria relating to the value to the Air rocce of the increcsed research cepability
resulting frun the proposed research eauipment purchases. Funds designated for this project will be tiacked througn
standard accounting procedures.

4. (U) FY 1984 Planned Program: Present guidance from the Office of the Secretary of Deiense is to continue this oroject
at the funding level of $10 million in FY 1984.

5. (U) Program to Completion: This is a continuing program.

€. (U) Milestones: Nut applicable.
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7. (U) Resources: ($ in Thousands)
Total
Fy 1981 FY 1982 FY 1983 FY 1984 Adaitional Estimated
Actual Estimate Estimate Estimate to Completion Costs

RDT&E Funds 0 0 10,000 10,000 Continuirg Not Applicable
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Element: #62101F Title: Geophysics
DOD Mission Area: Environmental and Life Sciences #522 Budget Activity: Technology Base #]

{(it) RESOURCES (PROJECT LISTING) ($ in thousands):

Total
Project FY 1981 FY 1982 FY 1983 FY 1984 Additional Estimated
Number Title Actual Estimate Estimate Estimate tc Completion Costs
TOTAL FOR PROGRAM ELEMENT 31,259 33,485 37,780 39,195 Continuing Not Applicable
06GL Laboratory Gperations 17,774 17,633* 18,660 19,010
4643 Aerospace Radin Propagation 1,729 2,140 2,400 2,400
6670 Meleornlogical Uevelopment 1,330 1,440 1,610 1,700
6687 ** Middle Atmosphere Effects 664 820 900 900
6690 Upper Atmo:phere Technology 1,420 1,655 1,700 1,700
7600  *** Terrestrial Geophysics 675 680 800 800
7601 Magnetospheric Effects on
Space Iystems 1,692 1,255 1,700 1,900
7639 Aerospace Probe Techriolegy 594 680 700 600
7661 **** Spacecraft Environment
Tezhnology 1,435 1,865 3,510 3,900
7670 Optical/IR Properties of the
Envionment 4,546 5,317 5,800 6,285
L Excludes 1 Oct 1631 civilian pay raise (4.8%).
& Project title change from Stratospneric Envirc:ment.

AXX Project title change from Miss:le Geobhysics.

**xx Project title change from Spacecraft Charging Technology.
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(U) BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: Geophysical effects have the capacity to modify, limit or nullify
completely the performance of Air Force systems and operations. Prime examples are missile guidance, air launch and
recovery, space vehicle tracking and satellite surveillance and communications. The technology developed in this element
enables Air Force system planners, desigrers and operational commands to exploit or mitigate the effects of the
geophysical environment. This program also provides for the operation and management of the Air Force Geophysics
Laboratory, Hanscom AFB MA.

(U) BASIS FOR FY 1983 RDT&E REQUEST: The FY 1983 program represents 10.1% real growth over FY 1982. This growth is
reflected in the special emphasis that i3 being given to the new initiatives that help the Air Force use space for
military purposes. Early measurements of the space shuttle radiation and contamination environment will be the first step
in the generation of specifications for payload design, vehicle cleanliness, and operating modes to enhance the use of
Department of Defense payloads on future flights. Shuttle-based spectrally resolved infrared background measurements on a
global scale will start to become available to guide surveillance system design. Development of instrumentation to
measure the radiation belt environment will begin in order to determine its effect on the microelectronic devices of
future military space payloads. There will be a well focused effort on boundary layer meteorology to define the
conditions under which disruptive phenomena, such as atmospheric induced anomalous microwave propagation or fog formation
over a battle space, can be expected.

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY:

Total
FYy 1982 FY 1983 FY 1984 Additional Ectimated
FY 1981 Estimate Estimate Estimate to Completion Costs
ROT&E 31,100 35,100 42,900 Continuing Not Applicable

{U) OTHER APPROPRIATION FUNDS: Not applicable.
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() DETAILED BACKGROUND AND DESCRIPTION. The objective of this program is to develop the technology needed to assist Air
Force and other Department of Defense system planners, designers and operational decision makers in mitigating and/or
exploiting the effects of the geophysical environment on existing, proposed, and future Air Force electronic, space,
missile, and aeronautical systems. While new, sophisticated and complex weapon systems generally are far more capable
than the systems they replace, there is growing realization that they also are more sensitive to the geophysical
envirorment in which they are deployed. Often in the past, the extent of such sensitivity has not become known until
after system development, when failures and anomalous performance occurs in the field. Because of the lack of follow-on
6.3/6.4/6.5 programs in most geophysical technology areas, it falls to this program element to help provide after the fact
fixes for problems discovered in the field, as well as provide input for future force readiness needs. Examples of
geophysical dependencies of major systems are: increased Intercontinental Ballistic Missile accuracy is limited by
incomplete knowledge of variations in gravity along miszile trajectories; the use of directed energy weapons demands
knowledge of the potentially adverse environmental interactions with high energy beams; the use of precision-guided
munitions requires the development of techniques to predict battlefield weather elements not currently observed or
predicted; the optimum design of infrared surveillance and space defense systems requires detailed atmosphere and
celestial background infrared emission data; improved radio frequency communication and surveillance systems demand global
capability to specify and predict fluctuations that occur in the ionsophere; space vehicle orbit and reentry predictions
are inaccurate due to uncertain variations in upper atmosphere density; operational satellites are damaged by energetic
protons and electrons released in solar storms; and new airframes such as the cruise missile require an improved aircraft
icing prediction capability. To meet the increasingly stringent requirements for improved systems, such as greater
reliability, higher accuracy and survivability, extended remote coverage and minimun life cycle cost. This program
element provides the technology to address the geophysical environment as an integral and interacting part of the systems
themselves. The program in geophysics is concentrated in five areas: Space Effects on Air Force Systems, Optical/Infrared
Systems Technology, Upper Atmosphere Impact on Air Force Systems, Terrestrial Effects on Air Force Systems, and Weather
Effects on Air Force Operations. This program element, in addition to being the primary technology base exploratory
development effort in geophysics, provides technical support to other Air Force and Department of Defense agency programs
and receives reimbursement for the services provided.

(U) RELATED ACTIVITIES: This program greatly benefits from research performed in Program Element (PE) 61102F, Defense
Research Sciences. Major beneficiaries of the technology developed in this program are PE 63410F, Space Systems
Environmental Teciinology; PE 63424F, Missile Surveillance Technology; PE 63426F, Space Surveillance Technology; PE 63438F,
Satellite Systems Survivability; PE 63707F, Weather Systems (Advanced Development); and PE 63703F, Continental United
States Over-The-Horizon-Backscatter kadar System. Programs in the broad area of geophysics are conducted by the Ammy and
Navy and other non-military federal agencies such as the National Oceanic and Atmospheric Administration and Nationail
Aeronautics and Space Administration. When applicable to Air Force requirements, information gathered by others is used
in the Air Force program. In addition to such complementary programs, joint or coordinated programs are conducted with
other agencies when mutual interests exist. The work within this program element was coordinated (1) at the annual
triservice briefings to the Office of the Undersecretary of Defense for Research and Engineering during apportionment
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review, (2) through the National Aeronautics and Space A" inistration/Air Force Space Research and Technology
Interdependence Working Group which meets semiannually, 3) with National Oceanic and Atmospheric Administration and other
federal agencies engaged in geophysical sciences through committees of the Federal Coordinating Council for Science,
Engineering, end Technology and the Federal Coordinator for Meteorological Services and Supporting Research, and (4)
through working groups set up by Air Force Geophysics Laboratory such as in satellite meteorology. Examples of joint or
coordinated programs are: Joint Doppler Operational Progam, & program with the National Oceanic and Atmospheric
Administration to develop techniques for using Doppler radar for reliable severe storm detection; Spacecraft Charging and
Spacecraft Environment Interactions., joint programs with the National Aeronautics and Space Administration to determine
causes and means of controlling undesired electricai charge buildups on satellies, and to develop environmental
specifications for future large space structures; Atmospheric Transmission, a coordinated program with the Army and Navy
to develop the capability and the computer codes to predict the obscuring effect of the atmosphere on visual, infrared and
millimeter wave precision guided munitions; Intercontinental Ballistic Missile Accuracy, a coordinated program with the
Defense Mapping Agency to develop techniques and geophysical instrumentation to improve intercontinental ballistic missile
targeting accuracy; and Nuclear Weapons Effects, a program with the Defense Nuclear Agency to mode) the auclear-disturbed
environment.

(U) WORK PERFORMED BY: Work performed under this line item is conducted and managed by Air Force Geophysics Laboratory,
Hanscom AFB MA. Off-base field sites are: W:ather Radar Site, Maynard, MA; Weather Test facility, Gtis AFB, MA; Goose Bay
Iorsopheric Observatory, Goose Bay, Labrador; and Balloon Launch Detachment, Hoiloman AFB NM. fuere were approximatey 75
contractors doing work under 125 contracts utilizing FY 1981 62101F funds. Ten of the major contractors were: Utah State
University, Logan UT; Boston College, Boston MA; Northeastern University, Boston MA; Emmanuel College, Boston MA;
University of California System, CA; Systems and Applied Sciences Corp., Riverside MD; Tri-Con Associates, Cambridge MA;
University of Lcwell, Lowell, MA; Massachusetts Institute of Technology, Cambridge MA.

{U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. (u) FY 1981 and Prior Accomplishments: The spacecraft charging technology program has been succesfuily
concluded with delivery to the Air Force Systems Command Space Division of a comprehensive specification of the
geosynchronous space environment, a method for calculating electrical potentials on and near spacecraft and detailed
techniques for controlling spacecraft potential. Satellites already benefiting from the Air Forze Geophysics Laboratory's
spacecraft charging expertise include Defense Support Program, Global Positior ing System, Defense Satellite Communications
System and Air Force Satellite Communication System. The fifth version of the standard Department of Defense Low
Resnlution Atmospheric Transmission code has been distributed to users. One important application of this code is its use
in developing Tactical Decision Aids which allow operational commanders to determine quickly which type of guided
munitions o order uploaded. The rncket probe measurements of the infrared zodiacal light background which supports the
Miriature Homing Vehicle and Space Based Surveillance Systems programs was successfully completed. lonospheric and
ouriral observations and propagation experiments were conducted by the Air Force Geophysics Laboratory's Airborne
lont spheric Observatory during Electronic Systems Division sponsored system performance tests of the Over-the-Horizon-
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Backscatter experimental radar system. The resulting ionospheric specification models were crucial for the final go-ahead
decision on that system. The initial operational test and evaluation for that operational radar system will be carried
out beginning in FY 84, The Air Force Geophysics Laboratory identified and determined the effect of ionospheric F region
irregularities on the performance of the Air Force Satellite Communication System in the polar region. The severity and
diurnal and seasonal rate of occurrence of conditions affecting communication system fade margins can now be anticipated
and planned for by forces operating at high latitudes. The study of seismic hazards was computed for six designated
Minuteman wings as a prelude to studies which will encompass all MX designated sites. The very long baseline inter-
ferometry technique was confirmed as an accurate way to determine intercontinental distances within a few centimeters, the
accuracy required by Defense Mapping Agency to authenticate the scale of the Department of Defense World Geodetic System.
The key analysis software for the joint Department of Defense, Department of Commerce, and Department of Transpoitation
Next Generation Weather Radar automated diagnostic technique was developed. Forecasters can now perform three-dimensional
storm identification, tracking and heavy rain prediction. A statistical cloud model was developed that provides estimates
of cloud presence at any level in the atmosphere given tie basic climatological input. These new modeling techniques make
possible improved cloud-free line-of-sight estimates and cloud distributions for war gaming and military flight
operational planning.

(2) (u) FY 1982 Program: The Air Force Geophysics Laboratory wiil deliver the following two payload assemblies for
Shuttle launch during this period. The first is Cryogenic Infrared Radiance Instrumentation for Shuttle payload, that
will measure the atmospheric infrared background radiation and characterize the shuttle infrared contamination
envirorment  The second payload has instruments to further define the Shuttle contamination environment, ambiunt electric
tields around the vehicle and the eneryetic particle flux, as well as ultraviclet atmospheric backgrounds. Computer
modeling wiil get underway to develop techniques to mitigate adverse enviremmental effects on Air Force spacecraft
missions. Efforts in charged particle beam ejection efficiencies from space vehicles, improved survivability and
reliabiiity of space systems and recognition of hostile beam threats will begin. The particle ejection systems and
environmental sensors for a rocket experiment will be constructed. Preparations will begin for the design of instruments
and experiments for a radiation satellite investigation of the earth's radiation environment and its effect on advanced
microelectronics. Other major thrusts include: The formulation and testing of techniques to enable operational
prediction of weather parameters adversely impacting electro-optical systems performance. These methods will be tested
against actual field measurements. A new millimeter wavelength spectrometer will be tested. Millimeter observations are
needed in support of weapons and surveillance system developments. A Target Engine Module probe flight will be conducted
to obtain moderate thrust post-boost vehicle engine infrared signatures. High latitude measurements of phase and
amplitude scintillation data at Thule and Goose Bay will be correlated with expected decreasing solar activity. The use
of Global Positioning System transmissions tc determine total electron content and phase scintillation will be evaluated.
The effects of artificial modification of the ionosphere, i.e., heating with the Arecibo telescope, will be correlated
with the occurrence of scintillations. An F-region ionospheric modification experiment, using rocket expiosive water
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releases will take place and will be monitored by measurement of satellite transmissions through the disturbed region.
Data from the successful auroral-E program will be published. An electrostatic accelerometer will be prepared for flight
as part of tie Defense Mapping Agency's navigation package to provide improved satellite navigation, as well as improved
data on atmospheric density, winds and vertical motions. The technology for direct measurement of atmospheric optica}
turbulence will be investigated and the development of thermosondes for the indirect determination of optical turbulence
will continue. A prototype two-color refractometer will be completed, which will correct for atmospheric refraction when
taking astronomic measurements to determine locations on the surface of the earth. Procurement of a pre-production model
of this instrument is scheduied for FY 1983. To support alignment and positioning of Air Force systems, a prototype laser
gyroscope will be designed to measure azimuth and latitude with sub-arc second accuracy. Analysis of SEASAT data will
resuit in significant improvements in altitude reso!ttion of oceanic areas. Ground motion measurements will continue at
selected sites to determine far- and near-field cround transfer characteristics. From these studies techniques will
evolve to reduce false alarm rates in the triservice Base Installation Security System. An electro-optical nephelometer
for the tactical airborne determination of atmospheric transmission at visual and infrared wavelengths will be developed.
A low cost, fast response humidity sensor will be developed for deployment by dropsonde or remotely piloted vehicle. The
feasibility of using visible and infrared radiometric techniques to characterize cloud cover will be determined. Radar
reflectivity measurements will be combined with satellite imagery to develop improved cloud ceiling and visibility
predictions. Experimental and theoretical studies will begin which will enable identification of the atmospheric
conditions controlling microwave propagation.

3. (U) FY 1983 Planned Program: This program continues the emphasis on space activities. In the laboratory, space
chamber studies will be started to identify interactions between the space enviromment and large spacecraft that would act
to seriously limit system capabilities. Within the radiation satellite program, instruments will be fabricated. Planning
and coordination will begin for participation with National Aeronautics and Space Administration in the Active
Magnetospheric Particle Tracer Experiments which are designed deliberately to create instabilities in the magnetosphere
leading to substorms. The magnetosphere response will be characterized in part by the Air Force Geophysics Laboratory's
magnetometer network. In the particle beam work, a rocket nrobe experiment will test advanced concepts of beam formation,
ejection, detection and control. Continue development and fabrication of the Cryogeric Infrared Radiance Instrumentaticn
for Shuttle 1A, which will obtain the data base for the development of design criteria needed for the advanced
surveillance, detection and tracking systems of the post 1985 time period. High altitude rocket experiments such as the
Zodiacal Infrared Program, Earth Limb Infrared Atmospheric Structure will be conducted to en .ice the data base necessary
to define the IR backgrourds, and a rocket version of the Cryogenic Infrared Radiance Instrumentation for Shuttle will be
initiated. The Low Resolution and High Resolution Transmission Codes as well as the Fast Atmospheric Signature Code will
continue to be expanded and updated to meet future system requirements. Additional efforts in FY 1983 include: Direct
measurements at gravity of altivudes up to 50 kilometers will be made for the first time, to test and verify predictions
of the vertical dependence of yravity. Completion of SEASAT data analysis will allow implementation of a new common
height reference system, resulting in more accurate elevation data. Development of a gravity gradiometer will oegin to
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extend gravity measurements from first order reference points. Construction of the laser gyroscope will be compieted and
testing of its ability to measure azimuth and latitude with sub-arc second accuracy will begin. The capabilities of the
jmproved Automated Azimuth Measuring System will be exploited to determine the effects of crustal instabilities on Air
Force Systems. To advance battlefield weather surveillance systems, expendable infrared visibility meters and a low cost,
fast response humidity sensor will undergo field testing. Remote broadband radiometry along with in-situ measurements
will be evaluated for feasibility in measuring cloud cover, tops and bases. A prototype supersaturaton sensor will be
tested for use on aircraft to study precipitation growth in the atmosphere. Improved temperature inversion algorithms
will be developed to compute accurate temperature and water vapor profiles from satellite infrared and microwave radiance
data. Laser Doppler techniques will be tested for their effectivneess in detecting wind hazards near airbases. Doppler
weather radar techniques will also be developed for detection of severe storm precursors to improve warning time

per formance of the Next Generation Weather Radar. Radar, satellite, and conventiunal weather data will be joined to
deveiop models for short-range (0-6 hours) cloud ceiling and visibility prediction. Measurements and theoretical studies
of atmospheric conditions affecting microwave propagation will be carried out. A new fog predicton model will be tested
with data taken at the Otis Weather Test Facility. Work will begin on techniques to predict dispersion of hazardous gases
and vapors following inadvertent propeliant releases from Air Force facilities. The reason for the FY 1983 reduction of
$5M from last year's summary is a reduction in scope of seven projects by at least 20¥. The exceptions are: O06GL -
Laboratory Operations, 7661 - Spacecraft Environment Technology, and 7670 - Optical/IR Properties of the Environment.

4. (U) FY 1984 Planned Program: The emphasis on space-related activities in this program element will continue. A
worst case, high latitude substorm model will be defined and made available to space system designers. The environmental
definition will be accomplished by analysis of simultaneous Defense Meteorological Satellite Program data and the Explorer
Satellite particle energy and flux data. The radiation satellite instrumentation will be ready for integration into the
satellite and the necessary data reduction programs will be developed. The Active Magnetospheric Particle Tracer
Experimenls to create disturbances in the magnetosphere will be carried out and the effects analyzed. Data collected from
the particle beam rocket probe experiment will be compared with the theory and the results will be applied to the detailed
design of space shuttle experiments. As the Cryogenic Infrared Radiance Instrumentation for Shuttle 1A data becomes
available, it will provide a seasonal, geographic and temporal data base of the earthlimb and atmosphere for system design
criteria. Efforts will continue to keep the transmission code current. The spatial scale and frequency statistics of
index of refraction variations and their relation to atmospheric optical turbulence will be modeled for use in designing
laser weapons and cormunication systems. Models of stratospheric ion and aerosol composition will be developed from data
obtained from mass spectrometer measurements made as low as 20 kilometers in altitude. Development of a three-dimensional
dynamic atmospheric model will be completed. It wili allow prediction of worldwide atmospheric structure between 50 and
400 kilometers as a function of varying energy input from the sun. A iocket experiment will measure insolation at
extremely short ultraviolet wavelengths during the downside of the solar cycle. The ground-based Light Detection and
Ranging Instrumentation will be tested at Kwajalein Missile Range to determine atmospheric density along the reentry
corridor of missiles launched from Vandenberg AFB CA. The Horizon Ultraviolet Program instrument wiil be flown on a
satellite through the Space Test Program to assess the potential of ultraviolet as a satellite ittitude sensor. The
ultraviolet auroral imager will be flown on the Defense Nuclear Agency's beacon satellite as 2 taest of whether ultraviolet
imaging can be used as a means to improve significantly the specification of auroral effects un Air Furce Communications
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Command Control and Intelligence systems. Signals generated by the beacon sateiiite alsc will be received in coordinated
ground-based arij airborne measurements of radio frequency fade and phase changes caused by the ionosphere at high
latitudes. Additional data obtained during early Over-The-Horizon-Backscatter operations will be used to improve generic
ionospheric specification and prediction codes. Development of a prototype radar-based turbulence sensor wiil be
initiated for potential airbase use in avoiding regions of hazardous turbulence in clouds. The prototype regional
observing and forecasting system supported hy National Oceanic and Atmospheric Agency will be exercised extensively to
conduct intensive mesoscale weather forecasting tests. Forecaster effectiveness will also be evaluated in an automated
operational enviromment.

5. (U) Program to Completion: This is a continuing program.

6. (U) Milestones: Not applicable.
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(U) DETAILED BACKGRCUND AND DESCRIPTION: This project provides for operation of the Air Force Geophysics Laboratory,
Hanscom AFB MA, including pay and related costs of civiliar scientists and support personnel, travel, transportation,
rents, communications, and utilities costs, procurement of supplies and equipment, and contractor support services. The
Air Force Geophysics Laboratory performs research and exploratory development in the geophysical sciences, i.e., geodesy,
geokinetics, meteorology, optical physics, jonospheric physics, upper atmosphere physics, and space physics in support of
the immediate or potential needs of Air Force operational systems.

(U) RELATED ACTIVITIES: This project supports and complements all of the technical projects under this program element.

(U) WORK PERFORMED BY: The program is managed by the Air Force Geophysics Laboratory, Hanscom AFB MA.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS: Plans and accomplishments are discussed in the overall program elemant
which is included in this submission.

1. (U) FY 1981 and Prior Accomplishments: Not -applicable.

¢. (U) FY 1982 Program: Not applicable.

3. (U) FY 1983 Planned Program: Not applicable.

4. (U) FY 1984 Planned Program: Not applicable.

5. (U) Program to Completion: This is a continuing program.

6. (U) Milestones: Not applicable.

7. (U) Resources:

Total
FY 1981 FY 1582 FY 1983 FY 1984 Additiona® Estimat _1
Actual Estimate Estimate Estimate to Completion  Costs
RDTRE 17,774 17,633 * 18,660 19,010 Continutiii Not Applicable

* Excludes 1 Oct 1981 civilian pay raise (4.8%).

8. (U) Comparison with FY 1982 Descriptive Summary:

16,458 17,921 18,310
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(U) DETAILED BACKGROUND AND DESCRIPTION: The objective of this project is to measure, model and predict the optical

and infrared properties of the earth, the atmosphere, and space environment; and to determine their effects on Air Force
and Departmert of Defense surveillance, reconnaissance, and weapons guidance systems. The optical and infrared properties
of particular concern are background emissions of the earth, the atmosphere, the earthlimb, the celestial sky and
near-earth space, and the transmissivity of the atmosphere. As sensor technology continues to improve, the natural
optical/infrared environment becomes a major facter in limiting the availability, sensitivity, range, and coverage
capability of future electro optical/infrai-ed systems including space-based systems. Knowledge of both the spectral
structure and the spatial/temporal structure of backgrounds and targets is required in order that both the spectral pass
band of sensor optics and the electrical pass band in subsequent data processing be ootimized.

(U) RELATED ACTIViTIES: This project greatly benefits from research performed in Program Element (PE) 61102F, Defense
Pesearch b-iences. Direct beneficiaries of the technology developed in this project include PE 63424F, Missile
Surveillance Technology; PE 63425, Space Surveillance Technology; PE 63402, Space Test Program; PE 63707, Weather Systems
(Advanced Development); PE 63435, Intergrated Operational Nuclear Detection System; and PE 12431, Defense Support Program.
The Defense Advanced Research Projects Agency is a principal sporsoring agency for many efforts in ground-aircraft- and
satellite-based infrared and electro-optical surveillance, target signature and background measurements being conducted by
Air Force, Navy and Army Laboratories. As such, it performs an effective coordinating function jointly with Air Force
development organizations through such activities as the annually conducted Space Surveillance Symposia. Programs of a
related or collaborative nature include the Defense Advanced Research Projects Agency's TEAL RUBY, and HALO. Navy programs
include studies of optical transmission in a marine environment and aircraft target siynature measurements conducted by
Naval Research Laboratory and Naval Weapons Center, respectively. Army's Night Vision Electro-Optical Laboratory and
Atmospheric Sciences Laboratory programs concentrate on battlefield conditions. Navy and Army efforts are coordinated with
Air Force Geophysics Laboratory as part of the Department of Defense atmospheric transmission plan. Within the Air Force,
efforts which relate are Armament Division Test Center‘s PAVE PRISM, Air Force Weapons Laboratory's Advanced Radiation
fechnology Program and the Avionics Laboratory's Systems Characterization Facility and tail-warning receiver development.
Outside the Department of Defense, National Aeronautics and Space Administration activities include celestial infrared
emission measurements, atmosphere pollution measurements, and sateliite remote sensing of meteorologic2! variables.
Programs in this project are coordinated through several groups including the Technical Coordination Program, Subgroup J
Department of Defense; Atmospheric Transmiscion Modeling Annual Review Conference, Department of Defense; HALO Study Group,
Defense Advanced Research Projects Agency; Infrared information Symposia, Department of Defense; Strategic Surveillance
Satellite Meetings, Defense Advanced Research Projects Agency; Interagency Propulsion Committee Meetings, Department of
Defense/National Aercnautics and Space Administration; North Atlantic Treaty Organization RSG-8 of Panel IV (AC 243) and
selected Department of Defanse study panels. In addition, there is a coordinated and cooperative program in atmospheric
nuclear weapons effects with the Defense Huclear Agency.
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(U) WORK PERFORMED BY: Air Force management of this project is provided by the Air Force Geophysics Laboratory, Hanscom
AFB, MA. There were 1l contractors performing work under 17 contracts utilizing FY 1981 PE 62101F funds. The contractors
were Utah State University, Logan, UT; University of California, San Diego, CA; Boston College, Boston, MA; Sonicraft,
Chicago, IL; University of Lowell, Lowell, MA; Colorado State University, Fort Collins, CO; University of Wyoming,
Laramie, WY; Aeronutronic Ford, Newport Beach, CA; Photometrics, Burlington, MA; Aerodyne, Bedford, MA; Visidyne,
Burlington, MA.

(U) PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAM:

1. (U) FY 1981 and Prior Accomplishments: Project 7670 is described separately in a descriptive summary for the
first time. As part of the Department of Defense atmospheric transmission program, the world standard data base of
atmospheric gas spectroscopic quantities was created by this project. This data base is maintained, updated, and
distributed to all military and civilian groups requiring it. In addition to the data base on uniformly mixed atmospheric
gases and selected trace gases, the following computer codes have been developed. 1) 7he Low Resolution Transmission Code
has advanced to the fifth edition. Calculations, hoth of atmospheric transmission and of radiance, are now readily made
for a selection of model atmospheres and arbitrary slant paths through the atmosphere. Tactical theater requirements will
continue to he a dorinating factor in determining the future direction of this research. This fifth edition also includes
verified aerosol scattering models. 2) The High Resolution Transmission Code utilizes the data base at infinite resolution
and cen he degraded in resolution to match any desired instiument function. 3) The Fast Atmospheric Signature {ode
implementation of the High Resolution Transmission Code now p)vides accelerated line-by-line calculations extending into
the microwave spectral region from the visible. This project has a long history of innovative instrument development and
of measurements of atmospheric infrared background radiation, both for the natural atmosphere anc during nuclear weapons
tests. Essentially the entire data base of i1nfrared background measurements upon which atmospheric, celestial and
zodiacal background radiation models are based have been carried out, either within this project, or in promotion of the
advantages of Michelson interferometry as an observing tool, and the realization in practical instruments of the gains in
detectivity which arise from the reduced thermai background radiance levels in sensors held at cryogenic temperatures.

The best of these techniques are combined in the Cryogenic Infrared Radiance Instrumentation for Shuttle sencors; the

first of these is scheduled for an early space shuttle flight to provide a mid-latitvde Laseline of infrared spectral
structure of the earthlimb radiance as seen from space. In anticipation of the needi of the Minietrre Homing Vehicle and
Space Based Surveillance System programs at Space Division, technology developed in this project has been successfully used
in rocket probe measuremerits of the infrared zodiacal light background. The resulting model of the ultimate background
limiting the performance of cold body tracking and surveillance systems will serve the needs of space defense system
planners for the foreseeable future. EXCEDE, the highest power electron accelerator space expariment ever attempted, was
successfully conducted from a rocket platform. The benchmark data obtained will be a cornerstone of the Defense Nuclear
Agency nuclear scenario infrared background codes used for Department of Defense systems performance enalyses. Using a
research version of those codes, this project provided data and models of atmospheric nuclear burst backgrounds as input
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to programs at Space Division, simulating surveillance system response under stressed conditions. This project
instruments and operates a flying infrared laboratory in a KC-135 aircraft. Atmospheric nuclear tests have been
documented in the infrared from this platform, as well as airglow and aurora. Measurements made from this aircraft
represent the greatest part of the data base of specral and spatial infrared signatures of in flight aircraft from all
aspects and against varied backgrounds. This project develops the infrared sensors and carries out the measurements which
are reimbursed by Missile Surveillance Technolugy program. These include the Balioon Altitude Mosaic Measurements which,
to date, have provided the existing data base of background measurements against which to test the staring mosaic sensor
concept, and the Multispertral Measurements Program which is producing the data base of spectral and spatial signatures of
small post-bocst vehicle rocket engines.

2. (U) FY 1982 Program: The first Cryogenic Infrared Radiance Instrumentation for Shuttle payload will be
deiivered for integration to the space shuttle pallet. It will determine the infrared spectrum of atmospheric background:
radiation in mid-latitude regions as sean from space. It also will measure and characterize the ccntamination environment,
that military infrared sensors will encounter on subsequent shuttle flights. Two Long-Wave Infrared radiometric probe
measurements cof the celestial background are scheduled. An Earth Limb Infrared Atmospheric Structure probe flight will
determine the spatial structure of short wave infrared atmospheric vackground radiance in the auroral region. A cryongenic
field-widened interferometer probe flight will obtain short wave length infrarad spectra of the atmosphere during an
auroral event. Other major thrusts include: The fermulation and testing c¢f techniques to enable operational prediction
of wedther parameters adversely impacting electro-optical systems perfcrmarce. The Transportable Optical Atmospheric Data
System will begin deployment to various locations to study specific adverse weather conditions, beginning with
participation in the SNOW 1A measurement program in Vermont. This technology forms part of the data base upon which the
Tactical Decision Aid development depends. A model compatible with the Low Resolution Transmission Code will be completed
which treats radiation transport by muitiple scattering in atmospheres containing both molecular and aerosol
constituents. Development of an application oriented atmospheric transmittance and radiance model, pased on the Fast
Atmospheric Signature Code algorithm will be completed. It includes spherical geometry for any slant path and a choice of
model atmospheres and aerosol distribution models. Ground tests of a new miliimeter wavelength spectrometer will be
conducted. This instrument is planned for installation in the KC-135 flying infrared laboratory. Observation of earth
and atmospheric radiation background and target signatures in the millimeter region are required for weapons and
surveillance systems development. The thi | flight in the Target Engine Module series witl be conducted under *he
Muitispectra! Measurements Program. In-situ measurements of the spectral, spatial and temporal signatures of a moderate
thrust post-boast vehicle engine will be obtained. In the Balloon Altitude Mnsaic Measurement Program, balloon altitude
speciral and radiometric short wavelength infrared measuraments under low solar scattering angle conditicns and against
mountains and high Jakes are planned.

60




Project #7670 Title: Optical/IR Properties of the Environments
Program Element: # 62101F Title: Geophysics
DOD Mission Area: Environmental and Life Sciences #522 Budget Activity: Technology Base #1

3. FY 1983 Planned Program: Instrumentation development and fabrication for the Crvogenic Infrared Radiance
Instrumentation for Shuttle 1A flight to obtain the detailed spectral and spatial infrared structure of the eartnlimb and
aurora from space shuttle platforms will continue. This data base will provide the critical design criteria for advanced
surveillance, detection and tracking systems. High altitude rocket probes will be flown to measure, radiometically, the
N Jong wavelength infrared earthlimb and celestial background. The res:lts from the Zodiacal Infrared Program will be made
available to system planners as a model of the diffuse zodiacal infrared radiance in the galactic plan. Data from the
Earthlimb Infrared Atmospheric Structrure rocket probe measurements of auroral and aiviylow emissions will be analyzed and
modeled to provide a First order capability to predict short wavelength infrared background clutter. Construction of a
rocket probe version of the Cryogenic Infrared Radiance Instrumentation for Shuttle sensor will be initiated. This
Spectral/Spatial Infrared Radiometer Interferometer, Telescoped will be launched into an aurora in FY 1984. In other
efforts, measurements relating to optical quantities and meteorological variables in Germany will continue in cooperaticn
with the Army's Atmospharic Sciences Laboratory. They will characterize the vertical structure of hazes and fogs under
low visibility conditions. Locally eptical/infrared transmission will be studied under well documented conditions of
snow, rain, fog, and heavy haze. The Low Resolution Transmission Code will receive a subroutine for calculating the
background radiation field from scattered solar or lunar radiation. The Fast Code implemertation of the High Resolution
Transmission Code will be applied to engine plume signatures. Airborne measurements of terrain and cioud backgrounds in
the submillimeter spectral region will begin. Airborne infrared spectral measurements of targets will be extended to long
range with the use of telescopic instrumentation. The first of the High Performance Target Engine Measurements in the
Multispectral Mzasurements Program will take place.

4. (U) FY 1984 Planned Program: Data from the Cryogenic ‘nfared Radiarce Instrumentation for Shuttle will
provide the first links to a synoptic mode! of auroral and airglow spectral ancd spatial structure. The EXCEDE rocket
probe flight will measure the spatial profiie of ultraviolet, visible and infrared emissions induced in thz upper
s atmosphere by a 100 kilowatt electron accelerator. This dosing of the atmosphere and associated measurements provide a
| calibration of effects produced by atmospheric nuclear detonations. These and other data will continue to find
application in weapons effects codes used in surveillance system simulation programs. The data from local and
Europe-based correlated measurements of optical/infrared transmissions and meteorological variables wilil be used to
establish a statistical data base reiative to the vertical structure of hazes and fogc. The Low Resolution Transmission
Code will incorporate new band model parameters for uniformiy mixed aid trace gases, and the procedure will be applied to
non-equilibrium atmospheric raciance problems. The second High Performance Target Engine Model flight will take place,
extending the data base of measurements of atmospheric interaction radiation associated with post-boost vehicle rocket
engine exhausts. Tre NKC-135 infrared laboratory aircraft will continue to be used for selected target and background
measurements and will take measuremznts in support of the TEAL RUBY experiment.
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5. (U} Program to Compietion: This is a continuing program.

6. (U) Milestones: Not applicable.

7. (U) Resources:

Total
FY 1981 FYy 1982 FY 1983 FY 1984 Additional Estimated
Actual Estimate Estimate Estimate to Completion Costs
4,546 5,317 5,800 6,285 Continuing kot Applicable

B. (U) Comparison with FY 1982 Budget Data:

4,700 4,900 6,100
67
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FY 1983 RDT&E DESCRIPTIVE SUMMARY

Program Eiemert: #62102F Title: Materials
DOD Mission Area: Engineering Technology (ED), #523 Budget Activity: Technology Base, #1

(U) RE3CJRCES (PROJECT LISTING)($ in thousands):

Total
Project 7Y 1981 FY 1982 FY 1983 FY 1984 Additioral Estimated
Number  Title Actual Estimate Estimate Estimate to Completion Costs
TOTAL FOR PROGRAM ELEMEHT 38,285 42,156 46,174 49,866 Continuing Not applicable

06ML Laboratory Operations 14,408 14 ,734% 15,632 15,874
2417 Thermal Protection Materials 2,877 3,385 3,993 4,280
2418 Metallic Structural Materials 4,900 5,480 5,627 6,630
2419 Nonmetallic Structural

Materials 4,300 4,807 4,970 5,950
2420 Aerospace Propulsion Mate ials 3,000 3,462 4,219 4,350
2421 Flvid, Lubricants and Fiuid

Containment Materials 2,800 3,365 3,795 3,903
2422 ?rotective Coatings and

Materials 2,700 3,173 3,695 4,098
2423 Electromagnetic Windows and

Electronic Materials 3,300 3,750 4,243 4,781

*Exciudes 1 Oct 81 Civilian Pay Raise.

(U} BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: This program element conducts the entire Air Force exploratory
development program in msterials., It develops new and improved materials which are required to meet the increased
performance, reliability and survivability of current and future aerospace systems., The needs of Air Force aircraft,
spacecralt and missiles are specialized and unique and cannot be satisfied by research and development directed solely
at civilian needs. The program also provides management and operational support for the Materials Laboratory, Wright-
Patterson Alr Force 3ase, OH, as the Alr Force agency concerned with alli aspects of materials research, development and
manufacturing technotogy.

(U) BASIS FOQ FY 1983 RDT&E REQUEST: The FY 1983 program represents a 4.5 percent real growth over FY 1982, The FY
1983 tunds will be used to support materfals technulogy programs which address current and projected deficiencies in
materials techaology which impact the Air Force mission. The projects conducted under this program elemeat, while
addressing all Afr Force materials needs, will highlight metal-matrix composites and rapid sc'!dification powder metal
lurgy; crosion resistant carbon/carbon composites for strategic reentry vehicles ard higher performance, more fuel
efticient gas turbine engines; the reduction of critical/strategic metals content i{n current and future systems; and
methods of protecting both personnel and systems from the effects of high energy laser radiation. Empharis will
continue to be on those technologies which are currently deticient to meet Air Force systems needs; and will halance
materials performance, durability, reliability and cost.
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Program Element: #62102F

DOD Mission Area: Engineering Technology (ED), #523

(U) COMPARISON WITH FY 1982 DESCRIPTIVE SUMMARY:

Title: Materials

Budget Activity: Technology Base, #1

Total
Estimated
Costs

FY 1682
FY 1981 Estimate
RUTS&E Funds 37,600 44,000

(U) OTHER APPROPRIATION FUNDS:

Military Construction

The $7.626 million reduction in FY 1983 will delete or delay
composites for nosetips and heatshields cf waneuvering reent

and advanced technology bumbers.

FY 1983 FY 1984 Additional
Estimate Estimate to Completion
53,800 Continuing

20,600 16,768

Not applicable

programs to: develop erosion resistant carbon/carbon

ry vehicles; new art2nna and radome materials; strategic
penetration aids; erosion resistant infre--:d window material for use at Mach 2+; carbon/carbon composites for aircraft
and cruise missile ergines; and the adhusive londing, thick laminate processing and nondestructive testing necessary
for successfu! applicatlon of composite m:terials to large aircraft such as air-launched strategic missile carriers
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(1) DETAILED BACKGROUND AND DESCRIPTION: The objective of this program is to develop new and improved aerospace
materials; provide reliable materials property design data for new materials; to better utilize existing materials;
and to maintain the Materials Laboratory as the center of Air Force expertise on operational materials problems,
materials processing and materials failure analysis. All areas of materials development and processing are addressed
with special emphasis on thermal protection materials for strategic reentry vehicles and missile propulsion; metal
and nonmetallic structural materials; all materials used to make turbine engines; oils, hydraulic fluids, seals and
sealants; coatings for protection from environmental and laser damage; nondestructive inspection and corrosion preven-
tion techniques; and electronic/electromagnetic materials for infrared detectors, space surveillance systems, optical
components for high energy laser systems, and semiconductor devices. This program element is not only the primary
technology base materials exploratory development effort in the Air Force, but also it provides technical support to
other Alr Force and Department of Defense agencies and i1s partially reimbursed by those agencies for the services
rendered. The Materials Laboratory is fully reimbursed for basic research efforts by PE 61102F, Defense Research
Sciences. The project break reflecis the best estimate considering these anticipated reimbursements, :ut mav require
adjustment to the degree that reimbursements are actually earned.

(U) RELATED ACTIVITIES: All three military services, Defense Advanced Research Projects Agency, the Natjonal
Aeronautics and Space Administration, the Department of Energy, and industry, through the Independent Research and
Development program, carry out research and development programs in materials technology specifically related to
their requirements. Coordination is provided by the exchange of planning documents, joint agency technical planning
committees, and activities such as the Department of Defense Metal-Matrix Composite Steering Committee, the Materials
Development Coordination Committce for Advanced Strategic Reentry Vehicles, the Department of Defense Materials and
Structures Technology Conference, and the Tri-Service Laser Hardened Materials and Structures Group. These joint
planning meetings and materials coordination activities highlight the specialized materials requirements of each
organization and are determining factors in the formulation of complementary, nonredundant materials research and
development programs. Interface with industry and the civilian community is reinforced by active participation in
academic and professional organizations and societies. This program element receives specific input from PE 61102F,
Lefense Research Sciences, and provides technical output to other program elements such as PE 63211F, Aerospace
Structures and Materials, and PE 780G11F, Manufacturing Technology.

(U} WORK PERFORMED BY: The Materials Laboratory, Wright-Patterson Alr Force Base, OH, is the corganization responsible
for the management of this progrum. Ten major contractors in FY 1981 were: <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>