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Foreword

This report summarizes the recent
achievements and progress of ongoing
programs at the Air Force Geophysics
Laboratory. It is the thirteenth in a series
initiated by AFGL’s predecessor, the Air
Foree Cambridge Research Laboratories
(AFCRL). Written primarily for Air Force
and DoD managers of research and devel-
opment, it shows how AFGL met the
needs of Air Foree systems and extended
the technology base in geophysics during
the period from January, 1985, through
December, 1936.

41 Jeorr

JOSEPH R. JOHNRON
Colonel, USAF

Commander
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The Air Foree Geophysies Laboratory is located at Hanseom AFB, 17 miles west of Boston, Itis a tenant of the
Fleetronie Systems Division of the Air Foreve SXystems Command (USAF photo by Patrick J. Windward).




I AIR FORCE GEOPHYSICS
LABORATORY

The mission of the Air Force Geophys-
ics Laboratory (AFGL) is to understand
the geophysical environment in which Air
Force systems operate so that it can
define design parameters for these sys-
tems.

AFGL is part of the Space Technology
Center, headquartered at Kirtland AFB,
New Mexico. The Center reports to the
Space Division of the Air Force Systems
Command, Los Angeles AFS, California.

This report describes the achievements
and activities of AFGL from January 1,
1985, through December 31, 1986. During
this period, AFGL conducted research,
exploratory, and advanced development
programs in the physics of space, the
ionosphere, the atmosphere, the earth,
and optics. The products of these research
and development programs were transi-
tioned into the Air Force as military de-
sign standards, computer-aided design
tools, databases of geophysical effects,
tactical decision aids, computer models of
the environment and of its interaction
with Air Force systems, feasibility stud-
ies, and prototype hardware and software.

In 1985, Colonel Joseph D. Morgan, 111,
commanded AFGL until July 18, when he
was succeeded by Colonel Joseph R. John-
son, formerly Chief of the Strategic Com-
mand, Control, and Communications Divi-




sion tor the Deputy Chiet of Staff, Re-
search, Development and Acquisition. Col-
onel Rodney Bartholomew served as Viee
Commander of the Laboratory until July
311985, when he was replaced by Colonel
James K. MceDonough, previously Instal-
tation Commander at the New Boston
AFS. New Hampshive. Dro AT, Stair, Jr.,
appointed Chief Scientist m January 1982,
retived in December 1986,

HANDBOOK OF GEOPHYSICS AND
THE SPACE ENVIRONMENT

In 1955 the Air Force Geophysies Labo-
ratory published the fourth edition of its
cluszic handbook for Air Force designers,
engineers, and systems operators. Since
1965, when the third edition was pub-
lished. the development of large rocket

and satellite platforms for experimental
pavioads and the expansion of computer
capabilities have greatly advanced knowl-
edge of geophysies. The fourth edition
emphasizes the space environment with
chapters on the sun and its emissions, the
varth’s magnetic field, the radiation belts,
the ionosphere, and the aurora. Air Force
designers of space vehicles will find the
section on electrical charging of space-
craft especially useful. Infrared astrono-
my. the properties of the near-earth at-
mosphere, and the earth sciences are also
included. Selected bibliographies are given
at the end of each chapter.

FORTIETH ANNIVERSARY

The Laboratory celebrated its fortieth
anniversary vear in 1986. Originally called

The AFGL Corporate Roard: Seated (left to righty: Dr. Robert AL MeClatchey, Director of the Atmospherie
Seiences Dhvision: Col James Ko MeDonough, Vice Commander; Col T R, Johnson, Commander; Mrs. Rita
Sagralyn, Direetor of the Space Physies Divigion; and Dr. Donald H. Fekhardt, Direetor of the Farth Sciences
Invagon. Standivg e to rigchos Lt Col Richard G Gallowuy, Director of Geophysies Programs Division; Dr.
Landall F. Murphy, Director of the Infraved Cechnology Disicinn Dr Richard G2 Hend! Divector of Toechnieal
Plans and Operations: Mr. Robert Skrivanek, Director of the Tonospherie Physies Division; Dr. Earl Good,
Direetor of the Optical Physies Division: Lt Col . John E. Holdner, Director of Research Services Division: Lt Col
Juson Chagpel, Director of Information Systems Management Division: Mr. Neal Stark, Director of the
Nerospace Ergmeering Divison: Mso Eanice Cronin, Assistant for Management Information (USAF photo by

[ee Stevens)




Adolph S0 Jursa defu. Scientifie Editor, and
Muryviou Tschirch, Assistant Editor, present
the fourth edition of the Air Foree

Handbook of Geophyvsies and  the Space
Environment to Col J. R Johnson, AFGL
Canmander 1USAE photo by Lee Stevens),

the Cambridge Field Station of the Army
Air Forces, the Laboratory began recruit-
ing scientists from the Radio Research
Laboratory at Harvard and the Radiation
Laboratory at MIT in August, 1945, 1t did
not receive formal status, however, until
June, 1946. The Cambridge Field Station
became the Air Force Cambridge Re-
search Laboratories (AFCRL) in July,
1949, After a major reorganization in
1976, AFCRIL was redesignated the Air
Force Geophysices Laboratory and elec-
tronic functions were transferred to the
Rome Air Development Center.

Fortieth Anniversary events included
an Open House in April, the dedication of
a new Pavload Verification and Integra-
tion Facility in July, and a gala Anniversa-
rv Dinner in October, at which Lt Gen
James A. Abrahamson, Director of the
Strategic Defense Initiative Organization,
was guest speaker.

AFGL was named the Outstanding
Aerospace Unit of the Year in Space

Maj John AL Gaudet, Deputy Director of the
Space Physies Division, demonstrates basie
principles of physies at AFGL Open House.
{The studeni seated on a revolving chair
discovers how hard it is to turn a spinmng
wheel while she is rotating ) (USAF photo by
Lee Stevens).

Division by the Air Force Association of
Los Angeles in 1986. Its unique contribu-
tions to the Space Division mission include
building an infrared database for surveil-
lance satellites, measuring the acoustic
environment at the Space Shuttle launch
complex at Vandenberg AFB, California,
developing a ground-based laser radar to
measure atmospheric density for shuttle
orbits, and inventing a revolutionary tech-
nique to acquire missile plume signatures.

SCIENTIFIC STAFF

The talent and reputation of the scien-
tific staff are the Laboratory’s chiet asset.
Of the 254 scientists and engineers at
AFGL, 95 have doctor's degrees, 76 have
master’s degrees.

Dr. George A. Vanasse, physicist in the
Optical Physics Division, received the
Harold Brown Award in 1985, the third
Brown award to an AFGIL scientist since
1976. Dr. Vanasse developed a revolution-




[t Gen Forrest S

McCartney (center),
Comtiander of Spuce Division until October
Yoo tushs cuts the mibbon at dedication
corene nies for AFGLs new Pavload
Vereation and Integration Faeihty
As~irtime b are Moy Gen Thomas

Bracads dleft, Viee Conmmand-or of the
Fivetrome Sostems Division; Mark Allen,
Pradhling contractor: and Col 0RO Joknson
ke ARG Covanander (USAF photo by

[ Steveq s

ary mstrument called BOSS (Background
Opticul Suppression System) to detect tar-
vets with low infrared signatures, such as
missile phinnes, against background inter-
ferer e It enhances the effectiveness of
infrared surveillanee svstems. The Air
Force  Weapons Laboratory  and Space
Divizion chose thiz instrument to obtain
laser Kill assessments for the Strategice
Defense Initiative Prograns.

Master Sergeant Roger W Rands, re-
search and development technician in the
Farth Seiences Division, won the Defense
Mapping Agencv’s Reseurch Award in
145 for his contributions to the design,
constraetion, and operation of AFGL's
tran=portable absolute gravimeter. He s
the first enlisted man 1o win this award.
The gravimeter ix the only instrument
avattable in the United States to measure
absolute greavity for the Department of
Detenise
ackieve the aecuraey required by our stra-

Thix knowledire 15 needed o

P Wedpons Svatetns

Mrs. Ruth K. Seidman, director of the
AFGL Library, was named the Qutstand-
ing Technical Libirartan in the Air Foree in
1925, for her initiative in automating the
library's catalog.

First Lieuterant Frank J. lannarilli, re-
search physicist in the Infrared Technolo-
gy Division, was one of three Air Force
officers awarded the Air Force Research
and Development Award in 1985. He de-
veloped new data-analysis methods for
infrared target signatures. He increased
the efficiency of the data processing and
analyvsis operation by a factor of ten. His
methods were recently applied to the char-
acterization of the infrared signatures of
naval vessels in support of the Navy.

James H. Brown, Robert R. Beland,
Edmund A, Murphy, 1Lt Susan Sheldon,
and Edmond M. Dewan, of the Atmo-
spherie Opties Branch, won an Air Force
Systems Command Quarterly Seience and
Engineering Technical Achievement
Award in 1926, They designed a unique
optical turbulence sensor to be used in
developing and siting ground-based lasers
for the Strategic Defense Initiative Or-
ganization and the Department of
Defense.

Ms. Margaret Ann Shea received the
Commemorative Medal honoring 100
Years of International Geophysies from
the Roviet Geophysical Committee of the
USSR Academy of Sciences.

The prestige of the scientific staff is
further evidenced by the election of AFGL
scientists as fellows of their professional
societies: the Optical Society of America
{eight fellows), the American Association
for the Advancement of Science, the
American Meteorological Society, the Geo-
logrical Society of America; and by senior
membership in the Institute of Electrical
and Electronic Engineers, and member-
<hip in the New York Academy of Science.




AFGL Fortieth Anniversary Dinner. (Head table guests include Hanseom AFR chaplain Father Manning defu.
Mrs Judith Johnson, guest speaker Lt Gen James A Abrahamson, Director of the Strategic Defense Initiative
Organization, and Col J. R Johnsan, AFGL Commandery (USAYF photo by Joseph Pugheli.

AFGL scientists also serve on commit-
tees of such international organizations as
the International Scientific Radio Union
(URSD. the International Association of
Geomagnetism and  Aeronomy (IAGA),
the International Association for Mete-
orology and Atmospheric Physices
(IAMAP), the International Union of Pure
and Applied Physies (IUPAP), the Scien-
tific Committee on Nolar-Terrestrial Phys-
les (SCOSTEP), and the International
Union of Geodesy and Geophysies. (For a
conplete listing, see Appendix A

Laboratory scientists are also called to
work on committees of many national
organizations, bhoth federal and profes-
sional, such ax the National Academy of

Sciences, the National Research Couneil,
the Office of Science Technology Policy of
the President, the American Geophysical
Union, and the American Institute of Aer-
onautics and Astronautics. (A complete
listing is given in Appendix B.)

A number of AFGL scientists are edi-
tors of professional journals and members
of editorial boards, such as the journal of
Planetary and Space Science; associate
editor of the Journal of Geophysical Re-
search; associate editor of the U.S. Na-
tional Report to XIX General Assembly,
Tnternational Union of Geodesy and Geo-
phvsies; co-editor, Advances in Space Re-
search; co-editor, Radio Science (special
issue on “lonospheric Effects on Radio




e George A Vanasse, physicist in the
Optieal Physies Dhvision, received the
Hire ' Brown Award in 1955 for developing
A revelutionary technique to suppress
tawchground radiation from mtrared signals
ard prodiee pure target spectra from low
vreres ufrared tareets such as missile
phimes (USAE photo by Lee Stevens).

Do Tohn FoPaulson, rexcarch chemist in the
Ionosplierie: Physies Division, won  the
Labaratory™s 196 Guenter Loeser Award
for his career achievements in atmospheric
chemistry, (USAE photo by John F.
Jrowne).

Svsteras,” 1955 editor, “The Lower At-
mosphere of Solar Flures,” Proceedings of
the National Solar Observatory/NASA
Summer Symposium, 1985,

Many members of the scientific staff
were invited to give lectures at important
conferences, such as the High Resolution
Solar Workshop, Munich, Germany, 1985;
Fifth General Assembly of the Interna-
tional Association of Geomagnetisin and
Aeronomy, Prague, Czechoslovakia, 1985,
Invited Professor, University of Paris,
1985; Fifth and Sixth Workshops on Maxi-
mum Entropy and Bayesian methods in
Applied Statistics, 1985-86; COSPAR Gen-
eral Assembly ("White Light Movies of
the Soiar Photoflares from the SOUP
Instrument Spacelab 2': Chair, Plasma
and Neutral Gas Injections, of Symposium
on Active Experiments in Space), Tou-
louse, France, 1986; Fifth Symposium on
Atomic and Surface Physies. Obertraun,
Austria, 1986; Brotherton Lectures at Uni-
versity of Leeds, Leeds, United Kingdom,
1986: NATO Advanced Study Institute on
Structure, Reactivity, and Thermochemis-
try of lons, Les Arcs, France, 1986; Amer-
ican Chemical Society Meeting, 1986;
Workshop on Trends and Perspectives in
Fourier Transform Spectroscopy, Vienna,
Austria, 1986; Workshop on Atmospheric
Transparency, Copri, Italy, 1986; Bates
International Colloquium on Atomic and
Molecular Physies, Queen’s University,
Beifast, Northern Ireland, 1986.

To maintain its excellent technical staff,
AFGL must interest the best young scien-
tists in its mission and its technical pro-
grams. To accomplish this objective, the
Laboratory has for a number of years
participateq in programs to attract and
encourage voung post doctoral scholars to
continue their research at the Laboratory
with internationally recognized experts in
their fields.

One such program is the National Re-
search Council Post Doctoral Associate-
ship. Through this program, candidates
receive one-year appointments (with an




opportunity to renew for one additional
yvear) as regular or senior appointees.
Recently, there have been four or five
such appointees at AFGL each year, in-
cluding both United States and foreign
citizens.

Dr. M. Susan Gussenhoven (left) and Dr.
David A. Hardy (center), physicists in the
Space Physics Division, and Mr. Ernest
Holeman, AFGL contractor, shown here
with AFGL Vice Commander Col. James K.
McDonough, won the Laboratory's Marcus
D. O'Day Award for their statistical study of
auroral electron precipitation, in which they
analvzed over 14 million electron spectra.
(USAF photo by Joseph Puglielli).

The AFGL Geophysics Scholars Pro-
gram was initiated in the fall of 1982. This
program also awards one-year fellowships
which can be renewed for an additional
year. It is open only to citizens of the
United States and is designed primarily to
attract young scientists with newly
awarded doctoral degrees and little or no
nonuniversity experience. Geophysics
Scholars have numbered eleven to thir-
teen over the past two years and have
come from universities across the coun-
try. The contributions of these young men
and women scientists, along with the ideas
and enthusiasm they bring with them, are
readily apparent and stand out as exam-
ples of the program’s success.

Other programs in which the Laborato-
ry participates are the USAF Summer
Faculty Program and the Graduate Stu-
dent Summer Support Program adminis-
tered by the Air Force Office of Scientific
Research. Qualified faculty members
from universities across the country work
at Air Force laboratories during the sum-
mer months. AFGL has benefited from
twelve to fourteen such appointees each
summer during the past two vears. Two
of the 1936 Nobel laureates in chemistry
were formerly sponsored by AFGL: Pro-
fessor John Polanyi and Professor Dudley
Hershbach. Six graduate students were
also working on research topics of interest
to the Air Force during the summer of
1986.

In response to Air Force concerns about
a projected shortfall in scientists and engi-
neers because high school students no
longer seemed to be preparing for techni-
cal careers, the Laboratory initiated a
high school apprenticeship program in
1985. Seven students from area high
schools served eight-week apprenticeships
under Laboratory mentors in each of the
last two years. After learning FORTRAN
and how to program the VAX 780, the
apprentices contributed to such Laborato-
ry programs as short-term high accuracy
weather forecasts, an interactive weather
display system, and the analysis of da.1
for the Defense Meteorological Satellit.:
Program.

The Laboratory sponsored twenty-one
workshops in the reporting period in
which scientists from the other services,
government agencies, universities, and
private contractors joined the AFGL
staff to exchange information and plan
research on topics of mutual interest.
These include the Infrared Information
Symposium, the Interactions Measure-
ment Payload for Shuttle (IMPS) Experi-




menters Working  Group. the AFGLY
DARPA Nuclear Test Ban Monitoring
Rescarch Group. the USAFEF Mesoscale
Techmeal Exchange Group, the Smoke
and Aerosol Working Group of the Joint
Technical Coordinating Group for Muni-
tion Effectiveness, and the Neutral Parti-
cle Beam Theory Meeting. As the techni-
cal agrent of the Department of Defense
for atmospheric transmission codes, the
Laboratory conducts annual Tri-Service
Review conferences on atmospherie
transmission models and gives an annual
workshop on the codes at Wreight-Patter-
son Alr Force Base. The Luboratory also
conducts an annual Tri-Service Cloud
Modeling Workshop to evaluate the ef-
fects of clouds on weapon systems and to
incorporate cloud effects into war games.
I 1955, the Atmospheric Sciences Divi-
slon gave a tutorial on cloud simulation
and cloud-free line-of-sight modeling for
the Strategic Defense Initiative Organi-
zation. The Earth Sciences Division spon-
sors an annual Gravity Gradiometer Con-
ference at the Air Force Academy with
representatives from the Department of
Defense, NASA, industry, and universi-
tes.

ANNUAL BUDGETS

The annual budgets for the two vears
covered in thix report are shown in the
accompanving table. The totals include
salaries, equipment, travel, supplies. com-
puter rental, and those funds going into
contract research. The largest expendi-
ture is for contract research and develop-
ment.

Funds received from AFGL's higher
headguarters, the HQ AFSC Director of
Seience and Technology (DL and to a
Joszer extent those received from AFSC

organizations other than headquarters,
are used to conduct continuing programs.

Lt Gen Alovsius Go Casey, Space Division
Commander as of October 9, 1986, tours the
AFGL machine shop, which supports the
Laboratory’s scientific programs, Mr.
George Trainer, Chiet of the Fabrication
Section, greets him, as Mr. Cornelius Regan,
Chiet of Operational Rervices, looks on.

AFGL receives support from the Elec-
tronic Systems Division, the host organi-
zation at Hanscom AFB. in accounting,
personnel, procurement, security, civil en-
gineering, and supply. Holloman AFB,
New Mexico, provides services to the
AFGL Balloon Detachment. A¥GL sup-
ports two divisions of the Rome Air Devel-
opment Center at Hanscom AFB in the
areas of the Research Library, laboratory
materials needed for the electronic tech-
nology mission, the computer, technical
photogrraphy, mechanical and electrical
engineering, laboratory layouts, electronic
instrumentation, and woodworking.

AFGL contracts are monitored by scien-
tists who are themselves active, partici-
pating rescarchers, and who plan the re-
search, organize the program, interpret
the results, and share the workload of the
actual reseirch,




TABLE 1
SOURCES OF AFGL FUNDS
FISCAL YEARS 1985 - 86

FY 85 ($M) FY 86 ($M)

Air Force Systems Command-DL 60.2 60.9
Air Force Systems Command-Other than DL 55 8.5
Defense Nuclear Agency 1.4 0.3
Defense Mapping Agency 4.8 4.6
Defense Advanced Research Projects Agency 2.8 3.5
Other Defense Agencies 19.0 16.4
Other Govt Agencies 0.5 0.2

94.2 94.4

FIELD SITES

AFGL operates several field sites, the
largest of which is the Ground-Based
Remote Sensing Facility in Sudbury, Mas-
sachusetts. Here four meteorological ra-
dars and data acquisition and processing
equipment, including Perkin-Elmer 3242
and Digital VAX 11/750 computers, sup-
port a variety of meteorological inves-
tigations.

In New Mexico, AFGL operates a bal-
loon launch site at Holloman AFB and
maintains the Solar Research Branch (sev-
en scientists) of the Space Physics Divi-
sion at the Sacramento Peak Solar Obser-
vatory, Sunspot.

At Goose Bay Station, Labrador,
AFGL’s Goose Bay lonospheric Laborato-
ry studies subarctic events, including the
aurora and polar cap absorption of high-
frequency radio waves.

AFGL carries out field tests at a num-
ber of military installations, including
Sondrestrom AFB, Greenland, and the
White Sands Missile Range, New Mexico.
In addition, the Poker Flat Research
Range, Alaska, and commercial airports
are also used.

AFGL launched 34 research balloons
during 1985-86 from its permanent bal-
loon launch facility at Holloman AFB,
New Mexico, and from temporary sites
at Roswell, New Mexico, Ramona, Cali-
fornia, and the Utah Test Range. Thir-
teen of these flights were tethered bal-
loon missions.

During a series of landmark tethered
operations, an AFGL 100,000 cubic foot
aerostat was flown at a record-breaking
altitude of 22,500 feet above sea level. It
carried a target for a small, radar-guided
missile. Flying on a 4-mile long tether
anchored to a tank, the aerostat was
safely towed over the desert to change the
position of the target.

Free balloons launched from remote
sites to fly in the stratosphere over speci-
fied, limited test areas were also success-
fully flown for the SCRIBE 99 and KES-
TREL programs. Both payloads had pre-
cise pointing platforms controlled by radio
command.

AFGL conducted test and experimental
balloon missions for Space Division, the
Electronic Systems Division, the U.S.
Army, U.S. Navy, U.S. Marine Corps, the




Detense Mupping  Ageney, the Defense
Communications Agency. NASA and sev-
erith universities,

In 19x5-19x56. five sounding rockets
were launched in support of AFGL scien-
tist=, Four tlights were totally successful,
but a vehicle <vstem falled on one. All
pavload <vstems performed as planned.

Development of tour sounding rocket
payloads began in 1986 for launch in 1987,
About one half the technieal effort nor-
mally applied to research vehiele work s
now devoted o free-flving satellite and
<huttle puvioad-system integration. In the
reporting perind, experiments were tlown
on one free-flving satellite,

Technology-based research has contin-
ued i the areas of microprocessor-hased
adaptive telemetry systems, intelligent
dativprocessor syvstems, and command/
control svstems. An adaptive controller
was developed for use on Get Away Spe-
cial shuttle payloads.

LIDAR SOUNDING LABORATORY

AFGLs laser sounding laboratory
GLEAM (Ground-based Lidar Experiment
for Atmospheric Measurements) has been
wsed to develop techniques for sounding
atmospherie properties. During the past
two vears, density and temperature meas-
urements have been made using molecu-
lar =cattering. The technique holds the
promise of providing remote measure-
ments of atmospheric density and temper-
ature profiles which could eventually re-
place most of the current effort with
meteorological rockets. A tunable laser
has been added to study the sodium laver
depoxited by meteorie dust between X0
and 100 k.

During the period, a mobile lidar sound-
er has been developed and tested. The

instrument  was assembled during the

AFGL Mobile Lidar Unit at Poker Flat,
Aluska.

summer of 1985 and tested at AFGL. The
trailer was taken to Wallops Island, Vir-
ginia, in September, 1985, and the sounder
was used in a meteorological study. The
instrument was transported to Alaska in

January, 1986, and obtained a database on

high-latitude atmospheric density variabil-
ity to assist in decisions on shuttle reentry
from polar orbit.

AFGL COMPUTER FACILITIES

AFGL is continuing to update its com-
puting facilities. The former Computer
(Center, which consisted of a large, cen-
tral-site processing facility, has been aug-
mented with a broadband Local Area Net-
work interconnecting the mainframe com-
puter and numerous medium-size virtual
metmnory hosts, The hosts are a CDC Cyber
IR0-260, a VAX 8650, and a VAX-11/7X0.
A pilot network which has been operation-
al since the spring of 1983 consists of




three main host systems and numerous
intelligent terminals, such as IBM person-
al computers, Tektronix color graphic ter-
minals, as well as a number of DEC
VT100 and VT200 type terr ... The
fully operational network was imple-
mented in December, 1986, and is valued
at $19 miilion.

A long range evolutionary plan complet-
ed during FY84 is being carried out to
provide a migration toward an advanced,
full capability distributed, multimedia in-
formation system. This plan addresses
future network enhancements and ser-
vices, translation of future user needs into
information system capabilities, the time-
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phasing of information systems growth,
and the identification and definition of
viable alternative information system ar-
chitectures to meet the stipulated evolu-
tionary needs. A new plan is being devel-
oped to further respond to the needs of
the AFGL user community for the next
five vears.

AFGL RESEARCH LIBRARY

The AFGL Research Library has the
largest and most comprehensive scientific
and technical research collection in the
United States Air Force. This collection is
international in scope and includes exten-
sive holdings in mathematics, chemistry,
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The diverse collections of the AFGL Library permit it to mount a variety of exhibits throughout the vear. Here
Eleanor Gildersleeve, Serials Cataloguer, and Ellen Dobi, Chief of Reference and Circulation Services, view the
Matthew Henson exhibit, which presented the true story of the discovery of the North Pole.




physies, astrophysies, electronics, and
geophysics. Each vear the library adds
more than 2,500 new titles to the book
collection. The library also subseribes to
approximately 1,800 current periodical ti-
tles. Of these, approximately 4,000 vol-
umes are bound each vear and added to
the permanent collection. Inhouse and
contractor technical reports from AFGL
and the Electronic Systems Division are
also maintained, both in paper and micro-
fiche.

In addition to its collection of publica-
tions, the library offers computer-aided
literature searches of the Defense Techni-
cal Information Center’s (DTIC) extensive
files, as well as many commercially avail-
able databases. This service provides the
patron with immediate access to millions
of citations from journals, books, reports,
proceedings, and reviews published
throughout the world.
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Il SPACE PHYSICS DIVISION

The Space Physics Division conducts
the basic research and advanced develop-
ment in the solar-terrestrial system re-
quired for the development of the next
generation of Air Force space systems.
The results are essential to the design of
survivable, reliable space systems and to
the conduct of increasingly complex Air
Force space operations. The results are
applied directly to the development of
space weather forecasting tools, to space
systems design, and to optimizing the
performance of command, control, com-
munication, and intelligence systems.

The sun is the primary source of energy
in the solar-terrestrial system. Under-
standing the physical mechanisms respon-
sible for solar emissions is essential to the
success of the Air Force space mission.
The Solar Research Branch of the Space
Physics Division studies fundamental so-
lar processes, including the emission of
electromagnetic radiation, energetic pro-
tons, cosmic rays, and the solar wind.
Solar-particle, plasma, and electromagnet-
ic emissions determine the characteristics
of the interplanetary medium: the solar
wind and the interplanetary magnetic
field. The solar wind, in turn, is a major
determinant of the shape and size of the
magnetosphere-ionosphere cavity (see the
figure), and of the energetic particle con-
tent of the magnetosphere. The solar flare
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is the most striking example of solar
disturbances  which can produce cata-
strophic effects or \ir Foree space sys-
tems. Exciting results have been achieved
from the solar experiments on Spacelab 2,
including a new understanding of granula-
tion m solar magnetic-field regions and
the nature of large-scale solar motions,

Most Air Force space operations are
carried out within the ionosphere-magne-
tosphere system, as shown in the figure.
The outer boundary, the bow shock, is
located approximately 10 earth radii up-
stream from the earth along the sun-earth
line. The inner boundary is identified as
the base of the ionospheric E-laver at
approximately 100 km. Within this sys-
tem, regions of great importance to Air
Force operations are the earth's radiation
belts and the high-latitude regions, includ-
ing the wuroral zone and polar cap. The

CVSP

performance of Air Force space systems
is profoundly affected by energetic parti-
cles found i the Earth’s magnetosphere.
For example, these particles can seriously
degrade electronic components or cause
single event upsets (SEU's). On both the
surface and interior of spacecraft they can
also cause charging and discharging of
materials which couple to spacecraft elec-
tronics. Unusually high particle fluxes
generate a radiation hazard for manned
spaceflight and can interfere with high-
frequency radio communications in the
Earth’s polar regions.

To address these problems, the Space
Physies Division is studying the processes
governing the energetic particle environ-
ment, beginning with the origin of the
particles in the solar atmosphere, their
travel through the interplanetary medium,
their acceleration in the Earth’s magneto-
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sphere, and their cffects on space systems
and the lonosphere. Much of the recent
work has focused on forming an integrat-
ed picture of this process, combining the
results of solar-flare research with solar
wind and magnetospheric models to pro-
vide a more complete specification and
new analytical representation of the dy-
namical nature of energetic particle popu-
lations in the space environment. The goal
of the Space Physics Division is to develop
a capability to model, monitor, and prediet
the behavior of the entire solar-terrestrial
system.

To carry out these programs, state-of-
the-art space flight and groundbased diag-
nostics must be developed, and analytical
and phenomenological models of the sys-
tem derived. During the past year, 18
spaceflight instruments were delivered to
the SPACERAD/CRRES (Space Radia-
tion/Combined Release and Radiation Ef-
fects Sateliite) integrator. A principal goal
of this program is to accelerate the trans-
fer of new microelectronic technologies to
Air Force space programs. The
SPACERAD satellite will continuously
traverse the earth’s radiation belts. The
pavload includes a wide range of advanced
microelectronic devices and wave, particle,
and field sensors. This program wiil estab-
lish the in-flight performance of micro-
electronic devices, will relate causes of
device degradation or failure to environ-
mental conditions, and will generate the
first dynamic models of the earth’s radia-
tion belts.

The high latitude ionosphere-magneto-
sphere-thermosphere region is being in-
tensively studied by means of satellites,
aircraft, rockets, and ground-based instru-
ments. The results from Space Physics
Division particles, fields, and plasma in-
struments on the DMSP spacecraft have
provided an important new data source

for space weather prediction. Further, the
analysis of the flight results have led to
significant discoveries about energy and
particle transport across the boundaries
of the solar-terrestrial regions. Factors
contributing to large-scale thermal plasma
motions and the production of small-scale
irregularities which produce scintillations
in radio and radar signals have been
determined. The results contribute to the
operation of Air Force communication and
surveillance systems operating at high
latitudes. Magnetic substorms are initiat-
ed when the energetic particles in the
earth’s plasma sheet and davside cusp are
suddenly accelerated along open magnetic
field lines into the near-carth environ-
ment. Studies of ionosphere-magneto-
sphere coupling will lead to a capability
for predicting substorms and auroral and
polar cap ionization. The results will con-
tribute to models of satellite drag, auroral
infrared emissions, improved frequency
management, and to specification of con-
ditions under which serious signal loss
and unacceptable fade margins will de-
velop in high-latitude communications
systems.

More complex, larger, high-powered
spacecraft are planned for future Air
Force missions. The development of our
understanding of the interactions between
space systems and the environment is
crucial to the proper design of these
systems. Ongoing Space Physies Division
basic, applied, and exploratory research
and development efforts focus on several
space systems/environmental interaction
problems including spacecraft charging,
techniques of charge mitigation, space-
craft contamination, spacecraft signa-
tures, degradation of surface materials,
and on the development of design guide-
lines for future space systems. Measure-
ments of spacecraft particulates on
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Shuttle Mission 61-Cin 1986 have provid-
ed an important database for testing
shuttle contamimation codes and for as-
sessing the effects of particulates on
space sensor performance. Space-sys-
tem environmental-interaction charging
codes and large spuce-stracture models
have been developed,

The Active Spuee Experiment program
mvestigates the effeets on the environ-
ment of the emissions of chemicals,
waves, bexms, and high-power et signals.
Theoretical developments during the past
decade and advances in diigrnostic sensors
used to monitor the environmental effects
produced by aetive emissions make aetive
experiments highly feasible. A beam emis-
sion rocket test (BERT) was successfully
conducted for the study of charged parti-
cle-beam transport and for determination
of the effects of beam emizsion on the
hoxt vehiele. Hitherto unobserved beam-
induced waves were measured, which pro-
vided o new understanding ot beam propa-
gation effects.

The Division program is carried out by
means of mm-house faboratory efforts, an
extensive field program, and 4 broad con-
tractual program. The field programs in-
volve satellite expernuentation and rocket,
aireraft and ground-based investigations,
The ground-based program includes solar
studies at the Sacramento Peak Observa-
tory in New Mexico. Highlights of the
discoveries and advances in solar-terres-
trial phyvsies by Space Phyvsies Division
seientists during the past two vears are
desceribed in the following sections.

SOLAR RESEARCH

Solur research is performed within the
Space Physies Division by the Solar Re-
search Branch, which Las sole responsibil-
ity within the Alr Force for developing

new techniques to predict the occurrence
of aetivity on the sun. Its primary task is
to identify, predict, and understand those
physical mechanisms on the sun that
cause solar flares, high-speed =olar wind
streams, and coronal mass cjections, be-
cause these in turn produce geophysical
disturbances that disrupt Department of
Defense sutellite systems and atreraft op-
erating in the space environment.

The Solar Rescarch Branch also has
programs to improve our understanding
of basic solar phenomena through space-
baxed observations. image enhancement.
and observations of solar-like stars.
dranch personnel participated in NASA's
Spacelab 2 mission and are co-investiga-
tors on NASA's Sunlab (the reflight of the
solar Instruments from Spacelab 2) and
High Resolution Solar Observatory
(HRSO) missions. In addition, several ex-
periments have been proposed for the
Space Test Program of the Air Foree
Space Division. These missions will pro-
vide solar data in the x-ray and extreme
ultraviolet speetral regions which are un-
available from the ground but are of
fundamental importance to understanding
solar activity,

Spacelab 2 Results: One of the most
exciting projects carried out by the Solar
Research Branch during 1985-1986 was
helping to plan, execute, and analyvze data
from the Spacelab 2 mission (NASA's
Space Shuttle Flight 51-F, July 29 - Au-
pust 6, 1985), Spacelab 2 carried four solar
telescopes among its pavioad of fourteen
experiments, One of these was the Solar
Optical Universal Polarimeter (SOUP)
built by the Lockheed Palo Alto Research
Laboratory. Solar Research Branch scien-
tists have been involved with this project
as co-investigators (one also as a payload
specialist astronaut} since its inception




