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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,

; | r "

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




decade earlier in 1977. SOUP contains a
30-cm Cassegrain telesxcope, an active sec-
ondary mirror for image stabilization, and
a4 white-light optical svstem with 35-mm
film and video cameras. SOUP was de-
signed to study  granulation, sunspots,
magnetic fields, and velocity fields in the
photosphere. These data are diffraction-
limited at 0.5 aresecond resolution and are
free of distortions. For most of the data
the mterval between exposures was 2
seconds. Data analysis is still in progress,
but preliminary results have shown many
interesting and unexpected featuves:

1. Granulation - It was determined that
granules (tiny bubble-like convection cells)
In magnetic regions (sanspots, pores, and
network boundaries) are very different
from granules i the quiet, undisturbed
sun. Theyv differ in size, rate of intensity
variation, and evolution. Movies show that
the shapes of very small magnetic pores
embedded in the granulation are irregu-
lar, scalloped, and rapidly changing as
they attempt to maintain their structure
against the encroachment of turbulent
surrounding granules. Spacelab 2 movies,
which provide the first undistorted histo-
ries of granule evolution, have led to the
discovery that more than half of all gran-
ules die a violent death - they don't just
quietly fade away. Either theyv expand
until they reach a eritical size and explode
into many tiny fragments, or they are
destroved by a nearby explosion. The
movie alko shows that granular lifetimes,
which can be used to measure the effec-
tive diffusion constant associated with
convection, are much longer in regions
with strong magnetic fields.

2. Large-scale Flows - Normally, mo-
tions on the sun are measured by the
Doppler effect. Since the Doppler effect
measures only line-of-sight  velocities,
however, 1t cannot be used to determine
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horizontal motions at disk center. The only
way to observe such flows is through
proper motion studies using solar features
as tracers. Granules are the obvious
choice as tracers of photospherie flows,
but because of their small size, coupled
with the blurring and geometric distortion
due to atmospheric turbulence, they have
proved to be extremely difficult to use in
earlier ground-baxed observations. During
its 10 minute lifetime, a typical granule
might move only a few hundred kilome-
ters, about 0.3 aresecond, which is much
less than the size of the random fluctua-
tions caused by atmospheric seeing, even
under the best conditions. Now, however,
with the high-quality distortion-free movie
sequences from SOUP, it is possible to
measure granulation proper motions with
high accuracy.

Map Showing the Average Displacement of
the Locai Granulation Pattern Superimposed
on ITmugse of Sunspot Region.

Radial outflow of the granulation from
4 sunspot has been a striking new discov-
ery. Movies temporally filtered to sup-
press the 5 minute oscillations show the
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motion most clearly and allow an estimate
ot the veloeitiex of individual granules,
which tvpically range from 0.3 to 1.0 km
per secand. The outward motion may be
upward conveetion deflected by the
muprnetic field of the sunspat. These
measurements should be an important
contribution to theoretical models of the
sunspot penumbra and its effect on photo-
spherie convection. Besides the constant
advecton of granules away from the spot
boundary, there are also a number of
bright ejections from the penumbra which
travel at 2-3 km per second. These high-
speed events seem to be associated with
elongations of the penumbral filaments,
Local correlation tracking techniques
have been used to obtain quantitative
mformation about the flow field. At each
pixel in the image, the displacement be-
tween successive frames is measured by
cross-correlation
frames of the movie within a 35 arese-
contl window centered on the pixel. The
vector displacements from many compari-

between successive

sons are used to produce an average
displacement map: an example is shown
overlaid on the sunspot image in the
figure.

The correlation tracking technique also
reveals larger scale flow fields. In addi-
tion to the diverging flow from the sun-
spot in the figure, there are many areas in
the quiet granulation pattern which are
loci of inflow (sinks or sources). Most of
the 40 x 40 aresecond region of quiet sun
used for the study of exploding granules
is shown in the next figure, overlaid by
the average flow field. Typical velocities
are in the range of 0.3-0.7 km per second.
The large-scale flow fields, both as ob-
served visually from the movies, and
quantitativelv from the caleulated vector
displacements, have the proper size and
appearance of super and mesogranular
convection flows, Mesogranules, interme-
diate in size between granules and super-
granules, have been clearly observed for
the first time in these Spacelab 2 movies.
These flows can be expected, at subsur-
face levels in the sun, to move magnetic
fields to the cell boundaries, and form the
loci of the photospheric and chromospher-
1c networks. Excellent ground-based mag-
netograms and chromospheric spectrohe-
liograms from the Big Bear Solar Obser-
vatory taken simultaneously with the
SOUP data have been compared with the
SOUP flow fields. They are in perfect
agreement and confirm at last, some 25
vears after the discovery of supergranula-
tion, the intimate relation between convec-
tion and magnetic forces in the sun.

3. Flow Modeling - Efforts are in prog-
ress to simulate the flow patterns using
analvtic axisymmetric functions which
satisfv the mass continuity equation of a
convection plume in the solar surface. A
number of such sources can be used to
create a regular cellular pattern of con-
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Superposition of Four Theoretical Plume
Functions Used to Model the Flows
Observed in the Quiet Sun (Left: Horizontal
Velocities Associated with the Plumes;
Right: Upflows, Solid Contours, and Down
Flows (Dotted Contours). Note the
similarities between the observed horizontal
flows in the preceding figure and the
computed flows shown here).

vection. By using the coordinates of the
distinet squares in the preceding figure as
the loci of four plumes, the resulting flow
pattern can be calculated according to the
model, and it is possible to mimic the
observed motions remarkably well using a
superposition of plume functions, as seen
in the next figure.

4. Conclusion - These striking new re-
sults have been obtained from only a
preliminary analysis of a small part of the
SOUP data. Already, a number of new
phenomena have been seen which are
forcing revisions to the conventional ideas
of the nature of solar granulation and its
evolution. It is quite clear that, although
spatial resolution was limited by the
SOUP telescope’s small 30-cm aperture,
the absence of the turbulence found in the
earth’s atmosphere, which always de-
grades ground-based observations, result-
ed in by far the most outstanding time
series of solar granulation ever obtained
and has opened a new window through
which to view the sun’s surface.
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Studies of Solar Coronal Data: The
objective of this Air Force program is to
improve our capability to understand and
predict solar-caused geophysical distur-
bances that degrade or even disable some
Air Force systems. Particles and electro-
magnetic emission from the sun have been
shown to cause geophysical disturbances
(GD) in the magnetosphere, auroral zones,
upper atmosphere and ionosphere which
degrade Air force systems that rely on
the transmission or reception of electro-
magnetic radiation, such as communica-
tion, command, control, and intelligence
systems. The solar source of GD often
either lies in the solar corona and/or
causes visible changes in the corona that
can be used to predict the occurrence of
GD.

Dr. Richard Altrock works at the computer
console that controls the Emission-Line
Coronal Photometer (ELCP). (This
instrument obtains the daily observations of
the solar corona used to analyze solar-
activity production and to provide data to
USAF space-environment forecasting
centers. The ELCP filters and photo-
multiplier are in the white box to the upper
right of Dr. Altrock’s head. Light enters the
box from the array of distribution tubes
above the box, which in turn comes from the
16 inch diameter Coronagraph at
Sacramento Peak.)




A joint observational program to inves-
tigate coronal features was established
between AFGL scientists and scientists at
the High Altitude Observatory (HAO)Y in
Hawait.  White-light (visible continuum)
coronal measurements from HAO were
combined with AFGIL measurements of
the emission-line corona (speetral lines
emitted from high ionization stages of
coronal atoms) made with the Emission-
Line Coronal Photometer (ELCP) shown
in the figure. This allowed study of the
temperature and density structure of the
corona. White-light intensity is proportion-
al to the total density of the corona along
the line of sight, while the three emission
lines (Fe X, Fe XIV. and Ca XV) show the
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density in cool, average, and hot parts of
the corona, respectively. This data-base,
covering an entire ll-vear solar activity
cvele, is unique in the history of ground-
based solar observations. Photoelectric
observations of this quality, length, and
comprehensiveness have never before
been available.

The observing systems record the inten-
sity of the corona above the imb (edge) of
the sun by scanning detectors in a circular
path at a given distance from the limb.
The figure shows how scans covering a
15-day period are joined together to pro-
duce a continuous chart, which is in turn
projected onto the surface of a sphere to
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Coronal Maps (Pictures of Coronal “Surface”) in White Light and in Light from Fe X 63744, Ca XV 56944, and
Fe XTIV 53037 (The white-light maps depict the distribution of electron density. The emission-line intensities
are proportional to the square of the electron density in regions having the indicated temperatures in millions
of degrees Kelvin, In addition, East-limb data, which are rotating onto the visible solar disk, and West-limb
data, which are rotating out of sight onto the back of the sun, are treated independently. The data show a
snuapshot of the front deft: Fastlimb data) and back (right: West-limb data) of the sun on May 14, 1984)




produce a synthetic image of the solar
disk. A separate image is made for each of
the four observing modes described
above.

Results from this program are as fol-
lows: (1) The bases of coronal streamers
(elongated high-density structures that
reach out to the orbit of the earth and
which may cause significant changes in
satellite drag) are easily seen near the
central meridian (the darkest non-black
shading) in all four modes of observation.
(2) The emission-line images show that
temperatures from 1.0 to 3.4 million de-
grees Kelvin are co-spatial (to within the 1
arc-minute resolution of the system) at the
base of the streamers. This has important
ramifications for models of energy trans-
port within coronal active regions. (3)
Regions of low density in the corona,
known as “coronal holes” because of their
appearance on x-ray images of the corona,
can be easily identified in both white-light
and Fe XIV observations. Since coronal
holes are known to be the source of
steady-state high-speed particle streams
(HSS) in the solar wind, which cause some
of the GD, these observations may be
used to both study this interesting phe-
nomenon and improve real-time predic-
tions of the impact of HSS on the earth. (4)
Solar regions that produce the most ener-
getic flares (which cause the strongest
GD) are covered by a canopy of high
temperature coronal material that is easi-
ly visible in the Ca XV observations. This
emission, never before seen with the high
signal-to-noise ratio now available, pro-
vides space-forecasting centers with a
powerful tool for detecting the presence
of these regions before they rotate onto
the solar disk and can release their devas-
tating radiation towards the earth.

23

The Fe X1V green line data have proved
uscful for a number of other research and
forecasting efforts:

1. Coronal Synoptic Charts for Solar
Research-AFGL data obtained with the
Emission Line Coronal Photometer have
begun to appear in the form of Carrington
synoptic charts (similar to a Mercator
projection) in Solar Geophysical Data, a
monthly publication of the National Oce-
anic and Atmospheric Administration
(NOAA). Daily intensity plots from this
instrument have been published there
since 1978, and they will continue to ap-
pear in the daily-data section of the
Prompt Reports. The synoptic charts dis-
play the absolute intensity of the corona
in the green Fe XIV 5303 A line at 0.15
solar radii (R,) above the limb as a func-
tion of the day of central meridian pas-
sage. Charts for both west- and east-limb
data are published in order to permit
comparison of coronal evolution over two-
week periods. The data are both contoured
and shaded for either detailed study or
quick determination of the location of
active regions and coronal holes. Previous
synoptic maps, extending back to 1973,
are in press at the National Center for
Atmospheric Research, and will soon be
available from the Solar Research Branch.

2. Forecasting Solar Radio Flux - Coop-
erative research between the Solar Re-
search Branch and the Air Force Global
Weather Central Space Environmental
Support Branch (WSE) has shown that the
Fe XIV scans are useful for predicting the
solar 10.7 e¢m radio flux. WSE is tasked
with making such a prediction for 1, 2, and
3 days in advance. As a consequence, the
Solar Research Branch now telecopies the
daily scan to WSE within an hour of its
production. These timely data are used by
WSE forecasters to produce the forecast.
In addition, forecasters use global solar




maps of coronal intensity that are telecop-
ied from the Solar Research Branch to
predict geomagnetic disturbances result-
ing tfrom coronal holes and energetic solar
active regions,

3. Relating Coronal Emission-Line Tran-
sients to Hydrogen Alpha Activity - In late
1982 a program was begun at the Solar
Research Branch to patrol for slow coro-
nal transients in Fe XIV. Over a period of
2.3 vears, 296 hours of observations were
successfully obtained on 19 days. During
this period we recorded 14 emission-line
transients that were associated with H-
Alpha activity at the limb as seen in
Sacramento Peak Observatory Flare Pa-
trol films, for an average transient rate of
1.1 per 24 hours. No transients were
recorded in the first third of 1985, The
rates for 1983 and 1984 were equal, being
1.4 transients per 24 hours. These low-
coronal transients were associated with
surges or eruptive prominences at the
limb 93 percent of the time. On only one
occasion did we observe a transient associ-
ated solely with a flare. We conclude that
low-coronal emission-line transients are
highly associated with the ejection of
chromospheric matter into the corong, in
agreement with the earlier photographic
study of DeMastus, Wagner and Robinson
(Solar Phys. 31, 449, 1973). This conclusion
is expected to help improve the capability
of the Air Force to predict Coronal Mass
Ejections, which are known to produce
adverse effects on Air Force systems if
they impact on the magnetosphere.

4. Overlapping Solar Cycles as Discov-
ered in Coronal Fe XIV Emission - Investi-
gation of the behavior of coronal intensity
above the limb in an Fe XIV emission line
obtained at the Solar Research Branch
over the last fourteen vears has resulted
in the discovery of a second set of zones of
solar activity at high latitudes that paral-

lel the Main Activity Zones (MAZ), which
progress from approximately 30" latitude
to the equator over the solar cycle. Local-
ized emission peaks in Fe XIV 5303 A are
observed through most of the cyele at
high latitudes in individual daily scans,
annual averages, and solar-cycle summary
plots of the location of all loci] maximum
intensities at 0.15 (R,) above the limb.
These peaks evolve slowly over a period of
days, consistent with the rotation over the
limb of stable features, similar to the
lower-latitude peaks that are connected
with active regions. The high-latitude cor-
onal activity zones first appear at lati-
tudes of 70" to 80", 2-3 vears after solar
minimum. They evolve parallel to the
MAZ, with the average latitude decreas-
ing at a rate of roughly 3" per vear. After
their appearance, they are present more
or less continuously until the following
solar minimum. As we approach solar
minimum, the high-latitude coronal activi-
ty zones that appeared after the begin-
ning of Cyele 21 have monotonically
evolved into the MAZ Cycle 22. It thus
appears that we have evidence for parallel
overlapping solar cycles that begin every
11 years but last for approximately 19-20
vears. If sustained, this conclusion will
have a revolutionary effect on our under-
standing of how solar activity is created.

Use of Interplanetary Radio Scintilla-
tion for Geomagnetic Forecasting: On
April 9, 1986, AFGL contractor P.I. Ber-
nard V. Jackson, University of California
at San Diego, began sending forecasts of
the solar wind speed at the earth to the
USAF/NOAA Space environment Fore-
cast Center in Boulder, Colorado. The
forecasting algorithm was developed un-
der a contract awarded by the Solar Re-
search Branch. The observations used to
produce the forecast, also supported by




the Solar Research Branch, consist of
radio-telescope recordings of the scintilla-
tion experienced by radio waves from
extra-galactic sources as they pass
through the turbulent solar wind. Theoret-
ical and empirical studies of such scintillia-
tion have shown that the speed of the
solar wind can be inferred from the obser-
vations. In this manner, a daily map of
solar wind speeds at different distances
from the sun, and at different position
angles relative to the sun, can be pro-
duced. Analyses of these daily “snap-
shots” are used to detect the presence of
high-speed streams in the solar wind and
to predict their impact on the earth. They
can lead to geomagnetic disturbances that
produce adverse effects on Air Force sys-
tems. The forecast center notifies respon-
sible parties of solar wind conditions for
their use in operations planning. This
additional capability will produce a signifi-
cant improvement in the ability of fore-
casters to correctly forecast solar wind
conditions.

Solar Flare Forecasting: The develop-
ment of the techniques for predicting
solar flares is a major goal of the flare
research conducted by the Solar Research
Branch. The problem is approached both
through studies of flare physics and by
means of statistical methods that provide
objective forecasts using solar data that
are currently available on a daily basis.
One method, Multivariate Discriminant
Analysis (MVDA), uses data collected by
the Air Weather Service Solar Observing
Optical Network (SOON). These data are
converted to daily parameters describing
active region morphology, dynamies, rate
of growth, and magnetic structure; once
in parameter form they are applicable to
the MVDA program for deriving classifi-
cation functions on which a forecast is
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based. Comparison with conventional, sub-
jective techriques shows the objective,
computer-generated forecasts to be supe-
rior in predicting flare activity on a 24-
hour basis. Further improvements will
depend on the availability of more consis-
tent input data as well as the inclusion of
new parameters based on the physical
processes and energy storage mechanisms
of the flare (see below). Short-term (0-30
minute) prediction techniques rely on ear-
ly recognition of the irreversible changes
which lead to the flare eruption. Before
the impulsive release of x-ray and particle
emission, the actual flare onset is often
visible in certain optical absorption fea-
tures, microwave polarization characteris-
tics, and soft x-ray signatures. Studies
indicate that the early detection of virtual-
ly all major flares would be possible if
optical, radio, x-ray, and extreme ultravio-
let data were available simultaneously.
Studies of the pre-eruptive optical flare
phenomena were successfully completed
using SOON data; the results are applica-
ble to the SOON observing sequences.

The relationship between locations of
sheared magnetic fields and sites of major
flare activity is being investigated
through in-house and contractual efforts,
using both theoretical magneto-hydrody-
namic (MHD) models and direct observa-
tions of vector magnetic fields, chromo-
spheric geometry, and photospheric veloci-
ty fields. The association between flares
and magnetic shear is well established,
and is readily interpreted by the MHD
models in terms of energy storage in field-
aligned currents driven by translational
motions of the underlying photospheric
gases. Calculations show that storage of
energy sufficient to account for a major
flare (10E32 erg) can be accommodated in
fields of approximately 1000 Gauss, in a
volume appropriate to the observed physi-
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slotions of individuad sunspots are shown at
the left. where o sunspot (the hatehed e
of muagnetic polarity opposite to its
surroundings produces shear as o result of
s appositely directed motion,
(Consequently, the orientation of the
photospherie magnetie field tighty indicates
a highly <heared  configuration along the
polarity imiversion line theavy dished line),
where muagor flare activity occurred in the
following several days)

cal extent of the flare, when the fields are
subjected to sheari r velocities of
100-300 m per second. An example of a
tyvpical flare-uctive region is shown in the
figure, where the motions of oppositely-
poled sunspots are compared with direct
measurements of the orientation of the
photospheric magnetic fields. The highly
inclined (sheared) magnetic fields near the
polarity inversion line coincided with the
location of the only major flare activity in
this region during the following several
days. This work has led to the formulation
of “shear index™ parameters, which pro-
vide a qualitative basis for predictions,
and which will be applicable for inclusion
in the MVDA statistics program. General-
Iy, the obhservational technique is applica-
ble to the SOON observing sequences. and
will be useful in identifyving locations and
magnitudes of impending flare activity on
time scales of approximately one day.
Much additional research, at high spatial
resolution, will be required in order to

observe the ceritical degree of shear that
will lead to the flare instability, or “trig-
ger.”

Solar Flare Processes: Une of the ma-
jor concerns of recent flare research is the
transport and distribution of flare energy
with depth in the solar atmosphere. This is
especially important in highly energetic,
particle-emitting tlares, for which known
energy-transport mechanisms can not ac-
count for the extremely large (1029 erg
per second) radiative losses from the deep
c¢hromosphere. Important new informa-
tion on the optical spectrum of such
events has been obtained at Sacramento
Peak, and has led to the conclusion that
ionization and recombination of hvdrogen
atoms is a dominant emission process in
many cases. Detailed measurements of
the radiative losses as a function of time
have been compared with the associated
hard x-ray bursts in several flares. The
results show that if downward streams of
high energy electrons are producing the
emission in the optical continuum, then
the optical source must consist of an
overdense region in the solar chromo-
sphere. The latter conclusion may be of
considerable importance in the interpreta-
tion of spatially-resolved hard x-ray struc-
tures that are planned to be observed on
future NASA missions.

The optical continuum in flares has been
shown to originate at densities approach-
ing 10E14 atoms per em® and at tempera-
tures on the order of 10E4°K. A diagnostic
technique has been developed which al-
lows a direct measurement of the column
density of second-level hydrogen atoms in
the optical continuum source. This tech-
nique is independent of atmospheric mod-
eling parameters and provides valuable
information on the vertical extent of the
flare and its relationship to emission in the




hvdrogen Balmer lines. Additional spec-
troscopic studies have succeeded in mea-
suring the intensities of many lines of
neutral and ionized helium in energetic
flares. These arise in temperatures 2E4 -
10E5"K. This information, when combined
with measurements of the optical continu-
um, leads to a thermodynamic description
of the lower atmosphere in the flare, and
establishes important constraints on the
energy transport mechanisms in the flare.
The helium lines were also useful in deter-
mining the upper limit of macroscopic
electrice fields in the flare plasma, as might
be expected to be present if magnetic field
reconnection processes were occurring in
the same volume. An important interna-
tional scientific conference, devoted to the
subject of the lower atmosphere in flares,
was organized and chaired by the Solar
Research Branch and held at Sacramento
Peak in August, 1985.

The key to understanding solar flares,
as well as other types of solar activity, lies
in the evolution of the magnetic field,
which permeates all layers of the solar
atmosphere. Major advances in future re-
search largely depend on improved spatial
resolution of instruments and the ability
to simultaneously observe field-plasma in-
teractions at all heights in the atmo-
sphere. In recognition of this, the Solar
Research Branch has proposed the con-
struction and flight of the Solar Activity
Measurements Experiments (SAMEX),
which would consist of a vector magneto-
graph, a hydrogen-alpha imager, and an
extreme ultraviolet imager - all observing
at 0.5 arcsecond resolution. The initial
portion of a concept study for SAMEX has
been completed and has been briefed to
the Space Test Program, NASA, and the
scientific community. Design studies for
the vector magnetograph, extreme ultra-
violet optics, and detectors have been
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accomplished under contract. A related
effort in setting up a prototype vector
magnetograph, for ground-based observa-
tions at Sacramento Peak, is being funded
under the Air Force University Research
Initiative program.

Origins of Solar Activity: Improving
the Air Force’s ability to predict when and
where activity will occur on the sun re-
quires an understanding of the physical
mechanisms that lead up to, and trigger,
the activity processes. The interactions
between solar magnetic fields and dynam-
ical processes such as convection, rota-
tion, and oscillations are the drivers of
solar activity and variability. The Solar
Research Branch has an active in-house
and contractual research program to un-
derstand these interactions, both on the
small scales important to the local build-
up and release of energy in flares and on
global scales that generate and drive the
overall magnetic structure of the sun,
leading to solar activity cycles. The past
two years have seen a significant improve-
ment in the database used for these stud-
ies because of the observations from Spa-
celab 2 discussed above and from applica-
tion of image-enhancement techniques to
ground-based observations.

The mechanisms that heat the solar
atmosphere provide the energy to acceler-
ate the solar wind, and supply the energy
released in flares and other activity pro-
cesses are still not understood. Waves
that propagate through the solar photo-
sphere and deposit their energy in higher
atmospheric layers are one possible heat-
ing mechanism. Observing these waves
from the ground is extremely difficult
because image motion caused by atmo-
spheric seeing introduces a large, random
component in the solar signal. Taking
advantage of the progress made in active




solar imaging during the last few vears,
we used an agile mirror to feed a stabi-
lized solar image into the echelle spectro-
graph at the Sacramento Peak vacuum
tower telescope. The agile mirror is a
rapidly tiltable mirror that can be locked
onto a solar feature, such ax a sunspot or
pore, using an error signal generated by a
quadrant detector. Thus, when the earth’s
atmosphere produces a motion of the im-
age, the agile mirror is quickly tilted to
compensate and the Image passing into
the spectrograph does not move. From the
stabilized spectral time sequence gen-
erated in this manner, the motions in the
solar atmosphere can be followed as a
function ot tme and height. Using the
agile mirror has permitted the direct
measurement of the acoustic flux in the
solar photosphere out to frequencies of
about 10 Hz. Previous measurements
made without image stabilization are cut
off by the earth’s atmosphere for frequen-
cies above about 12 Hz. The measured
acoustic flux is sufficient to account for
the heating in the lower solar atmosphere.,
How this flux changes in the presence of
magnetic fields and to what heights it
penetrates into the atmosphere before
depositing its energy is the subject of
ongoing research.

To aid in interpreting the observations
of solar processes, the Solar Research
Branch is performing theoretical studies
of the effects of motions and magnetic
fields on spectral lines formed in the sun's
atmosphere. Earlier work investigated the
effect of monofrequency acoustic waves
on solar line formation. In 1985-86 this
work was extended to study numerically
the effects of acoustic wave packets on
solar lines and to compare analytically the
effects of gravity waves and acoustic
waves. The acoustic wave packets produce
measurable asymmetries in the solar

lines, but can not produce enough line
broadening to account for the widths of
the solar line profiles. Gravity waves are
more efficient at broadening the solar
lines. These theoretical calculations indi-
cate that waves will produce observable
effects and they permit us to interpret the
observations discussed above as propagat-
ing acoustic waves. Further work is need-
ed to make quantitative measurements of
the energy flux being carried by the
waves and to determine how the wave
energy is converted to atmospheric
heating.

High Resolution Imaging: Much of the
physics leading to solar activity oceurs on
spatial scales that are often too small to
resolve from the ground because of image
degradation caused by the Earth’s atmo-
sphere. Aside from moving the telescope
to space, which is costly and reduces the
flexibility of the instrument, there are
several ways of improving the image from
the ground. The solar imaging effort has
focused on the development of a real-time
adaptive optics system and on post-facto
speckle-imaging techniques.

Speckle imaging (SI) is a technique for
recovering image information by post-
facto processing of multiple high-speed
exposures of the target. Three such tech-
nigues, known as the Labeyrie technique,
the Knox-Thompson technique, and Speck-
le Masking have been investigated. While
the first technique recovers the Fourier
modulus (or, equivalently, the autocorrela-
tion) of the target only, the latter two also
recover Fourier phases and therefore per-
mit “true” image reconstructions to be
made.

The study of these techniques has been
extremely cuccessful. One of the major
problems associated with the application
of SI techniques, the proper calibration of




reconstructed Fourier amplitudes without
a suitable reference source, has been ade-
quately solved by a technique that ex-
tracts information on the status of the
earth’s atmosphere directly from the data
and then applies a suitable model transfer
function to the Fourier amplitudes. The
implementation of both the Knox-Thomp-
son and the Speckle Masking techniques
led to successful reconstructions of solar
surface detail.

A substantial amount of data was ana-
Iyzed using the Knox-Thompson technique
in particular. We found that, under aver-
age seeing conditions (1.5 arc sec), resolu-
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tion could be increased by a factor of 3 to
4 in the reconstructions, and essentially
diffraction-limited performance (less than
0.2 arcsecond) is obtained when seeing is
sub-arcsecond. By analyzing multiple se-
guences of frames, a time series of recon-
structions could be produced which allows
the study of dynamical processes at sub-
arcsecond scales.

An example is shown in the figure. The
picture at the top left is a typical input
frame. It shows solar granulation in a 4 by
4 aresecond field. The typical rms contrast
of such a picture would be 4 percent and
the distorting influence of seeing is clear-

Typical Single Exposure of Solar Surface (a). Average of 30 Frames, or Equivalence of 18 Second Exposure (b);
Two Speckle Reconstructions Based on 50 Frames Each, Separated by 30 Seconds (c, d).
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Iv visible. The picture to the top right
shows a 30 frame average, equivalent to
an IX sec exposure, Here, all information
on structure smaller than roughly 1 arc
sec has disappeared. The typical rms con-
trast of such a picture is 3 percent, indicat-
mg the loss of power in comparison to a
single exposure. The two pictures at the
bottom are reconstructions obtained from
50 frame averages and represent the first
and the second half of a data set of 100
frames. The resolution ix at the diffraction
limit of the NSO vacuum tower telescope
{0.16 arc sec at 585 nm). The typical rms
contrast of such a reconstruction is 15
percent. Note the isolated, bright feature
slightly above and to the right of the
center of the reconstructions, which is just
barely visible in the sample frame and is
completely gone in the average picture.
The difference between the two recon-
structions reflects fine-structure evolu-
tion as well as errors in the image recon-
struction process,

A prototype adaptive optics system in-
corporating a Hartmann-type wavefront
sensor and a nineteen-segment active mir-
ror has undergone extensive performance
tests at the vacuum tower solar telescope
at Sacramento Peak Observatory. The
segmented approach avoids the crosstalk
problems characteristic of continuous
faceplate mirrors, offers higher band-
width, and facilitates expansion to larger
systems with more active elements. The
principal drawback has been the practical
difficuities encountered in achieving and
maintaining the optical phasing among
the segments. The technical performance
of the prototype system is now relatively
well understood, although the full extent
of the system’s ability to improve the
resolution of solar images remains to be
fully characterized. The system appears to
have the ability to improve the quality of

solar images up to the theoretical resolu-
tion (the “diffraction limit"} of the host
telescope over relatively small (a few arc-
second) fields of view, in conformity with
expectation. Surprisingly, the field of view
over which partial improvement in image
resolution occurs is substantially larger
than standard theoretical considerations
predict, suggesting that atmospheric
propagation theory needs some revision.
From an observational perspective, a prin-
cipal attraction of the prototype system is
its ability to deliver highly stable image
resolution, even under less than optimal
conditions. Experience with the prototype
has also led to the identification of several
changes and improvements to be incorpo-
rated In any next-generation adaptive op-
tics system designed for solar imaging.
Such planning is currently in progress.

Further development of both ap-
proaches is planned. The principal attrac-
tion of adaptive optics is its ability to
produce a high resolution image in real
time. On the other hand, speckle imaging
is technologically much simpler and less
expensive to implement. Hybrid systems,
which combine the power and capability of
both approaches, are currently being ex-
plored.

ENERGETIC PARTICLES

The Space Physics Division is involved
in many aspects of understanding how
energetic particles impact on Air Force
systems. The Division studies the acceler-
ation of these particles in the sun and
models their propagation through the in-
terplanetary medium and the earth’s mag-
netosphere, and their interaction with Air
Force systems. AFGL scientists are thus
constantly learning more about the space
environment in which we work.




Much of the recent work at AFGL on
the source of energetic particles has fo-
cused on a problem often found in solar
studies: because “big” flares causing so-
lar-particle events are accompanied by a
whole host of phenomena, some of which
are not causally related to the particle
events, correlative studies based only on
big flares can be quite misleading. To
remedy this problem, AFGL scientists
have examined solar events which produce
significant particle fluxes but lack many
other phenomena, such as microwaves and
hard x-ray bursts, that often occur in
proton flares. What remains after these
unnecessary phenomena are stripped
away will presumably be the essentials of
the acceleration process. One example of
this is a study of an energetic proton
event which originated in a non-flare
source, a disappearing filament. This
showed that the electromagnetic emis-
sions which are used as indicators of
particle acceleration in flares are not es-
sential to the acceleration. Instead, a high-
speed coronal mass ejection and a shock
wave seem to be the only phenomena
associated with this proton event.

Another study examined one of the
major predictors for interplanetary proton
events, which is the presence of a *U-
shaped” radio spectrum with high flux
densities at meter and centimeter wave-
lengths and a minimum of densities in the
decimeter range. Earlier studies showed
the presence of this spectrum in a flare to
be an almost necessary, and almost suffi-
cient, condition for a major proton event.
Using more complete statistics, AFGL
researchers showed that the previous cor-
relations were with phenomena physically
unrelated to the particle acceleration but
commonly found in flares. They discov-
ered that the proton events are more
closely associated with coronal shock

MAJOR Cfi EVENTS IN
NORTHERN HEMISPHERE (%)
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waves, while the two peaks in the U-
shaped speetrum are associated with dif-
ferent flare-acceleration processes. This
work again shows that the coronal shock
waves are more important for particle
acceleration than the various electromag-
netic phenomena.
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Percentage of “‘Major” Flares. as Defined
by the Comprehensive Flare Index, that
Occurred in the Northern Hemisphere of the
Sun, 19553-1980. (The triangles are
preliminary data using solar flares from the
six-station technique.)

Another recent study has examined a
hemispheric asymmetry in the production
of solar flares. Utilizing the comprehen-
sive flare index, scientists showed that
major solar activity occurred preferential-
ly in the northern hemisphere of the sun
from 1959 to 1971, although before and
after this period the activity was approxi-
mately symmetric between the northern
and southern hemispheres of the sun. A
consistent north/south asymmetry also
exists in earth-based extremely high ener-
gy cosmic radiation measurements until
1971, which is attributed to this asymmet-
ric solar activity (see the figure).

Converting this theoretical understand-
ing of solar particle acceleration into a
predictive model of particle intensity at
the earth has been approached through
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two methods, a magnetohydrodynamie
{MHDY model and an empirical model. The
MHD method models the propagation of
solar flare-renerated  shocks, with the
shock riding over the pre-existing solar
wind (see the figure). In the reference
frame of the solar wind, the shock front
behaves as a blast wave, which continu-
ously decelerates by giving energy up to
the solar wind. The average blast-wuave
speed, which is found by integrating the
blast wave equation, determines the arriv-
al time of the shock at the earth. In the
current two and a half dimensional model!,
the flare is assumed to have occurred in
the plane of the ecliptic. The fluid analysis
then considers all dependent variables,
including the three components of the
velocity and interplanetary magnetic field
vectors, within the 2-dimensional ecliptic
plane. A 3-dimensional model 15 under
development.

The empirical model being developed is
an improved version of the previous
AFGIL model which the Air Weather Ser-

vice Space Environment Forecast Facility
has used for the past decade. The new
model has several significant improve-
ments, such as the capability for prediet-
g heavy ion fluxes in addition to protons,
[t also has improved the predictive accura-
ey of onset time, magnitude of fluxes, and
the time-intensity profile of particle flux-
es. [t ean also prediet the radiation dose to
astronauts both within the space shuttle
and during extravehicular activities. The
new model makes predictions in fourteen
different energy ranges which are easily
adjustable to match either the energies
actually being monitored or those most
hazardous to specific systems. It is possi-
ble to use the output of this model as
input to other models de<ioened for sys-
tem-specific predictions.

In making these models, there are a
tremendous number of variables that af-
fect the solar proton intensity observed at
the earth, and many of the basic control
parameters are not directly observable.
Instead, they must be inferred from the




available solar-patrol measurements or
from “average” values used in initial pre-
dictions. One major improvement is a
mode which enables the duty forecaster to
enter the actual observed data when it
becomes known, rather than using an
average or Inferred value. The software
then matches the specified data and uses
this for updated predictions of the particle
fluxes on the magnetosphere.

In the analysis of the high-energy
cosmic-ray data, a method known as geo-
magnetic optics has been developed to
specify the trajectories these particles
travel before arriving at or near the earth.
AFGL researchers have modeled the ef-
fect of geomagnetic disturbances on the
asymptotic directions of approach by esti-
mating the corresponding change in the
cutoff rigidities.

- ‘ercjr_agrvApy 1984 ~ PROTONS >75MEV

o e .
| Y {

S i1
i'mww‘u ‘

;
. " } . !
: ! M:{‘ :}:‘!‘ » ﬁJ’jJ "
) sulialy huw iy

e e e ey .

a 8 12 6 20 24
UNIVERSAL TIME (nrs)

1!

COUNT RATE (counts/sec)

Proton Flux Counts for Energies Greater
than 75 MeV Measured by the SSJ°
Instrument on DMSP. Fehruary 16, 1984,

In modeling the particle environment,
the particle motion and energization with-
in the earth’s magnetosphere are also
significant. Several such studies have
been completed using data from the De-
fense Meteorological Satellite Program
{DMSP) satellites. The F6 and F7 space-
craft are stabilized in three axes and fly in

circular, 840 km, sun-synchronous orbits.
The F6 orbital plane is in the dawn-dusk
meridian, while the F7 orbital plane is in
the 1030-2230 meridian. Because of the
offset between the geographic and mag-
netic poles, the two spacecraft cover a
wide range in geomagnetic coordinates,
and because of the operational nature of
the spacecraft, they return data from the
instruments almost continuously (see the
figure).

One of the scientific instruments car-
ried on F7 is a dosimeter measuring elec-
tron and ion fluxes above 30 MeV. These
are the particles responsible for single
event upsets and radiation effects in elec-
tronics. The spatial distribution of high-
energy particles penetrating to low alti-
tudes has been determined. The particles
most responsible for single event upsets
in low-altitude orbit are trapped protons in
the South Atlantic Anomaly and cosmie
rays in the polar caps. The trapped pro-
tons in the South Atlantic Anomaly have a
much softer spectrum than the heavier
particles. These results will permit the
development of improved shielding for
spacecraft microelectronics and improved
hardening against single event upsets.

The particles at the energies primarily
responsible for auroral precipitation have
been studied using the SSJ/4 instruments
which are both the F6 and F7 spacecraft.
These instruments measure the precipitat-
ing electron and ion fluxes over an energy
range of 30 eV to 30 keV and return a
complete spectrum every second. Several
statistical studies have been completed
using the SSJ/4 data, all of which charac-
terize the average patterns of auroral
electron and ion precipitation as functions
of magnetic local time (MLT), inagnetic
latitude (MLAT), and magnetic activity as
measured by Kp. These statistics throw
light on important processes controlling
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particle entry and energization. For exam-
ple. these statisties provide an excellent
map of the ion cusp, w direct entry region
on the davaide of the earth, centered at
local noon at all cetvities, The peak in
number flux s fornd at lower {atitudes
than the minimum in average energy, and
the cnsp is much larger and clearer in the
summer pole than in the winter pole,
These results are being used in under-
standing the direct entry of pardceles from
the solar wind (see the figure).

These statisties can also provide useful
input to models of the environment. For
example, the average clectron number
and energy fluxes were used to develop a
model of the 1onospheric conduetivity as a
function of geomagnetic activity. In some
additional work, the equatorward bound-
arv of auroral electron and 1on precipita-
fitted to various functional
forms, depending on geomagnetic activity,
If the boundary is observed at some local
time and the magnetice activity is known,
then the boundary at all local times can be

tion  was

aleulated, and the conductivity statisties
can indicate where high-frequency radio
svstems are likely to faill AFGL has
delivered a computer model carrying out
these predictions to Global Weather Cen-
tral, allowing the Air Force to anticipate
and better understand the real time im-
puct of the aurora on Air Force communi-
ations,
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The studies deseribed above concentrate
on a better understanding of the environ-
ment in which space systems operate.
However, it is also important to under-
stand how the svstems interact with the
environment. One recent study examined
high-level spaceeraft charging in the iono-
sphere, showing that low-altitude space-
craft can charge to <-100 Volts, but only
when two conditions are met: the thermal
plasma density must be less than 10 em™®,
and a high number flux of high-energy




electrons (at least 14 keV) is required.
These conditions are often met on the
nightside of the earth and on the poleward
edge of discrete auroral regions, so that
spacecraft traveling through this region
must be designed to minimize the effects
of spacecraft charging (see the figure).

SPACE WEATHER

CHARGING

DRAG

AURORAL
SHBSTORM

Space Weather Impacts on Satellite
Operations.

One of the major programs under devel-
opment, known as CRRES (Combined Re-
lease and Radiation Effects Satellite), will
study the effects of sustained radiation
exposure on spacecraft microelectronics.
Current designs for space systems are
based on computer models and laboratory
testing of electronics, but not on in-flight
testing. To remedy this, AFGL is prepar-
ing CRRES, which will carry a package of
sensitive microelectronics (the MEP) care-
fully instrumented to study when and how
the components fail. Along with this,
CRRES will earry an assortment of instru-
ments to measure the particle and electro-
magnetic environment in which the com-
ponents fail. Comparison of these results
with laboratory testing and simulations
will then allow engineers to develop better

and more reliable electronic spuace
systems.

SPACE WEATHER

The specification, monitoring, and pre-
diction of particles, plasma, and electric
and magnetic fields and waves within the
solar-terrestrial system is of growing im-
portance to Air Force space operations.
The dynamic characteristics of these
space environment parameters which
specify the coupling between regions, the
resulting transport of energy, and the
interaction effects of the environment
with space systems is commonly referred
to as “space weather.” Space weather can
be the cause of operational anomalies
resulting from spacecraft charging, such
as single event upsets, radiation effects,
and increases in satellite drag. The figure
illustrates these effects. Satellites at all
altitudes are subject to space weather
effects.

The thrusts of the program are directed
toward (1) greatly expanding the space
environment database, (2) developing and
testing empirical models of the physical
parameters essential to the understanding
of the coupling processes between solar-
terrestrial regions, and (3) developing dy-
namic analytical models of the interplane-
tary/magnetosphere/ionosphere system
that include the time variability of these
solar-driven processes. This result is es-
sential to advances in understanding,
specifyirg, and predicting the space envi-
ronment and its effect on Air Force space
systems.

Extensive measurements of particles,
plasmas, and fields have been obtained
from orbiting satellites such as DMSP,
HILAT, and DE in the last few years.
However, the vastness of region<. the
sparseness of the datu, and the short- and
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long-term solar variations cause our un-
derstanding of the physical system to be
limited by data starvation. On the DMSP
spacecraft, continuous monitoring of par-
ticles, electric and magnetic fields, and
plasmas with instruments designed and
developed by the Space Physies Division
represents a major contribution to the
space environment database. Significant
progress has been made in specifving the
coupling between the magnetosphere and
the ionosphere and in modeling the dy-
namics of the inner magnetosphere. As a
result, models are now under development
w' _h specifv the magnetosphere for op-
erational use by the Air Weather Service
in response to customer requirements.
The following highlight specific research
Drogress,

Magnetospheric Specification: Specifi-
cation of the environment at high lati-
tudes and throughout the magnetosphere
provides the foundation for empirical the-
oretical studies and modeling of space
weather processes. The operational DMSP
satellites provide a unique opportunity for
long-term monitoring of critical parame-
ters. Continuous monitoring of the energy
input from the magnetosphere into the
high-latitude ionosphere, both from parti-
cles and from heating by closure of field-
aligned currents, will now be possible.

In cooperation with the University of
Texas at Dallas, instruments have been
designed and built to monitor ion drift
(electric fields), ion density and tempera-
ture, electron temperature, and variations
in ion density which are the cause of radio
scintillations. The first of the instruments
will be flown on the next spacecraft.

Analysis of data from the experimental
magnetometer on DMSP-F7 has deter-
mined that a body-mounted magnetometer
can be used to detect field-aligned cur-

rents. Automated techniques were devel-
oped to remove spacecraft interference
signals from the data, leaving the varia-
tions caused by the field-aligned currents.
As a result of this successful experiment,
the magnetometer will be included as an
operational sensor on future DMSP satel-
lites S-12 through S-15. The DMSP plas-
ma, magnetic-field, and energetic-particle
measuring devices provide complete local
specification of the electrodynamics. The
combination of the electric fields, field-
aligned currents, and conductivities (cal-
culated from the particle data) determine
the heating input into the high latitudes
from magnetospheric sources.

Plasma and fields instrumentation has
also been designed and built for the
CRRES satellite. In addition to supporting
the radiation-effect studies, these instru-
ments will be a significant new source of
data for understanding the dynamies of
substorm processes.
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Mechanism for Generating Neutral Lines in
Near-Earth Magnetotail, 4 Process Thought
to Trigger Substorms.




Magnetospheric Modeling: AFGL has
previously sponsored the development at
Rice University of a dynamic analytical
model of the inner magnetosphere to spec-
ify and follow substorm processes in the
coupled magnetosphere-ionosphere sys-
tem. This model has been reformatted to
make it more modular, to increase its
efficiency, and to add in effects from the
near-tail plasma sheet. In the space phys-
ics community, a strong controversy ex-
ists over whether a near-earth neutral line
can form and create a magnetic substorm.
As a result of the improved model, a
straightforward mechanism for the for-
mation of a near-earth neutral line has
been developed. The accompanying figure
illustrates these ideas.

The top figure is a north-south cross-
section of the midnight meridian at L
greater than, or equal to, 6. The dawn-
dusk electric field causes plasma to E-x-B-
drift towards the earth as shown by the
arrows. As the attached magnetic flux
tubes conveet inward, their volume de-
creases, thereby adiabatically increasing
particle pressure, as seen in the middle
figure. Cases A, B, and C are for increas-
ing E-x-B drift. The associated pressure
gradients create a local current that pro-
duces a minimum B along the equator as
seen in the bottom figure. Magnetohydro-
dynamic computer simulation studies indi-
cate that this is the most likely location
for magnetic reconnection to occur. A non-
zero curl of E triggers the instability for
reconnection to occur. Magnetic reconnec-
tion prevents the continual build-up of
particle pressure and releases excess mag-
netic energy stored in the iail-lobes. In
this model, a magnetic substorm occurs as
a natural result of excess particle pres-
sure, and an external stimulus is not
necessary to trigger it.
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The Rice model is an important building
block toward the development of models
for space weather specification and fore-
casting for use by the Air Weather Ser-
vice. Portions of the research model are
now being transitioned to AWS for mag-
netospheric specifications. Future im-
provements in the mod- ! and in our model-
ing capabilities will be directed toward
better specification of the ionospheric
boundary conditions and coupling process-
es, and toward better understanding of
boundary layer phenomena in the plasma
sheet and at the magnetopause.

Magnetosphere - lonosphere Cou-
pling: The plasma drift measurements on
the HILAT satellite, the magnetic field
measurements on the DMSP/F7 satellite,
and the electric field measurements from
DE-2 have proved to be powerful tools for
analysis of magnetosphere-ionosphere
coupling processes.

In a study aimed at finding general
magnetosphere-ionosphere coupling char-
acteristics instead of just the coupling
related to direct auroral arcs, SRI Interna-
tional, AFGL, and the University of Texas
at Dallas statistically determined the rela-
tionships between the variations in the
electric field and field aligned current in
the range of scales of 3 km to 80 km
(approximately the range of ‘“inverted -
V" structures) observed during the first
year of HILAT’s life. This study included
all structures in this scale range regard-
less of the precipitating particle signature.
The result was a clear indication that in
this scale-size range the magnetosphere
acts as a constant current source regard-
less of the background conductivity of the
ionosphere. Further study using particle
data together with the electric field and
current data will be required to confirm
this finding.
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On the scale size of individual ares,
Regis College and AFGL analyzed in de-
tail an individual pass of the HILAT
satellite over an isolated, morning-sector
auroral arc. The study included all sources
of data from the HILAT satellite and the
ultraviolet imager, which can detect the
auroral ares during the sunlit eondition.
The object of the study was to character-
ize the physical structure of the are sys-
tem and compare the structure with the
coupled electrodynamic theory of Bostrom
for auroral ares. The comparison was
excellent. Since a numerical model of an
arc structure developed by the University
of California at Berkeley has been based
on Bostrom's theory, advancements in
numerical simulation of ares can now be
made with confidence.
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F-region ion convection in the vicinity of
the dayside polar cleft is strongly con-
trolled by the interplanetary magnetic
field, suggesting a direct current-driven
coupling between the solar wind and day-
side, high-latitude ionosphere. This cou-
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Empirical High-Latitude Convection Models
for Magnetospherically Generated Electric
Fields. (The plots are for the northern
hemisphere, with the Y-component of the
interplanetary magnetic field negative. The
first panel is for a southward B, and a small
northward B,. The second and third are for
increasingly stronger northward B,.)

pling has been explored by Stanford Uni-
versity through observations of high-lati-
tude ion convection measured by the Son-




drestromfjord, Greenland, incoherent
scatter radar and subsequent computer
simulations. The computer simulation cal-
culates the ionospheric electric potential
distribution for a given configuration of
field-aligned currents and conductivity
distribution. Using a simple model of the
field-aligned currents linking the solar
wind with the dayside, high-latitude iono-
sphere, we can explore the consequences
of variations of the currents on ionospher-
ic plasma convection. The direction and
strength of the currents are set according
to measurements in the upstream solar
wind, and the time-varying ionospheric
electric field and resulting plasma convec-
tion are simulated. Comparisons of the
simulated plasma convection with the ion
velocity measurements at Sondrestrom
show very good agreement.

New empirical models of the overall
high-latitude convection pattern gener-
ated by magnetospheric electric fields and
their variation with the interplanetary
magnetic field have been developed using
DE-2 data by NASA/GSFC and AFGL.
Preliminary versions of the variations of
the patterns with the polarity of B, for
southward B, have been used in the Uni-
versity College, London, global thermo-
spheric model to provide better agreement
with observations of neutral winds, tem-
perature, and composition. The basic mod-
els for positive and negative B, are appli-
cable for B, negative and for small values
of positive B,. As B, increases to larger
positive values, the evening convection
cell rotates and expands into the dayside,
creating a distorted two-cell model. The
figure shows the basic northern hemi-
sphere convection flow pattern for B,
negative (model DE) and its distortion as
B, increases to larger and larger positive
values. For B, positive, the evening cell
rotates into, rather than around, the
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morning cell. These patterns provide a
new alternative to the three- and four-cell
pattern currently used to explain configu-
ration changes in the convection pattern
for northward (positive) B, conditions.

Modeling and Analysis of Substorm
Phenomena: The datab. . created by the
AFGL magnetometer chain from 1978
through 1983 continues to be a significant
resource for analysis of substorm-associ-
ated processes and their resulting mag-
netic pulsations. The correlation of effects
recorded by the AFGL chain with signa-
tures seen at geosynchronous altitude by
satellites such as GOES and SCATHA, or
signatures noted at the South Pole, are
revealing the character and evolution of
magnetospheric substorm disturbances.

For instance, the disturbances at geo-
synchronous orbit may be very localized.
By observing the effects of the substorm
current wedge on the ground to identify
the onset and location of a substorm,
AFGL and Boston University scientists
were able to show that a geosynchronous
satellite (GOES 3) only two hours away
from midnight may miss the onset of a
localized substorm. The character of the
GOES-3 magnetic disturbance was nearly
flat compared to the disturbed signature
seen two hours away in the substorm
wedge region near midnight by SCATHA
and GOES 2. Observations made with the
AFGL chain, at South Pole station, and
from the ISEE satellites demonstrated
that the thickening (or recovery) of the
magnetotail plasma sheet during the late
stage of substorms is related to poleward
auroral excursions, sometimes called the
“poleward leap,” contributing to a rela-
tively little studied aspect of the neutral
line model of substorms.

Pi 2 pulsations have been previously
associated with substorm onset; however,
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the generation mechanisms that would
produce the observed polarization charac-
teristics were unclear. The extension of
the previous model for the westward trav-
eling surge developed at AFGL has shown
that Alfven waves, initiated by the injec-
tion of hot plasma-sheet electrons within
the substorm current wedge, trigger a
feedback instability in the ionosphere-
magnetosphere system that leads to the
rapid production of the Pi 2 waves. The
pulsations are then damped by electron-
ion recombination. The model also pro-
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vides the framework for understanding
the sense of rotation of Pi 2 pulsations
generated at substorm onset.

The relationship between mid-latitude
magnetic disturbances and the westward
traveling surge has been explored further
by using DMSP images. The figure shows
the concept for location determination of
the westward traveling surge from mid-
latitudes. Actual events have been corre-
lated between DMSP photographs and
patterns observed in the magnetic polar-
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ization ellipse azimuths observed by the
AFGL chain.

ACTIVE EXPERIMENTS

The Active Experiments Branch of the
Space Physies Division carries out experi-
mental and theoretical investigations of
controlled perturbations in space with two
objectives. The first is to test our under-
standing of space plasma processes and
their effects on space systems. Some of
these processes may be stimulated by
charged particle beams, waves, or chemi-
cal clouds. The Branch is investigating the
generation of plasma waves in space, the
heating and acceleration of electrons and
ions in the ionosphere/magnetosphere
system, the release of substorm energy,
and the trapping of particles in, and their
precipitation from, the earth’s radiation
belts. The second objective is to consider
the perturbations as part of a complete
system which includes the space vehicle,
the perturbing agent, and the space envi-
ronment. There are interactions between
the elements of the system that may
inhibit particular processes. Some of these
interactions are: arcing and charging in
the vehicle environment, anomalous beam
degradation, and disruption of wave trans-
missions.

There are four major areas of study:
charged particle beam/environment inter-
actions, neutral particle-beam transport,
effects of electromagnetic radiation on
space plasmas, and chemical releases in
the magnetosphere.

Charged Particle Beams: Artificial
beam propagation in space generates
waves that heat and accelerate ions and
electrons in the ambient plasma. Natural-
ly occurring charged-particle beams gen-
erate similar effects which have been
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observed on numerous rocket and satellite
experiments. Electron beam emissions
have been found to generate waves that
heat and accelerate ambient ions in pro-
cesses similar to those identified in theo-
retical models that explain auroral parti-
cle-acceleration processes. Experiments
are planned to verify these models.
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The BERT-1 rocket consisted of two
separable payloads. The main body of the
rocket, BERT, was equipped with electron,
ion, and plasma emitters, an automatic
discharge system, vehicle potential
monitors, and particle detectors. The
nosecone, ERNIE, was separated from the
main payload during flight. It was equipped
with plasma and field diagnostics for
detecting perturbations in the ambient
plasma during charged particle emissions
from BERT The electron beam generates
waves, and heats and accelerates electrons
and ions in the ambient plasma.

Data being analyzed include SCATHA
satellite experiments in the magneto-




sphere and BERT-1 rocket experiments in
the ionosphere and in a large vacuum
chamber (see the figure). Both SCATHA
and BERT-1 vehicles were equipped with
ion and electron beam sources, used to
study vehicle-charging effects as well as
beam plasma interactions. Charging of
spacecraft, which occurs naturally in
space environments containing energetic
particles, may be controlled through beam
emissions. However, peaw emissions may
also cause charging, under certain condi-
tions. The plasma processes that control
vehicle-charging levels are being studied.

Theoretical studies are being conducted
in collaboration with the University of
California at Los Angeles and with South-
west Research Institute. These studies
incorporate theory and computer simula-
tions in mock laboratory experiments to
identify mechanisms leading to effects
observed in the data. Present studies have
provided new insight into processes con-
trolling vehicle charging. Beam-generated
waves are shown to heat the ambient
plasma, which enhances the rate of ioniza-
tion of ambient neutral particles (see the
figure). This increases the plasma density
and reduces the potential of the vehicle
charging.

The Active Experiments Branch is con-
ducting the ECHO-T sounding rocket ex-
periment jointly with NASA and the Uni-
versity of Minnesota. The branch is build-
ing a 40 keV electron accelerator system
and a wave detector package for the
mission. Mission objectives are to study
wave generation in the ionosphere and
spacecraft charging due to electron beam
emission. The experiment will also probe
the magnetosphere by emitting electron
beams along the earth’s magnetic field
and detecting the return of beam particles
after theyv are reflected from the conju-
gate ionosphere,

Experimental results obtained during the
BERT-1 vacuum chamber tests indicate
high-frequency, high-intensity waves being
generated during electron beam emissions.
(The spectrogram scales linearly with
frequency from 0-3 MHz. The electron beam
energy is 500 V and is stepping up, then
down, through current levels of 200 uA to 20
mA. As the beam current increases, there is
a threshold effect, indicated by the
appearance of intense waves in the 3-4 MHz
range. This coincides with a sudden decrease
in the potential of the emitting rocket body.
The potential then maintains a constant level
until the current decreases across this
threshold, at which point the potential
abruptly increases.)

Neutral Particle Beams: Unlike
charged particle beams, neutral beams
can propagate across vast regions of
space without being deflected by the
earth’'s magnetic field. However, if the
beam were ionized by the earth’s tenuous
plasma, this would also be subject to
deflection by the magnetic field. Theory
and laboratory experiments have shown
that such a plasma beam will propagate
across a magnetic field in a vacuum, but
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Results of Computer Simulations at UCLA
Showing Beam Thermalization and Beam
Heating and Acceleration of the Ambient
Plasma. (This is part of a study to determine
the characteristics and signatures of
electron beams propagating in space.)

the question of whether it will propagate
in a plasma has not been answered. To
answer this question, laboratory experi-
ments are being performed in collabora-
tion with Northeastern University. These
experiments will explore the effectiveness
of polarization electric fields for crossfield
propagation. Parameters to be studied
include: geomagnetic field strength, beam
orientation with respect to the magnetic
field, and ambient plasma density. In addi-
tion, beam degradation due to waves and
heating generated by interactions with the
ambient plasma will be investigated.

This experimental program includes the
design and development of a wave diag-
nostics package for the AFSTC NPBISE
{Neutral Particle Beam Integrated Space
Experiment). This package will monitor
waves and fields generated in the ambient
plasma through the propagation and ion-
ization of the neutral beam. Related theo-
retical studies are seeking to predict elec-
tromagnetic signatures of the ionized por-
tion of the beam, as well as to anticipate
effects of the beam emission on the space-
craft.
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Electromagnetic Radiation: The ability
of electromagnetic radiation to accelerate
particles in the natural environment is
being investigated under Project Forecast
2. It has been shown theoretically that rf
radiation dirccted along the background
magnetic field in a vacuum will accelerate
electrons to relativistic energies.

A new theory developed in collaboration
with Northeastern University predicts
that & high power (gigawat!l) trausinitter,
tuned to the resonant frequency of the
ionosphere, should succeed in accelerating
electrons to a broad range of energies. An
experiment to test this concept is planned
in conjunction with the ECHO-7 flight.
HIPAS (High Power Auroral Stimulation
facility), a ground-based transmitter locat-
ed below the rocket trajectory, will trans-
mit waves at the resonant electron gyro-
frequency. Sensors on the ECHO-T pay-
load will detect the transmitted waves and
the accelerated electrons. A computer
model of the acceleration process is being
developed. This model will be tested with
the experimental results obtained during
this flight.

A second theoretical effort concerns the
application of the Alfven maser effect to
cause particle precipitation in the radia-
tion belts. Similar to an ordinary laser,
pump waves can be beamed into the mag-
netosphere and built up within magnetic
flux tubes there. It is believed that this
energy can be used to dump plasma
through loss cone diffusion. Experiments
will be designed to test this theory.

Chemical Releases: Chemicals intro-
duced into the magnetosphere can gener-
ate and undergo a variety of interactions
with ambient waves and particles. High-
altitude chemical-release experiments are
planned as part of the CRRES satellite
program. The experiments are designed to
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study these interactions and the effect of
mass loading of magnetic flux tubes. Plas-
ma and field diagnostics are being provid-
ed for this purpose. Data from the experi-
ments will be analvzed to establish the
conditions that lead to the dumping of
radiation belt particles. Theoretical mod-
els being developed in collaboration with
Massachusetts Technological Laborato-
ries will be used to predict these interac-

uvhi.

SPACECRAFT ENVIRONMENTAL
INTERACTIONS

Shuttie Contamination Code (SOCRA-
TES): The development of a shuttle con-
tamination code called SOCRATES, an
acronym for Shuttle Orbiter Contamina-
tion Representation Accounting for Tran-
sient Emitted Species, was initiated using
Monte Carlo techniques. Contamination of
instruments on the space shuttle orbiter is
an issue of major concern. The shuttle
gives off matter through surface outgas-
sing, via various thrusters and from flash
evaporators.

The deposition back onto shuttle-bc ne
instruments will be largely determined by
the multiple collision environment sur-
rounding the shuttle (see the figure). In
addition to physical contamination of sur-
faces, radiation contamination occurs as
gases surrounding the shuttle collide with
atmospheric ions, electrons and molecules,
and with the shuttle surfaces. In addition,
the critical ionization-velocity effect may
be important in the enhancement and
transport of contaminant species. Once
critical ionization occurs, molecular disso-
ciative recombination may follow. These
effects may lead to characteristic infra-
red, ultraviolet, and visible radiation in the
vicinity of the space shuttle.

Spacecraft Contamination Modeling -
SOCRATES (Shuttle Orbiter Contamination
Representation Accounting for Transient
Emitted Species) Code.

The SOCRATES code is being designed
in a high!'v modularized fashion, so that
additional physical and geometric com-
plexity can be added as deemed necessary
without requiring major rewriting of the
model. SOCRATES now treats plume
modeling and exhaust flow-field computa-
tions. Eventually, it will be employed for
computer simulation analysis by incorpo-
rating critical ionization effects, surface
chemical reactions, charged particle trans-
port, molecular dissociative recombina-
tions, and radiation contamination.

Shuttie Particulate Contamination
Measurements: The particulate environ-
ment surrounding the shuttle during Mis-
sion 61-C in January, 1986, was observed
using a pair of cameras mounted in a
stereoscopic configuration. In addition to
solar-illumination, a strobe flash unit was
used to provide illumination so that partic-
ulates could be observed during orbital
night. Data was acquired throughout the
mission. Although events such as water
dumps, maneuvers, satellite launches and
payload bay door operations, and even the
orbital environment, were often found to
be very benign, there were times when
contamination was severe (see the “bliz-
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Shuttle Particulate Contamination
Measurements,

zard-like” contamination distribution in
the figure).

The program goal is to develop guide-
lines for specifying when the environment
will be acceptable to perform shuttle-
bLased optical measurements. Particles
were observed even during periods when
all operations (and maneuvers) were dis-
abled. Nearly 15,000 frames of data were
acquired over 83 orbits. The key observa-
tional parameter was solar scattering an-
gle. Particles were observed about 40
percent of the time when illumination
conditions were optimal. Particle angular
velocities were obtained from a series of
sequential exposures. Source locations
have now been tentatively identified and
the observations have been analyzed in
light of Mie scattering calculations in
order to estimate particle characteristics
and to assess impacts in other sensing
bandpasses, especially the infrared.

Shuttle Glow: A glow, or halo, has been
observed off surfaces of the space shuttle
when those surfaces are in the ram direc-
tion. On some flights the glow was visible
to the naked eye. The observations to date
have been made with hand-held cameras
from the astronauts’ cabin. These obser-
vations indicate that: the glow extends
about 20 em beyond the surface; its spec-
trum is nearly a continuum with a maxi-
mum at about 600 nm; it depends, to some
extent, on the chemical composition of the
surface; it is strongly influenced by the
firing of thruster engines; and its intensi-
ty depends on the altitude. Analysis of
photometric data from Atmospheric Ex-
plorer (AE) and Dynamic Explorer (DE)
satellites indicates that the glow is a
general phenomenon associated with all
spacecraft in low earth density. Infrared
and ultraviolet data are needed. Current
interpretation of the origin of the glow
suggests that it is caused by nitrogen
dioxide, NO,, formed by a complex se-
quence of chemical reactions between the
ambient atiuospheric species (nearly 70
percent of which are oxygen atoms) and
the shuttle surfaces in the ram direction.
The shuttle velocity is approximately 7.3
km per sec (corresponding to an energy of
4.4 eV). Support for this theory has been
oblained from our analysis of mass spec-
trometer data, which indicates that NO. is
present in sufficier quantities to cause
the glow.

Spacecraft Charging: The centerpiece
of our interactions modeling program is
the three-dimensional simulation code PO-
LAR (Potentials of a Large Object in the
Auroral Region). The POLAR code simu-
lates in three dimensions the electrical
interaction of the shuttle or any space
vehicle with the space plasma. It models
the physical processes of wake genera-
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tion, ambient ion collection, effects of
precipitating auroral electron fluxes, sur-
face interactions meluding secondary elec-
tron generation and backscattering, and
vehicle charging (see the figure),

POTENTIAL CONTOURS, VOLTS

Spacecraft Charging.

The code follows these processes dy-
namically on a subsecond timescale so as
to simulate the shuttle’s rapid passage
through intense auroral arces or the emis-
sion of charged particles. POLAR models
the ambient plasma as isotropic Maxwellj-
an electrons and ions and allows for
simultaneous precipitation of power-law,
energetic Maxwelliap and accelerated
Gaussian distributions of electrons. Geo-
magnetic field effects arc included in par-
ticle dynamics and conductor potentials.
POLAR computes charging in the low-
altitude space environment for individual
portions of a vehicle's surface. It does so
by tracking ambient ram ions through the
plasma sheath and wake surrounding the
vehicle, computing the incident auroral
electron flux, updating individual surface
potentials, and solving Poisson’s equation
self-consistently with computed space
charge densities.

POLAR is now installed on a dedicated
super-mini computer, and in-house efforts
have expanded to include applications of
POLAR, validation studies, comparison
with flight data, and separate numerical
studies. Electrical charging of spacecraft
by intense 10 keV auroral electron
streams to high negative potentials has
been observed on DMSP (Defense Meteor-
ological Satellite Program) satellite space-
craft. POLAR has scored initial success in
modeling the auroral charging of an ideal-
ized spacecraft, and studies using a de-
tailed representation of a DMSP craft are
now underway.

Interactions theory predicts that auro-
ral charging is more dramatic for larger
vehicles such as the shuttle, even in the
low altitude space environment. A nega-
tively charged vehicle collects positive
ions through a plasma sheath whose thick-
ness is proportional to potential and
roughly independent of vehicle size, so
that the potential must increase in magni-
tude for the sheath to scale with space-
craft size. Modeling with POLAR has
confirmed this theoretical prediction and
demonstrated that charging potential
scales as the 4/3 power of the vehicle size.
POLAR has further demonstrated that
this scaling relation is modified by the
secondary emission properties of the sur-
face materials.

As with the size effect, access to ions is
the key to other auroral charging events
that occur when small subsateilites such
as the astronaut’'s MMU (Manned Maneu-
vering Unit) operate in regions of local ion
depletion such as the shuttle wake, or the
sheath of another charged object. POLAR
has been used to model a MMU-shuttle
wake scenario and, again, confirmed
quantified predictions. These results are
illustrated in the figure.
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POLAR Code Calculation of Charging
Experienced by Astronaut Operating a
Manned Maneuvering Unit in lon Wake.

The MACH (Mesothermal Auroral
Charging) code was developed at AFGL to

independently validate the physics in PO-
LAR, and to simulate space-probe interac-
tions with well-known physics. MACH
treats cylindrically symmetric vehicles by
inside-out particle-tracking techniques.
Cycles of particle tracking and potential
solving converge to a self-consistent solu-
tion in which the details of the physics,
particle tracking, and potential solving are
well understood. The heuristic algorithms
in POLAR, which makc possible three-
dimensional solutions for complex bodies
in a short time, are validated by MACH
for simpler geometries. In this way the
limits of validity of the POLAR code are
obtzined. MACH is employed independent-
Iy as well, to study the kinetic details of a
plasma sheath-wake interaction, confirm-
ing that under most circumstances a
sheath edge can exist in a high MACH
flow wake.

Plasma Generation by Critical loniza-
tion Velocity: The Critical Ionization Ve-
locity (CIV) theory was proposed to ex-
plain how matter accreted during the
formation of the solar system. This theory
postulates that atoms are ionized when
their velocity reaches a value such that
their kinetic energies are equal to their
ionization potential. Six space experiments
have been conducted in order to confirm
the theory; of these, only one gave posi-
tive results. Analysis in our laboratory
has suggested a unique experiment which
will establish the occurrence of CIV in
space. In addition, we have established a
definitive diagnostic measurement which
will identify whether or not CIV has taken
place. The question is very important for a
number of applications, one of which is
the circumstance under which the exhaust
of a space vehicle in low earth orbit will
become ionized. If ionization does occur,
for example in the exhaust of the space
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shuttle engines, then the resulting ions
will be trapped in the earth’s magnetic
field and will separate from the neutral
plumes, giving rise to an extended source
of radiation. This is important for any
application which involves the meas-
urement of radiation from low earth-orbit
platforms.

Plasma Wave Field of Spacecraft: The
shuttle and other low-altitude spacecraft
move through a plasma with a number
density on the order of 10" em? The
interaction of the spacecraft with this
ambient plasma can lead to waves and
shock-like structures (see the figure). The
importance of the waves is that they
contribute to a complex environment in
the neighborhood of the spacecraft, inter-

acting with ions of ambient and spacecraft
origing, and may provide a plasma signa-
ture detectable at large distances from
the spaceeraft. The propagation of waves
to large distances is associated with the
strongly anisotropic character of the
phase and group velocities of cold plasma
waves in three regimes: Alfven waves,
whistlers, and upper hybrid waves. The
first two regimes, which are likely to be
the most important, are characterized by
vanishing of the phase velocity perpendic-
ular to the field and the presence of real
spatial characteristics associated with the
propagation of discontinuities. Analysis
has shown that these waves, unlike those
in other regimes, propagate essentially
undamped within a cone around the field
extending from the source. These waves
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have been understood in the low frequen-
¢y approximation for many vears in the
form of Alfven wings. The typical propa-
gation within the characteristic cone has
recently been observed during heam oper-
ations on the shuttle. Here, the wave
power appears sharply conlined within the
whistler cone at all frequencies betwroen
the lower hybrid and the electron gvrofre-
yueney, and rosults of numerical integra-
tion appear to be in reasonable agreement
with the observations.

SPACE SYSTEMS ENVIRONMENT
INTERACTIONS TECHNOLOGY

The Space Systems Environment Inter-
actions Technology Program addresses
the impact of the space environment on
large space structures and systems to be
designed and built for use in the 1990's
and beyond. The program capitalizes on
space environment research results car-
ried out at AFGL and other DoD a.d
civilian research agencies. Its purpose is
to transition new knowledge about the
environmental sensitivities of emerging
technologies into the design and develop-
ment of future space systems.

A review of Air Force and NASA re-
search program results on the interaction
of the space environment with space sys-
tems was completed. The review identified
seven interaction areas which can be criti-
cal to large, high-powered space systems.
These are spacecraft churging, radiation,
contamination, atomic oxygen erosion, mi-
crometeoroid and man-made debris im-
pacts, high-voltage interactions, and me-
chanical stresses. The status of existing
standards and specifications in these ar-
eas was also reviewed. A list of recom-
mended standards, handbooks, computer-
aided engineering tools, and prehand-
books was prepared. (Prehandbooks sum-
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marize available knowledge in areas
which are not sufficiently mature for
standards to be prepared.)

Spacecraft charging effeets on astronaut
extravehicular activity (EVA) equipment
were identified as a high-interest topic.
AFGL, working with the NASA Johnson
Space Center Crew Systems Division and
the Air Force Space Division Office of
Manned Spaceflight, conducted an initial
evaluation of the effects of polar-auroral
charging on extravehicular activity (EVA)
equipment. The evaluation showed that
charging is expected to result when extra-
vehicular activity is conducted during the
infrequent severe auroral substorms that
can occur at any moment. Arce discharges
are expected to result for extreme values
of differential chargins. Currently, the
consequences of charging on the EVA
equipment cannot be predicted. Even if the
existing electrostatic discharge test were
used, it is not considered definitive or
predictive of subsequent performance in
space. A program to validate electrostatic
discharge testing, using the existing EVA
equipment as a target system for test
development, has been proposed. It would
provide the answers for the EVA equip-
ment, as well as validate a test which
vould benefit all space systems.

The Interactions Measurement Pay-
loads (IMPs) project is planned as a series
of integrated payloads to be carried on
low-altitude, high-inclination space shuttle
flights (see the figure). The IMPs will be
instrumented to quantify the adverse ef-
fects of space on materials, equipment,
and technologies. Typical interaction ef-
fects anticipated include atomic oxygen
erosion. differential charging, material
degradation, and arc-discharge.

The first complement of engineering in-
vestigations (experiments) and environ-
mental diagnosties sensors has been de-
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Interactions Measurement Pavioads (1MPx),

fined. The Photovoltaie Array Space Power
(PASPy experitnent will measure the space-
environment effects on the performance
envelopes of selected solar-array technolo-
gies (GaAs cells, w conductor-encapsulated
arrav, several types of concentrator ar-
ravs) having particular military applica-
tions, e.gz.. enhanced rehability (at lugher
voltage levels) and lessened vulnerability
to luser attack. The Arizona Imager-Spec-
trograph {AIS) experiment will measure
the spatial and temporal characteristics of
optical emission tresulting from spaceeraft-
environment interactions) that could inter-
fere with the operation of military laser
and optical surveillance space systems. The
Surface Potential Monitor (SPM) experi-
ment will measure surface differential
charging and material property changes
induced by the space environment on mate-
rials typicaly used in spacecraft construe-
tion. A Transient Pulse Monitor (TPM)
mstrument will detect are discharges on
various [IMPs experiments and determine
are-pitlse characteristics.

The TMPs environmental diagnosties
are being integrated as a group by the
AFGL Aerospace Engineering  Division.

The package will contain a pressure
gauge (to measure ambient atmospheric
pressure), a quadrupole mass spectrome-
ter (to measure neutral and positive-ion
composition), an electrostatic analyzer (to
measure the spectral and directional char-
acteristics of energetic electrons and
ions), a differential ion-flux probe (to
measure enhancements in the vector ion
flow), a superthermal electron spectrome-
ter (to measure the low-energy, 0-20 eV,
electron spectrum), and a plasmas and
fields instrument (to measure ac and de
electric and magnetic fields).

Design of the engineering experiments
and environmental sensors began in mid-
1985. Preliminary Design Reviews will be
completed in January, 1987. The Critical
Design Reviews for the experiments and
sensors are scheduled to be completed in
early 1988. Flight instrument delivery is
expected in mid-1989. Flight of the full
[MPs on a free-flyer subsatellite deployed
from the shuttle is expected in the 1990-92
timeframe. An earlier flight of a lesser
[MPs complement is being evaluated for
an earlier launch opportunity.

The automated Charge Control System
(CCS) is based on results from the Space-
craft Charging at High Altitudes (SCA-
THA) program. Geosynchronous SCATHA
operations demonstrated that satellite sur-
face charge could be actively controlled
(dissipated) using a plasma source. The
prototype CCS, being developed under con-
tract to Hughes Research Laboratories,
will have three charge detection capabili-
ties: (1) an electron and proton electrostatic
analyzer, (2) a surface potential monitor,
and (3) a transient pulse monitor. A new
quick-start neutral plasma source hus been
designed to essentially clamp the space-
craft to the background plasma and pro-
vide a mechanism to dissipate any differen-
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tial charge build-up before a potentially
harmful discharge can occur.

The breadboard demons.ration showed
that the CCS being developed is capable of
operating as designed to mitigate charge
build-up on geosynchronous spacecraft.
The prototype design has been completed
and the contractor has begun fabrication
of the flight units. NASA/NOAA has
proposed flying the prototype unit on a
Geostationary Operational Environmental
Satellite (GOES) in FY90. Flight units are
scheduled for delivery to the Space Test
Program in 1988.
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Measurement of Geometric Distortion in a
Turbulent Atmosphere

Appl. Opt. 25 (1 February 1986)

Ranick, R.R. (AFGL); LockwooD,
G.W., and THoMpsoN, D.T. (Lowell
Obs., Flagstaff, AZ)

Variability Characteristics of Lower-Main
Sequence Hyades Stars in Cool Stars, Stellar
Systems, and the Sun IV,

ed. by M. Zeilik and D.M. Gibson, pub. by
Springer-Verlag (1986)

Rao, Y.V. (Space Radiation Lab.,
Lexington, MA); THoMPSON, A. (Dublin
Inst. for Advanced Studies, Dublin,

Ireland); and Firz, R.C. (AFGL)

A Study of Low Energy Heavy Cosmic Rays
Using CR-39 Track Detector

Proc. 13 Internat. Conf. on Solid State Nuclear
Track Detecting (23 September 1985)

Reks, D., FUuLLER-RowELL, T.J.,
GORDON, R., SMITH, M.F. (University
Coll., London, England); MAYNARD,
N.C. (AFGL); HEPPNER, J.P., SPENCER,
N.W., WHARTON, L. (Goddard Space
Flight Ctr., Greenbelt, MD); Hays,
P.B., and KILLEEN, T.L. (Univ. of

Michigan, Ann Arbor, M)

A Theoretical and Empirical Study of the
Response of the High Latitude Thermosphere to
the Sense of the 'Y Component of the
Interplanetary Magnetic Field

Planetary and Space Sci. 34 (1986)




RienL, K.B., and Harby, D.A.

Average Characteristics of the Polar Rain and
Their Relationship to the Solar Wind and the
Interplanetary Magnetic Field

J. Geophys. Res. 91 (1 February 1986)

RoBiNsoN, R.M. (Lockheed Palo Alto
Res. Lab., Pasadena, CA); RicH, F.
(AFGL); and VoxDRAK, R.R. (Lockheed
Palo Alto Res. Lab., Pasadena, CA)
Chatanika Raduar and S3-2 Measurements of
Auroral-Zone Electrodynamics in the Midnight
Sector

J. Geophys. Res. 90 (September 1985)

RoTHWELL, P.L.

An Empirical Relationship Between K, and the
Tail Lobe Magnetic Field

J. Geophys. Res. 91 (1 August 1986)

RotuweLL, P.L. (AFGL); SILEVITCH,
M.B. (Northeastern Univ., Boston, MA);
and BLock, L.P. (Royal Inst. of Tech.,
Stockholm, Sweden)

Pt 2 Pulsations and the Westward Travelivg
Surge
J. Geophys. Res. 91 (1 June 1986)

RuBIN, A.G. and BESSE, A.

Charging of a Manned Maneuvering Unit in
the Shuttle Wake

J. Spaucecraft and Rockets 122 (1986)

RuBIN, A., DENIG, W. (AFGL); and

gAITS, W. (Univ. of Utah, Logan, UT)
RAM/WAKE (Database Input)

Proc. Shuttle Experiment Environment Wkshp.
(1985)

SAFLEKOS, N.A. (Boston Coll., Newton,
MA); BURKE, WJ., and FOUGERE, P.F.

(AFGL)

Large-Amplitude Electric Field Fluctuations
Near the Harang Discontinuity

Radio Sci. 20 (May-June 1985)

SanNpHOLT, P.E., EGELAND, A,
AsHEeLM, S., LYBEKK, B. (Univ. of Oslo,

Oslo, Norway); and Harpy, D.A.

(AFGL)

The Polar Cusp: Optical and Particle
Characteristics-Dynamics

Memoirs of Natl. Inst. of Polar Res., Special
Issue 38 (December 19%5)

ScuMmipTt, H.U. (Max Planck Institut
fur Physik, Federal Republic of
Germany); SIiMON, G.W. (AFGL); and
WEIss, N.O. (Univ. of Cambridge,
Cambridge, UK)

Buoyant Magnetic Fluxr Tubes. Il. Three-
Dimensional Behavior in Granules and

Supergranules
Astron. Astrophys. 148 (1985)

SHEA, M.A.
Cosmic Rays and Heavy Ion Environments
Proc. of Spacecraft Anomalies Conf. (1984)

SHEA, M.A. (AFGL); and ALLEN, J.H.
(NOAA/NESDIS, Boulder, CO)

Decline in Global Geomagnetic Observations
Sfrom 1976-1984
IAGA News 24 (1985)

SHEA, M.A., and SMmarT, D.F.

An Update on the Correlation Between the
Cosmic Radiation Intensity and the Geo-
magnetic AA Inder

19th Internat. Cosmic Ray Conf. Papers 4 (1985)
Concepts of Relativistic Solar Particle Events
Proc. Kunming Wkshp. on Solar Phys. and
Interplanetary Traveling Phenomena 2 (1985)
Energetic Particle Radiation Environment for
Manned Space Operations

Proc. Solar Terrestrial Predictions Wkshp. (1986)
Relativistic Solar Particle Events During the
SMY-SMA in VNU Science Press

ed. by Stepanov and Obridko, Science Press
(1986)

SHEA, MLA,, SMaArT, D.F. (AFGL); and
GENTILE, L.C. (Emmanuel Coll., Boston,
MA)

The Use of the Mcllwain L-Parameter to
Estimate Cosmic Ray Vertical Cutoff Rigidities
for Different Epochs of the Geomagnetic Field
19 Internat. Cosmic Ray Conf. Papers 4 (1985)




SHEA, M.A., Smart, D.F. (AFGL);
SwinsoxN, D.B. (Univ. of New Mexico,
Albuquerque, NM); and HuMBLE, J.E.
{Univ. of Tasmania, Hobart. Tasmania,
Australia)

North Svuth Asyniometry in Solar Activity and
Its Effects on the High Energy Cosmic Ray
Divnrnal Variation i The Sun and the
Heliosphere in Three Dimensions,

ed. by R.G. Marsden, pub. by D. Reidel (19%6)

SHEA, M.AL SMarT, D.F. (AFGL);
Waba, M., and INove, A. (Institute of
Phys. and Chem. Research, Tokyo,
Japan)

A Sugyested Standardization Format for
Coxmic Bay Ground-Level Event Dato

19th Internat. Cosmie Ray Conf. Papers 5 (1985)

Sime, D.G.. FisHer, R.R. (High
Altitude Observatory, Boulder, CO) and
Artrock, R.C(AFGL)

Solar Coronal White Light, Fe X Fe XIV, and
Ca X1 Observations During 1985, An Atlas of
Synoptic Charts

Natl. Ctr. for Atmospheric Res. TN-251-STR
(March 19x5)

Simoxn, G.W. (AFGL); and WiLsoN, P.R.

(Natl. Solar Obs., Sunspot, NM)

Flur Changes in Small Magnretic Regions. 11
Further Obscrrations and Analysis
Astrophys. J. 295 (1 August 1985)

Simons, S.L., Reirr, P.H., Sriro, R.'W.
{Rice Univ., Houston, TX); HARDY,
D.A. (AFGIL); and KrogHL, H.W.
(NOAA, Boulder, CO)

A Comparison of Precipitating Electron
Energy Flur on March 22, 1979 with an
Empirical Model: CDAW &

J. Geophys. Res. 90 (1 March 1983)

SinGekr, HJ. (AFGL); Huoues, WJ.,
GrLrl, C. (Boston Univ,, Boston, MA);
and LEbLEY, B.G. (Goddard Space
Flight Ctr., Greenbelt, MD)

Magnetic Disturbances in the Vieinity of
Synchronous Orbit and the Substorm Current
Wedge: A Case Study

Jo Geophys. Res. 90 (1 October 1955)

SMART, D.F., and SHEA, M.A.

A Simplified Model for Timing the Arrival of
Solar Flare-Initiated Shocks

J. Geophys. Res. 90 (1 January 1985)
Solar-Flare-Initiated Shock Waves; Blast Waves
Riding on the Solar Wind

Proc. Kunming Wkshp. on Solar Phys. and
Interplanetary Travelling Phenomena 2 (1985)
Application of the “Blast Waves in the Solar
Wind™ Concept to Major Interplanetary Shocks
during the Solar Maximum in VNU Science
Press

ed. by Stepanov and Obridko, Science Press
(19%86)

SoJka, JJ., RAITT, W.J., SCHUNK,
R.W., ParisH, J.L. (Utah St. Univ,,
Logan, UT), RicH, F.J. (AFGL)

Diwrnal Variation of the Dayside, lonospheric,
Mid-Latitude Trough in the Southern
Hemisphere at 800 KM: Model and
Measurement Comparisons

Planetary and Space Sci. 33 (1985)

Swinson, D.B. (Univ. of New Mexico,
Albuquerque, NM); SHEA, M.A. (AFGL);
and HumBLE, J.E. (Univ. of Tasmania,
Hobart, Australia)

North-South Asymmetry in Activity on the
Sun and Cosmic Ray Density Gradients

19 Internat. Cosmic Ray Conf. Papers 4 (1985)
Cosmic Ray Density Gradients Related to
North-South Asymmetry in Activity on the
Sun

J. Geophys. Res. 91 (1 March 1986)

vON ZanN, U. (Physikalisches Institut,
Universitat Bonn, Bonn, FRG); and

Murap, E. (AFGL)

NO, Emitted from Space Shuttle Surfaces and
Shuttle Glow

Nature 321 (8 May 1986)

WEIMER, D.R., GoeErtz, C.K., GURNETT,
D.A. (Univ. of lowa, lowa City, 1A)
MAayNaARD, N.C. (AFGL); and BURCH,
J.L. (Southwest Res. Inst., San

Antonio, TX)

Auroral Zone Electric Fields from DE | and 2
at Magnetic Conjunctions

J. Geophys. Res. 90 (1 August 1985)




wWirr, E.F. (AFGL);, and HuDsoN, M.
{Dartmouth Coll., Hanover, NH)

Electrostatic Shocks as Nonlinear lon Acoustic
Wares
J. Geophys, Res. 91 tMuareh 1986)

Yates, G.K., and HEiNEMANN, M.
Three Dimensional Arisymmetric
Magnetosphere in Pressure Balance with the
Solar Wind

J. Geophyvs, Res. 91 (1 June 1986

PRESENTATIONS
JANUARY, 1985 - DECEMBER, 1986

ArTrock, R.C

Coronal-Hole Detectability on Solar-Type Stars
165th Mtg. of Am. Astron. Scc., Tueson, AZ (14-
16 January 19%5)

Coronal Response to Flares

NS0O/SMM Summer Workshop, Sunspot. NM (20-
24 August 1955)

The Solar-Cycle 21 Variation of High-Latitude
Coronal Fe XIV Emission

165th Mtg. of Am. Astron. Soc., Ames, [A (22-26
June 19%6)

Solar-Cyele Variation in High-Latitude Coronal
FE XIV Ewmission

Tha International Solar Cyvele Workshop, It Solar
Minimum Phase; Big Bear Solar Observatory. CA
(17-20 August 1986)

Coronal Green-Line Transient Statistics,
[nternational Meeting on Solar Events and Their
Influence on the Interplanetary Medium, Estes
Park, CO (%-11 September 1986)

ALTrOCK, R.C. (AFGL); SMmrTH, R.C.
{National Solar Observatory, Sunspot,
NM)

The Relationship of Emission-Line Transients
in the Low Solar Corona to H-Alpha Activity
AGU Mtg., San Francisco, CA (9-13 December
19%5)

The Relationship of Emission-Line Transients
in the Low Solar Corona to H-Alpha Activity
Am. Astron. Soc. Mg, No 167, Houston, TX (6-9
January 19%6)
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ALTROCK, R.C. (AFGL); FIsHER, R.R,,
and SIME, D.G. (High Altitude Obe |
Boulder, CO)

Results from the Coronal Photometry at NSO.
I: Three-Line Observations of the Corona in
198}

Am. Astronomical Soc. Mtg., Tucson, AZ (13-15
May 1985)

Bass, JON. (RADEX, Corp., Carlisle,
MA); GUSSENHOVEN, M.S., and REDUS,
R.H. (AFGL)

The Importance of Adicbatic Variations in
Trapped Particle Distributions Observed by the
NCATHA Satellite

AGU Mtg., Baltimore, MD (19-23 May 1986):
Furopean Geophys. Soc. Mtg., Kiel, Germany (20-
30 August 1926)

Brock, L.P. (The Royal Inst. of Tech.,,
Stockholm, Sweden); RoTHWELL, P.L.
(AFGL); and SiLeviTcH, M.B.
(Northeastern Univ., Boston, MA)

A New Model for Substorm Breakup

AGU Mtg.. San Francisco, CA (8-12 December
1986)

BURKE, W.J.

lonospheric Signatures of the Low Latitude
Boundary Layer

IAGA 5th Scientific Assbly., Prague,
(Czechoslovakia (5-17 August 1985)

BURKE, W.J., and DoyLE, M.A.
Interplanetary Control of High Latitude
Electrodynamics

[AGA Mtg., Prague, Czechoslovakia (6 August
1985)

BytHrow, P.F. (JHU/APL, Laurel,
MD); DoyrLe, M.A. (AFGL); MEng, C.-L.
(JHU/APL, Laurel, MD); HUuFFMAN,
R.E., Harpy, D.A., RicH, F.J. (AFGL);
PoreMra, T.A., and ZaNETTI, L.J.

(JHU/APL, Laurel, MD)

The Kelvin Helmholtz Instability at the BPS/
CPS Interface: A Source of Small-Scale
Birkeland Currents and Auroral Arcs

AGU Mtg.. Baltimore, MD) (27-31 May 1985)




60

CLIVER, E.W. (AFGL); and KAHLER,

S.W. (Emmanuel Coll., Boston, MA)
Scientific Results from STIP Interval XIV - 20
May-20 July 1982

STIP Symp. on Retrospective Analyses and
Future Coordinated Intervals. Les Diablerets,
Switzerland (10-12 June 19%5)

CLIVER, E.W. (AFGL); ForresT, D.J.
(Univ. of New Hampshire, Durham,
NH); McGUire, R.E., and voN
RosexviNGE, T.T. (NASA/GSFC,
Greenbelt, MD)

Solar-Flare Gamma-Rays and [nterplanctary
Proton Ervents

XXVI COSPAR Plenary Mtg., Toulouse, France
(30 June-12 July 19%6)

Criver, EZW. (AFGL); MisaLov, J.D.
(NASA Ames Research Ctr., Moffett
Field, CA);, SHEELEY, N.R., JR.,
HowakrDb, R.A., and KooMEN, M.J.
(NRL, Washington, DC)

Azimuthally-Symmetric Cosmic Ray
Modwlation and Solar Activity in Mid-1982
AGU My, Baltimore, MD (19-23 May 19%6)

Criver, EXZW. (AFGL), Dexx~is, B.R,,
KipLiNnGer, AL, (NASA Goddard Space

Flight Ctr., Greenbelt, MD); KaNE, S.R.

(Univ. of California, Berkeley, CA);
NeioiG, D.F. (AFGL); SHEELEY, N.R,,
Jr., and KooMex, M.J. (NRL,

Washington, DC)

Solar Gradual Hard X-Ray Bursts and
Associated Phenomena

XXVI COSPAR Plenary Mtg., Toulouse, France
(30 June-12 July 1986)

CodeN, H.A., Lal, S.T. (AFGL); and

McNEerL, W.J. (RADEX, Carlisle, MA)
Electron Beam Luminosity on the SCEX
Rocket

AGU Mtg., Baltimore, MD (June 1985)

Vehicle Potential Caused by Ejected Electron
Current: Non-Monotonic Beharvior

AGU Mtg., San Francisco, CA (5-10 December
19%35)

Cookk, D. (RADEX Corp., Carlisle,
MA); Dugs, C., and HEINEMANN, M.

(AFGL)

Cross-Field Transport of Electrons:
Implications for the POLAR Code, Spacecraft
Charging

AGU Mtg.. Baltimore, MD (19-23 May 19%6)

Cooke, D.L., Taurz, M. (RADEX
Corp., Carlisle, MA); and RusBIN, A.G.

(AFGL)

The Sheath Edge of a Charged Object in a
Flowing Plasma

AGU Meeting, San Francisco, CA (812 December
1986)

DeniGg, W.F., Pikg, C.P. (AFGL);
MENDE, S.B. (Lockheed, Palo Alto, CA);
and LEEsT™A, D. (NASA-JSC/Houston,

TX)

Shuttle Auroral Photography Experiment
AGU Mtg., Baltimore, MD (27-31 May 1985)

DENiG, W.F. (AFGL); BARRETT, J.L.,
TrROWBRIDGE, C. (Photometrics, Inc.,
Woburn, MA); Kexpary, DJ.W. (Natl.
Research Council, Ottawa, Ontario,
Canada); and MENDE, S.B. (Lockheed
Palo Alto Research Lab., Palo Alto,
CA)

Spectrometric Observations of Aurora from
Space
AGU Mtg., San Francisco, CA (8-12 December
19%6)

DEeNIG, W.F., PIkKE, C.P. (AFGL);
MEexNDE, S.B., SWENSON, G.R. (Lockheed
Missiles and Rocket Co., Inec., Palo
Alto, CA); KENDALL, D. (NRC,
Canada); and LLEWELLYN, E.J. (Univ.

of Saskatchewan, Saskatoon, Canada)
Auroral Observation from the Space Shuttle
Internat. Assbly. of Geodesy and Aeronomy,
Prague, Czechoslovakia (9-12 August 1985)

DoNATELLI, D.E.

Induced Perturbations in Space Plasmas
Internat. Symp. on Space Phys., Beijing, China
(10-14 November 1986)




DrYER, M. (NOAA, Boulder, CO); and

SHEa, M.A. (AFGL)

Scientific Highlights of the Study of Travelling
Interplanetary Phenomena (STIP) Intervals
During the SMY/SMA

XXVI COSPAR Plenary Mtg., Toulouse, France
(30 June-12 July 1986)

Duss, C., and HEINEMANN, M.

lon Trajectories and Current to a Long
Conducting Cylinder Moving Thru a
Magnetoplasma

AGU Mtg.. Baltimore, MD (27-31 May 1985)

ERNSTMEYER, J.

On the Propagation of Instabilities out of a
Spatially Confined Electron Beam

AGU Mtg., San Francisco, CA (9-13 December
19%5)

Collisionless Heating of lonospheric Plasma by
an Flectron Beam

XXVI COSPAR Mtg.. Toulouse. France (30 June-

12 July 1986)

Fiuz, R.C.

Observations of E>20 mel Solar Protons Over
the Polar Caps in April 1984 Using the
Dosimeter on the DMSP/F7 Satellite

AGU Mtg., San Francisco, CA (9-13 December
1985)

Trapped Inner Zone Proton Fluxes in 1984-5
Measured with the AFGL DMSP/F? Dosimeter
AGY Mtg., San Francisco, CA (812 December
1986)

FisHER, R.R. (High Altitude Obs.,
Boulder, CO); ALTROCK, R.C. (AFGLY);
and SimE, D.G. (High Altitude Obs.,
Boulder. CO)

Results from the Coronal Photometry Program
at NSO, llI: The Green Line and White Light
Corona Compared

AAS Solar Phys. Div. Conf., Tucson. AZ (13-15
May 1985)

FLuCKIGER, E.O. (Physikalisches
Institut, Universitat Bern, Bern,
Switzerland); SMarT, D.F., SHEA, M.A.

(AFGL); and GENTILE, L.C. (Emmanuel

Coll., Boston, MA)

On the Correlation Between Asymptotic
Directions of Cosmic Ray Particles and Cutoff
Rigidities in the Evolving Geomagnetic Field
AGU Mtg., San Francisco. CA (8-12 December
1986)

FLUCKIGER, E.O., SCUNTARO, W,
(Physikalisches Institut, Universitat
Bern, Bern, Switzerland); Smart, D.F.,
and Shea, M.A. (AFGL)

Determining the Strength of the Ring and the
Magnetopause Currents During the Initial
Phase of a Geomagnetic Storm Using Cosmic
Ray Data

AGU Mtg., San Francisco, CA (812 December
1986)

GEeLpI, C., HUuGHES, W.J. (Boston Univ.,
Boston, MA); and SINGER, HJ. (AFGL)

Longitudinal Phase and Polarization
Characteristics of Mid-Latitude Pi 2 Pulsations
IAGA 5th Scientific Assbly., Prague,
Czechoslovakia (5-17 August 1985)

GEeLpl, C. (Boston Univ., Boston, MA);
SINGER, H.J. (AFGL); and HUGHES,
W.J. (Boston Univ., Boston, MA)
Awroral Surge Forms and Mid-Latitude
Magnetic Substorm Signatures

IAGA 5th Scientific Assbly., Prague,
Czechoslovakia (5-17 August 1985)

GREEN, B.D. (Physical Sciences, Inc.,
Andover, MA); and MuRrAD, E. (AFGL)

The Nature ¢! the Glow and Its Ramifications
on Space-Based Observations

AIAA 20th Thermophysics Conf., Williamsburg,
VA (19-20 June 1985)

GuIDICE, D.E.

IMPS Investigations of Space-Environment
Effects on Enabling Technologies

AIAA 24th Aerospace Mtg., Reno, NV (6-9
January 1986)

GUSSENHOVEN, M.S,, and HarDY, D.A.
Parametric Variations in the Polar Rain and
the Solar Wind

XXVI COSPAR Mtg., Toulouse, France (30 June-
12 July 1986)




GUssENHOVEN, M.S., Haroy, D.A.
(AFGL); and BratvTticaM, D.
(Emmanuel Coll.,, Boston, M)

Winter-Summer Cusp Asymmetries
AGU Mt san Franciseo, CA (%12 December
19856)

GUSSENHOVEN, M.N. (AFGL)Y;, CravEN,
J.D. Fravk, LA (Univ. of Towa, Towa
City, TA) and Bakeg, D.N. (Los

Alamos Natl. Lab., Los Alamos, NM)
Highly Asypomctric Response of the High
Latitwde Magnctosphere tor B: Northward
AGU Mo, San Franciseo, CA 1913 December
1985

GUsSENHOVEN, M.S., Harpy, DA,
Rentvs, R.H. (AFGL); Yen, H.-C.
(Boston Coll.. Newton, MA); and
HeiNxeEMaxy, N. (Emmanuel Coll,,
Boston, MA)

Precipitating Electron and lon Morphology n
the Polar Cay on 11 Januwary 1984
AGU Mty Balimore, MD (19-23 May 1986)

Hart, W.N. (AFGL); JONGEWARD, G.A.,
KaTtz, I., and LiLLEY, J.R. (S-Cubed,
Inc., LaJolla, CA)

Shuttle and Astronaut Charging in Polar
Orlt

ATAA 248th Aerospace Sci Muygz., Reno, NV (6-8
January 19%6)

Har, W.N. (AFGL); LeEuNa, P. (Jet
Propulsion Lab., Pasadena, CA); KaTz,
I, JonGrwarD, G.A., LiLLEY, J.R. (8-
Cubed, Inc., La Jolla, CA); NaNEvicz,
J.E., THAYER, J.S. (SRI, Internat.,
Menlo Park, CA); and STEVENS, N.J.

(TRW, Inc., Redondo Beach, CA)
Polar-Auroral Charging of the Space Shuttle
and EVA Astronaut

Electromagnetic Wave Propagation Panel Symp.
(AGARD) The Hague, Netherlands (25 June
11%6)

Harpy, D.A.

Mass Transfer from the Magnetosphere to the
lonosphere

AGU Mtg.. San Francisco, CA (8-13 December
19%5)

Harpy, D.A., and BURKE, W.J.
Impulsive Precipitation of Electrons in the
Morning Side Diffuse Aurora

AGU Mtg., San Francisco, CA (%-13 December
19851

Harpy, D.A., GUSSENHOVEN, M.S.
(AFGL); and BrauTiGaMm, D.
{Emmanuel Coll., Boston, MA)

The Average Global Pattern of Auroral Ion
Precipitation

XXV] COSPAR Mtg., Toulouse, France (30 June-
12 July 19863

Haroy, D.A., GUSSENHOVEN, M.S.
(AFGL); HoLeMmaN, E., BURKHARDT, R.
(Emmanuel Coll., Boston, MA); and
HeiNneEMANN, N. (Boston Coll.,, Newton,
MA)

Variation in the Pattern of High Latitude
Particle Precipitation with the Orientation of
the IMF

AGU Chapman Conf. on Solar Wind
Magnetuspheric Coupling, Pasadena, CA (12-15
February 1985)

HeeLis, R.A. (Univ. of Texas,
Richardson, TX); WINNINGHAM, J.D.
(Southwest Research Inst, San
Antonio, TX); MAYNARD, N.C. (AFGL);
and Brace, L.H. (Goddard Space Flight

Ctr., Greenbelt, MD)

Magnetospheric Fields in the Mid-Latitude
lonosphere Observed by DE-?

AGU Mtg., Baltimore, MD (19-23 May 1986)

HEINEMANN, M.

A Simulation of Convection and Radial
Diffusion in the Inner Magnetosphere
Internat. School for Space Simulations, Kapaa,
HI (7-16 February 1985)

Lifetime of Spacecraft Generated lon Clouds
AGU Mtg., San Francisco, CA (8-12 December
1986)




HeixeMany, M., and BUkrkE, W.J.
Signatures of Kinetie Al{tven Warves in
Flectrostatic Shock Observation

AGU Mg, San Francisco, CA (9-13 December
1985)

HemNeEsMany, M., and Doxateinn, D.
The Plasma Ware Field of Spacecraft
AGU Mug., Baltimore, MD (19-23 May 1986)

Hruaxesaxy, Mo and Murab, E.

The Path and Collisional Behavcior of Shuttle
Frhaust Dring Orbit

Shuttle Environment and Operations 1T Cont.,
Houston, TN (13-15 November 19%5)

Hiixeymany, M. RusiN, A (AFGL);
Tavrz., M., and Cookr, D. (RADEX
Corp., Carlisle, MA)

POLAR Code Charging Model: Computer
Models of the Spaceeraft Wake

NATO AGARD Conf., The Hague, Netherlunds
12-7 June 19%6)

HeiveMasN, M. (AFGL); JONGEWARD,
G.. Katz, 1. (S-Cubed, Inc., La Jolla,
CA) RusiN, AL (AFGL); Tavtz, M.
(RADEX Corp., Carlisle, MA); and
Dues, C. (AFGL)

Magnetic Effects on Spacecraft Charging
ATAA Aerospace Sciences Mtz Reno, NV (6
January 1955

HeixeMany, N. (Emmanuel Coll,,
Boston, MA); GUSSENHOVEN, M.S.,
Harpy, D.A., REDUS, R.H. (AFGL);
and YrH, H..C (Boston Coil.,, Newton,
MA)

Awroral Particle Precipitation During o 24
Hour Change from Strong IMEF B: Southward
to Strong IMF Bz Northward

AGU Mtg., Baltimore, MD (19-23 Muy 19%6)

HriNEMANN, N. (Boston Coll., Newton,
MA) GUussENHOVEN, M.S., RicH, F.JI.,
Harby, DA (AFGL); and DE LA
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BratJARDIERE, O. (SRI International,
Menlo Park, CA)

Comparison of Particle Precipitation, Current
and lonospheric Convection Patterns During a
Small, Isolated Substorm

AGU Mtg., Sun Francisco, CA (913 December
19¥5)

Joxsoxn, E., Lt. CoL., and HaL, W.N,
Space System Ewecironmental Entanglements -
Non-Benign Space Envivonmental Interactions
Favironmental Interactions Tech. Seminar,
Redondo Beach, CA (1 July 19%6)

KAHLER, S.W. (Emmanuel Coll., Boston,
MA); CLiver, E.W. (AFGL); and CANE,
H.V. (NASA/GSFC, Greenbelt, MD)

The Relationship of Shock-Associated
Kilometric Radio Emission with Meorie Type {1
Bursts and Energetic Particles

XXVI COSPAR Plenary Mtg.. Toulouse, France
(30 June-12 July 19%6)

KAaHLER, S.W. (Emmanuel Coll., Boston,
MA); CLiver, EEW. (AFGL); CANE,
H.V., McGuIrg, R.E., Stoxg, R.G.
{Goddard Space Flight Ctr., Greenbelt,
MD); and SHEELEY, N.R. (Naval
Research Lab., Washington, DC)

Solar Filament Eruption and Energetic
Particle Events

AGU Mtg., Baltimore, MD (27-31 May 19%5); 19th
Internat. Cosinic Ray Conf.. San Diego. CA (11-
23 August 1985)

KaNE, S.R., LovE, J.J. (Univ. of
California, Berkeley, CA); NripiG, D.F.,
and CLIVER, EEW. (AFGL)

Non-Thermal Excitation of the White Light
Sowurce in the 24 April 1951 ~ 1258 UT Solar
Flare

AAS Solar Physies Div. Mtg., Tueson, AZ (13-15
May 19&5)

KaTtz, 1., MANDELL, M.J., JONGEWARD,
G.A., LiLLEY, J.R. (3-Cubed, Inec., La
Jolla, CA); HaLL, W.N,, and RUBIN,
A.G. (AFGL)

Astronaut Charging in the Wake of a Polar
Orbiting Shuttle

Shuttle Environment and Operations 1T Conf.,
Houston, TX (13-15 November 19%5)
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Kr1, S.L.

Eyprects of Magnetic Fields on the Asymmetry of

Photospheric Line Profiles
AAS Solar Phys. Div. An. Mtg., Tucson, AZ (13-
15 May 19%5)

Kei, S.L. (AFGL); and Koo, B..C.
(Univ. of California, Berkeley, CA)
Some Effects of Propagating Wave Packets on
Solar Spectral Lines

168th Mtg. of Am. Astron. Soc.. Ames, 1A (22-26
June 1986)

Krin, S.L., and NemiG, D.F,

Solar Activity Measurement Erperiment
(SAMEY)

24th Aerospace Sciences Mtg., Reno, NV (69
Juanuary 19%6)

KeNpaLL, DJ.W., GaTTINGER, R.L.
(NRC, Ottawa, Canada); LLEWELLYN,
E.J. (Univ. of Saskatchewan, Saskatoon,
Canada); MENDE, S.B. (Lockheed, Palo

Alto, CA); and DexNiG, W.F. (AFGL)
Orbiter Glow Observations During Mission STS
41-G

AGU Mtg.. San Francisco, (‘A (9-13 December
19%5)

KexpaLn, DJ.W. (NRC, Ottawa,
Canada); LLEWELLYN, E. (Univ. of
Saskatchewan, Saskatoon, Canada);
GATTINGER, R. (NRC, Ottawa, Canada);
MEeNDE, S. (Lockheed, Palo Alto, CA);
CoGGER, L. (Univ. of Calgary, Alberta,

Canada); and DE~iG, W.F. (AFGL)
Shuttle Glow and Spectrographic Observations
Srom Mission STS 41-G

CAP Cong., Edmonton, Canada (23-25 June 1986)

KIRKPATRICK, M.E., STEVENS, N.J.,
Uxperwoon, C.S., HowarD, J.E.
(TRW, Redondo Beach, CA); and HaLL,
W.N. (AFGL)

Large Space Systems-Natwural Environment
Interactions in Polar Orbit

ATAA 24th Aerospace Sciences Conf., Reno, NV
(6-% January 19%6)

KNECHT, DJ.

Width and Location of Field-Aligned Current
Couples Producing the Bay and Pulsations at
Swubstorm Onset

AGU Mtg., San Francisco, CA (9-13 December

1985)

Lal, S.T., and MurabD, E.

Quenching of Critical lonization in the
Ficinity of Space Shuttle

AGU Mtg., Baltimore, MD (19-23 May 1986)

Lai, S.T., CoHeN, H.A. (AFGL); and
AcasoN, T.L. (Goddard Space Flight
Ctr., Green-belt, MD)

Modulation of Boom-Satellite Potential
Difference During lon Beam Ejections in
Sunlight

AGU Mtg.. Baltimore, MI} (27-31 May 1985)

Lal, S.T., CoHEN, H.A. (AFGL); and
McNEeiL, WJd. (RADEX Corp., Carlisle,

MA)

Spacecraft Sheath Modification During Beam
Ejections

Internat. Scehool for Space Simulations, Honolulu,
HI (3-16 February 1985)

Lat, S.T., Denis, W.F., and MURAD, E.
The Role of the Critical lonization Velocity
Mechanism on Plasma Processes in the Space
Shuttle Environment

AGU Mtg., San Francisco, CA {1-12 December
19%6)

Lal, S.T., RotTHwELL, P., HEINEMANN,
M., and MURAD, E.

Critical Ionization and Polarization Drift of a
Dense Neutral Beam in the lonosphere

AGU Mtg., San Francisco, CA (5-10 December
1985)

LEBLANC, Y. (Observatoire de Paris,

France); and SMART, D.F. (AFGL)
Interplanetary Shockwaves Observed by the
Voyager Radio Astronomy Experiment During
April 1978

STIP Symp. on Restrospective Analyses and
Future Coordinated Intervals, Les Diablerets,
Switzerland (10-12 June 1985)




LeBLANC, Y. (Observatoire de Paris,
France); SMART, D.F., and SHEA, M.A.

(AFGL)

Kilometric Type Il Radiation from
Interplanetary Shocks: Interpretation »f
Voyager Results

XXVI COSPAR Plenary Mtg.. Toulsuse, France
(30 June-12 July 1986)

LEsTER, M. (Univ. of York, UK); and
SINGER, HJ. (AFGL)

Pi 2 Pulsations and the Substorm Current
Wedge - Polurization Characteristics at Low
Latitudes (L<.3)

[AGA 5th Scientific Assbly., Prague,
Czechoslovakia (5-17 August 1985)

Luvprow, G.R., Gerpl, C., HUGHES,
W.J. (Boston Univ., Boston, MA); and
SINGER, H.J. (AFGL)

Ground-based Observations of a Long Duration
Pe I Event

AGU Mtg., Sun Franciseo, CA (812 December
1Yx6}

Ly~xcH, K.A., GUSSENHOVEN, M.S,
Firz, R., FouGere, P. (AFGL); and
BAKER, D.N. (Los Alamos Natl. Lab.,

Los Alamos, NM)

Power Spectral Density Analysis of Relativistic
Quter Zone Electrons at L = 4-4

AGU Mtg., San Francisco, CA (9-13 December
1985)

Ly~NcH, K.A., GUSSENHOVEN, M.S.,
FiLz, R., MULLEN, E.G. (AFGL); RiEco,
S. (AFWL, Kirtland AFB, NM); and
HaNseR, F.A. (Panametries, Inc.,
Waltham, MA)

Comparison of the Measured Dose and the
AFWL Satellite Vulnerability Code Calculated
Dase for the DMSP/F7 J* Dosimeter

AGU Mtg., Baltimore, MD (19-23 May 1986)

MarMoOLINO, C.

The Effects of Acoustic Waves on the Curve of
(Growth

16%th Mtg. of Am. Astron. Soc., Ames, IA (22-26
sune 1986)

MayNarD, N.C. (AFGL); Acasox, T.L.
{Goddard Space Flight Ctr., Greenbelt,
MDy); LiesBrecCHT, C. (Science
Applications Research, Lanham, MDy;
Mavr, H.G., and HERRkERO, F.A.
(Goddard Space Flight Ctr., Greenbelt,
MD)

Observations of Low Latitude Meridional
Electrie Fields from DE-?
AGU Mtyg., Baltimore, MD (19-z3 May 19%6)

MavyNaARrRD, N.C., Bagcock, R.R,
Guipice, D.A., Pike, C.P. (AFGL); and

GARRreTT, H.B. (JPL, Pasadena, CA)

A Program for Measuring Large-Budy Space-
Plasma Interactions in the Auroral and Polar
Cap Environments

Stuttle Environment and Operations II Conf.,
Houston, TX (13-15 November 19x5)

MENDE, S.B., SweExsoN, G.R. (Lockheed
Research Lab., Palo Alto, CA);
KeNDpaLL, DJ.W., (NRC, Ontario,
Canada); LLEwELLYN, EJ. (Univ. of
Saskatchewan, Saskatoon, Canada); and
DENIG, W.F. (AFGL)

Image intensified Spectrograph Observations on
the STS 41-G Mission
AGU Mtg., Baltimore, MDD (27-31 May 1985}

MuLLEN, E.G.

A Space Radiation Eftects Program
(SPACERAD)

3rd An. Symp. on Ringle Event Effects, Los
Angeles, CA (3-6 March 1985); 4th An. Symp. on
Single Event Effects, Los Angeles, CA (89 April
1986)

MuLLEN, E.G., and GUSSENHOVEN, M.S.
Spin Variations in Spacecraft Charging

AGU Mtg., San Francisco, CA (4-13 December
1985)

DMSP Dosimeter Data for the 1986 February
Storm

AGU Mtg., San Francisco, CA (812 December
1986)
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MULLEN, E.G., GUSSENHOVEN, M.S,,

LyNcH, K.A., and BratTicaMm, D.
Nuclear Star Events in Slab Detectors: An In-
Situ Measurement of SEU Phenomena
Internat. Federation of Automatie Control
Wkshp.. Paris, France (1517 December 1986)

Muran, E.

Glow of Spaceeratt tn Low Earth Orbif

Sixth An. MIT Svmp. on Phys, of Space Plusma,
Cambridge, MA (10 Junuary 1986

The Role of Atomee and Molecwlar Processes in
the Critical lonization Velocity Theory
Internat. Svinp. for Sir David Bates, Belfust, No,
[reland (17-18 November 1986)

Migap, E., and L1, S.T.

The Neaction t/f O+ wich H,()

Ioth Internat. Mass Spee'ron ry Conf.,
Swansea, UN (9 15 Sopiember 1985)

Murap, E., Lap 8.T..
JR.

Critical Tonization Velocity and Its
Implications tor Space Plume Modelling - A
Proposed Test in Space

ATAA 24th Aerospace Sciences Mg, Reno, NV
(6-9 Januuary 1956)

and Stalr, AT,

Neipig, DUF

AFGL Planned Ettorts in Solar Monitoring
from Space

Solar High-Resolution Astrophysies Using the
Pinhole Occulter Factlity Wkshp., Marshall Space
Flight Ctr., AL (%10 May 1985)

NemiG, DUF; Kang, S.R.; Love, J.J.;

CLIVER, E.W.

Non-Thermal Excitation of the White Light
Sowurce tn the 25 April (1458 UT) Solar Flare
Am. Astron. See. Solar Phys. Div. Mtg., Tueson,
AZ (1315 May 19%))

NoveMmseRr, LJ. (AFGL); and DUNN,
R.B. {National Solar Obs., Sunspot,
NM)

Atmaspheric Distortion and Blurring
AAS Solar Phys. Div. Mtg., Tueson, AZ (13-15
Muay 19%5)

NoviEMBER, L.J. (Natl. Solar Obs., Sac
Peak, NM): Simoxn, G.W. (AFGL);

TargeLL, T., and TITLE, A. (Lockheed
Research Lab., Palo Alto, CA)

Precise Proper Motion Measurement of Solar
Granulation

168th Mtg. of Am. Astron. Soc., Ames, 1A (22-26
June 1986}

Pike, C.P.

Space Systems and Their Interactions with the
Spac Envirviment

Naval Postgraduate School {24 April 1986)

Pike, C.P. (AFGL); Purvis, C.K.
{(NASA Lewis Res. Ctr., Cleveland,
OH); Katz, 1. (S-Cubed, La Jolla, CA):
and RuBIN, A.G. (AFGL)

Spacecraft Charging Computer Modeling
Military Operations Res. Soe. Mtg., Colorado
Springs, CO (25-27 June 1985)

Rabnick, R.R.

The Sular-Stellar Connection at Low Spectral
Resolution

Proceedings of the NSO Workshop on Solar-
Stellar Initiauves, Tueson, AZ (3-5 September
19K6)

Rapick, R.R. (AFGL); DuNcaN, D.K.
(Las Campanas Obs., Pasadena, CA);
LockwooD, W.G. (Lowell Obs,,
Flagstaff, AZ)

The Surface Morphology of Solar-Type Hyades
Stars

165th Am. Astron. Soc. Mtg., Tucson, AZ (13-16
January 1985)

Repts, R.H., GUSSENHOVEN, M.S.
(AFGL); and Bass, J.N. (RADEX, Inc,,
Carlisle, MA)

Adiabatic Variations in Ring Current
Populations Observed by the SCATHA Satellite
Between 5.5 and 8.5 RE

European Geophys. Soc. XI Gen. Assbly., Kiel,
FRG (21-30 August 1986)

Repus, R.H., GUSSENHOVEN, M.S,,
RicH, FJ., and¢ HarDY, D.A.

A Polar Arc Interval During the February
1986 Magnetic Storm

AGU Mtg., San Francisco, CA (8-12 December
1986)




ReDUS, R.H., GUSSENHOVEN, M.S.

(AFGL); YeH, H.-C. (Bostor Coll,,

Newton, MA); and HriNEMANN, N.
(Emmanuel Coll., Boston, MA)

Thermal Properties of lons During ar Intense
Polar Cap Are Event on 15 January 19875
AGU Mtg., Baltimore, MD (19-23 May 19%86)

Ricn, FJ., and DeEN1G, W.F.

Is the Mantle the Source of the Dayside Region
O Field Alice  Coovent She2'?

AGU Mug., Baltimore, MD (27-31 Muy 1985)

RicH, F.J., and GUSSENHOVEN, M.S.
What is a Quiet Tonosphere? A Search for
Region | Region 2 Field-Aligned Currents
During Quiet Times

AGU Mtg., San Franciseo, CA (812 December
19%6)

RicH, FJ., GUssENHOVEN, M.S., and
Harby, D.A.

Observations by the DMSP Satellites of the
Energy Flow into the High Latitude lonosphere
Internat. Symp. on Large-Scale Processes in the
lonosphere-Magnetosphere System. Boulder, CO
(2-5 December 19%6)

RoruweLL, P.L.

A Model Relating Polar Cap Arcs and the
Interplanetary Magnetic Field

Chapman Conf. on Solar Wind-Magnetosphere
Coupling, Pasadena, CA (12-15 February 1985)
Polar Cap Ares and the Interplanetary
Magnetic Field

AGU Solar Wind Mtg., Pasadena, CA (12-15
February 19%5)

An Empirical Relationship Between K, and the
Tail Lobe Magnetic Field

AGU Mg, San Francisco, CA (3-8 December
19%5)

RoTHwELL, P.L. (AFGL); and
SILEVITCH, M.B. (Northeastern Univ,,
Boston, MA)

Nonlinear Particle Precipitation Events -
Simulation

AGU Mtg., San Francisco, CA (%12 December
19K6)

RoTHwELL, P.L. (AFGL); Brock, L.P.
(Royal Inst. of Tech., Stockholm,
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Sweden); and SILEVITCH, M.B.

(Northeastern Univ., Boston, MA)
Models for the Formation of the Substorm
Current Wedge

AGU Mtg., San Francisco, CA (5-10 December
19%5)

RotuwEeLL, P.L. (AFGL); SILEVITCH,
M.B. (Northeastern Univ., Boston, MA);
and BrLock, L.P. (Inst. of Tech,,
Stuckholin, Sweden)

A Simple Model for the Substorm Current
Wedge

COSPAR Mtg., Toulouse, France (30 June-12 July
19%6)

A Model jor the Dynamics of the Westward
Traveling Surge

Wkshp. on Magnetospheric/lonospheric Plasma
Models, Huntsville, AL (13-16 October 19R86)

RuBiN, A. (AFGL); Tavrz, M., and
CookE, D. (RADEX Corp., Carlisle,
MA)

Mesothermal Flow Codes

AGU Mtg., Baltimore, MD (19-22 May 1986)
Charging in an Auroral Environment

AGU Mtg., San Francisco, CA (8-12 December
19%6)

RUBIN, A.G., HEINEMANN, M. (AFGL);
TauvTz, M., and Cookg, D. (RADEX
Corp. Carlisle, MA)

“omputer Models of the Spacecraft Walk

Conference on Space Plasma Issues in 2001, JPL,
Pasadena, CA (1986)

SAGALYN, R.

Space Buckground. Physics and Implications
Sfor Future Systems

SPIE Mtg., Arlington, VA (R-12 April 1985)
DoD Support of the Space Sciences

AGU Mtg., Baltimore, MD (27-31 May 1985)

SCHUMAKER, T.L. (Boston Coll,,
Newton, MA); GUSSENHOVEN, M.S,,
Harby, D.A. (AFGL); and
CaroviLLANO, R.L. (Boston Coll,,
Newton, MA)

Study of ECH Ware Effects on Low Energy
Plasma Sheet Electrons

AGU Mtg., Baltimore, MD (19-23 May 19%6)
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SHEA, M. A, (AFGL); and DrYER, M.

(NOAA, Boulder, CO)

Overview of STIP Intervals I'-XIV

STIP Symp. on Retrospective Analyses and
Future Coordinated Intervals. Les Diablerets,
Switzerland (10-12 June 1983)

SHEA, MA., and SMarT, D.F.
Energetic Particle Radiation Environment in
Space

3rd An. Symp. on Single Event Effects, Los
Angeles, CA (5-6 March 1985)

Scientific Results Obtained During STIP
Intervals T and 11

STIP Symp. on Retrospective Analyses and
Future Coordinated Intervals. Les Diablerets,
Switzerland (10-12 June 1985)

An Assessment of the Energetic Particle
Envvironment

4th An. Symp. on Single Event Effects, Los
Angeles, CA (89 April 19286)

SHEA, M.A., SMarT, D.F. (AFGL); and
GENTILE, L.C. (Emmanuel Coll., Boston,
MA)

Estimating Cosmic Ray Vertical Cutoff
Rigidities as a Function of the Mcllwain L-
Parameter for Different Epochs of the
Geomagnetic Field

Fifth Scientific Assbly. of the Internat. Assoc. of
Geomagnetism and Aeronomy (5-17 August 1985)

SHEA, M.A., SmarT, D.F. (AFGL);
SwiNnsoN, D.B. (The Univ. of New
Mexico, Albuquerque, NM); and
HumsLE, J.E. (Univ. of Tasmania,
Hobart, Tasmania, Australia)
North/South Asymmetry in Solar Activity as
Determined by the Comprehensive Flare Inder
19th ESLAB Symp. of the Sun and the
Heliosphere in Three-Dimensions, Les Diablerets,
Switzerland (4-6 June 1985)

SHINE, R.A. (Lockheed Research Lab.,
Palo Alto, CA); and SimoN, G.W.

(AFGL)

White Light Observations of a Sunspot
Penumbra and Its Intercetion with the
Surrounding Photosphere

16%th Am. Astron. Soc. Mtg., Ames, IA (June
19%6)

SHUMAN, B.M., Courn, H.A. (AFGL);
Hyman, J., RoBson, R.R., and
WILLIAMSON, W.S. (Hughes Research

Lab., Malibu, CA)

A Charge Control System for Spacecraft
FProtection

Internat. Aerospace and Ground Conf. on
Lightning and Static Electricity, Paris, France
(10-12 June 1985)

SHUMAN, B.M., CoHEN, H.A. (AFGL);
HyMax, J., RoBsoN, R.R., SANTORL, J.,
and WiLLIAMSON, W.S. (Hughes

Research Lab., Malibu, CA)
Automatic Charge Control System for Geo-
synchronous Satellites

AGARD Symp. on Aerospace Environment at
High Altitudes and Its Implications for
Spacecraft Charging and Communications, The
Hague, Netherlands (2-6 June 1986)

SILEVITCH, M.B. (Northeastern Univ.,
Boston, MA); and RoTHWELL, P.L.
(AFGL)

Nonlinear Particle Precipitation Events-Theory
AGU Mtg., San Francisco, CA (812 December
1986)

SILEVITCH, M.B. (Northeastern Univ.,
Boston, MA); RoTHwELL, P.L. (AFGL);
and BLock, L.P. (Royal Inst. of Tech.,,

Stockholm, Sweden)

On the Structure of Pi 2 Wave Forms During
Substorms

COSPAR Mtg., Toulouse, France (30 June-12 July
1986)

SiME, D.G., FisHER, R.R. (High
Altitude Obs., Boulder, CO); and

ALTROCK, R.C. (AFGL)

Results from the Coronal Photometry Progam
at NSO, II: Rotation of the Green Corona over
the Solar Cycle

AAS Solar Phys. Div. Conf., Tucson, AZ (13-15
May 1985)

SiMON, G.W.

Measurements of Large Scale Flows on the Sun
Srom SOUP

Scientific Results from Spacelab 2, Annapolis,
MD (20-22 October 1986)




SmmonN, G.W. (AFGL); Scamipt, H.U.
(Max Planck Institut fiir Astrophysik,
FRG); and Welss, N.O. (Univ. of
Cambridge, UK)

3-D Behavior of Buoyant Magnetic Fluc Tubes
in Granules and Supergranules

AAS Solar Phys. Div. Mtg., Tueson, AZ (May
19%5)

SimoN, G.W. (AFGL); TiTLE, A M.,
TarBeLL, T.D. (Lockheed, Palo Alto,
CA)

Results from the Soup Evperiment
COSPAR Meeting, Toulouse, France (30 June -
12 July 86)

SINGER, H.J.

AFGL Magnetometer Network Pulsation
Observations

Mtg. on Hydromagnetic Waves in the Earth's
Magnetospheric Plasma, New York, NY (17-1%8
October 1985)

SiNGER, HJ., and RoTHWELL, P.L.
Ring Current Effects on Magnetospheric
Magnetic Field Geometry and Standing Alfren
Wave Elgenperiods

AGU Mtg.. San Francisco, CA (812 December
19%6)

SiNGER, H.J., KxEcHT, DJ, (AFGL);
and GeLri, C. (Boston Univ., Boston,
MA)

Substorm Associated Pulsations and Auroral
Boundaries

AGU Mtg., San Francisco, CA (9-13 December
19K5)

Substorm Associated Pulsations (Pi 2 and Pi 1)
and Awroral Boundaries

Sth Scientific Assbly. of 1AGA, Prague,
Czechoslovakia (5-17 August 1985)

SMART, D.F., SHEA, M.A. (AFGL); and
LeEBLANC, Y. (Observatoire de Paris,

France)

Kilometric Type Il Radiation Observed by the
Vayager Spacecraft and Shockwares During

April 1978

AGU Mg, San Francisco, CA (9-13 December

19%5)
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SMmippy, M., DoNnaTELLL, D., and
Burky, W

Preliminary Plasma and Wave Measurements
srom the BERT-1 Rocket During Electron
Beam Emissions

AGU Mtg., San Francisco, CA (9-13 December
1985)

SMITH, J.B., MACHADO, M., HAGYARD,
M.J. (Marshall Space Flight Ctr., AL);
Nreipig, D.F. (AFGL)

Flare Activity, Sunspot Motions, and the
Evolution of Vector Magnetic Fields in Hale
Region 17244 (November 1980)

COSPAR Mtg., Toulouse, France (30 June - 12
July 19%86)

SVESTKA, Z. (Lab. for Space Res.,
Utrecht, The Netherlands); FONTENIA,
J.M. (CNIE, San Miguel, Argentina);
MacHAaDO, M.E. (NASA Marshall Space
Flight Ctr., Huntsville, AL); MARTIN,
S.F. (California Inst. of Tech.,
Pasadena, CA); Neibic, D.F. (AFGL);
and POLETTO, G. (Osservatorio
astrofisico di Arcetri, Firenze, Italy)

A Dynamic Flare with Anomalously Dense

Post-Flare Loops
COSPAR Mtg., Toulouse. France (30 June 1986)

SYpora, R.D. (Univ. of California, Los
Angeles, CA); and DoNATELLI, D.E.
(AFGL)

Electron Beam-Driven Ion Modes ix a Space
Plasma - Part I - Observations Electron Beam-
Driven Ion Modes in a Space Plasma - Part 11
- Computer Simulations

XXVI COSPAR Mtg., Toulouse, France (30 June-
12 July 1986)

TANSKANEN, P.J. (Univ. of Oulu, Ouly,
Finland); and RotuwELL, P.L. (AFGL)
The Velocity and Direction of the Westiard
Traveling Surge

AGU Mtg., Baltimore, MD (27-31 May 1985)




TaNSKANEN, PJ., KaNcas, J.,
BosINGER, T. (Univ. of Oulu, Ouly,
Finland); and RoTHwEeLL, P.L. (AFGL)
Multiple WTS During a Substorm Expansion
Phase Event Study

COSPAR Mtg., Toulouse, France (30 June-12 July
1986)

TarBeLL, T.D., TiTLE, A.M. (Lockheed
Research Lab., Palo Alto, CA); SimoN,

G.W. (AFGL)

Videodisk Movies of the Solar Photosphere
from the SOUP Instrument on Spacelab ?
188th Am. Astron. Soc. Mtg.. Ames, 1A (22-26
June 19%6)

TitLE, AM., TarserLL, T.D. (Lockheed
Research Lab., Palo Alto, CA); and
Sivox, G.W. (AFGL)

Measurements of the Lifetimes of Individual
Granules from SOUP Data

16%th Am. Astron. Soc. Mtg., Ames, 1A (22-26
June 1936)

Torka, K.P., TarBeLL, T.D. (Lockheed
Research Lab., Palo Alto, CA); and
SiMoxN, G.W. (AFGL)

Properties of Solar Granulation in Magnetic
Versus Non-Magnetic Regions

168th Am. Astron. Soc. Mtg.. Ames, 1A (22-26
June 1986)

TyLER, S. (JPL, Pasadena, CA); EVANS,
D. (Lockheed, Palo Alto, CA); and
DexiG, W. (AFGL)

Quantitative Model of Auroral Charging
Environment

Shuttle Environment and Operations Il Conf.,
Houston, TX (13-15 November 19%5)

YeH, H.-C. (Boston Coll.,, Newton, MA});

and GUSSENHOVEN, M.S. (AFGL)
DMSP FEeclipse Charging - The Statistical
Electron Environment

AGU Mtg.. Baltimore, MD (19-23 May 1986)

YrH, H.-C., HEINEMANN, N,
CarovirLrLano, R.L. (Boston Coll.,

Newton, MA); GUSSENHOVEN, M.S., and
HarDpY, D.A. (AFGL)

Energy Dispersion of Precipitating Auroral
Tons

AGU Mtg., San Francisco, CA (8-12 December
1986)

TECHNICAL REPORTS
JANUARY, 1985 - DECEMBER, 1986

Basinska, E.M., BUurkg, W.J., BAsu,
S., RicH, F.J., and FouGERE, P.F.
Low Frequency Modulation of Plasmas and
Soft Electron Precipitation Near the Dayside
Cusp

AFGL-TR-86-0226 (October 1986), ADA176894

CLIVER, E.W. (AFGL); MCNAMARA,
L.F., (Ionospheric Prediction Service,
Darlinghurst, New South Wales,
Australia); and GENTILE, L.C.
(Emmanuel Coll., Boston, MA)
Peak-Flur-Density Spectra of Large Solar
Radio Bursts and Proton Emission from

Flares
AFGL-TR-85-0180 (19 August 1985), ADA164458

DeNiGg, W.F. (AFGL); and
FREDERICKSON, A.R. (RADC/ESRE,

Hanscom AFB, MA)
Deep-Dielectric Charging - A Review
AFGL-TR-85-0123 (24 May 1985), ADA172204

Duss, C.W., and HEINEMANN, M.
An Analytic Theory for Trajectories and
Current to a Cylinder in a Flowing
Magnetoplasma

AFGL-TR-85-0301 (22 November 1985),
ADA169745

GaunT, D.N.

Automated System for Resolving the Position
of Solar Radio Bursts

AFGL-TR-85-0179 (19 August 1985), ADA164425




GUSSENHOVEN, M.S,

Flectron and lon Distributions at High
Latitudes as Measured by the Air Foree Polar
Orbiting Satellites
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The Roles of V- B and Density Gradients in
Plasma Eleetric Fields Measured from the
Shuttle Orbiter

AFGL-TR-R5-0257 (June 19835, ADA165230
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Il IONOSPHERIC PHYSICS
DIVISION

Air Force communications and surveil-
lance systems operate in the ionosphere,
that region of the earth’s upper atmo-
sphere where charged particles play a
dominant role in the physical and dynami-
cal properties of the medium at altitudes
between about 60 km and 1000 km. These
particles change the path of all radio
signals in the ionosphere. For this reason,
AFGL measures the extreme ultraviolet
radiation which creates the ionosphere,
the interaction among the many charged-
particle spocies present, and the electrical
structure, electron concentration, total
electron content, and ionic structure of the
region.

The ultraviolet radiations in the upner
atmosphere are the principal energy
source driving the intensely dynamic
structure and properties of the medium.
Since missiles emit ultraviolet radiation,
the technology developed to study the
lonusphere can also be used to locate and
identity missiles. Ionospheric studies can
therefore be used to help solve problems
in the areas of missile surveillance and
tracking, spacecraft horizon sensing, at-
mospheric/ionospheric sensing for com-
munication and detection purposes, and
technical intelligence. Ultraviolet radia-
tions are measured principally on board
satellites, although rocket measurements
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have also proved very useful. The princi-
pal theoretical tools used to make these
measurements are atomie and molecular
quantum mechanies.

The propagation of radio waves in and
through the upper atmosphere is pro-
foundly intluenced by the high concentra-
tion of charged particles. Th' concentra-
tion varies markedly during disturbed con-
ditions such as seintillation, auroral pre-
cipitation events, and polar cap absorption
events all of which can severely degraae
the performuance of satellite communica-
tions systems, The Toneospheric Physies
Division observes these phenomena with a
vitriety of instruments on the ground, on
sounding rockets. on satellites, such as
Polar BEAR. and on the Division’s Air-
borne lonospheric Observatory (AIO), an
NKC-135 aireraft.

The many charged pardicle species, con-
stantly being produced and subsequently
destroved, interact with one another in a
great variety of two-, thre:-, and multi-
particle encounters. Laboratosy studies
are emploved to measure the reaction
rates of these species, and theoretical
work is conducted on models which at-
tempt to simphfy and explain the compli-
cated development of the ionosphere and
its plasma constituents. Results of these
investigations are of direct in’2rest to the
Integrated Operational Y uclear Detection
System of Space Divigion and to the Bal-
listic Missile Offiee,

An extensive program exists to investi-
gate, both theorctically and experimental-
lv, large-scale global ionospheric process-
es n regions sach as the polar cap the
auroral oval, the F-laver trough, and the
Appleton Anomaly. These large-scale
structures reanlt from extremely complex
Interactions among neutral winds and ion-
nspherie plasma drifts driven by electric
fields, various ions and precipitating pard-

cles. The large-scale features produce del-
eterious effects on Air Foree systems
operating principally in the hf range. The
Division also investigates medium and
small-scale processes with scale sizes
from some tens of kilometers to a few
centimeters that produce irregularities
such as equatorial electron-concentration
depletions, high-latitude ionospliere scin-
tillation and the polar cap, F-luyer auroras
and patches. Various plasma instabilities
are the cause of many medium and small-
scale irregularities, while auroras are pro-
duced by strong local particle precipita-
tion. Medium and small-scale irregulari-
ties adversely affect radio propagation in
a wide range from hf through shf. Conse-
quently, Air Force systems are adversely
affected from the hf over-the-horizon
back-scatter radar to the satellite commu-
nication systems (AFSATCOM, MILSAT-
COM) and the Global Positioning Satellite
(GPS), vperating over the whole uhf and
part of the shf band. Mary of these
deleterious effects occurring naturally in
the ionosphere would also be observed in a
nuclear-disturbed ionosphere.

ULTRAVIOLET RADIATION

UV Imaging from Satellites: Ultraviolet
radiation from the earth’'s ionosphere is
being used to develop remote-sensing
methods for determining the electron-den-
sity profile of the ionosphere and for
locating the aurcral disturbance region.
These improved methods will enhance op-
eration of Air Force communications and
radar systems. The feasibility of id. ~tify-
ing regions at high latitudes that produce
radio-wave scintillation is also of interest,
since these regions simulate the effects of
high-altitude nuclear bursts.

After the proof-of-concept demonstration
provided by the short-lived Auroral/lono-
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AIRS Sensor Launched November 13, 1986, on the Polar Orbiting Polur BEAR Satellite

spheric Mapper experiment in 1983, an im-
proved instrument. the Auroral/lonospheric
Remote Sensor (AIRS), was included on the
Space Test Program Polar BEAR (Beacon
and Auroral Research) satellite launched in
November, 1986 (see the figure). AIRS pro-
duces four simultaneous strip-map images
of optical radiation from the earth’s iono-
sphere as viewed from 1000 km on the polar-
orbiting stabilized satellite. An earth-facing
movable mirror makes repetitive cross-track
observations. When the resulting light-inten-
sity measurements are displayed in proper
registration with the ground, a map is
produced.

Data for two of the four im.ges are the
output from a grating spectrometer which
can be set to wavelengths in the 1100-1900
A region. These two channels have a
constant separation of 240 A, spectral
resolution of about 36 A, and spatial
resolution at nadir of about 5 by 20 km.
For example, the atomic oxygen line at
1356 A and a group of molecular nitrogen
Lyman-Birge-Hopfield bands near 1596 A
can be measured to monitor the davtime
airglow and aurcra. Data for the other
two images are the output of a panr of
filter photometers which have about the
same spatial resolution as the spectrome-




ter channels. The filters for the photome-
ters can be switched between a pair most
useful at night (39144 and 63004) and a
pair most useful in daylight (22504 and
3370A). By mid-December 1926, Polar
BEAR and the AIRS sensor had success-
fully completed post-launch check-out: at
the end of December, routine operations
were underway, and the first high-gnality
images were being readied for analysis.

Applications of the AIRS results are
diverse. At one extreme, they will provide
moderately high spatial-resolution infor-
mation on the characteristics of ultravio-
let background radiation needed to evalu-
ate missile defense concepts. At another
extreme, *heyv will supply the moderately
higrh spectral-resolution information need-
ed to test and validate codes being devel-
oped in this Division to enable passive
remote topside sensing of electron density
profiles. The ultimate use of this tech-
nique would be its application as the
Special Sensor Electron density (SSE) on
Defense Meteorological Satellite Program
satellites.

UV Radiation of Missiles: For missile
defense purposes, the ultraviolet radia-
tions of missiles were measured as they
were launched at Vandenberg AFB and
also as they were fired in a test stand at
the White Sands Missile Range. In Febru-
ary, 1985, a Titan 111 B having a large
liquid engine was observed during launch
at Vandenberg AFB. Radiant intensities,
spectra, and spatial characteristics were
measured. In October, 1985, two small
solid boosters were observed while being
fired in a test stand at White Sands. In
Maren, 1986, a Peacekeeper and two Min-
uteman missiles were observed during
launch at Vandenberg AFB, and in No-
vember, 19%6, a Scout launch was ob-
served at Vandenberg AFB at launch and

up to altitudes of 50 km. The data ob-
tained during these measurements have
all veen analyzed and published.

Solar UV Radiation: Data on solar ul-
traviolet absorption in the stratosphere,
obtained from a balloon flight in April,
1983, were analyzed to obtain the trans-
mission characteristics of the atmosphere
in the ultraviolet window near 2000 &, and
in particular to establish more accurate
values for the absorption spectrum of
molecular oxygen. This analysis indicated
that the atmosphere is more transparent
than had been assumed on the basis of
laboratory measurements. New calcula-
tions of the photodissociation rate coeffi-
cients for molecular oxygen were made
using these data, demonstrating the cre-
ation of atomic oxygen and ozone at deep-
er levels in the stratosphere than the
current models show.

At the request of the Optical Physics
Division, a spectrum was prepared of the
solar radiation between 2000 A and
3200 A in 1 A resolution, us measured at
40 km in the stratosphere in April, 1983.
Extrapolation of these solar irradiance
data to the top of the atmosphere provides
a reference spectrum in higher spectral
resolution than others currently available.
Currently this spectrum is being consid-
ered for use in an update of AFGL’s
LOWTRAN optical transmission codes.

Laser Spectroscopy: Ultraviolet emis-
sions oceurring in the upper atmosphere
have important remote-sensing and sur-
veillance applications. Detailed knowledge
must be obtained of the excitation and
radiative quenching processes occurring
in atmospheric molecules and ions in order
to characterize and describe these emis-
sions i1 complicated environments such as
auroras and nuclear-perturbed atmo-




spheres. A laboratory program using la-
sers is being conducted to determine elec-
tronic quenching processes and rates in
atmospheric molecules and ions. It is sur-
prising that very little is known about the
collisional deactivation of electronically
excited molecules. A number of experi-
ments have been conducted to obtain in-
formation on the deactivation paths and
rates which are important for predicting
wavelengths of radiative emissions as
well as for laser diagnostics.
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The Pump Probe Experiment. (a) Schematic
Diagram. (The probe laser’s pulse can be
varied in time with respect to that for the
pump laser. The detected ultraviolet pulse is
from the C* g(0,0) transition.) (b) Energy
Level Diagram of the Brg (v = 3, Q = 0)
Rotational Manifold with e/f Parity
Notation. (The manifold for the F* (§ = 1)
and F* (Q0 = 2) spin components begins at
approximately 45 and 90 em'. respectively,
above the J = 0 level of the FU2 = 0)
manifold.)

A two-laser, optical-optical double reso-
nance (OODR) technique has been used as
a direct probe of the rotational energy
transfer (RET) in the electronically excit-
ed B state of molecular nitrogen. An
energy level diagram illustrating the dou-
ble resonance, “pump” - “probe” experi-
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Probe Laser Spectrum of the C*m, - B *m, (0.
3) Band with a Delay of (4) 25 ns, (b) 60 ns,
and (¢} 90 ns from the Pump Laser. (The
pump laser’s wavelength is fixed so that the
J=0 level of the B *n, (2 = 0) is populated;
thus Ry(0) is expected to be the most intense
line at short delay times.)

ment is shown in part (a) of the figure.
Part (b) shows details of the F, rotational
manifold for the B (v = 3) state. The pump
laser selectively populates a rotational
level of the nitrogen B (v = 3) electronic
state, and collision-induced RET from this
selectively populated level to other levels
of the rotational manifold is determined
by scanning the probe laser through the
C-B (0, 3) band. An example of a probe
laser excitation spectrum is given in the
next figure, where the pump laser selec-
tively populates the J = 0, e level of the B
(F,) manifold and the probe laser scans
the C-B (0, 3) band with delay times of
approximately (a) 25, (b) 60, and (c) 90 ns.
From scans such as these, propensity or
“selection rules” were deduced for RET in
the B state of nitrogen. We also found
that RET is not faster than collision-




induced electronic energy transfer. Thus
electronic transfer by collisions should
have an important role in the emissions
involving the nitrogen Vegard-Kaplan and
first positive systems.

A double-resonance technique has also
been used o obtain detailed information
of electronic energy transfer between a
single rotational level of the A state of N
and the nearly degenerate levels of an X
state vibrational manifold. Such informe-
tion could be used to compare experimen-
tal results with theoretical quantum me-
chanical calculations. This comparison
showed qualitative agreement, although
there ix more experimental and theoretical
work needed in this area. Finally, the
ultraviolet Huggins band of ozone was
reanalyzed to confirm a previous vibra-
tional quantum number assignment for
the antisymmetric stretch mode of the
upper state of this band system.

IONOSPHERIC INTERACTIONS

In the ionosphere, the many ion and
neutral species undergo a wide variety of
encounters which affect radio propagation
in this region. Such effects can be particu-
larly acute at high latitudes. They also
affect the environment of spacecraft in
orbit and during re-entry.

A comprehensive network of polar lono-
spheric monitoring experiments has been
assembled to conduct radio-wave propaga-
tion studies within the polar cap. Such
topics as “‘polar cap absorption” and “me-
teor scatter” were studied with the aid of
several installations in Greenland.

[n addition, both the ion and neutral
chemistry of the ionosphere have been
studied theoretically as well as in labora-
tory and field experiments. Research in
the chemistry of sodium in the lower
portion of the ionosphere showed that the

change of sodium vertical content with
season is attributable to seasonal varia-
tions of the neutral chemistry of sodium.
These studies provide insight into the
behavior of O and O, in the mesosphere
and thus also to a better understanding of
D-region chemistry.

Research in ion chemistry centered on
measurements of rate constants, cross
sections, bond dissociation energies, and
electron affinities for the reactions of ions
in the gas phase with neutral molecules,
electrons, photons, and other ions. These
reactions cause, among other things, the
radio blackout during atmospheric re-en-
try of spacecraft. The measured rate con-
stants serve as input to computer codes
developed to model the blackout condi-
tions. Also, several chemicals have been
investigated for their ability to react with
free electrons in the gas phase to produce
negative ions. A good electron-quenchant
species is one that attaches electrons rap-
idly. The energy to detach the electron
from the resulting negative ion must also
be large. Strong acids have been identified
as among the best electron quenchants.
Such species can be used to produce effec-
tive and long-lasting perturbations of the
local ionospheric electron densities.

Continued analysis of mass spectrome-
ter data from a 1982 shuttle flight sup-
ports the claim that water vapor outgas-
sing from shuttle surfaces is the most
concentrated contaminant species from
the shuttle and that a strong correlation
exists between the intensity of the water
and the temperature of the instrument
and shuttle bay. Also, large differences
between the measured composition and
the calculated composition of the thruster
exhaust plumes are attributed to kinemat-
ic effects,

Below the ionosphere lies the strato
sphere, a region where electrons dominate




the atmospheric-electric processes and
where certain gaseous emissions from
various Air Force operations have been
evaluated in terms of their possible risk to
the ozone layer. The positive ion composi-
tion of the stratosphere was determined
from two balloon flights, which covered
the altitude range from 29 km to 41 km.
The on-board quadrupole mass spectrome-
ter provided the positive ion mass distribu-
tion for ions of up to 1000 atomic mass
units. Investigation of the neutral trace
gas composition of the stratosphere was
completed with the compilation and analy-
sis of the oxides of nitrogen and inorganic
bromine data.

Polar lonospheric Monitoring: Since
June, 1986, we have been operating a
comprehensive network of polar iono-
spheric monitoring experiments. These
systems have been acquired and installed
to conduct radio wave propagation studies
within the polar cap, especially concentrat-
ing on effects created by severe iono-
spheric D-region disturbances such as po-
lar cap absorption events created by solar
proton events.

Several installations include a low-fre-
quency grazing incidence ionosounder be-
tween Thule AB and Sondrestrom AB;
and a modified meteor scatter communica-
tions link at 65 MHz, operating in parallel
with the multifrequency test link. A scan-
ning high-frequency propagation probe in
parallel with scatter links will be imple-
mented in 1987,

The meteor scatter multifrequency link
operates on four frequencies: 45, 65, 104
and 147 MHz, to permit studies of the
properties of meteor scatter communica-
tions as a function of frequeney during
normal and disturbed conditions. This is
the initial effort in a planned continuing
theorelical and experimental program to

investigate the performance of meteor
scatter propagation at high latitudes and
to provide an improved understanding of
the methodology needed to maximize the
yield of future systems. Data acquired are
analyzed to evaluate such parameters as
trail availability, waiting times, and
throughput as a function of modulation
techniques. Propagation effects such as
signal dispersion and Faraday rotation are
also studied, since they are affected by
disturbances of the ionosphere.

Other measurements of ionospheric ef-
fects are provided by the riometers, the
low-frequeney svunder, and the high-fre-
quency propagation probe. Additional in-
formation will be drawn from a variety of
related experiments conducted by AFGL,
several Danish institutes, and other agen-
cies, such as the ionosounder operated by
the Ionospheric Physics Division in Qanaq
and a number of riometers posted
throughout Greenland. Specific compari-
sons will be made between the communi-
cations throughput of hf propagation and
vhf meteor scatter links as a function of
such measured parameters as ionospheric
absorption, maximum usable hf frequen-
cy, ion-layer height, and electron density.

Chemistry of Metals in the lono-
sphere: Significant progress was made in
explaining seasonal patterns associated
with the sodium layer in the upper meso-
sphere. Contrary to a number of past
“guestimates” over the previous two de-
cades, most sodium reactions appear to be
quite rapid, i.e., they are of the same order
of magnitude as the kinetic collision rate.
There is an exception or two. The rapidity
of the reactions simplifies analyses in the
sense that below the peak of the sodium
layer, nominally 90 km, the relative abun-
dance of the sodium compounds (Na, NaO,
NaO,, and NaOH), may be derived from
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their (chemical) steady-state equations.
Research has shown that sodium ions
have little impact upon the overall pattern
of sodium, except to reduce the Na scale
height above 90 km because of the in-
creasing conversion of Na to Na* with
altitude above 90 km.
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Annual Variation of Three-Body Loss Rate.

The change of sodium vertical content
with season (more in winter) therefore
appears to be attributable to seuasonal
variations of the neutral chemistry of
sodium. From the figure we see that the
main loss process for Na, Na + 0.+M —
NaO, + M, where M = O, + N, changes
with M and T in such a way as to favor an
increase in the sodium content with win-
ter. Other factors may contribute, most
notably the slow reaction NaQ, + O
— Na0 + (.. The rate coefficient has been
estimated to be about 10 em® ! for this
process. It will contribute significantly to

the seasonal content variation of sodium if
the rate constant is more like 107"
exp(-1250/T), where T is the absolute
temperature. An increase of atomic oxy-
gen in winter versus summer also would
contribute, since this loss process for
NaQ, involves [O]. The distribution of
atomic oxygen in the mescsphere, which
bears upon so many emission processes in
this region, is poorly known as a function
of seagon and latitude. There are very few
reliable measurements of this very impor-
tant minor constituent.

A confusing issue, namely that the sea-
sonal variation observed for the column
content of sodium is different from that of
the nightglow, has been resolved. In re-
cent years it has become almost certain
that the sodium nightglow at 5893 A (D-
lines) from *P — *S transition in sodium
arises from Chapman’s mechanisni.

Na + O; — NaO + 0,

NaO + O — Na (*°P, *S) + 0,
Both processes are fast and most certain-
ly the first process is. It is the rate-
limiting step for the volume emission rate
E (photons em™s),

E = tk,[O4][Na]
where k; is the reaction rate coefficient
for the Na + O, process, square-bracketed
terms are species concentrations, and f =
71 is the fraction of sodium believed to be
left in the excited P state in the second of
the two reactions above. This equation for
E predicts that the emission is proportion-
al to ozone concentration. Data obtained
with the Solar Mesosphere Explorer
(SME) satellite indicate that O, is a maxi-
mum near the equinoxes at midlatitudes.
This fact is in accord with information
gathered over many years which shows a
similar pattern for the sodium nightglow.
(The dayglow, which arises from the same
chemiluminescent processes, is neglizrible




compared to resonance scattering of 5893
A solar radiation by sodium.)

We have argued that the different sea-
sonal behaviors of the nightglow and ver-
tical content arise from the fact that the
fast process Na + O, — NaO + O,
effectively removes very little Na because
NaO + O — Na + 0, is sufficiently fast.
Hence, the three-body process introduced
above, with rate constant ky, is primarily
responsible for converting sodium atoms
to other compounds starting with NaO,.
The reaction NaOQ, + ¢ — NaO + O, with
rate coefficient k;, also followed by NaQ +
0 — Na + 0., counters the role of the
three-body process, but only somewhat,
since the process is slow, as discussed
above. In other words, we find roughly

that [Na] kO]

[NaO,]  ky[0.][M]

below the peak of the sodium layer, show-
ing that Na is not controlled as is E by the
ozone concentration. However, there is
some coupling inasmuch as the source for
an increase in O, at these altitudes is loss
of O throughO + 0, + M - O, + M. On
the other hand, the Chapman process
remains the largest source of NaO, the
precursor species for the nightglow.

Studies of the chemistry of sodium in
the mesosphere can also help shed light
upon the behavior in the mesosphere of O
and Oy, gases important both to D-region
chemistry and atmospheric emissions like
the green line of atomic oxygen at 5577 A
and the OH (infrared) Meinel bands. In
addition, the chemistry of sodium is impor-
tant to missile exhaust chemistry, and by
analogy to potassium chemistry, of inter-
est in muzzle flash problems.

Atmospheric lon Chemistry: The pri-
mary objective of the program in atmo-
spheric ion chemistry is to obtain informa-

tion on the reactions of ions in the gas
phase with neutral molecules, electrons,
photons, and other ions. These kinds of
reactions are important in the strato-
sphere, mesosphere, and thermosphere,
and under other conditions in which weak
plasmas are generated, as in combustion
and some gas-phase laser chemistry. Such
phenomena as antenna breakdown, radio
blackout during atmospheric reentry, and
radio and radar blackout following nucle-
ar detonations are in part the result of
these reactions. The computer codes
which have been developed to model these
phenomena require as input the rate con-
stants, cross sections, bond dissociation
energies, and electron affinities.

Our studies on reactions between ions
and neutral molecules are performed us-
ing a selected ion flow tube (SIFT). In the
SIFT, reactant ions are generated either
by electron bombardment or as the result
of ion-neutral reuactions. These ions are
mass-analyzed, and the desired ion species
is injected into a fast flowing (10! ems™)
stream of inert carrier gas, usually heli-
um. Further downstream, after the ions
have reached the same temperature as
that of the carrier gas, reactant neutral
gas is injected into the flow tube at a
known flow rate. lon neutral reactions
may then occur, usually causing depletion
of the reactant ions and formation of
product ion species. The ion composition
of the gas stream is monitored with a
second mass spectrometer at the down-
stream end of the flow tube. Reaction rate
constants are determined by measuring
the loss of reactant ions as the flow rate
of the reactant neutral gas is varied. The
temperature range available in these stud-
ies is from 85°K to about 600°K. Possible
reactant neutral species include atomic
hydrogen and atomic oxygen, in addition
to more stable species. As a result of the




CARRIER GAYS INLE”

MICROWAVE
DISCHARGE

— —
‘”“‘! ! He/Og Hp
REACTANT GAS INLETS ‘_J\
i i K ;
T
MONITOR GAS
| INLET
i SHANNEL
o~ ! | E_ECTRON
I RCE QLAURJPOLE : { ' ‘ QUADRUPOLE FALIL THDLIER
! |
i i | ‘
— L | B R 1
T T e S O — S
L b, VENTUR Y
| J 3
T \<</»— DIAPHRAGM | ;
R ) i
Sas I S souRLE DRIFT
..z GAS INLE™ TUBE PULSE
* FILAMENT TOUNTING
CARRIER i
GAS INLET
I
IREELSIIN RS LAE

EIRYIE

e NG

Selected lon Flow Drift Tube. (Tons generated in the ion source are mass-selected with the quadrupole mass
spectrometer on the left and injected into the flow-drift tube, which contuins inert carrier gas flowing at high
velocity. Alternatively, reactant ions mayv be injected without prior mass analysis through the diaphragm.
Reactant neutral gas, which may include atomic hydrogen or atomic oxygen, is injected into the tube further
downstream. The translational energy of the reactant ions can be controlled with the electric field in the drift
tube. The ion composition of the flowing stream is analyzed with the mass spectrometer on the right.)

recent addition of a drift tube to the
apparatus, converting the SIFT to a Se-
lected lon Flow Drift Tube (SIFDT), a
longituainal electric field can be gener-
ated in the reaction region of the flow
tube, allowing the average ion kinetic
energy to be varied (see the figure). By
this means, translational energies corre-
sponding to temperatures up to several
thousand degrees Kelvin can be obtained.
However, the internal energies of the ions
and neutral molecules are not equilibrated
with the translational energy of the ions,
and the effects of very high temperature

on reaction kinetics are only incompletely
simulated.

The positive ion composition of the
stratosphere is now known to be dominat-
ed by complex solvated ion species derived
from such neutral molecules as water and
acetonitrile, while the negative ion compo-
sition is dominated by solvated ion species
involving water, sulfuric acid, hydrochlo-
ric acid, and nitric acid. The abundances of
these species as neutrals in the strato-
sphere are vanishingly small, and it is
apparent that the processes which convert
the minor neutral species into the domi-




nant ionic species must be very efficient.
Information on the relative jon abun-
dances, together with the rate constants
for the production and loss of the solvated
ion species, can be used to derive the
concentrations of the minor neutral spe-
cles in the stratosphere. Following the
application of this technique to the deriva-
tion of nitric acid concentrations, as re-
ported in the 1983-1984 Report on Re-
search (AFGL-TR-85-0113, p.21), we have
recently measured the rate constants for
the reactions of water cluster ions, i.e.,
H,0+(H.,O)n for n = 1 to 11, with acetoni-
trile, a constituent of the predominant
positive ion species in the stratosphere.
We have used these data to derive the
concentration of acetonitrile as a funection
of altitude. In the altitude range from 10
to 45 km, the mixing ratio of acetonitrile
was found to vary from 1.5 x 101 to 1.5 x
10", Because the temperature depen-
dences of the rate constants for the solva-
tion reactions were found to be signifi-
cantly stronger than previously thought,
the derived acetonitrile concentrations are
as much as 40 per cent lower than had
been estimated earlier.

Many exothermic reactions between
neutral species are known to have large
activation energies and thus to be fast at
very high temperatures, e.g., in shock
tubes, but to be very slow at room temper-
ature. The rate constant at room tempera-
ture, which may be immeasurably small,
can be estimated from the activation ener-
gy measured at the higher temperatures.
A few examples have been known since
1980 in which a reaction similar to the
slow neutral reaction occurs at room tem-
perature with a large rate constant when
one of the reactants is clustered to an
alkali metal positive lon. An example is
the reaction between ozone and nitric
oxide, producing diatomic oxyvgen and ni-
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trogen dioxide, a reaction which is about
10 times faster when the ozone is clus-
tered to a lLithium ion than when the
lithium ion is absent. Several other such
ion-assisted reactions have recently heen
identified using the SIFT apparatus. The
most striking example i+ the reaction be-
tween nitrogen dioxide und carbon monox-
ide,
NO., + CO - NO + 0.

The estimated rate constant for this reac-
tion at room temperature, based upon its
measured activation energy, is about 10°©
em®s !, When the nitrogen dioxide is cus-
tered to a lithium ion, the reaction is

Li"(NO.) + CO — NO + Li*(CO.),
The rate constant for this reaction mea-
sured using the SIFT is 7+ 10" em™s ',
i.e., about 10™ times larger than that
estimated for the similar neutral reaction
in the absence of the lithium ion. When
the nitrogen dioxide is clustered to a
sodium ion, the rate enhancement factor ix
10*'. Theoretical calculations have been
performed in order to explain these obser-
vations. These calculations suggest that,
in the presence of the alkali metal ion, the
geometry of the reactant neutral is
shifted towuard that of the transition state
in the similar neutral-neutral reaction in
the absence of the ion. thereby lowering
the activation energy of the reaction. The
present stndies involve only species in the
gas phase. Nevertheless, these results on
ion-assisted reactions have interesting im-
plications for chemical catalysis and for
reactions occurring on sotta surfaces.

Many chemicals are known which react
with free electrons in the gas phase to
produce negative ions. Sulfur hexafluor-
ide, SF,, is a well-known example which
has long been used in ionospherie chemi-
cal release experiments to reduce local
electron densities and in high-voltage
switch gear to prevent the occurrence of
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electric discharges. To be useful as an
electron quenchant, the species must at-
tach electrons rapidly snd must generate
negative ionx which are stable in the local
environment. A necessary but not suffi-
cient condition for stability is that the
energy required to detach the electron
from the resulting negative ion must be
large. A new class of useful electron:
attaching molecules has recentlv been
identified, tollowing the realization that
the dissociative electron attachment pro-
cess Is chemically equivalent to an acid-
baxe reaction in which the attaching mole-
cule 1s the acid and the electron is the
buxe. On the basis of this model, the
strongest acids should be among the best
electron quenchants  Studies of the ion
chemistry of these acids in the SIFT have
shown that the electron detachment ener-
gies of the negative ions produced by
electron attachment to strong and super
acids are exceptionally large. e.g., about 5
eV for the fluerosuwifonate anion produced
from the super acid called fluorosulfonic
acid, FRO.H. (A super acid is an acid
stronger than pure sulfuric acid) These
ions huve peen found to be stable even in
the presence of such reactive species as
atomic hvdrogen and atomic oxyvgen.
Measurements made elsewhere under con-
tract hav shown that the electron attach-
ment rates for the steong and super acids
are very large and are close to the theoret-
ical limiting values, based upon the
de Broglie wavelength of the electron.
The studies in the SIFT have also led to
the first ordering of Intrinsic acid
strengths for the strong and super acids.
The significance of intriusic acidity of
chemistry is that acid strengths are now
known for these species in the absence of
solvation effects which can change the
order of acid strengrths in solution as the
solvent ix changed.

The present results on electron quen-
chants have been obtained following our
earlier work on the species PO,, reported
in the 1983-1984 Report on Research
(AFGL-TR-85-0113, pp. 21, 22), in which it
was found that the ion POy is particularly
stable. The species HPO,, known as meta-
phosphoric acid, is a strong acid. Or the
basis of the resulits reported here, HPu, is
expected to be a good electron quenchant.
Unfortunately, metaphosphoric acid does
not exist as a stable species at room
temperature and is therefore not a good
candidate. As a result of the present
studies on other strong acids and on the
super acids, several new candidate elec-
tron-quenchant species are now available
for experiments in which it is desired to
produce effective and long-lasting pertur-
bations of the local ionospheric electron
densities. It is interesting that these new-
ly discovered quenchants, the strong
acids, are the same kinds of species which
are known to constitute the terminal nega-
tive ions in the stratosphere. The vanish-
ingly small concentrations of these acids
present as ncutral molecules in the strato-
sphere rapidly attach any free electrons
generated in this region. leading to forma-
tion of the predominant negative ion spe-
cies and reducing the free electron concen-
trations to levels below those existing at
any higher altitudes in the earth’s atmo-
sphere.

Space Shuttle Mass Spectroscopy:
Many experiments on the early flights of
the shuttle were devoted to exploring the
nature of the environment around the
shuttle. One reason for these experiments
was to assess the suitability of the shuttle
environment for further experimentation.
As an example, very little was known
about how degassing of shuttle surfaces
and shuttle operations such as water




dumps and thruster firings would affect
the environment and the scientific experi-
ments in the shuttle bay.

The Air Force Geophysies Laboratory
coniributed to this effort by flying a mass
spectrometer on the fourth flight of the
shuttle (STS-4) in the summer of 1982, The
instrument measured the kinds and
amounts of neutral and ionic gases in the
pavioad bay. The shuttle environment was
found to be considerably different from
the natural atmosphere, A summary of
early results can be found in the 1933 -
1984 AFGL Report on Research (AFGL-
TR-25-0113, pp. 18-20).

Continuing analysis of the STS-4 data
has provided additional information about
the condition of the shuttle environment.
Ax reported before, water vapor due to
outgassing of shuttle surfaces is the most
concentrated contaminant species. Be-
cause the mass spectrometer can detect
both neutral gas molecules and ions, wa-
ter concentrations can be measured in two
ways., In the neutral mode, water mole-
cules lead directly to a water signal. In
addition, charge transfer reactions of neu-
tral water with ambient oxygen ions pro-
duce water ions. These ions can be de-
tected in the ion mode. Estimates of the
water concentration made from both
tyvpes of data show qualitatively the same
behavior. Even though calculating an ab-
solute concentration is difficult, the two
types of data appear to bracket the actual
concentration. An estimate of the lower
limit for the water column density at the
highest water signal intensities is 3 = 10"
em-

There is a strong correlation between
the intensity of the water and the temper-
ature of the instrument and the shuttle
bay. Increased outgassing rates of water
absorbed to shuttle surfaces is the most
likely explanation. The water concentra-
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tion was high at the beginning of the
flight and dropped to near the instrument
background by mid flight. This drop is
attributed entirely to the corresponding
drop in temperature.

Interestingly, water dumps appear to
have essentially no effect on the water
vapor measurements in the shuttle bay.
This may be due to scattering of water off
the pavload bay doors, formation of ice
crystals rather than vapor as the water
leaves the dump port, or good collimation
of the beam of wuter.

small rocket engines called vernier
thrusters are used during shuttle flights
to change the attitude of the spacecraft.
Large changes in the concentrations of
gases in the payload bay due to these
thruster firings were reported in the last
Report on Resesreh (AFGL-TR-85-0113, p.
19). Further analvsis of these data has
shown that there are large differences
between the measured composition chang-
es and the calculated composition of the
thruster exhaust plumes. The differences
are attributed to kinematic eftects as the
exhaust gases collide with other species in
the environment. Generally, the lighter
exhaust products such as hyvdrogen are
more easily seattered into the instrument
than the heavier gases, and are nearly
always observed. In addition, species such
as helium that are not produced by the
engines but which are present in the
environment can be scattered into the
mass spectrometer as a result of collisions
with the thruster exhaust gases.

The success of the STS-1 mass spec-
trometer experiment prompted a number
of follow-on programs. The list of new
programs includes: (1) a second flight of
essentially the same instrument with the
goal of again measuring the shnuttle envi-
ronment (AFP-675), {2) a matenals evalua-
tion experiment tn be conducted jointly




with NASA(EOIM-TTD, ¢33 an engineering
prototype and =cience payload to be flown
free of the shuttle to investigate interac-
tions between the environment and space-
craft (IMPS-1, und (b a free-flving satel-
lite that will measure the effects of chemi-
cal releases i low earth orbit (CRRES).
Untortunately, the explosion of the shut-
tle Challenger in January, 1956, has de-
laved Luunching these new experiments.
All four of these programs were originally
scheduled for kuunch between 1986 and
198~ Tt now seems unlikely that any of
them will be launched before 1989, Instru-
ment preparation and experiment plan-
ning will continue i the interim period.

Stratospheric Positive lon Composi-
tion: The ions in the stratosphere form a
very weak plasma distinetly different
from the D-region, where electrons begin
1o dominate the atmospherie electric pro-
cesses. Even though the ion concentra-
tons in the stratosphere are only 1 part in
104 of the neutral concentration, the low
recombination rate between positive and
negative ions and the proton affinities
governing ion-lon reactions result in a
sitwation dominated by ion chemical reac-
tions. The stratosphere thus provides a
unique natural laboratory to study ion
reactions not easily duplicated on the
ground. The strawspheric ion-measure-
ments program hax vielded the first meas-
urements of stratospheric ion composition
in the United States. Two highly success-
ful missions were conducted on June 13
and October 5, 1955, from Holloman AFB,
N.M. Excellent data were obtained from
both flights, which included seven hours
of data collection in the altitude regime
from 29 km to 3% km in June, using an
11.6 million cubic foot balloon, and eight
hours between 27 km and 41 km in Octo-
ber. using a 15 million cubie foot balloon.

The data were obtained with a quadrupole
jon mass spectrometer pumped with an
ultra high speed vacuum pump cooled by
fiquid helium. Because this quadrupole
spectrometer was larger than any other
vet flown for this purpose, data on posi-
tive ton mass distribution was accumulut-
ed for fons of up to 1000 atomic mass units
tamu) and for ions present in concentra-
tions of less than 0.1 ion per cubic¢ centi-
meter. The ion distributions have both
altitude and seasonal dependence, but a
rough average distribution showed 0.1 per
cent of the positive ions with masses
greater than 550 amu, 1 percent with
nmasses  greater than 300 amu, and 10
percent with masses greater than 150
amu. The most prominent masses ob-
served were the proton hyvdrate clusters at
masses 37, 55, 73 and 91 amu (correspond-
ing to clusters of 2, 3, 4, 5 water mole-
cules, respectively). und also a series at
60, 7%, and 96 amu. The high resolution of
the instrument permitted measurements
of the isotopes of the peaks from this
latter series, which, in turn, allowed deter-
mination of the origin of these peaks to be
traced to clusters of acetonitrile (CH,,CN -
41 amu) and water molecules (18 amu).
Many minor peaks were alzo observed and
are still under investigation.

Stratospheric Neutral Composition:
Concern over potential contributions to
the catalytic destruction of the ozone lay-
er, due to gaseous emission from various
Air Force operations, led to an in-situ
sampling program conducted with 26 bal-
loon flights into the stratosphere over the
ten vear period, 1975-1984. The program
was described in detail in the 1979-19%0
Report on Research (AFGL-TR-82-0132,
pp. 16-17) and a summary of the chlorine
measurements and their significance ap-
pears in the 1982-1984 Report on Research




(AFGL-TR-35-0113, pp. 17-18). Subsequent
evaluation of the measurements of oxides
of nitrogen indicated values higher than
those generally obtained elsewhere, but in
line with some more recent model predic-
tions. Thus, because of higher background
content, Air Foree emissions of oxides of
nitrogen would be expected to have rela-
tively less effect on the stratosphere.

Stratospheric bromine is postulated to
be an even more efficient catalyst than
chlorine in the destruction of stratospher-
ic ozone. Although bromine is present in
the stratosphere at significantly lower
concentrations than chlorine, it has been
used in a fire suppressant on Air Foree
aircraft. During the balloon flights, inor-
ganic bromine species were collected con-
cidently with sampling of the acidic and
particulate chlorine species in the lower
stratosphere. Bromine content was deter-
mined by neutron activation analysis. The
results were in agreement with, and filled
gaps in, earlier measurements by another
group, thus indicating that stratospheric
bromine has not increased, measurably,
over the approximately seven vears be-
tween the two sets of observations. In
addition, the results were In agreement
with one-dimensional photochemical model
predictions.

IONOSPHERIC EFFECTS

Large-scale ionospheric processes such
as those which control the polar cap, the
auroral oval, the F-layer trough, and the
Appleton Anomaly structure the global
ionosphere. This large-scale structuring
results from the complex interactions of
neutral winds and ionospheric plasma,
plasma drifts driven by electric fields, ion
chemistry, and particle precipitation. It
affects Air Force systems operating in the
rf range. Medium and small-scale process-
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es lead to the formation of irregularities
from tens of kilometers to centimeters in
size, as observed, for example, in equatori-
al electron concentration depletions, in the
high-latitude ionosphere, and in polar-cap
F-layer auroras and patches. These medi-
um and small-scale irregularities result
from various plasma instabilities and on
some occasions from localized strong par-
ticle precipitation as. for example, in dis-
crete auroras. They affect radio propaga-
tion in the frequency range from hf
through s<hf and are therefore of impor-
tance to Air Force systems from the high
frequency Over-the-Horizon-B (OTH-B)
Rudar to the satellite communications sys-
tems (AFSATCOM, MILSATCOM) operat-
ing over the whaole uhf and part of the shf
band. The same physical processes are
believed to drive similar effects through
ehf frequencies in the nuclear-disturbed
lonosphere.

Theoretical efforts during this report-
ing period have been concerned with stud-
ies of ionospheric scintillation generation,
relating ultraviolet images to ionospheric
densities for mapping the global iono-
sphere, and the modeling of large-scale
ionospheric dvnamics with special empha-
sis on the polar ionosphere.

Experimental efforts in the reporting
perind focused on: determining the trans-
port of the polar ionosphere by using a
multiplicity of airborne, ground-based,
and satellite diagnostics; motion of the
polar, auroral, and subauroral ionosphere
by AFGL’s Airborne Ionospheric Observa-
tory (AI0), a modified NKC-135 aircraft,
in support of OTH-B testing; investigation
of polar F-layer irregularities, their gener-
ation, dynamics and decay; and experi-
ments to artificially trace disturbances in
the ionosphere.
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Project PIIE: A coordinated rocket, ra-
dar, ground and aircraft experiment, Proj-
ecet PILE (Polar Tonospheric Irregularities
Experiment) was conducted in March,
1985, from Sondrestrom AB. Greenland.
The objectives were to measure the de-
tailed plasma and field parameters associ-
ated with a polar cap F-layer aurora, and
to define processes which lead to the
generation of ionospheric irregularities
within this type of aurora. The irregulari-
ties cause severe amplitude and phase
fluctuations (seintillation) on Command,
Control. and Communication satellite
[ystems.

POLAR IONCSPHERIC IRREGULARITIES £XPERIMENTS
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Schematic Hlustrating the Various
Diagnrostics and Rocket Experiments
[nvolved in the Polur loaospheric
Irregrularition Experiment (PLHE).

An Al Sky Imaging Photometer in-
stalled in the AFGL Airborne Ionospheric
Observatory was used in real-time to lo-
¢ate a subvisual arc within the nominal
rocket trajectory. When a suitable arc was
detected, the launch command was re-
layed to the ground Launch Control. The
rocket payload successfully crossed
through the polar eap arc and all instru-
ments performed as planned. Intense flux-
es of low energy (less than 200 eV) elec-
trons defined the region of particle precip-
itation (see the figure).

Electron density and temperature and
ion composition measurements character-
ized the study of the plasma environment
within the arc. These measurements were
critical to verifyving a numerical auroral
simulation code being developed to model
ionospheric response to particle fluxes.

Ion density fluctuations were confined
to the vicinity of the arc and confirm
irregularity generation in this area. Anal-
yses of these data are continuing to identi-
fy plasma instability mechanisms respon-
sible for irregularity generation.

The electric field instrument provided
the first three component electric field
measurements within a polar cap aurora.
These have been used in a model calcula-
tion to compute the electric circuit param-
eters associated with the are.

Field-aligned currents computed from
the electric field measurements show ex-
cellent agreement with those estimated
from the particle fluxes. The combined
measurements confirm that polar eap arcs
are the optical signatures of plasma flow
reversals and field-aligned currents flow-
ing in the polar cap ionosphere. The large
spatial coverage afforded by optical imag-
ing will provide an improved specification
of two dimensional flow in the polar cap
during IMF northward conditions.

To quantitatively study the source re-
gion for ionization within “patches”, a
theoretical high latitude/polar cap iono-
spheric F-region model, recently devel-
oped at AFGL, was used to calculate
electron density profiles as a function of
latitude and local time. Physical processes
inciuded in the model are ionization pro-
duction by solar ultraviolet radiation and
energetic electron precipitation, loss
through charge exchange with N, and O,,
and transport by diffusion, neutral wind,
and horizontal E x B convection. Under
conditions appropriate for patch forma-




tion, the ionization passing over Thule
between 1200 and 2000 CGLT was found
to be produced by solar extreme ultravio-
let radiation south of the cusp and an
additional ionization component due to the
particle precipitation in the cusp. A com-
parison between caleulated and observed
f F. values at Thule at 1400 CGLT showed
excellent agreement. The theoretical mod-
el allows us to conclude that solar-pro-
duced ionization accounted for two-thirds
of the total peak electron density, while
production by energetic particle precipita-
tion accounted for one-third.

Polar Cap Plasma Characteristics: Of
special significance to Air Force systems
1s an ongoing study which investigates the
structure and dynamic processes in the
polar cap ionosphere with emphasis on
determining the source region of polar cap
plasma, and irregularity generation and
transport. The severity of outages in Com-
mand, Control, and Communication sys-
tems due to polar-cap ionospheric irregu-
larities is also being assessed. The AFGL
Airborne lonospheric Observatory (AIQ)
is flown to specific magnetic latitude/local
time locations to perform radio wave and
optical sensing of ionospheric parameters.
These measurements are coordinated with
observations using the Sondrestrom Inco-
herent Scatter Radar and a number of
satellites: HILAT, Dynamics Explorer, VI-
KING, DMSP, AFSATCOM and GPS. Ex-
tended periods of ground-based observa-
tions by the AIO instrumentation provide
a supporting multidiscipline database. The
unified description of polar cap F-layer
structure previously discovered using the
AFGL AIO has been further confirmed
and refined.

An investigation of the polar cap iono-
sphere near the peak of the last solar
cycle identified polar cap F-layer arcs and
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ionization patches as unique features of
the polar cap ionosphere, and as sources
of severe scintillations observed on 250-
MHz satellite beacon signals. The continu-
ing investigations in January and Decem-
ber 1983, and January, 1984, have shown
that arcs and patches persist as the domi-
nant features of the winter polar-cap iono-
sphere during periods of low sunspot
numbers. Improved ionospheric soundings
made at Thule, Greenland (86° CGL),
starting in November, 1985, showed a
clear diurnal variation for the occurrence
of the patch-type ionization. Discussion of
various possible mechanisms producing
the cbserved ionization patches leads to
the conclusion that the solar-produced ion-
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osphere equatorward of the dayside cusp
is the source region of the ionization

patches (see the figure). Polar plasma - TEC 6PS THULE, GREENLAND
convection transports this tonization s FEB 3 -4, 1984
across the cusp and the central polar cap. 5 .
. . 20- :
The local time dependence of the occur- & "
rence of the patches at Thule is shown to . \ ' .
be a manifestation of the well-known uni- o o L IR
versal time control of the polar cap F- z SR T )
region. Recent analysix has shown a 2 P "
strong positive solar-cvele dependence of O im._ .2 = BAREI .
the semtillations measured during three 020,
extended campalgns. The diurnal varia- ' Sa GPS ‘
tion of seintillattons 1= almost flat at solar I. l
maximum and has a local time variation [
very similar to that of the patch type < 010! :*: b
lonization at solar minimum. Both ares @ )
and patches contribute to substantial scin- fie '1‘,» ,
tillations  around solar maximum, while v
only the patches are responsible for the
considerably weaker scintillations during 000k mmm.p . asmm
solar minimum. 5\,ScGnAL INTENSITY
RAYPATH
Coordinated measurements of F-region O{ L
plasma patches were conducted on Febru- 5 t’ ”
ary 3-4, 1984, from Thule and Sondres- A3 “
tromfjord, Greenland. Optical, ionosonde, >
amplitude scintillation, total electron con- g ‘!LTT“C';‘
tent {TEC), and incoherent scatter radar Onmrm. o gmeTmTIosd o
measurements were combined to reveal o
several new aspects of the structure and 1'54 250 MHz
transport of these localized regions of 75
enhanced F-region ionization shown in the 50° L}
figure. For the first time, these patches ’ N N,
were directly tracked flowing in the anti- 25! S .
sunward direction over distances of 3000 05\" S R
km from the center of the polar cap to the B i e
poleward edge of the auroral oval. Quanti- TIME (U.T))

tative measurements of TEC show in-

creases of 10-15 TEC units within the Composite Plot of: (a) Total Electron
el e o b ] , Content. (b) 8 4 Index for the GPS Satellite,
patches, :ib()\‘(‘ 4 ‘bdckgrou.nd {)Ol<):!‘ CAP () 250 MHZ Signal Strength, and () S,

value of 5 TEC units. Amplitude scintilla- Index for the Polar Beacon Natellite, for the

tion measurements show the presence of Perind 2300 UT. February 3. to 0500 UT,
. . . February 4, 1984,

ionospheric irregularities through the en-

tire patch, with a weak indication of stron-




ger scintillation on the trailing (or E x B
unstable) edge.

Schematic Diagram of Polar Two-Cell
Convection Pattern in Corrected
Geomagnetic Latitude/Local Time
Coordinates. (The locations of the drift-
measuring stations, Goose Bayv (G) and
Qanaq (Q), are indicated by dashed circles.
The drift direction at Goose Bay switches
from westerly to easterly around midnight,
while Qanaq observes a clockwise rotation in
24 hours.)

Polar Plasma Convection: Satellite and
incoherent scatter radar (ISR) observa-
tions have shown the existence of a large
ionospheric plasma-convection system
which affects the high-latitude ionospher-
ic region down to 50" corrected geomag-
netic latitude (CGL). This convection oc-
curs generally in the form of a two-cell
pattern (see the figure) with plasma flow-
ing antisunward over the central polar cap
and returning in the sunward direction
along the evening and morning flanks of
the auroral oval. The source of this plas-
ma convection is a polar-cap electrie poten-
tial generated by the interaction of the
solar wind with the magnetosphere. The
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polar-cap convection is of high importance
to the maintenance of the polar-cap ioniza-
tion (see the earlier discussion of polar-cap
patches and their UT dependence) und the
generation of the midlatitude trough. The
convection is also important to the genera-
tion, transformation, and distribution of
small-scale irregularities responsible for
scintillations and radar clutter, which are
detrimental to the operation of radio fre-
quency dependent systems operated at
mid to high latitudes by the Air Force.

The development of models of the distri-
bution of ilonization and irregularities re-
quires a systematic database of polar
plasma convection and its dependence on
solar/geophysical parameters, and its re-
lation to resulting ionospheric phenomena.
Since satellite measurements provide only
snapshots along the satellite orbit, and
incoherent scatter radar observations are
costly and limited to very few locations, a
new technique has been developed by
AFGL and the University of Lowell to
produce continuous convection data using
a modern digital ionosonde, Digisonde
256.

The technique is based on the reception
of ionospherically reflected pulse trans-
missions with a spaced seven-antenna ar-
ray. The complex spectra of the reflected
signals, measured independently on each
of the seven antennas, allow the determi-
nation of the reflection locations of ener-
gy in each spectral (Doppler) line. The
resulting sky map gives reflection loca-
tions with the respective Doppler informa-
tion. By a least-squares fit, a matching
squares velocity vector is determined.

A systematic measurement program,
conducted on the three Regular World
Days of each month, was initiated at
Goose Bay, Labrador (65" CGL) in Janu-
ary, 1985, and at Qanaq, Greenland (86°
CGL), and Argentia, Newfoundland (58"
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CGL), in November, 1986, The data in the
next two figures show representative
samples for the clockwise rotation of the
drift vector as secn at Qanaq. and the 180"
direction reversal routinely observed at
Goose Bay. These observations corre-
spond to direction changes to be expected
from the simple model shown in the previ-
ous figure (dashed circles marked Q for
Qanaq and G for Goose Bay). This new,
low-cost technique will provide, for select-
ed periods, continuously vital information
on the large-scale plasma transport at

high latitudes. Of major importance to the
automation of the drift data acquisition is
the ARTIST program (Automatic Real
Time lonogram Scaler with True height
analysis) developed by the University of
Lowell in close cooperation with the Iono-
spheric Effects Branch. The automatically
identified trace of the overhead ionogram
is used to guide frequency- and height-
gate selection for the automatic drift
measurements. This approach has been
working successfully at Qanaq and Ar-
gentia since November, 1986.
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F.-Region drift observed at Goose Bay on
January  14-15, 1983, shows switch from
westerly to eaxterly drift near midnight.

Auroral Proton Precipitation: Al-
though the predominant source of ioniza-
tion in the continuous (diffuse) aurora on
a global basis 1s the energetic (primary)
precipitating electrons, it is now well-
documented that the precipitating protons
(and H atoms) can occasionally produce
ionization comparable to, or greater than,
that produced by the electrons. A recent
study of the nearly coincident Chatanika
radar electron density measurements and
NOAA-6 particle data revealed that within
a wide latitudinal range between 64° and
67" invariant, a continuous (diffuse) auro-
ral E-layer with a peak electron density of
1-2 ¥ 10° em™ was produced entirely by
proton precipitation.

Several vears ago, the lonospheric
Physics Division developed a transport-
theoretic method which leads to exact
solutions for the precipitating proton and
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H atom fluxes and the energy deposition
rate when the incident proton flux is
given. Recently, this transport-theoretic
proton precipitation code was upgraded to
include calculations of the electron density
profile and the energy deposition function,
which is often useful in performing direct
caleulations of the energy deposition rate
and the ionization rate. The transport-
theoretic code was used to analyze the
nearly coincident Chatanika radar data
and NOAA-6 particle data, and excellent
agreement between the theoretical results
and the radar data for the shape of the
electron density profile and for the loca-
tion of its peak was obtained. To the best
of our knowledge, this is the first defini-
tive comparison between theory and ex-
periment for a pure proton aurora. The
radar data and the transport-theoretic re-
sults were also compared with the results
obtained using the semi-empirical continu-
ous slowing down method of Rees. The
transport-theoretic method was found to
be a more complete, and relatively more
accurate, description of the proton-H atom
precipitation than the method of Rees. The
exact transport-theoretic energy deposi-
tion function, when compared with the one
constructed and used by Rees, explains
why the Rees method does not produce
the observed electron density profiles.

Solutions of the Plasma Kinetic Equa-
tion With Collisions: In laboratory and
space plasmas, discrete particle interac-
tions (collisions) often play a significant
role in determining the characteristics of
the plasma waves. Finding «n exact solu-
tion of the linearized plasma kinetic equa-
tion when collisions are included is a
formidable task. Over the years, studies
of collisional effects have employed meth-
ods of solution tailored to a specific model
of the coilision operator. Recently. scien-
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tists in the Tonospheric Physies Division
gave an expansion method which can be
used to derive the collisional plasma di-
electric function for any given collision
operator. Application of this method to
solve the Budescu-Lenard-Poisson equa-
tion produced a closed-form expression for
the collisional dielectrie function to the
first crder in the pertinent collisionality
parameter, where all tyvpes of collisions
telectron-electron, electron-ion, ion-elec-
tron, and wn-ion) n a fully ionized plasma
were mcluded. With this dielectric fune-
tion, several aspeets of the collisional
Atects were studied.

Solving the dispersion relation for high-
frequency Langmuir waves in the long
wavelength limit, we obtained an expres-
sion for the eollisional correction to the
well-known Landau formula. A laboratory
experiment to check this result is current-
Iv in progress,

A closed-form expression for the elec-
tron density fluctuation spectrum in a
weaklv-collisional electron-ion plasma in
thermodynamic equilibrium was derived.
Comparing the collisionless and the colli-
sional results for the fluctuation spectra,
we found that the electron-ion collisions
are the dominant collisions and that they
enhance density fluctuations near zero
frequency and near the ilon-acoustic fre-
quency. A confirmation of this newly pre-
dicted collisional enhancement of the den-
sity fluctuations near the ion-acoustie fre-
quency may come from a suitably de-
signed incoherent radar scatter measure-
ment of ionospherie electron density flue-
tudations.

Solving the dispersion relation for ion-
acoustic waves, we found that the elee-
tron-ion collisions have a destabilizing ef-
fect on the lon-aceoustic waves, This ex-
plains the previously mentioned enhance-
ment of the density fluctuations near the

ion-acoustic frequeney. A more exciting
new result is that, when T.>>T, the
destabilizing effect of electron-ion colli-
sions can overcome the damping effects,
including Landau damping and ion-ion col-
listonal damping, and drive the ion-acous-
tic wave instability. This instability, which
can be exeited without the presence of any
current, will provide a much more effi-
cient mechanism for energy transfer be-
tween electrons and ions than the purely
collisional relaxation mechanism. If there
ix a current, the destabilizing effect of
electron-ion collisions will have an impact
on the estimate of the amount of current
necessary for the ion-acoustic instability
in a weekly-collisional plasma such as the
onospheric F-layer plasma.

AWS and OTH-B Support: Real-time
acquisition of ionospheric data, generally
a costly requirement. has been made cost-
efficient through the development of digi-
tal ionospheric sounders supported by
AFGL and a computer-based Automatic
Real Time lonogram Scaler with True
height analysis (ARTIST) program. Test-
ing of the quality of the trace identifica-
tion using 375 half-hourly ionograms from
Argentia, Newfoundland, has shown that
more than 90 percent of the automatically
identified traces are acceptable, which is
an exceflent result in view of the proximi-
ty of the station to the disturbed polar
ionosphere. The Air Weather Service, with
AFGL support, is currently procuring
twenty Digital Ionospheric Sounding Sys-
tems (DISS), which implement these tech-
niques, for deployment in an almost global
AWS-DISS net.

As a precursor to this deplovment,
AFGL has facilitated the installation of an
ionosonde at Argentia, Newfoundiand,
where it is operating under the remote
control of personnel at the AFGL Goose




Bay lonospheric Observatory. The Argen-
tia and Goose Bay ionosondes are essen-
tial ionospheric sounding data sources for
the testing, as well as the day-to-day
operation, of the Over-the-Horizon Back-
scatter Radar (East Coast Radar System),
which is currently being deploved in
Maine. To speed up access to the sounding
data, a dial-up eapability has been activat-
ed, which permits real-time remote data
acquisition from the Goose Bay and Ar-
gentia ionosondes by the AWS operators
at the OTH-B radar, and by AFGL. This
makes it possible to assist AWS in the
interpretation of difficult situations.

The figure is an example of a digital
ionogram received at AFGL via telephone
dial-up of the Argentia ARTIST. The iono-
gram shows the o-component with 6-level
amplitude resolution (letters indicate posi-
tive, numbers negative, Doppler), the x-
component (identified by x only), and
oblique echoes (identified by a dot). The
automaticallv identified F-layer o-echoes
are marked by a = sign. The ARTIST
software also converts the ionogram into
a true-height electron density profile,
which is shown by the & symbol.

The availability of real-time ionospheric
data has resulted in a significant improve-
ment in short-term ionospheric prediction.
Rapid changes in fF. the plasma fre-
quency at the maximum of the F-layer,
greater than 20 percent per hour are
routinely observed during a 3-4 hour peri-
od around F-region sunrise and for a 2-3
hour period around F-region sunset, inde-
pendent of the phase of solar activity
cvele. These rapid changes in fF, are
usually larger around sunrise hours than
those around sunset hours. During the
solar maximum, hourly changes as high
as 50 percent around sunrise and 30 per-
cent around sunset have been observed.
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These rapid changes require improved
short-term f F, predictions for the fre-
quency management of the OTH-B ra-
dars. The scheme using real-time hourly
ionospheric soundings and an extrapola-
tion of the prior four dayv average hourly
siope was found to be satisfactory for the
sunrise predictions of f F..

Initially, the scheme was tested using a
small database of four months represent-
ing four seasons, high and low solar
activity periods, and restricted only to
sunrise hours. The scheme has been ex-
panded to include all 24 hours, all four
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seasons (the whole vear's, high (1969) and
low (1976) solar activity), using an exten-
sive atabase from the high-latitude iono-
spherie stations at St Johns, Ottawa, and
Winnipeg. The scheme works satisfactori-
v for all conditions. The analysis shows
that the scheme reduces the errors in ' F.
predictions by 10 percent over those from
the TONCAP model during the transition
pertods of sunrise and sunset involving
rapid chuanges i £ F. lasting over the
periods of 3.1 hotrs,

F-Layer Trough: The davtime F-laver at
heh latitudes 15 found o undergo ex-
rrenie depletions meelectron density as u
result ot the onospherie trough. The
trough, which s produced by the convee-
ton of lenospherie plasma driven by may-
netospherie eleetrie fields, 15 visible in
routine vertical lonospherte soundings of
£ F . Although not previously recognized,
stirnatures of the trough are rapid deple-
tions of electron density by factors of 2 to
10, These depletions oceur in the diarnal
distributions measured by ground stations
ax they pass beneath i convection pattern
which moves through the latitude of the
tation with local time,

The effect of the trough is <een in the
davtime F-laver at Uppsalia, Sweden (56.57
magnetic utitude (MTATH, as the shaded
“bite-out” which occeurs on a disturbed
dav taverage Kp = 5) as compared to i
quiet dav taverage Kp = 01 in the figure,
The onset of this Bite-out corresponds 1o
the passage of the station under the
cquatorward edge of the afternoon
trovgh.

investigation of the trough on a grlobal
seale appropriate to it extent requires a
globul array of 1onospheric observatories,
sinee nooosuch array exists today, the
imvestigrator has had to resort to archived
data and has selected the most complete
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and extensive data base available, that
acquired during the IGY. During this
periad, fortv-four ionospheric sounding
stations were operating at latitudes above
A MLAT in the northern hemisphere.
Recordings were simultaneously made at
every UT hour and at 15 minute intervals
on world dayvs. The month of December,
195% (winter solstice and solar maximum),
has b en the most thoroughly studied to
date.

These archived measurements, when
examined using modern insights and coor-
dinates of magnetic latitude, longitude
(MLONG), and local time (MLT), vield a
description of the trough for the first time
as an integral, spatially and temporally
continuous entity in its entire extent and
U'T duration.

The afternoon trough, as characterized
by its equatorward edge, is detected on
cach of the 31 dayvs of this study. It is
found to be dependent principally on mag-
netic activity (Kp) averaged over the peri-
od of u dav. It is stable in MLAT/MLT for
as long as 17 hours UT and shows little
dependence on changes in Kp which take
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place during such periods. On the most
disturbed dayv, the trough is its most
extensive; the trough boundary extends in
MLAT/MLT from 75°/1030 to 51"/1630
and is nearly stationary in these coordi-
nates for a duration of 14.5 hours UT as
observed by 16 stations spanning 220"
MLONG. The figure shows this most dis-
turbed day (on the left) together with
three other davs, the average Kp of which
decreases from left to right. Note that as
average Kp increases from quiet to dis-
turbed (to the right), the trough rotates to
earlier MLT (by 5.5 hours) and expands to
lower latitudes (by 20" MLAT).

Rotation to earlier MLT as a conse-
guence of increased activity has been
indicated by a number of studies of the
convection pattern. In addition, the trough
boundaries in the figure tend to reverse
direction with respect to the noon-mid-
night meridian between lowest latitude
near dusk and highest latitude near mid-
day. In this respect, they resemble convec-
tion contours which reverse from sunward
to anti-sunward within this range. The
trough in the daytime has been observed
by incoherent scatter radar to lie within a
region where convection velocities are

greater than 1 km per second. According-
ly, the trough boundaries shown in the
figure are apparently the loci of convec-
tion contours of this high velocity.

Pronounced longitudinal differences oc-
cur in the daytime trough in that the
afternoon trough predominates in eastern
MLONG but the morning trough predomi-
nates in western MLONG. In addition,
near midnight large longitudinal differ-
ences occur in f F, particularly during
quiet times. These phenomena are under
investigation because they create large
differences in propagation conditions for
OTH-B radars which will operate in these
two sectors.

Because the archived database spans
nearly five decades, the technique of
trough investigation described here prom-
ises to provide results not only on the
longitudinal effects, but also on seasonal,
hemispheric, and solar cycle dependence
as well.

Theoretical Modeling of the lono-
spheric F Region: At low latitudes near
the magnetic equator, vertical E x B drift
is the primary mechanism for transport-
ing plasma in a direction perpendicular to
magnetic field lines. During daytime
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hours, upward E x B drift is responsible
for creating crests in onization on either
side of the magnetic equator at *157 to 18"
dip latitude. producing the so-called
“equatorial anomalv.” Recent measure-
ments of 6300\ airglow intensity and
meridional neutral winds by a Fabry-Perot
interferometer at Arequipa. Peru (167N,
TUW greographic, 3.2°8 dip latitude), how-
ever, indiciate that at night, neutral winds
may significantly atfect verteal plasma
transport even down to 5 dip latitude. The
observations revealed widespread areas of
airglow depletions with reductions in in-
tensity by factors as large us 3 or 4. Thexe
reductions eorrelated well with large in-
cregses in the equatorwara (northward)
wind. On occasion, the nsually small me-
ridional wind reached @ velocity of 100 m
per second near 2200 LT, lasting 1 to 2
hours., Comparison with modeling caleula-
tions shows that the reductions in airglow
intensity result from an upward move-
ment of the ionosphere along the inclined
magrnetic field lines driven by the equator-
ward neutral wind. The agreement with
observations ix excellent, and demon-
strates that care must be taken in assum-
ing that vertical E B drift is the only
transport process capable of lifting or
lowering the equatorial F-laver.

In another low-latitude study, a unique
method for inferring equatorial field-line-
integrated electron density volumes was
demonstrated using obzerved whistler dis-
persion values. A rocket launched from
Punto Lobox, neur Lima, Peru, on March
21, 19%3, observed lightning-induced whis-
tler trains on both the upleg and downleg
of the flight. Model calculations of the
expected whistler dispersions were com-
pared with the observed values and from
this comparison, fairly accurate estimates
of the bottomside ¥F1 molecular ion densi-
ties could be obtained, The density values

were too low to be observed by ground-
hased coherent scatter radars but were
highly variable. This “‘remote-sounding
technique was used to measure F1 region
densities just after sunset near the equa-
tor. These densities may vary between
1< 10" and 2 < 10" el/em” and are extreme-
Iv important in determining whether equa-
torial plasma instabilities will or will not
oceur.

A semi-empirical low-latitude ionospher-
ic model (SLIM) has been developed joint-
v at AFGL and Boston University which
produces F-reglon electron density pro-
files more quickly and more realistically
than presently available empirical models.
SLIM s generated by first solving the
time-dependent plasma continuity equa-
tion numerically, which produces electron
densities from 180 to 2000 km, every 2°
dip latitude (24"N to 24"S dip latitude) and
every half-hour local time (over the 24
hour day). A set of six coefficients at each
Jatitude/local time position is then found
which reproduces the theoretically calcu-
lated profiles. The coefficients themselves
comprise SLIM and are used to quickly
regenerate electron density profiles. Nine
SLIM cases have been produced covering
three seasons (equinox, June solstice, and
December solstice) for each of three solar-
evele activity periods: low, moderate and
high, corresponding, respectively, to F1
0.7 em values of 70, 125, and 180. In
addition to electron density profiles, SLIM
also provides total electron content values
and 6300 A nighttime airglow intensities
as a function of latitude and local time.
The model 1s being merged with the Air
Force Tonospheric Conductivity and Elec-
tron Density (ICED) model, which is pres-
ently operational at Air Weather Service.

Evolution of Equatorial Plasma Deple-
tions: The continuing investigations into




the origin and lifecycle of equatorial plas-
ma depletions has led to the re-inspection
of a unique data set collected by the
AFGL Airborne Ionospheric Observatory
flying in the South Atlantic. In March,
1979, the aircraft conducted this unique
experiment to measure the plasma charac-
teristics within an eastward drifting and
decaying plasma depletion. The All Sky
Imaging Photometer was used to locate
depletion and to direct the aircraft
through a series of east-west cuts through
this feature as the entire ionosphere drift-
ed eastward.
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Complex signal scintillation observa-
tions of this isolated and decaying equato-
rial plasma bubble show evolution of ir-
regularity energy over a broad range of
scale sizes (see the figure). At wave-
lengths larger than about 4 km, the ener-
gy remains nearly constant with time. At
shorter scale sizes, the spectrum main-
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tains an approximate power law form (f")
and n increases with time. This behavior
suggests that the effective cross-field dif-
fusion rate in the F-region depends on
scale size. Such a dependence has recently
been predicted theoretically and is the
result of magnetic field-line coupling to
the E-layer.

This experiment represents the first
successful measurement of the temporal
evolution of small-scale irregularities in
the disturbed equatorial ionosphere. Re-
sults provide needed input to theoretical
models which attempt to describe this
behavior.

Equatorial lonospheric Irregularities:
Measurements of the height distribution
of irregularities of a few meters’ scale
size have been made over the magnetic
equator by the high-power radars at Kwa-
jalein Island and Jicamarca, Peru, by re-
ceiving the coherently returned back-scat-
ter power from irregularities viewed in a
direction perpendicular to the earth’s
magnetic field. These measurements have
provided the ionospheric community with
the bulk of the available evidence on the
temporal distribution of the height of
irregularities in the equatorial plumes.
However, irregularities of only a few
meters’ scale size have been shown to
decay much faster than those of approxi-
mately 1 km, which are responsible for
amplitude scintiilation observed in the
100-2000 MHz frequency range from
transmissions from geostationary satel-
lites.

At a solar-terrestrial workshop held in
New Delhi, India, in 1986, AFGL proposed
that a satellite beacon ground receiving
station network located in India be used to
determine the height-time dependence of
kilometer-scale irregularities and wind
shear at different ionospheric heights
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over the magnetic equator on a continu-
ous basis. Latitudinal gradients of total
electron content (TEC) can also be mea-
sured by this chain of monitoring stations.
The gradients in TEC can be used to
improve high-frequency communication
predictions as well as to provide important
insight into possible mechanisms responsi-
ble for the generation of equatorial irreg-
ularities,

Polar Cap Total Electron Content:
Measurements of TEC in the polar cap
from Thule, Greenland, have shown that
absolute values of TEC, obtained during
the winter. when direct solar extreme
ultraviolet radiation ix minimal in the po-
lar cap. are greater than those obtained
from Goose Bay, Labrador, and from
Hamilton., Massachusetts, during the
same period. Overplots of diurnal values
of TEC from Thule, Goose Bay, and Ham-
Hton for an eight day period in January-
February, 1984, are shown in the figure.
Note that the maximum TEC values
reached from Thule exceeded those from
either Hamilton or Goose Bay. Not only
are the absolute TEC values higher in the
dark Thule ionosphere than in the sunlit
mid-latitudes, but the variability is much
higher.

AFGL scientists suggested in 1985 that
plasma is convected over the polar cap, by
means of the large-scale electric field
structure in the high-latitude ionosphere,
from the mid-latitude afternoon sector
where the plasma was originally generat-
ed by solar extreme ultraviolet radiation.
Since that suggestion was made, a theo-
retical model of high-latitude F-region
electron density was developed in 1986
which includes the effects of the solar
extreme ultraviolet radiation, particle pre-
cipitation, and the earth's corotation. It
was recently modified to include the con-
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tribution of plasma convected into the
polar cap ionosphere from the afternoon
cusp region. The TEC values obtained
from this model are represented by the
open circles in the Thule portion of the
figure and can be seen to approximate
fairly well the actual TEC observations
during the magnetically disturbed days of
this observation period. Because of the




complexity of the model and the necessity
to follow ionization produced elsewhere,
which is then convected over the polar
cap, the model has been run for only a few
representative hours for comparison with
Thule TEC data. However, the theoretical
results do confirm that the inclusion of
lower latitude ionization convected over
the polar cap can produce a significant
increase above the quiet-day TEC in the
polar cap and can yield values comparable
with those high TEC values actually ob-
served from Thule.
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Three-minute Data Segment of Scintillations
Observed at 3954, 1541, and 257 MHz at
Ascension Island and Their Respective
Spectra.

Global lonospheric Scintillation: Iono-
spheric scintillation effects encountered in
the crest of the equatorial anomaly, polar
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cap, and auroral regions have been
studied to provide information for the
design and evaluation of the performance
of multifrequency satellite communication
links in these regions. The strength of the
ionospheric irregularities and their motion
control the scintillation structure, which
needs to be defined for a successful sys-
tem design. AFGL observations indicate
that the scintillation effects are most se-
vere in the equatorial anomaly region
where, during sunspot maximum periods,
the amplitude scintillations of satellite
communication links at 1.5 GHz have of-
ten been observed to exceed the 30 dB
dynamic range of the receiver. The magni-
tude of severe scintillations and their
spectra defining the scintillation struc-
tures at 250 MHz, 1.5 GHz and 4 GHz
obtained in the anomaly region are illus-
trated in the figure. Detailed statistics of
phase scintillations and phase rates for
this region were compiled for the first
time in 1985-86. The phase and amplitude
scintillation effects on AFSATCOM trans-
missions at 250 MHz have been recorded
in the polar cap and auroral regions.
Information regarding the magnitude and
the structure of phase and amplitude scin-
tillations in the polar cap and auroral oval
has been compiled. During severe distur-
bances, amplitude scintillations exceeding
20 dB and phase deviations exceeding 12
radians at 250 MHz are encountered in the
polar cap and auroral regions. The tempo-
ral structure of scintillations, which die-
tates the coherent integration time of
space-based radar systems, is found to be
governed primarily by the strength of the
irregularities in the equatorial region,
whereas at high latitudes the extreme
variability of the irregularity movement is
the major factor.

The long-term morphology (1979-1984)
of intensity scintillations at 250 MHz in
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the polar cap shows that in addition to the
absence of diurnal variation of scintilla-
tions, and the presence of an annual varia-
tion with a pronounced minimum during
local summer, a marked solar control of
scintillation activity exists. Scintillations
are found to decrease abruptly when the
solar activity falls below a threshold level,

as shown in the figure. This decreasing
trend of scintillation activity has been
observed to continue in 1986.

Equatorial Irregularities: Important
new information on equatorial F-region
irregularities associated with plasma de-
pletions, or “bubbles,” became available
as a result of the clustering of a variety of




JICAMARCA
1100 . T : T
@l 48048
|
300 Hl 3
R 30
- 24
- s 18
g 70C- 2
= 6
T
2 500
Lt
T

ANCON GOES-5

0.2 -

MARCH |4, 1983

1694 MHz

109

50 MHz RADAR BACKSCATTER

o

MARCH 14, 1983

214029

Temporal Variation of the Range and Intensity of 50 MHz Radar Backscatter Observed at Jicamarca (Top).
Variation of the Amplitude Scintillation index (S,) of 1694 MHz Signals from the Geostationary Satellite GOES

5 Recorded at Ancon (Bottem).

techniques including digital sounder, scin-
tillation and radar measurements near the
magnetic equator in Peru in conjunction
with two F-region rockets launched on
March 1 and 14, 1983. Analysis of this
data continued during the reporting peri-
od. The full complement of equatorial
spread F phenomena, namely, the occur-
rence of bubbles detected by the rockets,
3-m plume structures detected by the
Jicamarca radar, and vhf/GHz scintilla-
tions, were recorded on both these eve-
nings. The radar backscatter with extend-

ed plumes was found to occur in associa-
tion with maximum 1.7 GHz scintillations
as shown in the figure. This established
that the height-integrated rms electron
density deviation of 200 m scale irregulari-
ties causing 1.7 GHz scintillations maxi-
mizes in extended 3 m plume structures.
The magnitude of 1.7 GHz scintillations
recorded at high elevation angles (~76°)
near the magnetic equator did not exceed
a value of S, = 0.2 (4 dB) in contrast to the
near saturated 1.5 GHz scintillations rou-
tinely observed at Ascension Island near
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the crests of the equatorial anomaly of ¥,
lonization as mentioned earlier. The ob-
served scintillation magnitudes at 1.7 GHz
have, however, been found to be compati-
ble with the ambient F-region electron
density and the irregularity parameters
meastred by the rocket. The irregularty
drift velocities measured by the spaced
receiver scintiliation measurements were
in general agreement with the radar inter-
ferometer results, indicating that both the
meter and hundred meter seale irrepulari-
ties conveet together.

A distinet elass of equatorial irregular-
ties known as the bottomside sinusoidal
(BSS) type has been identified. Unlike
equatorial bubbles, these irregularities oc-
cur in very large patches, sometimes in
excess of several thousand kilometers in
the East-West direction and are associated
with frequency spread on ionograms.
Scintitlations caused by such irregularities
exist only in the vhf band, exhibit Fresnel
oscillations in intensity spectra, providing
evidence for a relativelv thin irregularity
layer, and persist for extremely long dura-
tions (as much as several hours) without
any interruptions. These irregularities
maximize during solstices, so that in the
vhf range, scintillation morphology at an
equatorial station is determined by consid-
ering occurrence characteristics of both
bubble type and BSS type irregularities.

Coordinated Measurements of the
Nightside Auroral Oval: A distinct class
of subkilometer high-latitude irregulari-
ties has been identified which can create
localized regions of near saturated vhf
and fairly intense uhf scintillations in the
nighttime auroral F-region. The unique
feature of this class of irregularities is
that it is associated not with large-scale
(several tens of kilometers) organized den-
sity gradients in the F-region, such as

observed at the edges of plasma blobs, but
with velocity shears with shear gradient
scale lengths of 10 km. The presence of
veloeity shears was established by EIS-
CAT ion-drift measurements from the HI-
LAT satellite. The relatively high power
of short-scale irregularities distinguishes
this elass of irregularities, which are
observed to cause strong uhf scintillations
in the auroral region without associated
TEC enhancements (panel B of the figure)
and are expected to be sources of hf
backseatter. Numerical simulation studies
of the veloecity-shear-driven Kelvin-Helm-
holtz instability in the F-region conducted
at the Naval Research Laboratory recent-
Iv show good agreement with the density
and electric field spectra observed experi-
mentally with HILAT and Dynamies Exp-
lorer-2.

fonospheric Modification By High
Power Radio Waves: The characteristics
of self-focusing instability driven by high-
power high-frequency radio waves were
studied by performing simultaneous
radio-star scintillations and enhanced plas-
ma line-intensity measurements by the
uhf radar at Arecibo in January, 1984. As
shown in the figure both scintillation and
enhanced plasma line-intensity fluctua-
tions could be detected over a 6 dB width
of the heater beam when the average
power density in the F-region was ~50
uWm*=. Considerable East-West asymme-
try in the spatial structure of both scintil-
lations and plasma line-intensity fluctua-
tions was observed. Spectral studies of
scintillations indicated an erosion of short-
scale irregularities as the irregularities
were convected downstream. Interesting
changes in the fading characteristies as
the heating mode was switched from over-
dense to underdense were also observed.
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During March, 1984, and November,
1985, the high power hf heating facility
located at Ramfjordmoen (69.6°N, 19.2°E
geographic) near Tromso, Norway, was
used to modify the ionospheric F-region,
and experiments were performed to study
the generation of artificial F-region irreg-
ularities in the daytime subauroral envi-
ronment. For the experiments, 250 MHz
transmissions from a quasi-stationary sat-
ellite were received at the Tromso teleme-
try station. The fluctuations of intensity
and phase of these transmissions were
analyzed to detect the presence of irregu-
larities of F-region electron density
caused by the heater. F-region irregulari-

ties were excited in the daytime subauro-
ral environment, causing 3dB fluctuations
of signal intensity at the 250 MHz trans-
missions of the quasi-stationary satellite.
Spectral analysis showed the excitation of
a narrow band structure corresponding to
approximately 750 m scale size. Fresnel
oscillations in both the phase and intensity
spectra provided evidence for a relatively
thin irregularity layer.

RF-Heating Diagnostics: Renewed in-
terest in the effects of ionospheric heating
by radio frequency energy led to revisit-
ing a data set collected by the AFGL
Airborne Ionospheric Observatory during
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430 MHz scintillations having a relative
power fluctuation > 5 percent. The breaks in
the data correspond to calibration intervals,
The seintiflations using DWO0400 were
contaminated by radar interference and
hence are not shown)

heating experiments conducted at the
NOAA RF Heating Facility at Platteville,
Colorado. in Qctober, 1979. Digital iono-
grams obtained onboard the aireraft dur-
ing a series of rf-heating experiments
showed strong, well-defined backscatter
traces (see the figure) which changed
location within the ionogram, as well as
the sign of the Doppler shift of the back-
scatter signals, depending on range to the
heater facility and the direction of the
flight track towards or away from the
facility. With 3-D ray tracing simulation, it
was possible to synthesize the observed

MHz

Airborne ionogram taken at a ground range
of 375 km to the heater shows 0- and x-
component of field-aligned scatter. (The
simulated traces (0-component only) result,
if field-ahgned irregularities filling a vertical
column at 300 and 400 km ground range
from the aircraft are assumed. The numbers
along  the simulated traces indicate the
height of the irregularities contributing to
scatter at the specified ground ranges.)

echo traces and to infer the extent of the
volume filled with heater-induced irregu-
larities to +100 km extent in the North-
South direction (with respect to the heater
iocation). The structured region had a well
defined northern border, and a height
extent from the bottom of the F-layer to
at least the layer maximum. The AFGL
aircraft has been used to define heating
effects during campaigns with the Areci-
bo, Puerto Rico, and EISCAT, Norway,
heating facilities.

Maximum Entropy Method: Burg’'s
maximum entropy method (MEM) of pow-
er spectral estimation has been exploited
and developed intensively at AFGL for the
last ten years. Applications at AFGL in-
clude magnetic pulsations, sunspot num-




bers, auroral indices, ionospheric phase
and amplitude scintillations, neutral air
densities, charged particle velocity, densi-
tv and electric field measurements, infra-
red molecular spectrum analysis and mass
spectrometry.

Dynamic MEM (a) and Periodogram (b)
Power Spectra for a Set of Amplitude
Scintillation Data Obtained at Ascension
Island from the MARISAT Satellite. (Each
spectrum used 361 observations (10 sec), and
the start time was slipped by 181
observations (5 sec) for each new data set.
The data were quiet from 0-2 minutes,
moderately active from 2 to 3.5 minutes, and
very active from 3.5 to 5 minutes.

In the Ionospheric Physics Division the
emphasis has been on the development of
smooth, slowly changing power spectra
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Four Successive Spectra Taken from Those
Shown on the Previous Figure. (MEM (a)
spectra show clearly the changing character
of the spectrum from batch B3% to B4l.
Periodogram spectra (b) of the same data
sets are overwhelmed by high levels of
spectral noise inherent in the periodogram
method.)

for red noise processes such as iono-
spheric amplitude and phase scintillation,
and charged particle observations. In ex-
tensive studies at AFGL, MEM has been
shown to produce spectra which are opti-
mally smooth, using shorter data sets
than required by traditional fast Fourier
transform (FFT) based techniques. The
MEM spectra are smoother and also
display greatly increased frequency reso-
lution. If the underlying physical process




is changing with time, then dynamic MEM
spectra display inereased time resolution
as well. The figures show MEM and perio-
dogram methods applied to ionosphere
seintillation data. The basic reason for the
success of MEM 1s that instead of making
unredlistic assumptions about the behav-
ior of the time series or of the autocorrela-
tion function (ACFEF) outside of the mea-
surement interval, the method provides a
reasonable, infinite extension of the ACFE.
The Fourier transtorm of the infinitely
extended ACE ix the MEM spectrum. Note
that because of the nature of MEM spec-
tral analvsiy, there ix absolutely no “spec-
trad leakage,” which plagues FFT based
techniques and forees the use of artificial
devices called spectral windows, There is
also no need of spectral smoothing be-
vause the MEM spectrum is optimally
smooth. Finallv. MEM works very well
with much shorter data sets than are
required by traditional FEFT based Fourler
techniques,
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Natl, Radio Neio Mty Boulder, CO (13-16
January 149%6)

Bast, 5. (AFGL); Basv, su.
(Emmanuel Coll.,, Boston, MA); and
Coiky, W.R. (Univ. of Texas,
Richardson, TX)

Temporal Structure of Satellite Signals on
(round and Spatial Structures of Density and
Veloedy 1w the lonosphere at the Crest of the
FEynatorial Anomaly

AGE Mty Baltimore, MD (18:23 May 1986)

Bast, S, {AFGL), Bast, St.
(Emmanuel Coll., Boston, MA), and
Strzer, M.P. (Arecibo Obs,, NAIC,
Arecibo, PR)

Simultaneous Plasma Line and Radio Star
Neintidlation Observations af Arecibo During
lonospheric Modification by HE Wares
Symp. on onosphere Modification by Power
Ridio Waves, Maseow, USSR %12 September
1956}

Bast, St (Emmanuel Coll., Boston,
MA)Y Bast 8. Carwsoxn, H.C (AFGL);

and Srusse, P. (MPI fur Aeronomie,
Lindau, FRG)

Generation of lonospheric Irreqularities at
Nub-Auroral Latitudes Caused by High Power
Radio Wares

symp. on lonosphere Modification by Power
Radio Waves, Moxcow, USSR (812 September
L986)

Baxt, St., Costa, E. (Emmanuel Coll.,
Boston, MA); Bast, SANTIMAY,
ForGerg, P.F. (AFGL); CoLey, W.R.,
and Hernis, R.A. (Univ. of Texas,
Richardson, TX)

Comparison of Spaced Recetver Drift
Measwurements at High Latitudes with
Conpvection Patterns Derived from DE-?
Natl, Radio Sei. Mtg., Boulder, CO (13-16
January 19%6)

Bast, St., MacKexnzig, E. (Emmanuel
Coll., Boston, MA); Bastu, SANTIMAY,
Harnpy, D.H., RicH, F.J., and

KLOBUCHAR, J.A. (AFGL)

Morphology of Scintillation/TEC, Erospheric
Density and Particle Precipitation in the
Auroral lonosphere

AGU Mtg., Baltimore, MD (19-23 May 1986)

Bast, S. (AFGL); Basu, Su.
{(Emmanuel Coll.,, Boston, MA): CoLEY,
W.R., HErLIs, R.A. (Univ. of Texas,
Richardson, TX); CarLsoN, H.C.,
May~yarn, N. (AFGL);, and Lin, CS.
{Southwest Research Inst., San
Antonio, TX)

Density and Electrie Field Turbulence in the
Dayside Cusp and Winter Polar Cap

IAGA Mty Prague, Czechoslovakia (4-12 August
19K

Bast, 8., (AFGL); Basu, St.
(Emmanuel Coll., Buston, MA); SENIOR,
C. (CNFET/CRPE, Saint-Maur-des-
Fosses, France). Carison, H.C.,
Haroy, D.H., Ricy, F.J. (AFGL); and




NiELsEN, E. (Max Planck Institut fiir

Aeronomie Katlenburg-Lindau, FRG)
HILAT/EISCAT/STARE Case Study of F-Region
Irrequilarities in the Nighttime Auroral Oval
[AGA Mtg., Prague, Czechoslovakia (4-12 August
1985)

Bast, Stv., McKgexzig, E. (Emmanuel
Coll., Boston, MA); Bast, S,
MavyxNaRrD, N., Fovcerr, P.F. (AFGLY;
CoLky, W.R., HEELIS, R.A., HaNsoN,
W.B. (Univ. of Texas, Dallas, TX);
WiINNINGHAM, J.D., LiN, C.3.
(Southwest Research Inst., TX); Horagy,
W.R., and LEDLEY, B.G. (Goddard
Space Flight Ctr., Greenbelt, MD)
Simultaneous Density and Electric Freld
Fluctuation Spectra Associated with Velocity
Shears in the Auroral Oval

AGU Mtg., San Francisco, CA (812 December
19%6)

CArLsoN, H.C.

Constraints by Aeronomy on the Plasma
Physics of HF Heater Accelerated Electrons
Nail. Radio Sci. Mtg., Boulder, CO (13-16
January 1986)

Equinor Transition Study (ETS)

Internat. Symp. on Large-Scale Processes in the
Ionospheric-Thermospheric System, Boulder, CO
(2-5 December 1986)

CarLson, H.C. (AFGL); OLIVER, W,
and SavLaH, J. (Haystack Obs.,

Westford, MA)

Initial Results from the September 1984 ETS
Campaign

Internat. Symp. on Large-Scale Processes in the
Ionospheric-Thermospheric System, Boulder, CO
(2-5 December 1986)

CarLsoN, H.C., WEBER, E.J., Bucnav,

J., and ANDERSON, D.N.

Polar lonospheric Wither

Internat. Symp. on Large-Scale Processes in the
[onospheric-Thermospheric System, Boulder, CO
{2-5 December 1986)

Costa, E. (Emmanuel Coll., Boston,
MA), and FouGERE, P.F. (AFGL)
Spaced Receiver Analysis in the Spectral
Domain

Natl. Radio Sci. Mtg.. Roulder, CO (13-16
January 1986)

Costa, E., Bast, St. (Emmanuel Coll.,
Boston, MA); and FouGere, P.F.
(AFGL)

MEM and FFT Analysis of High-Latitude
Spaced-Recetver Measurements

DNA HILAT Mtg., Washington. DC (7-% May
1983); North Am. Radio Sei. Mtg. and Internat.
[EEE/AP-S Syvmp., Vancouver, Canada (17-21
June 1985)

CosTA, E. (Emmanuel Coll., Boston,
MA), FouGerk, P.F. (AFGL}); and
Bast, st. (Emmanuel Coll.,, Boston,
MA)

Spaced-Receiver Analysis of Intensity and
Phase Scintitlation Data

North Am. Radio Sci Mtg., and Internat. IEEE/
AP-S Symp., Vancouver, Canada (17-21 June
1985)

CrEwW, G.B. (Massachusetts Inst. of
Tech., Cambridge, MA); RETTERER, J.M.
(Boston Coll., Newton, MA); CHANG,
T.S. (Massachusetts Inst. of Tech.,
Cambridge, MA); and JASPERSE, J.R.

(AFGL)

The Modeling of lon Accelerafion by Electro-
magnetic lon Cyclotron Resonance

AGU Mtg., Baltimore, MD (19-23 May 1986)

DANDEKAR, B.S.
Improving foF?2 Predictions for Sunrise Hours
AGU Mtg., Baltimore, MD (27-31 May 19%5)

DeaKYNE, C.A. (AFGL); and MEOT-NER,
M. (Natl. Bureau of Standards,
Gaithersburg, MD)

A Molecular Orbital Study of (NH) (HCN), H*
Cluster lons

191st Natl. Mtg. of the Am. Chem. Soc., New
York, NY (13-18 April 1986)




Drcker, D.T. (Boston Coll., Newton,

MA); and Jasregrse, J.R. (AFGL)
Modeling the Midlatitude Daytime Airglow and
Electron Density Protile: A Paramet r Study
AGU Mz, Baltimore, MDY (19-23 May 1926)

Drcker, D.T. (Boston Coll., Newton,
MAY JaseeRse, J.R. (AFGL), Kozyra,
J.U. Nacy, AF. (Univ. of Michigan,
Ann Arbor, MI); and WINNINGHAM,
J.D. (Southwest Res., San Antonio, TX)

Modeling Energetic Ionospherie Photoelectrons
AGU Muygr, san Francisco, CA (%12 December
19%6)

Dextadaro, AV, and KaTavyama,
DH.

Collistion Induced Electronic Transitions in a
Diatomic Molecwle [l Theoretical
Interpretations

Jomnt Dhiv. Mg, of Am. Phys. Soc., Eugene, OR
(18520 June 1956)

Fouvsere, P.F.

Macimum Entropy Spectrum Analysis: A
Review of Two Ertreme Cases. 1. Narrow Band
Processes with Very High Signal to Noise
Ratio. 2. Broadband-Red Noise Processes
Internat. Wkshp. on Data Processing. Colaba,
Bombay. India (February 1985)

Application of Marimum Entropy Spectrum
Estimation to Air Force Problems

Third ANSP Spectrum Estimation Wkshp.,
Boston, MA (November 19%6)

HeENcHMAN, M.

What Can One Learn from Studying the
Renctions of Selectively Solvated Tons?

1%9th Am. Chem. Noc. Natl Mtg., Miami, FL (2R
April-3 May 19x5)

Should One Use the Arverage-Dipole Orientation
Theory or the Adiabatic Capture Centrifugal
Sudden Approrimation Theory for Predicting
the Rate Constants of lon-Molecwle Reaction?

Seventh East Coast ICR and Ton Chemistry Mtg.,

Newark, DE (19 October 19%5)

The Chemistry of Gaseous lons

Brotherton Research Lectures, Leeds, UK (2-15
February 19%6)

(GGas Phase Approaches to Biochemistry: The
Ineredible Story of PO,

Prniv. of Birmingham, UK. Collog. (19 February
19%6)

Reactivity as a Function of Solvation Number
191st Am. Chem. Soc. Natl. Mtg., New York, NY
(13-17 April 1986)

Hexcuman, MJ. (AFGL); Hierr, P.M.
{Univ. of Kansas, Lawrence, KS); and

Pavwsoxn, J.F. (AFGL)

Nucleophilic Displucement in the Gas Phase as
a Function of Temperature, Translational
Energy and Solvation Number

190th Mtg. of the Am. Chem. Soc., Chicago, IL
(8-13 September 1983)

HexncaMaN, MJ., Viceiano, AA.,
Pauvrsown, J.F. (AFGL);, HieErL, P.M,,
and AHRENS, AF. (Univ. of Kansas,
Lawrence, KS)

Reactivity of lonic Clusters as a Function of
Temperature and Cluster Size

Gordon Research Conf., Plymouth, NH (12-16
August 1985)

HierL, P.M., AHRENS, A.F. (Univ. of
Kansas, Lawrence, KS); HENCHMAN,
M.J., ViceiaNo, A.A., and PAULSON,
J.F. (AFGL)

Rate Constants and Product Distributions as
Functions of Temperature for the Reaction of
OH(H,0) with CH,CN

&th Rocky Mountain Regional Mtg. of ACS,
Denver, CO (3-12 June 1986)

Hiere, P.M. (Univ. of Kansas,
Lawrence, KS); HENCHMAN, M.J,,
VisGiano, A.A. (AFGL); AHRENS, ALF.
(Univ. of Kansas, Lawrence, KS); and
PatLsox, J.F. (AFGL)

Effects of Temperature and Reactant Solvation
upon the Rates of lon-Molecule Reactions

33rd An. Conf. on Mass Spectrometry and Allied
Topics, San Diego, CA (27-31 May 1985)

How Does Solvation Affect Reactivity?
Internat. Conf. on Chem. Kinetics, Gaithersburg,
MD (17-19 June 1985)




Hurrmax, RE.

Ultraviolet Aurora from Space

Space Sci. Sem.., Boston, MA (25 October 1985);
IAGA Conf.. Prague, Czechoslovakia (7-14
August 1985)

Introduction to Ultraviolet Radiation/Tutorial
Presentation

SPIE Conf. on Optical and Optoelectronic Applied
Sciences and Engineering, San Diego, CA (17-22
August 1986)

HurrmaN, R.E. (AFGL); Coxway, R.R,,
and MEIER, R.R. (Naval Research Lab.,
Washington, DC) ‘

S.4-4 Satellite Observations of the 0l 16514
Airglow: Implications for the Latitudinal
Variation of Atavije Oryaen

AGU Mtg., San Francisco, CA (%12 December
19%6)

HurrMaxn, RE. (AFGL); IsHioTo, M.,
and Mexg, C.-1. (The Johns L pkins
Univ., Laurel, MI))

Awuroral Morphological Analysis of Fur and
Near UV Spectra

AGU Mtg., San Francisco, CA (%12 December
1986)

HurrMaNn, R.E., LARRABEE, J.C., and
LeBLANC, FJ.

Ultraviolet Limb Radiance Measurements from
Shuttle

AGU Mtg., San Francisco, CA (9-13 December
1985)

HurrMaN, R.E., LARRABEE, J.C.,
DELGRECO, F.P. (AFGL); MENg, C.-1,,
ScHENKEL, F.W., and OGorzaLEK, B.S.
(The Johns Hopkins Univ., Laurel, MD)
Ultraviolet and Visible Atmospheric Imaging
Erperiment Onboard the Polar Bear Satellite
AGU Mtg., San Francisco, CA (8-12 December
1986)

Hunton, D.E., SWIDER, W. (AFGL),
and Caro, J.M. (Brown Univ.,
Providence, RI)

Variations of Water Concentrations in the
Shuttle Environment

AGU Mtg., San Francisco, CA (9-13 December
1985)
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HunTON, D.E., ViGGIANO, AA,,
SWIDER, W., PauLsoN, J. F., and

SHERMAN, C.

Mass Spectrometric Measurements of SFy
Chemical Releases from Sounding Rockets
AGU Fall Mtg., San Francisco, CA (8-12
December 1986)

HuntoN, D.E., Trzcinski, E. (AFGL);
Cross, J.B., SPANGLER, L.H,,
ARCHULFTA, F.H. (Los Alamos Natl.
Lab., Los Alamos, NM); and
VISENTINE, J.T. (NASA Johnson Space

Ctr., Houston, TX)

Quadrupole Mass Spectrometer for Space
Shuttle Applications: Flight Capabilities and
Ground Calibration

1%th Natl. SAMPE Tech. Conf., Seattle, WA (7-9
October 1986)

Mass Spectrometers and Atomic Orxygen

NASA Wkshp. on Atomic Oxygen Effects,
Pasadena, CA (10-11 November 1986)

JASPERSE, J.R.

Models of Proton Aurora Emission

IAGA Fifth Scientific Assbly., Prague,
Czechoslovakia (5-17 August 1985); CNET/CNRS
Mtg., Saint-Maur-des-Fosses, France (20-22
August 1985)

JASPERSE, J.R., and Basu, B.

Exact Solutions for the Thermal Density
Fluctuation Spectra in a Weakly Collisional
Electron-lon Plasma

STATPHYS-16 Mtg., Boston, MA (10-16 August
1986)

Erxact Solutions for the Dielectric Function
and Thermal Density Fluctuation Spectra in a
Weakly Collisional Electron-lon Plasma

APS Div. of Plasma Physics An. Mtg., Baltimore,
MD (3-7 November 1986)

JASPERSE, J.R. (AFGL); DECKER, D.T.
(Boston Coll.,, Newton, MA); and

HurrmaN, R.E. (AFGL)

A Study of Coincident Airglow and Electron
Density Data

AGU Mtg., Baltimore, MD (19-23 May 1986)
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Kartavasma, DLH.

The Cothisional Quenching or Electronteally
Foreited Nitrogen

J0th Molecular Symp. Columbus, OH Q721 June
19x5)

Rotational Evergy Transter in the
Electronically Ervcited B'a. State of N,
Thirty-Fighth An. Gaseous Electrontes Cont,
Monterev, CA 1i5-1% October 1985)

Kartavama, DH., and DeENTAMARO,
ANV (AFGL)

Collisior Induced Electrorie Transitions in a
Diatone Molecule I Erperimental Results
Joint Div. Muye of Am. Phys Soel, Bugene, OR
(120 June 19%6)

KLOBUCHAR, J.A

Design and Characteristics of the GPS
lonospherie Time Delay AMgorithm for Single
i‘/'('{l(/('”('!/ [i\'l'l:\'

Pasition Location and Navigation Svmp.. Las
Vegas, NV T November 1956)

KrosrvcHar, J AL (AFGL) and ABDU,
M.AL (Instituto de Pesquisas Espaciais,
Sao Jose dos Campos, Brazil)

Equatorial fovaspherie Trregularities Produced
by the Bracilian Tonospheric Modification
(BIME) Erperiment

COSPAR Mig, Toulouse, France (30 June-12 July
19%K)

KrosteHar, JJAL ANDERSON, DN
Bisuwor, GJ. (AFGL) and DoHERTY,
P.H. (Emmanuel Coll., Boston, MA)
Measwremnts of Trans-lonospherie Propagation
Parwmeters (n the Polur Cap Jonosphere
Internut. Beacon Sateliite Svmp., Oulu, Finland
(14 June 1986)

Kroptrenar, J.A. BisHop, B., WEBER,
E.. Forcere, P. (AFGL); and
Douerty, P.H. (Emmanuel Coll.,
Boston, MA)

Transionospheric Radioware Propagation
Fiteets an the Polar lonosphere

North Am. Radio Sei. Mtg., Vaneouver, Canada
115-17 June 19=5)

Larraper, J.C., HrreMan, RE.
(AFGL), Conxway, R.R., Mrirr, R.R.,

and Prinz, D.K. (Naval Research Lab.,
Washington, DC)

NS4 Satellite Observations of the N, Lyman-
Birge-Hopftield System Airglow: Orbital
Variation of Vibrational Distribution

AGU Mtg., San Franeisco, CA (R-12 December
19%6)

Ler, M.C. (Massachusetts Inst. of
Tech., Cambridge, MA); CarLsoN, H.C.
(AFGL); and Kvo, S.P. (Polytechnic
Inst. of New York, Farmingdale, NY)
Polar lonospheric Irreqularities and Possible
Sowurce Mechanisms

North Am. Radio Sei. Mtg., Vancouver, Canada
June 1985)

Pavisoxn, J.F., Vicarano, AAL, and
HeENCHMAN, MJ.

Strong Acids and High Electron Affinities
A%th An. Gaseous Electronies Conf., Monterey,
CA (1518 October 1985)

lonic Clusters: Reactivity as a Function of
Temperature and Cluster Size

191st Natl, Mtg. of the Am. Chem. Soc.. New
York, NY (13-17 April 1986)

Pavrsox, J.F., VicsiaNo, AA,
HexcHMAN, M., and Davg, F.
Studies of Negative lon Reactions: Solrated
Tons and Strony Acids

Sth Symp. on Atomic and Surface Physics,
Obertraun, Austria (9-15 February 1956)

PatvLsoxn, J.F., DaLrk, F., VIGGIANO,

A A, HexcHMAaN, M. (AFGL); ApaMs,
N.G., and SMmiTH, D. (Univ. of
Birmingham, UK)

The Reaction of O with €O,

Am. Chem. Soe. Regional Mtg., Denver, CO (9-12
June 19%6)

ReINISCH, B.W. (Univ. of Lowell,
Lowell, MA); BucHat, J. (AFGL);
Dozots, C.G. (Univ. of Lowell, Lowell,
MA); and WeBER, EJ. (AFGL)

Spaced Antenna HE Doppler Observations of
F-Region Drifts in the Polar Cap and the
Awroral Zone

North Am. Radio Sci. Mtg., Vancouver, Canada
(17-21 June 1985)




RETTERER, J.M. (Boston Coll.,, Newton,
MA); CHanG, T. (Massachusetts Inst.
of Tech., Cambridge, MA); and
JAaspersE, J.R. (AFGL)

Ion Acceleration by Lower Hybrid Waves in the

Suprauroral Region

Chapman Conf., Wellesley, MA (June 1983)
Counterstreaming Electron Acceleration by
VLF Turbulence in the Suprawroral Region
AGU Mtg., San Francisco, CA (9-13 December
1985)

RETTERER, J.M., DEckER, D.T. (Boston
Coll., Newton, MA);, STRICKLAND, D.J.
(CPI, Inc., Annandale, VA); and
Jasperse, J.R. (AFGL)

On Modeling Diffuse Auroral Electron
Precipitation and Atmospheric Backscatter
First Huntsville Wkshp. on Magnetosphere/
[onosphere Plasma Models, Guntersville, AL (13-
16 October 1986)

SCHENKEL, F.W., OGorRzALEK, B.S,
GARDNER, R.R., HurcHiNS, R.A. (The
Johns Hopkins Univ., Laurel, MD);
HurrvmaN, R.E., and LARRABEE, J.C.
(AFGL)

Simultaneous Multi-Spectral Narrow Band
Auroral Imagery from Space (11504 to 63004 )
SPIE Conf. on Optical and Optoelectronic Applied
Sciences and Engineering, San Diego. CA (17-22
August 1986)

STERGIS, C.G.

Atmospheric Transmission in the Middle
Ultraviolet

SPIE Internat. Tech. Symp., San Diego, CA (17-
22 August 1986)

STRICKLAND, D.J. (Computational
Physies, Inc., Annandale, VA);
JASPERSE, J.R. (AFGL); WADZINSKI,
H.T. (Bedford Research Assoc.,
Bedford, MA); and DaNIELL, R.E.
(Computational Physics, Inc.,
Annandale, VA)

Proton-Hydrogen-Electron Aurora - Modeling of

Distribution Functions, Ercitation and
lonization Rates and Optical Emissions
AGU Mtg., San Francisco, CA (9-13 December
1985)
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St, T. (Southeastern Massachusetts
Univ., N. Dartmouth, MA); St, A.C.L.
(duPont Co., Wilmington, DE);
VI1GGIANO, A.A., and PatLson, JF.
(AFGL)

Gas Phase lon Molecule Reactions of
Perfluoroolefins
Tth Winter Fluorine Conf., Orlando, FL
(February 1985)

SWIDER, W.

Steady-State Model for Mesospheric Sodium
AGU Mtg., Balumore, MD (27-31 May 1985)
Sodiwm Nightglow and Content: Independent
Behaviors

AGU Mtg., San Franciseo, CA (9-13 December
1985)

Chemistry of the Mesospheric Potassium Layer
AGU Mtg., San Francisco, CA (812 December
1986)

Swinkr, W., HunToN, D.E., and

TrzciNskl, E.

Contaminant Gases in the Shuttle
Environment

AGU Mtg., Baltimore, MD (19-23 May 19%86)
Estimates of Slant Water Content for the 4th
Shuttle Flignt

XXVI COSPAR Mtg., Toulouse, France (30 June-
12 July 1986)

VIGGIANO, A.A., and PAULSON, J.F.
Three-Body Association Rate Coefficients as a
Function of Temperature and Cluster Size
Internat. Conf. on Chem. Kinetics, Gaithersburg,
MD (17-19 June 1985)

Predicting the Temperature Dependences on
lon-Molecule Association Reactions in the Low
Pressure Limit

38th An. Gaseous Electronics Conf., Monterey.
CA (15-18 October 1985)

VIGGIANO, A.A., DaLE, F., and

PavLson, J.F.

Measurements of lon Molecule Reaction Rates
Pertinent to Atmospheric Trace Gas Detection
AGU Mtg., San Francisco, CA (8-12 December
1986)

VicGiaNo, A.A., DEakyYNE, C.A,, and
PAULSON, J.F.
Neutral Reactions on [ons

9th Internat. Symp. on Gas Kinetics, Bordeaux,
France (20-25 July 1986)
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Vicuraxo, AA, HeExcHyan, M. and
Patison, JF.

Nuperacidily

Western Regional Conf. on Gaseous fon
Chenmiistry. Lake Arrowhead, CA (3-5 January
149868y

Nuperacrdity o the (as Phase

Superackd Chem. My, Los Angeles, CA (20-21
February 1986}

Vicorano, AAL Pavisox, JF., and
HexNenyvan, M.

Reactions of Solvated fons
~th Ane Chene Soces Mg, Denver, €O (=12 Tune
14N6)

Vicarano, AL Pavisox, JF,
Hexcuyan, M. (AFGL)Y;, Bancocok, L.,
and Herb, C. (Louisiana St. Univ,,
Baton Rouge, LA)

RFadiative Association: A+ 3 > AB + hy, at
1 to | tarr

[nternat. Cont. on Chem. Kineties, Gaithersbury,
MDDy 1719 June 14x5)

Wanzinskl, H.T. (Bedford Research
Assoc., Bedford, MA);, Jaseersek, J.R.,
Hoerrvan, RE (AFGLY STRICKLAND,
D.J..and DaxieLn, R.E. (Computational
Physics, Inc., Annandaie, VA)
Proton-Hydrgen-Electron Yuroral -
FUV Data teom Satellite NJ-4

AGE Mty San Franeizeo, €A 1913 December
[9x5)

Wekkk, E.J. Carison, H.O, SMibby,
M. (AFGLY and KeLiky, M.C. (Cornell
Univ., Tthaca, NY)

Fileetrie Field Measurements Within a Polar

(up Anrora

AGU Mty San Franciseo, CA (%12 December

JHEGT

Wrrer, E.J., Cartsox, H.C,
JALLENTHIN, J.. Harby, DAL,
Mavyarb, N.C.. McMadoN, W,
Moore, J.G., SMipny, M. (AFGL).
Rovriguez, P. (Naval Research Lab.,
Washington, DC); Prare, R.F. (Cornell

Analysis of

Univ., Ithaca, NY); and GoucGH, P. (The
Univ. of Sussex, Brighton, UK)

Polar fonospheric Irregularities Erperineent.
Prefiminary RBesults

AGU Mty San Francisco, CA (9-13 December
1985H)

WHALEN, J.A.

Longitudinal Dependence of the High Latitude
F-Layer Trough

AGU Mt San Francisco, CA (9-13 December
1985)

TECHNICAL REPORTS
JANUARY, 1985 - DECEMBER, 1986

AxpERrsoN, D.N. (AFGL);, MENDILLO,
M. and HerNITER, B. (Boston Univ.,
Boston, MA)

A Semi-Empirical Low-Latitude lonospheric

Model
AFGL-TR-85-0254 (10 Qctober 1985), ADA 168299

BalLey, A.D., and SHERMAN, C.
FIRMA un Energetic lon Retarding Mass
Analyzer for the BERT-1 Beam Enission
Rocket Test-One

AFGL-TR-86-0109 (19 May 1986), ADA1T&Z231

Bast, 8. (AFGL);, MacKe~zie, E.,
Bast, Sunavna, Costa, E. (Emmanuel
Coll., Boston, MA); Foraerge, P.F.,
CarLsoxn, H.C., and WHiTNEY, H.E.
(AFGL)

250 MH:z/GH: Scintillation Parameters in the
Foauatorial, Polar and Awroral Exvironments
AFGL-TR-86-0070 (2% March 1986), ADA1T2211

Daxpekar, B.S,, and BuchHat, J.
Improving foF? Prediction for the Sunrise
Transition Period

AFGLTR-%6-0028 (29 January 1986), ADA170457

DaNIELL, R.E., STRICKLAND, D.J.
(Computational Phys., Inc., Annandale,
VA), Decker, D.T. (Boston Coll.,




Newton, MA); Jaspersg, J.R., and
Cartson, H.C., Jr. (AFGL)
Determination of lonospheric Electron Density
Prafiles from Satellite U7 Enussion
Measwurements, FY-84

AFGL-TR-85-0009 (26 April 19585), ADA160368

Huxton, D.E., TrzciNskl, E.,
Wrobyka, L., FrpERICO, G., and
Doriax, J., 1LT

Quadrupole Ton/Neutral Mass Spectrometer for

Space Shuttle Applications
AFGL-TR-26-0024 (7 April 1936), ADA172000

KieiNn, MM.

A Parameterized Procedure for Determining
Real Height from lonograms by Use of
Gereralized Parabolic Profiles
AFGL-TR-%5-0101 (% May 1925), ADA160383

SHERMAN, C.
Collection ot lons in the Stratosphere
AFGL-TR-25-0317 (9 December 1985), ADA169905

WeBER, EJ., KLLOBUCHAR, J.A.,
BucHau, J., CarLsoN, H.C., Jr.
(AFGL); LivinegsToN, R.C., DE LA
BEAUJARDIERE, O., McCrEADY, M. (SRI
International, Menlo Park, CA); MoORE,

J.F., and Bisnor, G.J. (AFGL)
Structure and Dynamics of Polar Cap F-
Layer Patches

AFGL-TR-86-0074 (31 March 19%6), ADA175241

CONTRACTOR PUBLICATIONS
JANUARY, 1985 - DECEMBER, 1986

BurcH, J.L., Rrirr, P.H., MENIETTI,
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Dr. Arnold AL Barnes (right), chief of the Cloud Physies Branch, and TSgt Dennis 1. Lagross, research and
development technician, inspect the M-Meter, o device that measures the muass of raindrops. (The other
instruments mounted beneath the wing of the airplane measure the size, shape, and number of particles in the
melting zone of the atmosphere, 3,000-12,000 ft. In this layer, signals from Air Force microwave systems are
absorbed, and communications at higher frequencies are impeded. The data from this Weather Attenuation
Program will help develop methods to predict these fosses.)




IV ATMOSPHERIC SCIENCES
DIVISION

The Atmospheric Sciences Division in-
vestigates atmospheric effects on Air
Force systems and operations. Present
day military operations are at least as
dependent upon the weather as at any
time in the past. While some Air Force
operations will be less affected by weath-
er elements, newer operations will involve
more complex and sophisticated systems
that are weather-dependent. Thus the
search for better methods of observing
and predicting meteorological conditions
continues to be a vital part of the geophys-
ical research program of the Air Force.

During the period 1985-1986, projects in
the Atmospheric Sciences Division have
included: research on cloud and precipita-
tion physics and numerical modeling and
simulation of cloud physics; upper atmo-
sphere specification; atmospheric dyvnamic
modeling and mesoscale prediction tech-
niques; improved techniques for automat-
ic satellite-imagery analysis, research on
obtaining water-vapor profiles from satel-
lites, and the use of satellites in providing
weather data within uncontrolled or ene-
my-controlled areas and airspace; climato-
logical techniques for the design and oper-
ation of Air Force systems and develop-
ment of prediction techniques for toxic
chemical spills; and automated Doppler




weather radar analyvses and coherent po-
larization-diversity radar techniques.

CLOUD PHYSICS

During the past two vears, the cloud
phyzies program has emphasized eloud
microphysies modeling along with efforts
in field programs and instrumentation
development. By incorporating knowledge
gained in the field programs into the cloud
microphyvsics models, we will obtain a
more complete understanding of such mi-
crophysical processes as growth of ice
ervstals and snowtlukes, melting of the
snow 1 the free atmosphere, and the
growth and evaporation of rain and cloud
drops. We have begun to apply the model
results to Air Force areas of interest such
as electromagnetic attenuation, aircraft
icing. nuclear winter, and scavenging of
exhaust products deposited in the atmo-
sphere by large rockets.

Cloud Microphysics Modeling: The
purpose of this effort is to introduce more
detailed microphysies into eloud models in
order to provide more accurate simulated
clouds for Air Force applications. Many
Air Force weapon and communication sys-
tems are affected by processes such as
microwave attenuation which occur within
clouds and precipitation. Better under-
standing of the internal processes of
clouds will enable engineers to design
equipment which will operate more effec-
tively in. and through, elouds and precipi-
tation.

The AFGL Cloud and Mesoscale Model,
a version of the cloud model developed at
Colorado State University, is a two-dimen-
stonal or three-dimensional numerical
model that runs on the Cray-1 computer at
the Air Force Weapons Laboratory
(AFWIL at Kirtland AFB, New Mexico.

The model, which contains parameterized
cloud microphysics, can be run with the
microphysical routines deactivated to
study dry atmospherie circulations, or
with the microphysics activated to study
compiex cloud systems. The model has
been run at AFGL to study thunder-
storms, nuelear firestorms, and dry and
molist mountain circulations.

A one-dimensional warm cumulus model
with detailed microphysics, developed at
AFGL some years ago to study the
growth processes of droplets and the for-
mation of rain in a simple convective
environment, was reactivated and modi-
fied to include ice processes. The model
now allows ice particles to form by either
freezing of droplets or by nucleation, as
well as growth by riming. The model has
been used to study the nature of the
development of rain and hail in mixed-
phase cumulus clouds (those which con-
tain both liquid water and ice particles)
and the sensitivity of the particle-growth
processes to the temperature and humidi-
ty environment.

Both models were applied to a well-
studied Montana cumulonimbus cloud as a
part of the International Cloud Modeling
Workshop at Irsee, West Germany, spon-
sored by the World Meteorological Organ-
ization. The modeled clouds tested the
sensitivity of the models to the concentra-
tions of “cloud condensation nuclei,” or
CCN, which are related to the aerosol
content of the air. When the model input
included the appropriate CCN concentra-
tions, both models predicted proper precip-
itation mechanisms in the cloud. In this
regard, the models also agreed favorably
with each other.

In response to a request from AFWL,
we also ran the cloud and mesoscale model
in three dimensions to simulate urban
mass fires that would be ignited by




nuclear explosions, according to the “nu-
clear winter” theory. These simulations
showed that the height of penetration of
the resulting smoke cloud was sensitive to
atmospheric stability, atmospheric mois-
ture, and the heat intensity of the fire. In
addition to performing the modeling
study, we attended several workshops on
“nuclear winter” and briefed interested
parties at AFWL on the “post nuclear
strike environment.”
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AFGL Cloud Model Output Showing
Cumulus Clouds Developing from Mountain
Circulations.

Mountain Thunderstorm Initiation: The
forecasting of the location and timing of
thunderstorms is an important operational
problem in meteorology. Recent studies at
AFGL have shown that forecasting thun-
derstorm initiation over mountainous ter-
rain may be easier than over flatter land
or ocean. Thunderstorms that begin over
mountaing are important because they can
move out of the mountains to produce
severe weather over neighboring low-
Jands, and storms generated in the Rocky
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Mountains, for example, can merge with
other storms to become Mesoscale Con-
vective Complexes, Often referred to as
“MCC’s,” these extensive cloud systems
are an important source of summertime
rainfall in the central United States and
they produce large areas of cloudiness
which could affect Air Force operations
(see the figure).

Studies with the AFGL Cloud and Meso-
scale Model have shown that the lee side
of mountain ranges is a fertile region for
the initiation of thunderstorms, and that
moisture, upper level winds, and the inten-
sity of surface heating by the sun strong-
ly control the ability of these regions to
produce clouds. Further studies in the
Cloud Physies Branch using geosynchro-
nous satellite data to locate thunderstorm
initiation sites have emphasized the signif-
icance of regions to the lee of mountain
ranges as thunderstorm sources. These
studies also showed that many isolated
mountain peaks are prodigious producers
of thunderstorms.

Instrumentation Development: Work
efforts have continued on improving the
quantitativity of our ground-based, cloud
physics instruments, which have been de-
signed to provide “measurement truth,”
in verification of AFGL cloud modeling
and other efforts. These instruments in-
clude the rain and snow rate meters, the
fall velocity indicator, the hydrometeor
structure recorder, the volume recorder,
and the ASCME liquid-water-content de-
tector. All these instruments are designed
to be as accurate and as fast-responding
as the present state of the art permits.

Work has also continued on the M-
meter, which is designed to measure the
particulate mass content (also spectral
content) of hydrometeors, dust, and atom-
ic debris that might be present in the
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atmosphere (see the figure). This instru-
ment i3 primarily an aireraft instrument
but it can also provide data from the
ground. A patent application for the in-
strument was filed in December, 1985.
The instrument was flight-tested during
the AFGL Weather Attenuation Program
in the spring of 1986. Preliminary results
from those tests indicate that the M-meter
performed exceptionally well and that the
instrument has the potential for becoming
the standard instrument for atmospheric
particle measurements.

Field Programs: Satellite communica-
tion systems operating at frequencies in
excess of 20 GHz are subject to attenua-
tion by precipitation. During the period of
March 15 to May 22, 1986, the Cloud
Physics Branch conducted a Weather At-
tenuation Field Program in the area
around Hanscom AFB. The program in-
cluded direct and indivect measurements
of attenuation, airt.orne meteorological
data from instrumented aireraft (operat-
ing under contract), and surface observa-
tions of drop size spectra and rainfall,
Special loran sondes developed at AFGL




were also used to obtain atmospheric
soundings »f temperature, humidity, and
winds.

Attenuation measurements were ob-
tained using three different methods: (1)
Direct attenuation measurements at 38
GHz from satellite LES-%; (2) Indirect
measurements from vertically pointing
ground radars operating at 2 and 35 GHz;
{3) Airborne K, band radar data.

Airborne meteorological data provided
in-situ measurements of liquid water con-
tent, particle-size distributions and shape,
as well as temperature and humidity. The
new M-meter, designed to measure the
mass of ice and water, was also tested for
collection of precipitation mass informa-
tion in the melting layer.

In the attenuation program, measure-
ments at the surface were made by the
AFGL rainrate meter, a Joss disdrometer
{which measures droplet size distribution),
and a fall velocity indicator. Good data
were acquired by all instruments on most
operational days. Preliminary results of
the data collection program reveal good
correlation between the rainrate meter
and the disdrometer. Also, on certain of
the days there was evidence of correlation
between the rainrate and the attenuation
measured by Lincoln Laboratory from the
satellite.

Approximately 40 flight hours of liquid
water content data were obtained with the
M-meter in the rain, melting layer, and
snow regions of storms. Preliminary anal-
yses of the data for one sortie (March 27,
1986) showed that the M-meter worked
extremely well, although needed calibra-
tion data are still lacking.

Measurement Support: A measure-
ment support program has been conduct-
ed beginning in the summer of 1986 and
continuing. In this program AFGL rain

and snow instruments have been operated
at Otis AFB to provide “ground truth”
measurements in support of the Division’s
Automated Observations Task, the Air
Weather Service, the National Weather
Service, and the FAA.

UPPER ATMOSPHERE SPECIFICATION

Many Air Force systems operate in or
through the upper atmosphere. These sys-
tems include high-altitude reconnaissance
alreraft, missiles, military satellites, opti-
cal and infrared surveillance systems, ra-
dars and communications. These systems,
in addition to a number of technologies
and systems in Project Forecast II, such
as Hypersonic Aerothermodynamics and
Hypersonic Vehicles and Weapons, criti-
cally need precise specifieation of upper
atmosphere properties for systems to be
efficiently designed and effectively oper-
ated. This requires investigating the phe-
nomenology and developing climatologies
and empirical and theoretical models. The
climatologies and models must provide
mean values as functions of the appropri-
ate parameters, such as latitude, longi-
tude, time of year, and solar flux. [t is also
necessary to provide ranges of variability
about the mean values.

Models and Data: The Proceedings of
the Workshop on Middle and Upper Atmo-
sphere Models and Data (held as part of
the COSPAR Meeting at Graz, Austria, in
July, 1984) were edited and published in
1985 as part of a volume in the journal
Advances in Space Research, entitled
“Models of the Atmosphere and Iono-
sphere.”” The volume contains data and
empirical models of the middle atmo-
sphere and thermosphere and theoretical
thermosphere models. The properties in-
clude temperature and winds from mete-
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orological rockets and radar systems, and
from satellite remote sounding; density
from satellite drag data; and composition
from balloon, rocket and satellite remote-
sounding data. Three-dimensional, time-
dependent theoretical thermosphere mod-
els have been developed by numerically
solving the energy and momentum equa-
tions to produce a global representation of
the structure and dynamics of the thermo-
sphere. These are upper-atmosphere gen-
eral circulation models and include energy
inputs from solar ultraviolet and extreme
ultraviolet emissions, and energy and mo-
mentum inputs from the solar wind.

A new set of models developed by
AFGL contractor Groves was published as
A Global Reference Atmosphere from 18
to 50 km™. The models were derived using
satellite remote-sounding temperature
data and rawinsonde and rocket data.
They present structure properties as fune-
tions of latitude, longitude, and time of
vear and constitute the first set of refer-
ence atmospheres for this altitude region
with distinet models for the northern and
southern hemispheres. Since that time,
Groves has extended these models in alti-
tude to 130 km, where they merge with a
set of thermospheric models, MSIS 83
{Mass Spectrometer and Incoherent Scat-
ter), developed by NASA Goddard Space
Flight Center.

Thermospheric Density Variability:
Persisting deficiencies in understanding
lower thermosphere neutral density and
wind variations continue to impact Air
Force operations that require knowledge
of aerodynamic drag effects on space-
vehicle trajectories. These requirements
include design and operation of the Na-
tional Aerospace Plane, satellite tracking
and reentry predictions by Space Com-
mand, and the control and operation of

DoD mission satellites by Space Division's
Air Force Satellite Control Facility. There
is a particularly critical need for better
models in the 90-200 km region. Data are
relatively sparse at altitudes above those
reached by most rockets and below those
reached by most satellites. To provide
users with state-of-the-art understanding
of this region, the Air Force Reference
Aunospheres, 1978, have been extended to
200 km from their previous upper bound-
ary of 90 km.

Temperature measurements from rock-
et experiments and ground-based incoher-
ent scatter radars formed the basis for the
90-104 km region of the forthcoming Air
Force Reference Atmosphere Supple-
ments. Zonally averaged values of temper-
ature, density, and pressure were derived
as functions of altitude, latitude, and
month for the northern hemisphere. From
120-200 km, the MSIS 1983 (Mass Spec-
trometer and Incoherent Scatter) models
were adopted. These models are a func-
tion of altitude, latitude, day of year, local
time, solar flux and geomagnetic activity
Between 104 and 120 km, the two sets of
models were merged such that the MSIS
variations due to local time and solar and
geomagnetic activity decreased from their
appropriate values at 120 km to zero at
104 km.

The models also provide information on
climatological variations in density. Below
120 hiu, available measurements and theo-
retical interpretations were combined to
estimate variability due to tides and gravi-
ty waves. Above 150 km, variability was
determined from AFGL satellite acceler-
ometer-drag measurements. Qur results
provide the most extensive database of
density at low satellite altitudes. Data
from nine flights were used to statistically
evaluate the atmospheric variability repre-
sentations in twelve empirical models. Re-




sults showed that models typically had a
globally averaged one sigma standard de-
viation of 15 percent, with larger errors
occurring at high latitudes and at higher
geomagnetic activity. The study showed a
lack of significant progress in density-
model accuracy improvements over the
past two decades. Our analyses also
revealed errors in model mean values as
functions of latitude, season, and local
time. For example, density values mea-
sured at low-to-middle latitudes near 190
km at 2200 hrs with the sun-svnchronous
S85-1 satellite were 20-30 percent higher
than model predictions. These nighttime
densities generally exceeded those mea-
sured at 1000 hours at the same altitude
and latitude.

The inability of empirical models to
achieve improved accuracy has led to initi-
ation of a new approach for forecasting
density variability, involving incorporation
of new physical concepts and parameter-
izations of dynamics into models. The
basis for these improvements are general
circulation models that consider thermo-
spheric, dynamic, energetic, and chemical
processes as part of the coupling between
the magnetosphere, ionosphere, and neu-
tral atmosphere. A detailed geomagnetic
storm simulation case study was carried
out to compare general circulation and
empirical model predictions with acceler-
ometer density and winds measurements.
The circulation models were more accu-
rate and gave higher resolution descrip-
tions of density variability and realistic
specification of winds, which are not in-
cluded in empirical models. Understanding
of wind motions is important not only for
theoretical knowledge of dynamics, but
because velocities of 1 km per second,
sometimes observed at high latitudes un-
der storm conditions, can perturb drag
because of density fluctuations by up to
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+25 percent. Our study has demonstrated
the feasibility of using dvnamic models to
develop a more accurate density and drag
forecasting capability.

With Laboratory Director’s Funds, the
feasibility of measuring atmospheric den-
sity in the upper mesosphere and lower
thermosphere by using passive satellite
remote-sensing techniques will be evaluat-
ed. This study will evaluate the accuracy
with which density can be obtained; the
cost, weight, and power of the instrumen-
tation required; and the complexity of the
data analysis. The tradeoff study will
provide the basis for consideration of a
remote-sensing system capable of moni-
toring global density in the 80-150 km
altitude region. Such a technique, if suc-
cessful, could provide global density data
in an altitude region where measurements
presently consist of only a few rocket
flights.

Upper Atmosphere Turbulence: An im-
portant part of the Energy Budget Cam-
paign held in northern Europe during
November and December, 1980, was the
rocketborne BUGATTI (Bonn University
Gas Analyzer for Turbulence and Turbo-
pause Investigations) mass spectrometer
measurement of the N, and Ar number
densities. This instrument has a spatial
resolution approaching 20 meters, which
permitted, for the first time, measure-
ments of fine-scale turbulence down to
scale sizes of a few mean free paths.
Measurements were made under quiet
conditions and during a moderate geomag-
netic storm. The turbulence power spectra
were obtained as a function of altitude
between 69 km and 115 km. The measure-
ments during quiet conditions show the
usual inertial, or Kolmogoroff, k** power
spectrum (where k is the wave number) up
to about 110 km, which appears to be the
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turbopause altitude, and a flat noise-like
spectrum above that altitude. This spec-
trum may be generated by the instrument.
The data obtained under moderately dis-
turbed conditions show the Kolmogoroff-
tyvpe spectrum up to about 95 km and
the flat noise-like spectrum at higher
altitudes.
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distribution due to turbulence is very
apparent.)

These spectra might suggest the cessa-
tion of turbulence above 95 km but plots
of the argon/N, density ratio do not
confirm this. (Because of the mass ratio
40/28 the argon/N, ratio decreases rapid-
ly at altitudes above where turbulence
mixing exists.) The argon/N, ratio dips
above 105 km but increases again to 114
km, with a second dip and recovery near
118 km. These data can either be due to an
instrument artifact or suggest a source of
mixing in these altitude regions. To obtain
additional information on this phenome-
non, the statistics of occurrence of the
fluctuations were investigated (see the
figure). The distribution in the figure for
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km. (These data follow the skewness
distribution in the inverse sense of the
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Occurrences of Density Fluctuations for the
110 km to 120 km Region. (Note the close
comparison of the measured data with the
nomalized Gaussian curve, indicating a
noise-like mechanism as the generating
mechanism.)

the altitude region 90 to 110 km is skewed
relative to a Gaussian distribution. This




distribution is similar (except reversed as
expected) to that in the preceding figure
obtained by Chen by analyzing boundary-
laver temperature fluctuations. On the
other hand, the figure for the altitude
region 110 to 120 km shows a Gaussian or
noise-like spectrum. This can be inter-
preted as due to instrument noise or due
to a different mixing mechanism. Since
this result was obtained under moderately
disturbed conditions, it may be due to
additional atmospherie heating resulting
from particle precipitation, or from en-
hanced electron heating due to increased
electric currents or fields.

Analysis of turbulence intensity deter-
mined from Meteorological Rocket Net-
work (MRN) data demonstrates that the
northern latitude (Poker Flat, Alaska, lati-
tude 70°N) winters are much more ener-
getic than the summers, and show a
higher occurrence rate of turbulence. The
Wallops Island results of diffusivities (Ky)
also show this winter-summer trend as
does Cape Kennedy, but the Fort Sherman
{Canal Zone) results indicate a reversal of
these dynamics, where the summer turbu-
lence is more intense than that of the
winter.

When considering the diffusivities (Ky)
we observe the intense variability of the
northern latitude (Thule) winter, and the
more uniform behavior of the summer
season. This is similar to the results of the
rocket grenade data but, because of the
finer scale of the measurement grid, we
have turbulence measurements to lower
altitudes for both winter and summer.
This is particularly true for the lower
latitudes, where the data show an almost
continuous profile down to approximately
35 km. The Wallops data near 30 km show
a ledge of amplitude diffusivity. This phe-
nomenon was noted by Zimmerman and
Keneshea. These large amplitude energet-
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ics are also noted in the turbulent wind
acceleration and total heat production and
loss mechanisms. Moreover, at Cape
Kennedy, we also observe significant win-
ter heating at the lower altitudes, and
again in the summer. There is a sugges-
tion in these energies that they must be
related to a mid-latitude source con-
strained in the upper stratosphere, per-
haps the “jet stream” that migrates
around the mid latitudes.

The turbulence wind acceleration is gen-
erallv balanced, positively and negatively,
except for the winter at Cape Kennedy,
where turbulence provides an effective
drag on the wind system, and at Fort
Sherman in the summer, where there is a
large net acceleration to the mean winds.
The total turbulence heating shows a
general balance of heat production and
loss in the mid and northern latitudes, but
at Cape Kennedy and Fort Sherman for
the winter, and around 60 to 70 km, there
appears to be a significant loss of heat. In
the summer, however, at Fort Sherman,
turbulence is depositing significant heat
into the mesosphere to the value 3 x 10
K per second or 300°K per day.

Specification of Atmospheric Proper-
ties: An important activity has been to
determine Air Weather Service (AWS)
requirements for inputs of improved sci-
entific models and data so that AWS can
provide better weather-related data to us-
ers. To this end working group meetings
have been held both at AFGL and at Air
Force Global Weather Central (AFGWCQC).
Some of the properties for which im-
proved specification is required are: sur-
face v-eather history, visibility, aerosols,
optical transmission, and structure prop-
erties from the surface to the lower ther-
mosphere. The AFGL Optical Physices Di-
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vision has provided the latest upper atmo-
sphere models,

A study was performed on methods of
meteorological data specification and anal-
veix, The emphasis for the former was on
retrievil of data from satellite-borne sen-
sors. Properties ineluded cloud cover, tem-
perature, visibility, fog, moisture, precipi-
tation, and snow cover. Methods of statis-
tical interpolation were investigated ax a
means of obtaining objective analyses of
meteorological data fields,

The Strategie Air Command, the Ballis-
tic Missile Office, the Naval Surface
Weapons Center, and the United Kingdom
are all interested in weather effects on
reentering missiles, Working group and
technical interchange meetings have been
held with representatives of these organi-
zations, Density and windx affect the
targeting  accuracy  of missiles. Under
most conditions the effect maximizes in
the stratosphere. Clouds and precipitation,
hyvdrometeors of all kinds, affect reenter-
ing vehicles. Climatology of cloud tvpes,
heights, and frequency of distribution and
climatology of precipitation type, rates,
and distribution are of interest, as well as
the potential for detailed information of
this tvpe from satellite remote-sounding
instruments,

ATMOSPHERIC PREDICTION

Basic research studies in atmospheric
prediction have concentrated on improv-
ing the representation of moist physical
processes in global and regional scale
atmospheric models. Concurrently, explor-
atory development programs have fo-
cused on the development and evaluation
of giobal and regional layered cloud-fore-
cast techniques and computer-compatible
mesoscale techniques and models which
will provide point and area forecasts

of surface wind and sensible weather
{clouds, visibility, precipitation) for time
periods out to 12 hours. Techniques and
models under development are expected to
have the potential of operational applica-
tion in the Air Weather Service (AWS)
at either the Global Weather Central
(AFGWC() or at the nearly 200 base weath-
er stations which AWS mans around the
world. Consideration is given to the capa-
bilities and/or limitations of current and
future systems in the formulation of mod-
els (techniques). Other studies examine
the benefits that could acerue to opera-
tions if the system capabilities were ex-
panded bevond present operational limits,
particularly as regards additional data
sources.

Global Dynamic Modeling: Much of the
progress attained during the past two to
three decades in weather forecasting ac-
curacy can be attributed to advances in
numerical simulation models of broad-
scale weather circulation patterns. The
accuracy of the numerical models depends
on three factors: (1) the accuracy or com-
pleteness of the physical laws governing
atmospheric interactions, (2) the accuracy
with which the mathematical statements
expressing the physical laws are carried
out computationally, and (3) the adequacy
of databases used to initialize the models.
The global numerical weather prediction
(NWP) program at AFGL uses a research-
grade spectral model of the global atmo-
sphere which follows closely the structure
of many other multi-layer spectral models.
With global spectral models (GSM), hori-
zontal variations are represented by val-
ues in discrete layers. The basic equation
set includes the equations of motion in
sigma coordinates, momentum (represent-
ed by absolute vorticity and divergence),
continuity, and hydrostatic and thermody-




namic equations (the last two in forms
suited to Arakawa vertical differencing).

Certain subgrid-scale physical pro-
cesses must be accommodated within
larger scale numerical simulation mod-
els through procedures known as pa-
rameterization. In establishing a base-
line model at AFGL, we adopted the
global spectral model implemented oper-
ationally at AFGWC as a point of depar-
ture. The parameterized physical pro-
cesses in it fall into three broad catego-
ries: boundary layer processes; moisture
physics, including convective adjust-
ment and large-scale saturation effects;
and subgrid-scale diffusion.

Research and development with the
GSM involves a substantial amount of
computer simulation running with large,
global data-bases. Two computer systems
are being used for these purposes: (1) a
CYBER 860 at AFGL for the preliminary
testing of new procedures in the model’s
software and for the analysis and evalua-
tion, after the fact, of model performance
data and (2) a CRAY-1 computer at the Air
Force Weapons Laboratory for the actual
model simulation experiments. Two five-
day periods that are part of the First
Global GARP Experiment (FGGE) data-
base are being used to test the perfor-
mance of the GSM in generating pre-
dictions of geopotential height, wind,
temperature, and water vapor for time
periods out to 96 hours.

FGGE was designated as a period of
intense international cooperation in 1979
during which atmospheric and oceano-
graphic observational field programs
were undertaken to provide a ‘“‘state-of-
the-science” database of operational and
research-grade measurements to support
a wide-range of global and regional re-
search and development purposes. The
FGGE database has become the basis for
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major numerical weather prediction
(NWP) modeling research and develop-
ment efforts world-wide. For studies con-
centrating on cloud and moisture process-
es and prediction globally, it is particular-
ly ideal when augmented by the highly-
detailed 3D cloud (neph) analysis fields of
AFGWC.

Earlier studies with the baseline GSM
had demonstrated that moisture forecasts
are the least skillful aspect of the model,
exhibiting only minimal skill at all fore-
cast intervals from 12 to 96 hours. This
problem was attributed, in part, to the
poor quality of the analyzed FGGE mois-
ture fields, to the moisture physics param-
eterization schemes, and/or to the vertical
advection and interpolation schemes for
the model’'s moisture variable, specific
humidity.

Objective Analysis and Data Assimila-
tion: The accurate global depiction of
atmospheric variables (height, wind, tem-
perature, humidity, and clouds) is crucial
to the initialization of global NWP models.
During the period of this report, particu-
lar attention has been paid to the objective
procedures used to first analyze and then
assimilate humidity information. To that
end, five-day experiments were conducted
to assess the impact of alternative sources
of humidity information on the accuracy
of global relative humidity analyses. The
sources considered were: satellite mois-
ture retrievals, surface weather observa-
tions, and the AFGWC 3-D nephanalyses
{cloud amounts). Collocation studies were
conducted to compare each of their esti-
mates of humidity with radiosonde values.
While humidities inferred from surface
weather observations and the 3-D neph-
analyses were found to agree well, the
TOVS moisture retrievals were not and
were excluded from further study. Subse-




quent nelusion e the slobal dninyses
demonstrated that the 32D nephianadyses
in particular ha L beneticiad impaet on the
anadvees at all levels Drom 1000 16 300 0 h,

The AFGL GSM owith very snaplitied
physies representations wias then sub-
Jeeted to w0 series of INhowre simudation
experiments after being mitidized with
ditferent humudity Nelds. Without vonvee-
tive adjustiment, the model was found o
be fargely insensitive to the specification
of nitial humiddity. A GRM with conveetive
adjistment resulted in better foreciasts
when aneedvsis hased on 52D nephanal
vaisand radiozonde hunmidity observations
was  Used  toinitialize the model The
relative in=ensitvity of the forecast model
to variations innitialized humidity fields
points to the need to enhanee moist physi-
cal parameterizations in the model in
corjunction with the enhanced humidity
analyvses,

Planetary Boundary Layer Processes:
For simplicity. most global ecirculation
models neglect the influence of surface
moisture flux over land because they are
miinlyv concerned with the prediction of
maxs und motion ficlds and, perhaps, pre-
cipitation. In the quest for global models
tatlored for mosture and cloud forecast-
ing. surface moisture flux can have impor-
tant influences on the divrnal develop-
ment of the planetary boundary laver,
related low cloud fields, and mass and
motion patterns in general. Considerable
research has been concentrated, there-
fore. on the development of maodels for
stabilitv-dependent potential evaporation,
for <oil hvdrology, for potential evapora-
tion, for transpiration, and the canopy
water budget in the atmospheric bound-
ary laver. In accounting for surface heat
and moisture fluxes over land, snow, und
ice (as well ax over water, as is commonly

done mooperationa] models), the boundary
Fver model (BLMY ineludes acdivrnal evele
and aosurface enerpy budget caleulation.
It has been structured o uecount for
<urface albeda, <ol tvpe, snow . jee charae-
teristivs, and vegetation tvpe. As xuch, it
explicithy predicts hour-bv-hour the depth
of the houndary laver, the ground surface
(or =Kin) temperature. dir temperature

st above the ground, =otl temperature

and mostire, and boundary laver winds,
stability. and cloud amount,

In order to accommodate the additional
teatures represented by the new bound-
ary luver procedure, the AFGL GSM was
restructured vertically to provide greater
resolution in the lower troposphere. In-
creasing the vertical favering in the
boundary layver meant decreased layering
in the stratospheric region in order to
retain a structure with a total of twelve
lavers. Foreeast simulation experiments
were conducted with the 1979 FGGE data
setls substittiting the new BLM for the
version In the operational model. The fig-
ure Hlustrates the dynamic response of
the global prediction maodel to the new
BLM at one particular geographic location
(near Omaha, Nebraska) over a four-day
period. Particularly noteworthy is the abil-
ity to replicate the diurnal variation of the
depth of the boundary laver which is
tvpically shallow at night and, as iflustrat-
e here, can he several kilometers thick on
ome days and less w0 on others depend-
ing on broader seale environmental condi-
tions,

Cloud-Radiation Interactions: Another
factor neglected in many global circula-
tion models, but one that has greater
importance when the model’s purpose is
moisture and cloud forecasts, is radiation
effects. A broadband emissivity and ab-
sarptivity approach was used to develop a
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computationally reasonable parameteriza-
tion model to account for the transfer of
thermal, infrared, and solar radiation in
clear and cloudy atmospheres. The emis-
sivity for the individual absorption bands
was derived either from band models (wa-
ter vapor and ozone) or line-by-line data
(carbon dioxide). High clouds in the atmo-
sphere were treated as non-black and their
emissivity, transmissivity, and reflectivity
were parameterized in terms of their ver-
tical ice content. Solar radiation was ac-
counted for by developing broad-band ab-
sorptivity for water vapor, carbon dioxide,
and ozone. Cloud reflection and transmis-
sion properties were parameterized in
terms of liquid water content and solar

zenith angle. These properties were then
used to compute upward and downward
radiative fluxes for clear and cloudy atmo-
spheres having one or two layers.

The principal impact that properly ac-
counting for the effects of solar and
terrestrial radiation has in a GSM is net
radiative cooling in the troposphere (par-
ticularly in the tropics) and slight heating
in the tropical stratosphere. This is illus-
trated in the figure, which depicts the
zonally-averaged 24-hour radiative tem-
perature tendency from pole-to-pole based
on two model simulations, one accounting
for cloud-radiation effects and the other
not. In nature (and hopefully in a numeri-
cal simulation model) the net cooling ef-
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feets of rudiative processes are offset or
bulanced by heating due to exchange pro-
cesses 1 the boundary laver and convee-
tive cloud processes. Thus, adding proce-
dures i the model o account for uet
radiative conling has to he complemented
by approprinte modificuations to the other
components ax well, TUIs i this area that
re<eurch with the AFGL G3)M s presently
hetng conducted.

Moist physical provesses in the atmo-
sphere tvpicadly oceur on spatid seales
smaller than the scale that can be resolved
by a global prediction model. Thus their
effects are simulated via g parameteriza-
tion process that seeks to account for the
<ub-grid seale events on the spatial scale
of the model. The third area that such
been focusimg on is the
treatment of cumulus conveetion where
the effects of condensation, evaporation,
and the vertieal transport of heat and
moizture by cumulus clouds is aceounted
for an the mode] grid. The objective of the
modifications made to the existing proce-

research  has

Jures was o design a procedure beteer
suited o clowd and motsture prediction
and less focused on convective precipita-
tion. To that end, an alternative partition-
g of caleulation of the vertical (convee-
tive) advection. of potential temperature
theat), and speeific humidity. was devel-
oped. In addition, the procedure now incor-
porutes the explicit caleulation of the con-
veetive cloud top height based on convee-
tive strength and environmental stability
and more completely accounts for the
effects of dry alr entrainment on the
cloud’s heating and moistening profiles.

Here. agrain, global forecast simulations
have been run using the 1979 FGGE data
sets. In comparing model runs with the
new cumulus convection procedure, there
s 1 noticeable increase in the globally-
averaged convective precipitation rate
during the first 12 hours of the simula-
tion. During the remaining ¥4 hours of the
Y46-hour simulation, the model tends to
systenatically dry out (produce less and
ivoo precipitation). However, when the
new boundary laver procedure and the
cloud-radiation procedure are also added
to the model, the inereased precipitation
generation is maintained throughout the
simulation period. While the research pro-
gram is inits very earliest stage of testing
the integrated effect of the new moist
physies procedures, and the results and
conclusions reached must be viewed as
preliminary, there are elearly positive and
complementary attributes added to the
AFGL GSM with the new physics rou-
tinex. The more extensive boundary layer
treatment to include exchange processes
over land and snow/ice areas, as well as
Over ocean areas, is providing a means of
transporting heat and moisture into the
lower tropnsphere where convective pro-
gesses can, where appropriate, distribute
them vertically through an environment in




which the effects of radintive heating and
cooling processes are being accounted for.

Regional NWP Models: The operational
Ailr Force requires cloud forecasts on
horizontal scales (50-100 km) that can only
be obtained, computationally, through the
use of limited-area or regional NWP mod-
els. Because there has been substantial
interest internationallv in forecast'ng
mass, motion, and precipitation on these
scales, there is ample evidence that re-
gional models can indeed deliver useful
and more detailed forecasts of these vari-
ables out to 48-60 hours. Here, again, the
main USAF interest is for cloud and
moisture forecasts, where little emphasis
has been placed up to now.

We undertook the development of a
research-grade relocatable limited-area
NWP model (called RLAM), structured in
a flexible modular fashion to accommo-
date testing and experimentation. As with
the GSM, the principal research and devel-
opment focus will be on the impact of
alternative moist physics processes on
model performance. In view of the likely
sensitivity of the cloud and moisture fore-
casts to numerical and dynamic factors, as
well as moist physics, a modular structure
has also been used for those aspeets. The
RLAM would, in an operational forecast-
ing setting, be executed in a nested frame-
work using initial and boundary condi-
tions from a GSM. Two or more options
exist for solving each of the following
components of the RLAM: vertical discre-
tization, horizontal discretization, time in-
tegration, lateral boundary conditions and
filtering. The initial version of the model
contains separate routines to activate a
simple moist convection scheme, a dry
convective adjustment, and a simple
boundary layer flux of momentum and
temperature over water,

Tests of various versions of RLAM thus
far have involved intercomparisons with
the predicted fields of an operational re-
gional model and the GSM. This testing
has uncovered a number of computational
issues related to model execution time and
the extent to which smoothing procedures
have to be applied in order to maintain
numerical stability in the model simula-
tion. The current physics routines have
been found to produce boundary layer
fluxes, moist convection, and precipitation
In reasonable agreement with the opera-
tional regional model's fields. With the
establishment of a functioning RLAM, a
series of experiments is being prepared
which will lead to the test and evaluation
of the impact of the advanced physics
routines (described earlier in the discus-
sion on global dynamic modeling).

Mesoscale NWP Models: A research
program is underway to develop generic
mesoscale NWI' models for cloud and
precipitation forecasting applications at
both AFGWC and in base weather sta-
tions. The basis of these studies is a three-
dimensional hydrostatic, moist primitive
equation model which, in its first form for
testing, was initialized with a single radio-
sonde and modified by underlying terrain
variation. The model structure consists of
16 terrain-following surfaces and a square
domain spanning 500 km with a grid
resolution of 20 km. Initial testing of the
model using special data collections in
central Texas during NASA's AVE-VAS
program revealed a number of model
weaknesses. These problems appeared to
stem from the initialization, the lateral
houndary conditions, and the treatment of
surface energy-budget terms. An alterna-
tive to the single-sounding initialization
approach was studied wherein a network
of relativelyv dense surface observations
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wias used i conjunction with the single
sounding to initialize model fields through
the boundary layver. While this simple
blending approach vielded improvements
for potential temperature and mixing ra-
tio, the initialized wind fields were, in fact,
degraded. Research is preseutly focusing
on refinements to this approach to re-
solve, In particular, the inherent weak-
nesses that exist.

Regarding lateral boundary conditions,
three alternative treatments are being
evaluated for meso-beta scale models of
the tvpe being used. The alternatives are:
a combination of fixed pressure and ther-
modynamic boundaries and extrapolated
velocity boundaries, a sponge boundary
which absorbs waves by reducing their
phase speed as they approach the bound-
ary, and radiation-tvpe boundaries which
seek to allow unwanted wave distur-
bances to propagate ocut of the model
domain with no reflection at the boundary.
Both one-dimensional and three-dimen-
sional model simulations have been used
to evaluate the alternatives. Analytical
one-dimensional shallow water models
provide a fast, computationally efficient
means to initially test ways to incorporate
global forcing in lateral boundary-condi-
tion formulations. The testing with 3-D
models completed thus far hus used a dry,
hydrostatic model and has focused primar-
iy on multi-dimensional (1-, 2- and 3-D)
radiation conditivins. Numerical instabili-
ties related to the vertical component of
wave-phase speed and complications due
to unrealistic depletion of mass in the
model integrations have limited the extent
to which a selection of the preferred
boundary condition for meso-beta scale
NWP models can be made.

Lastly, research is concentrating on the
formuiation of methods of accounting for
diurnal variations of ground surface tem-

perature in order to more properly model
the fluxes of energy from the surface into
the boundary layer of a mesoscale NWP
model. To this end, a soil-slab model has
been formulated using the so-called force-
restore method. It explicitly specifies the
diurnal variation of ground surface tem-
perature which in turn drives the calcula-
tion of soil heat flux. The framework of
the soil-slab model allows numerical sensi-
tivity tests of relevant physical process;
e.g., the response of surface-temperature
amplitude and phase to moisture availabil-
ity, surface roughness, and thermal capac-
1ty.

Mesoscale Prediction Techniques: Im-
provements in mesoscale (or short-range)
weather prediction can be tied to a more
complete description of the atmosphere at
observation time and changes in its recent
past. The extent of spatial and temporal
detail incorporated into this capability,
generally referred to as “nowcasting,” is
largely dependent on the basic data
sources used in the analysis. At this point
of technology development, the potential
of combining conventional surface and
radiosonde observations with digital satel-
lite (imagery and sounding) and radar
imagery (Doppler and conventional) offers
promise of substantial improvement in our
ability to more completely describe the
state of the atmosphere (nowcast). That
potential is greatest in mesoscale meteor-
ology with geosynchronous satellite
(GOES-type) data (which provides practi-
cally continuous views of the same geo-
graphical area at half-hour intervals), with
the use of minicomputer-based interactive
graphics systems, and with the viable
emergence of meso- and cloud-scale NWP
models.

The products of the nowcasting studies
are computer-generated descriptions of




the state of the atmosphere derived from
successively more complete data sets.
Theyv provide the basic input to short-
range (mesoscale) prediction models. Mod-
els must be tailored to: (1) the limitations
of the nowecast data sets, (2) the forecast
range of interest, (3) varying levels of
sophistication in the treatment of the
physics of the prediction problem, and (4)
limited computer capacities. The principal
determinant for the approach taken for a
particular forecast model is forecast
range. For the very short-range prediction
(0 to 6 hours), fairly simple extrapolation/
translation models are most appropriate
because more complete numerical models
can never be expected to be executed
operationally in a timely enough manner
to be useful.

The main constraint placed on these
development efforts relates to their poten-
tial application within planned AWS mini-
computer systems with or without an
interactive graphics capability. This
means that the techniques under consider-
ation are either objective (completely com-
puter-generated) or interactive (assume a
trained forecaster using computerized
procedures to assist in the prediction solu-
tion). The goal, again, is to develop models
for point and area forecasts of winds and
sensible weather for time periods out to 12
hours.

Expert Systems: The science of short-
range weather forecasting is based, to a
very large extent, on the diagnostic and
interpretive skills of professional meteor-
ologists. The process through which they
assimilate fragmented pieces of data on
complex and evolving weather systems is
itself complex and molded through experi-
ence. It is based on known physics princi-
ples, supplemented by a pragmatic knowl-
edge of the complex interrelationships
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understood to exist in the atmosphere in
space and time and fine-tuned through an
experience-data-base structured in one
form or another on forecasting rules or
guidelines acquired on one’s own or
learned from others. In principle, then, the
problems in short-range weather forecast-
ing may be amenable to exploitation by
artificial intelligence or expert system
computer methods.

Short-range (0 to 6 hour) forecasting of
in-theatre conditions can depend heavily
on the effective gathering, interpretation,
and application of environmental informa-
tion. The volume of data potentially avail-
able to the operational forecaster through
modernized computer-based weather sup-
port systems coming into the AWS inven-
tory within the next 5-10 years presents a
human information processing challenge
of substantial proportions. Two studies
were undertaken to evaluate the potential
of artificial intelligence, or expert system,
approaches to aiding weather forecasters
in effectively evaluating short-range fore-
cast problems in a timely manner.

In one study a prototype expert system
for the classical single-station weather
forecasting problem was developed. The
skills required to maximize forecast quali-
ty based on such limited data are being
lost because of the growing sophistication
of numerical weather prediction models,
statistical forecasting methods, and data
assimilation/communication systems.
However, single-station forecasting skills
continue to have applications in (1) mili-
tary scenarios involving remote locations
that may encounter communications inter-
ruptions; (2) improving local short-range
forecasting, both in terms of forecast
quality and forecaster skills; and (3) pro-
viding station data interpretation as a part
of a much larger meteorological expert
system that would accept input from nu-
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merical models, radar. satellites, and oth-
er sensors. Protocol for the expert system
was collected by having a meteorologist
experienced in single-station forecasting
prepare forecasts for a number of case
studies from archived data. The prototype
used an expert system building shell
which allows the use of forward and
backward chaining rules, frames, and oth-
er functions and procedures which can be
written in LISP. The initial prototype
performed ax an experienced meteorolo-
gist's assistant and included an extensive
use of graphics.

The second study focused on the predic-
tion of low visibility due to fog at three
military bases in the mid-Atlantic region
(Dover AFB, DE: Seymour Johnson AFB,
N and Fort Bragg, NC). Separate rule-
based expert systems were developed for
each location based on svnoptic and sub-
svnoptic reasoning, guidelines available in
local forecast studies, and by interviewing
experienced weather forecasters at the
bases. The rules were organized into a
decision-tree type of structure, augment-
ed by evaluating historical low-visibility
events and evaluated via a two-month
systemi utilization phase in each of the
identified USAF base weather stations.
Based on the results of the two feasibility
studies, it can be concluded that short-
range weather forecasting is an area
where the attributes of expert systems
can be utilized operationally, following
more rignrous and extensive development
efforts.

SATELLITE METEOROLOGY

The performance of many Air Force
systems can be strongly affected by the
geophysical environment. For this reason,
invest’- ' g into improving methods of
observing and predicting meteorological

conditions continue to be a significant
element of the research program carried
out by AFGL. Research in satellite mete-
orology is focused on a broad range of
remote-sensing areas in an effort to pro-
vide the Air Force with ever-improving
capabilities of acquiring and analyzing
real-time environmental satellite data.

Projects in satellite meteorology include
improved satellite image-processing tech-
niques for the automated analvsis of
clouds, the investigation of infrared and
microwave spectral regions for retrieving
atmospheric temperature and water vapor
profiles, and the assessment of incorporat-
ing satellite data to provide moisture pa-
rameters for numerical weather predic-
tion (NWP) models. Most of the data for
these studies comes from the primary
sensors onboard meteorological satellites,
including polar-orbiting Defense Meteoro-
logical Satellite program (DMSP) and Na-
tional Oceanic and Atmospheric Adminis-
tration (NOAA) spacecraft and also from
the NOAA Geostationary Operational En-
vironmental Satellite (GOES). Data from
each satellite are used for different pur-
poses, but they all yield information indis-
pensable for assessing the state of clouds
and weather within the atmosphere.

An important tool used by the Satellite
Meteorology Branch in the past has been
the Man-computer Interactive Data Ac-
cess System (McIDAS) and, more recent-
lv, the AFGL Interactive Meteorological
System (AIMS). Currently under develop-
ment, AIMS is a networked system of
minicomputers and image-processing
workstations designed to acquire, process,
manage, and display satellite imagery
along with conventional meteorological
surface and upper-air weather data in real
time. The interactive capabilities of AIMS
allow AFGL scientists to display research
results on a color monitor and readily




compare those results with the supporting
data used to generate them. Limitations to
research algorithms are identified and
corrected using such interactive capabili-
ties.

Cloud Analysis Using Nighttime Muiti-
spectral Imagery: The most significant
problem facing ecloud analysis based on
satellite data is finding low clouds and
fogs by using thermal channels. There-
fore, a multispectral nighttime low-level
cloud analysis method was developed. The
analysis technique was tested using mul-
tispectral infrared imagery from Channels
3(3.7 um), 4 (10. 7 ym), and 5 (11.8 uym) of
the OAA-7 Advanced Very High Resolu-
tion Radiometer (AVHRR) to generate
cloud amounts and cloud top heights for
sub-pixel resolution clouds, i.e., for clouds
which only partially fill a satellite sensor’s
field of view. Motivation for this work has
come from the success of the AVHRR in
identifying low clouds over the oceans at
night as part of an automated sea surface
temperature (SST) retrieval process. A
model for upwelling radiance for each of
the three spectral regions 3.7 um, 10.7 um
and 11.8 ym was written. With this model
it is possible to compute upwelling ther-
mal radiances at the top of the atmo-
sphere, given background temperature
and emissivity, along with an atmospheric
temperature profile. From the radiances,
an algorithm for the cloud amount and
cloud-top was developed.

Results of the multispectral window-
channel algorithm for cloud analysis dem-
onstrated its soundness and success in
detecting low clouds and in est'mating
their tops and fractional cloud cuver in
nighttime AVHRR multispectral imagery.
Test case comparisons using manually
selected clear and cloud-filled regions of
AVHRR imagery showed good agreement

between the multispectral analysis results
and human imagery interpretations.

Multispectral image-Processing Tech-
niques Using GOES Data: One way to
differentiate between low and middle-level
clouds over large geographic areas in a
way that allows for easy identification is
the use of false color multispectral imag-
ery. Multispectral images of the earth and
its atmosphere are constructed at AFGL
by combining images from three channels
of the GOES Visible Infrared Spin Scan-
ning Radiometer (VISSR) Atmospheric
Sounder (VAS) and NOAA AVHRR sen-
sor packages. The infrared imaging sen-
sors for both of these instruments mea-
sure upwelling inirared radiances cen-
tered at 3.7 um, 10.7 um, and 11.8 um. In
these spectral bands, the atmosphere is
nearly transparent and cloud and terres-
trial-surface emissions dominate the up-
welling radiance measurements. A false
color image is constructed by allowing
each channel’s individual imagery to drive
one of the three primary colors (red,
green, and blue} of a color monitor. Red is
driven by the 3.7 um imagery, green by
the 10.7 ym imagery, and blue by the 11.8
um imagery. To produce an image with
dark backgrounds and bright clouds, the
lowest brightness temperatures are as-
signed the brightest intensities, while the
highest brightness temperatures are as-
signed the darkest intensities, where the
measured brightness temperature for a
particular channel at a given earth loca-
tion governs the intensity of its primary
color. When the three colors are combined
into a single image, the result is a false
color image.

The false color image accentuates sev-
eral striking feawures (see the figure).
First, there is an excellent land/sea de-
marcation mainly due to the strong con-




NOAAT AVHRR 3.7 um Imagery for June 11, 1982, at 0800 GMT over South Carolina. (Note how well the fog
(feature Ay contrasts with the adjacent cloudfree land (feature B); 3.7 um imagery is useful for the detection of
nighttime fog and low clouds. Contrasts are poor between low clouds and cloudfree land or oceans in longer-
wuvelength 10-12 pm imagery, making it difficult to use for detection of low clouds and fogs at night. Next
generation DMSP meteorological sensors will be providing imagery at 3.7 pm.)

trast between land and ocean skin temper-
atures. Second, low clouds appear red-
orange hecause water droplet clouds ap-
pear cooler in 3.7 um imagery than in
either 10.7 um or 11.8 um. Third, high thin
cirrus clouds appear turquoise because
proportionally more 3.7 ym radiance emit-

ted from surfaces underneath the cirrus
reaches the satellite sensor than does
either 10.7 um or 11.8 ym radiances.

Microwave Studies: Microwave tech-
niques for the passive and active sensing
of meteorological parameters from space




are being developed at AFGL. Microwave
instrument systems are presently, or soon
will be, flown on space platforms. The
availability of the microwave data will
provide the key input for investigations of
the retrieval of atmospheric temperature
and water vapor profiles, microwave im-
aging, and multispectral visible/infrared/
microwave image-processing techniques.

Radiative transfer of microwave radia-
tion (3-300 GHz) through clear, cloudy,
and rainy atmospheres is being studied.
The theory and interpretation of this up-
welling microwave radiation are in turn
related to the design of microwave sen-
sors for atmospheric temperature and wa-
ter vapor profiles, and for the detection of
rain and other geophysical parameters.
These parameters are of importance to
Air Force operational weather forecasting
and numerical weather prediction (NWP)
techniques.

A new sensor, the Special Sensor Micro-
wave/Imager (SSM/I), is an “all weather”
meteorological and oceanographic sensor.
AFGL was the initiator and technical
leader in the development of the SSM/L
The SSM/I will be flown on an operational
spacecraft of the DMSP, scheduled to be
launched in 1987. It is a passive scanning
radiometer which measures energy emit-
ted from the earth-atmosphere system in
seven microwave channels with an earth
swath that is 1394 km wide. The seven
channels consist of four frequencies from
19.35 GHz to 85.5 GHz, with three of the
four frequencies employing both vertical-
ly and horizontally polarized channels.
Relationships among the brightness tem-
peratures from the various channels pro-
vide a means to determine several geo-
physical parameters.

A simulated set of SSM/I microwave
brightness temperatures, provided by
Hughes Aircraft company, is being used

at AFGL to develop techniques to process
and display SSM/I data. From a set of
microwave brightness temperatures, val-
ues of specific environmental parameters
can be derived. Image-processing tech-
niques have also been developed to display
such retrieved parameters on AIMS in a
clear and succinct form.

Automated Cloud Analysis: The
Air Force Global Weather Central
(AFGWC) at Offutt Air Force Base,
Nebraska, has been performing opera-
tional cloud analyses on a global scale
since January, 1970. The current cloud
analysis model, known as the Real-Time
Nephanalysis (RTNEPH), has been in
use since August 1, 1983, and is an up-
dated version of the original 3-Dimension-
al Nephanalysis model (3DNEPH) de-
scribed by Fye (1978). RTNEPH routinely
provides a global analysis of total cloud
cover and cloud layer amount for a variety
of operational and research users. Cloud
analysis is performed by analyzing satel-
lite imagery from the DMSP Operational
Linescan System (OLS) sensor and merg-
ing the results with surface observation
reports. AFGL has been tasked with im-
proving the satellite data processing por-
tion of the RTNEPH and with investigat-
ing the addition of new channels to the
analysis.

Several problem areas have been identi-
fied with the RTNEPH satellite processor
as it currently exists. The visible cloud-
detection algorithm must contend with
DMSP satellites that fly close to the
terminator. Visible data collected near the
terminator contain nearly saturated re-
gions where the sensor looks back toward
the sun. For this reason, the visible pro-
cessor of the RTNEPH generally ignores
early morning visible data. However, im-
proved models of bi-directional reflectance
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may allow some of these data to be used
by the RTNEPH. The infrared cloud de-
tection algorithm tends to fail in situa-
tions when thermal contrast between the
cloud and the background is weak, such as
low stratus over cold ocean. AFGL scien-
tists have shown that the addition of one
or more thermal channels ean significant-
Iv improve the detection of low clouds.
Another problem area in the RTNEPH ix
estimating the coverage of small-scale
clouds. Tmprovements in processing visi-
ble data muay be realized by a new algo-
rithm which has been developed, while
improvements in processing infrared data
are possible using multichannel models.

Theory of Differential Inversion: Satel-
lite-based techniques for remote tempera-
ture sounding of the atmosphere may be
grouped into three classes: statistical,
quasi-physical. and the truly physical us-
g inverse transfer theory. In the statisti-
cal methods, the most probable tempera-
ture profile iz sought which fits the ob-
served radiance values. The physics is
completely 1ignored. In the quasi-physical
approach, of which the Chahine method
may serve as an example, an initial profile
is assumed which then “‘relaxes” to the
observed radiances. Only the last method
recognizes the faet that the temperatare
profile is physically specified as an inverse
transform of the radiance profile. With
the differential inversion technique, the
temperature inference problem has re-
ceived its solution by equating the temper-
ature at an atmospheric level to a linear
sum of the radiances and their local deriv-
atives weighted by coefficients related to
the weighting function.

Because of its importance, the reason-
ing which led to the differential inversion
technique (but not the mathematics) is
included here. Transfer theory relates the

externally viewed thermal emission to the
integral transform of the Planck intensity
over pressure, and a kernel weight fune-
tion which depends on the line character
of the sampled frequency interval. Except
for the Laplace kernel, the inverse opera-
tion has proved intractable because of the
nonexponential character of the weight
funetion. With a differential deconvolu-
tion approach, the inverse transform diffi-
culty has been bypassed using a theorem
relating the Planck intensity to the local
behavior of the radiances at the conjugate
pressure level. This differential inversion
technique has been generalized to treat
weight functions of arbitrary character.

Although the differential inversion
method provides the mathematical and
physical solution of the temperature infer-
ence problem, much vet remains to be
done before the algorithm can be opera-
tionally used on the DMSP system. The
main problem is the determination of the
limits of inversion error posed by the
accuracy to which the radiances are
known. In other words, does a useful
temperature inference make impossible
demands on the radiance data? This prob-
lem is being addressed under the “Differ-
ential Spectroscopy for Remote Tempera-
ture Sounding” contract with Creative
Optics, Ine. Although a positive result is
avidly sought, even a negative finding
would be helpful in exposing what temper-
ature information can or cannot be mean-
ingfully inferred.

Once these inference limits are firmly
established, we may then proceed with the
construction of an objective temperature-
sounding algorithm with only engineer-
Ing, ana nol analysis, difficulties o over-
come.




BATTLEFIELD WEATHER

The Battlefield Weather Observation
and Forecast System (BWOFS) is an ad-
vanced development program that, when
fielded, will eliminate critical shortfalls in
tactical weather support to Air Force
and Army operations. The objective of
BWOFS is to develop methods to gather
vital weather information and process it
for use by battle staff planners and air-
crews. It provides a key to optimizing
force effectiveness during varying weath-
er conditions. To meet this objective,
AFGL divided the BWOFS into two com-
ponents. The first component does the
target area data acquisition. The second
component, called Tactical Decision Aids,
applies the data using a series of algo-
rithms which combine environmental data
with target intelligence and weapon sys-
tem characteristics to provide an electro-
optical effects forecast.

Weather Data Within Battle Areas: As
defined by the Military Airlift Command'’s
Statement of Need (MAC SON 508-78 for
Pre-Strike Surveillance/Reconnaissance
System, or PRESSURS), the Air Force
critically needs the ability to observe and
collect weather data at points within un-
controlled or enemy-controlled battle ar-
eas and airspace. Data must be processed
and transmitted for use in Tactical Air
Force decision assistance at in-theatre
weather facilities. Weather is a major
factor in determining the success or fail-
ure of tactical air missions. Timely weath-
er data, plus a knowledge of its effect on
Air Force systems, is vital to the battle
director in making tactical decisions. To
accomplish this, these data must be pro-
vided to the in-theatre weather facilities in
near real-time.

MAC SON