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Foreword

This report summarizes the recent
achievements and progress of onguing
programs at the Air Force Geophysics
Laboratory. It is the twelfth in a series
initiated by AFGL's predecessor. the Air
Force Cambridge Research Laboratories
{AFCRL). Written primarily for Air Force
and DoD managers of research and de-
velopment. it shows how AFGL met the
needs of Air Force systems and cxtended
the technology base in geophysics during
the period from January, 1933, through
December, 1984.

Loyttt 3

JOSEPH D. MORGAN. III
Colonel, USAF
Commander
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I AIR FORCE GEOPHYSICS
LABORATORY

The mission of the Air Force Geophysics
Laboratory (AFGL), Hanscom AFB, Mas-
sachusetts, is to understand the geophys-
ical environment in which Air Force
systems operate in order to counteract its
detrimental effects on these systems, or to
use its special properties to their advan-
tage as, for example, in the over-the-
horizon radar system, where radio signals
are scattered from the ionosphere.

Since 1982, AFGL has been part of the
Space Technology Center (STC), with the
Air Force Weapons Laboratory and the
Rocket Propulsion Laboratory, headquar-
tered at Kirtland AFB, New Mexico. The
Space Technology Center reports to the
Space Division of the Air Force Systems
Command.

This report describes the research pro-
grams, activities, and achievements of
AFGL from January 1, 1983, through De-
cember 31, 1984. 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 re-
sulting technology was transitioned into
the Air Force in the form of computer pre-
diction codes, tactical decision aids, data
bases, design standards, atlases, computer
models, feasibility studies, and prototype
hardware and software.

In 1983, AFGL Commander Colonel
John Friel undertook the first major inter-
nal reorganization of the Laboratory since
the mid-1970’s. The Computer Center
Branch became the Information Resources




Management Division, recognizing the
important role of computers in geophysics
research. The Aeronomy Division was
abolished, and two new scientific divisions
were created: Ionospheric Physics and
Infrared Technology. The Terrestrial
Sciences Division was renamed the Earth
Sciences Division and the Meteorology Di-
vision became the Atmospheric Sciences
Division. The Laboratory’s scientific staff
of 283 scientists and engineers was thus
organized into seven divisions instead of
six: Ionospheric Physics, Aerospace In-
strumentation, Space Physics, Atmos-
pheric Sciences, Earth Sciences, Optical
Phuysics, and Infrared Technology. The re-

The Air Force Geophysics Laboratory is 17
miles west of Boston at Hanscom AFB. where
it is a tenant of the Electronic Systems Divi-
sion of the Air Force Systems Command.

search programs of these divisions will be
discussed in the chapters that follow.

Colonel John Friel commanded AFGL
until October, 1983, when he was suc-
ceeded by Colonel Gerald P. D’Arcy, who
had been Vice Commander of AFGL since
1979. Colonel Rodney Bartholomew
assumed the office of Vice Commander in
January, 1984. In March, 1984, Colonel
Joseph D. Morgan, III, was selected to be-
come the new Commander of the Labora-
tory. He assumed his duties in June, 1984.
In November, 1984, Colonel Morgan
established the first System Program
Office at AFGL for the management of the
CIRRIS 1A program.




Scientific Staff: The strength of the
Laboratory lies in the capability and repu-
tation of its scientific staff. Of the 283 sci-
entists and engineers at AFGL, 98 have
doctor’s degrees, 79, master’s degrees, and
100 hold bachelor’s degrees. Several sci-
entists won recognition for their contribu-
tions to defense and to science.

Dr. Christopher Jekeli, principal theo-
rist of physical geodesy in the Earth Sci-
ences Division, received the Defense Map-
ping Agency’s Research and Development
Award in 1983, the second such award to a
member of the Earth Sciences Division in
two years. Dr. Jekeli resolved a critical
dependency in the calculated accuracy
values of the DMA gravity gradiometer, a
unique instrument that measures changes
in the earth’s gravity field from a moving
vehicle. Among other applications, it will
greatly increase the accuracy of intercon-
tinental ballistic missiles.

Brazil presented the "Merito Santos
Dumont” medal to three members of the
staff for their contributions to the joint
programs that the Laboratory conducted
with the Brazilian Institute of Space
Activities: Charles D. Howard (1983) and
Edward F. McKenna (1984), of the Aero-
space Instrumentation Division; and Dr.
Rocco S. Narcisi (posthumously, 1984), of
the Ionospheric Physics Division.

Two staff members were appointed to
the Senior Executive Service: Dr. Donald
H. Eckhardt, Director of the Earth Sci-
ences Division, and Rita C. Sagalyn,
Director of the Space Physics Division. Dr.
George W. Simon, formerly Chief of the
Solar Research Branch at Sacramento
Peak, New Mexico, was appointed to the
super grade of Senior Scientist in the
Office of the Director of Space Physics. He
is a Payload Specialist Astronaut in train-
ing for NASA's Spacelab-2 and Sunlab
missions.

The reputation of the Laboratory's sci-
entific staff is further attested by the elec-
tion of AFGL scientists as fellows of their
professional societies: the Optical Society
of America (eight fellows), the Royal
Astronomical Society, the American Asso-

w

A third of AFGL’s scientific staff hold the
Ph.D. degree.

ciation for the Advancement of Science,
the Geological Society of America, and the
Mineralogical Society of America, and
members of prestigious academies, such as
the New York Academy of Science.
Other AFGL scientists have been in-
vited to serve on international commit-
tees, such as NATO Panel AC243, Panel
IV, RSG6 and RSG14; the U.S. National
Committee of the International Scientific
Radio Union (URSI); U.S. Study Group 6
of the International Radio Consultative
Commission; Remote Sensing Group of the
International Radiation Commission; In-
ternational Association of Geomagnetism
and Aeronomy (IAGA), Division III,
Working Group on Magnetic Pulsations;
Joint JAGA/URSI Working Group on
Neutral ind Ion Chemistry; International
Association for Meteorology and Atmos-
pheric Physics (IAMAP) Working Group
on Aerosols and Climate; International
Agency Coordinating Committee on Mid-
dle Atmosphere Programs; the World
Data Center A for Solar Terrestrial
Physics; International Union of Pure and
Applied Physics (IUPAP) representative
to the Monitoring Sun Earth Environment
Committee (MONSEE) of the Scientific
Committee on Solar Terrestrial Physics
(SCOSTEP); Solar-Terrestrial Physics
Committee, Geophysics Commission of
the Pan American Institute of Geography
and History; India and U.S. Steering Com-




mittee on Solar Terrestrial Research Col-
laborative SFC Projects; U.S. National
Cemmittee for the International Union of
Geodesy and Geophysics, Steering Com-
mittee U.S.-Japan Seminar on Heliomag-
netosphere; Committee on Space Research
(COSPAR), Interplanetary Medium and
Its Interactions; Earth’s Middle Atmos-
phere and Lower lonosphere; Interdisci-
plinary Scientific Commission on Space
Studies of the Upper Atmosphere of the
Earth and Planets; URSI/COSPAR Task
Group on International Reference lono-
sphere, International Standard Organiza-
tion, U.S. Subcommittee Advisory Group
for ISO/TC-20/SC-6, Standard Atmos-
phere.

Two scientists from the Space Physics
Division were invited by the Academia
Sinica to give lectures in the Peoples’ Re-
public of China in 19835.

In the United States, AFGL scientists
were called to serve on such important
committees as the Fletcher Commission
(President’s Strategic Defense Initiative
Committee); the OSD Working Group on

A seminar room is dedicated to the memory of
Dr. Rocco S. Narcisi, who died on March 27,
1984. Mrs. Mary Narcist assists AFGL Com-
mander Col Joseph D. Morgan, 11, in hanging
a memorial plaque. Dr. Narcisi served as
Chief of the lonospheric Disturbances and
Modifications Branch from 1963 to 1984. He
was the first to measure the ion structure of
the D-region of the ionosphere, including the
main meteor belt. He received a USAF Excep-
tional Civilian Service Award (1972) and the
Merito Santos Dumont Award from Brazil
(1984}, in addition to AFGL's Marcus D.
O'Day and Guenter Loeser awards.

Nuclear Disturbed Environments; the
IRIS Specialty Group on Targets, Back-
grounds, and Discrimination; the Tri-
Service lonospheric Effects Symposium;
the U.S. Committee on the Extension to
the Standard Atmosphere; NASA, DoD
Sixteenth Annual Precise Time and Time
Interval Applications Meeting; Military
Space Systems Technology Model
(MSSTM); Committee on Solar Terrestrial
Research and Committee on Geophysical
Data of the National Academy of Sciences;
Air Force/NASA Spacecraft Contamina-
tion Steering Committee and Committee
on Spacecraft Environmental Interaction;
U.S. National Organizing Committee,
19th International Cosmic Ray Confer-
ence (1985); Committee on High Tempera-
ture of the American Society for Mass
Spectrometry; U.S. Technical Advisory
Group to the International Electrotechni-
cal Commission on Classification of En-
vironmental Conditions.

Several AFGL scientists are editors of
professional journals and members of pub-
lications boards, such as the Chairman of
the Books Board of the American Geo-
physical Union; Associate Editor of the
Journal of Atmospheric Sciences; co-editor
of Radio Science (special issues on Iono-
spheric Studies by means of Beacon Satel-
lites and lonospheric Effects Symposium
1984); editor of Proceedings of 1984 MIT
Symposium on the Physics of Space
Plasmas; Associate Editor, U.S. National
Report to XVIII General Assembly, Inter-
national Union of Geodesy.

AFGL is well aware that to maintain its
excellent technical staff it must interest
the best young scientists in its mission and
its technical programs. To accomplish this
objective, the Laboratory has for a number
of years participated in programs to
attract and encourage ynung post doctoral
scholars to continue their research at the
Laboratory with internationally recog-
nized experts in their fields.

One such program is the National Re-
search Council Post Doctoral Associ-
ateship. Through this program, candi-
dates receive one-year appointments (with




an opportunity to renew fur one additional
year) as regular or senior appointees. Re-
cently, there have been four or five such
appointees at AFGL each year, including
both United States and foreign citizens.

The AFGIL Geophysics Scholars Pro-
gram was launched in the fall of 1982. This
program also awards one-year fellowships
which can be reviewed 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 country.
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 success of the program.

A third program in which the Labora-
tory participates is the USAF Summer
Faculty Program, administered by the Air
Force Office of Scientific Research. It
places qualified faculty members from
universities across the country in Air
Force laboratories during the summer
months. AFGL has benefited from twelve
to fourteen such appointees each summer
during the past two years.

During the reporting period, the
Laboratory sponsored a number of key
workshops in which teams of scientists
from other government agencies, univer-
sities, and private contractors joined the
AFGL staff to pool information and plan
research on such problems as auroral dis-
ruptions at high latitudes that degrade
radio and radar transmissions (HILAT
Workshop, 1983'; the physics of the polar
cap, in which theory lags behind ex-
perimenta! data (Polar Cap Workshop,
1983); space hazards to asironauts (Space
Radiation Environment and Radiobiolog-
ical Effects Workshop, 1984); and space
hazards to modern microelectronics
(Space Radiation Effects Science Team of
Combined Release and Radiation Effects
Satellite, 1984).

AFGL scientists also published in the
open literature 385 journal articles and 94
reports and presented 284 papers at scien-
tific meetings. Bibliographies of these
items are included at the conclusion of
each of the following chapters.

Annual Budgets: The annual budgets
for the two years covered in this report are
shown in the accompanying table. The to-
tals include salaries, equipment, travel,
supplies, computer rental, service con-
tracts, and those funds going into contract
research. The largest expenditure is for
contract research and development.

Funds received from AFGL’s higher
headquarters, the AFSC Director of Sci-
ence and Technology (DL), and to a lesser
extent those received from AFSC organ-
izations other than headquarters, are used
to conduct continuing programs.

AFGL receives support from the Elec-
tronic Systems Division, the host organ-
ization at Hanscom AFB, in accounting,
personnel, procurement, security, civil en-
gineering, and supply. Holloman AFB,
New Mexico, provides services to the
AFGL Balloon Detachment. AFGL sup-
ports RADC’s small laboratories at Hans-
com in the areas of the Research Library,
laboratory materials needed for the ET
mission, the computer, technical photog-
raphy, mechanical and electrical en-
gineering, laboratory layouts, electronic
instrumentation, and woodworking.

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

Field Sites: AFGL operates several field
sites, the largest of which is the Ground-
Based Remote Sensing Facility in Sud-
bury, Massachusetts. During the report-
ing period, work was completed on a new
dual-frequency Doppler-weather radar
system operating at a wavelength of 10
cm. [t is being used to develop models for
the automated interpretation of features
of storms that affect Air Force operations.
A separate Weather Test Facility is lo-




TABLE 1
SOURCES OF AFGL FUNDS
FISCAL YEARS 1983 - 84
FY 83 FY 84
(In Millions)

Air Force Systems Command-DL 60,655 64,064
Air Force Systems Command-Other than DL 11,822 8,296
Air Force 142 649
Defense Nuclear Agency 4,928 4,785
Defense Mapping Agency 5,483 2,801
Army 244 1,617
Navy 69 60
Department of Energy 61 101
National Aeronautics and Space Administration 463 238
Department f Commerce 64 40
Defense Communications Agency 1,758 2,000
Defense Advanced Research Projects Agency 440 414
Department of Transportation 0 130
University Corporation for Atmospheric Research 0 3
University of Maryland 26 74
$86,155 $85,272

cated at Otis ANGB, Massachusetts.

In New Mexico, AFGL operates a bal-
loon launch site at Holloman AFB and at
Sunspot maintains the Solar Research
Branch (seven scientists) of the Space
Physics Division at the Sacramento Peak
Solar Observatory.

At Goose Bay Station, Labrador,
AFGL’s Gonse Bay Ionospheric Labora-
tory 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, inciuding the
Fort Churchill, Canada, rocket range;
Fort Wainwright and Eielson AFB, Alas-
ka; Albrooke AFB, Canal Zone; Vanden-
berg AFB, California; and the White
Sands Missile Range, New Mexico. In
addition, the Poker Flat Rocket Range,
Alaska, and commercial airports are also
used.

AFGL launched 47 research balloons
during this period from its permanent bal-
loon launch facility at Holloman AFB,
New Mexico, as well as from temporary
sites at Roswell, New Mexico, Corpus

Christi, Texas, Vandenberg AFB, Califor-
nia, and Fort Ethan Allen, Vermont. Thir-
teen of these flights were tethered balloon
missions.

During January and February 1983, a
tethered aerostat was successfully flown
for several weeks from Fort Ethan Allen,
Vermont, to test its capability to remain
aloft under severe winter conditions, in-
cluding icing and winds. The Balloon
Branches conducted a test flight and suc-
cessful mid-air recovery of the BAMM II
payload, leading to the development flight
of the total BAMM system from Corpus
Christi, Texas, on June 1, 1984. Again, a
successful C-130 mid-air retrieval was
effected.

AFGL balloons carried test and ex-
perimental payloads for Space Division,
Electronic Systems Division, the Depart-
ment of Energy, the U.S. Army, U.S.
Navy, NASA, the National Center for
Atmospheric Research, as well as a num-
ber of universities.

In 1983, twelve sounding rockets were
launched in support of AFGL scientists.
Ten flights were totally successful, but on




two flights rocket-motor failurc occurred
(see Appendix B). All payload systems per-
formed as planned.

Five sounding rocket programs started
development in 1984 and are scheduled to
be flown in 1985. About one half of the
technical effort normally applied to re-
search vehicle work is now devoted to free-
flyii.g satellite and shuttle payload-
system. integration. In the report time
period, experiments were flown on two
free-flying satellites and three shuttle
flights.

Technology-based research has con-
tinued in the areas of microprocessor-
based adaptive telemetrv systems, in-
telligent data-processor systems and
command/control systems. A base line de-
sign of a multiuse shuttle-detached
spacecraft system was developed. Utility
and cost comparisons show this could be a
viable option to the present high-cost shut-
tle payload system.

In November, 1984, AFGL broke
ground for a new two-million dollar
Payload Verification and Integration
Facility, the first new construction at
AFGL since 1970. It will permit AFGL to
control the environmental and structural
testing of spacecraft, rocket and balloon
payloads, formerly done at contractor
facilities. Increased reliability of compo-

The foundations of the Payload Verification
and Integration Facility are poured in
November 1984. Spacecraft, rocket and bal-
loon payloads will undergo environmental
and structural testing in this building under
the direct supervision of AFGL.

nents and payloads is anticipated from the
new facility. It will consist of a high bay
area and a two-story laboratory area. En-
vironmental test machines for vibration,
shock, spin, thermal and structural test-
ing will be installed in the high bay area.
A telemetry test facility to monitor en-
vironmental tests will be built on the
second floor of the laboratory area over-
looking the high bay area. A clean room,
providing a dust-free environment, will
a'so be constructed in the laboratory.
Other laboratories will be equipped for
thermal-cycling and thermal-vacuum
component acceptance testing.

Adjusting the Detector Optics of AFGL's
Lidar Receiver in the Receiver Room of the
Lidar Laboratory. (The light backscattered
from the laser beam is collected by a 36 in
Dall-Kirckham telescope. the bottom of
which is shov n here.s

LIDAR Sounder Facility: In October,
1983, AFGL’s new LIDAR (Light Detec-
tion and Ranging) facility became oper-
ational. It consists of a laser transmitter. a
36-in. telescope receiver. control electron-
1cs, a4 data processor. and a safetv radar.




The transmitter emits ten pulses of light
per second with a peak power of 200 mil-
lion W along a path pointed vertically. The
light pulse is 10 ft long. It scatters off aero-
sol particles, dust, and molecules of gas in
the atmosphere. Some of the light energy
will dissipate in the air and some will be
scattered back to the source, where it will
be collected by the telescope receiver. This
return signal is then analyzed to obtain
the density, temperature, and comvosition
of the atmosphere up to a height of 62 mi.
This instrument is being developed for fu-
ture use .t the national space ranges. It
will replace the more expensive balloon
and rocket technology used in the past to
obtain atmospheric information.

AFGL Computer Facilities: During the
reporting period, AFGL continued its
long-range program to update its comput-
er facilities. The former Computer Center,
which consisted of a large, central-site pro-
cessing facility, has been totally replaced
by a broad-band local area network inter-
connected to a main frame and numerous

AFGL is replacing its former central-site
processing computer facility by a broad-based
local area network interconnected to a main
frame and numerous medium-size vertical
memory hosts. The fully operational network
will be timplemented by the end of FY86.

medium-size virtual memory hosts. The
initial hosts are a CDC Cyber 170-750, a
VAX-11/780,and a VAX-11/750. The CDC
Cyber 170-750 is to be replaced in July,
1985, with a CDC Cyber 180-860. A pilot
network which has been operational since
the spring of 1983 consists of three main

host systems and numerous intelligent
terminals such as IBM PC’s, Tektronix
color graphic terminals, and an Apple II
personal computer, as well as DEC
VT100's and VT102 terminals. The fully
operational network will be implemented
by the end of FY 86 and will be valued at
$19 million.

A long-range evolutionary plan was
completed during FY 84 for AFGL's
migration toward an advanced, full capa-
bility, distributed, miltimedia informa-
tion system. This plan addresses future
network enhancements and seivices, the
translation of future user needs into in-
formation system capabilities, the ti» .-
phasing of information system growth,
and the identification and definition of vi-
able alternative information-system
architectures to meet the stipulated evolu-
tionary needs.

AFGL Research Library: The AFGL Re-
search Library has the largest and most
comprehensive scientific and technicai re-
search collection in the United States Air
Force. This collection is international in
scope and includes extensive holdings in
mathematics, chemistry. physics, astro-
physics, electronics, and geophysics. Each
year the library adds more than 2,500 new
titles to the book collection. The library
also subscribes to approximately 1800 cur-
rent periodical titles. Of these, approx-
imately 4,000 volumes are bound each
year and added to the permanent collec-
tion. In-house and contractor technical re-
ports from AFGL and the Electronic Sys-
tems Division are also maintained, both in
paper and microfiche.

In addition to its collection of publica-
tions, the library offers computer-aided
literature searches. This service provides
the patron with immediate access to mil-
lions of citations from journals, books. re-
ports, proceedings and reviews published
throughout the world. On-line interactive
searching of the Defense Technical In-
formation Center’s (DTIC) several files. as
well as many commercially available data
bases, gives the library user immediate
access to much of the world’s scientific and
technical information.




Pumping Out Nosecone Section of Aerobee
150-Rocket Before Launching Grazing Inci-
dence Extreme Ultraviolet Spectrometer (40 -
1250 A).




I IONOSPHERIC PHYSICS
DIVISION

lonospheric physics is the study of the
physical and dyvnamical properties of the
earth’s upper atmosphere at altitudes
from approximately 60 km to 1,000 km,
the region where Air Force communica-
tions and surveillance systems operate.
AFGL measures the electrical structure,
electron concentration, total electron con-
tent and the ionic structure of the iono-
sphere, as well as the extreme ultraviolet
radiation which creates most of the iono-
sphere.

The vltraviolet radiations present in the
upper atmosphere are the principal ener-
gy source affecting the structure and prop-
erties of this region. In addition. ultra-
violet radiations can be used to help solve
defense problems in the areas of missile
surveillance and tracking, spacecraft hori-
zon sensing, atmospheric/ionospheric
sensing for communication and detection
purposes, and technical intelligence.
These radiations are measured principally
by means of satellites, although rocket
measurements are used in the definition of
new concepts and in the development of
instrumentation for satellite use.

The electrically charged particles in the
upper atmosphere also have a significant
effect on the propagation of radio waves.
The concentration of these particles varies
significantly during disturbed conditions
such as polar-cap absorption events, au-
roral events and ionospheric scintillation
events and can degrade the performance of
satellite communications systems. The Di-
vision 1s measuring these events by means
of various instruments on sounding roci'-
ets, satellites, the Space Shuttle and the
Division’s C-135 aircraft.
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The atoms, molecules, ions, and photons
present in the upper atmosphere constant-
ly interact. These interactions are investi-
gated in the Laboratory, and the rates at
which the reactions occur are measured.
Theoretical work is conducted on model
development of the ionosphere and var-
ious plasma effects. The results of these
investigations are of direct relevance to
the Integrated Operational Nuclear De-
tection System at Space Division and to
the Ballistic Missile Office.

In addition, there is an extensive theo-
retical and experimental research pro-
gram to investigate the large-scale
processes which structure the global
lonosphere (such as the polar cap. the au-
roral oval, the F-layer trough, and the Ap-
pleton Anomaly). The large-scale struc-
turing results from complex interactions
of neutral winds and ionospheric plasma,
electric field-driven plasma drifts, ion
chemistry, and particle precipitation. It
affects Air Force systems operating pri-
marily in the hf range.

The Ionospheric Physics Division also
investigates the medium- and small-scale
processes from tens of kilometers to centi-
meters in size that lead to the formation of
irregularities (as observed, for example, in
equatorial electron concentration (N, de-
pletions. in the high-latitude ionosphere,
and in the recently discovered polar-cap
F-layer auroras and patchesi. The
medium- and small-scale irregularities re-
sult from various plasma instabilities, on
some occasions from localized strong parti-
cle precipitation, as. for example, in dis-
crete auroras. They affect radio propaga-
tion in the frequency range from hf
through shf and are therefore of impor-
tance to Air Force systems from the hf-
based over-the-horizon backscatter radar
to the satellite communrications systems
(AFSATCOM, MILSATCOM) operating
over the whole uhf and part of the shf
band. The same physical processes apply
to similar effects. even up to ehf frequen-
cies and in the nuclear-disturbed iono-
sphere.

ULTRAVIOLET RADIATION

UV Imaging from Satellites: Ultra-
violet radiation from the earth’s iono-
sphere is being used to develop remote-
sensing methods for determining the
ionospheric electron-density profile and
for the auroral disturbance region. These
improved methods will enhance operation
of Air Force communications and radar
systems. The feasibility of identifying re-
gions at high latitudes that result in radio
wave scintillation is also of interest, as
these regions simulate the effects of high-
altitude nuclear bursts.

As proof of concept of this application of
ultraviolet radiation, the Auroral:lono-
spheric Mapper (AIM) was launched on
the Defense Mapping Agency HILAT
satellite in June. 1983. This ultraviolet
imager obtained a strip map of the earth’s
ionosphere seen from the polar-orbiting
satellite at about 830 km. A movable mir-
ror on the earth-viewing side of the stabi-
lized satellite made repetitive cross-track
observations. When these light-intensity
measurements are displayed in proper
registration on the ground. a map is pro-
duced. The daytime auroral oval can be
seen above the dayglow levels. Spatial res-
olution was about 5 by 20 km,; spectral
resolution was 30 A ; and any one of a
series of preselected wavelengths in the
1100-1900 A region could be used. Excel-
lent images were obtained. but unfortu-
nately an electronics failure after about
three weeks of data collection severely
limited the amount of data obtained.
However, non-imaging photometers at
3914 A and 6300 A continue to give guod
data.

An improved ultraviolet imager will be
flown on the Polar Bear satellite in late
1986. This imager is named Auroral
Ionospheric Remote Sensor AIRS), and it
differs from AIM in that simultaneous im-
ages can be made in different wavelength
bands. During daylight, two UV
wavelength bands can be used. such as
oxygen 1356 A and a group of nitrogen
Lyman-Birge-Hopfield bands. At night.




3914 A and 6300 A images can be obtained
as well. Also possible will be higher spatial
resolution backgrounds for missile de-
fense applications. The simuitaneous im-
ages will permit tests of remote sensing
codes also being developed in this division
with the ultimate use to be the Special
Sensor Ultraviclet (SSUV) on the Defense
Meteorological Satellite Program satel-
lite.

UV Measurements of Missile Engines:
As a preliminary step in obtaining ultra-
violet measurements of missile exhaust
plumes for use in the Strategic Defense
Initiative, some measurements were
obtained using available laboratory
equipment. Static test firings of the Titan
II first and second stage engines were con-
ducted at Aerojet General, Sacramento,
California, in September, 1984. These
observations were limited by the UV
transmission of air at ground level to
wavelengths longer than about 2000 A.
Total intensity measurements were made
and coordinated with imaging data ac-
quired by Science Applications, Inc., on
the same tests. Good quality measure-
ments were obtained, and it is planned to
continue work of this kind with the goal of
building a good spectral and spatial data
base on boost-phase missiles.

Solar UV Radiation in Stratosphere:
On 20 April 1983, a solar ultraviolet spec-
trometer was carried to a height of 40 km
in the stratosphere by an 11 million cubic
foot balloon. Solar radiation in the range
from 1850-3200 A was measured during
ascent, a 2 h period at float altitude, and
during descent to 28 km, where measure-
ments were terminated. The data
gathered were compared with that from
similar flights of the same instrument in
1977, 1978, 1980 and 1981. These dates
span the rising portion of the current 11-
year solar activity cycle, the peak period
and the beginning of the decline in activ-
ity. Comparison of the measured intensi-
ties in the range from 2350-2870 A shows
that the solar cycle change on this
wavelength range, which is a large part of
the solar heating input to the strato-
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sphere, is less than 7 percent and may be
essentially zero.

Data in the range from 2000-2200 A
taken during ascent were analyzed to
yield a measurement of the optical absorp-
tion coefficient of molecular oxygen. The
value of this parameter is important to the
photochemistry of the stratosphere as it is
a determinant of the concentrations of
ozone and atomic oxvgen, both highly
reactive species. A measurement of the
molecular oxygen absorption coefficient is
difficult in the laboratory because of the
long absorption path required, a measure-
ment condition easily attained in the
stratosphere by using the sun as a source.

Structurein2to 5 eV Spectra: The exis-
tence of marked structure in the 2to 5 eV
energy spectra of near-earth photoelec-
trons has been predicted by theory and
observed experimentally. This structure.
arising from resonant vibrational excita-
tion of N, is seen as a valleylike dip in the
spectra near 2.5 eV and is predicted by
theory to be most prominent at low alti-
tudes near 110 km, then to diminish with
increasing altitude until it disappears in
the 200-250 km region. To investigate this
theory, the energy spectrum of low-energy
thermosphere photoelectrons was meas-
ured by 127° cylindrical electrostatic re-
flection analyzers on several rocket probes
launched from White Sands Missile
Range, New Mexico. The electron analyz-
er was mounted on the back surface of a
solar ultraviolet specirometer that was
pointed at the sun by means of a sclar
pointing control. The electron analyzer
faced in the anti-solar direction and,.
therefore, was sunshaded throughout the
data acquisition period. This prevented
contamination by locally generated solar
photoelectrons.

The rocket data indicated that the
structural feature of interest reached a
maximum in prominence in the 140 to 150
km region and then diminished at alti-
tudes below 140 km. declining and ulti-
mately disappearing at about 110 km. as
shown in the figure. The rocket results,
therefore. do not agree with the theoret-
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km region.)

ical values that predict maximum struc-
ture near 110 km. Recently the zero-order
theory has been extended to include wave
particie interactions. The plasma kinetic
approach, which emphasizes collisional
processes in predicting the shape and mag-
nitude of these spectra, cannot alone
account for the structural profiles. Wave-
particle effects must be taken into account
in the altitude region below 170 km. A
flattening of the electron distribution pro-
file between 2 and 6 eV seems to occur at
lower altitudes. This may account for the
reduced prominence observed in the rock-
ot flight at lower altitudes in contradiction
to theory.

Laser Spectroscopy: Ultraviolet emis-
sions occurring in the upper atmosphere
have important remote sensing and sur-
veillance applications. Detailed knowl-
edge must be obtained of the excitation
and radiative quenching processes occur-
ring in atmospheric molecules and ions in
order to characterize and describe these
emissions in complicated environments

such as auroras and nuclear-perturbed
atmospheres. A laboratory program using
lasers is being conducted tc determine
electronic quenching processes and rates
in atmospheric molecules and ions. It is
surprising that very little is known about
the collisional deactivation of electronical-
ly 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.

A two-laser, optical-optical double reso-
nance (OODR) technique has been used as
a direct probe of the electronic energy-
transfer process between vibrational
levelsof the A and X electronic states of N3
(see the figure). For the first time, col-
lisional propensity rules have been
obtained for two close-lying vibronic levels
of a homonuclear molecule which has no
perturbation or “gates” between the states
involved. The OODR experiment consists
of a "pump” laser which selectively excites
a rovibronic level of the A state and a
"probe” laser that monitors the collision-
induced transfer to the adjacent vibration
level of the X state. The electronic transfer
rate is comparable to rotational energy
transfer. In spite of the competition be-
tween these two mechanisms, it is demon-
strated that there is a propensity towards
AJ tangular momentum) =0 rather than
AE (energy gap) =0. Also. the rule which
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reflects the permutation symmetry of the
molecule is obeyed: s >s and a —a, where
s and a refer to the symmetric and anti-
symmetric rotational levels, respectively.
These are truly electronic energy-transfer
processes rather than a form of rotational
energy transfer as occurs when the rota-
tional levels are known to be perturbed in
the free molecule.

We have also studied the effect of
temperature on the electronic transfer
rate. The collisional quenching rates of
vibronically excited CO ™, which is isoelec-
tronic to N3, have been determined at
T = 94 K, 207 K, and 298 K. The rate
constants are approximately two to three
orders of magnitude larger than recenily
measured ground-state diatomic ion-
vibrational relaxation rates. The effect of
temperature for the different vibronic
levels is qualitatively the same; the cross
sections increase as the temperature is
lowered. These results have applications
to atmospheric emissions at altitudes
where temperatures are much lower than
the earth’s surface.

IONOSPHERIC DISTURBANCES

Research conducted on ionospheric dis-
turbances involved experiments using
balloons, rockets and the Space Shuttle
besides laboratory and theoretical activi-
ties. A balloonborne mass spectrometer
and a Gerdien condenser were flown out of
White Sands, New Mexico, to measure
positive icn composition and total concen-
tration. Rockets were launched from Wal-
lops Island, Virginia, to create and investi-
gate artificial ionospheric irregularities.
A switched positive/neutral mass spec-
trometer was flown on the Space Shuttle to
determine contaminant gases aboard the
Shuttle and for observing equatorial
ionospheric irregularities, Various
analytical studies were completed involv-
ing the disturbed and eclipsed E-region,
the quiet and disturbed high-latitude D-
region, and the distribution of meteoric
metals in the lower ionosphere. Labora-
tory studies were performed on calcium
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and samarium. These metals are of in-
terest for release into the ionosphere.
Laboratory studies also have been con-
ducted on ionic processes of interest to the
ionosphere and to plasmas associated with
missile reentry.

D-Region Studies: No rockets were
launched into the D-region during this re-
porting period. However, several papers
on D-region observations were published.
Two rockets were launched into a dis-
turbed and eclipsed D-region in February,
1979. The first rocket was launched dur-
ing totality, and the second rocket was
launched into a D-region under 75 percent
solar illumination. Ionization below 105
km was created mainly by energetic parti-
cle precipitation as exemplified by the in-
creased ion concentrations and the com-
position signatures of a particle event: a
significant enhancement of O3 ions below
105 km and large amounts of H5O03 ions in
the D-region which arise out of the subse-
quent O% ion clustering scheme. The major
ions in the upper D-region were H;O% ions,
while H,03, HgO} and H;03 ions were
prominent at lower altitudes. Negative
ton distributions from both flights exhib-
ited a distinct shelf at 83 + 2 km, decreas-
ing by more than an order of magnitude by
90 km, with minima near 75 km. A signifi-
cant percentage of ions in the 75-90 km
range had masses exceeding 160 amu.

A steady-state model of the eclipse was
formulated because the electron precipita-
tion was significant and of sufficient dura-
tion (see the figure). Good agreement be-
tween the data and the model was
obtained. This result confirms an earlier
finding of a November, 1969, PCA event
that the three-body process leading to the
clustering of NO ° ions with CO, is the
principal loss mechanism for NO* ions
below 80 km. Carbon dioxide apparently is
an important agent in hastening the
formation of the heavier oxonium ions,
H,0% and H,03.

Nitric oxide concentrations of about 3 x
10® em™ for 105-110 km and about 3 x 107
cm™ for 90 km were determined. These
concentrations appeared to be typical of
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this season (late winter) and latitude
{51°N). Analysis of the change in the NO "/
O3 ratio with time during totality led to an
estimate of about 50 cm™s’! for the re-
sidual ion-pair production rate at 110 km.
Peak ionization occurred near 90 km
where the NO " /O; ratio was smallest.

Project IMS: The lonospheric Modifica-
tion Studies project was a cooperative
effort between AFGL and the Brazilian
Institute ot Space Activities to create and
investigate artificial ionospheric irregu-
larities. Other organizations participated
in this international effort which was pre-
ceded by the successful BIME (Brazilian
Ionospheric Modification Experiment)
program conducted in Brazil during
September, 1982, The IMS program was
launched out of Wallops Island, Virginia,
during November, 1983. Unfortunately,
neither of the two Brazilian rockets, each
bearing AFGL mass spectrometers, func-
tioned properly. A third rocket, Nike
Tomahawk A08.708-2, successfully in-
jected 20 kg of SFy into an O — electron
concentration of 3 x 10° cm * (see the fig-
ure).

The release resulted in Ol 777.4 nm
emission intensities exceeding 300
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cm*s horizontally, with an average value of
1.8 » 10" em“s.)

Rayleighs, which lasted a few minutes.
(By contrast, the tropical nightglow is
about 40 Rayleighs for plasma densities of
3 x 10% em ) Radiative recombination,
O~ + e, produces the tropical nightglow.
For the release experiment, the process is
SF; + O . A similar process may also
excite the 844.6, 135.6 and 130.4 nm per-
mitted lines of atomic oxygen.

Analysis of the intensified video image-
ry of the 777.4 nm line has provided the
first measurements of atmospheric diffu-
sion and wind velocity at high altitude
{350 km). The average value of the diffu-
sion coefficient, 1.8 x 10'° em?¥s, is close
to that expected for interdiffusion of
atmospheric species at 350 km.

Chemistry of Metals in lonosphere:
Metal atoms are deposited naturally in the
ionosphere by meteoric ablation, and they
are released intentionally for various
ionospheric investigations. Dissociation
energies of 3.30, 4.51, 3.07, and 4.57 eV
were measured in the laboratory for
CaQ ",CaOH ",SrO " and SrOH ", respec-
tively. These values led to ionization
potentials of 6.9, 5.6, 7.0 and 5.1 eV, re-
spectively. for the neutral species. The
cross section for the exothermic reaction
Sm™ + O, >0 + SmO " has been meas-




ured at 0.2-20 eV. The thermal rate con-
stant is estimated to be about 2 x 107!¢
cm?/s.

Analysis of a barium release over Eglin,
AFB, near midnight on December 12,
1980, was completed. Barium ions were
found to increase the plasma concentra-
tion by a factor of 200. lon composition
measurements provided direct evidence
for what could be interpreted as a low-
altitude image cloud. Fluctuations in ion
concentration above and below the barium
cloud were due to the ambient ions NO ",
0;,and O " . With the exception ofan NO -
dominated region on the topside of the
barium cloud, there was a noticeable abs-
ence of medium to intermediate structure
at wavelengths of 1 to 4 km (see the fig-
ure).
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Barium into the Lower lonosphere.

Mass-spectrometric observations for
meteoric species in the upper D-region and
lower E-region were compiled. An assess-
ment of the data revealed that Fe and Mg,
major meteoric metal species, probably
attain peak concentrations of about 10°
em™ near 92 km. lonic concentrations are
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about two orders of magnitude lower ex-
cept under auroral ionization conditions,
when enhanced levels of NO ~ and O3 in-
crease peak metallic-ion concentrations to
10* cm™ by means of charge transfer with
Mg and Fe. For quiet conditions, metal ion
concentrations may vary diurnally by as
much as a factor of 10, the highest ion
populations being before sunset and the
lowest prior to sunrise.

Progress concerning the chemistry and
modeling of atmospheric sodium has been
accomplished on contract. The three-body
process Na + O, + N, proceeds with a rate
coefficient of about 2 x 107*' em®/s and
about a (300/T) temperature dependence.
The analogous coefficient for potassium
was found to be a factor of 3 larger. (The
chemistry of Na and K is of interest also to
missile plume chemistry and muzzle flash
chemistry.) The reaction of NaOH with
HCl was found to occur at about the kinet-
ic collision rate. The reaction NaO + HCI,
also yielding NaCl, was found to be simi-
larly fast. Modeling efforts lead to Na pro-
files compatible with the observations
within experimental error. The compound
NaQ, is found to be an important reservoir
for sodium species in the atmosphere. The
role of NaOH as a temporary reservoir for
sodium and its possible effect on strato-
spheric chlorine chemistry remains un-
clear.

Stratospheric Composition: The trace
gas composition of the middle atmosphere
has been studied to determine if gaseous
emissions from various Air Force opera-
tions might contribute to the catalytic de-
struction of the ozone layer. Whole-air
samples were obtained in-situ from a bal-
loon platform in a series of twenty-six
flights conducted between 1975 and 1984.
Details of the whole-air sampling method
and the field program are contained in the
1979-1980 Report on Research (pp. 16~
17). A summary outline of the fluorocar-
bon and oxides of nitrogen measurements
and conclusions for flights conducted
through 1982 are contained in the 1981~
82 Report on Research tpp. 14-15). For the
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1981-82 flights the standard measure-
ments of fluorocarbon content were sup-
plemented by the determination of mixing
ratios for all other significant chlorine spe-
cies. With the exception of acidic and par-
ticulate chlorine species, the new species
were studied using gas chromatography in
a manner similar to that for the fluorocar-
bon determinations. Acidic and particu-
late chlorine content were determined us-
ing both wet chemistry and neutron
activation analysis (under both coopera-
tive and contractual support) of filter sam-
ples gathered on the same platform con-
currently with the whole-air samples.
Compilation of all relevant data was com-
pleted during the current reporting period
and led to values for total chlorine content
that were consistent with model predic-
tions. There have been few such measure-
ments and, more importantly, these are
the first to provide not only the total chlor-
ine value but also the relative contribu-
tions of all contributing species. These re-
sults add considerably to our ability to
understand the chlorine cycle and its
potential effect on the ozone layer. It con-
firms our earlier conclusions, based on
measurements of stratospheric fluorocar-
bon content, that Air Force utilization of
fluorocarbons has had no adverse effect on
the middle atmosphere.

The hydre-~arbon content of the middle
atmosphere also affects ozone chemistry.
The hydrocarbon content can be markedly
increased by aircraft emissions in the low-
er stratosphere. Whole-air samples were
obtained from a single balloon flight con-
ducted in 1984 in a cooperative effort with
NASA. The samples were analyzed for the
content of the several hydrocarbon species
present. The data not only added to the
sparse data base for some of these species
but also provided insight into Air Force
aircraft operations in the region where the
flight was conducted. The relative cl.anges
in the content of certain of these species in
the upper troposphere and lower strato-
sphere can provide information on the in-
situ efficiency of the jet a‘rcraft engines.

The expertise developed at AFGL in the
application of gas chromatography to-
wards the analysis of whole-air samples
from the middle atmosphere led to two
other applications of Air Force interest.
Position location uncertainty (PLU) is the
hallmark of certain potential missile de-
ployment strategies. It is necessary, there-
fore, that gaseous emissions at trace levels
from the site not compromise the PLU.
From whole-air samples gathered by
AFGL near several existing and potential
missile sites, the trace gas content was
determined using gas chromatography,
and the results proved the feasibility of
using gas chromatography for ascertain-
ing PLU integrity.

The second application of gas chroma-
tography was for chemical warfare (CW)
agent detection. Most research directed to-
ward achieving CW agent detection and
warning concentrates on area detection
systems. The Air Force also has expressed
a need for a reliable point detector for use
in shelters. Using both portable and
laboratory gas chromatograph configura-
tions and suitable simulants for the CW
agents, we showed that detection and
alarming were achievable down to mini-
mum biologically harmful concentrations
of the agents and with successful discrim-
ination against interferent gas species.
This approach is the only current method
capable of being configured to detect
known agents as well as unanticipated
variants of these agents. Finally, the por-
table gas unit has been studied for deter-
mining the "all clear” condition external
to the sheiter.

In a separate effort, positive ion
measurements also have been made in the
stratosphere. A 1982 spring flight gave
evidence of positive ions with masses unte
550 amu. A fall flight showed a near ab-
sence of ions with masses above 150 amu.

Space Shuttle Mass Spectrometry:
The Space Shuttle finished its ex-
perimental flights and became a working
vehicle toward the end of 1982. In addition
toits other tasks, the Shuttle carries scien-




tific instruments into space and serves as
the “laboratory” for a large variety of ex-
periments in ionospheric and space phys-
ics. One important early experimental
program was the investigation of the
Shuttle environment. The space around
the Shuttle is strongly affected by the
presence of the Shuttle and is very differ-
ent from the natural atmosphere. Evapo-
ration of water from spacecraft surfaces
increases the total concentration of neu-
tral gases surrounding the Shuttle during
all periods of a short mission. Shuttle op-
erations such as rocket engine firings and
water dumps also cause momentary large
changes in the pressure and composition of
the gas near the Shuttle. The gases re-
leased from the Shuttle in orbit cause no
damage to the natural atmosphere.
However, reactions between the gases in
the Shuttle environment and the atmos-
phere do affect the scientific measure-
ments made from the Shuttle. An under-
standing of these interactions and of their
influence on the scientific measurements
is critical if the Shuttle is to be used as a
platform for continued experimentation.
To address these problems, the Ionospher-
ic Disturbances Branch of the Ionospheric
Physics Division developed a versatile
quadrupole mass spectrometer that was
capable of detecting both the neutral gases
and the positive ion surrounding the Shut-
tle. In addition, the mass spectrometer
was able to measure the energy of the spe-
cies and, thus, the electrical potential of
the Shuttle. The energy analysis also per-
mitted separation of the ambient atmos-
pheric species from the Shuttle contami-
nants. The sampling speed of the instru-
ment was fast enough to observe the
effects of transient phenomena such as the
firing of rocket engines and the passage of
the Shuttle through ionospheric irregular-
ities. The mass spectrometer was flown
successfully on the fourth flight of the
Space Shuttle in June and July, 1982.
Many important observations of both
the ambient ionosphere and the contami-
nant environment surrounding the Shut-
tle were made during the flight. Water and
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helium were found to be the predominant
contaminant neutrals. The concentration
of water correlated well with the tempera-
ture of the Shuttle, suggesting that the
primary source of the water is the degas-
sing of Shuttle surfaces. The concentra-
tion of the water decreased over the course
of the flight, showing that the Shuttle en-
vironment gets cleaner toward the end of
the flight. The large concentrations of wa-
ter measured in orbit during the flight of
STS-4 may have been the result of heavy
rainstorms just prior to launch.

The Reaction Control System vernier
rocket engines (the smallest maneuvering
engines on the Shuttle) were seen to have
large effects. A plot of the thruster firing
history (see the figure), the total neutral
pressure, and the concentration of N, and
H,O as a function of time shows some of
these effects. The exhaust from the en-
gines increased the total pressure at the
mass spectrometer by as much as a factor
of 2 or 3. The major exhaust products were
N,, H, and H,0O. The concentrations of
these species increased by up to two orders
of magnitude above the background
levels. The effects of the thruster firings
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were very short lived. The pressure rose
immediately when the thrusters fired, and
decreased to background levels within a
few seconds after the end of the firing.

Measurements made in the ion mode
showed that neutral gas products from the
thruster firing reacted with the ambient
O to decrease the overall positive ion
density. However. ion molecule reactions
between the exhaust products increased
the amounts of some minor molecular ions
such as N,. NO~ and OH .

When the mass spectrometer was in the
ram configuration (i.e.. looking into the
direction of motion of the Shuttlel. it was
possible to make measurements of the
ambient ionospheric plasma. The charac-
teristic signature of ionospheric irregular-
ities, sudden changes in the overall con-
centration of positive ions that are not
correlated with other Shuttle operations.
was observed on at least one orbit.

The energy analysis mode of operation
showed that both ambient and contami-
nant ions have broad distributions of ener-
gies that are different from what was ex-
pected. Collisions between the outgassing
neutral molecules and the incoming
ambient particles alter the energy dis-
tribution of both types of species. An im-
portant part of the reduction and analysis
of the STS-4 data has been the develop-
ment of a model of these interactions. The
most detailed study has been of the reac-
tion between ambient O " and outgassing
neutral H,O to form water ions. The meas-
ured quantity of H,O ~ can be related to
the absolute concentration of neutral wa-
ter near the entrance aperture of the mass
spectrometer.

The Space Shuttle mass spectrometry
program is providing a basic understand-
ing of the nature of the Space Shuttle en-
vironment and of the ways in which the
Shuttle interacts and perturbs the natural
ionosphere. The program is being ex-
panded to include several additional
flights in the coming few years. The in-
formation from this program tells how the
presence of the Shuttle interferes with the
scientific measurements being made with-

in its payvload bay. Thus, the program is
critical to the design and analysis of future
scientific experiments to be flown on large
space vehicles such as the Shuttle.

ATMOSPHERIC ION CHEMISTRY

The primary objective of the program in
atmospheric 1on chemistry is to obtain in-
formation of the reactions of ions in the gas
phase with neutral molecules. electrons.
other ions. and photons. These reactions
are important in the stratosphere, meso-
sphere. and thermosphere. as well as
under other conditions in which weak
plasmas are generated, such as combus-
tion and missile reentry. Of principal in-
terest to us are the reactions which control
lonization densities in the ionosphere
under normal and perturbed conditions.
The parameters measured in the labora-
tory experiments include rate coefficients,
cross sections. bond dissociation energies.
and electron affinities.

Most of our studies are performed using
a Selected Ion Flow Tube (SIFT). In the
SIFT, reactant ions are generated either
by electron bombardment or as the result
of ion-neutral reactions. These ions are
mass-analyzed, and the desired species is
then injected into a fast flowing (- 10" em
s ') stream of inert carrier gas, usually
helium. Further downstream, reactant
neutral gas is injected. lon-neutral reac-
tions may then occur, usually causing de-
pletion of the reactant ions and formation
of a product ion species. The ion composi-
tion of the gas stream is monitored with a
second mass spectrometer at the down-
stream end of the flow tube. Reaction rate
coefficients are determined by measuring
the loss of reactant ions as the flow rate of
the reactant neutral gas is varied. The
temperature range of these studies ex-
tends from 85° K to 500° K. Possible reac-
tant neutral species in the SIFT include
atomic hydrogen and atomic oxygen. in
addition to more stable species.

Although the positive ion chemistry of
the atmosphere is quite well understood.
the chemistry of negative ions is less so. Of




particular interest are the reactions by
which the dominant stratospheric nega-
tive cluster ions are formed. These species
generally consist of a core ion, such as NO3
or HSO7, to which are attached solvent
molecules, such as water, nitric acid, sul-
furic acid, or hydrochloric acid. We have
recently made laboratory measurements
of the rate coefficients as a function of
temperature for the clustering reactions of
a group of dominant stratospheric ions.
The ions are HSOj3 - pH,S035 - gHNO; for p
= 0to3and q = 0 and 1. Up to three
solvent molecules were found to bond
strongly to HSO7. This result is consistent
with the fact that the stratospheric ion
composition shows a maximum in the con-
centration of HSOy; - 3H,S0,, with only
minor amounts of higher order clusters.
The temperature dependence of the rate
coefficients over the range of tempera-
tures important in the stratosphere can be
expressed as T™", where n is found to be
about 3 for clustering of HCI to HSO7 and
increases with increasing cluster size. The
value of n also depends upon the ligand.
For example. n is 4.6 for clustering of HCI
to HSOj. while n is 6.9 for clustering of
HCI to HSO3 - H,SO,.

Rate coefficients for three-body ion-
neutral association reactions are expected
to be pressure-dependent at low pressures.
becoming pressure-independent at high
pressures. In the case of NO7 clustering to
HNO,, this behavior was in fact observed.
but the limiting value at high pressures
was found to be only about 10 percent a-
large as would be expected for a reaction
whose rate is hmited bv the collision fre-
quency. Rate coefficients for the produc-
tion and loss of cluster ion species can be
used in combination with observed strat-
osphere ion abundances to derive the con-
centrations of minor neutral species in the
stratosphere. Previous derivations of the
concentration of HNQO, using this tech-
nique had assumed that the clustering
reaction of NO37 to HNO, proceeded at the
collision-limited rate and thus underesti-
mated the HNQ, concentration. Use of the
recent laboratory measurement of the
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association rate coefficient brings the
HNO, concentration estimated using this
technique into good agreement with other
measurements and model calculations.
The laboratory data also permit some
assignments to be made of the ion species
corresponding to particular mass numbers
observed in mass spectrometric sampling
of the stratospheric ions. For example, our
present laboratory studies indicate that
the ions at masses 133 and 231 in the strat-
osphere are most probably HSOj -
mH,SO, - HCl with m = 0 and 1, respec-
tively.

Experiments in which chemicals are re-
leased in the ionosphere to create per-
turbations of the local concentration of
charged particles have been performed for
about 30 years. Chemicals which attach
electrons are used when it is desired to
create a region of depleted electron densi-
ty. Sulfur hexafluoride is such a chemical,
forming SFg and SF; when released high
in the ionosphere. The presence of these
species has been observed by mass spec-
trometric sampling of the perturbed re-
gion. Their presence is expected. since the
attachment of thermal electrons to SF5 is
known from laboratory experiments to
produce these ions. Also observed in the
perturbed ionosphere is F | which is not
observed in the laboratory when only ther-
mal electrons are present. Recent studies
of the reactions of SFy; and SF5 with atomic
oxvgen and atomic hvdrogen in the SIFT
have provided an explanation. A slow
reaction between SF3 and atomic oxygen
ha< been observed. producing F and
SELO0 Knowledge of this chemistry will
pernit more accurate modeling and analy-
s1s of these chemical release experiments
and may also provide another means to
measure atomic oxyvgen concentrations.

[.aboratory studies of the reactions of
other electron-attaching molecules useful
for such 1onospheric perturbation experi-
ments have included several species
generating POj;. The encigy required to
detach an electron from PO7 is very high,
about 5 e¢V. No ion-neutral reactions de-
stroying this species are known. Cluster-
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ing of POy does occur, but the clustered
species has an even higher electron de-
tachment energy than does PO3. The con-
clusion is that release in the ionosphere of
a chemical generating PO3 by attachment
at thermal energy would provide a partic-
ularly effective and long-lasting perturba-
tion of the local ionospheric eiectron densi-
ty. Studies of such materials are in prog-
ress.

IONOSPHERIC EFFECTS

Large-scale ionospheric processes such
as the polar cap. the auroral oval, the F-
layer trough, and the Appleton Anomaly
siructure the global ionosphere. This
large-scale structuring results from the
complex interactions of neutral winds and
ionospheric plasma, electric-field-driven
plasma drifts, ion chemistry, and particle
precipitation. It affects primarily Air
Force systems operating in the hf range.
Medium and small-scale processes lead to
the formation of irregularities from tens of
kilometers to centimeters in size. as
observed, for example, in equatorial elec-
tron concentration (N,) depletions. in the
high-latitude ionosphere, and in the re-
cently discovered polar-cap F-laver au-
roras and paiches. These medium and
smaji-scale irregularities result from var-
ious plasma instabilities and on some
occasions from localized strong particle
precipitation as, for example, in discrete
auroras. They affect radio propagation in
the frequency range from hf through shf
and are therefore of importance to Air
Force systems from the hf-based Over-the-
Horizon-B (OTH-B) Radar to the satellite
communications systems (AFSATCOM,
MILSATCOM) operating over the whole
uhf and part of the shf band. The same
physical processes are believed to drive
similar effects through ehf frequencies in
the nuclear-disturbed ionosphere.

Theoretical efforts during this reporting
period have been concerned with iono-
spheric irregularity generation, the theo-
retical basis for satellite-borne opticul
mapping of airglow and auroral emissions

for mapping the global ionosphere, and the
modeling of large-scale ionospheric dy-
namics.

Experimental efforts in the reporting
period focused on: determining the nature
of the polar ionosphere by using a multi-
plicity of airborne, ground-based, and
satellite diagnostics; detailed mapping of
the polar. auroral and subauroral iono-
sphere by AFGL's Airborne Ionospheric
Observatory (AIO), a modified NKC-135
aircraft, in support of OTH-B testing; the
continued investigation of equatorial F-
layer irregularities, their generation,
dynamics and decay; and experiments to
artificially disturb the ionosphere, either
chemically or by ionosph«ric heating.

Polar Cap Plasma Characteristics: Of
special significance to Air Force systems
was a study which investigated the struc-
ture and dynamic processes in the polar
cap ionosphere with emphasis on deter-
mining the source region of polar cap plas-
ma, and irrec . .iv generation and
transport : 's0. il ussessed the severity of
sutuges in Command, Control, and Com-
munication (C?) systems due to polar-cap
ionospheric irregularities. The AFGL Air-
borne 1omosule e Ohservatory (AIO) is
flown to specific magnetic latitudeslocal
time locations to perform radio wave and
optical sensing of ionospheric parametei 5.
These measurements are coordinated with
observations using the Sondrestromfjord
Incoherent Scatter Radar and the HILAT,
DMSP, AFSATCOM and GPS satellites.
Extended periods of ground-based
observations by the AIO instrumentation
provide a supporting multidiscipline data
base. The unified description of polar cap
F-layer structure previously discovered
using the AFGL AIO has been further con-
firmed and refined. Convecting F-layer
ionization patches dominate the polar cap
during magnetically disturbed periods.
while F-layer auroras occur during quiet
periods tsee the figure). It had previously
been shown that the F-layer auroras are
produced by soft { -100 V) precipitating
electron fluxes. New results indicate that
the source of the patches is solar-produced




SUN ALIGNED ARCS IONIZATION PATCH

6300 A All Sky Images of Dominant Features
of Dark Polar Cap F-region. (At left, particle
produced F-layer arcs. At right, ionization
patch. The diameter of the field of view is
1200 km for a 250 km nominal emission
height. Shown are the noon‘midnight and
dawn dusk magnetic meridians and their in-
tersection, the CG (corrected geomagnetic)
pole.)

plasma which originates equatorward of
the dayside cusp in the sunlit ionosphere.
Large universal time variations in patch
peak density within the central polar cap
are a direct result of longitudinal varia-
tions of the maximum plasma density
within the source region. The diurnal, sea-
sonal and solar cycle variations of the
maximum plasma density within the
source region are largely responsible for
the observed variations in uhf scintilla-
tions. This information will allow realistic
modeling of the occurrence and severity of
C? outages due to the maximum electron
densities and the generation of irregular-
ities within these patches.

Coordinated observations were directed
at defining the properties of F-region
ionization patches in the polar cap and
some of the associated implications.
Ground-based all-sky images and digital
ionnsonde measurements were taken at
Thule, Greenland, to measure ionospheric
structure and dynamics in the nighttime
polar cap F-layer. A spaced receiver anten-
na array used during ground operations of
the AFGL aircraft at Thule permitted the
measurement of the plasma convection in
the central polar cap using a technique
developed by AFGL and the University of
Lowell. Measurements made during four
days of continuous ground operation in
early 1384 showed a systematic antisun-
ward convection, i.e., the drift vector ro-
tated through 360° within 24 h (see the

23

figure) in agreement with convection mod-
els derived from satellite and ion motion
measurements. Measurements in Decem-
ber, 1984, confirmed the usefulness of this
technique, and systematic measurements
of the convection wi'l begin in 1985 at
Qanagq, Greenland, supported by the Dan-
ish Meteorological Institute. A compre-
hensive campaign was begun to measure
ionospheric structure and dynamics of
nighttime polar cap F-region arcs, more
specifically, line-of-sight velocity shears,
measured by the Sondrestromfjord Inco-
herent Scatter Radar, co-located one-to-
one with sun-aligned F-region arcs seen on
the AFGL aircraft All Sky Image Intensi-
fied Photometer (ASIP) in the quiet polar
cap. Strong anti-sunward plasma flow
(~1000 m sec™") measured on one side of
the arcs was found to stagnate or reverse
on the other side. This is the first ex-
perimental verification that these sun-
aligned F-region arcs are boundaries be-
tween regions of differing polar plasma
flow in the quiet polar cap.

F-region arcs can involve sufficiently
high electron concentrations and veloci-
ties to be of concern to polar thermospheric
temperature, composition and circulation
structure due to ion-neutral collisional
drag. Ion-temperature enhancements
seen near an arc as it slowly drifted trans-
verse to its length are compatible with this
effect.

The ASIP data are found to provide an
iraportant frame of reference for future po-
lar cap research. The quiet polar-cap sun-
aligned F-region arcs identify polar plas-
ma-flow boundaries. They help correct or
recognize when vector velocities derived
from monostatic Incoherent Scatter Radar
(ISR)data, as at the Sondrestromfjord ISR,
are subject to error due to rapid variation
in time and space. Thus, ASIP data offer a
valuable context within which to evaluate
nighttime polar ISR plasma velocity data.

Polar Cap Scintillation: An investiga-
tion of the polar cap ionosphere near the
peak of the last solar cycle identified polar
cap F-layer arcs and ionization patches as
sources of severe scintillations observed
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lites can be used to measure absolute
ionospheric group delay and relative
phase advance. These ionospheric param-
eters have wide application in providing
corrections for military systems requiring
knowledge of ionospheric time delay and
phase scintillation. such as satellite detec-
tion radars. Multipath effects from the lo-
cal environment of the receiving antenna
can cause severe contamination of iono-
spheric group-delay measurements made
with GPS pseudo random-noise (PRN) re-
ceivers. Variations in the multipath
effects in some typical clean and reflective
environments were measured and shown
to be consistent with signal analysis for
PRN receivers. Since antennas must fre-
quently be located in environments that
are much less than ideal, data analysis
procedures were developed for minimizing
the impact of multipath on the group delay
measurement. These include low-pass
filtering, day-to-day correlation, and
calibration of relative differential carrier
phase advance measurements, using sub-
sets of the absolute ionospheric group de-
lay data.

Total Electron Content, L-Band Ampli-
tude, Phase Scintillation: The first abso-
lute measurements of Total Electron Con-
tent (TEC) and L-band amplitude and
phase scintillations were made from
Thule, Greenland, a polar cap station, in
early 1984 (see the figure). These
measurements were made using signals

Diurnaf Behavior of Equivalent Vertical TEC
ver=us Ul for the Perod-Junuary 258t Febru-
arv 4, 1984,

transmitted from the Global Positioning
System {GPS) satellites. The variability of
the TEC, especially during the afternoon
to pre-midnight hours, is large, with in-
creases in TEC above the background
values of greater than 100 percent not un-
common, as may be seen in the figure (LT
= UT - 4h). During one disturbed time,
quasi-periodic TEC enhancements having
periods as short as 10 min and amplitudes
equal to the background TEC were
observed for over 2 h. The TEC during
some of the disturbed periods in the dark
Thule ionosphere exceeded mid-latitude
davtime values.

Amplitude scintillations were observed,
especially associated with the times of
TEC enhancements, with some evidence
for stronger scintillation occurring during
the negative gradients of the TEC en-
hancements. Phase scintillations were
highest during some of the times of en-
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hanced TEC, and depend critically upon
the phase detrend interval used.

Initial results from December, 1984,
measurements show TEC variability simi-
lar to that of the January, 1984, campaign
but of lesser magnitude, possibly a sign of
solar cycle control. Further measurements
are now being made on a continuous basis.

Coordinated Measurements of Night-
side Auroral Zone: The AFGL Airborne
Ionospheric Observatory (AIO) performed
radio, optical and scintillation measure-
ments on a series of North-South flight
legs along the Chatanika radar magnetic
meridian. The incoherent scatter radar
was operated in a North-South magnetic
meridian scan mode to measure iono-
spheric parameters (electron density,
temperature, and ion drift) from 600 km
north to 600 km south of the radar and
from an altitude of ~ 80 to 700 km. Iono-
spheric structure measured by the radar
was compared with optical and ionosonde
measurements from the AIO and with
precipitating electron characteristics
measured by the DMSP satellite. Long-
lived F-region plasma enhancements
(plasma blobs) were observed during this
experiment. From the simultaneous
measurements it is shown that these en-
hancements were not locally produced by
precipitating particle fluxes. F-region
electron concentrations, calculated from
simultaneously observed precipitating
electron fluxes, are significantly less than
those observed in the plasma enhance-
ments. These premidnight features (plas-
ma blobs) were in fact observed to be con-
vecting sunward (to the west) at a few
hundred meters per sec’!, and were thus
presumed to have been produced well up-
stream in the convection flow, within a
region of significantly greater production
rate. Intense scintillation of satellite sig-
nals due to ionospheric irregularities is
generally confined to these regions of en-
hanced F-region density (see the figure).

Simultaneous measurements of inde-
pendent parameters identifying the auro-
ral E layer (1-20 keV precipitating elec-
trons, 4278A NJ emission, foll and the
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Oval Boundary Plesma Blobs Observed by
the Chatanika Radar. (An aircraft moved
under a satellite raypath through the bound-
ary blob—8 representative positions shown—
to determine the location of scintillation-
causing irregularities. Data show clearly
onset of scintillations with crossing of 1.6 x
10° el cm ? contour.)

radar electron densities) all agree well as
to location and the latitude profile of the
auroral E-layer and associated diffuse au-
rora.

Auroral E-Layer: An arrav of iono-
spheric sounders situated in both east and
west hemispheres at high northern lati-
tudes measures the auroral E-layer criti-
cal frequency, foEa, simultaneously at 15
min intervals at all locations. In agree-
ment with earlier studies using a similar
array of sounders but limited to the west-
ern hemisphere, the auroral E-layer is
found to have the following property: foEa,
hence the precipitated particle energy flux
in the continuous or diffuse aurora, is con-
stant in magnetic local time along con-
tours which are parallels of latitude in an
offset pole coordinate system - that is, a
coordinate system within the CG latitude’
CG local time reference frame but with a
pole which is offset from the CG pole by
several degrees in the anti-sunward direc-




tion. This property is instantaneous so
that changes in intensity, location and
width occur synchronously throughout a
longitudinal extent which 1s observed to
be as great as 270° CG longitude. The lati-
tudinal distribution within the offset pole
coordinate system, which is thus instan-
taneously the same at all observed CG
locations, is Gaussian and varies with UT
in latitude and intensity. However, the
Gaussian scale parameter is found to be
constant at 3.2° FWHM (Full Width at
Half Maximum) in energy flux (6.4°
FWHM in foEa), in all cases where it can
be independently determined. Where it
cannot be determined, this same value is
assumed, an assumption which makes
possible in most cases the determination of
the location of the offset poles. The present
study finds the location of the pole to vary
(a condition not observed in the earlier
more limited study) within extremes of 86°
to 90° CG latitude and 21 h to 03 h CGLT.
The Gaussian maximum energy flux
varies from 0.1 to 10 ergs/cm® sec and the
latitude of the maximum, from 68° to 73°
offset pole latitude. The temporal varia-
tions of these four parameters describe in
quantitative terms the dynamics of the en-
tire distribution of energy flux. These pa-
rameters have been determined con-
tinuously for two periods of 12 h duration
at 15 min intervals. With these resultsitis
possible to model the time dependence of
the global inputs of power and current into
the ionosphere as well as the conductivi-
ties produced by this auroral precipita-
tion. Moreover, this work presents the
basis for determining a dynamic system of
auroral coordinates which is defined by
the auroral phenomenon itself.

Global lonospheric Scintillation: With
the launch of the HILAT polar-orbiting
satellite, the recording of scintillation
data in the polar cap and auroral regions
has received greater emphasis. A station
has been established at Troms~, Norway,
to receive not only the HILAT beacon but
also the quasi-stationary polar uhf radio
beacon that is simultaneously recorded at
Thule and Sondrestromfjord, Greenland.
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These stations record the phase and ampli-
tude scintillation of the radio beacon
caused by fluctuations in the integrated
electron density due to irregularities
along the line of sight to the satellite. Scin-
tillation of satellite radio transmissions
provides a measure of the severity of iono-
spheric irregularities over scale sizes of
about 10 km to tens of meters for phase
scintillations and of 1 km to tens of meters
for amplitude scintillations. The first
long-term measurements of phase scin-
tillations at high latitude from a quasi-
stationary satellite at 2560 MHz were
reported. Data from December, 1979,
through April, 1982, were obtained for
Goose Bay, Labrador, and Thule, Green-
land. Scintillation magnitudes were high-
er during the vernal equinox at both sta-
tions than during the winter solstice.
Goose Bay data showed a well-ordered
diurnal variation with a nighttime max-
imum and daytime minimum; Thule data
showed no such ordering. Minimum scin-
tillations were observed in local summer
at Thule, while a broad maximum stretch-
es from equinox to equinox through the
winter, as may be seen in the figure. A
gradual decay in overall scintillation
activity with sunspot number is observed.
Studies are continuing, with particular
emphasis on separating the effects of solar
radiation from particle precipitation in
the polar cap.

Recording of equatorial scintillations
has also continued at Ascension Island.
The severity and occurrence of scintilla-
tion there have decrezased with the decline
in the solar cycle.

Evolution of Equatorial Plasma Deple-
tions: The formation of depleted regions
within the post-sunset, low-latitude iono-
sphere has been the subject of a number of
observational and theoretical studies. One
of the manifestations of these depleted
magnetic flux tubes or “"bubbles” is a re-
duction in 6300 A airglow intensity as
compared with surrounding regions.
These airglow depletions delineate re-
gions of reduced electron density. which
constitute the bubble. The use of all-sky
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optical imaging systems has been espe-
cially useful in studying the spatial extent
of bubbles and their motion relative to
both the ground and to the surrounding
ambient ionosphere. Bifurcated bubbles
werc obscrved for the first time at Ascen-
sion Island during January, 1981.

Model studies were carried out to specity
the ionospheric conditions and electrody-
namical processes required to describe the
geometry of westward tiiting and bifurcat-
ing equatorial plasma devletions inferred
from airglow 1maging measurements
taken on Ascension Island in early 1981.
The results indicated that if the westward
tilts were to be associated with eastward
plasma drifts that decreased with altitude
above the F-peak. this shear must be set
up by a zonal wind pattern of decreasing
speed at increasing distances from the

equator. Below the peak, calculations of

flux tube integrated Pedersen conductiv-
itv. including both E- and F-region con-
tributions, were in agreement with earlier
work that showed bifurcated depletions to
be associated with a mild gradient in the
bottomside conductivity profile.

Modeling Total Electron Content:
Analysis of Faraday rotation (136 MHz)
measurements between Ascension Island
(8" S geographic latitude; 345° E geo-
graphic longitude; 15° S dip latitude) and
the Sirio satellite tazimuth 0°, elevation
80") reveals two characteristic features
associated with the undisturbed, ambient
ionosphere: a late afternoon decrease in
TEC followed by a postsunset enhance-
ment that lasts for 2 to 3 h. The ambient
ionosphere above Ascension Island was in-
vestigated by numerically solving the
time-dependent plasma continuity equa-
tion, including the effects of ionization
production by solar ultraviolet radiation,
loss through charge exchange and trans-
port by diffusion, E x B drift and neutral
wind (both zonal and meridional compo-
nents appropriate for an equinoctial, solar
cycle maximum period). The postsunset
enhancement in upward E x B drift,
which is a characteristic feature observed
by the Jicamarca incoherent scatter radar
facility during solar cycle maximum
periods, was found to be primarily re-
sponsible for the postsunset increase in
TEC observed at Ascension Island be-
tween 1900 and 2300 LT. The late after-
noon decrease in TEC is caused by an
increase in the poleward neutral wind ve-
locity. which lowers the F-laver into a
higher loss-rate region. Inclusion of the




meridional wind not only reproduces the
observed decrease but also modulates the
postsunset peak in TEC so that it is in
much better agreement with the observed
values. Calculated north-south asyvmme-
tries in TEC caused by a zonal wind com-
ponent were also consistent with observa-
tion.

lonospheric Electron Density Profiles
from Satellites: In FY 79 a basic research
effort entitled "Remote Ionospheric Map-
ping” was established at AFGL with the
support of the Air Force Office of Scientific
Research. The objective of the work for the
first two vears was to conduct basic re-
search studies designed to give us an
understanding of how the ionospheric
electron density profile was related to
other ionospheric properties. At that time
such an understanding was lacking.
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As a result of these studies. AFGL in
cooperation with Space Division de-
veloped a concept for determining global
electron-density profiles (EDP) from re-
mote, passive satellite measurements.
Studies were conducted of the relationship
between ionospheric optical emissions and
E- and F,-region EDP and plasma-
transport processes and their effect on the
F,-region EDP. Also. a semi-empirical
computational model which uses real-time
ultraviolet, total electron content, and
other data to adjust the calculated EDP for
realistic conditions was developed. The
study has been translated into a system
concept for use on the DMSP satellite to
provide the global electron density dis-
tribution for support of hf communica-
tions, over-the-horizon and spacetrack
radar and other DoD customers (see the
figurer. The svstem concept comprises the
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design, construction, and installation of a
UV sensor on the DMSP satellite; the de-
velopment of an associated automatic data
processing (software) system; the use of
the optical data together with DMSP elec-
tron density and temperature data to de-
duce the real-time EDP near the satellite
orbital plane and the transmission of these
EDP data to be used together with ground-
based ionosonde data and GPS Total Elec-
tron Content (TEC) data to specify the
global EDP for system users. The system is
designed to monitor the daytime low- to
mid-latitude ionosphere from 90 to 1000
km, the nighttime mid-latitude iono-
sphere from 250 to 1000 km, and the auro-
ral E laver from 90 km to about 200 km.

The system concept makes use of state-
of-the-art satellite measurements of opti-
cal emission features and computer codes
developed to convert the emission
measurements into electron density pro-
files. In the daytime low- to mid-latitude
ionosphere, no useful optical emission fea-
tures have been identified which when
measured from the DMSP altitude ¢~ 840
km) give a signal directly dependent upon
the electron density profile. In this region,
we will therefore use an indirect method to
measure the emission feature at 1356 A
and at least one of the Lyman-Birge-
Hopfield (LBH! bands to deduce the O to
N, density ratio and the absolute scale of
the solar flux. This information together
with a neutral wind model is used to calcu-
late the EDP from first principles using
time-dependent ion continuity equations.
Basing the specified EDP on the key
parameters (O to N, density ratio and scal-
ing factor fo. the solar flux! significantly
improves the accuracy of the EDP over a
result based on empirical values of these
parameters.

In the nighttime mid-latitude iono-
sphere there are at least two usable emis-
sion features which give a signal directly
dependent on the electron density profile.
They are the atomic lines of excited Ol at
1356 A and 6300 A. These relate sensitive-
Iv to the electron content near the peak of
the EDP and the altitude of the hottomside

EDP, respectively. To extract the most
accurate EDP from these observations,
we are currently investigating two
approaches: (1) a time-dependent trans-
port approach where the neutral winds
and, possibly, the electric field are deduced
from the optical emission measurements,
and (2} an empirical model where the
shape of the F layer is fixed and its altitude
location and its absolute value are deter-
mined by the emission features. This
would produce F-layer profiles from about
250 km to 1000 km.

In the auroral E-layer, in the absence of
arcs, we can use the emission features at
1356 A and one or more of the LBH bands
to give an indirect determination of the
hardness and energy flux of the incident
auroral electrons which produce the E-
layer. The EDP from 90 km to about 200
km is then determined by using this inci-
dent electron information in our electron
transport.chemistry model. Implementa-
tion of the concept requires an improve-
ment of present EDP modeling theory.

Solving Linearized Plasma Kinetic
Equations with Collisions: In 1946, Lan-
dau gave a method for solving linearized
plasma kinetic problems where discrete
particle interactions were neglected. Sub-
sequent studies of collisional plasmas
have employed methods of solution tai-
lored to a specific form for the collisional
operator. In 1984, Jasperse and Basu gave
a general expansion method for solving
linearized plasma kinetic problems when
collisions are included. The method can be
applied to a wide class of collision oper-
ators and has, for example, produced
closed-form results for the collisional
dielectric function for the Balescu-Lenard
collision operator.

The essence of the idea presented by
Jasperse and Basu is the derivation of a
collisional propagator in terms of the col-
lisionless propagator for the Vlasoc equa-
tion and the linearized collision operator,
and the representation and use of the col-
lisional propagator either as a series solu-
tion in powers of the collision frequency v




or as an asymptotic expansion as the colli-
sion frequency tends to zero.

When the Balescu-Lenard operator is
used to describe electron-electron and
electron-ion collisions, and when the zero-
order distribution function is Maxwellian,
we obtain an exact expression for the col-
lisional correction to the Landau damping
formula in the long wave-length limit to
the first order in the plasma parameter.
This accomplishes a goal that had frus-
trated plasma physicists for the past four
decades.

Geomagnetic Storm Prediction: Geo-
magnetic storms and auroral activity are
caused by large-scale electric currents sur-
rounding the earth and are known to dis-
rupt several defense systems. The magnet-
ic fields produced by the fluctuating
currents are identified as the geomagnetic
storm fields. These large-scale distur-
bances resuit from the interaction of solar
wind plasma with the magnetosphere and
with the energy transfer strongly control-
led by the instantaneous Interplanetary
Magnetic Field (IMF) near the earth. The
auroral oval is an optical manifestation of
these processes; the auroras are caused by
collisions of current-carrying electrons
with the polar upper atmospheric atoms
and molecules.

Possible means of reducing the neg-tive
consequences of this hazard are: (1) to fore-
cast accurately the intensity of geomag-
netic storms and auroral activity as a func-
tion of time soon after a major solar event,
{2) to forecast the resulting ionospheric
disturbances and system effects, (3) to
alert all defense systems which are
vulnerable to geomagnetic storms and au-
roral activity, and (4) to mobilize emergen-
cy systems. Thus, the accuracy of forecast-
ing the occurrence and intensity of
geomagnetic storms and auroral activity
as a function of time is of high importance
in reducing expenses involved in mobiliz-
ing the emergency systems. This implies
that the present forecasts based on statis-
tical analyses must be considerably mod-
ified to utilize numerical schemes similar
to numerical weather forecasting.
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Under an AFGL contract, a major code
for the improvement of geomagnetic storm
forecasting has been developed by the Uni-
versity of Alaska, based on the under-
standing of the three-dimensional struc-
ture of the interplanetary field and its
dynamics, and of the energy transfer func-
tion € = flv, B%, 6), which describes the
energy transfer from the solar wind into
the magnetosphere as a function of v, the
solar wind speed; B, the IMF magnitude at
the bow shock: and 6, the polar angle be-
tween the IMF vector and the plane of the
ecliptic.

The overall scheme is shown in form of a
functional flow diagram in the figure. Ma-
jor sections of the code have been com-
pleted and interconnected. It is now possi-
ble to establish the background solar
wind/IMF conditions in the vicinity of the
earth, initiate a solar disturbance (such as
a flare, passage of a coronal hole, or a dis-
appearing filament), and derive the time
history of the resulting geomagnetic storm
(see the figure). The development of other
subsections of the code, such as the
magnetospheric modeling code, which pro-
vides the open/closed field line boundary
and the ionospheric drift code, important
to the maintenance of the polar cap iono-
sphere and the development of the trough,
and irregularity generation and transport
have been completed.

The magnetosphere modeling code was
tested using different interplanetary
magnetic field parameters (BZ, &, 6) to
determine the shape of the auroral oval.
An ionospheric drift code was constructed
which uses the power of the solar wind-
magnetosphere dynamo,e, as an input pa-
rameter. The geometry of the solar current
sheet under various conditions (constant
solar latitude, varying solar longitude)
has been simulated.

The propagation characteristics of
shock waves generated at different loca-
tions on the solar surface have been deter-
mined as a function of solar wind speed, its
growth and decay as a function of time,
and the area of origin of the shock wave.
The intensified geomagnetic storms have
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catches up with one of the quasi-steady
spiral arms. This result is a clear con-
firmation of the empirical fact that intense
storms tend to occur during the so-called
“sector crossing.”

All these efforts are oriented. orches-
trated, and implemented so as to promptly
achieve meaningful anticipation of
geomagnetic storm conditions in the icno-
sphere. A useful working model is
targeted for 1988.

Automation of lonogram Analysis: To
reduce the continuously increasing man-
power cost associated with the real-time
acquisition of geophysical data by the Air
Force Global Weather Central (AFGWC),
and to provide for immediate true height
profiles in support of rocket launches

esY
GAMMAS

CALAE
GAMMAS
PR
(s
<

S AN\

Modeling of a Geomagnetic Storm. Panel 1: Energy
transfer function EPSILON. computed from 1SEE-3
Solar Wind IMF data

Panel 2: Calculated Doy, ring current magnitude v
Panel 3: Observed Doy

Panel 4: Calculated AE, Auroral Electrojet index
Panel 5: Observed AE




(launch criteria), AFGL started a program
for the automation of ionogram analysis
ten years ago. In cooperation with the Uni-
versity of Lowell, a hardware/software
system for Automatic Real Time Ionogram
Scaling with True Height Analysis
{ARTIST) has been developed. and field-
tested at the AFGL Goose Bay Ionospheric
Observatory. The algorithms are capable
of extracting the desired information from
typical mid-latitude ionograms as well as
from the typically disturbed arctic night-
time ionograms routinely recorded at
Goose Bay, as shown in the figure. The
ARTIST extracts the overhead tract for
direct transmission to over-the-horizon
operations site, as well as for true height
analysis. The ARTIST also extracts the
standard ionospheric parameters and for-
mats the trace and parameter data into
“IONHT” and "TONOSCODE” messages
for real-time transmission to AFGWC.
This automation of the trace identification
also makes possible the adaptive frequen-
cv and sample height selection necessary
for unmanned ionosonde drift measure-

33

ments. These will be conducted in the near
future at Qanaq, Greenland. Goose Bay.
Labrador, and Argentia, Newfoundland.
to measure routinely the high-latitude
plasma convection.

OTH-B Support: Rapid changes in fol'2
of greater than 20 percent per hour wiv
routinely observed during a 3 h to 4 h
period around F-region sunrise. These
rapid changes occur independently of the
phase cf the solar cvcle. The changes can
be as high as 50 percent per hour near
solar maximum t(see the figure). For the
frequency management of an over-the-
horizon system, these rapid changes trans-
late into the need for an improved short
term foF2 prediction scheme. Such a
scheme has been developed. The scheme
makes use of real-time hourly ionospheric
soundings and extrapolation using a
weighted median slope obtained from pre-
vious measurements.

To simulate the ionosphere relevant to
the OTH-B East Coast Radar System, the
scheme was tested for five stations: Nars-
sarssuagq, St. Johns, Ottawa, Boulder, and

3. ~. i i
H i
. Y i . .
’ H s
R i’ 1
5;
LR -8 ] il [ :
2. iy -
(]
+ ~
- . T = B
¥ $ ! .
a -8 r R ¥ .
e
L
.- R % ..“.‘ )
2. -3 .
Ly N ] T .ih *
. .» IR N .. <
' - L » o -
.
« . -
.. ) i . . - . 2
RN S oo « .8 .
LA R IR i e T N EEL. E IR P BLEFRT I 1Y SRTPEFIE ] ST FTPOPTY SO T O SR PO
GOOSE BAY, LABRADOR 27 AUS 1983 15 S9AST G0OSE BAY, LABRADOR RV frorpAst

AUTOMATIC REAL TIME IONOGRAM SCALING WITH TRUE HEIGHT

Automatically Scaled lonograms. (Left: day-
time: Right: nighttime auroral conditions.
o True height profiles. Upper left and lower
right inserts: Autoscaled results, ionospheric
parameters)

ANALYSIS




34

WALLOPS
HIGH SUNSPOT LOW SUNSPOT
T T T T T T
20 20
J 30 —
4

o
~ (o]
o ~
] 40\ |2
Q
m —
@
0
M - -
J L 1 L L !
04 08 04 08

L.T.
HOURLY CHANGE IN MEDIAN FoF2 (%)

Hourly Change in Median foF2 at Wallops
Island for High and Low Sunspot Activity.

Wallops. Predictions were tested for four
seasons and for periods of high and low
solar activity.

The results show that the new predic-
tion scheme reduces the prediction error
by 40 percent over that from the IONCAP
model. The use of this new prediction
scheme will thus reduce the error in foF2
predictions by a factor of 2 for the OTH-B
coverage area, and will enable better man-
agement of the radar frequency for sunrise
hours.
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Basu, Sunanpa, Basu, S, MacKEexNzie,
E. (Emmanuel Coll., Boston, MA); and
Writsey, H. tAFGL)

Morphology of Phase and Intensity Scintillations i

the Auroral Ocal and Polar Cap
IES Svmp.. Alexandria. VA (1.3 May 1984

Bast. Suxanpa, Baste, S. (Emmanuel
Coll.. Boston, MA. Harpy. D.A.. Rich,
F.J.. Cartson, HC. tAFGL); and
Heens, RLA. (Univ. of Texas,
Richardson, TX!

HILAT Satellite Study of F-Region Irregularities
Near Tromso

High Latitude [rregularity Wkshp.. Lindau. FRG
110-12 September 1984

BisL. K., Remiscn, B.W., KiTROSSER,
D.F. (Univ. of Lowell, Lowell, MA): and
Bucnat. J. (AFGL»

Philosophy and Design of the Digisonde 256

Natl. Radio Sci. Mtg. 'URSI:. Boulder. CO

111-14 January 1984

Bisnor. G.J.. Kronvcnar, J. A (AFGL:
and Donerry. P.H. (Emmanuel Coll..
Boston, MA)

Multipath Effects on the Determination of Absolute

lonospherie Time Delay from GPS Signals
TES Svmp.. Alexandria. VA 11-3 May 1984

Burcnav, J.

Dugtal lonospheric Sounders - Progress and
Expertences

URSI 215t Asshbly .. Florence. Ttaly

128 August-15 September 1984
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Buchau, J. (AFGL); ReNniscH, B.W., and
Bisi, K. (Univ. of Lowell, Lowell, MA)

Geophysical Observations with Digital Ionosondes
Natl. Radio Sci. Mtg. (URSD, Boulder. CO
(11-14 January 1984)

Bucnau, J., WEBER, E.J. (AFGL); and
Remviscr, B.W. (Univ. of Lowell, Lowell,
MA)

Observation of lonospheric Structure and Plasma
Transport at High Latitudes

Wkshp. on Irregularities in the High Latitude
fonosphere. Lindau. FRG (10-12 September 1984)

Bucuau, J., WeBer, EJ.. CarLson, H.C,,
Jr., Moork, J.G. (AFGL); ReiniscH, B.W.
(Univ. of Lowell. Lowell, MA); and
Livinaston, R.C. (SRI International,
Menlo Park, CA)

Ionospheric Structures in the Polar Cap and Their
Relation to Satellite Scintillation
IES Symp., Alexandria, VA 11-3 May 1984,

Cuanag, T. Massachusetts Inst. of Tech.,
Cambridge, MA); Jasperse, J . R. (AFGL);
and REeTrTERER, J.M. (Boston Coll.,
Newton, MA)

Charged Beam Injection Expertments in Space

Internat. Conf. on Plasma Physics, Lausanne,
Switzerland 127 June-3 July 1984

Crew, G.B. (Massachusetts Inst. of
Tech.. Cambridge, MA); RETTERER, J.M.
(Boston Coll., Newton, MA); Cnang, T.
(Massachusetts Inst. of Tech.,
Cambridge, MA); and Jaspersk, J.R.
(AFGL)

Ion Conues in the Cusp and High Altitude
Supraauroral Region

AGU Mtg. . San Francisco. CA 15-10 December
1983)

Hurrman, R.E., Lagrabeg, J.C., and
LeBiranc, F.J. (AFGL); and C.-1. MeNG
{The Johns Hopkins Univ., Laurel, MD)

Ultraviolet Remote Sensing of the Aurora and
lonosphere for C*I Svstem Use

NRL lonospheric Effects Symp.. Washington, DC
t31 October-2 November 1983)

HurrMman, R.E., LEBrLaxc, F.J.,
Larragseg, J.C., Paursen, D.E., and
Barstey, V.C.

Ultraviolet Horizon Radiance Measurements from
Shuttle

ATAA Shuttle Environment and Operations Mtg..
Washington, DC (31 October-2 November 1983)

Katavyama, D .H.

Electronic Energy Transfer in N3'

39th Symp. on Molecular Spectroscopy, Columbus.
OH (11-15 June 1984)

An OODR Study of Collision Induced Energy
Transfer Between Unperturbed Electronic States
37th An. Gaseous Electronics Conf., Boulder, CO
(9-12 October 1984)

Propensity Rules in the Collisional Quenching of
Electronically Excited N}

Internat. Chemical Congress, Honolulu, HI
(16-21 December 1984

Katavyama, D.H., and WEgLsH, J.A.
Radiation Quenching of Vibronically Excited CO~
aty = 100°K

13th Internat. Conf. on the Physics of Electronics
and Atomic Collision, W. Berlin. Germany

(27 July-2 August 1983}

KLoBuCHAR, J.A.

Trans-lonospheric Propagation Measurements
Using Signals from the GPS Satellites

Internat. Symp. on Beacon Satellite Studies of the
Earth’s Environment, New Delhi. India

17-11 February 1983,

KrLoBuUCHAR, J.A. (AFGL); and Lkkg,
M.C. (Regis Coll., Weston, MA)

Periodic Amplitude Variations as Precursors of
Plumes of Irregularities in the Equatorial Region
AGU Mtg., San Francisco, CA (December 1984)

KroBucHAR, J.A. (AFGL); and MuLLEN,
J.P. (Emmanuel Coll., Boston, MA)

Obsercations of Natural and Chemically Induced
Changes in the Equatorial lonosphere

Internat. Sci. Radio Un. (URSD). Florence. Italy
(27 August-5 September 1984)

KrosucHAR, J.A., Bistorp, G. (AFGL);
and Dougerty, P. (Emmanuel Coll.,

Boston, MA)

Total Electron Content and L-Band Amplitude and
Phase Scintillation in the Polar Cap

Wkshp. on Irregularities in High Latitude
lonosphere. Lindau. FRG (10 September 19841

Lee, M.C. (Regis Coll., Weston, MA);
and Krosuchnag, J.A. (AFGL)

Irregul 'r Polar Ionospheric Siructures Associated
with Lurge-Scale Plasma Enhancement

Chapman Conf., Fairbanks. AK (6-9 August 1984)
Contribution of Thermal Effects to Occurrence of
Irregularities in the High Latitude Ionosphere
Wkshp. on Irregularities in High Latitude
[onosphere, Lindau. FRG (10 September 1984)




Meng, C.-I. (The Johns Hopkins Univ.,
Laurel, MD); and Hurrman, R.E.
(AFGL)

Ultraviolet Imaging from Space of the Aurorae
Under Full Sunlight

AGU Mtg., San Francisco, CA (5-10 December
1983)

MuLLEN, J.P., MacKEnzig, E., Basu,
(Emmanuel Coll., Boston, MA); and
WHirneEy, H. (AFGL)

UHF/GHz Scintillation Observed at Ascension
Island from 1980 Through 1982

IES Symp.. Alexandria, VA (1-3 May 1984)

w

Murap, E.

Dissociation Energies of Diatomic Molecules
Obtained by Independent Methods

Internat. Colleg. on Diatomic Molecules, Oxtord.
England 113-15 April 1983)

Chemistry of Metals in the Upper Atmosphere
Seminar at Univ. of Bern, Bern, Switzerland

(18 April 1983)

Thermochemical Properties of Some Gaseous Metal
Monoxide lons

31st An. Mtg. of Am. Soc. for Mass Spectrometry,
Boston, MA (8-13 May 1983)

Thermochemical Studies on SmO* and SmO}
Am. Soc. for Mass Spectrometry Mtg., San
Antonio, TX (27 May-1 June 1984)

Narcist, R.S.

Overview of Project BIME

Internat. Symp. on Active Experiments in Space.
Alpbach, Austria (24-28 May 1983)

Narcisy, R., Trzcinski, E., Fepgrico, G.,

Wrobyka, L. and DeLorey, D.

The Gaseous and Plasma Environment Around
Space Shuttle

AIAA Mtg.. Washington, DC (1 November 1983)

QuEsapa, AF.

High Resolution Stratospheric Winds from
Chemical Smoke Trail Experiments at White
Sands. Wallops Island and Churchill

AGU Mtg.. Baltimore, MD (30 May-3 June 1983)

Reinviscn, B.W., Bisr, K. (Univ. of
Lowell, Lowell, MA); and Bucuau, J.
(AFGL)

Some Scientific Advances Using a Digisonde at
Goose Bay. Labrador

Natl. Radio Sci. Mtg. {URSI. Boulder, CO
(11-14 January 1984
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RETTERER, J. (Boston Coll , Newton,
MA); Cuang, T.S. (Massachusetts Inst.
of Tech., Cambridge, MA); and
Jaspersk, J.R. (AFGL)

Beam Generated Lower Hybrid Waves 1. the
Supraauroral Region: A Plasma Simulation
AGU Mtg.. San Francisco, CA (5-9 December
1983)

Plasma Simulation of Ion Acceleration hy Lower
Hvbrid Waves in the Supraauroral Region
Internat. Conf. on Plasma Physics, Lausanne,
Switzerland (27 June-3 July 1984

Ion Acceleration by Lower Hvbrid Waves in the
Supraauroral Region - A Plasma Simulation
XXIst Gen. Assbly. of the Internat. Un. of Radio
Sci., Florence, Italy (28 Augus'-5 September 1984}

Swiper, W.

Ion Chemistry of the D-Regton: Current Status
URSI Mtg.. Boulder, CO (5-7 January 195!
Concentrations of Mg and Fe Near 92 km

AGU Mtg., Baltimore, MD (30 May-3 June 1983)
Postitive Ion Mobility in the Stratosphere and
Mesosphere

AGU Mtg., Cincinnati, OH (14-18 May 1984)
Ionic Mobility of the Middle Atmosphere
Internat. Symp. of the Committee on Space
Research tCOSPAR), Graz, Austria (26 June 1984)

WEBER, E.J.

Observations of Plasma Structure and Transport at
High Latitudes

NATO Advanced Research Wkshp. on the
Morphology and Dynamics of the Polar Cusp.
Lillehammer, Norway (6-12 May 1984}
Coordinated Optical and Radio Wave Diagnostics
of Polar Cap lonospheric Structures

AGU Chapman Conf. on Magnetospheric Polar
Cap, Fairbanks. AK i6-9 August 1984

TECHNICAL REPORTS
JANUARY 1983 — DECEMBER, 1984

AARONs, J. (Boston Univ., Boston, MA);
Bucuau, J. (AFGL); Basu, SanTivay.
Basu, S. tEmmanuel Coll., Boston, MA):;
RicH, F.. WeBer, E.J. (AFGL; Kossey,
P., HeckscHER, J. tRADC); DANDEKAR.
B.S., McNamara, LLF. (AFGL);
Mirman, G, (GE Syracuse, NY;
KrosucHar, J.A. (AFGL): and
MenpiLeo, MLF. (Boston Univ.. Boston,
MA)

lonospheric Radio Wave Propagation in Handbaook
of Geophystes and Aerospace Environments
AFGL-TR-84-0141 117 May 1984, ADA |in
process|
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Caro, J. M.

Composition Alteration of Stratospheric Air Due to
Sampling Through a Flow Tube
AFGL-TR-84-0045 (3 February 1984), ADA143319

Caro, J M. (AFGL); and LiLLy, W.D.

(Brown Univ., Providence, RD

Chemical Reactions and Molecular Aggregation in
Crvogenic Whole Air Sample Matrices
AFGL-TR-83-0235 tJuly 19331, ADA137879

GarracHer, C.C., and Forssera, C.A.
Observations of Major Stratospheric Chlorine
Species

AFGL-TR-33-0284 124 October 1983, ADA138646

Jasperse, J.R.

An Expansion Method for Solving Linearized
Plasma Kinetic Equations with Collisions
AFGL-TR-84 0170 125 June 1984, ADA147524

Kronuchar, J.A.

Ionospheric Time Delay Effects on Earth Space
Propagation

AFGL-TR-84-0004 (27 December 1983,
ADA142725

SHErMAN, C., Ban.ey, A.D., and

BoraheTTl, J.

A Gerdien Condenser Svstem for Measuring
Stratospheric Charge Particle Densities
AFGL-TR-34-0046 3 February 1984). ADA143317

Strickianp, D.J.. Daniern, RE., Jr.,
Jasperse, J.R., and CarLsox, H.C., dx.

Determination of Ionospheric Electron Density
Profiles from Satellite UV Emission Elements
AFGL-TR-84-6140 117 May 1984:. ADA150734

Swiner, W., WLobyka, L., FEDERICO,
G.S.. BaiLey, A.D., Rosst. R., and Bakeg,
K.D.

lon Composition Measurements of the Disturbed
and Quiet D-Region in 19801981
AFGL-TR-84-0316 121 November 1984, ADA [in
process]|

CONTRACTOR JOURNAL ARTICLES
JANUARY 1983 — DECEMBER, 1984

Aarons, J.. and DasGurera, A. (Boston
Univ., Boston, MA)

Fquatorial Scintillations During the Major
Magnetic Storm of April 1981

Radio Sci. 19 +May-June 19584

Bast, Sunanpa, Basu, S.. MacKEenzig,
E., CoLey, W.R., Hanson, W.B., and Lix.
C.S. (Emmanuel Coll., Boston, MA}

F Region Electron Density Irregularity Spectra
Near Auroral Acceleration and Shear Regions
J. Geophys. Res. 89 (1 July 19841

BernuarnT, P.A. (Los Alamos National
Laboratory, Los Alamos, NM)

Chemistry and Dvnamics of SF; Injections into the
F Region
J. Geophys. Res. 89 (July 1984»

Forses, J.M. (Boston Coll., Newton,
MA)

Geomagnetic Storm Variations and Prediction of
Low-Perigee Satellite Ephemerides
Proc. of Wkshp. on Satellite Drag (Mav 1982)

Ko, M K.W., Sze, N.D., Livsnirs, M.,
McEiLroy. M.B., and PyLE, J.A.
(Atmospheric and Environmental
Research, Inc., Cambridge, MA)

The Seasonal and Latitudinal Behavior of Trace
Gases and O, as Simulated by a Two-Dimensional
Model of the Atmosphere

J. Atmospheric Sci. 41 115 August 1984

Kuvo, S.P., and Lex, M.C. (Regis Coll..
Weston, MA)

Earth Magnetic Field Fluctuations Produced bv
Filamentation Instabilities of Electromagnetic
Heater Wares

Geophys. Res. Lett. 10 (October 1983

On the Spread F Echoes from the lonospheric
Heated Region B

Proc. lonospheric Effects Symp. 11-3 May 1984
Oscillating Two-Stream Instability of a Ducted
Whistler Pump

Phve. Fluids 27 (June 1984

Modulational Instability of Lower Hvbrid Waves
Proc. 1984 Internat. Conf. on Plasma Phys.

127 June-3 July 1984)

Lee, M.C. (Regis Coll., Weston, MA!
OHMIC Dissipation of Pedersen Current as the
Cause of High-Latitude F Region lonospheric
Irregularities

J. Geophys. Res. 89 11 April 1984y

Effect of Electron-lon Collisions on Generation o
lonospheric Irregularities by Thermal Source
Planet. Space Sci. 32 119841




Leg, M.C., and Kuo, S.P. (Regis Coll.,
Weston, MA}

lonospheric Irregularities and Geomagnetic Field
Fluctuations Due to fonuspheric Heating
Reprint from Active Experiments in Space Symp.
124-28 May 1983

Artificial lonospheric Disturbances Caused by
Powerful Radio Waves

Proc. lonospheric Effects Symp. (1-3 May 1984)
Excitation of Upper-Hvbrid Waves bv a Thermal
Parametric Instability

dJ. Plasma Phys. 30 (1983,

Excitation of Magnetostatic Fluctuations hy
Filimentation of Whistlers

J. Geophys. Res. 89 (1 April 1984

Tonospheric and Magnetospheric Modifications
Caused by the Injected VLF Waves

Proc. 1984 Internat. Conf. on Plasma Phys.

(27 June-3 July 1984

Earth's Magnetic Field Perturbations as the
Possible Environmental Impact of the
Conceptualized Solar Power Satellite

J. Geophys. Res. 89 (1 December 1984,
Production of Lower Hvbrid Waves and Field -
Aligned Plasma Density Striations by Whistlers
J. Geophys. Res. 89 (1 December 1984)

Magscu, E., and Cuana, T.
{Massachusetts Inst. of Tech.,
Cambridge, MA)

Electromagnetic Lower Hvbrid Waves in the Solar
Wind
J. Geophys. Res. 88 (1 September 1983,

Scuenkrl, F.W., and Ocorzatek, B.S.
(The Johns Hopkins University, Laurel.
MD»

Vacuum Ultraviolet Auroral Imager Instrument
APL Tech. Digest 11984)

Stiarper, J.R. (Florida Inst. of Tech.,
Melbourne, FL); WinninGhaMm, J.D., and
Buren, J.L. (Southwest Research Inst.,
San Antonio, TX)

Cooperatice Investigation with Dvnamies Explorer
Particle Experiments

Proc. Second United States-Finland Wkshp. on
Magnetospheric and lonospheric Phenomena in the
Auroral Regions (19%4)

Vvenensky, D.D., Chana, T.S., and
Nicownr, J.F. (Massachusetts Inst. of
Tech., Cambridge, MA)

Closed -Form Irreducible Differential Formealations
of the Wilson Renormalization Group
Phys, Rev. A 27 tJune 1983
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CONTRACTOR PAPERS PRESENTED AT
MEETINGS
JANUARY, 1983 — DECEMBER, 1984

Akasoru, S-1. (Univ. of Alaska,
Fairbanks, AK)

Development of a Creomagnetic Storm Predetion
Scheme
IES Symp.. Alexandria, VA 11-4 May 1984

Basu, B. (Boston Coll., Newton, MA});
and Corri, B. (Massachusetts Inst. of
Tech., Cambridge, MA)

Localized Plasma Depletion in the lonosphere and
the Equatorial Spread-F

25th An. Mtg. of Div. of Plasma Phvs. of Am.
Physical Soc. (7-11 November 1983)

CONTRACTOR TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

ALvea, F.N. (Georgia Inst. of Tech.
Atlanta, GA)

A Three-Dimensional Dvnamical-Chemical Model
of the Mesosphere and Lower Thermosphere for
Upper Atmospheric Research

AFGL-TR-84-0070 (20 January 1984), ADA142200

Basu, Santivay. Basu, S., GanauLy, S.,
and Gorpon, W.E. (Emmanuel Coll..
Boston, MA)

Coordinated Studyv of Subkilometer and 3-m
Irregularities in the F Region Generated by
High-Power HF Heating at Arecibo
AFGL-TR-83-0322 120 December 19831,
ADA136606

Basu, SanTimay, Bast, S., Douerry. P..
MacKenzie, E.. and Hacan, M.P.

(Emmanuel Coll.. Boston, MA)
Moaodelling of lonospheric Irregularities and Total
Electron Content

AFGL-TR-84-0032 December 1983, ADA141236

Bionni, M.A. (Univ. of Pittsburgh,
Pittsburgh, PA)

Atomic Collistions and Plasma Physies
AFGL-TR-84-0044 131 January 1984, ADA141320
Fabry-Perot Interferometer and Skvmapping
Photometer Determinations of Midlatitude
F-Region Newtral Wends and Temperatures and
Atrglow Enhancement Depletions

AFGE-TR R4-0280 126 October 19840 ADAT50730
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Brake, A.J. (Univ. of Adelaide,

Adeiaide, South Australia)

Oxvgen Photoabsorption

AFGL-TR-84-0025 (14 October 1983). ADA lin
process|

ELuin, J.B. (Spectral Sciences, Inc.,
Burlington, MA)

Monte Carlo Calculations of Mass Spectrometer
Flow

AFGL-TR-83-0057 (February 1983), ADA128069
Application of the Direct Simulation Monte Carlo
Method to Mass Spectrometer Flow
AFGL-TR-84-0077 (February 1984), ADA142326

FieLp, R.B. (Massachusetts Inst. of
Tech., Cambridge, MA)

Spectroscopic Properties of Metal Monoxides and
Hydroxides Important in the lonosphere
AFGL-TR-83-0021 (1 January 1983), ADA126332

Frykrunp, D.H. (Accumetrics Corp.,

Rockport, MA)

Applied Research and Development for
Falling-Sphere Air Densitv Measuring Svstems
AFGL-TR-84-0192 (August 1984}, ADA155227

Haurman, F. (Univ. of Pittsburgh,
Pittsburgh, PA)

Chemical Reactions, Radiative and Energy
Transfer Processes of Important Atmospheric
Species

AFGL-TR-84-0127 (18 April 1984', ADA143264

JancHORBANI, M. (Massachusetts Inst. of

Tech., Cambridge, MA)

Development of Analvtical Methodology for the
Measurement of Chlorine and Bromine in the
Stratosphere

AFGL-TR-83-0142 (Mayv 19831, ADA132640

Livinaston, R.C., and Vickery, J.F. (SRI

International, Menlo Park, CA)
Irregularity Decay in an Isolated Plasma Bubble
AFGL-TR-84-0146 (31 May 1984), ADA145782

Risicato, C.J. (Tri-Con Associates, Inc.,
Cambridge, MA)

The Design of an Ion Neutral Mass Spectrometer
To Be Used in the Shuttle Environment
AFGL-TR-84-0228 (30 August 1984), ADA148093

Ropricuez, J.M., Ko, M.K.W., and Szk,
N.D. (Atmospheric and Environmental

Research, Inc., Cambridge, MA)

The Diurnal Variation of the Neutral Sodium
Species in the Upper Atmosphere: A Model Study
AFGL-TR-84-0204 11 August 1984), ADA [in
process]

SiLvER, J.A., Zauniser, M.S., Kows, C.E.,
and StanTton, A.C. (Aerodyne Research,

Inc., Billerica, MA)

Annual Technical Report on a Study of
Atmospheric Reactions of Neutral Sodium Species
and Other Metals of Meteoric Origin
AFGL-TR-84-0056 (December 1983). ADA {in
process)

Srowey, J W (Harvard-Smithsonian

Ctr. for Astrophys., Cambridge, MA)

A New Model of the Geomagnetic Variation in the
Upper Atmosphere

AFGL-TR-83-0253 (September 1983}, ADA135210
The Geomagnetic Variation in the Upper
Atmosphere

AFGL-TR-83-0136 (May 19831, ADA129193

SmitH, D., and Apawms, N.G. (Univ. of

Birmingham, Birmingham, England)
Ionic Reactions of Atmospheric Importance
AFGL-TR-83-0327 130 November 19831,
ADA137166

Ionic Reactions of Atmospheric Importance
AFGL-TR-84-0289 131 August 1984). ADA147354

Sukys, R., and Rocuerort, J.S.

(Northeastern Univ., Boston, MA)
GSE for BBIMS: Decommutator and D-A Units
AFGL-TR-83-0085 (October 1982) ADA131845

TrowsrinGE, C.A. (PhotoMetrics, Inc.,

Woburn, MA)

Atmospheric Wind and Diffusion from Analysis of
an SF,; Release at 350 km Altitude
AFGL-TR-84-0200 131 July 1984), ADA147965
Determination of Stratospheric Wind Profiles by
Digital Analysis

AFGL-TR-84-0041 14 January 1984, ADA140502
Turbulent Diffusion, Dissipation, and Winds from
Calibrated Photographs of Artificial Clouds
AFGL-TR-83-0087 (31 October 1984:, ADA143231




Earth Limb Clutter Payload. ELC-1, Under-
going Tests in the AFGL Clean Room. (The
infrared telescope is shown extended out of
the pavload as it is deploved in flight .




il AEROSPACE
INSTRUMENTATION
DiIVISION

The Aerospace Instrumentation Divi-
sion supports the other divisions of AFGL
by providing probe vehicle systems—bal-
loons and sounding rockets—to carry the
instruments that gather data for scientists
in their studies of the environment. Our
engineers also manage Laboratory-
initiated experiments to be flown on satel-
lites of the Air Force Space Test Program.
The use of the Space Shuttle as an experi-
ment carrier 1s increasing.

To provide modern, efficient probe-
vehicle systems, the Division conducts a
technology base program in payload de-
sign, telemetry instrumentation and tech-
niques, tracking, command and recovery
systems. Fewer payloads are being flown
than in the past, but the payloads are more
complex. Increased emphasis has also
been placed on reliability. Expensive sen-
sors and payloads must now be recovered
and reused. Modern solid-state sensors
have an almost limitless ability to gener-
ate data. This has taxed both our airborne
and ground capability to transmit and
process data. Faster, more efficient data-
handling is therefore a major thrust of our
technology base program.

We can conduct rocket and balloon
flights from anywhere in the world. A
majority, however, are flown from White
Sands Missile Range, New Mexico, where
restricled air space, optical tracking. pre-
cision radar, and excellent conditions for
payload recovery are available. Rockets
are launched from a Navy facility at White
Sands Missile Range shared with other
users. Balloons are launched from a
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permanent balloon-launch facility at
Holloman AFB, within the White Sands
Missile Range, manned by AFGL Detach-
ment 1.

BALLOON PROGRAM

The Balloon branches of the Aerospace
Instrumentation Division design and de-
velop completely instrumented, large bal-
loon systems for in-situ measurements in
the stratosphere and developmental tests
of instruments intended for space opera-
tion. The experimenters are scientists
from the other AFGL Divisions, Systems
Command, agencies in the Department of
Defense, and other government agencies.

The balloon program manager works
closely with the scientific investigator
from the inception of a balloonborne ex-
periment. Their collaboration ensures
that all components of the payload will be
environmentally suitable, and the balloon
instrumentation will in fact provide the
electrical power budget, data-handling
capability, radio-command facilities,
flight trajectory, and payload-recovery op-
erations required to fulfill the ex-
perimental objectives.

Mammoth free balloon systems, unlike
other probe vehicles, ascend slowly, typi-
cally at 800-900 ft per minute, and can
remain aloft for hours, or even for days if
so designed. Payloads can be almost any
size or shape that can be handled at the
launch site. Instruments can be reeled
down, and up again, thousands of feet be-
low the balloon whenever the investigator
so commands. Small packages or indi-
vidual sensors can be placed on top of the
balloon.

Many AFGL flights are launched from
our Balloon Facility at Holloman AFB,
New Mexico, on the White Sands Missile
Range. Our mobile facilities are used to
launch from remote locations, or from
strategicallv-located, off-base sites chosen
sn that the local wind fields will carry the
balloon directly over a designated test
area.

Microelectronics and today’s computer
technology have vastly improved the op-
tions available to balloon experimenters.
Heavy, delicate, complex instruments are
being flown and recovered for reuse. While
a flight is in progress, selected data are
reduced immediately and displayed at the
control center for quick-look appraisal in
whatever format the experimenter has
specified. Up to several hundred interfer-
ence-free radio commands are available to
alter or manipulate the experimental con-
trols in the payload. AFGL is exploiting
these capabilities by flying innovative
payloads to obtain first-time measure-
ments having immediate applications to
scientific and military needs, as indicated
below.

ABLE: The Optical Physics Division’s
balloonborne lidar system, for example,
flown in 1984, carried a laser, a telescopic
receiver, and rotatable pointing mirrors
(see the figure) so that back-scatter
measurements could be collected from
directions as commanded from the ground
station (see Chapter VII). These lidar
measurements, over an extended range,
were the first to be made from stratospher-
ic altitudes. During the flight, lidar data
first were recorded from the atmospheric
regions above the balloon. Later, from the

Balloonborne Gra

ty Gondola Includes a
Balloon-motions Payload with 3-axis Gyros
and Accelerometers Developed under Project
7659 to Record the Local Motions of Orienta-

tion or Rate-sensitive Pavloads.




restricted air space above the White Sands
Missile Range, down-looking observations
were made within the particulate-
carrying atmospheric volume between the
balloon and the ground. This flight demon-
strated the autonomous operation of a la-
ser, including harmonic generation, in a
space-like environment, and established
quantitatively the range-dependency of
lidar data recorded from a location nearly
outside the earth’s atmosphere. This in-
formation is highly relevant to the de-
velopment of future space-based systems.

SCRIBE: This balloonborne interferom-
eter experiment gathers high-resolution
infrared spectral measurements from
stratospheric levels (see the figure). The

The Aerospace Instrumentation Division
managed this balloonborne operation car-
rying a gamma-ray experiment for the Air
Force Technical Applications Center
(AFTAC).

Optical Physics Division’s instrument
observes absorption and emission charac-
teristics along the horizontal and down-
looking atmospheric paths through which
long-range target-detection systems must
view (see Chapter VII).

Ashcan: In 1983-84, the Aerospace In-
strumentation Division continued the
Ashcan balloon program to obtain air sam-
ples in the stratosphere for the Health and
Safety Laboratory of the Department of
Energy. Three separate air-sampling de-
vices were flown in January, 1983, to pro-
vide background measurements just be-
fore the anticipated reentry of the Soviet
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COSMOS satellite (see the figure). This
mission was planned and executed with
only two weeks' prior notice. The post-
reentry samples were taken in February,
1984, when the COSMOS radio-acuve de-
bris was forecast to be drifting in the strat-
osphere above Mew Mexico. In March,
1984, sulfate sampling was added to the
long-term program to collect nuclear de-
bris and carbon-14 samples.

This ASHCAN payload carried an air ejector
sampler for the higher altitudes. a direct flow
type for mid-altitudes, a cassette for three
different samples. and an impactor sampler.

Balloonborne Gravity Measurements:
Values of gravity at high altitudes are
estimated from models having unverified
accuracies. This deficiency can contribute
to significant guidance errors. The Earth
Sciences Division’s Balloonborne Gravity
Measurements Program is flying a gra-
vimeter to obtain precise measurements of
acceleration due to gravity in the strat-
osphere (see Chapter VI). These new data
should lead to significant reductions in the
miss errors on the test range or at oper-
ational missile launch sites. A first en-
gineering flight was made in October,
1983. A second flight with improved sen-
sors is planned for October, 1985.

Galileo: Stratospheric balloon flights
are a cost-effective means for observing
the performance of planetary probes. By
releasing a probe vehicle at a predeter-
mined altitude (air density) and then

s
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accelerating it to an altitude-related
velocity, a working simulation of the
actual planetary environment of the probe
is created in the stratosphere. Galileo is
the latest of several AFGL planetary-
entry balloon programs. The tests for
NASA simulated descent speeds and de-
celerations that will be encountered when
the Galileo probe enters the atmosphere of
Jupiter. The probe was dropped from
97,000 ft above the White Sands Missile
Range. Camera-equipped telescopes and
radar recorded the probe separation and
paractute deployment and descent.

Tethered Balloons: The Aerospace In-
strumentation Division also has a work-
ing inventory of large tethered aerostats.
They are quite regularly used for atmos-
pheric measurements, surveillance exer-
cises, mounting targets for advanced
radar and weapons qualification, and
dropping modules to observe their per-
formance before space operation. The bal-
loon groups are also developing new, dedi-
cated tethered systems for special military
applications. These new systems use com-
puter-designed aerostat shapes that fly
with good stability in very high winds, and
new lightweight, strong hull materials
and cables. For communications and other
long-endurance applications thai should
not be interrupted to replenish the power
supply. tether cables are now being de-
signed to incorporate an electric. | conduit
th-* delivers power from a ground-based
source up to the payload.

Tethered Aerostat Antenna Program
(TAAP): At the request of the Defense
Communications Agency, AFGL balloon
specialists have developed and produced a
proof-of-concept, completely mobile
tethered system to reconstitute lf/vif com-
munications among strategic forces. The
Rome Air Development Center provided
guidance for the transmitter and antenna
aspects of the system. The aerostat-
supported, high-powered antenna is an in-
tegral part of the 3000 ft tether cable.

In November, 1984, this TAAP system
participated in a world-wide vIf transmis-
sion test organized by the Defense Com-

munications Agency. During these tests.
AFGL demonstrated very successfully the
ability of the TAAP system to broadcast to
a network of military stations including
SAC aircraft, submarines and units off the
California coast and in Europe.

North Warning System: The North
Warning System Program Office of the
Electronic Systems Division asked AFGL
to investigate the feasibility of operating
large tethered aerostats routinely in the
Arctic as surveillance platforms at
selected Distant Early Warning (DEW)
Line locations on the Davis Strait. A
scaled-down mobile tethered system was
modified for cold weather operation and a
three-month field test program was con-
ducted during the winter of 1983 at Fort
Ethan Allen, Vermont (see the figure). In
October, 1983, a staff meteorologist and
two AFGL balloon specialists visited
selected DEW Line stations on the Davis
Strait.

Sub-Arctic Field Tests. tApplication of a de-
icing compound to 25.000 cu. ft. aerostat at Ft.
Ethan Allen, Vermont. Several ice-removal
techniques and ice-inhibiting compounds
were tested during blizzards.)

The sub-Arctic test program in Vermont
has demonstrated the feasibility of con-
ducting aerostat operations in moderately
severe cold and heavy snow. Operational
limitations caused by icing on the aerostat
and tether cable were clearly identified.
The Davis Strait climatological data have
been thoroughly analyzed and the need for
additional data identified. A mooring sys-




tem for a 365,000 cu ft aerostat to fly on
station in the Arctic has been designed on
paper. Possible solutions to the icing prob-
lem have been investigated, but ao defini-
tive answer has been found.

SRHIT: AFGL is flying a 100,000 cu ft
tethered aerostat carrying a missile target
on the White Sands Missile Range for the
U.S. Army in the Small Radar Homing
Intercept Technology Program. The 48-in
spherical target must remain positioned
within a prescribed intercept scoring box
at 12,000 ft altitude above ground. This is
accomplished by using a modified M47
Patton tank as the tethered ground anchor
and moving the tank as required to com-
pensate for changes in the wind direction.

Balfoon Systems: During 1983-84, the
balloon groups continued in-house studies
and hardware development to modernize
and improve AFGL balloon instrumenta-
tion and vehicle capabilities.

A new multi-address digital coinmand
system provides independent address and
status verification for up to 855 com-
mands, secure from interference that pro-
duces false commands. It is operable with
every hf, uhf and vhf radio frequency
assigned to AFGL.

A payload motions package contains
sensitive three-axis gyros and accelerom-
eters to measure the very small rotations
and vibrations of gondolas carrying
orientation- or rate-sensitive instru-
ments. The data are also needed for de-
signing pointing controls and stabilized
platforms.

Pathfinders are new, 140,000 cu ft, zero-
pressure balloons carrying a meteorolog-
ical sensor package and an Omega track-
ing system. Unlike sonde vehicles, they
float for several hours at 120,000-140,000
ft levels and thus indicate the most prob-
able balloon trajectory due to the upper
level winds. Pathfinders are launched just
prior to the scheduled launch of critically
important experiments that must overfly
a predetermined test area.

A theoretical study to predict balloon
ascent trajectories has demonstrated that
the aerodynamic drag coefficient of an
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ascending balloon cannot be based solely
on the Reynolds number, but rather must
depend also on the Froude number and
fractional volume.

SOUNDING ROCKET PROGRAM

The Sounding Rocket Branch of the
Aerospace Instrumentation Division is re-
sponsible for the development, manage-
ment and launch of rocket-payload sys-
tems for AFGL’s research rocket program
and for the integration of AFGL experi-
ments on free-flying and Shuttle-based
spacecraft (see Appendix B for specific
flights during the reporting period). With
a history that includes the instrumenting
and launching of more than 1000 sounding
rockets since 1946, the high rate of suc-
cessful launches continues.

In 1983, twelve sounding rockets were
launched in support of AFGL scientists.
Two failures occurred on rockets because
of non-ignition of the second stage. All
payload systems performed nominally.
Five sounding-rocket programs started
development in 1984 and are scheduled to
be flown in 1985. About one-half of the
technical effort normally applied to
research rocket work is now devoted to
satellite and Shuttle payload system in-
tegration. In the report time period, ex-
periments were flown on two free-flying
satellites and three Shuttle flights.

We continue to provide support to ex-
perimenters by selecting launch vehicles;
designing, fabricating, and integrating
experimental payloads; conducting test
and launch operations; and providing for
telemetry and trajectory data collection.
As scientific requirements lead to the
evolution of more sophisticated payloads,
both the size and complexity of payloads
continue to increase. Payloads exceeding
1500 pounds, such as those flown on Aries
type rockets, have become routine. In-
creascd data-handling requirements have
led to the use of computer-based technolo-
gy in both airborne and ground-based
support systems. The need to continually
advance the state of the art of rocket in-
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strumentation has required a correspond-
ing emphasis on our in-house engineering
development program.

Technology based research has con-
tinued in the areas of micro-processor-
based adaptive telemetry systems, intelli-
gent data processor systems and command
and control systems. A base line design
was developed for a multi-use spacecraft
detached from the Shuttle. Utility and cost
comparison show this could be a viable
option to the present high-cost Shuttle
payload system.

Background Measurements Program:
The final mission of this Space Division
program was successfully conducted in
October, 1983, from White Sands Missile
Range. An Earth Limb Clutter payload
was flown on an Aries rocket to gather
data on the infrared characteristics of the
earth limb (see the figure). The payload
flew to an apogee of 282 km, gathered
much important data, and was successful-
ly recovered by parachute on the same
day. The entire background measure-

ELC-1 Being Readied for Launch on its
ARIES Booxter at White Sands Missile
Range, New Mexico. (The clean pavload re-
mains enshrouded in plastic until just before
launch.

ments program was an unqualified suc-
cess. Five of the six missions flown 10~
1980 met their intended objectives and
were recovered for future use. All missions
were flown on the Aries rocket system.

Auroral Program: AFGL continues =
active auroral research progi-m using
sounding rockets flown irom the Poker
Flat Research Range located north of Fair-
banks, Alaska. Six rockets were in-
strumented and launched into various
types of auroral events. These missions
supported both the AFGL exploratory re-
search program and Defense Nuclear
Agency requirements.

In March, 1983, AFGL flew the highly
successful Earth Limb Infrared Atmos-
pheric Structure payload. This 1500 1b
payload flew on a Talos-Castor rocket to
an apogee of 305 km and acquired the first
infrared data of an active aurora on the
earth limb. Another first occurred one
month later in April, 1983, when the first
successful Field Widened Interferometer
flew on a Sergeant rocket to its planned
130 km apogee (see the figure). This
payload was recovered in excellent condi-
tion and is being refurbished to fly again
in 1985.

In June, 1983, AFGL conducted the
Structure and Atmospheric Turbulence
Environment (STATE) program from Pok-
er Flat, Alaska. Four sounding rockets
were launched along with a half-dozen

The Field Widened Interferometer pavload is
shown on the launch rail at Poker Flat Re-
search Range. Alaska.




meteorological rockets on three salvos on
three consecutive days to perform in-situ
measurements of the dynamical prop-
erties of the atmosphere in the 30 km to
130 km altitude range.

L ast Aerobee Rocket: In April, 1983, an
ultraviolet spectrometer was flown from
White Sands Missile Range to an apogee of
200 km on the last liquid-fueled sounding
rocket on the AFGL schedule, an Aercbee
170 tsee the figure). Over 1000 Aerobees
have probed the sky in their 36-year his-
tory, about 275 of them launched by
AFGL. The high cost of servicing liquid-
fueled rockets, coupled with the availabil-
ity of surplus military solid-propellant

The last AFGL Aerobee 170 rocket leaves the
launch tower at White Sands Missile Range,
New Mexico.

boosters, made this highly successful rock-
et obsolete.

Sensor Eject System: In March, 1983,
the Sounding Rocket Branch showed its
quick-reaction capability by launching
the complex Sensor Eject System payload
for Space Division less than 12 months
after the program was conceived. First
funding for this complex mission was re-
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ceived on 19 April 1982, The 650 1b
payload was designed. the Space Division
experiment integrated, and the mission
successfully flown and recovered on 1
March 1983 (see the figure).

An Astrobee F Rocket is placed on its trans-
port'launch rail at White Sands Missile
Range. New Mexico. for the Sensor Eject Svs-
tem mission.

Space Shuttle Systems: Much of the
work of the Sounding Rocket Branch has
evolved into Shuttle payload systems.
Three payloads were flown on the Shuttle
during the reporting period. On the third,
the Sounding Rocket Branch integrated
two experiments on the first flight of the
NASA Long Duration Exposurc Facility
(LDEF) on STS Mission 13 on 6 April 1984.
The AFGL experiments were the first to be
qualified by NASA. The LDEF is sched-
uled to be retrieved by Discovery during
the 19-24 March 1985 Mission 23.

Technology Base Deve!opment: The
increased emphasis on the use of the Space
Shuttle has required us to direct our tech-
nology-base research program toward
Shuttle support systems. Fortunately,
many of the improvements in state -of-the-
art technology are a direct evolution of
sounding-rocket systems technology.

Profiting from our long experience in
the development of highly accurate, mega-
bit PCM encoders, we undertook the de-
velopment of intelligent, command and
control data processors for Shuttle experi-
ments. A prototype digital processor/con-
troller that will process data for bandwith
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reduction, provide command and control,
and perform health-status checks has
been fabricated and tested. This design
could be used in the next generation of
large experiments for the Shuttle.

An outgrowth of our sounding-rocket
adaptive telemetrv system was the de-
velopment of a programmable PCM encod-
er for Shuttle Get-away Special use. The
versatility of this encoder makes it ideal as
the data formatter in a multi-use support
system such as is being built at AFGL for a
Shuttle Getaway Special mission. The use
of EPROMs allows parameters such as
analog input levels. digital entry chan-
nels. work length, bit rate, output code and
frame formats to be reprogrammed at any
time.

While an invaluable tool for space re-
search, the Space Shuttle is also expen-
sive. Much of that expense is the result of
the complex interfaces required of an ex-
periment on a man-rated spacecraft. The
Sounding Rocket Branch undertook an in-
vestigation of the potential utility and eco-
nomic feasibility of developing a standard
Shuttle experiment support system to
satisfy unique AFGL scientific require-
r~nts while minimizing interface with
the orbiter. An excellent overall system
design was generated that accommodates
most all AFGL scientific requirements for
Shuttle experiments. The system requires
minimum Shuttle interface and has the
ability to operate both in and out of the
cargo bay as a closed system. A capability
and cost comparison of this Shuttle De-
tached Spacecraft was made -ithall avail-
able detached spacecraft, showing that
this system offered greater capability at
comparable cost.

Under the long-term cooperative agree-
ment between AFGL and the Brazilian
Air Force, the Sounding Rocket Branch is
involved in the development of a high-
altitude reentry spacecraft and water re-
covery system to be employed on the Bra-
zilian SONDA IV rocket. This system will
enable an 850 1b payload to be successfully
recovered from a 1000 km apogee flight.
The spacecraft will be flown from Natal,
Brazil, in FY 85.

[

At present, AFGL’s infrared telescopes
are limited to operating at temperatures
no colder than the 6°K vapor temperature
of liquid helium. In FY 84 a technology-
based development was initiated for a
space vacuum assisted passive super-fluid
helium cooler that would enable a quanti-
ty of 2°K liquid helium to be generated for
focal plane cooling in space. This develop-
ment will be tested on the SONDA [V
rocket mission in FY 85.
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Looking up at & Seounding Rocket Payvioad
Suspended from the Roof of a Cyvhindrical
Space-simulation Vacuum Chamber tapprox-
imately 60 ft by 100 fur. 1 A plasma similar to
the ionosphere s created inside the chamber
whiie a beam of tons and electrons 1< emitted
from the pavioad The charging of the
spacecraft in these conditions is then re-
corded. The white thermal curtains in the
background protect the payload from the
walls. which reach a temperature of 10 Ko




IV SPACE PHYSICS DIVISION

Basic research and exploratory and ad-
vanced d_velopment in the solar-terrestrial
system are crucial to the development of
future Air Force space systems. The re-
sults contribute to the survivability,
reliability, and autonomy of new space
systems, to space weather forecasting for
space operations, and to the optimum per-
formance of command, control, com-
munication, and intelligence (C*I) sys-
tems.

The sun is the primary source of energy
in the solar-terrestrial system. Under-
standing the physical mechanisms re-
sponsible for solar emissions is essential to
the success of Air Force space programs.
The Solar Research Branch of the Space
Physics Division studies fundamental so-
lar processes, including the emission of
electro-magnetic radiation, energetic pro-
tons, cosmic rays, and the solar wind. The
solar wind determines the shape and size
of the magnetosphere-ionosphere cavity
(see the figure), as well as the energetic
particle content of the magnetosphere.
The solar flare is the most striking exam-
ple of solar disturbances which can pro-
duce catastrophic effects on Air Force
space systems.

Most Air Force space operations are car-
ried out within the ionosphere-
magnetosphere system. as shown in the
figure. The outer boundary, the bow shock,
islocated approximately 10 earth radii up-
stream from the earth along the sun-earth
line. The inner boundary is identified as
the base of the ionosphere E-layer at
approximately 100 km. Within this sys-
tem, regions of great importance to Air
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Model of the Magnetosphere Showing Major
Particle Populations.

Force operations are the earth’s radiation
belts and the high-latitude regions, in-
cluding the auroral zone and polar cap.
Scientists in the Space Physics Division
seek to understand the physical mechan-
isms operating in these regions and to de-
velop a capability to model. forecast and
monitor ionosphere-magnetosphere be-
havior. To carry out these programs, state-
of-the-art space flight and ground-based
diagnostics must be developed. and
analytical and phenomenological models
of the system derived. During the past
year. considerable progress was made on
the SPACERAD CRRES program (Space
Radiatioin Combined Release and Radia-
tion Effects Satellite). which is designed to
accelerate the transfer of new microelec-
tronic technologies to Air Force space
programs. The SPACERAD satellite will
continuously traverse the earth’s radia-
tion beits. The payload includes a wide
range of advanced microelectronic devices
and wave particle and field sensors. This
program will establish the in-flight per-
formance of microelectronic devices, will
relate causes of device degradation or fail-

ure to environmental conditions. and will
generate the first dyvnamic models of the
earth's radiation belts.

The high latitude ionosphere-mag-
netosphere-thermosphere region is being
intensively studied by means of satellites,
aircraft. rockets and ground-based instru-
ments. Factors contributing to large-scale
thermal plasma motions and the produc-
tion of small-sca.e irregularities which
produce scintillations in radio and radar
signals are of special interest since theyv
contribute to the degradation of Air Force
C"*] and surveillance systems operating at
high latitudes. Magnetic substorms are
initiated when the energetic particles in
the earth’s plasma sheet and dayside cusp
are suddenly accelerated along open mag-
netic-field lines into the near-earth en-
vironment, Studies of ionosphere-magnet-
osphere 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 condi-
tions under which serious signal loss and




unacceptable fade margins will develop in
high-latitude communications systems.

More complex, larger. high-powered
spacecraft are planned for future Air Force
missions. The development of our under-
standing of the interactions between space
systems and the environment is crucial to
the proper design of these syvstems.
Ongoing Space Physics Division programs
are focused on a number of space-svstem
environmental-interaction problems. in-
cluding spacecraft charging. techniques of
charge mitigation, degradation of surface
materials, as well as the development of
design guidelines for future space sys-
tems. Under these programs space sys-
tems environmental interactions codes
and large spacecraft structure codes are
being developed.

The Active Space Experiment program
investigates the effects on the environ-
ment of the emissions of chemicals. waves,
beams. and high-power rf signals. Theo-
retical developments during the past de-
cade and advances in diagnostic sensors
used to monitor the environmental effects
produced by active emissions make active
experiments highly feasible. This is an
area of rapidly growing importance to the
Air Force.

The Division program is carried out by
means of In-house laboratory efforts, an
extensive field program, and a broad con-
tractual program. The field programs
involve satellite experimentation and
rocket, aircraft and ground-based inves-
tigations. The ground-based program in-
cludes solar studies at the Sacramento
Peak Observatory in New Mexico. During
the past two vears, ma’ r scientific and
technological advances have been made as
aresult of: (1) the analysis of particle, plas-
ma4, electric and magnetic field and wave
instruments flown on the AF S3-2. 78-1,
78-21SCATHA) and DMSP F2. F4, ¥6, F7
and HILAT satellites: (2) solar observa-
tions from Sacramento Peak Observatory:
t3) theoretical development in space
simulation and auroral physics. These
achievements are described in the follow-
ing sections.

It
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SOLAR RESEARCH

Solar research is performed within the
Space Physics Division by the Solar Re-
search Branch. The Branch is a tenant at
the National Solar Observatory (NSO,
Sacramento Peak, Sunspot, New Mexico, a
national center for solar physics operated
by AURA, Inc.. under contract to the
National Science Foundation. The pri-
mary task of the Solar Research Branch is
to identify. predict, and understand those
physical mechanisms on the sun that
cause solar flares, high speed solar wind
streams. and coronal mass ejections, be-
cause these in turn produce geophysical
disturbances that disrupt Department of
Defense satellite systems and aircraft
operating in the space environment. With
the advent of the Space Shuttle era. mili-
tary planners are increasinglv concerned
with the extreme hazards to astronauts
due to these bursts of deadly solar radia-
tion. encountered especially in polar orbits
during times of enhanced solar activity.

The Branch also has programs to im-
prove our understanding of basic solar
phenomena through space-based observa-
tions. Image enhancement of ground-
based observations which have been de-
graded by atmospheric turbulence. and
observations of solar-like stars. Branch
personnel are co-investigators on NASA's
Spacelab 2. Sunlab, and Solar Optical
Telescope missions. In addition, several
experiments have been proposed for the
Space Test Program of the Air Force Space
Division. These missions will provide so-
lar data in tl.o x-rav and extreme ultra-
violet spectral regions which are unavail-
able from the grouna. but of fundamental
importance to understanding solar activ-
ity. To improve ground-based observa-
tions, the Branch is developing both active
optics (rubber mirrory technology and
speckle interferometry tusing post-facto
computer reconstructions!. Both of these
imaging programs have now reached the
payoff stage. and systems are being in-
stalled on ground-based telescopes. The
Branch pursues a small program in solar-
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stellar research. an important area in
astronomy in which observations of solar-
like stars are being analyzed to better
understand the sun.

Solar Flare Forecasting: The
approaches to the problem of forecasting
flare activity are based on either physical
processes or statistical relationships. de-
pending on the time scales and types of
data in question. Short-term prediction
techniques rely upon observations of
irreversible conditions which will lead to a
flare within the following few minutes to
approximately one hour. Within this time
period. it is possible to detect either the
pre-eruptive onset or the rapid energy
build-up in current-carrying magnetic
fields. Prior to the impulsive release of
x-ray and particle emission, the actual
flare onset is often visible in certain opti-
cal absorption features. microwave polar-
1zation changes, or weak soft x-ray signa-
tures. The consensus of the Working
Group on Short-Term Solar Predictions at
the Meudon Solar-Terrestrial Predictions
Conference (June, 1984, is that early rec-
ognition (0-30 min! of all major flares
would be possible if optical, radio, x-ray
and extreme ultraviolet data were avail-
able simultaneously. Studies of the pre-
eruptive optical flare phenomena were
sucessfully completed using data from the
Air Weather Service and the Solar Optical
Observing Network (SOON). The results
are applicable to SOON observing se-
quences.

Research in current-carrying isheared)
magnetic fields has been carried out under
contract, using both theoretical magne-
tohydrodynamic models and observations
of vector magnetic fields in solar active
regions. The association between flares
and magnetic shear is well founded,
although much additional research will be
required to predict and observe the critical
degree of shear which will lead to the
actual flare instability, or “trigger.”
Analysis of photospheric magnetic field
dynamics, inferred from sunspot tracers,
has shown that transverse motion in the
photosphere can effectively serve as a

surrogate for the transverse field in de-
tecting the locations and approximate
magnitude of shear. This work has led to
the formulation of observational param-
eters, applicable to SOON data analysis,
which can be used until vector field data
become available from space.

During 1984 the Solar Research Branch
contracted NASA Marshall Space Flight
Center to conduct an interagency work-
shop and design study for a Solar Activity
Monitoring Satellite (SAMSAT). The
motivation for SAMSAT is an Air Weath-
er Service Statement of Operational Need
regarding solar activity's effect on the
space environment. The NASA study was
guided by the Solar Research Branch and
produced a final strawman instrument
payload consisting of x-ray, extreme ultra-
violet, visible corona, and vector magnetic
field monitors; the study included detailed
descriptions of costs, weight, power, orbits,
and telemetry.

Solar Flare Processes: A major concern
of recent flare research is the transport
and distribution of flare energy with depth
in the solar atmosphere. The problem is
especially important in highly energetic,
particle-emitting flares, for which known
energy-transport mechanisms are proving
to be inadequate to account for the radia-
tive losses from the lower chromosphere.
Important new information on the optical
spectrum of such events was obtained at
Sacramento Peak, leading to the conclu-
sion that ionization and recombination of
hydrogen atoms is the dominant emission
process in many cases. Detailed measure-
ments of the radiative losses as a function
of time were 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 over-
dense region in the solar chromosphere.
The latter conclusion may be of great im-
portance in future studies of spatially
resolved hard x-ray structures.

In a major collaborative effort between
the Solar Research Branch and the Space




Particles Environment Branch, a catalog
and statistical study of the highly energet-
ic flares showing optical continuum was
published tAFGL-TR-83-0257". Particular
attention was devoted to determining the
tvpes of sunspot groups, types of magnetic
configuration. and epoch within the solar
cvele, from which such flares occur (see
below). Seventy percent of these large
flares were found to be associated with the
production of energetic protons. These
data, as well as the analvsis of the optical
spectra and radiative losses, were incorpo-
rated in NASA’s Solar Maximum Missior
Flare Workshop Series, in which several
AFGL scientists were participants.

Future research, featuring coordinated
observations between ground-based opti-
cal telescopes and NASA’s Solar Optical
Telescope and Pinhole/Occulter Facility,
were planned and published in a NASA-
funded report (MAX 91, The Active Sun).
The report emphasizes campaigns of coor-
dinated data-gathering efforts, organized
around a number of scientific themes and
ohjectives, including one directed toward
the transport processes discussed above.

Coronal Images for Space Forecasting:
The brightness of the solar corona on the
east limb of the sun is a useful parameter
for the prediction of geomagnetic distur-
bances detrimental to Air Force systems.
Unusually bright areas herald the rota-
tion onto the disk of an energetic active
region that may emit high-energy radia-
tion. Extremely dark areas are indicative
of “coronal holes.” low-temperature re-
gions that are the sources of long-lived
high-speed solar-wind streams. Such
observations can only be made from high-
altitude locations that are relatively free
of atmospheric contamination. The Solar
Research Branch conducts a program to
obtain these observations at, and in coop-
eration with, the National Solar Observa-
tory, Sacramento Peak.

At least once daily, scans of the solar
corona are made in the light of FeXIV
5303A with the 16 in. coronagraph tele-
scope. This instrument produces an artifi-
cial eclipse, blocking out the bright disk of

the sun and allowing only the million-
times fainter light of the corona to enter
the filter. The filter isolates hght from
thirteen-times ionized iron. which is
formed only in the million-degree corona.
Three circular scans are made around the
limb to provide information about the
height structure of the corona. A sample of
thedaily data s shownin the figure. These
data are published monthiv in Solar
Geophysical Data.
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Radius Above the Solar Limb. (The intensity
at the edge of the circle is zero. These lines are
sensitive to average, cool, and hot coronal
temperatures, respectively.)

A series of daily scans may be compiled
into a “picture” of the sun’s disk in coronal
light, by utilizi.g the 27-day rotation
period of the sun to rotate the limb scans
onto the disk. Such maps are produced
triweeklv and telecopied to the space fore-
casting centers at Air Force Global Weath-
er Central and the Air Force, NOAA, and
the Space Environmental Support Center.

In January, 1984, we began the first
synoptic observations of the sun in CaXV
5694A with the Fisher/Smartt Photoelec-
tric Coronal Photometer. These are the
first observations ever made of this line
with an instrument that subtracts the sky
background. Earlier photographic and
visual observations had shown emission
only in very small knots over extremely
active regions. Thus it was thought that
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the high temperature required to produce
CaXV (3-4 mK) occurred only rarely.
However, we were fortunate that a rare
situation obtained at the time of our first
observations: there were two very active
regions on the sun at a time in the solar
cycle when activity should have been
approaching zero. These regions showed
strong emission in CaXV, implying the
high probability of high-energy flares. Re-
gion A was situated roughly between lati-
tudes 5° S and 25° N, depending on the
apparition. Its centroid was observed at
central meridian passage (CMP) on day of
the year (DOY) 28, 56, 81, 18, and 134 of
1984, and it was not seen after that. Its
total extent in longitude was approx-
imately 50°. Region B covered the latitude
range 10° N to 25° S at various times, and
its centroid reached CMP on DOY 38, 121,
148, and 175 of 1984. It was not observed
during the limb passages corresponding to
CMP on DOY 65 or 92. Its total longitude
extent was approximately 40°. Region B
was not observed again after its west-limb
passage on DOY 182. In addition, few
further observations of CaXV were
obtained during the remainder of the year.
These regions are shown in the figure. We
thus see that CaXV is ubiquitous to an
extent never previously recognized.
Temperatures of 3-4 mK are widespread
over active regions in the low corona.

Consistent with classical concept that
CaXV regions are major-flare producers,
one of these regions produced a proton
flare on February 16, 1984. The flare was
not seen on the disk, and both regions were
on the limb. Region B was on the West
limb, which makes it a better candidate.
Region B also produced the largest gam-
ma-ray flare ever recorded on April 24,
1984.

Solar-Cycle Variation of Corona: A
series of daily coronal scans extending
back to 1975 tand an isolated period in
1973-1974) have recently been compiled
into a single-format computer tape. Pro-
grams are under way to study the solar-
cycle variation of the corona. These will
include comparisons with other data sets
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Solar Research Branch in the Light of CaXV.
Showing Two Major Active Regions Having
High Flare Potential in 1984.

to determine the optimum parameters for
space forecasting, as well as studies of so-
lar rotation, active-region and coronal-
hole evolution, and global solar groperties.

Coronal Transients and Solar-Wind
Disturbances: Recent observations from
space have uncovered the accurrence of
huge bubble-like disturbances in the outer
solar corona, called “coronal transients.”
These transients have been observed to
grow in size until they are as big as the sun
itself, and further expansion certainly
occurs out of the field of view. Studies have
shown that they are frequently connected
with mass ejections (e.g., eruptive promi-
nences) and that the disturbances can
travel out through the interplanetary
medium and cause disturbances.

The Sol. - -.esearch Branch has recently
begun a program to search for these phe-
nomena from the ground. As often as tele-




scope scheduling will allow, the AFGL/
SPO daily corona-scan program is ex-
panded to run continuously from sunrise
to sunset. A series of pictures of the corona
can be generated from the type of data
shown in the preceding figure. Such a pic-
ture may be subtracted from subsequent
pictures to display changes in coronal
structure and brightness. Rapid change is
indicative of the initiation of a coronal
transient in the low corona.

He 1 10830A Scans: The Solar Research
Branch is supporting efforts to establish a
facility to provide daily digital maps of the
sun in He I 10830A. This atomic absorp-
tion line appears to be well-correlated
with the location of coronal holes on the
solar disk. While the Fe XIV line can only
be seen at the solar limb, the 10830A line
has the advantage of being "observable”
on the sun’s disk itself. It appears in the
infrared and thus can be detected effi-
ciently.

Origins of Solar Activity: The fun-
damental cause of the solar activity that
impacts the earth’s upper atmosphere and
the near-earth space environment is the
interaction between dynamical processes
and magnetic fields in the sun. To under-
stand solar activity and solar activity cy-
cles, and thus provide better predictions of
when activity will occur, the Solar Re-
search Branch conducts research into the
physical processes occurring in the solar
atmosphere and in the atmospheres of so-
lar-like stars. Progress was made in sever-
al areas towards understanding the trans-
port of energy through the solar atmos-
phere and in understanding those process-
es that inhibit energy transport and lead
to solar activity.

Variations in the Calcium K-line. as
seen in integrated sunlight, have been
observed from November. 1976. to the
present. The K-line emission was shown to
be a good indicator of the level of solar
activity and the solar ultraviolet tUV ) out-
put. By monitoring the K-line itshould be
possible to predict the total solar ultra-
violet emission. Knowledge of solar UV
emissions is important to Air Force opera-
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tions since they determine the height and
charge density of the earth’s ionosphere.

Work continued on the influence of
magnetic flelds on the transport of energy
through the solar atmosphere. A direct
correlation between magnetic flux and the
amount of convective energy transport in
the solar photosphere was established. An
asymmetry of solar spectral lines formed
in the photosphere results from the cor-
relation between temperature excess and
upward velocity in convective bubbles
that are penetrating into the observable
atmosphere. When magnetic fields are
present, the line asvmmetry is seen to
change systematically with increasing
magnetic flux. The change can be modeled
by decreasing the amplitude of the convec-
tive motions and by increasing their
height of penetration into the atmosphere.
This implies that magnetic fields permit
convection to deposit energyv at higher
atmospheric layers. but that the total
energy being transported is decreased.
The energy that is “bottled-up” may then
become available for triggering activity.
Further research is needed in this promis-
ing area.

A multiple diode array (MDA), consis-
ting of several charge-coupled silicon de-
tector arrays, each 320 x 512 pixels, was
developed for observing several solar spec-
tral lines simultaneously at high spatial
and temporal rates. The MDA permits
observations at both very short wave-
lengths (such as the Ca K-line at 3933A)
and at very long wavelengths (such as the
He 10830 line). This permits simultaneous
observations of active regions at photo-
spheric as well as upper chromospheric
levels. This tvpe of observation will help
determine how velocities and magnetic
fields interact in active regions. This
should lead to a phyvzical understanding of
the magnetic twisting and shear which
preduce solar flares and mass ejections. To
increase the data throughput, we are now
interfacing the MDA with a 68000 based
computer for on-line data reduction.

Another energy transport mechanism
operating in the solar atmosphere 1s wave




62

propagation. The solar atmosphere pei-
mits gravity, acoustic, and magnetic
waves, as well as various combinations of
these waves to propagate. The effects of
various wave modes on solar line profiles
were computed to determine their detecta-
bility. The work shows that there is no
fundamental limitation placed on our abil-
ity to deteci propagating waves in the so-
lar atmosphere by radiative transfer
effects. Problems with detecting these
modes of energy transport and storage are
caused primarily by seeing effects in the
earth’s atmosphere. Use of these computa-
tions to interpret observations of waves
propagating in the solar photosphere has
shown that high-frequency acoustic waves
are indeed a potential source of energy for
atmospheric heating, especially in the low
chromosphere.

A family of models describing the struc-
ture of small magnetic flux tubes and
pores was obtained. These models allow
the rate of spread with height of the flux
tubes in both the photosphere and chro-
mosphere to be computed. At sufficient
heights above the photosphere adjacent
flux tubes merge, producing more complex
structures. Potential fie'd models were
shown to break down for magnetic fluxes
greater than a few terrawebers. Thus,
potential models are not capable of ex-
plaining sunspots.

Efforts by the Solar Research Branch to
study the activity and variability of stars
like the Sun centinued through the 1983-
84 period. Satellite measurements have
demonstrated that the solar energy output
undergoes fluctuations at the level of a few
tenths of a percent, resulting from the pas-
sage of sunspots across the solar disk. A
study of several young (10 percent solar
age) solar-type stars in the Hyades cluster
has demonstrated that most, if not all, of
these stars display analogous variability,
and at a more pronounced level than the
Sun. These variations also offer a means
tor directly measuring the rotation periods
of these young stars. Periods for twenty-
one such stars have been determined in
this study. Interestingly, the range in

period for stars of a given age appears to be
relatively small, which suggests that age
1s the primary factor governing rotation
rate and, consequently, activity for stars
like the Sun.

Most of the solar activity that disturbs
Air Force systems and operations origi-
nates in localized areas on the solar sur-
face called active regions. It is becoming
increasingly evident that the Sun is not
peculiar in this respect, and that the sur-
face activity on other stars is also organ-
ized into active regions very similar to
those observed on the Sun. On young stars,
the fraction of the surface comprising ac-
tive regions can be five to ten times larger
than it is for the Sun. Thus, such stars
provide a natural laboratory for studying
solar/stellar activity under conditions and
at extreme levels rarely encountered on
the Sun itself, thus enabling theorists to
separate more clearly the key factors gov-
erning solar activity.

High Resolution Imaging: The Solar
Research Branch continues to support Air
Force interest in high-resolution imaging
techniques through both in-house pro-
grams and research contracts. The princi-
pal objectives of these efforts are (1) to
obtain distortion-free images of small so-
lar-surface features and (2) to develop the
technology required to effectively use
large, multiple-aperture telescopes to im-
age spacecraft with enhanced resolution.

During the 1983-84 period, the solar im-
aging effort was focused on the develop-
ment of (1) real-time active optics systems
and (2) a post-facto solar speckle-imaging
capability. Both efforts achieved consider-
able success.

A prototype active-optics system, incor-
porating a Hartmann-type wavefront sen-
sor and a nineteen-segment active mirror
for wavefront correction, has been fabri-
cated, and has undergone several perfor-
mance tests at the vacuum tower solar
telescope at Sacramento Peak Observa-
tory. The segmented approach avoids the
crosstalk problems encountered with some
continuous faceplate mirrors, offers high-
er bandwidth, and should facilitate expan-




sion to larger systems with more active
elements. The technical performance and
stability of the prototype have proven to be
excellent. The full extent of the prototype’s
ability to improve the resolution of solar
images remains to be explored. The tests
to date have all occurred under relatively
poor atmospheric conditions, which pre-
dictably handicapped the system’s per-
formance. However, even under these
adverse conditions, the system was consis-
tently able to improve the resolution of
colar images by a factor of three or four
above that of the uncorrected images.

Speckle imaging is a technique for re-
covering certain image information from
the post-facto processing of multiple high-
speed exposures of the target. However, it
is difficult to produce a true image of the
target using this technique. Instead, what
one obtains is an image that has been
scrambled in a special way, called an auto-
correlation. A major roadblock to the de-
velopment of speckle imaging techniques,
especially for solar applications, has been
the lack of ways to reliably unscramble
autocorrelations. A CCD-based speckle
camera, designed for optimal performance
with bright. low-contrast targets such as
solar images, has been fabricated and
tested at solar telescopes at both Sac-
ramento Peak and Kitt Peak. Software for
processing and analyzing the speckle-
grams has been developed and installed at
Sacramento Peak. Because the true
appearance of the solar targets being
observed is unknown, there are no “stan-
dard objects” available to calibrate the
process. Therefore, two different algo-
rithms for image recovery are being de-
veloped for comparison.

The problem of image recovery has been
explored through analysis of very high
resolution (0.1 arcsec) short exposure (4
msec! observations of solar granulation
made at the Sacramento Peak varuum
tower telescope. Atmospheric degradation
has been observed to take two distinct and
separable forms: distortion and blurring.
Distortion, the differential motion of the
image, does not cause much local loss of
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high resolution information for short ex-
posures. The amplitude of the distortion is
typically 0.2 arcsec over a length scale of
1.5 arcsec. Blurring causes a reduction of
high frequency contrast: it is not image
preserving. It is observed to have a larger
length scale than distortion, about 4
arcsec. Distortion is thought to be caused
by turbulence near focus. and blurring by
turbulence near the telescope aperture.

Distortion may be compensated by use
of the “continuous correlation tracker”
algorithm, a mathematical construct that
determines the local image displacement
that maximizes the cross correlation of the
image with some reference such as an
ongoing time average of many images.
Since the resolution of the time averaged
image is higher than the length scale for
the distortion, this adequately determines
its effect. The image is then remapped to
give a distortion-free image. A sequence of
such corrected images shows the solar
structure in much better detail.

Blurring cannot be removed so easily,
since it is an interference effect that is
phase-destructive. In post-facto proces-
sing, a selection criterion is used to isolate
those areas of frames which have the high-
est intrinsic quality. The criteria which
have been found to work all use some
measure of local contrast in the high-
frequency filtered image. A technique
called the “rms spatial filter” algorithm
has been developed to give a spatially con-
tinuous measure of contrast that is used to
select and weight portions of the image
where the blurring may be reduced.

Speckle imaging is especially attractive
as a technique for imaging high-altitude
spacecraft, because it is not restricted to
bright objects, as are active optics tech-
niques. Significant strides have been
made toward the goal of adapting the Mul-
tiple Mirror Telescope (MMT), which
theoretically offers the highest resolution
of any existing telescope, to image
spacecraft at enhanced resolution. An
optical system for coherently combining
the beams from the telescope’s six primary
mirrors has been developed and tested.
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The MMT has demonstrated sufficient
mechanical and optical rigidity to retain
coherence while tracking spacecraft.
Coherence is essential if the combined im-
age 1s toretain detail to the full theor..ical
resolution of the MMT - about 0.015
arcsec. Several successful resolution tests
have been performed on astronomical ob-
jects and spacecraft of known size. The
most serious handicap to further exploita-
tion of this technique is the severely lim-
ited image-processing throughput pres-
ently available to the contractor: the
processing duty cycle is only about 1 per-
cent the data acquisition rate.

SPACE ENVIRONMENT

The Space Physics Division carries out
and supports a wide-ranging program of
research in the area of magnetospheric
dvnamics. In the 1983-1984 period, these
activities have included: (1) analyses of in-
situ space measurements of high latitude
electrodynamic processes; (2) empirical,
theoretical, laboratory and computer stud-
ies of substorm-related phenomena: {3) de-
velopment of advanced instrumentation
for upcoming Air Force missions in space.

High-Latitude Processes: Analyses of
direct measurements of high-latitude pro-
cesses were carried out using data from
seven different satellites: 33-2, DMSP. F2,
F4, F6, F7, P78-1 and HILAT. The S3-2
studies focused on electrical coupling be-
tween the high-latitude ionosphere and
the distant magnetosphere. Instrumenta-
tion on the DMSP satellites varied from
mission to mission. All the DMSP series
carried spherical Langmuir probes and
planar retarding potential analyzers
(RPA) to measure the characteristics of
cold plasma at topside altitudes. Precipi-
tating electrons were measured in sixteen
energy channels between 40 eV and 20
keV on F2 and F4. A new instrument ca-
pable of measuring fluxes of down-coming
electrons and ions in twenty energy chan-
nels between 30 eV and 30 keV was flown
on F6 and F7. This instrument. known as
SSJ 4. will be flown on all scheduled

DMSP flights through F14. Satellite
DMSP FT7 also carried two new sensors. a
body-mounted, three-axis fluxgate mag-
netometer and a dosimeter. Although re-
sults from F7 are preliminary, useful data
are being acquired that will increase our
understanding of (1) the field aligned cur-
rents that couple the magnetosphere to
the high-latitude ionosphere and (2) the
hard corpuscular radiation bombarding
the ionosphere near the South Atlantic
anomaly and during solar flare events.

The P78-1 is a fast-spinning polar-
orbiting satellite whose orbit lies in the
noon-midnight meridian. The Space Phys-
ics Division has contributed two electron
spectrometers, identical to these on DMSP
F2 and F4, to this satellite. The apertures
of these detectors lie in the spin plane of
the satellite looking 90° out of phase. Data
from P78-1 have been used mostly to com-
plement the magnetic local time coverage
of DMSP F2 and F4 and to provide pitch-
angle information about auroral zone. po-
lar cap and cusp electrons.

The HILAT program is a joint AFGL,
DNA and NRL effort to understand the
creation. evolution and decay of naturally
occurring ionospheric irregularities at
high latitudes. Unlike irregularities at
equatorial latitudes that are understood to
be examples of a Rayleigh-Taylor insta-
bility, high-latitude irregularities are
thought to be driven by gradient-drift
(E X B'and or current convective instabil-
ities. The polar-orbiting HILAT satellite
was launched in the summer of 1983 to
investigate the relative contributions of
these two plasma instabilities to iono-
spheric irregularities and the degree to
which structure in soft electron precipita-
tion causes topside plasma irregularities.
To address these questions the Space
Physics Division of AFGL provided two
complements of instruments. The first
complement consists of three electron
spectrometers that cover the range from
20 eV to 20 keV in sixteen energy bins.
One detector looks toward local zenith, the
second 40" from zenith and the third to-
ward nadir. The second complement




consists of a spherical Langmuir probe, &
retarding potential ana’ :zer and a drift-
me’er. Although analy :s of the results
from HILAT are still pr¢ iminary. a high-
er than expected degree of correlation
between soft precipitation and topside
density irregularities is found in some lo-
cal time sectors.

During the past two vears, scientists
within the Space Physics Division have
maintained an active interest in the in-
teractions of the polar cap with the solar
wind s 1 interplanetary magnetic field
(IMF). The launch of the Dynamics Ex-
plorer 1DE) satellites in July, 1981,
brought new insights concerning the glob-
al dynamics of polar cap arcs and, for the
iirst time, the chemical composition of pre-
cipitating energetic ions. Recognizing the
complementarity of DE results with those
of AFGL. the Division conducted a two day
workshop in October. 1983. on polar-cap
arc phenomena. Strong empirical evi-
dence from DE suggested that during
periods of northward IMF. the lobes of the
magnetotail are bifurcated with closed
tubes of magnetic flux. The important
question from a theoretical point of view is
how this enuld be accomplished. An impor-
tant clue came from the MAGSAT satel-
lite. Scientists at APL published measure-

ments of the sun-earth component of

magnetic deflections in the poiz cap when
IMF B, was northward that showed a W-
pattern. The shape was consistent with a
region of ~anward convections in the cen-
tral polar cap. However, when MAGSAT
was on the nightside of the magnetic
dawn-dusk meridian. the magnetic deflec-
tion became highly irregular. This was
reminiscent of the irregular electric fields
alwavs found in the winter polar cap and
found 50 percent of the time in the summer
polar cap 83-2 electric fleld measurements
during periods of northward IMFE. A quick
review of 83-2 data showed that irregular
electric fields in the summer polar cap
only occurred on the nightside of the
magnetic dawn-dusk meridian. Since this
effect could not be expleined by different
lonospheric conductivities, it must result

from a turbulent electric field in the dis-
tant magnetotail. The clear implication
was that during northward IMF a turbu-
lent reconnection of flux tubes was oceur-
ring in the neutral sheet. These tubes of
flux merge under the influence of a dawn-
to-dusk electric field that then rapidly con-
verts them earthward. Because the duy-
side of the magnetosphere is already in
pressure balance with the solar wind. the
reconnected flux tubes are excluded from
the dayside. Rather. closed flux tubes in
the nightside plasma must move tailward
to make way for the newly merged. earth-
ward-moving flux tubes. In the iono-
sphere. these plasma-sheet flux tubes
appear as convecting across the central
polar cap in the sunward direction. When
they reach the davside cusp. theyv can
merge with northward IMF field lines. be-
coming open and, thus. continuing the
cvele.

Three other studies of more statistical
natures were also brought to completion.
The first examined the functional depen-
dence of the polar cap potential as meas-
ured by the electric field detector on S3-2
with the solar wind IMF. These potentials
ranged from 170 kV during a substorm to
12 kV during a period of northward IMF.
The best correlations (— 0.8) were found
with the interplanetary electric field E =
V.. By sin 2 02, where V. is the solar
wind speed. B is the tangential compo-
nent of the IMF, and b is the colatitude
angle of the IMF in the solar-geomagnetic
Y-Z plane. Since the polar cap potential is
a direct measure of the coupling between
the solar wind and the magnetosphere.
thiz study will have long-range conse-
quences for our ability to predict the por-
tions of the high latitude region that are
seriously affected by substorm activity. To
make such predictive capability available.
it is necessary to have regular access to
information concerning the state of the so-
far wind IMFE. Until the launch of the solar
wind experimental satellite of the Inter-
national Solar Terrestrial Program. this
critical information cannot be obtained.




66

Two major studies of the morphology of

polar-cap electron precipitation as meas-
ured by the S8J 3 sensor on DMSP were
completed in the 1983-1984 period. The
first concerns the svstematics of polar rain
as measured by DMSP over a full vear
tSeptember, 1977 - August, 1978 of con-
tinuous operations. Polar rain is a nearly
uniform {lux of soft electrons thai precipi-
tate poleward of the auroral oval on what
are gencrally reported as open magnetic
field lines. The DMSP data show that the
integral flux of polar rain decreases by
about a factor of 15 about an axis running
pre-noon to pre-midnight. Access of polar
rain to the northern isouthern' hemi-
sphere is favored during away (toward)
sectors of the IMF. The second study
examined the deviations of polar-cap elec-
tron fluxes above the level of polar rain.
Such events are referred to as “polar show-
ers"or "polar squalls” in the hiterature and
are responsible for visual and subvisual
polar cap arcs. Over 450 orbits of DMSP:

F2 data were studied in the region of

geomagnetic latitude -85 The occur-
rence of such events was found to be
almost exclusively controlled by the sign
of the Z component of the IMF. If the Z
component is northward polar, showers
and squalls appear in both hemispheres. If
it i= directed southward. the precipitation
15 almost exclusively polar rain. The
fluxes of polar shower electrons can range
up to 10" electrons em? sec ster.. three
orders of magnitude above polar rain. Be-
cauze the peak energy of these electrons
lies in the range between 50 eV and 300
eV. most of their energy is deposited at F-
rather than E-region altitudes. Thus, they
must be regarded as significant contribu-
tors to polar F- region density irregular-
itiex that cause =cintillations of vht and
uhf radio signal transmissions.

Although the HILAT analysisis still in
itz early stages. it was possible to carry out
preliminary studies of F-region irregular-
ities using mature DMSP and 83-2 data
bases In the first instance, soit eletron
precipitation and thermal plasma aensity
measurements at 310 km were in spatial

agreement with measured scintillations
at Goose Bav. The second study of electric
field and thermal plasma data near the
Harang discontinuity showed an electric
field that did not have the spectral shapes
predicted by the non-linear gradient drift
instability. However. the power spectral
densities of the thermal plasmas did have
the predicted k ~ forms. This. in conjunc-
tion with plasma-drift measurements
from the Atmosphere Explorer satellite at
350 km which do not show great structure,
suggests that the high-frequency portion
of the electric-field spectrum does not map
to the lower F-region. As a consequence.
high-frequency potential drop structures
must also exist which modulate the flux of
precipitating electrons. This would pro-
vide a magnetospherically imposed mod-
ulation in the creation of topside plasma at
a scale length of 1 km. Preliminary
analvses of HILAT measurements near
the dayside cusp have revealed the pre-
dicted similarities in the field-aligned flux
of downcoming electrons and variations in
the perpendicular component of the elec-
tric field.

Substorm Phenomena: The principal
source for ongoing data based substorm
studies was the AFGL magnetometer net-
work which operated continuously from
late 1977 up to January 1, 1934. It pro-
vided a unique capability for studving
magnetospheric processes through their
manifestations in the surface magnetic
fleld. It consisted of seven stations which
spanned the contiguous United States,
covering 60” of magnetic longitude and 15
magnetic latitude. Five were spaced
across the northern states (Washington,
South Dakota, Wisconsin, Minnesota, and
Massachusetts) along a West-East chain
at 55°N magnetic latitude. while two were
located in southern states (California and
Florida) at 40 N. All were identically in-
strumented with fluxgate and induction-
coil magnetometers. which measured
three components of the earth’s magnetic
field and its time derivative, respectively.
The stations were unmanned and operated
by microcumputers, Data were converted




to digital form and returned to AFGL in
real time on a dedicated phone circuit.
This also carried, in the opposite direction,
a network-control signal to synchronize
the measurements at all stations.

At each station, each component of the
field was sampled once per second. and the
time derivative was sampled five times
per second. Synchronization was accurate
to within a few milliseconds. so excellent
time resolution was achieved. At AFGL,
the data were processed and recorded on
archive tapes. Operation from 1978
through 1983 resulted in a powerful, six-
vear data base which is immediately ac-
cessible for corvelation with similar data
developed by satellites and other ground-
based efforts. During the past two years.
this entire data base was transcribed into
an acceptable format and transmitted to
the World Data Center. It is thus available
to the general Space Physics Community.

Studies based on magnetometer chain
deta fall into two classes, (1) identifying
ground signatures of the substorm wedge
and (2) comparing signatures of Pi-2
pulsations in space and on the ground. The
figure illustrates the most widely held
understanding of substorm initiation.
Many satellite measurements show that,
prior to substorm onset, the magnetotail
becomes stressed by the addition of flux
from the day to the night sides. The neu-
tral sheet current intensifies and moves
closer to the earth so that a satellite near
geostationary orbit detects tail-like,
rather than dipole-like, magnetic topolo-
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gies. At substorm onset, the near-earth
portion of the neutral sheet current be-
comes unstable. causing the current to
close through the high-latitude iono-
sphere via field-aligned currents. Within
the magnetotail. the central portion col-
lapses near midnight, leading to a return
to dipolar magnetic fields and intense
particle injections at geostationary dis-
tance.

There are implications for the magnetic
signatures observable by AFGL’s longitu-
dinally distributed chain of magnetom-
eters at mid-latitude. Fringe magnetic
fields from the field-aligned currents
should have an eastward declination on
the evening side of the wedge and a west-
ward declination on the morning side By
examining the declination perturbation.
AFGL scientists confirmed this prediction
of the substorm wedge model and devised a
practical method for identifving the longi-
tude of the center of the wedge where the
declination perturbation is zero.

The onset of substorm expansion is
marked by a class of hydro-magnetic
waves known as Pi-2 pulsations. These re-
sult from Alven-waves generated at the
beginning of the interruptions of the neu-
tral sheet current. They convey informa-
tion throughout the magnetosphere:iono-
sphere system that the current system has
undergone a temporal change. Although
the signatures of Pi-2 waves are very clear
on the ground, they are not easily detected
in space. A major study was completed in
the past two vears looking for identifiable
Pi-2 signatures on the ground and on
COES-2 and GOES-3 satellites at geosta-
tionary distance. As shown in the figure,
GOES-2 is located at the longitude of the
AFGL chain but GOES-3 isjust to the west
of it.

A substorm on July 16, 1979, was de-
tected by the AFGL chain with a clear Pi-2
signature. While GOES-2 clearly detected
the disturbances, GOES-3 did not. The im-
plication is that although Pi-2 waves are
widely dispersed in longitude at ground
level, they are narrowly confined in space.
This result goes far in explaining the lack
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Mup of AFGL Magnetometer Chain and Path
of GOES Satellites.

of many clear signatures of hydromag-
netic waves in space. It raises questions as
to why this should happen — a subject of
ongoing research.

Westward Traveling Surges: A major
effort was expended in the 1983-1984
pertod to come to a theoretical understand-
ing of the dynamics of wesiward traveling
surges (WTS). These are characteristic au-
roral displays that occur in the midnight
sector during substorms. Indeed, the hard-
est spectra of precipitating auroral elec-
trons occur inside WTS. Severe charging
of DMSP satellites are also observed in
these regions. Up to the present time only
static, empirical models of surges were
ava‘lable.

A unified model was developed for the
propagation of a westward traveling surge
that explains the diversity in the observed
surge characteristics. The new, time-
dependent model starts with the empirical
Inhester-Baumjohann model for the surge
region, which implicitly includes both the
Hall and Pedersen currents. Precipitating

electrons at the conductivity gradient
were found to modify the gradient. causing
it to propagate as a wave front. The veloc-
ity of propagation is directly dependent on
the i1onization efficiency of the precipitat-
ing « lectrons and therefore increases
dramatically when they become more
energetic during substorm onsets. For ex-
ample, the model predicts that when the
incident electron energy changes from |
keV to 10 keV the surge velocity should
increase from 2 km:s to 34 km s. The direc-
tion of the surge motion depends on the
presence of polarization charges on the
poleward surge boundary. This is related
to the efficiency with which the poleward
ionospheric currents are closed off into the
magnetosphore by the field-aligned
currents. Inclusion of the electron-ion
recombination rate modifies the surge
propagation velocity and leads to explicit
expressions tor the conductivity profile.
Sufficient precipitation current is re-
quired to overcome electron-ion recom-
bination in order for the surge to expand.
When the precipitating current is less
than this threshold, the WTS retreats.
Therefore, the model describes the iono-
spheric response to both the expansion and
recovery phases of the magnetic substorm.

Another effort to increase our under-
standing of substorm processes was by
way of computer simulations. Two major
methods were employed over the last two
vears. The first involves the extension of
the Rice convection model to include the
geomagnetic tail. Both two- and three-
dimensional simulation capabilities are
being developed. One very interesting re-
sult of the analysis is that plasma canrot
convect adiabatically from the distant
magnetotail (say. lunar distance, 60 Ry
into the near-earth plasma sheet. Simula-
tions performed with the new tail model
show that the particle pressure that builds
up in this way cannot be contained by the
earth’s magnetic field. An equilibrium
solution with adiabatic invariance re-
quires that the north-south component of
the magnetic field in the tail develop a
minimum between 10 and 15 Ry.. This is




the precise location in the magnetotail
where the empirically derived substorm
wedge model places the initial neutral-
sheet current interruption.

The second computer simulation study
was carried out using the cusp current sys-
tem measured by the S3-2 satellite in con-
junction with the code developed by
Kamide and Matsushita. The interesting
results of this analysis are (1) the model
does not predict the existence of a convec-
tion throat as reported from AE plasma
flow measurements near the cusp; (2} the
model does clearly predict the extension of
the westward electrojet into the evening
sector, poleward of the auroral oval. This
is typical of the Harang discontinuity dur-
ing substorm intervals.

Scientific programs of the various
national space programs have been large-
ly exploratory in nature. Instrumentation
packages are designed to answer specific
questions about what is out there. Periiods
of exploration are inevitably followed by
periods in which what has been learned is
applied toward practical goals. Very ex-
pensive satellites must be protected
against dangers from occasionally severe
environments. Tests are devised to deter-
mine whether we truly understand the
physics underlying space processes. If the
space environment is perturbed, does that
environment respond in expected ways?
Like all "natural” processes, space events
are quite complex. To gain quantitative
information about these processes, theo-
retical models are constructed and power-
ful modern computers are employed. To
some extent results may also be simulated
in laboratory experiments.

Active Experiments: The Space Plas-
mas and Fields Branch has thus carried
out, or supported. a program whose pri-
mary tools were computer or laboratorv
simulations. This program is called “ac-
tive experiments” and looks forward to the
day when space scientists, like their
laboratory counterparts, can calibrate
man-induced disturbances of space en-
vironments. The computer and laboratory
simulations are used to determine how
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substorm energy might be released and
how charged particle beams can be used to
generate waves in space plasmas.
Detailed investigations of the magnetic
reconnection process in the magnetotail
were performed using plasma simulation
techniques. One very successful approach
treated the protons as particles but the
electrons as a magnetized fluid. Because of
the asymmetry between electron and pro-
ton motions near the neutral sheet, pre-
viously unreported Hall currents were
found to be generated. These Hali currents
appear to play a significant role in the
onset of the tearing mode instability,
which is considered to be the primary
mechanism that rapidly converts magnet-
ic to particle energy. The tearing mode
onset was also found to be sensitive to the
presence of streaming plasma near the
neutral sheet. A three-dimensional fluid
simulation of the plasma treated forced
reconnection in the magnetotail. Asrecon-
nection proceeds, a shock structure
appears that causes local interruption of
the crosstail current. Field-aligned cur-
rents consistent with observations are
generated. Utilization of these simulation
techniques with laboratory tests is ex-
pected to delineate the most sensitive pa-
rameters for the magnetotail stability.
Laboratory experiments were per-
formed in a "neutral” sheet device at
UCLA to test the effects of neutral-sheet
current interruption on the large and
small scale magnetic topologies. A "count-
er” current was introduced into a very
localized portion of the neutral sheet. Very
rapidly. the previously stable magnetic
field became disrupted and collapsed.
Particle detectors in the device recorded
large fluxes of very energetic ions associ-
ated with the disruption. The results tend
to confirm the substorm current interrup-
tion model. It is a viable candidate for the
heating of charged particles during sub-
storms via inductive electric fields.
Finally. computer experiments were
conducted at AFGL and at UCLA to
understand the effects of charged particle
beams on natural space plasmas. In the
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case studied at UCLA. the beams were
naturally occurring in the auroral zone.
The beams studied at AFGL were artifi-
cially generated by an electron gun on the
SCATHA satellite near geostationary
altitude. The computer studies sought
numerical solutions for the electromag-
netic wave dispersion relations. It is ex-
pected that this code will become an in-
valuable tool for planning future active
experiments in space, using charged parti-
cle beams as the source for space plasma
perturbations.

SPACECRAFT ENVIRONMENTAL
INTERACTIONS TECHNOLOGY

A Statistical Atlas of Auroral Electron
Precipitation: A statistical study has been
completed using data from the DMSP F2
and F4 satellites and STP P78-1 satellites
to determine the average characteristics
of auroral electron precipitation as a func-
tion of magnetic local time. mag > lati-
tude and geomagnetic activity as meas-
ured by Kp. The characteristics were
determined for each whole number value
of Kp from 0 to 5 and for Kp =~ 6-. At each
level of Kp. the high latitude region was
gridded. and the average electron spec-
trum in the energv range from 50 eV to 20
keV was determined in each grid element.
The results show that the high-latitude
precipitation region separates into two
parts based on the electron average ener-
gy. There is a region of relatively hot elec-
trons (E yv == 600 eV ). In this region. the
electron average energies are highest on
the morningside of the oval. There are two
average energy maxima at each Kp level:
one post-midnight and the other pre-noon.
The hot electron region is generally not
continuous in Magnetic Local Time
tMLT, but shows a gap between 1200 and
1800 MLT. The hotter electrons carry
most of the energy flux into the oval. In the
figure, the energy flux on the nightside
shows an increase with Kp, while the level
at noon increases with Kp when Kp is
small. but decreases at higher Kp. The
average energy of the hot electrons in-

creases from Kp = uto Kp = 3. but is
constant for higher Kp, approximately. In
the second region, average energies are
low tE vg = 600 eV This region extends
from the poleward edge of the hot electron
region to the pole. The precipitating elec-
trons in this region carry the majority of
the number flux at high latitudes. The
largest number fluxes are found on the
dayside. The highest fluxes are confined to
a crescent-shaped region centered slightly
pre-noon and extending in MLT over most
of davside and, in some cases, into the the
nightside. There is a pre-noon maximum
in the number flux that shows little
variability in MLT or in intensity with Kp.
The average energy shows a minimum
typically between 1100-1200 MLT located
towards the poleward edge of the crescent-
shaped region of highest integral number
flux. The cusp is the region near the aver-
age energy minimum, and the cleft is the
crescent-shaped region.

Spacecraft Charging in Low Altitude
Auroral Region: Direct measurements of
severe spacecraft charging in the auroral
ionosphere have been made from DMSP.
Due t the limitations of methods com-
monly used to detect particles and plas-
mas, few examples of spacecraft charging
in the ionosphere bevond a few volts
appear in the literature. This impasse has
been overcome with the launch of the
DMSP F6 satellite. It was equipped with
up-lookir~ detectors to measure twenty
point specira, once per second. of precipi-
tating ions and electrons with energies be-
tween 30 eV and 30 ke V. A wide geometric
factor of the ion detector allows the ap-
plication of a technique regularly used to
identify the degree of charging for satel-
lites at geostationary orbit. The Liouville
Theorem was used to show that a
spacecraft charged to approximately -100 V
will not measure positive ions in energy
channels - 100 eV. Because of the accel-
eration of cold ionospheric ions by the
spacecraft potential. a large count rate
should be seen in an energy channel cen-
tered near 100 V. A preliminary search of
DMSP measurements shows that such
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aKp=0-Kp -3

Polar Spectrograms of Average Integral
Number Flux of Precipitating Electrons in a
Magnetic Local Time-Corrected Geomagnetic
Latitude Coordinate System for Seven Differ-
ent Levels of Activity as Measured by Kp.
(The colors are assigned on a logarith.mic
scale with four equal logarithmic divisions in
each decade. The units are in elicm?s sr )




b kKp 4 hp &

charging peaks frequently appear in the
vicinity of intense “inverted-V' precipita-
tion events,

Regions of intense keV electron pre-
cipitation. =uch as inverted-V structures,
are sometimes co-located with ionospheric

plasma depletion regions in the high-
latitude polar ionesphere. When DMSP
satellites enter these regions at about 800
km. ion signatures of high spar ecraft-to-
ambient piasma potential ditferences
iseveral hundred volts negative) are fre-
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Low-Altitude Spacecraft Charging.

quently observed in the new ion detectors.
A systematic survey of charging events
and the environment in which they occur
has been completed using the DMSP F6
and F7 precipitating ion and electron de-
tectors. the SSIE thermal plasma probes,
and the SSM (F7 only) vector magnetom-
eter.

An example that closely approximates a
“worst case” charging environment is seen
in the figure. In this case, when the satel-
lite intersected the aurora, seen in the

right half of the figure, the peak electron
fluxes simultaneously occurred in ener-
gies greater than 10 keV and charging
peaks were observed in ion energy chan-
nels up to 440 eV. The fact that the
spacecraft was charged to —440 volts was
verified using the DMSP thermal plasma
prabe. It appears likely that dielectric sur-
faces in the wake side of the vehicle could
charge to many times this number.
Space Shuttle Charging Code: DMSP
data have shown that the charged particle
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environment in low altitude polar orbit
can be of sufficient intensity to cause
spececraft charging. To further the quan-
titative understanding of such effects. the
POLAR Potentials of a Large Object in
the Auroral Region' computer code is
being developed to simulate in three
dimensions the electrical interaction of
the Shuttie or any space vehicle with the
polar onospheric plasma. It models the
phvsical processes of wake gencration.
ambient 1on collection. effects of precipi-
tating auroral electron fluxes. surface in-
teractions including secondary electron
generation and backscattering and vehi-
cle charging tsee the figure). The code fol-
lows these processes dvnamically on a sub-
second timescale so that the Shuttle's
rapid pa=sage through intense auroral
arcs can be simulated. POLAR models the
ambient plasma as isotropic Maxwellian
electrons and ions Q) - | H -1, and allows
for simultaneous precipitation of power-
law. energetic Maxwellian and acceler-
atea Gaussian distributions of electrons.
Magnetic field effects are approximated by
adding the appropriate V B electric
fields. and including pitch angle depen-
dence in the precipitating electron popula-
tions.

The POLAR code computes charging in
the 1onosphere on each part of the Shut-
tle's surface. It does <o by tracking
ambient ram 1ons through the plasma
sheath and wiake <urrounding the vehicle,
and computing the incdent auroral elec-

tron flux. The plasma sheath is relativels
less effective in ion current collection for
large vehicles, causing them to charge
more than small vehicles. The equilibrium
charging 1 computed by self-consistent
solutions to Poissons's equation and parti-
cle tracking. A charging event on DMSP
has been madeled with the neutral parti-
cle approximation for the ram ion~. This
model reproduced the observed potential
and further predicted that the potentials
in the wake region could be about 1 kV.
These low-altitude charging events seen
in DMSP data have confirmed the exis-
tence of the charging phenomenon. which
15 predicted to be more severe on large
spacecraft like the Shuttle.

Auroral Photography from Shuttle:
Some of the first photographs of the
Earth's aurora, taken from the Space
Shuttle tsee the figure) were recorded by
Mission Specialist Lt Cmdr David Leest-
ma from an aft flight deck window of the
Challenger during mission 41-G (STS-17..
Auroras are produced through the col-
lisional excitation of atmospheric gases by
energetic particles which precipitate
along geomagnetic field lines into the
high-latitude ionosphere. These excited
gases radiate at characteristic frequencies
which can be detected using standard
optical techniques. For the sequence of au-
roral images presented in the figure, a
hand-held image-intensified camera with
filters centered at 427.8 nm. 5537.7 nm,
731.9 nm, and 427.8 nm (clock-wise from
top lefty recorded emissions from N,
0..0 ", and N, respectively. The photo-
graphic data have been digitized and the
images presented in an intensity-
dependent color format in the next figure.
The trace at the bottom of each scene indi-
cates the height profile of detected radia-
tion. The experiment was conducted near
the beginning of a geomagnetic storm
period on October 6. 19584, at the GMT
indicated in the lower right of cach photo-
graph. During the 4 min over which these
photographs were obtained. the Shuttle
was traveling equatorward within the
midnight sector as the camera viewed
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Auroral Photography Experiment. Mission
41-G Challenger, October 6, 1984.

poleward at a discrete auroral form. The
dynamic behavior of the aurora is evident
from this time sequence of photographs.
The conclusion drawn from these
measurements is that the Shuttle is an
excellent platform from which to perform
auroral observations. Such studies are
not. however, without difficulties in that
the dynamic behavior of the aurora is not
adequately represented by the techniques
used here. Perhaps more importantly, the
single filter system does not permit the
simultaneous measurement of an auroral
forin at two distinct wavelengths which is
useful in identifying mechanisms for the
production and loss of excited atmospheric
gases.

Spacecraft Contamination: Con-
tamination as it applies to satellite sys-

tems is defined as the presence of foreign
materials which adversely affects the per-
formance of the system. Spacecraft sys-
tems can be degraded by contaminants
throughout their lifetimes from the begin-
ning of fabrication through on-orbit life.
These contaminants are particles and
molecular species originating from fab-
rication. operations, rocket exhausts,
material dumps and construction mate-
rials. Vibration, acoustic agitation and
thermal gradients cause migration of the
contaminants from their source locations
to other satellite surfaces. The effects of
the contaminants are optical obscuration,
scatter and absorption, changes in ther-
mal radiative properties. and perhaps
changes in surface electrical properties.
The result is often a reduction in system




Digitized Image of Auroral Photography Ex-
periment.

lifetime or a reduction in data quality.
This is an unnecessary loss which can be
prevented through development of
appropriate contamination controls. The
Shuttle represents a unique opportunity
to examine many of the operational and
system factors that are the source of con-
tamination seen in the figure. In the newly
initiated Contamination Program,
measurements and model development
efforts required to specify the Shuttle
gaseous and particulate environments
will be undertaken. Shuttle contamina-
tion will be measured with different
pavloads in the cargo bay. in polar and
equatorial orbits and in different attitude

orientations. The Shuttle contamination
data base will be experimentally obtained
and then generalized in models and speci-
fications for application to military space
systems.

Space Systems Environment Interac-
tions Technology: This advanced de-
velopment program began in 1983 to
address the impact of the space environ-
ment on large space structures and sys-
tems to be designed and developed for the
1990's and beyond. The program capital-
izes on space environment research re-
sults carried out at AFGL and other DoD
and civilian research agencies to ensure
that new knowledge of environmental sen-
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sitivities of emerging technologies is in-
corporated into the design and develop-
ment of future space systems.

Over 100 different space environment
interactions that can affect the design and
operation of space systems have been iden-
tified. Proven mitigating techniques were
also identified for some of these environ-
mental effects. The results will be incorpo-
rated into updated design guidelines and
military standards.

The Interactions Measurement Payload
Program support is set up by an kngineer-
ing'Science Working Group at Jet Pro-
pulsion Laboratory (JPL) to evaluate the
technologies being developed for future
systems and to identify and recommend
engineering experiments for the first In-
teractions Measurement Payload for
Shuttle (IMPS-1). The final selection of
engineering experiments includes photo-
voltaic solar power arrays. space-based
radar components, space-based laser
optical materials. and a diclectric mate-
rials breakdown experiment. A comple-
ment of relevant environmental diagnos-
tic sensors will also be incorporated into
the IMPS pavload. Through simultaneous
measurements, it will be possible to spec-
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ify the effects of the environment. Experi-
ment design and fabrication have begun
and a late 1987 flight is planned. The
IMPS mission will use the Shuttle Pallet
Satellite, which can be deployed from the
Shuttle bay, so measurements can be
made both within the environs of a large
space structure, and in a more isolated
free-flyer mode.

The Charge Control System utilizes re-
sults from the Spacecraft Charging at
High Altitudes (SCATHA) program to de-
velop an automatic charge-control system
for geosynchronous satellites. SCATHA
operations demonstrated that a satellite
surface charge could be actively created
and dissipated by using a plasma source.
An Automatic Charge Control System
being developed under contract by Hughes
Research Laboratories will have three
charge detection systems: (1) an electron
and proton electrostatic analyzer, (2) a
surface potential monitor system.and(3)a
transient pulse monitor. A new. quick-
start neutral plasma source is being de-
veloped thal will essentially clamp the
spacecraft to the background plasma and
provide a mechanism to dissipate any dif-
ferential charge build-up before a dis-
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charge can occur. The initial breadboard
design is scheduled for testing in April,
1985.
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(AFGL); and Smarrr, R.N. (Sacramento
Peak Obs., Sunspot, NM)

Precision Tuning and Improved Stability of a
Unccersal Birefringent Filter
SPIE 380 (December 19831

StrickLann, D.J. (Beers Assoc., Inc.,
Reston, VA); Jasperse, J.R., and
WhaLen, J.A. (AFGL)

Dependence of Auroral FUV Emissions on the
Incident Electron Spectrum and Neutral

Atmosphere
J. Geophys. Res. 88 1 October 1983)

Weskr, EJ. (AFGL);, Aarons, J. (Boston
Univ., Boston, MA); Jorinson, AL
(AFAL)

Conjugate Studies of an Isolated Equatorial
Irregularity Region
J. Geophys. Res. 88 (1 April 1983

Werer, EJ. tAFGL); Brunton, H.C.
{NASA, Greenbelt, MD): Buonau, J..
and Moore, J.C. (tAFGL)

Coordinated Atrborne and Satellite Measurements
of Equatorial Plusma Depletions
J. Geophys, Res. 87 (1 December 1982)
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Weskr, EJ., Buchau, J., Moore, J.G.
(AFGL); Stiarner, J.R. (Florida Inst. of
Tech., Melbourne, FL); Livinaston, R.C.
(SRI, Menlo Park, CA); WINNINGHAM,
J.D. (South West Res. Inst., San
Antonio, TX); and Remniscn, B.W. (Univ.
of Lowell, Lowell, MA}

F Laver Ionization Patches in the Polar Cap
J. Geophys. Res. 68 1 1983)

WHALEN, J.A.

A Quantitative Description of the Spatial
Distribution and Dynamics of the Energy Flux in
the Continuous Aurora

J. Geophys. Res. 88 (1 September 1983}

Youna, E.R. (Regis Coll., Weston, MA);
Burkg, W.J., Ricu, F., and Sacaryn, R.

({AFGL)

The Distribution of Topside Spread-F In-Situ
Measurements from DMSP F2 and F4

J. Geophys. Res. 89 (1 July 1984

PAPERS PRESENTED AT MEETINGS
JANUARY, 1983 — DECEMBER, 1984

AARONS, J. (Boston Univ., Boston, MA);

and KiLoBucHag, J.A. (AFGL)
Multi-Sensor Studies of Auroral F Laver
Irregularities

Chapman Conf., Irvington, VA (53-8 April 1983)

Avrtrock, R.C.

Coronal Emission-Line Data and Solar-Terrestrial
Predictions

Solar-Terr. Prediction Washp.. Meudon. France
(18-22 June 1984

Solar Coronal Jictivity During the Solar Maxumum
Muiscion Il

AGU Mtg., San Francisco. CA

13-7 December 19841

Avtrock, R.C.. and DeMastus, HL.
Corona! Transients as Observed in FeXIV 53034
at Sacramento Peak Observator

Mtg. of the Am. Astron. Soc.. Pasadena. CA 121-24
June 1983)

The Effect of EI Nino on Precipitation in Southern
New Mexico

AGU Mtg, San Francisco, CA

15-10 December 19831
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ALTrOCK, R., MUsmaN, S.,
and Cook, M.C.

The Time Development of Granulation. I.
Observations

Internat. Mtg. on Small Scale Dynamical
Processes in Stellar Atmospheres. Sunspot, NM
(25-29 July 19831

Anperson, D.N., and KLoBUCHAR, J.A.
Modeling the Total Electron Content Observations
Above Ascension Island

Beacon Satellite Symp., New Delhi, India

(7-11 February 1983)

Basu, S. (Emmanuel Coll., Boston, MA);
Wuitney, H.E. (AFGL); LivingsTon,
R.C. (SRI Internat., Menlo Park, CA);
and McCLuURrg, J.P. (Univ. of Texas,

Dallas, TX)

Multifrequency Amplitude and Phase Scintillation
Structure and Associated In-Situ Density Structure
in the Equatorial Region

XVIII Gen. Assbly. of IUGG/IAGA, Hamburg,
Germany (15-27 August 1983)

Bessg, A.L.

Charging of the DMSP Spacecraft in the Aurvra on
10 Janua. y, 1953

USAF Academy Conf,, Coloradv Springs, CO

(4-6 October 1983)

Burke, W.J.

Electric Fields and Currents Observed by S3-2 in
the Vicinity of Discrete Arcs

Chapman Conf. on Magnetospheric Currents,
Irvington, VA (5-8 April 1983)

Burke, W.J., and Harpy, D.A.

Direct Measurements of Severe Spacecraft Charging
in the Auroral lonosphere

Spacecraft Charging Conf., Colorado Springs, CO
(October 1983)

Burke, W.J., ET AL.

83-2 Observations of Topside Irregular-:ss Near
the Harang Discontinuity

IES Symp.. Alexandria, VA (1-3 May 1984)

Cuiver, EW.

Particle Acceleration in Solar Flares: Inferences
from Solar Radio Cbservations

Natl. Radio Sci. Mtg., Boulder, CO

(11-1? January 1984)

Cuiver, EW. (AFGL); McNamara, L.F.
(IPS, Darlinghurst, NSW, Australia);
and GenTiLE, L.C. (Emmanuel Coll.,

Boston, MA)

Peak-Flux-Density Spectra of Large Solar Radio
Bursts and Proton Emission from Flares

AGU Mtg,, Cincinnati, OH (14-17 May 1984);
Solar-Terr. Prediction Wkshp., Observatoire de
Meudon, Paris, France (18-22 June 1984)

Cuiver, EW. (AFGL); Forresrt, D.J.
(Univ. of New Hampshire, Durham,
NH); McGuirg, R.E., and von
Rosenvinga, T.T. (NASA/Goddard,
Greenbelt, MD)

Nuclear Gamma Rays and Interplanetary Proton
Events

18th Internat. Cosmic Ray Conf., Bangalore, India
(22 August-3 September 1983)

Couen, H.A., Lar, S.T. (AFGL); McNE1,
W.J. (Radex, Carlisle, MA); WENAAs,
E.P, and Leapon, R.E. (Jaycor, San
Diego, CA)

Spacecraft Charging with Beam Emission in an

Ionizable Environment
AGU Mtg., Baltimore, MD (30 May-3 June 1983)

CookE, D.J. (Univ. of Utah, Salt Lake
City, UT); Suea, M.A., and SmarT, D.F.

(AFGL)

Tke Edge of the Cosmic Rav Main Cone in the Real
Geomagnetic Field

AGU Mtg., Cincinnati, OH (14-18 May 1984

Cooke, D.L., Katz, I., MANDELL, M.J .,
LiLLev, J.R. (8-Cubed, La Jolla, CA);
and Rusin, A.G. (AFGL)

A Three-Dimensional Calculation of Shuttle
Charging in Polar Orbit

Spacecraft Environmental Interactions Tech.
Conf., USAF Academy, Colorado Springs, CO
(4-6 October 1983)

DasGupeta, A. (AFGL); Aarons, J.
(Boston Univ., Boston, MA); KLOBUCHAR,
J.A. (AFGL); and Basu. S. (Emmanuel
Coll., Boston, MA}

Ecuatorial Scintillations During the Major
Magnetic Storm of April 1981

Beacon Satellite Symp., New Delhi, India
(February 1983




DasGupra, A., KLoBUCHAR, J.A. (AFGL);
Soicuer, H. (U.S. Army
Communications Research and
Development Command, Fort
Monmouth, NJ); and Basu, S.
(Emmanuel Coll., Boston, MA)

Tonospheric Effects of the April 1981 Major
Magnetic Storm at Midlatitudes

Beacon Satellite Symp., New Delhi, India
(February 1983

Do~xarteLL:, D.E.

Modelling of VLF Waves Detected During Charged
Particle Ejection in a Space Plasma

URSI Mtg., Florence, Italy (28 August 1984)

DonarteLLl, D.E. (Boston Coll., Newton,
MA); CoHen, H.A., Burke, W.J. (AFGL);
and Koons, H.C. (Aerospace Corp., Los

Angeles, CA)

EMI Characteristics of a Potential Control Svstem
Spacecraft Charging Conf., Colorado Springs, CO
(October 1983

DonateLLl, D.E., Burkg, W.J., COHEN,
H.A. (AFGL); and Koons, H. (Aerospace
Corp., Los Angeles, CA)

Wave Generation by Electron and fon Emissivns
from Satellite in the Magnetosphere

21st Assbly. Internat. Un. of Radio Sci. (URSD,
Florence, Italy (28 August-5 September 1984)

Duss, C.W.

Theoretical Analysis of Charging Data from a
Rocket with Charged Beam Emission

AGU Mtg,, Cincinnati, OH 114-18 May 1984)

Durney, B.R., LytL.E, D.M. (Sacramento
Peak Obs., Sunspot, NM); Cram, L.E.
(CSIRO, Sydney, Australia); GUENTHER,
D.B. (Yale Univ. Obs., New Haven, CT);
and Ken, S.L. (AFGL)

Observations of Velocity Fields at the Solar Poles
An. Mtg. of Am. Astron. Soc., Pasadena, CA
122-24 June 19831

Fuz, R.C., Harny, D.A. (AFGL); and
Hansker, F.A. (Panametrics, Inc.,

Waltham, MA)
Space Radiation Dosimeter on the DMSP Satellite
AGU Mtg., San Francisco, CA (3 December 1984)

87

FLuckiGer, E.Q. (Physikalisches
Institut, Universitat Bern, Switzerland);
Smart, D.F., and Suea, M.A. (AFGL)

Changes in Asvmptotic Directions for Various
Geomagnetic Storm Conditions Procedure for
Estimating the Change in Asymptotic Directions at
a Mid-Latitude Cosmic Rav Station Resulting from
a Local Change in Cosmic Ray Culoff Rigiditv,
The Effect of Geomagnetic Disturbances on the
Response of a Ground-Based Neutron Monttor
During an Anisotropic Solar Cosmic Ray Event
18th Internat. Cosmic Ray Conf., Bangalore, India
(22 August-3 September 1983)

Calculation of Changes in Cosmic Ray Cutoff
Rigidities; and Asymptotic Directions During
Geomagnetic Storms

AGU Mtg., Cincinnati, OH (14-18 May 1984)

Foucereg, P.F.

On the Accuracy of Maximum Entropy Spectral
Analysis of Power-Law Processes: Simulation
Studies and Application to Geophysical Data
ASSP Spectrum Estimation Wkshp. I, Tampa, FL
(10-11 November 1983)

Gevrrei, C., Hughes, W.J. (Boston Univ.,

Boston, MA); and SiNGer, H.J. (AFGL)
A Relationship Between the Mid-Latitude Pi 2
Polarization Pattern and Synchronous Qrbit
Magnetic Signatures

AGU Mtg., Cincinnati, OH (14-18 May 1984)
Waves Observed Simultaneously at Synchronous
Orbit and Mid-Latitudes in the Pi 2 Frequency
Range

AGU Mtg., San Francisco, CA

(3-7 December 1984)

Guibicg, D.A., and Pikg, C.P.
Interactions Measurement Payload for Shuttle
Spacecraft Environmental Interactions Tech.
Conf., Colorado Springs, CO (4-6 October 1983}
Near-Earth Environmental Interactions

NASA Space Power Wkshp , Cleveland, OH
(10-12 April 1984)

GusseNHOVEN, M.S., and Harpy, D.A.
Morphology of the Polar Rain

AGU Mtg.. San Francisco. CA (5-9 December
1983

The Quiet State of the Polar Cap: B,

Chapman Conf. on Magnetospheric Polar Cap.
Fairbanks, AK t6-8 August 1984}

GusseNHOVEN, M.S., Firz, R.C. (AFGL);
and Hanser, F.A. (Panametrics, Inc.,
Waltham, MA)

Polar Orbit Dose Measurements During Februarv
and April. 1984, Solar Flares: Comparison to Dose
Measurements in the South Atlantic Anomaly
AGU Mtg.. San Francisco. CA

13-7 December 1984}
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Gussennoven, M.S.. Harny, D.A.
(AFGL), and CaroviLrano, R.L. (Boston
Coll., Newton, MA)

Avercge Properties of Electron Precipitation in the
Polar Cusps. Cleft and Cap

Conf. on the Morphology and Dvnamics in the
Polar Cusp. Lillechammer. Norway

(7-11 May 1984

GussenHoven, M.S. (Boston Coll.,
Newton, MA); Hakoy, D.A., and
MuLLen, E.G. (AFGL)

Comparison of Geosvnchronous Particle
Populations with Low Altitude Precipitating
Electrons

Internat. Un. of Geodesy and Geophysics, XVIII
Gen. Assbly., Hamburg. Germany (August 1983)

Gussentoves, M.S., Scumrirr, L., 1Lt
(AFGL); Craven, J.D., and Frank, L.A.

(Univ. of lowa, lowa City, [A)
Characteristics of Polar Cap Arcs: Visual Displavs
from the DMSP and DE Satellites

AGU Chapman Conf. on Magnetospheric Polar
Cap. Fairbanks. AK i6-9 August 1984)

HavLi, W.N.

Astronaut Hazard During Free-Flight Polar EVA
Spacecraft Environmental Interactions Tech.
Conf., Colorado Springs, CO (4-6 October 19831

Harpy, D.A. (AFGL); a1 1 GUSSENHOVEN,

M.S. (Boston Coll., Newton, MA)

High Latitude Maps of Precipitating Auroral
Electrons

AGU Mtg.. Baltimore, MD (31 May-3 June 1983,

Haroy, D.A., and Gussentnoven, M.S.
Particle Precipitation at Level Above the Polar Rain
in the Polar Cap

AGU Chapman Conf. on Magnetospheric Polar
Cap. Fairbanks. AK 16-9 August 1984)

Harpvy, D.A. (AFGL}; and Rino, C.L.
(Stanford Research Inst., Menlo Park,
CA)

Huwghly Structured Low Energy Precipitation on the
Poleward Edge of the Auroral Oval

AGU Chapman Conf. on Magnetospheric Polar
Cap.. Fairbanks. AK 16-9 August 1954

Haroy, D.A. (AFGL1: GusseNHOVEN,
M.S., and Heixnemany, N. (Boston Coll.,
Newton, MA)

The Equatoricard Boundary of Auroral lon
Precipitation
AGU Mtg . San Francisco, CA (5-9 e 19K

Harpy, D.A. (AFGL); GUSSENHOVEN,
M.S. (Boston Coll., Newton, MA); and
Hovreman, E. (tEmmanuel Coll., Boston,
MA)

Statistical Models of Auroral Electron
Precipitation, Ionospheric Conductivities and
Currents

IUGG. Hamburg, Germany (August 1983
Average and Worst Case Auroral Electron
Precipitation

Spacecraft Charging Conf.. USAF Academy,
Colorado Springs. C0O 14-6 October 1983)

Haroy, D.A.. Gussennoven, M.S., Ricu,
F.J., Burke, W.J. (AFGL); and YeHn,

H.-C (Boston Coll., Newton, MA)
High Level Spacecraft Charging in the Low
Altitude Polar Auroral Encironment

AGU Mtg.. San Francisco, CA

i13-7 December 1984,

Huches, W.J. {Boston Univ., Boston,
MA); Sincer, H.J. (AFGL); and LEsTEK,
M. (Boston Univ., Boston, MA)

Pi 2 Pulsations and the Substorm Current Svstem
ICGGTAGA M1ig., Hamburg, Germany

115-26 August 1983

Huwmsrg, J.E. (Emmanuel Coll., Boston,
MA); Smart, D.F., and SHea, M.A.

(AFGL)

The Earth’s Cosmic Ray Shadow: Prohibited
Access to Low Altitude Satellites

AGU Mtg.. San Francisco. CA

13-7 December 1984)

Kanrer, S W. (Emmanuel Coll., Boston,
MA); Criver, EW. (AFGL); SueeLey, N.,
KooMmen, M., Miciers, D., Howarp, R.
(Naval Research Lab., Washington, DC;
and Dennis, B. (NASA/Goddard,
Greenbelt, MD)

Type 11 Burst Energetics and Proton Acceleration
Chapman Conf. on Collisionless Shock Waves in
the Heliosphere, Napa. CA (20-24 February 1984,

Karz, I, Parks, D.E.. Cooks, D.L.,
Manpirn, M.J. (S-Cubed. La Jolla, CA;
and Rusix, A.G. (AFGL)

Polar Orout Electrostatic Charging of Objects in the
Shuttle Wake

Spacecraft Environmental Interactions Tech.
Conf.. USAF Academy. Colorado Springs, (')

14-6 October 1983




Kei, S.L.

Un the Interpretation of Line Profile Asymmetries
in the Solar Photosphere

SPO Wkshp. #4, Small-Scale Dvnamical Processes
in Stellar Atmospheres, Sunspot, NM

125-29 July 1983)

KeiL, S.L.(AFGL); and MarMoLino, C.
(Istituto Di Fisica Sperimentale, Napoli,

Italy)

Detection of Propagating Waves in the Solar
Fhotesphere

Mtg. Am. Astron. Soc.. Las Vegas. WV
(8-10 January 1984)

KeiL, S.L. (AFGL); and MEeLrAY, P.A.

(Wellesley Coll., Wellesley, MA)

High Frequency Waves in the Photosphere
Mtg. of AAS Solar Physics Div., Pasadena, CA
(21-24 June 1983)

Kz, S.L. (AFGL); and Rounierg, T. (Pic
du Midi Obs., Bagneres de Bigorre,

Francel

Line Asymmetrv. M~gnetic Field Sirength. and
Convective Quershoot

R.G. Grovanelli Commemorative Collog.. Sydney.
Australia 126-27 November 19841

KLoBUCHAR, J.A.

Characteristics of TEC Results fraom Satellite
Beacon Studies and Applications to
Trans-Ionospheric Ranging Svstems:
Trans-lonospheric Propagation Measurements
Using Siznals from the GPS Satellites

Internat Symp. on Satellite Beacon Studies, New
Delhi, Indiz 17-11 February 1983)

Kxecur, DJ.

Bay. Pi 2 and Pi 1 Current Svstems at Substorm
Onset

AGLU Mtg., San Francisco. CA (53-9 December
1983,

Longitudinal Profile of Substorm Currents

AGU Mtg.. Cincinnati. OH (14-17 May 1984)

Lai, 8.T., and Counrn, H.A.

Boom Potential of a Rotating Satellite in Sunlight
AGU Mtug.. Cincinnati. OH 114 May 19541

La1, S.T., Conen, H.A. (AFGL); and
Accson, T.L. (INASA/GSFC, Greenbelt,
MD:

The Effect of Photoelectrons on Boom-Satellite
Potential Differences During Electron Beam
Ejection

AGU Mtg.. San Francisco, CA

3.7 December 1984,
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Lat, S.T. (AFGL); GusseNnoven, M.S.
(Boston Coll., Newton, MA}; and CoHEN,

H.A. (AFGL)

The Concepts of Threshold Temperature and
Energy Cutoff of Ambient Electrons in
High-Voltage Charging of Spacecrafts

17th ESLAB Symp. on Spacecraft/Plasma
Interactions and Their Influence on Field and
Particle Measurements, Noordwijk, The
Netherlands (13-16 September 1983)

Lai, S.T.. Conen. H.A. (AFGLy;
Buavyany, KE., znd T'auvrz, M. (Radex,
Inc., Carlisle, MA)

Sheath Ionization Model of Beam Emissions from
Large Spacecrafts

Spacecraft Environmental Interactions Tech.
Conf., U.S. Air Force Academy. Colorado Springs.
CO (4-6 October 1983)

LestER, M., Huches, W.J. (Boston Univ.,
Boston, MA); and Singer, HJ. (AFGL)
Longitudinal Frequency Variations of Pi 2
Pulsations at Midlatitudes

AGU Mtg., Baltimore. MD 31 May-3 June 1983}

McManon, W.J., SaLter, R.H. (AFGL);
Hiius, R. (Tri-Con Associates, Inc.,
Cambridge, MA); and DeLogrey, D.
(Boston Coll., Newton, MA)

Measured Electron Contribution to Shuttle Plasma

Environment
AIAA Mtg., Washirgton, DC (October 1983)

McNaMara, L.

lonospheric Mudels Used bv the Australian
lonospheric Prediction Sertice

Internat. Un. for Radio Sci. Mtg.. Boulder, CO
(5 January 1983)

Meng, C.-1. (The Johns Hopkins Univ.,
Laurel, MD); Bascock, R.R., and
Hurrman, RE. (AFGL)

Ultraviolet Imaging for Auroral Zone Remote
Sensing

AIAA 21st Aerospace Sci. Mtg.. Reno. NV
(10-13 January 1985

Murien, E.G.

A Space Radiation Effects Satellite Program
DNA-DARPA Symp. on Single Event Effects, Los
Angeles, CA 120 April 1983
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MuLLen, E.G. (AFGL); FarreLL, G.E.
(Emmanuel Coll., Boston, MA); FiLz, R.,
GussenHoveEN, M.S. (AFGL); and
Hanser, F.A. (Panametrics, Inc,,
Waltham, MA)

Nuclear Star Events in Slab Detectors: A
Comparison of Model and In-Situ Measurements
Results

AGU Mtg,, San Francisco, CA
(3-7 December 1984)

Muwiren, I.P., Basu, S, ‘En.manuel Coll.,

Boston, MA); WHiTnEY, H. (AFGL);
Huang, Y.N. (Natl. Telecommunication
Lab., Taipei, Taiwan); BabpiLLo, V. (Obs.
of Manila, Republic of Philippines); and
BusHBy, A. (Geophysical Inst. of Peru,

Lima, Peru)

Longttudz and Solar Activity Control of Equatorial
Scintillations

Symp. on Beacon Satellite Studies of the Earth’s
Environment, New Delhi, India

(7-11 February 1983)

Murap, E.

Implications of Mass Spectrometric Measurements
on the Space Shuttle

Space Shuttle Experiment and Environmental
Wkshp., Henniker, NH (5-10 August 1984)

Nemig, D.F.

Motion Picture of the 24 April 1981 White-Light
Flare

162nd Mtg. of the Am. Astron. Soc., Pasadena, CA
(21-24 June 1983)

Hydrogen Recombination as an Emission
Mechanism in White-Light Flares

Am. Astron. Soc., Baltimore, MD

(11-13 June 1984,

H-alpha Filement and Fibril Activity as a
Short-Term 130 minute) Predictor of Flares and
Flare-Like Events

Solar-Terr. Predictions Wkshp.. Meudon, France
(18-22 June 1984,

Sunspot Motions and Their Association with Flare
Activitv

XXV COSPAR Mtg., Graz, Austria

125-28 June 1984,

Oksman, J., Rosensera, T.J. (Univ. of
Maryland, College Park, MD;
Lanzerorri, L.J., MacLennan, C.G.
(AT&T Bell Laboratories, Murray Hill,
NJ); Sincer, H.J. (AFGL); and
CarprenTER, D.L. (STAR Laboratories,

Stanford Univ., Stanford, CA})

A Conjugate Study of Magnetic and Absorption
Pulsations in the Pc 5-6 Range tn the Morning
Sector

AGU Mtg., Cincinnati, OH (14-18 May 1984)

Pike, C.P.

Space Systems and Their Interactions with the
Earth’s Space Environment

Georgia Inst. of Tech. Mtg., Atlanta, GA (10 May
1983

Spacecraft Environmental Interactions: A Joint Air
Force and NASA Research and Technology
Program

AF/NASA Environmental Interactions Tech. Conf,
USAF Academy, Colorado Springs, CO

(4-6 October 1983); AIAA 22nd Aerospace Sci.
Mtg., Reno, NV (9-12 January 1984)

Pikg, C.P.,, and Guipicg, D.A.

Interactions Measurement Payload for Shuttle
AIAA Shuttle Environment and Operations Mtg.,
Washington, DC (31 October-2 November 1983)

Rapick, R.R.

Variability and Rotation of Solar-Type Hyades
Stars

Collog. at New Mexico State Univ., Las Cruces,
NM (16 November 1984)

Rabpick, R.R. (AFGL); and ARMANDROFF,

T.E. (Yale Univ., New Haven, CT)

Photometric Variability of Titan, Uranus, and
Neptune 1979-1982

161st Am. Astron. Soc. Mtg., Boston, MA
(9-12 January 1983)

Rabick, R.R. (AFGL); Lockwoop, G.W .,
TuompsoN, D.T. (Lowell Obs., Flagstaff,
AZ); and Warnock, A., 111
{Pennsylvania St. Univ., Univ. Park,

PA)

Variability of Solar-Type Stars in the Hyades
161st Am. Astron. Soc. Mtg., Boston, MA
(9-12 January 1983)

Rama Rao, P.V.S., DasGuera, A.
(AFGL); Rastoai, R.G. (Indian Inst. of
Geomagnetism, Bombay, India); and
KroBucHag, J.A. (AFGL)

Electrojet Control over the Equatorial Anomaly in
TEC and Equivalent Slab Thickness
Beacon Symp., New Delhi, India (February i983:

Rich, F.J., Haroy, D.A. (AFGL); Heewss,
R.A., Hanson, W.B. (Univ. of Texas,
Dallas, TX); Byrurow, P.F. (The Johns
Hopkins Univ., Laurel, MD)

Small Scale Variations in Convections Associated
with Auroral Precipitation
AGU Mtg.. San Francisco, CA (December 1983}




Ricu, F.J. (AFGL); Heeuis, R.A.,
Hanson, W.B. (Univ. of Texas, Dallas,
TX); Anperson, P. (Regis Coll., Weston,
MA); Hout, B., Harmvon, L., Zucaro, D.,
Lirpincort, C.R. (Univ. of Texas, Dallas,
TX); Girouarp, D., and SuLLivan, W,
(AFGL)

Cold Plasma Measurements on HILAT

AGU Mtg., San Francisco. CA
15-9 December 1983)

RoruweLrr, P.L., and Yates, G.K.
Active Experiments and Single lon Motion in the
Magnetotail

Active Space Experiments Symp., Alpbach,
Austria (24-28 May 1983)

RoruwerL, P.L. (AFGL); SiLevrren, M.
B. (Northeastern Univ., Boston, MA);
and Brock, L.P. (Royal Inst. of Tech.,

Stockholm, Sweden)
On the Dynamics of the Westward Traveling Surge
COSPAR, Graz, Austria (24-29 June 1984)

RusBin, A., and Bessk, A.

Charging of a Manned Maneuvering Unit in the
Shuttle Wake

AIAA Mtg., Washington, DC

(31 October-2 November 1983)

SacaLyn, Rita C.

Space Radiation and Its Effects on Satellite System
AIAA Mtg., Reno, NV (10 January 1983); Active
Experiments in Space Internat. Symp., Alpbach,
Tyrol, Austria (25 May 1983)

ScHuMakeRr, T.L., GusseNHOVEN, M.S.
(Boston Coll., Newton, MA); and Harpy,
D.A. (AFGL)

Comparison of Near-Simultaneous Electron
Populations at Geosynchronous and Low Altitude
Regions

AGU Mtg., Baltimore, MD 130 May-3 June 1983)

Scuumaker, T.L. (Boston Coll., Newtcn,
MA); GussenHOVEN, M.S., and Harpy,
D.A. (AFGL»

lon Signatures in the Polar Rain
AGU Mtg.. San Francisco, CA
(3-7 December 1984)

Suea, M.A.
Cosmic Rav Cutoff Rigidities Updated
AGU Mtg.. Cincinnati, OH (i4-18 May 1984)

SHEA, M.A. (AFGL) and Militello, S.A.
{Emmanuel Coll.. Bostun, MA)

Solar-Terrestrial Research Momitoring - S:atus
Report 1984

AGU Mtg., San Francisco. CA

(3-7 NDecember 1984,
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Suea, M.A., and Smart, D.F.

A World Grid of Calculated Cosmic Ray Vertical
Cutoff Rigidities for 1980.0; Differences in the
Rusing Portiun of Relativistic Solar Protons and
Solar Electrons at the Earth

18th Internat. Cosmic Ray Conf., Bangalore. India
(22 August-3 Septeriber 1983)

Search for the North-South Asymmetry in Solar
Activity

U.S.-Japan Seminar on Heliomagnetosphere.
Kyoto. Japan (5-3 November 1984}

SuHea, M.A., Smart, D.F. (AFGL); and
Genrice, L.C. (Emmanuel Coll., Boston,

MA)

Cosmic Ray Equator for Epoch 1980.0

AGU Mtg., Baltimore, MD (30 May-3 June 1983)
The Cosmic Ray Equator Determined Using the
International Geomagnetic Reference Field for
1980.0; Vertical Cutoff Rigidities for Selected
Cosmic Ray Stations for Epoch 1980.0

18th Internat. Cosmic Ray Conf., Bangalore, India
(22 August-3 September 1983)

SueEa, M.A., SMarT, D.F. (AFGL); and
HuwmstLg, J.E. (Univ. of Tasmania,

Hobart, Tasmania, Australia)

Use of the IGRF 1980.0 Model to Calculate
Updated Cosmic Ray Cutoff Rigidities
IUGG Gen. Assbly., Hamburg, Germany
(15-26 August 1983}

Suuman, B.M,, and Coxen, H.A.

An Automatic Charge Control System for Satellites
Spacecraft Environmental Interactions Tech.
Conf., Colorado Springs, CO (4-6 October 1983)

SiNGer, H.J.

Pi 2 Pulsations & Sub ‘orms

Gordon Conf. on Space Plasma Physics, Plymouth
St. Coll., Plymouth, NH (13 June 1983)

SinGer, H.J. (AFGL); and HucHes, W .J.

{Boston Univ., Boston, MA)
Mid-Latitude Pi 2 Pulsations and Auroral Zone
Currents

AGU Mtg.. San Francisco, CA (3-7 Dec 1984)

SiNnGer, HJ. (AFGL); Lester, M., and
Hucues, W.J. (Boston Univ., Boston.
MA)

The Distinction Between Substorms and Pi 2
Current Systems

AGU Mtg.. Baltimore, M) (31 May-3 June 1983)
P:i 2 Pulsations, the Substorm Current System, and
Magnetic Disturbances at Svnchronous Orbit

AGU Mtg.. San Francisco. CA

(5-9 December 1987
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Sincer, H.J. tAFGL); Huches, W.J.
{Boston Univ., Boston, MA); FouGERE,

P., and Knecut, D. (AFGL)
Global Observations of Pi 2 Pulsations
ICGG.TAGA Mtg.. Hamburg, Germany
115-26 August 1983

SumarT, D.F., and Suea, M.A.

Cosmic Ray Exposure to a Spacecraft Orbiting at
400 KM

AGU Mtg.. Baltimore, MD 130 May-3 June 1983
Geomagnetic Transmission Functions for a 400 KM
Altitude Satellite

18th Internat. Cosmic Rayv Conference, Bangalore.
India (22 August-3 September 1983}

Solar Flare Initiated Shock Waves. Blast Waves
Riding on the Solar Wind

IUGG Gen. Assbly.. Hamburg, Germany

115-26 August 1983

The Deconvolution of the Shock Front Speed Profile
tnto Blast Waves in the Solar Wind

U.S.-Japan Seminar on Heliomagnetosphere.
Kyoto, Japan (5-9 November 1984

A Simplified Model for the Timing of Solar Flare
Initiated Shocks

Chapman Conf. on Collisionless Shock Waves in
the Heliosphere. Napa Valley, CA (20-24 February
1984,

Cosmic Ray Exposure Factors for Shuttle Altitudes
Derived from Calculated Cutoff Rigidities

XXV COSPAR Mtg.. Graz. Austria

125 June-7 July 1984

Tne Ambiguity in Determining North South
Asymmetry in Suvlar Activity

AGU Mtg., San Francisco, CA 13-7 December
1984)

Smart, D.F., Suea, M.A. {AFGL); Dryexg,
M., Quintina, A. (NOAA, Boulder, CO);
GentiLE, L.C., and Batnurst, AA.
(Emmanuel Coll., Boston, MA)

Estimating the Arrical Time of Solar-Flare-
Inutiated Shocks bv Considering Them to be Blast
Waves Riding over the Solar Wind

Solar-Terr. Prediction Wkshp.. Meudon, France
(18-22 June 1984)

SMipny, M., SurLivan, W.P., Girouarr,
D. tAFGL): and Annerson, P.J. (Regis

Coll., Weston, MA)

Shuttle Electrica! Environment

Spacecrait Charging Conf.. Colorado Springs. ('O
1October 1983

Shuttle Eiectrical Contaranation Methods

AIAA Mtg.. Washington, DC (November 19873

Stanvarn, P.R., Katz, [ (S-Cubed, La
Jolla, CA);, GEpeon. L., Rocug, J.C.

({NASA-LeRC, Cleveland, OH); Runin,
A.G. (AFGL); and Tauvrz, M.F. (Radex,

Carlisle, MA}

NASCAP Simulations of Spacecraft Charging of
the SCATHA Satellite

ESLAB Syrap.. Noordwijk, The Netherlands
(13-16 September 1983

StrickLann, D.J. (Beers Assoc., Inc.,
Reston, VA) and Jasperske, J.R. tAFGL)
Using Satellite Observed UV Intensities to Deduce
Electron Densitv Profiles

AIAA 21st Aerospace Sci. Mtg., Reno. NV

(10-13 January 1983

YeH, H.-C. (Boston Coll., Newton, MA);
Gussennoven, M.S., and Harpy, D.A.
(AFGL)

The Precipitating Auroral Inns Associated with the
Electron Inverted-V

AGU Mtg., San Francisco. CA

15-9 December 1983

Yeu, H.-C., Heinemans, N. (Boston
Coll., Newton, MA); GusseEnHOVEN, M.S.,

and Harpy, D.A. (AFGL)

An Association of Ion M with Pre-Midnight
Electron Inverted-V: DMSP Observations and a
Simple Explanatorv Model

AGU Mtg.. San Francisco. CA

13-7 December 1984)

TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

Besse, AL, Rusin, A.G. (AFGL); and

Tavtz, M.F. (Radex, Inc., Carlisle, MA)

Dual Maxicellian Space Plasma Modeling by the
Logarithmic Method
AFGL-TR-83-0169 5 July 19831 ADA137131

DoyLe, M.A. (AFGL); AxpErson, P.,
3asinska-Lewin, E. (Regis Coll,,
Weston, MA): Rich, F. (AFGL); and
Youna, E.R. (Regis Coll., Weston, MA)

Magnetosphere-TIonasphere Interaction Studies
AFGL-TR-84-0205 130 June 1984), ADA [in
process|

Essex, E.A. (La Trobe Univ., Bundoora,
Australia); Ki.oBUCHAR, J.A., PHILBRICK,
C.R. (AFGL); and Lko, R. (Meontana St.
Univ., Missoula, MO}

The Response of the Total Electron Content of the
lonosphere Over North America to the Total Solar
Eclipse of February 26. 1979

AFGL-TR-83-0266 14 October 19831, ADA138684

Harpy, D.A., Scorrr, LK., 11t
GusseENHOVEN, MLS., MagrsuaLL, F.J.
(AFGL); Yen, H.-C., Scnumaker, T.L.
(Boston Coll., Newton, MA); HUBER, A,
and Pantazis, JJ. (Emmanuel] Coll..
Boston, MA)

Precipitating Electron and [on Detectors 1SS 41 for
the Block SD-Flights 6-10 DMSP Satellites:
Calibration and Data Presentation
AFGL-TR-84-0317 121 November 19841, ADA [in
nrocess|




HucHes, W.J. (Boston Univ., Newton,
MA); SinGeEr, H.J. (AFGL); and LEesTeR,

M. (Boston Univ., Newton, MA)

A Study of Geomagnetic Pulsations Using the
AFGL Magnetometer Network

AFGL-TR-83-0027 (13 January 1984, ADA140507

Kiein, MM.

Application of a Direct Method for Real Height
Determination to Two lonograms
AFGL-TR-83-0064 (1 March 1983), ADA130430

Lai, 8.T., and CoHeN, H.A.

Electron Beam Trajectory in a Photometer Field of
View

AFGL-TR-83-0045 (16 Feb 1983), ADA131949

McNamara, LF.

The Conversion of Off-Vertical Observations of
Total Electron Content into Equivalent
Vertical-Incidence Values

AFGL-TR-83-0092 (6 April 1983), ADA132624
Prediction of Total Electron Content Using the
International Reference lonosphere
AFGL-TR-83-0239 (20 September 1983),
ADA137136

Moore, J.G.

Airglow Morphology During an lonospheric
Heating Experiment at Platteville, Colorado
AFGL-TR-83-0238 (9 September 1983),
ADA137869

MuLLEN, E.G., and GussenHOVEN, M.S.
SCATHA Environmental Atlas
AFGL-TR-83-0002 (3 January 1983), ADA131456

Nemic, D.F., and Criver, E.W.

A Catalog of Solar White-Light Flares (1859-1982/
Including Their Statistical Properties and
Associated Emissions

AFGL-TR-83-0257 (20 September 19831,
ADA138645

RicH, F.J.

Fluxgate Magnetometer (SSM) for the Defense
Meteorological Satellite Program {DMSP) Block
5D-2, Flight 7

AFGL-TR-84-0225 (25 July 1984), ADA 155229

RicH, F.J. (AFGL); and HeeLis, R.A.
(Univ. of Texas/Dallas, Richardson, TX)

Preliminary Data Processing Plan for the Thermal
Plasma Experiment on the HILAT Satellite
AFGL-TR-83-0091 (31 March 1983. ADA132017

SacaLyn, R.C., DonaTeLLL, D.E., and

Micuagr, 1., Epitors

Proceedings of the Air Force Geophvsics Labaratory
Workshop on Natural Charging of Large Space
Structure in Near Earth Polar Orbit: 14-15
September 1982

AFGL-TR-83-0046 (25 January 19831 ADA 134894
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SrseLpvik, W.H. (Boston Coll., Newton,

MA); and RoruweLL, P.L. tAFGL)
The Earth’s Radiation Belts
AFGL-TR-83-0240 (20 September 1983,
ADA142673

WEeBER, E.J., Bucnau, J., Moorg, J.G.
(AFGL); Snarser, J.R. (Florida Inst. of
Tech., Melbourne, FL); Livinasron, R.C.,
(Emmanuel Coll., Boston, MA);
WINNINGHAM, J.D. (Southwest Research
Inst., San Antonio, TX); and ReNiscH,
B.W. (Univ. of Lowell, Lowell, MA)

F-Layer lonization Patches in the Polar Cap
AFGL-TR-83-0276 (5 October 1983), ADA138633

CONTRACTOR JOURNAL ARTICLES
JANUARY, 1983 — DECEMBER, 1984

Akasoru, S.-1. (Univ. of Alaska,
Fairbanks, AK)

A Comprehensive View of Solar-Terrestrial
Relationships in Terms of a Chain of Four
Dvnamo-Powered Plasma Acceleration Processes
Planetary and Space Sci. 31 (1983)

AsHOUR-ABpaLLa, M., and Oxkupa, H.
(Univ. of California, Los Angeles, CA)

Plasma Physics on Auroral Field Lines: The
Formation of Ion Conic Distributions in
High-Latitude Space Plasma Physics

Ed. by B. Hultquist and T. Hagfors, Plenum Pub.
Co. (1983}

Transverse Acceleration of lons on Auroral Field
Lines in Energetic Ion Composition in the Earth’s
Magnetosphere

Ed. by R.G. Johnson. Terra Scientific Pub. Co.,
Tokyo (1983

BarrieLp, J., Buren, d., Gurcioro, C.,
Lin, C., WinNiNGHAM, D., and SAFLEKOS,
N. (Southwest Research Inst., San
Antonio, TX)

Polar Plasmas as Observed by Dvnamics Explorers
1 and?2

Proc. Spacecraft Environmental Interactions Tech.
Conf. (4-6 October 19831

DeLoacu, A.C. (NASA Marshall Space
Flight Ctr.); Haccarn, M., Rasin, D.,
Moogeg, R., SmitH, J.B., and Wesr, E.

Photospheric Electric Current and Transttion
Region Brightness Within an Active Region
Solar Phys. 91 (1984)

Forrest, D.J. (Univ. of New Hampshire,

Durham, NH)
Solar y-Rav Lines
Am. Inst. of Phys. Conf. Proc. 101 (1983




94

Forrest, D.J., and Cuurp, E.L. (Univ. of
New Hampshire, Durham, NH)

Simultaneous Acceleration of Electrons and Ions in
Solar Flares
Nature 305 (22 September 1983)

GerGELY, T., Kunbu, M., Wy, S.T.
(Univ. of Alabama, Huntsville, AL);
DryEr, M. (Natl. Oceanic and
Atmospheric Adm.); SmitH, Z., and

STEWART, R.

A Multiple Type Il Burst Associated with a
Coronal Transient: MHD Simulation

Adv. Space Res 4 (1984)

GoucH, D.O., and Toomre, J. (Univ. of

Coiorado, Boulder, CO)

On the Detection of Subphotospheric Convective
Velocities and Temperature Fluctuations

Solar Phys. 82 (1983)

Haccarp, M. (NASA Marshall Space
Flight Ctr., Huntsville, AL); Smrtn, J.B.
(Natl. Oceanic and Atmospheric Adm.);

TeUBER, D., and Wesr, E.

Quantitative Study Relating Observed Shear in
Photospheric Magnetic Field to Repeated Flaring
Solar Phys. 91 (1984)

HuwmsLg, J.E. (Univ. of Tasmania,

Hobart, Tasmania, Australia)

On Directions from Which Cosmic Rays May Reach
Earth Satellites

Proc. Astron. Soc. of A * -alia 5 (1983)

Kanier, S.W. (Emmanuel Coll., Boston,

MA)

Gradual Hard X-Ray Events and Second Phase
Particle Acceleration

Solar Phys. 90 (1984)

Kan, J.R., Akasoru, S.-1., and Lek, L.C.
(Univ. of Alaska, Fairbanks, AK)

A Dynamo Theory of Solar Flares
Soler Phys. 84 (1983)

Kang, S.R., Birp, M.K., Dominco, V.,

GreEN, G., Gareer, G.R., Hewish, A,

Howarp, R.A., Iwers, B., Jackson, B.V.,
Koren, U., Kunow, H., MULLER-MELLIN,
R., RompoLr, B., SaNnanusa, B., SAwanT,
H.S., Stewart, R.T., WiBBerENZ, G., and
ZroBec, P. (Univ. of California Berkeley,

Berkeley, CA)

Energetics and Interplanetary Effects of the August
i4 and 18, 1979 Solar Flares

Proc. SCOSTEP/STIP Symp. on
Solar/Interplanetary Intervals (January 1983)

Kunou, M.R., GercELY, T.E., and KaNE,
S.R. (Univ. of California Berkeley,
Berkeley, CA)

Positional Characteristics of Meter-Decameter
Wavelength Bursts Associated with Hard X-Ray
Bursts

Solar Phys. 79 (1982)

LATOUR, J., TOOMRE, J., and ZaHN, J.-P.
(Univ. of Colorado, Boulder, CO)
Nonlinear Anelastic Modal Theory for Solar

Convection
Solar Phys. 82 (1983)

Lyons, L.R,, and Dusensercy, P.B.
(NASA Marshall Space Flight Ctr.,
Huntsville, AL)

Simple Expression for Kilometric Radiation
Growth Rates and Analytical Applications
d. Geophys. Res. 89 (1 February 1984)

Miuaras, BW., and Toomze, J. (Univ. of
Colorado, Boulder, CO)

Internal Gravity Waves in the Solar Atmosphere. II.
Effects of Radiative Damping

Astrophys. J. 263 (1 December 1982)

MircHeLL, D.G., Roevor, E.C., and
Bame, S.J. (The Johns Hopkins Univ,,

Laurel, MD)

Solar Wind Iron Abundance Variations at Speed
>600 km s~! 1972-1976

J. Geophys. Res. 88 (1 November 1983)

Okupa, H., and AsHoUR-ABDALLA, M.
(Univ. of California, Los Angeles, CA)

Acceleration of Hydrogen Ions and Conic
Formation Along Auroral Field Lines
J. Geophys. Res. 88 (1 February 1983)

RoeLor, E.C., Dobnson, HW., and
HepemaN, E.R. (The Johns Hopkins
Univ., Laurel, MD)

Dependence of Radio Emission in Large Ha Flares
1967-1970 Upon the Orientation of the Local Solar
Magnetic Field

Solar Phys. 85 (1983)

SanpersoNn, T.R., Reinuarp, R., WENZEL,
K.-P., RoeLoF, E.C., Smitu, EJ. (The
Johns Hopkins Univ., Laurel, MD)

Observations of Upstream Ions and Low-Frequency
Waves on ISEE-3
J. Geophys. Res. 88 (1983)

Sato, T., and Murakami, M. (Univ. of
California, Los Angeles, CA)

A Numerical Model of Centrifugal Wind in a
Rapidly Rotating Magnetosphere

Geophys. Res. Lett. 10 (November 1983)




Sato, T., and WaLkeR, R.J. (Univ. of
California, Los Angeles, CA)
Magnetotail Dynamics Excited bv the Streaming

Tearing Mode
J. Geophys. Res. 87 (1 September 1982)

Saro, T., Havasnui, T., WALKER, R.J., and
AsHour-AspaLra, M. (Univ. of
California, Los Angeles, CA)

Neutral Sheet Current Interruption and
Fileld-Aligned Current Generation by Three
Dimensional Driven Reconnection

Geophys. Res. Lett. 10 (March 1983)

SHEELEY, N.R., Jr., Voris, J.P., Young,
T.R., Jr., DEVorg, C.R., and HarvEy,
K.L. (Naval Research Lab., Washington,
DC)

A Quantitative Study of Magnetic Flux Transport

on the Sun
Proc. of IAU Symp. No. 102 (2-6 August 1982)

Song, M.T., and Wu, S.T. (Univ. of

Alabama, Huntsville, AL)

On the Heating Mechanism of Magnetic Flux Loops
in the Solar Atmosphere

Adv. Space Res. 4 (1984}

SoutHwoob, D.J. (Imperial College,
London); and HucnhEes, W.J. (Boston
Univ., Boston, MA)

Theory of Hydromagnetic Waves in the

Magnetosphere
Space Sci. Rev. 35 (1983)

Terasawa, T. (Univ. of California, Los
Angeles, CA)

Hall Current Effect on Tearing Mode Instability
Geophys. Res. Lett 10 (June 1983)

ToomrE, J., Gouch, D.O., and SpPIEGEL,

E.A. (Univ. of Colorado, Boulder, CO)
Time-Dependent Solutions of Multimode
Convection Equations

J. Fluid Mech. 125 (1982)

WaLKER, R.J. (Univ. of California, Los

Angeles, CA)
Mbodeling Planetary Magnetospheres

Rev. of Geophys. and Space Phys. 21 (March 1983)

WinNINGHAM, J.D., Burcy, J L., and
Fraum, R.A. (Southwest Research Inst.,
San Antonio, TX)

Bands of lons and Angular V’s: A Conjugate

Manifestation of Ionospheric Ion Acceleration
J. Geophys. Res. 89 (1 March 1984)

Wu, S.T. (Univ. of Alabama, Huntsville,
AL); Wang, J.F., and
TaNDBERG-HANssEN, E.

MHD Analysis of the Evolution of Solar Magnetic
Fields and Currents in an Active Region in
Unstable Current Systems and Plasma Instabilities
in Astrophysics

Ed. by M. Kundu and G. Holman, D. Reidel Pub.
(1984)

Wu, ST, Hu, Y.Q., Krart, K.R. (Univ.
of Alabama, Huntsville, AL); HAGGARD,
M.J. and SwmitH, J.B.

Modeling of Energy Buildup for a Flure-Productive

Region
Solar Phys. 90 (1984)

CONTRACTOR PAPERS PRESENTED AT
MEETINGS
JANUARY, 1983 — DECEMBER, 1984

BarriELD, J., BurcH, J., GuraloLo, C.,
Lin, C., WinNINGHAM, D., and SaFLEKOS,
N. (Southwest Research Inst., San
Antonio, TX)

Polar Plasmas as Observed by Dynamics Explorers
land2

Spacecraft Environmental Interactions Tech.
Conf., Colorado Springs, CO (4-6 October 1983)

BisL, K. (Univ. of Lowell, Lowell, MA)
Symmetric Four Antenna Array Resolves Multiple
Reflectors with Complex Spectrum Analysis of
Multiplexed Closelv Spaced Frequency Soundings
URSI Commission F 1983 Symp., Netherlands
{9-15 June 1983)

FarreLr, G.E. (Emmanuel Coll., Boston,
MA)

Microdosimetric Analysis of Proton Induced
Reactions in Silicon and Gallium Arsenide

IEEE 21st Conf. on Nuclear and Space Radiation.,
Colorado Springs, CO (22-25 July 1984)

Huches, W.J. (Boston Univ., Boston,
MA); and Soutnwoob, D.J. (Imperial
Coll., London, England)

Auroral Ionospheric Conductivity Enhancements
and the Structure of Pi 2 Pulsation Signals
AGU Mtg., San Francisco, CA (5-9 December
1983)

Parks, D.E., and Katz, 1. (S-Cubed, La
Jolla, CA)

Electric Field Effects on Ion Currents in Satellite
Wakes

Spacecraft Environmental Interactions Tech.
Conf., Colorado Springs, CO (4-6 October 1983)
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ReiniscH, B.W., GamacHE, R.R., and
Tang, J.S. (Univ. of Lowell, Lowell, MA)

Automatic Electron Density Profiles from Digital
Tonograms

NATO AGARD EPP Symp. on Propagation Factors
Affecting Remote Sensing, Oberammergau,
Germany (24-28 May 1983)

CONTRACTOR TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

Akasoru, S.-I. (Univ. of Alaska,

Fairbanks, AK)

A Numerical Simulation Study of Solar Wind
Disturbances Responsible for Geomagnetic and
Auroral Storms

AFGL-TR-84-0048 131 January 1984), ADA144178

BarrieLp. J.N. (Southwest Research

Inst., San Antonio, TX)

Magnetospheric Plasma Studies Using Data from
the Dvnamics High and Low Altitude Plasma
Instruments

AFGL-TR-83-0134 (15 May 1983, ADA131793
Magnetospheric Plasma Studies Using Data from
the Dynamics High and Low Altitude Plasma
Instruments

AFGL-TR-84-0136 (15 May 1984), ADA 145751

Basinska, E.M. (Regis Coll., Weston,
MA)

Development of Software for the Analvsis of Plasma
Measurements Using the Retarding Potential
Analyzer

AFGL-TR-84-0327 i1 December 1984). ADA [in
process|

Basu, B., DEcker, D.T., RETTERER, J. M.,
and Baksui, P.M. (Boston Coll., Newton,
MA)

Tonospheric Electror Densitv Profile and Related
Studies

AFGL-TR-84-0257 115 August 19841, ADA [in
process|

BAUMGARDNER, J., MENDILLO, M.,
HerniTER, B., and Srence, H. (Boston

Univ., Boston, MA)

Optical, Radio and Computer Simulation Studies
of the Brazil Ionospheric Modification Experiment
of 8 September 1982

AFGL-TR-83-0196 (31 July 1983), ADA135143

CARrPENTER, J . W., and Humpnugrey, C.H.
(Visidyne, Inc., Burlington, MA)
Rocket-Borne Positive and Neutral Beam

Experimental Plan
AFGL-TR-83-0025 (January 1983). ADA130121

Cooke, D.J. (Univ. of Utah, Salt Lake
City, UD

Stormer Equation Implementation, Using Offset
Dipole Coordinates Derived from Specified
Geographic Coordinates

AFGL-TR-83-102 (March 1983). ADA130079
The High Zenith Angle Limits of Cosmic Ray
Access to an Earth Satellite

AFGI-TR-83-0103 (March 1983), ADA130216

Cuanc, T., and Corppi, B. (Massachusetts
Inst. of Tech., Cambridge, MA)

Beam Plasma Turbulence Study
AFGL-TR-83-0125 (1 May 19831, ADA131946

D’Acosting, R.B. (Boston Univ., Boston,
MA)

Minicomputer and Data Analvsis Support to the
AFGL Magnetometer Network
AFGL-TR-84-0276 {1 November 1984). ADA [in
process)

DaLcarno, A. (Harvard Coll. Obs.,

Cambridge, MA)
The Space Shuttle Glou
AFGL-TR-84-0281 (17 October 19841 ADA154937

Decaonkag, S.S. (Univ. of Maryland,

College Park, MD)

Solar Radio Bursts. Proton Events and
Geomagnetic Activity

AFGL-TR-84-0259 (August 1984), ADA149018

Devang, J.F., S.J. (Boston Coll.,
Newton, MA)

Investigation of Magnetic Field Measurements
AFGL-TR-83-0058 (28 February 1983),
ADA130422

DonateLLy, D.E. (Boston Coll., Newton,
MA); and CHang, T.S. (Massachusetts
Inst. of Tech., Cambridge, MA)

Electron Beam-Induced Electromagnetic Waves in a
Magnetospheric Plasma
AFGL-TR-83.0085 (15 May 1983), ADA130116

Dozois, C.G., ReNiscH, B.W., and BisL,

K. (Univ. of Lowell, Lowell, MA)

A High Frequencv Radio Technique for Measuring
Plasma Drifts in the lonosphere

AFGL-TR-83-0202 (July 1983), ADA140509

Eatuier, R H. (KEO Consultants,

Brookline, MA)

Optical lonospheric Mapping
AFGL-TR-83-0325 (15 December 1983},
ADA140508




EmsLie, A.G. (Univ. of Alabama,

Huntsville, AL)

Heating of the Deep Chromosphere During Solar
Flares

AFGL-TR-84-0251 (1 October 1984). ADA [in
process|

Erickson, G.M. (Rice Univ., Houston,
TX)

On the Cause of X-Line Formation in the
Near-Earth Plasma Sheet Results of Adiabatic
Convection of Plasma-Sheet-Plasma
AFGL-TR-84-0134 (24 April 19841, ADA145835

GamacHEi, R.R., Reinisc, B.W., and
Tana, d. (Univ. of Lowell, Lowell, MA)

Automatic Scaling of Digisonde lonograms
Computer Program and Numerical Analvsis
Documentation

AFGL-TR-83-0052 (February 19831, ADA128934

Hanirey, J.T., Mack, EJ., WarrLg, BJ.,
and KiLg, J.N. (Calspan Corp., Buffalo,
NY?

The Feasibility of Using Precursor Aerosol
Parameters to Predict Visibilitv in Fog and Haze
AFGL-TR-83-0195 tJuly 1983). ADA137141

Harvey, K.L. (NOAA, Boulder, CO)

Solar Cvele Variation of Ephemeral Regions
AFGL-TR-84-0335 (1 December 1984), ADA 154967

Hece, E.K., StritrMaTTER, P.A., and
Woorr, N.J. (Univ. of Arizona, Tucson,
AZ)

Investigations of High Resolution Imaging
Through the Earth’s Atmaosphere Using Speckle

Interferometry
AFGL-TR-84-0116 (7 March 1984:. ADA150680

HoLeman, E.G. (Emmanuel Coll.,

Boston, MA)

Technigue for Producing a Coherent Sum of the
Data from P78-1, F2, and F4 Satellites
AFGL-TR-83-0130 {May 1983), ADA131965

Hovt, B.J. (Univ. of Texas/Dallas,

Richardson, TX)

An Improved Ion Drift Meter

AFGL-TR-83-0320 (November 1983), ADA 140043
Drift Scintillation Meter

AFGL-TR-84-0130 (March 1984), ADA142523

Horenstein, M.N., and MavreTic, A.

{Boston Univ., Boston, MA)

A Probe for Measuring Spacecraft Surface
Potentials Using a Direct-Gate Field Effect
Transistor

AFGL-TR-83-0255 1September 19831, ADA 140024
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HumMBLE, J.E. (Univ. of Tasmania,

Hobart, Tasmania, Australia)

The Access of Energetic Charged Particles to
Satellite Altitudes

AFGL-TR-84-0258 (5 October 1984}, ADA150799

Hurrorn, G.J. (California Inst. of Tech.,
Pasadena, CA)

The Owens Vallev Frequencv-Agile Interferometer
AFGL-TR-83-0108 (March 19831, ADA131825

Jupae, R, (IRT Corp., San Diego, CA)

Proton Electrostatic Analvzer
AFGL-TR-83-0081 iFebruary 1983:, ADA133588

Kan, J.R. (Univ. of Alaska, Fairbanks.

AK)
Sun-Aligned Polar Cap Auroral Arcs

AFGL-TR-84-0254 15 October 19841, ADA 148052

KaTz, 1., and CookEe, D. (S-Cubed, La
Jolla, CA)

Preliminary Documentation for the Polar Code
AFGL-TR-83-0194 tAugust 19831, ADA [in
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Launching a Tethersonde, a Device to Deter-
mine High Vertical Resolution Profiles of
Winds, Temperature and Humidity and,
hence, Refractive Atmospheric Structure.
(The tethersonde, free-balloon radiosondes,
and aircraft refractometers have been used to
determine atmospheric refractive effects on
line-of-sight digital radio networks for the
Digital European Backbone (DEB)and on the
TRC-170 Tactical Troposcatter Radio.)




V  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 de-
pendent upon the weather as at any time
in the past. While some Air Force opera-
tions will be less affected by weather ele-
ments, newer operations will involve more
complex and sophisticated systems that
are weather-dependent. Thus, the search
for better methods of observing and pre-
dicting meteorological conditions con-
tinues to be a vital part of the geophysical
research program of the Air Force.

During the period 1983-84, projects in
the Atmospheric Sciences Division have
included: research on cloud and precipita-
tion physics and numerical modeling and
simulation of cloud physics; atmospheric
dynamic modeling and mesoscale predic-
tion techniques; improved techniques for
automatic satellite-imagery analysis, re-
search on obtaining water-vapor profiles
from satellites, and the use of satellites in
providing weather data within uncontrol-
led or enemy-controlled areas and air-
space; climatological techniques for the
design and operation of Air Force systems
and development of prediction techniques
for toxic chemical spills; and automated
Doppler weather radar analyses and
coherent polarization-diversity radar
techniques.

CLOUD PHYSICS

During the past two years, the Cloud
Physics program has expanded modeling
work while decreasing efforts in field pro-
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grams and instrumentation development.
By incorporating knowledge gained in the
field programs into the Cloud Microphys-
ics Models, we will obtain a more complete
understanding of such microphysical proc-
esses as growth of ice crystals and snow-
flakes, melting of the snow in the free
atmosphere, and the growth and evapora-
tion of rain and cloud drops. W< have be-
gun to apply the model results to Air Force
areas of interest such as electromagnetic
attenuation, aircraft icing, nuclear winter
and scavenging of exhaust products depos-
ited in the atmosphere by large rockets.

Cloud Microphysics Modeling: The
purpose of this effort is to introduce more
detailed microphysics into cloud models so
as to provide more accurate simulated
clouds for Air Force applications. Many
Air Force weapon and communication sys-
tems are affected by processes such as mi-
crowave 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 effectively in, and
through, clouds and precipitation.

The Colorado State University 3-
dimensional mesoscale cloud model,
which includes parameterized microphys-
ics, has been transferred from the CRAY
computer at the National Center for
Atmospheric Research (NCAR) to the
CRAY computer at the Air Force Weapons
Laboratory (AFWL) at Kirtland AFB,
New Mexico. This model has been mod-
ified to include more sophisticated micro-
physics and has been applied to the prob-
lem of determining the mass loading of the
atmosphere due to nuclear firestorms
under different meteorological situations.
For example, a warm, moist, unstable
Denver soui:ding gave considerable load-
ing of the stratosphere, where the parti-
cles would remain suspended for some
time, while a dry standard atmosphere
sounding showed no penetration of debris
into the stratosphere. Confinement of nuc-
lear debris to the troposphere would re-
duce the likelihcod and severity of a nuc-
lear winter.

This AFGL model is being run on five
case studies provided by the World
Meteorological Organization (WMO), part
of the United Nations. The results will be
compared with results from other re-
searchers’ models to find the weak and
strong points of the various cloud micro-
physics models.

A detailed 1.5-dimension model with in-
teractive microphysics was developed at
AFGL about ten years ago for the study of
warm cumulus clouds. This model has
been reactivated and modified to include
ice processes. The ice microphysics are
being tested and verified against actual
data using the 1.5-dimension model and
are also being incorporated in the 3-
dimension model.

Computer Simulation of Clouds.

We performed a computer model study
of depletion of aluminum oxide particles
from the elevated exhaust ground cloud
produced by a Titan rocket launched from
Kennedy Space Center. The model in-
corporated deposition and impact collec-
tion, and included consideration of the
particle size spectra. The computation re-
sults agreed with aircraft measurements
taken inside the cloud, and showed that
sedimentation plays the most important
role in removal of the aluminum oxide
during the first hour. A separate study
considered the removal of debris from the
elevated ground cloud by rain falling
through the cloud from above.
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AFGL Snow Rate Meter employs an electron-
ic balance to measure the weight of snowfall.
(The data are used in attenuation studies,
since snow attenuates electro-optical sig-
nals.)

Instrumentation Development: Five
patent applications approved by the Air
Force are being processed by the U.S. Pat-
ent Office. The Snow Rate Meter and the
Rain Rate Meter use new electronic
weighing balances to measure changes of
0.01 gram in 3 sec. Such small-scale time
resolution has applications to narrow elec-
tronic beams being attenuated by rain and
snow shafts in storms. Recent improve-
ments have been made in the removal of
wind pumping effects, in elimination of
small drizzle coagulation on the collecting
surfaces, in the automatic elimination of
unusable data points, in achieving un-
attended operation of the Ra‘n Rate
Meter, and in operations of the Snow Rate
Meter in adverse conditions. The Snow
Characterization Meter has been im-
proved by using a Geneva drive to stop the
snowflakes in front of the TV camera,
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thereby enhancing the picture resolution
and the snowflake definition. Backlight-
ing was used in the Snow Fall Velocity
Meter to provide more accurate data.
Two other instruments are being tested.

Recording Equipment for Snow Rate Meter.
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AFGL Snow Velocity Meter uses a television
camera left)to look at snowflakes as they fall
through a volume (righti. Data are analyzed
to obtain fall speeds.

The M-Meter is designed to measure from
an airplane the mass of the liquid (or ice)
water content in the atmosphere. This in-
strument is needed to investigate the
melting layer where snow and rain coex-
ist, and the data have applications to ero-
sion of supersonic vehicles and to the
attenuation of millimeter and microwave
radiaticn. An automatic Snow Volume
Meter has been designed and built to com-
plement the other snow-measuring instru-
ments.

Comparisons of airborne data taken by a
Rosemount Icing Detector, by a Johnson-
William meter and by particle measuring
systems equipment under supercooled ic-
ing cor:1itions showed that the zero value
of the J-W meter drifted with time. Other-
wise, all three instruments provided
reasonably accurate measurements of liq-
uid water content within supercooled
clouds, which causes aircraft icing.

Cirrus Clouds: The occurrence of cirrus
particles in the upper troposphere is more
common than previously reported. The
presence of cirrus seems to be the rule in
tropical regions, with clear conditions
being the exception. Two different size dis-
tributions characterize ice particles in
subvisible cirrus. The most common has a
peak distribution in the 1 to 10 p region
with a rapid decrease of larger particles.
The second type consists of ice crystals
with diameters from 100 to 2000 u which
appear to have fallen from higher levels.

NASA and the Air Force have been in-
vestigating the possibility of using Lami-
nar Flow Control (LFC) to decrease by 30
percent the drag on future large. long-haul
transports. Limited experiments with the
X-21 showed loss of LFC when flyving in
clouds. This was attributed to cirrus cloud
particles blocking the small inlet holes on
the wings. Recent studies, based on eight
of our reports entitled "Cirrus Particle
Distribution Study” (AFGL-TR-81-0316}
and on the data gathered by NASA on
their Globa! Atmospheric Sampling Pro-
gram, indicate that on long routes the loss
of LFC due to clouds is not large enough to
make LFC impractical. [n addition to
heavy-lift, long-range transports, LFC has
applications to subsonic reconnaissance
and station-keeping aircraft.

Melting Layer Research: In most storm
systems the precipitation begins as snow
in the upper part of the storm. The snow-
flakes grow larger and fall until theyv
reach the level where the atmospheric
temperature rises to above freezing. This
region where the snow melts, the melting
layer, is of great interest since it usually
has the highest water-content values in
the storm. and it affects aircraft icing, ero-
sion of supersonic vehicles and attenua-
tion of electromagnetic signals. Research
conducted in the University of Utah melt-
ing chamber is being utilized to improve
the microphysics models mentioned above
and in a separate study of turbulence with-
in the melting layer.

Field Programs: The Cloud Physics
Branch participated in the SNOW-ONE
and SNOW-TWQ joint-services battlefield
exercises conducted at Fort Gravling,
Michigan., which were sponsored by the
U.S. Army Cold Regions Research and En-
gineering Laboratory. The instruments
mentioned above were developed for. and
used in, these exercises. The snowfall
rates correlated well with the electro-
magnetic attenuation measured by other
participants from the Army. Navy. Air
Force and NATO. The extreme sensitivity
of the Snow Rate Meter provided data
showing evaporation of fallen snow after a




Television Monitoring of Snow Crystal Struc-
ture at Joint Services SNOW II-B Experi-
ments at Camp Grayling. Michigan.January,
1984.

brief snow shower. Data exchanged by the
participants are building a base for deter-
mination of attenuation caused by differ-
ent types and amounts of snow.

In February and March of 1983 we flew
our cloud-measuring instruments on the
NASA Convair 990 aircraft to obtain
particle type, size and ice/water content
values while NASA scientists were taking
183 GHz radiometer measurements. The
purpose of the experiment was to test the
feasibility of using a satellite-borne 183
GHz radiometer to obtain world-wide ver-
tical profiles of water vapor in the atmos-
phere. This type of information is critical
in improving global weather forerasts. In
a joint sortie with the British Meteorolog-
ical Office’s C-130 into a storm system
over the Atlantic Ocean, an anomalous
profile was obtained. We believe that the
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anomaly was due to a layer of ice crystals
called "plates,” which acted as mirrors to
reflect radiation from other levels in the
storm.

High temporal-resolution rain-rate
data obtained in summer showers at
AFGL are showing measured rain rates
similar to those predicted from poorer res-
olution data.

Branch members provided consulting
services to the Army and the Air Force on
the erosion of ICBM nosecones due to cloud
and precipitation systems. Thi~ ‘ncluded
the rework of data taken by ArGL and
others at the Kwajalein Missile Range. A
review of the Reentry Measuring Program
(REMP) as developed by AFGL and as cur-
rently being operated was presented to the
Conference on Interactive Meteorological
Processing which was sponsored by the
Range Commanders Council.

Extensive planning was conducted for
two major field programs. The first is the
Division’s Weather Attenuation Program,
which will take place in FY 86. The pur-
pose of the program is to take in-situ and
remote weather and attenuation measure-
ments to enable us to learn how to predict
electromagneti: attenuation due to rain
and snow in the melting layer. The second
program is the Nationai STORM (Storm-
scale Operational and Research Meteorol-
ogy) Program. The first phase, STORM-
Central, will be conducted in FY 88 in the
Midwest and will focus on mesoscale con-
vective systems. STORM-East will be lo-
cated in New England in FY 90, to be fol-
lowed by STORM-West on the West Coast
of the United States in FY 93.

SATELLITE METEOROLOGY

Most of the meteorological satellites are
either polar orbiting, providing global
coverage twice a day for each satellite. or
geostationary, providing coverage every
half-hour over approximately a 60 deg
latitudinal circle centered at the satellite
subpoint. The data from the iwo types of
satellites may be used for different pur-
poses, but both yield information on cloud
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and storm features indispensable for
assessing the suitability or limitations of
the weather for Air Force operations or
systems, as shown in the figures. AFGL
makes extensive use of a Man-compuier
Interactive Data Access System (McIDAS)
because it has the capability of processing
and displaving satellite imagery along
with conventional surface and upper-air
weather data in near real-time. Progress
over the past two vears has centered on (1)
the development and testing of automated
techniques for satellite imagery analysis,
121 the development of a differential inver-
sion theory for the retrieval of atmospher-
ic profiles, {3) an assessment of infrared
and microwave regions for estimating wa-
ter-vapor profiles from satellites, and (4)
an assessment of using satellite data for
improving the specification of moisture
parameters in numerical weather predic-
tion models. In addition, satellites have
been considered as an important element
in providing the required weather in-
formation within uncontrolled or enemy-
controllied battle areas and airspace.
Automated Satellite Imagery Analysis:
An automated cloud-analysis program
known as the "R&D Nephanalysis
tR&DNEPH)” has been implemented and

Satellite Photograph of Sea Surface Tempera-
ture Obtained on March 31, 1974, in the Gulf
of Mexico. 1Dark areas are warmest. A cold
spiral ring may be seen in the upper left quar-
ter of the photograph

GOES Photograph of Hurricane Diana,
September 11, 1984. (The center was located
about 50 km south of Wilmington, North
Carolina; sustained maximum winds were
135 mph.)

tested on the AFGL McIDAS. Successful
cloud maps have been generated over most
of the Northern Hemisphere for different
seaso~1s of the year. Infrared and visible
imaging sensor data from the DoD De-
fense Meteorological Satellite Program
(DMSP) spacecraft as well as NOAA polar-
orbiting spacecraft are analyzed for cloud
coverage and altitudes. The R&DNEPH
was developed to allow AFGL improve-
ments in cloud analysis to be made com-
patible with, and to be evaluated in, the
cloud analysis programs at the AF Global
Weather Central (AFGWC). Cloud analy-
sis and forecasting are the highest priority
research requirements of the Air Weather
Service (AWS).

The AWS has identified a number of
potential improvements in GWC cloud
analysis which have been studied using
the R&DNEPH. The benefits of a finer
mesh size for cloud analysis have been ex-
amined, and a finer mesh has been found
to produce a slightly higher incidence of
clear or overcast cloud-cover estimates. In
a separate study, the automated analysis
of weather satellite data has been shown
to estimate higher cloud cover when
clouds are viewed at oblique angles (see
the figure). A major cause of viewing-
angle bias appears to be inadequate cor-
rections for atmospheric transmission in
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automated analysis of infrared data. Some
clear areas may be interpreted as cloudy,
since the cloud-free temperatures meas-
ured by the satellites are colder than the
inadequately corrected surface tempera-
tures which are used as a reference. When
clouds are scattered or broken over an
area, the cloud cover usually appears
higher from oblique angles because of
geometric effects. The satellites will sense
the sides of clouds, as well as their tops, so
that clear areas appear to shrink or dis-
appear at the oblique angles. This aspect
of viewing-angle bias in satellite esti-
mates of cloud cover is under study with
cloud photography taken by the crew of
the Shuttle mission STS-14. A number of
suitable areas were identified by the astro-
nauts, and each area was photographed at
many viewing angles during a single STS
overflight. Photogrammetric analysis of
these data are in progress.

The interactive capabilities of the Mc-
IDAS allow different versions of auto-
mated cloud analysis to be displayed on a
TV screen and readily compared with the
input satellite data, or supporting maps of
surface temperature, terrain heights,
satellite times and viewing angles.
Limitations and causes of poor cloud
analysis are readily identified using this
system. A major upgrade of the McIDAS
was started in 1984 and will continue for
the next two years.

The establishment of the R&DNEPH
allows the development and testing of
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many possible approaches to improved
cloud analysis. The DMSP microwave im-
ager (SSM/l; earliest flight expected in
1985) is expected to improve the cloud
analysis by identifying precipitating
clouds and troublesome backgrounds such
as snow cover or sea ice. The preflight soft-
ware can be improved, and the benefits of
improved cloud analysis can be assessed
using the R&DNEPH. In 1984, the capa-
bility to process and display SSM/I data
was developed. In addition to new sensors
like the microwave imager, there is an
abundance of satellite data which are not
used in operational cloud analysis because
of a lack of hardware, software or auto-
mated cloud analysis at AFGWC. These
sources include fine-resolution DMSP im-
agery data, GOES imagery data, and the
multispectral infrared imagery from
NOAA polar-orbiting satellites. The latter
data are particularly suited to the detec-
tion of low clouds or fogs at night, a diffi-
cult task, since these clouds may have the
same temperature as nearly clear regions.
A model to (1) simulate the NOAA multi-
spectral radiances at 3.8, 10.5, and 11.5
pm, (2) detect clouds or clear areas, and (3)
estimate cloud altitudes and coverage was
developed. The radiance at 3.8 pm was
found to be very useful for detecting low
clouds at night, since the 3.8 um emissiv-
ity of water clouds is usually low enough to
distinguish the clouds from their back-
grounds of higher emissivities.

Theory of Differential Inversion: In-
frared and Microwave Water Vapor Profil-
ers: A "Forward Problem” analysis of data
from the three infrared water vapor chan-
nels and one window channel on the GOES
system has been performed. (The “For-
ward Problem” is the attempt to match the
observed or measured radiances with
those expected from classical theoretical
computations which are based on atmos-
pheric parameters measured by radio-
sondes and which are considered to be rep-
resentative of the conditions existing at
the time and place of the satellite observa-
tion.) In a previous study, a discrepancy
was found in the DMSP 15 to 30pm rota-




108

tional water-vapor continuum—namely,
the calculated radiances exceeded the
measured radiances by about 5 percent.
With the launch of the Visible Infrared
Spin Sean Radiometer (VISSR) Atmos-
pheric Sounder (VAS) in geostationary
orbit, it appeared that this VAS data could
provide some insight into the Forward
Problem discrepancies. The first VAS in-
strument was launched in September,
1980, on hoard NOAA's Geostationary
Operational Satellite (GOES-4). Since
then, two other VAS instruments were
launched on-board GOES-5 and GOES-6.
Results of this analysis indicate that the
Forward Problem discrepancy has not
been resolved in the infrared region for
water vapor measurements. Systematic
discrepancies continue to appear in the
comparison of the VAS water vapor
radiances. In one of the window VAS chan-
nels, the discrepancies may be positive or
negative depending on the time period
considered. The use of the correct surface
skin temperature is extremely important
in the calculation and is definitely affected
by the diurnal cycle. Large positive dis-
crepancies are found around local noon
where the radiosonde observation (RAOB)
surface temperatures are used in the cal-
culation. However, the percent deviations
between the measured and calculated
radiances may be greatly improved by
estimating the surface skin temperatures
using an additional window channel.
Systematic negative discrepancies are
found in a comparison of one of the water
vapor VAS channels. This result, that is,
the calculated exceeds the measured VAS
water vapor radiances, is in agreement
with previous studies. However, in the
case of another VAS channel, systematic
positive discrepancies are found. This re-
sult was quite unexpected and may be due
to a variety of causes. Some of these are (1)
modeling the moisture content in the up-
per atmosphere climatologically, (2) in-
accurate radiosonde water-vapor reports
in the upper atmosphere, and (3) the abso-
lute calibration for this particular VAS
channel. Thus, doubts continue to exist in

the Forward Problem discrepancy. At
some radiosonde sites, the comparison re-
sults are excellent; others are marginal:
and in a few the comparison results are
totally inadequate. It may not be as easy
as one would expect to compare the meas-
ured with the calculated radiances be-
cause of spatial and temporal moisture
variations caused by the dynamical in-
teractions of the upper atmosphere.

In a separate investigation of the DMSP
temperature sounder operating in the mi-
crowave region of 50 to 60 GHz (SSM/T),
no Forward Problem discrepancy was
found. This result suggests that the prob-
lem with the infrared sounders lies either
in the characteristics of the infrared in-
struments or in not being able to specify
the atmospheric conditions precisely
enough when making radiance compari-
sons. Since the microwave region is not
sensitive to clouds with small water con-
tents, some of the problems encountered
with infrared sounders may not be present
with the microwave sounders.

AFGL is continuing its investigation
into inferring atmospheric water vapor
profiles from passive measurements of
microwave radiances in the 183 GHz (A =
1.6 mm) spectral region. This research is
in support of the DMSP special sensor wa-
ter-vapor sounder. The channels being in-
vestigated are about the 183.31 GHz water
vapor absorption line: 183.31 *1, 3, 7
GHz, and two window channels at 150
GHz and 90 GHz. A sensitivity analysis
has been completed which shows the
effects of various liquid-water cloud types
in this spectral region. Qualitatively, wa-
ter clouds will affect the retrieval of water
vapor profiles. A quantitative analysis is
progressing to determine the effects of wa-
ter clouds on the retrieval of water vapor
profiles. Past research has shown that in-
tense storms or clouds with large liquid-
water contents will affect water vapor re-
trievals. More accurate modeling of rain
effects on retrievals via multiple-scatter
calculations will be undertaken.

Satellite Data and Numerical Weather
Prediction: A comprehensive review of us-




ing moisture information in numericc!
weather prediction (NWP) models has
been completed. One result of this review
was that the more complete use of satellite
data to provide more comprehensive ini-
tial states and boundary conditions prom-
ises greater understanding and better pre-
dictions of short-range weather changes.

The prediction of clouds by modern
NWP models is not better than a forecast
of persistence out to 48 hr. Improved mois-
ture analyses are needed, and satellite
observations of moisture variables are
essential. Since satellite data are incom-
plete and asynchronous, four-dimensional
assimilation methods must be used. Better
statistics and initialization procedures for
moisture variables are needed. Improved
boundary-condition data sets are also
needed. These data are available, or are
potentially available, from satellite
observations. High spatial resolution is
vital when moisture is involved because it
varies more on smaller scales than other
meteorological variables. Benefits that
are expected to follow from the improved
use of satellite moisture data are (1) im-
proved forecasts of intense storms, (2) bet-
ter precipitation and cloud forecasts, (3)
better initial and boundary conditions for
mesoscale models, and (4) better long-
range forecasts.

Satellite and Other Types of Weather
Data Within Battle Areas: As defined by
the Military Airlift Command’s State-
ment of Need (MAC SON 508-78 for Pre-
Strike Surveillance/Reconnaissance Sys-
tem or PRESSURS), the Air Force
critically needs the ability to observe and
collect weather data at points within un-
controlled or enemy-controlled battle
areas and airspace. Data must be process-
ed and transmitted for use in Tactical Air
Force decision assistance at in-theater
weather facilities. Weather is a major fac-
tor in determining the success or failure of
tactical air missions. Timely weather
data, plus a knowledge of its effect on Air
Force systems, is vital to the battle direc-
tor in making tactical decisions. To accom-
plish this, these data must be provided to
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the in-theater weather facilities in near
real-time.

MAC SON 508-78 requires measure-
ments of cloud areal coverage (and the
altitude of tops and bases), wind, tempera-
ture, pressure, humidity, path transmis-
sion, and contrast transmission. AFGL
has analyzed forty-one possible weather
observation alternatives. Four sensor
platforms were considered in these
alternatives: unmanned air vehicles
(UAV), weather satellites, dropsondes,
and surface-implanted weather sensors. A
priority list of the required measurements
and a list of non-meteorological goals were
furnished by the user. An assessment was
made of the capability of each platform to
meet the goals.

It was concluded that it is feasible to
measure the weather parameters of
greatest operational concern in tactical
situations: the cloud parameters and visi-
bility. Requirements for measurements at
a maximum range of 200 km beyond the
Forward Line of our Troops and for data
availability within 15 min of measure-
ment are primary cost drivers. Other im-
portant requirements are those for phys-
ical and communications survivability in
a hostile environment.

The weather observation concept with
the greatest potential of meeting TAC/
TAF requirements, both meteorological
and non-meteorological, was selected. It
involves the use of an enhanced satellite
system complemented by UAV’s. Weather
satellite enhancements include improved
ground-data processing, distribution, and
display using tactical vans now support-
ing TAC/TAF field operations. The UAV
will provide weather observations that
cannot be obtained from a satellite, while
the satellite would continue to provide
critical information which could be used to
determine when UAV's are needed. Sen-
sors to be employed on the UAV will be
tested. A complete weather observation
system will be integrated and tested on a
PAVE TIGER UAV.

Tactical Decision Aid Development:
Air Weather Service Geophysical Re-
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quirement 9-73 (Forecasting Aids for Pre-
cision Guided Munitions) states a need for
forecaster aids which will allow an esti-
mate of maximum target detection and
lock-on range based on known sensor
target and environmental parameters.
These aids, called Tactical Decision Aids
(TDA), are being developed for use by bat-
tle staff planners and air crews to insure
effective employment of precision guided
munitions (using infrared, television, la-
ser, and millimeter wave guidance sys-
tems) under battlefield conditions. Tacti-
cal Decision Aids were developed which
can be used to predict the performance of
1.06 um laser designator, television, and
8-12 pm infrared precision guided muni-
tions and target acquisition systems under
a wide variety of environmental condi-
tions. The TDA’s are based on models de-
veloped at AFGL, AFWAL, and AFATL.
Priorities were established for environ-
mental parameters which influence the
laser, television, and-infrared system per-
formance. These parameters were sepa-
rated into two categories: (1) routinely
measured and forecasted and (2) non-
standard parameters. A consideration of
forecast reliabilities and limitations led to
the development of environmental models
needed to eliminate the limitations and
improve reliability. AFATL’s Target to
Background Contrast Models (for in-
frared) and AFWAL’s research-grade
TDA (which includes specific sensor
modes and an atmospheric transmission
mode! developed by AFGL) were used as
the foundation for AFGL’s operational
TDA development.

Calculator versions of these TDA’s were
completed for laser, television, and in-
frared systems. They can be used by
weather forecasters and decision makers
in the field. The TDA has been successful-
ly employed at a number of locations. It
has also been used for test and operational
support of infrared systems and for test
support of an advanced laser designator
system.

ATMOSPHERIC PREDICTION

Basic research studies in atmospheric
prediction have concentrated on global
and regional scale atmospheric modeling.
Concurrently, exploratory development
programs have become focused primarily
on the development and evaluation of com-
puter-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 hr. Techniques
and models under development are ex-
pected to have the potential of operational
application in the Air Weather Service
(AWS) at either the Global Weather Cen-
tral (AFGWC) or at the nearly 200 base
weather stations which AWS mans
around the world. Consideration is given
to the capabilities and/or limitations of
current and future systems in the formula-
tion of models (techniques). Other studies
examine the benefits that could accrue to
operaticns if the system capabilities were
expanded beyond present operational
limits, particularly as regards additional
data sources.

Atmospheric Dynamic Modeling:
Much of the progress attained during the
past two to three decades in weather fore-
casting accuracy can be attributed to ad-
vances in numerical simulation models of
broad-scale weather circulation patterns.
The accuracy of the numerical models de-
pends on three factors: (1) the accuracy or
completeness of the physical laws gov-
erning atmospheric interactions, (2) the
accuracy with which the mathematical
statements expressing the physical laws
are carried out computationally, and (3)
the adequacy of data bases used to initial-
ize the models. The large-scale research
program at AFGL has turned to the de-
velopment of a research-grade spectral
model of the global atmosphere. In recent
years there has been a substantial shift
from finite-difference methods to spectral
numerical-simulation methods at both




operational forecasting facilities and in-
ternational research centers. This has
been due mainly to the advent of the so-
called “transform” method, which makes
spectral methods competitive in terms of
computer time and memory requirements.
The AFGL global spectral model (GSM)
follows closely, therefore, the structure of
many other multi-layer spectral models
(1.e., horizontal variations represented by
expansions in truncated series of spherical
harmonics and vertical variations repre-
sented by values in discrete layers). The
basic equation set includes the equations
of motion in sigma coordinates, momen-
tum (represented by absolute vorticity and
divergence), continuity, hydrostatic and
thermodynamic equations (the last two in
forms suited to Arakawa vertical dif-
ferencing).

Certain subgrid-scale physical proc-
esses must be accommodated within lar-
ger scale numerical simulation models
through procedures known as parameter-
ization. In establishing a baseline model
at AFGL, we have adopted the global
spectral model being implemented
operationally at AFGWC as a point of de-
parture. The parameterized physical proc-
esses in it fall into three broad categories:
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tics occur on scales much smaller than the
resolution of global numerical models and
must be accounted for by means of physical-
statistical parameterization methods.)
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boundary layer processes; moisture phys-
ics, including convective adjustment and
large-scale saturation effects; and sub-
grid-scale diffusion.

Numerical simulation models require
objectively analyzed fields of global
meteorological data to operate on. Con-
siderable attention has been paid to the
development of multivariate optimum in-
terpolation (O) methods which focus par-
ticularly on the three-dimensional global
moisture distribution. Methods to blend
all direct and indirect sources of moisture
observations (RAOB, aircraft, satellite
and surface-based) are being tailored to
the needs of the global cloud-forecasting
model. Typically, these analyses result in
imbalances between mass and motion
fields which lead to unwanted gravity
waves in the resulting simulation. These
waves are suppressed or controlled in the
model by effecting an initialization proce-
dure referred to as the “non-linear normal
mode method.” This method provides con-
ditions compatible with the numerical
scheme of the model, generates realistic
vertical motions and produces balanced
flow over terrain.

The current computer system at AFGL
(CYBER 750) constrains the resolution of
the baseline research model to wavenum-
ber 15 and 6 vertical layers (referred to as
the “coarse resolution” version); while the
CRAY-1 computer at AFWL permits ex-
pansion to at least wave-number 30 and 12
layers (“high resolution” version). A series
of low and high resolution forecasts were
generated for a January and July pericd of
the First Global GARP Experiment
(FGGE) to test the performance of the
baseline version of the GSM. In general,
increasing the resolution resulted in re-
duced forecast errors in the 24-96 hr
range. By 96 hr, the low resolution model
loses its skill in forecasting the height
fields. The high resolution forecasts still
have skill (compared to persistence) at 96
hr and probably retain some skill out to
6-7 days.

Moisture forecasts are the least skillful
aspect of the GSM model, exhibiting only
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minimal skill regardless of the model res-
olution. This problem can be attributed, in
part, to the poor quality of the analyzed
humidity fields, to the moisture physics
parameterization schemes, and/or to the
vertical advection technique for the mod-
el’s moisture variable, specific humidity.

Sensitivity studies of GSM model per-
formance vis-a-vis the representation of
topography yielded the formulation of a
smoothed topography interpolated to the
model’s Gaussian grid and spectrally trun-
cated at the model’s resolution. This form
of topography provides consistency from
the model’s preprocessing stage to its post-
proces ,ing stage, where model forecasts
are transformed back to pressure surfaces.
Finally, an evaluation of the effect of the
model’s nonlinear normal-mode initializa-
tion procedure reveals that it contributes
most to improved forecasts in the period up
to 24 hr, after which the damping effects of
the model’s semi-implicit time-integra-
tion scheme and subgrid-scale diffusion
are able, by themselves, to control unde-
sirable gravity waves.

The vertical structure of the AFGL GSM
is comprised of terrain-following sigma
surfaces, while the process of creating OI-
based global analyses of mass, motion and
moisture variables is necessarily per-
formed on pressure surfaces. In the process
of initializing the numerical model and in
the post-integration phase wherein model
forecasts are used or evaluated, there are
vertical interpolation steps which must be
executed to transfer analyzed fields on
pressure surfaces to model sigma surfaces
and vice versa. In an error analysis of this
aspect of the model process, the choice of
the moisture variable used in the vertical
interpolation phases was found to be cru-
cial to preserving a reasonable moisture
distribution for the model simulations. Be-
cause of the inherent differences in the
vertical "linearity or lack of it” among the
variables’ specific humidity, dewpoint
temperature and relative humidity, using
specific humidity yields much larger posi-
tive moist biases in the middle tropo-
sphere than do the other variables. Since

specific humidity is the preferred moisture
variable for the model integration because
of its physically conserving properties, we
found that transforming it to logarithmic
form prior to performing a vertical linear
interpolation (in In pressure) eliminates
most of the earlier bias.

Ptanetary Boundary Layer Processes:
For simplicity, most global circulation
models neglect the influence of surface
moisture flux over land because they are
mainly concerned with the prediction of
mass and motion fields and, perhaps, pre-
cipitation. In the quest for global models
tailored for moisture and cloud forecasting
purposes, surface moisture flux can have
important influences on the diurnal de-
velopment of the planetary boundary
layer, related low cloud fields, and mass
and motion patterns in general. Consider-
able research has been concentrated,
therefore, on the development of models
for stability-dependent potential evapora-
tion (Eg;,), for soil hydrology, for potential
evaporation (E.), for transpiration (E),
and the canopy water budget (E,) and for
the atmospheric boundary layer. The fig-
ure depicts, schematically, these terms
(models) and their interactions with the

SOLAR
RADIATION
WIND
HUMIDITY -—— TURBULENT
* MOISTURE
X
¢ o FLU
P /4\
Edlr
Er E
0 ¢ PRJECIP
CANOPY
SOIL L

FLOW CHART FOR MOISTURE

Moisture Models and Their Interaction with
the Turbulent Boundary Laver.




turbulent boundary layer. Sensitivity
testing of these models running as an inte-
grated entity have yielded reasonable be-
havior. Further testing to examine the
interaction between the various model
components for a variety of atmospheric
conditions is underway, as are plans to
incorporate the scheme into the AFGL
GSM for sensitivity tests.

Infrared and Solar Radiation Effects:
Another factor neglected in many global
circulation models, but one that has great-
er importance when the model’s purpose is
moisture and cloud forecasts, is radiation
effects. A broadband emissivity and
absorptivity approach was used to develop
a computationally reasonable parameter-
ization 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 atmos-
phere were treated as non-black and their
emissivity, transmissivity and reflectivity
were parameterized in terms of their ver-
tical ice content. Solar radiation was
accounted for by developing broad-band
absorptivity for water vapor, carbon diox-
ide and ozone. Cloud reflection and trans-
mission 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 at-
mospheres having one or two layers. Sen-
sitivity tests, conducted in part with the
low resolution version of the AFGL GSM,
have validated the accuracy and computa-
tional efficiency of the radiation param-
eterization schemes.

Regional NWP Models: The operational
Air Forces require cloud forecasts on hori-
zontal 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 internationally in forecasting
mass, motion and precipitation on these
scales, there is ample evidence that re-
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gional models can indeed deliver useful
and more detailed forecasts of these vari-
ables out to 48-60 hr. Here, again. the
main USAF interest is for cloud and mois-
ture forecasts, where little emphasis has
been placed up to now. We undertook,
starting in FY 84, a program to develop
and validate regional NWP modelis) tai-
lored to clouds and moisture forecasting,
building on the improved parameteriza-
tion schemes developed for the GSM.

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
satellite (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 tnowcast).
That potential is greatest in mesocale
meteorology with geosynchronous satel-
lite (GOES-type) data (which provides
practically continuous views of the same
geographical area at half-hour intervals),
with the use of minicomputer-based in-
teractive graphics systems, and with the
viable emergence of meso- and cloud-scale
NWP models.

A study completed in 1984 examined the
relationship between geosynchronous
satellite and radar depictions of the same
“weather system” to develop procedures
which could be applied to satellite data to
estimate the weather distribution in
“radar-denied” areas. There is the poten-
tial of applying these algorithms in battle-
field weather systems using either GOES-
type or DMSP-type imagery to obtain area
estimates ot rainfall. The McIDAS facility
(see Satellite Meteorology above) was used
to archive manually digitized radar
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(MDR) and GOES imagery (visible and in-
frared) for days and regions of moderate-
to-deep convection, which formed the basis
for the histogram-based algorithms. Var-
ious indices of brightness and infrared
temperature were evaluated for MDR box-
size areas (40 km x 40 km). The best dis-
crimination between substantial radar
areas and less substantial areas was
achieved with spatial smoothing of the
satellite imagery to represent regions of
about 400 km? in which infrared cloud-top
temperatures are colder than -45C° C.
Further improvement in discrimination is
realized in regions where the satellite
brightness represented reflectivity values
of 85 percent or greater.

The products of the nowcasting studies
are computer-generated descriptions of
the state of the atmosphere derived from
successively more complete data sets.
They provide the basic input to short-
range (mesoscale) prediction models. Mod-
els must be tailored to: (1) the limitations
of the nowcast 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 hr), fairly simple extrapolation/
translation models are most appropriate
because more complete numerical models
can never be expected to be executed oper-
ationally in a timely enough manner to be
useful. For the 3-12 hr period, mesoscale
numerical models can draw on the space
and time detail included in nowcast-
initialized fields enhanced by satellite
and/or radar inputs. In the range from 3-6
hr, however, it is uncertain where simple
techniques are overtaken by numerical
models in terms of forecast accuracy. The
mesoscale models can account for mois-
ture-related development and decay proc-
esses that are driven by synoptic-scale
processes and/or local forcing, processes
which become more important in time.
The main constraint placed on these model

development efforts relates to their poten-
tial application within planned AWS
minicomputer systems with or without an
interactive graphics capability. This
means that the techniques under consid-
eration are either objective (completely
computer-generated) or interactive
(assume a trained forecaster using com-
puterized procedures to assist in the pre-
diction solution). The goal, again, is to de-
velop models for point and area forecasts of
winds and sensible weather for time
periods out to 12 hr.

Mesoscale NWP Modeling: For longer
range forecast intervals (3-12 hr), in-
creasingly sophisticated numerical mod-
els which can be implemented within a
minicomputer environment in near real-
time are under development. Here, again,
we are proceeding towards a series of
numerical models designed to handle spe-
cific weather situations, because meso-
scale weather systems are largely driven
by two classes of effects: (1) local or terrain
factors and (2) transitory mesoscale/
synoptic scale influences. A physically-
based advection model for nocturnal con-
vective clouds and forecasting has been
developed based on principles of anabatic
flow of air with large wet-bulb potential
temperature over sloping surfaces. The di-
agnosis of active convective regions based
on this model, coupled with an interactive
trajectory scheme designed for mini-
computer graphics application, is an ex-
ample of the kinds of simple, adaptable
techniques under development for the
Automated Weather Distribution System
(AWDS). A particular study of a local fac-
tor model involved the application of a
two-dimensional moist numerical model
to investigate the dynamics of thunder-
storm outflow producing gust-front cur-
rents analogous to atmospheric density
currents. By using a new form of the equa-
tion for density current speed, this model
showed the effects of the environmental
wind relative to the storm and the vertical
wind shear on both the propagation of the
gust front and the depth of the outflow.
The effects of moisture and other circula-




tion attributes on convection formation
and evolution were simulated. The gen-
eration of an arc cloud is found to result in
a less intense and slower gust front.

A research program to develop generic
mesoscale NWP models for cloud and pre-
cipitation forecasting applications at both
AFGWC and through AWDS in base
weather stations was initiated in FY 84.
The basis of these studies is a three-
dimensional hydrostatic, moist primitive
equation model which, in its present con-
figuration, is initialized with a single
radiosonde 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 col-
lections in central Texas during NASA's
AVE-VAS program has revealed a num-
ber of model weaknesses. Research cur-
rently underway is pursuing alternative
model initialization approaches involving
objective surface analyses to more proper-
ly represent horizantal variability in the
boundary layer, an evaluation of two- and
three-dimensional lateral boundary con-
ditions, development of procedures to
“nest” the mesoscale model within a re-
gional or limited-area model, and aiterna-
tive time-integration schemes to improve
computational efficiency. Studies of the
utility of AFGWC cloud analyses (so-
called 3-D Nephanalysis) to initialize the
model’s moisture distribution have been
undertaken (see Satellite Meteorology
above).

interactive Graphics Systems Studies:
A major modernization of AWS weather
stations is underway with a planned in-
ventory-wide implementation later this
decade. The Automated Weather Dis-
tribution System (AWDS) will place in-
teractive graphics terminals with access
to gridded analysis and forecast products
of AFGWC and conventional surface and
upper-air observations in each weather
station. Very short range (0 to 6 hr) fore-
cast-technique development in the Atmos-
pheric Sciences Division in support of
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AWDS is proceeding mainly along two
lines. In the first case, interactive proce-
dures to assist the operational forecaster
in using a system like AWDS for terminal
and local area predictions are being de-
veloped and evaluated. McIDAS was used
to systematically evaluate specific, but
generic, weather situations to formulate
interactive decision-assistance proce-
dures. Two mesoscale forecast experi-
ments (MFE) were undertaken using the
MCcIDAS system to evaluate (both quanti-
tatively and qualitatively) certain aspects
of interactive systems, specific data
sources, and forecaster performance dur-
ing major winter-storm episodes in the
Northeast. Forecasts of wind, cloud cover,
ceiling and 6-hr Quantitative Precipita-
tion Forecast (QPF) for periods out to 10 hr
in both probability and deterministic
forms were evaluated. The MFE were de-
signed to assess: (1) the value to forecast-
ers of existing and new software capabili-
ties tailored to the mesoscale, (2) the
importance of data sources like MDR and
GOES, and (3) the difficulties and/or
advantages in using interactive systems
for short-range terminal forecast prepara-
tion. These experiments confirmed the
need for user-specific data plotting and
analysis software, an easily-accessible
data base and, particularly, the routine
availability of computer-compatible
geosynchronous satellite imagery.

With AFGL support, the NOAA Pro-
totype Regional Observing and Forecast-
ing Service (PROFS) program conducted a
series of extensive forecast experiments in
the Boulder, Colorado, area using oper-
ational and research meteorologists. Fore-
casts of severe thunderstorms and tornado
watch and warning were augmented with
aviation terminal forecasts of peak wind,
minimum visibility and precipitation
amount for time periods out to 2 hr. The
forecasters’ performance and effectiveness
were evaluated against various data sets
ranging from conventional products and
operational capabilities to surface
mesonetwork observations, Doppler
weather radar, and rapid-scan satellite
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imagery. All data sets were processed and
dispiayed to the forecaster through state-
of-the-art computer graphics technology.
Experiments were conducted in reai-time
and in displaced real-time over a 3-year
period using full data sets archived on
magnetic tape/disk and replayed through
the PROFS system for forecaster evalua-
tion.

The search for skillful simple terminal-
forecast techniques for minicomputer ap-
plication is an elusive one. After substan-
tial experimentation, the current focus is
on advection-based techniques that seek
to account for terrain-based non-
translatory effects, diurnal considerations
and other local peculiarities that can be
objectively identified. Double advection
models based on 500-mb space-averaged
winds advecting the 850-mb flow field to
determine upwind trajectory points for 1—
12 hr forecasts generally yield better fore-
casts than simpler models. The advan-
tages of using more highly resolved objec-
tive analysis techniques to specify initial
conditions are both positive and negative
(in the sense that much of the mesoscale
detail that is retained in the analysis
appears to be transitory and not amenable
to advection processes).

BOUNDARY LAYER METEOROLOGY

The planetary boundary layer extends
from the earth’s surface to a height of
about 1.5 km. By definition, it is that layer
of the atmosphere from the earth’s surface
to the geostrophic wind level, or to that
level at which the frictional influences of
the earth’s surface become negligible.

Understanding the structure and dy-
namics of this layer is important to the Air
Force since so many Air Force systems
operate within it. Improved techniques for
the detection and prediction of meteoro-
logical elements in this layer are required
to support Air Force systems and opera-
tions such as advanced military com-
munication and surveillance systems, and
operations that may be impacted by in-

advertent or planned toxic chemical re-
leases.

Anomalous Microwave Propagation:
Surveillance radars, digital microwave
radios on long line-of-sight (LOS) com-
munication links, and tactical digital trop-
oscatter radios all experience significant
anomalous propagation events that limit
these systems from achieving desired per-
formance objectives. An atmospheric re-
fractivity "event” that can adversely affect
one of the above systems may result in
enhanced performance on another and be
neutral in its effect on a third. Specific
system geometry or its method of deploy-
ment is very important in determining the
magnitude of the effects of these refractiv-
ity events.

The measurement program of atmos-
pheric structure with portable radiosonde
measurement systems that began in 1981
with the cooperative measurements on
Defense Communication System (DCS}
operational links in Germany continued
during the summer and fall of 1983 in a
joint radio-propagation 'meteorologi-
cal-measurement program with Rome Air
Development Center (RADC). The test
path was from Saddleback Mountain,
Deerfield, New Hampshire, to Prospect
Hill, Massachusetts. RADC obtained de-
lay spread data from a channel probe and
refined angle-of-arrival measurements
from their movable 30 ft dish at Prospect
Hill. Correlation of meteorological meas-
urements of duct height and strengths
with delay spread and angle-of-arrival
data was accomplished. In addition, com-
puter-generated ray trace data through
measured refractivity data was validated
as a tool to simulate and design line-of-
sight links and evaluate multipath effects
on digital radio performance.

In January, 1982, a refractivity meas-
urement program was initiated with ESD
and MITRE to study performance of digit-
al troposcatter radio performance under a
variety of climate and terrain conditions.
This program required the acquisition and
use of a fast-response microwave refrac-




tometer to measure the microwave refrac-
tive-index structure function (turbulence)
in the atmosphere from 30 m above ground
to 3.5 km. The refractometer was mounted
in a chartered light aircraft. Aircraft
measurements have been used in conjunc-
tion with troposcatter radio tests in Flor-
ida, Arizona, and over the North Sea. The
line-of-sight ray trace model has been
adapted for modeling troposcatter radio.

The diverse climatic conditions of these
joint meteorological radio-propagation
measurements have resulted in a signifi-
cant increase in our knowledge of atmos-
pheric structure effects on troposcatter
radio performance. Reports on the radio
performance work are being prepared
jointly with MITRE. The troposcatter ray-
trace development work will be reported
separately by AFGL.

Toxic Chemical Dispersion: Accidental
chemical spills can occur anytime when
storing or transporting chemicals,
whether it be a civilian or military opera-
tion. For emergency response planning
and operations, a model is needed for pre-
dicting the hazard area resulting from a
spill.

A program was started during the two-
year period of this report to review the
current diffusion models available, includ-
ing the Air Force’s Ocean Breeze/Dry
Gulch (OB/DG) diffusion model. The Shell
Oil Company SPILLS model (a Gaussian
puff model) was chosen as a good state-of-
the-art model. The hazard distances de-
rived with this model were compared with
those distances determined from the OB/
DG model for a variety of meteorological
and spill conditions. The major discrepan-
cies occurred during stable conditions
when the OB/DG model produces much
shorter hazard distances than the SPILLS
model. Modifications were then made to
the SPILLS model to include a continuous
stability parameter instead of using dis-
crete stability categories. The stability pa-
rameter was also made a function of the
surface roughness. A comparison of this
model showed much better agreement
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with the OB/DG model, except, as before,
in the very stable cases.

The source strength is an important in-
put parameter in the diffusion models. A
study was made of the various teckniques
used in different diffusion models for cal-
culating the evaporation rate from a liquid
pool. The study showed tha. computed
source strengths can vary up to a factor of
four depending on the technique used.

Since atmospheric dispersion behaves
differently over comple« terrain, an effort
was initiated to develop a fine scale ter-
rain-induced surface wind flow model. An
existing model was obtained from the
Army Atmospheric Sciences Laboratory.
This model is now being evaluated and
future plans call for mating this model
with a diffusion model.

Boundary Layer Modeling: To better
understand the dynamic and physical
processes that take place in the planetary
boundary layer, a three-dimensional,
second-order turbulence model is being de-
veloped. This model will include uneven
terrain and non-uniform surface distribu-
tion of sources and roughnesses. The mod-
el will be a generalized model that can be
tailored to address specific problems such
as defining areas where anomalous prop-
agation might occur, predicting fog and
the dispersion of toxic chemicals.

Prediction Model for Snow Attenua-
tion: Increased use of shorter wavelengths
in Air Force communication and surveil-
lance systems makes them more vulner-
able to weather conditions, including at-
tenuation caused by falling or blowing
snow. Data gathered during the Tri-
Service Snow ONE-A field program were
analyzed to produce attenuation statistics
from which a prediction model could be
derived. As reported in AFGL-TR-84-
0040, snow situations can be grouped into
three classes: moderate to heavy snowfall:
light snowfall; and snowfall or blowing
snow in which the variations were caused
by heavy, variable winds. In all cases, a
mathematical model based on the theory
of Markov processes could fit the observed
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data and provide the basis of an attenua-
tion prediction model.

SYSTEMS DESIGN CLIMATOLOGY

Air Force systems and materiel must be
designed to operate in, and withstand,
atmospheric extremes that have a vital
effect on the successful accomplishment of
the Air Force mission. Overdesign may be
uneconomical or even ineffective, whereas
underdesign can result in failure, with
possible loss of life and equipment. As a
result, materiel and systems design re-
quire careful consideration of various
atmospheric elements, including their
variability and extremes. Limitations of
current meteorological data make it
necessary to develop theoretical and
empirical models, or algorithms, and to
improve the utility of available climatic
information as well as to provide more
accurate estimates of the structure and
variability of the atmosphere. Conse-
quently, climatological research is con-
tinuing in order to better describe the at-
mosphere and its effect on Air Force plans
and the design and operation of equip-
ment.

Middle Atmosphere Climatology:
Atmospheric density and its variations
can be significant factors in the design,
operation and deployment of aerospace
vehicles. For example, density uncertain-
ties of as little as 2 percent will cause
errors in heights (determined from densi-
ty) ranging from 125 m at an altitude of 20
km to 160 m at 60 km. Consequently, a
precise description of atmospheric struc-
ture which includes a detailed knowledge
of temporal and spatial variations of den-
sity at these altitudes is especially impor-
tant to autonomous navigation of aero-
space systems as ‘well as for reentry vehi-
cle design and operation.

Estimates of the time and space varia-
tions of middle atmosphere density for re-
gions between the equator and 65° latitude
were determined. Emphasis was placed on
altitudes between 20 and 60 km for hori-

zontal distances out to 200 nmi (370 km>»
and time periods of 1 to 72 hr.

Strong winds have been a potential
meteorological problem for many decades.
In recent years, they have proved to be
very important in missile and other aero-
space vehicle design and operations.
Extreme winds, for example, can be a sig-
nificant factor during staging, that is,
separation of a booster from its main vehi-
cle on ascent, because flight control of
aerodynamic vehicles may be lost tempo-
rarily during this maneuver. Windspeed
extremes in the northern hemisphere at
altitudes of 30 through 60 km were de-
scribed in an AFGL technical report
(AFGL-TR-83-0029) which presented
maps of monthly 90, 95, and 99 percentile
scalar speeds (10, 5, and 1 percent ex-
tremes).

Environmental Simulation: During the
two-year period of this report, the study of
the spatial and temporal aspects of clima-
tology was shifted, in part, to the stochas-
tic portrayal of “snapshot” pictures of the
weather, in particular to cloud scenes as
might be viewed from the ground or from a
vehicle in outer space. This emphasis was
dictated by the requirement for synthetic
fields during war games in which cloud-
free lines-of-sight (CFLOS) and cloud-free
intervals (CFI) play key roles. The simpler
problem, to generate a sequence of joint
interrelated local events, was solved by
assuming a Markov process of weather
events. This procedure can now be used to
produce time variatior. of joint events,
such as ceiling and visibility at one sta-
tion, or two ceilings at neighboring sta-
tions.

In the portrayal of the areal extent or
coverage of clouds, a new model was con-
ceived to replace Gringorten Model B. The
new, computationally faster model is easi-
ly applied to produce a horizontal picture
of clouds as well as vertical cross sections.
The probability of partial areal cloud cov-
er, from zero to full overcast in areas of
varying sizes, are reproducible by this
model. It was first developed for use in a




single horizontal plane, then modified and
enhanced to operate in three dirrensions,
thus allowing the generation, stochastic-
ally, of vertical cross sections of clouds. It
was also realized that the depiction of a
field of clouds could be modified realistic-
ally with time, preserving the Markov pro-
cess at individual stations. This latter
accomplishment, however, prompts fur-
ther investigation to incorporate meteoro-
logical phenomena such as advection into
the temporal changes.

One most important advance was made
in developing computer algorithms for
estimating the probability of fractional
cover of events in a space which will re-
place the previous graphical solutions.
Empirical algorithms were formulated to
estimate the probability that a weather
condition will exist over a given area or
length, or fraction of an area or length.
These equations do not represent an
analytical solution since they were de-
veloped using a Monte Carlo process, and
need to be tested to determine their
strengths and weaknesses.

The need to determine climatologies
over targets and battlefields which are
data-void or data-denied prompted a con-
tinuation of research in this area by the
University of Central Florida. The studies
centered on describing the climatologies of
visibility for locations in Germany. A mod-
el using the two-parameter Weibull dis-
tribution and incorporating physical fea-
tures of the region was determined to be
superior to others tested. Investigations
were conducted to determine the physical
meaning of these parameters and to estab-
lish the most accurate and cost effective
methods of estimating them. The model
was then extended to Norway using a 51
station developmental sample, with good
results.

Climatic Data for Equipment Design:
An effort is underway within the Depart-
ment of Defense to revise military speci-
fications and standards in the program
area of Environmental Requirements and
Related Test methods (ENVR). It was ini-
tiated because of misapplication and
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misuse of these documents by both govern-
ment and industry. Part of this undertak-
ing involves the revision of MIL-STD-
210B, “Climatic Extremes for Military
Equipme:at,” which provides climatic data
for the design of equipment intended for
worldwide usc. AFGL is responsible for
revising this document, which is being ex-
panded to include regional climatic in-
formation, and temperature and density
profiles, from the surface to 80 km, based
on extremes at specified altitudes. Also
included will be applicable inputs from the
research presented in the section on rain-
fall rates. Most important, however, the
philosophy on application of the data is
being changed to reflect current DoD ac-
quisition policy on tailoring for the design
and testing of materiel. This will enable
the user to determine the appropriate
climatic data needed to meet the oper-
ational requirements of each system or
item under development. A first draft of
the revised standard is scheduled for com-
pletion by FY 86.

Rainfall Rates: The Air Force required
frequency distributions of instantaneous,
or 1-min, precipitation rates at locations
throughout the world to deterniine design
and operational requirements for many
types of equipment. Precipitation, espe-
cially at heavier intensities, attenuates
microwave signals to and from Air Force
systems used in satellite detection and
tracking, communications, air traffic con-
trol, reconnaissance, and weaponry. Ero-
sion due to rain affects helicopter rotor
blades, leading edges of aircraft and mis-
siles, and fuses on airborne ordnance. In-
tense rainfall can cause jet engines to mal-
function and can penetrate protective
coverings on exposed electronic and
mechanical materiel.

Since actual observations of 1-min pre-
cipitation rates are scarce, an empirical
model for estimating monthly 1-min rain
rate statistics was developed from a spe-
cial data set. The model was used to de-
velop Northern and Southern Hemisphere
atlases of 1-min rain rates. Also, the Uni-
versity of Illinois completed a study on




how rain rates vary along lines and within
areas 1n different climatic areas. Work is
currently underway to determine vertical
profiles of extreme rainfall rates up to an
altitude of 20 km. These profiles will in-
clude associated dropsize distributions
and liquid wate content.

Temperature and Density Profiles: In-
formation on expected extremes of atmos-
pheric temperature and density are re-
quired for developing all types of airborne
vehicles ranging from helicopters and air-
planes to sophisticated aerospace systems.
Such data are particularly important at
altitudes from the surface to approximate-
Iy 80 km. Existing model atmospheres
either do not adequately address low prob-
abilities of occurrence, or present en-
velopes of extremes at humerous altitudes
that could not possibly occur simul-
taneously. Therefore. model profiles were
developed based on 1 and 10 percent warm
and cold temperatures and 1 and 10 per-
cent high and low densities occurring at
the worst locatinns in the world (excluding
Antarctica) during the worst month. The
profiles from the surface to 80 km are
based on extremes that occur at 5, 10. 20,
30, and 40 km. Associated, internally con-
sistent, hydrostatic profiles of density are
included with the temperature profiles,
and associated temperatures are provided
for the density profiles. The profiles repre-
sent conditions typically associated with
the extreme values at the specified levels.

Thermospheric Density Variability:
Persisting deficiencies in understanding
lower thermosphere neutral-density
variations continue to impact Air Force

operations that require knowledge of

aerodynamic drag effects on space vehicle
trajectories. These requirements include
satellite tracking and reentry predictions
by Space Command and the control and
aperation of DoD mission satellites by
Space Division’s Air Force Satellite Con-
trol Facility. Extension of the Air Force
Reference Atmospheres, 1978, to 200 km,
from their present upper boundary of 90
km, will provide users with state-of-the-
art understanding of this region.

In the 90-120 km region, all available
data from ground-based incoherent scat-
ter radars and from rocket probes are
being collected. Zonally averaged values
and climatological variations of tempera-
ture, pressure and density are being de-
veloped as a function of altitude. latitude
and season. The models will be "matched”
to those selected above 140 km. Statistical
evaluations of thermospheric models are
being carried out using direct density
measurements obtained by AFGL satel-
lite accelerometer experiments. Data from
seven accelerometer systems flown from
1974-1982 have been incorporated into the
most extensive densitv-data base avail-
able for thermospheric studies. Two recent
additional instruments have provided
data from the last half of 1983 to the first
quarter of 1984 and during the last half of
1984, respectively. Results from these two
flights and the present data base will be
used to describe accuracy of the selected
models as a function of altitude. latitude.
day of year, season. solar flux and geo-
magnetic activity.

Several other studies utilizing the accel-
erometer data were completed. NASA
funded an independent study of the
aerodynamic drag environment that could
be encountered by their proposed
Geopotential Research Mission. This in-
volves flying two satellites for six months
in 160 km circular polar orbits. Our study
revealed that the MSIS 77 model provided
an acceptable error margin for average
density. Cross-track winds in excess of 1
kmysec at high latitudes were identified as
a potential error source for the guidance
and control system. Another activity in-
volved accurately determining aerody-
namic drag values during selected periods
for Defense Mapping Agency use in satel-
lite positioning studies. The first evalua-
tion of a potential high-latitude heating
indicator based on direct measurements
was also accomplished. A Total Auroral
X-ray Intensity (TAXD index developed
by Aerospace Corp. from bremstrahlung
X-ray measurements was correlated with
accelerometer density data. The TAXI in-




dex did not provide improved estimates of
satellite drag compared to conventional
ground-based indicators of geomagnetic
activity. The study pointed out the need
for accurate knowledge of atmospheric
dynamic processes as well as both Joule
and particle heating. A detailed study of
accelerometer density and wind measure-
ments during a 1979 geomagnetic storm
revealed several new features of atmos-
pheric dynamics. The winds showed a 2-
cell high latitude pattern that was better
vrdered in geomagnetic. rather than geo-
graphic. coordinates. Wind speeds did not
correlate strongly with the Kp index,
although for very quiet periods they were
typically of the order of 150 m sec ', while
during the storm period they were 400-600
m sec '. Daytime density variations were
larger at high geomagnetic latitudes and
smaller and less well-defined at lower lati-
tudes, while the nighttime response was
better defined equatorward than pole-
ward. This day night difference is attrib-
uted to a reinforcement of southward
winds on the nightside associated with the
conbination of high latitude heating and
solar EUV heating.

A new approach to forecasting density
variability due to storms has been initi-
ated using Laboratory Director’s Funds.
This study ties together theoretical ther-
mospheric general circulation models. im-
proved estimates of high-latitude heat
sources and direct density measurements.
This is part of a systematic attempt to rep-
resent atmospheric variability by includ-
ing new physical concepts in models
rather than by attempting to tune existing
models.

Dynamical-Chemical Models and
Turbulence: Work on the dynamical-
chemical atmospheric models was termi-
nated in 1983. A one-dimensional model of
the dvnamics and composition of the
mesosphere and lower thermosphere was
completed. The model is based on a numer-
ical solution of a large set of partial dif-
ferential equations for the conservation of
mass and momentum for individual gases
in an atmosphere with constant tempera-
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ture and turbulent diffusion profiles. The
model describes the spatial and temporal
distributions of 56 neutral and ionic
atmospheric species involved in 215 chem-
ical reactions. The three-dimensional
effort was to make use of the dynamical
schemes and simplified chemical treat-
ments embodied in an existing three-
dimensional Stratospheric Circulation
Model.

A quantitative description of turbulence
in the 90 to 120 km altitude region was
completed. It involved the computer
analysis of chemical tracer releases to de-
termine Fourier turbulence spectra and
configuration space statistical descriptors
of turbuience and atmospheric winds. An
analysis established a probable. long-term
relationship between turbopause height
and solar 10.7 ¢cm flux. The results suggest
a lagging 11 year cycle of motion of the
turbopause altitude in response to this
flux. In another effort. turbulent energv
balance and an altitude-invariant non-
dimensional relation of turbulent heat
flux were utilized to obtain vertical turbu-
lent diffusivities from bodies of data con-
sisting of winds and temperature in the
upper atmosphere. From these data, the
latitudinal variabilities of stratospheric
and mesospheric turbulent diffusivity in
the northern hemisphere were derived.
This is the only analysis to date that in-
corporates the effects of energy transfer to
and from the mean motions.

The index of refraction of radio and
optical waves in the lower atmosphere has
also been examined. Relations have been
derived between neutral density fluctua-
tions and radar and optical reflectivity
that result in reasonable values of C, the
refractivity structure constant. An
alternative formulation of C7 has also
been derived by using the mean atmos-
pheric-density structure and the rate of
dissipation of turbulent energy.

Density Madels and Predictions: Sup-
port was provided to a government organ-
ization to predict the reentry of the Cos-
mos 1402 surveillance satellite. Thiswasa
high interest satellite, both because of its
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mission and because it contained a nuclear
reactor to provide power. Information was
provided on upper atmospheric density
fluctuations that could affect predictions
of satellite reentry times and locations. It
was also pointed out that the first major
vehicle to reenter would be the larger,
lighter satellite body and that the second
vehicle would be the smaller, heavier
radioactive reactor core. Reentry predic-
tions were made at AFGL on a realtime
basis. The reentry time of the large satel-
lite body with quiet atmospheric condi-
tions was predicted with a very small
error. Unfortunately, a magnetic storm
occurred before the reentry of the reactor
core and, as a result, it reentered earlier
than predicted. This points up the need for
improved density models for storms and
also the need for improved forecasts of
their occurrence and magnitude. Existing
models of the thermosphere also do not
respond accurately when the solar flux
changes rapidly. An empirical density
model has been developed which shows
improved performance under these condi-
tions and equal performance with other
models under quiet conditions. It makes
use of daily, 27-day average and 81-day
average values of the solar decimetric
flux, Fig 7.

Another important application of densi-
ty specification is to aeroassist technology.
A major contribution was made to the
work of the joint Air Force-NASA Aeroas-
sist Working Group, which oversees re-
search to develop the technology of using
aerodynamic forces to modify the
trajectories of space vehicles. A major ap-
plication of aeroassist technology being in-
vestigated at present is to reduce the
velocity of orbital-transfer vehicles as
they return from high-Earth orbit and
rendezvous with the Shuttle in low-Earth
orbit. To reduce the velocity, the vehicle
would make one or more braking passes
through the upper atmosphere at a mini-
mum altitude of about 70 km. The big
questions are how predictable and how
variable is the atmospheric density in the
altitude region from 70 to 110 km. Some of

the Shuttle flights have exhibited the
effects of large rapid fluctuations in densi-
ty during reentry. A detailed presentation
of AFGL’s information on this topic was
provided to the Working Group.

Major contributions were made to the
planning and initial design of the Stellar
Horizon Atmospheric Dispersion (SHAD)
satellite and balloon experiments. The
objectives of the SHAD technique are to
track stars through the Earth’s atmos-
phere to provide navigation data for mis-
siles or spacecraft and to measure strato-
spheric density. A balloon version of
SHAD was launched. The experiment
locked on to, and tracked, several stars.
The feasibility of the technique was dem-
onstrated and the results were used to re-
fine the design of the satellite instrument.

The Proceedings of the “Workshop on
Comparison of Data with the COSPAR In-
ternational Reference Atmosphere (CIRA
1972) and Proposed Revisions” (held at
Ottawa, Canada, in May, 1982) were
edited and published in 1983 as a volume
in the journal Advances in Space Re-
search, entitled “The Terrestrial Upper
Atmosphere.” The volume contains data
and models of the structure of the middle
atmosphere, including the southern
hemisphere. Density, composition, tem-
perature and wind data for the thermo-
sphere are included, in addition to thermo-
spheric models and their comparison.

An invited review entitled “Recent Ad-
vances in Upper Atmospheric Structure”
was presented at the COSPAR meeting at
Graz, Austria, in July, 1984. A possible
quantitative explanation was presented of
the semiannual variation in the density in
the lower thermosphere in terms of a semi-
annual variation in the globally averaged
vertical energy carried by tides propagat-
ing from the lower atmosphere into the
thermosphere. The effect is primarily due
to seasonal changes in the distribution of
water vapor in the lower atmosphere. and
in the solar declination angle and Sun-
Earth distance.

A new empirical model of thermospheric
variations with geomagnetic activity was




developed, incorporating variations with
local magnetic time, latitude, dependent
terms which vary with the magnitude of
the geomagnetic disturbance, and an alti-
tude-dependent expression for the equato-
rial wave. A new index has been developed
which shows promise of being better than
Kp for representing variations of thermo-
spheric species with geomagnetic activity.
The index, denoted by ML, is defined as
the integral of time-weighted values of
AL, which is an auroral index measuring
the strength of the westward electrojet
and is related to Joule heating. A compari-
son was made of the temporal variations of
measured values of solar UV flux (185-
205 nm), modeled UV fluxes based on solar
Ca-K plage data, sunspot numbers (R),
and 10.7 cm flux. Some significant differ-
ences were identified. Thermospheric
properties should be studied to determine
if their variations have higher correla-
tions with the UV indexes than with F,, -
and R.

The Atmospheric Sciences Division has
been guiding the planning and develop-
ment of a new set of COSPAR Internation-
al Reference Atmospheres. The work has
been divided between two Task Groups.
One is concerned with the middle atmos-
phere and the other with the thermo-
sphere. The Middle Atmosphere Task
Group is preparing reference atmospheres
and text for the altitude region from 20 to
120 km. For the first time, the reference
atmospheres for the 20 to 80 km altitude
region will be based on satellite remote-
sounding temperature and wind data, as
well as on in-situ measurements. This has
the added advantage that the first truly
global atmospheres can now be prepared
for this region. The models for the 80 to
120 km region will be based on data from
rocket, incoherent scatier, and optical
measurements. The text will include dis-
cussions of the data, tides, planetary and
gravity waves, turbulence, and variabil-
ity. The thermospheric part will include a
set of empirical reference atmospheres,
representative theoretical models, mag-
netic storm models, a discussion of turbo-
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pause effects, and reviews of in-situ meas-
urements, radar and optical meas-
urements, and solar and geomagnetic
storm indexes. A mean reference atmos-
phere will also be provided.

Jacchia-Bass Model Modifications:
The continuing need for improved accura-
¢y in satellite orbit and reentry predic-
tions results in the need for improved mod-
els of thermospheric density variations. A
comprehensive tidal model, based on the
Forbes tidal theory, was added to the Jac-
chia-Bass model (a simplification of the
Jacchia 1977 model). This tidal model in-
cludes both diurnal and semidiurnal
variations in total mass density. The orig-
inal model does not include any semidiur-
nal variation, which is a major limitation
since this variation dominates in the lower
thermosphere.

GROUND-BASED REMOTE SENSING

Virtually every Air Force operation and
every surveillance, weapon and com-
munication system is affected by the en-
vironment in which it must function. To
meet the continuing need for more precise
and timely weather support for these op-
erations and systems, the Atmospheric
Sciences Division develops techniques for
the remote sensing of adverse environ-
mental conditions and the incorporation of
this information into precise weather
advisories and forecasts for time scales up
to several hours.

Progress over the past two years has
centered on the development of (1) micro-
wave Doppler weather radar techniques
for the detection and warning of wind-
related hazards, (2) coherent polarization
diversity weather radar techniques for the
measurement of hydrometeor characteris-
tics, (3) airborne electrostatic sensors for
the location of hazardous electric charge
centers and lightning. and (4) combined
weather radar and satellite techniques for
the measurement and forecast of pre-
cipitation along an arbitrary path.
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Automated Doppler Weather Radar
Analyses: Conventional weather radars,
of the type presently in operational use by
the nation’s weather services. do not have
the ability to directly measure wind-
related atmospheric phenomena. The ex-
istence of wind-related hazards such as
shear, turbulence. mesocyclonic vortices.
tornadoes, and converging or diverging
wind fields is inferred from the effects of
the hazard on the distribution of precipita-
tion within the storm system. Such effects,
if present, occur late in the life-cycle of the
phenomenon. Operational forecasts of
these phenomena therefore suffer from
poor probabilities of detection, very high
false-alarm rates, and virtually no warn-
ing time.

Doppler weather radars promise to rev-
olutionize the operational detection and
warning of atmospheric hazards through
their ability to measure the wind speed
and direction within a storm or in the clear
atmosphere, in addition to the parameters
measurable by a conventional radar. The
added capability to remotely measure
winds provides the meteorologist with a
means of making a precise determination
of the nature and existence of a hazard
early in the life cycle of the phenomenon.
For the Air Force commander, these new
capabilities will vield forecasts with the
precision and timeliness necessary to
minimize the impact of severe storms on
Air Force systems or missions.

The Air Force has joined with the
National Weather Service and the Federal
Aviation Administration to develop a new
operational Doppler weather radar for
their joint use. A new next-generation
weather radar {(NEXRAD), which is in the
second phase of a three-phase procure-
ment. is expected to be deployed in approx-
imately 170 locations throughout the
continental United States and selected
Incations overseas by the end of this dec-
ade.

AFGL scientists pioneered in develop-
ing much of the technology which compris-
es NEXRAD. and they continue to develop
new capabilities to improve the effective-

ness of the eventual use of the system by
the Air Weather Service. Major efforts in-
clude the automation of many of the
manual interpretive techniques and the
development of new algorithms for the de-
tection and warning of additional storm
hazards. The various algorithms in proc-
ess of development are not intended to
robotize the radar input to severe weather
warnings. The capabilities of a human
analyst are needed to recognize subtleties
in patterns. to assess the significance of
information which transcends the algo-
rithm models, and. most important of all.
to make the decision to issue a warning.
On the other hand, even the most experi-
enced and most intelligent forecaster can-
not deal adequately with the immense
volume and rate of raw data supplied bv a
Doppler weather radar. An optimum shar-
ing of work among the automated algo-
rithms and the human analyst is evolving.
with the computer performing the routine
analytical tasks and alerting its human
partner to events which require interac-
tive efforts.

An investigation into the remote detec-
tion of in-cloud turbulence that affects air-
craft has resulted in a method for use with
radar which provides for the detection and
classification of turbulence as hazardous
and nonhazardous to aircraft. This scheme
was developed after analysis of thirty-four
aircraft and radar data sets, highly coor-
dinated in space and time. acquired during
aircraft penetrations of thunderstorms
during the summers of 1981 and 1982.
AFGL joined with NASA Langlev Re-
search Center and NASA Wallops Flight
Center in a cooperative storm-hazards
program at Wallops Island, Virginia. Mul-
tiwavelength ground-based tracking and
Doppler radars were used, as well as
NASA F-106B lightning strike and turbu-
lence detection aircraft. Radar Doppler
spectrum-variance data were emploved
with a model in which the strength and
range of spatial scales of the turbulence
field are defined in terms of the eddy dis-
sipation rate and the maximum turbu-
lence eddy size. Proper classification of




turbulence severity into individual levels
of light, moderate, heavy, and severe in-
tensity was difficult and could only be
accomplished if a mix of maximum eddy
sizes was used. However, a composite clas-
sification scheme with a moderate compos-
ite class (all turbulence with moderate or
greater intensity) and a heavy composite
class (heavy and severe intensity) was
shown to provide an easy and reliable
method for discriminating between signif-
icant nonhazardous and hazardous turbu-
lence. This simpler and more uniform
approach requires only one maximum
eddy size, the value of which lies in the
range from 1 -4 km. The technique returns
reliable information over all areas where
the measured radar Doppler spectrum pa-
rameters are meaningful. For typical
weather radars, this results in reliable
turbulence-hazard detection within max-
imum ranges of 50 - 150 km from the radar
location.

Some of the earliest observations of tor-
nadic storms with Doppler radar revealed
a distinctive signature characteristic of a
larger circulation associated with the tor-
nado. This larger circulation has been call-
ed the mesocyclone. Its signature is
observed in nearly all data collected by
Doppler radar and is often seen up to 60
min before tornado touchdown isee the fig-
ure). While the eye-brain recognition sys-
tem is extremely adroit in the detection of
the mesocyclone signature, the effort in-
volved is extensive. Research has conse-
quently been directed towards the de-
velopment of an automated mesocyclone
detection technique.

An algorithm has been developed that
reliably detects several types of circula-
tions within intense thunderstorms. It
will detect and distinguish between c¢y-
clonically and anti-cyclonically rotating
mesocyclones and tornadoes. as well as
concentrated areas of convergence and di-
vergence. It is also able to estimate the
momentum and energy associated with
these circulations. The detection of the
mesocvelone has considerable warning
potential, and this algorithm is the first to

incorporate consideration of the variable
resolution of the radar with range. It is
therefore able to identify features at far
ranges without triggering an unaccept-
able number of false alarms close to the
radar. The mesocyclone-tornado vortex
algorithm has been applied to several se-
vere storms observed by Doppler radar in
Oklahoma and New England. Output
from the analysis package has been com-
pared with confirmed observations of tor-
nadic activity and the results have been
excellent. The algorithm performed at
least as well as the human observer, and in
the case of a severe tornadic storm, the
algorithm detected the tornado’s parent
mesocyclonic circulation approximately
25 min before the human observer.

While the mesocyclone detection algo-
rithm appears to provide up to 60 min
warning time before tornado events, lon-
ger lead times would provide an even
greater service to the community in con-
serving lives and property. An effort was
initiated to determine if the relative mo-
tion of small developing storm cells would
reveal any indication of the development
of a major storm system. This study re-
sulted in the detection of significant con-
vergence and rotation of cells during the
development of an intense thunderstorm
which produced several tornadoes. one of
which was particularly devastating.

In a follow up to this study. an effort was
made to automatically detect these small
cells and to track their relative motions.
An algorithm was developed which fo-
cused upon maxima in the reflectivity
fields. This technique appears to reliably
detect the small storms, but too many
storms occurring too closely together pre-
vent reliable tracking and hence usable
estimates of convergence and rotation.
However, two characteristics of these de-
tected cells appear to provide a verv good
indication of the development of a "super-
cell” storm capable of producing severe
damage, if not bv tornadoes then by
damaging winds, hail. or rain: 1) the
number of cells within a storm and 12) a
modified area average of reflectivity with-
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Radar Observationsof a Severe Storm in Cen-
tral Oklahoma Which Produced Several Tor-
nadoes Contours are of the reflectivity fac-
tor. The letters joined by hines indicate the
track of the convergence zone o). and mesncy-
clone 'm, tornado 11, and shear '~ as de-
tected by Doppler radar.»

in the cells. Further testing of this algo-
rithm should provide stronger support of
its utility.

Strong low-level wind shears pose a sig-
nificant threat to air operations in the
approach and departure corridors of air
bases. Doppler radar is only able to meas-
ure that component of the wind which lies
along the direction in which the radar
beam is directed. However, 1t has been

found that an analysis of the two-
dimensional shear of that component re-
sults in a very good estimate of the loca-
tion of significant shears and, hence, the
location of potential aviation hazards. An
algorithm has been developed which auto-
matically detects such regions.

The basis for the shear algorithm is the
computation of the shear of the radial com-
ponent of the air velocity along the beam




(radially’) and across it (azimuthally). The
combination of these orthogonal compo-
nents gives an estimate of the total shear.
While this is obviously an underestimate
of the shear of the total air velocity, it
appears to be sufficient to provide a reli-
able estimate of the locations of the gust
front. The locations are determined by
computing one-dimensional shear-
weighted centroids in two orthogonal
directions and then merging these loca-
tions. The technique has been tested on
several cases and preliminary results are
promising.

An effort was initiated to extract oper-
ationally useful synoptic-scale wind-field
information from asymmetric patterns of
velocity acquired with a single Doppler
radar. Current operational practice
ignores these asymmetries by averaging
them out and assuming that the resultant
mean wind vector is uniform throughout
the region scanned by the radar. However,
in the real world. wind fields are not uni-
form. They are characterized by gradients
in speed and by changes in direction.
Svnthesis of Doppler velocity patterns
which would be observed in wind fields
with linear speed gradients both along,
and normal to. the direction of flow, and in
acircular flow with constant speed, as well
as combinations of these flow types, re-
vealed the asymmetries and provided im-
portant clues for their analysis when en-
countered in nature. Unfortunately, the
patterns for curved wind fields and for
linear fields with crosswind gradients are
similar in appearance and difficult to dis-
tinguish one from another. However, both
wind-field types co-exist around a typical
cyclone, with additive effects in the Dop-
pler velocity pattern of asymmetry.
Accordingly, a cyclonic threat index was
developed which provides a combined in-
dication of cyclone proximity (through
wind field curvature) and intensity
ithrough increase of wind speed toward
the cyclone center). The cyclonic threat
index should be an especially helpful di-
agnostic and forecasting tool for coastal
radars because it could provide continuous
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surveillance of an offshore hurricane or
severe extra-tropical cyclone.

An assessment of the utility of NEX-
RAD algorithms and products in both local
and central forecast facilities was the
objective of the three-season Boston Area
NEXRAD Demonstration (BAND/.
BAND, a cooperative program bhetween
the Atmospheric Sciences Division and
the NEXRAD Joint Program Office, used
AFGL’s 10 cm Doppler weather radar and
data processing systems to send NEXRAD
type weather radar products to future
joint-agency users of these data. Oper-
ational users of BAND information in-
cluded both central forecast facilities such
as AFGWC at Offutt AFB. Nebraska, and
the National Severe Storm Forecast Cen-
ter at Kansas City, Missouri, as well as
local forecast facilities, including the
Pease AFB, New Hampshire, weather sta-
tion, the NWS Boston Forecast Office and
the FAA Nashua, New Hampshire. In-
Route Center. More than 500 hours of data
on all tvpes of New England weather were
provided in real time to the operational
users for their evaluation of BAND Dop-
pler Weather Radar products. Included in
these weather events were severe wind
and hail storms, tornadic storms, and larg-
er scale stratiform rain and snowstorms.
Operational results of these tests will form
the bases of guidance to NEXRAD con-
tractors concerning NEXRAD data prod-
ucts for both local and central facility us-
ers. Weather radar and supporting in-
formation from these tests will be utilized
in the development of a variety of new
software techniques for use with the forth-
coming NEXRAD system.

Precipitation Characteristics: The mi-
crophysical properties of clouds and pre-
cipitation are of significant practical con-
cern to the Air Force because of their
effects on (1) the depolarization and atten-
uation of terrestrial and satellite com-
munications svstems, (2) the safe perform-
ance and even survivability of airframes
in regions of hail or heavy icing, and (3
the erosion of reentry vehicles.
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The need for remote-sensing techniques
for characterizing the microphysical
parameters of cloud and precipitation sys-
tems has led to the investigation and de-
velopment of polarization diversity-radar
techniques for deriving information on the
size, shape, number concentration,
orientation, and thermodynamic phase of
cloud and precipitation particles. The
polarization techniques rely on the fact
that many types of hydrometeors are non-
spherical and tend to orient themselves in
a preferred way in response to aerody-
namic or electrical forces. The hy-
drometeors thus constitute an anisotropic
scattering and propagation medium. This
characteristic of the medium has implica-
tions for the performance of surveillance,
guidance, and communications systems in
cloud or precipitation environments. The
anisotropy of the medium makes it possi-
ble to use the amplitude, or power ratio,
and relative electromagnetic phase of the
received radar signals of opposite polariza-
tion to derive the average. or distribution,
of the shapes and orientations of the hy-
drometeors. The polarization parameters,
with the reflectivity and Doppler velocity
parameters, and calculations of backscat-
ter from water and ice particles permit the
most comprehensive possible description
of the scattering and propagation media
from a single radar.

AFGL is adding a polarization diversity
capability to the existing 10 ¢cm wave-
length Doppler weather radar to use for
the development of these techniques and
for the documentation of propagation and
scattering effects on electromagnetic sig-
nals. Key features of this modification are
an axisymmetric Cassegrain antenna for
high isolation between orthogonally
polarized signals and a high-power micro-
wave switch to enable switching of the
transmitted polarization on a pulse-to-
pulse basis. Construction of the radar svs-
tem 1s expected to be completed in 1985.
Theoretical studies have continued. both
in the interpretation of backscatter signal
parameters and in the evaluation of sys-
tem-error effects on the measurements.

These studies have vielded a possible tech-
nique for determining wind shear within a
radar sampling volume and for estimating
the width of particle-size distributions.

Because of the increased backscatter
from small water drops and ice crystals at
shorter wavelengths, the polarization di-
versity techniques are gso being evalu-
ated for use with 8.6 mm wavelength
radars. The measurement capability of
these radars is being evaluated for possi-
ble use in the automation of weather
observations beyond the capability pres-
ently available for the Automated Obser-
vation Svstem 'AOS). Experimental data
from an 8.6 mm wavelength radar at the
NOAA Wave Propagation Laboratory are
being used for this purpose. Although sig-
nal attenuation precludes the use of milli-
meter wavelengths for long-range radar
measurements in precipitation, the 8.6 mm
wavelength data are an important coun-
terpart to the 10 cm wavelength radar
capability being deveioped at AFGL.

Electric Field Measurement and Light-
ning Warning: Lightning strikes to air-
craft and spacecraft in the vicinity of thun-
derstorms constitute a significant hazard
to Air Force systems and operations. An
airborne electric-fleld measuring system
was developed to provide information on
the proximity and magnitude of electric
charge centers and the likelihood of air-
craft-induced lightning. The system, com-
prising four low-frequency electric field
sensors, was installed on the F-106B light-
ning research aircraft operated by NASA
Langley Research Center and operated in
athree-year flight measurement program.
The resulting data provided information
on system performance under conditions
of heavyv rain, turbulence. and lightning
strikes to the aircraft and on the effects of
aircraft charging on the external electric-
field components. System calibration pa-
rameters were also provided for derivation
of electric charge distributions from the
electric-field vector measurements.
Although these results were promising,
the program was terminated because of
AFGL program and personnel realign-
ments.




Short Term Cloud and Precipitation
Forecasts: Satellite-to-ground ehf com-
munications and electro-optical systems
are adversely impacted by intervening
clouds and precipitation. Current weather
radar and meteorological satellite-based
analysis techniques do not allow for short-
term forecasts of the meteorological phe-
nomena with the precision required for
optimum operation of these systems. A
new initiative is concerned with the de-
velopment of combined Doppler weather
radar and meteorological satellite tech-
niques for the continuous real time moni-
toring of the spatial distributions of clouds
and precipitation and for predicting the
motions of these systems. This continuing
effort is expected to provide continuously
updated forecasts suitable for mitigating
the impact of the atmosphere on electro-
optical and ehf systems.
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Cross-Covariance from a Polarization Dicersita
Radar

22nd Conf. on Radar Meteor., Zurich. Switzerland
110-14 September 19341

Mercarr, J.1., and Armstron:, G.M.

A Polarization Diversity Radar Data Processor
21st Conf. on Radar Meteor.. Edmonton. Alberta.
Canada 119-23 September 19831

Mercavrr, J.1. tAFGL); and Ussaius. J.S.
(Georgia Inst. of Tech., Atlanta, GA)

Radar Syvstem Errors in Polarization Diversity
Measurements

21st Conf. on Radar Meteor.. Edmonton. Alberta.
Canada 119-23 September 19831

Mirctiens, K.E.. and Warsurroxs, J.D.,
Ma.

A Comparison of Cloud Forecasts Derived from the
NMC and AFGWC Operational Hemispheric
Forecasts of Maotsture

9th Conf. on Aerospace and Aeronautical
Meteorology, Omaha. NE 16-9 June 1983,

Mue~cu, H.S.
Objective Short-Range Weather Forecast
Experiments Using Meso-Scale Analvses
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Mvuencu, H.S. (Cont.)

10th Conf. on Weather Forecasting and Analysis.
Clearwater. FL 125-29 June 1984)

The Development of Objective Forecast Techniques
Based on Advection of Surface Weather Parameters
2nd Internat. Symp. on Nowcasting. Norrkoping.
Sweden 13-7 September 1984

Prank, V.G., and BerTHEL, R.O.
High-Resolution Rain and Snow Rate
Measurements

5th Svmp. on Meteor. Observations and
Instrumentation, Toronto, Canada
(11-15 April 1983»

Prank, V.G., and MatTHEWS, A J.
Snow Characterization Instruments Used in
Support of SNOW-ONE-A and SNOW-ONE -B
Internat. Soc. for Optical Engin. Tech. Symp..
Arlington. VA 14-8 April 1983

Prank, V.G., BerTHEL, R.O., and Ma,
B.A.

Snow Characterization Measurements and E O
Correlations Obtained During SNOW.ONE-A and
SNOW.ONE-B

Internat. Soc. for Optical Engin. Tech. Symp..
Arlington. VA 4-8 April 19831

Praxk, V.G., McLeop, "W, Crist, S.D.
Extreme Rainrates

ATAA 21st Aerospace Sci. Mtg.. Reno. NV

(10-13 January 1983,

Rivce, DV, Carr.

Terrain and Diwurnal Adjustments in a Model for
Shert-Range Prediction of Cloudiness and
Precipitation by Advection of GOES Data

AMS 10th Conf. on Weather Analvsis and
Forecasting. Tampa. FL 125-29 June 1984

SeirrEr, K.L.

The Effect of Arc Cloud Generation on
Thunderstorm Gust Front Motion

13th Conf. on Severe Local Storms. Tulsa. OK
117-20 October 1983

S~xarr, M.R., Mas. (AFGL); and
Do~arpsox, RJ., Jr. (SASC. Lexington.
MA)

Inter-Storm Motion as a Mesocvelone Precursor
21st Cont. on Radar Meteor., Edmonton. Alberta,
(‘anada (19-23 September 1983

Sweeney, H.J.

Total Water Content Instrument «TWCI
Evaluation Repart

5th Svmp. on Meteor. Observations and
Instrumentation, Toronto, Canada
111-15 April o8

TarTELMAN, P.

Applying Climatic Information to the Design of
Military Equipment

Inst. of Environmental Sci. An. Mtg.. Los Angeles,
CA (18-21 April 1983)

MIL-STD-210 Inputs to Environmental Testing
30th An. Tech. Mtg. of Inst. of Environmental Sci.,
Orlando. FL (30 April-3 May 1984

Ussainis, J.S. (Georgia Inst. of Tech.,
Atlanta, GA); and Metcarr, J.I. tAFGL)

Svstem Errors in Polarimetric Radar Buckscatter
Measurements

2nd Wkshp. on Polarimetric Radar Tech.. Redstone
Arsenal. AL (3-5 May 1983

Analvsis of a Polarization Diversity Meteorological
Radar Design

21st Conf. on Radar Meteor., Edmonton, Alberta.
Canada (19-23 September 1983

Yer, SY.K.

Studies of Arakawa's Energy-Conserving Vertical
Finite-Differencing Scheme

6th Conf. on Numerical Weather Prediction.
Omaha, NE 16-9 June 1983)

Numerical Weather Prediction - A Brief Review
AJAA Mini-Symp. on Computational Fluid
Dvnamics, Boston Univ.. Boston. MA (9 March
1984

ZimiverMaN, S.P., and KexesHea, T.J.
The Atmospheric Refractive Index and Buovancy
Effects

Sei. Committee on Solar Terr. Phys., Univ. of
Hlinois. Urbana. IL 120-23 May 1084

TECHNICAL RCPORTS
JANUARY, 1983 — DECEMBER, 1984

BertuiL, R.O., and MaTTHEws, A.J.
Rain Rate Determinations from Electronic Weight
Measurements Instrument Description and Data
Reduction Techniques

AFGL-TR-84-0212 19 August 1984, ADA150765

BerTHEL, R.O., and Prank, V.G.
A Model for the Estimation of Rain Distributions
AFGL-TR-83-0030 1 February 1983, ADA 130080

Berruer, R.O., Prank, V.G., and Maix,

B.A.

SNOW-ONE A and B Characterization
Measurements and Data Analvsts
AFGL-TR-83-0256 120 September 19831,
ADA141245

Bonxe. AR.

Joint Ageney Turbulence Experiment - Interun
Report

AFGL-TR-83.0180 113 July 1983:. ADA137167




BRrENNER, S., Yang, C.-H., and

MirrcueLy, K.

Global Spectral Model: Expanded Resolution
Baseline Version

AFGL-TR-83-0308 (16 November 1984}, ADA lin
process|

Brousalipes, F.J.

Meteorological Sensors for Battlefield Weather
Support

AFGL-TR-83-0112 115 April 1983), ADA132623

Brown, H.A.

Prediction of Slant Wind Shear with an Offset
Tower Observation System

AFGL-TR-83-0308 (23 November 1983),
ADA142676

Buracer, C.F., and GrINGORTEN, L1
Two-Dimensional Modeling for Lineal and Areal
Probabilities of Weather Conditions
AFGL-TR-84-0126 (10 April 1984), ADA147970

ChisnorMm, D.A., and Jackson, A.J.

An Assessment of Interactive Graphics Processing
in Short-Range Terminal Weather Forecasting
AFGL-TR-84-0029 (18 January 1984), ADA142706

CuaisdoLm, DA, Jackson, AJ. (AFGL);
NiepzieLski, M.E., ScHECHTER, R., and
Ivarpi, C.F. (SASC, Lexington, MA)

The Use of Interactive Graphics Processing in
Short-Range Terminal Weather Forecasting: An
Initial Assessment

AFGL-TR-83-0093 (31 March 1983), ADA137165

Cotien, I.D., Capr.
Analysis of AFGL Aircraft Icing Data
AFGL-TR-83-0170 (5 July 1983), ADA137197

Conen, 1.D., Capr., and SweeNEY, H.J.
Melting Layer Survey
AFGL-TR-83-0200 (12 August 1983), ADA137911

Corg, AE., GrantHaMm, D.D.,
GriNGoORTEN, LI, KanTOR, AJ., and

TaTTELMAN, P.

Winds in Handbook of Geophysics and Space
Environments

AFGL-TR-83-0080 (21 March 1983), ADA132018

Coig, AE., GrincorTEN, LI, Izumi, Y.,

Kantor, AJ., and TarreLman, P.
Atmospheric Temperature, Densitv and Pressure in
Handbook of Geophysics and Space Environment
AFGL-TR-83-0155 (13 June 1983), ADA138846

DveEr, RM.

A Probabilistic Model for Predicting the Duration
of Levels of Electromagnetic Transmission in
Falling Snow

AFGL-TR-84-0047 (3 February 1984), ADA143318
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Dver, R M., GrLass, M., and HuUNTER,
H.E.

The Classification of Ambiguous Ice Particle
Shadowgraphs by Consensus
AFGL-TR-84-0268 15 October 1984, ADA [in
process|

Giseons, L.C., Capr., MATTHEWS, AJ.,
BERrTHEL, R.O., and Prank, V.G

Snow Characterization Instruments
AFGL-TR-83-0063 (1 March 1983), ADA131984

GranTHaM, D.D., GRINGORTEN, 1.1,
BerToni, E.A., KanTOR, Ad.,
TatteLman, P., KunkeL, B.A., Brown,
H.A, Izumi, Y., Harpy, K.R., GrLass, M,
Dver, RM., Con.: . I.D,, Capr.,
BertHEL, R.O., MeT . i* J.I., and

BArNEs, A A.

Water Vapor Precipitation Clouds, Fog and
Aerosols in Handbook of Geophysics and Space
Environments

AFGL-TR-83-0181 (18 July 1983), ADA144176

GRINGORTEN, LI

Time Lapse Simulation of Interrelated Weather
Conditions

AFGL-TR-83-0141 (20 May 1983), ADA133999

A Simulation of Weather in 3D Space
AFGL-TR-84-0267 116 October 1984), ADA15522]

Harris, F.I., and PeTroccHl, P.J.
Automated Cell Detection as a Mesocyclone

Precursor Tool
AFGL-TR-84-0266 !5 October 19841, ADA154952

Jacoss, R.E.

Shuttle Detached Spacecraft
AFGL-TR-84-0054 130 December 19831,
ADA143320

KanTor, A.J.

Variability of Atmospheric Density in the Middle
Atmosphere

AFGL-TR-83-0079 (17 March 1983), ADA131985

KanTor, AJ., and Bertont, E.A.
Extremes in the Northern Hemisphere, 30 Through
60 KM

AFGL-TR-83-0029 (2 February 1983), ADA132019

KanTor, AJ., and TATTELMAN, P.
Profiles of Temperature and Density Based on 1-
and 10-Percent Extremes in the Stratosphere and
Troposphere

AFGL-TR-84-0336 127 December 1984). ADA {in
process|

KenesHEa, T.J.. and ZiMmmen N, S P.

A Computer Code for a One-Dimen: 1l Dynamic
Model of the Mesosphere and Lower hermosphere
AFGL-TR-84-0183 (7 March 19841, ADA157122
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KuUNKEL, B.A.

A Comparison of Evaporative Source Strength
Models for Toxic Chemical Spills
AFGL-TR-83-0307 116 November 1983).
ADA139431

An Evaluation of the Ocean Breeze Drv Gulch
Dispersion Model

AFGL-TR-84-0313 119 November 19841,
ADA157165

Lanicey, J.M., Capr.
A Conceptual Model of the Severe-Storm

Environment for Inclusion into Air Weather Sertice

Severe-Storm Analvsis and Forecast Procedures
AFGL-TR-84-0311 116 Nevember 19841, ADA [in
process|

Marcos, F.A.

Application of Sutellite Accelerometer Data to
Improve Density Models

AFGL-TR-84-0211 19 August 19841, ADA154904

Metcarr, J.1

A Polarization Diversity Radar Data Processor
AFGL-TR-83-0111 128 April 19831, ADA134011
Simulation and Interpretation of Polarization
Diversity Radar Spectral Functions
AFGL-TR-83-0110 28 April 1983), ADA 132622

Moroz, E.Y., and Jacoss, L.P.
Tactical Visibility Meter
AFGL-TR-83-0286 t24 October 19831, ADA141286

Morrissey, J.F.

A Ray Trace Program for Line-of-Sight Microwate
Communication Links

AFGL-TR-84-0293 (18 October 19841, ADA156168

Muench, H. S.

Experiments in Objective Aviation Weather
Forecasting Using Upper-Level Steering
AFGL-TR-83-0328 113 December 19831,
ADA143393

SerrTeR, K.L.

Numerical Simulation of Thunderstorm Gust
Fronts

AFGL-TR-83-0329 (13 December 1983,
ADA141214

TarreLman, P., and Grantham, D.D.
Northern Hemisphere Atlas of 1-Minute Rainfall
Rates

AFGL-TR-83-0267 (4 October 1983), ADA145411
Southern Hemisphere Atlas of 1-Minute Rainfull
Rates

AFGL-TR-83-0285 121 October 19831, ADA145421

WEevyMaN, J., MaJ.

An Evaluation of an Advection Fog Prediction
A’Wode[

AFGL-TR-84-0162 (6 June 1984), ADA 147436

ZimverMmaN, S P., and KenesHea, T.J.
On the Determination of the Index of Refraction of
the Atmosphere

AFGL-TR-83-0067 «1 March 1983, ADA132107
On The Hartzontal and Vertical Variability of the
Vertical Turbulent Eddv Diffuse Coefficients in the
Mesosphere

AFGL-TR-83-0227 122 August 1983), ADA137877

CONTRACTOR JOURNAL ARTICLES
JANUARY, 1983 — DECEMBER, 1984

Forges, G.S., and Lorres, W.D. (The
Pennsylvania St. Univ., University
Park, PA)

Cheracteristics and Evolution of Mesoscale Cloud
Vortices Occurring in Polar Airstreams

Preprint Vol. Conf. on Cloud Phys.

115-18 November 1982)

Forses, G.8., and Megrritt, J . H. (The
Pennsylvania St. Univ., University
Park, PA)

Mesoscale Vortices over the Great Lakes in
Wintertime
Monthly Weather Rev. 112 (February 1984)

Forses, G.S., ScHEINHARTZ, R.L.,
ArauJo, E., Lortes, W.D., and CaHir,
J.J. (The Pennsylvania St. Univ.,
University Park, PA)

Short-Term Forecasting Using a Remos Approach
Proc. Secund Internat. Symp. on Nowcasting
{September 1984

Liou, K.-N., and ZuenG, Q. (Univ. of
Utah, Salt Lake City, UT)

A Numerical Experiment on the Interactions of
Radation, Clouds and Dynamic Processes in a
General Circulation Model

dJ. Atmospheric Sciences 41 (1 May 19841

Lorenz, E.N. (Massachusetts Inst. of

Tech., Cambridge, MA)

Formulation of a Low-Order Model of a Moist
General Circulation

J. Atmospheric Sciences 41 115 June 19841

Mangrr, L., and Ex, M. (Oregon St.
Univ., Corvallis, OR)

The Influence of Atmospheric Stability on Potential
Evaporation
J. Climate and Appl. Meteor. 23 (February 1984

Mamnrr, L. and Pan, H. (Oregon St.

Univ., Corvallis, OR)
A Two-Laver Model of Soil Hvdrology
Boundary-Layer Meteor. 29 11984)




Ou, S.-C., and Liou, K.-N. (Univ. of
Utah, Salt Lake City, UT)

Parameterization of Carbon Dioxide 15mm Band
Absorption and Emission
J. Geophys. Res. 88 (20 June 1983)

CONTRACTOR PAPERS PRESENTED AT
MEETINGS
JANUARY, 1983 — DECEMBER, 1984

Bean, S.J. (Univ. of Central Florida,

Orlando, FL»

Modeling Visibilitv for Data Void Regions
2nd Internat. Mtg. on Statistical Climatology.
Lisbon. Portugal 126-30 September 1983)

WIELER, J.G., and Do~naLpson, D.J., Jr.
(SASC, Riverdale, MD)

Mesocvelone Detection and Classification Algorithm
Thirteenth Conf. on Severe Local Storms. Tulsa.
OK 117-20 October 1983}

CONTRACTOR TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

Bean, SJ., and SoMmerviLLE, P.N. (Univ.

of Central Florida. Oriando, FL1

On Obtaining Physical Meaning from the
Parameters in the Weibull Distribution
AFGL-TR-83-0224 113 May 1983), ADA138574

A Comparison of Several Alternatives to Maximum
Likelihood for the Weibull Distribution
AFGL-TR-83-0248 (22 September 19831,
ADA138721

Bersky, L.E., Karran, F.B., Lariy, J.P..
Rogerts, D.K., MiLLER, P., FoLey, J.,
and O'Tootr, T. (Digital Programming
Services, Inc., Waltham, MA!

Development of Theoretical Models and Analvses of

the Microphvsies of Cloud and Precipitation
Svstems
AFGL-TR-83-0133 131 Mayv 19835, ADA 133557

Cuex. Y.-L. (Ophir Corp.. Lakewood.
CO

Circulation Analvsis of Two Snowstorms During
the Snow-Two Program
AFGL-TR-84-0255 1September 1984, ADA155225

Corron, W.R.. Hinnaan, E.E.. Trivour,
G.. McA~xELLY, R.L., Curx, C., Fiatau,
P.. and K~uvpe, K. (Colorado St. Univ.,

Fort Collins, CO»
Maodel Cloud Relationshups
AFGL-TR-84-0028 125 January 195841 ADA 142640

137

EsersoLg, J.F.. CuenG, W.K., HaLLETT,
dJ., and Honcrerp, R.G. (Creative Optics,
Inc., Bedford, MA}

Effects of Hvdrometeors on Electromagnetic Wave
Propagation
AFGL-TR-84-0318 (November 1984), ADA155379

Forses, G.S., Camir, J.J., Dorian, P.B.,
Lorres, W.D., and Cuarvan, K. (The
Pennsylvania St. Univ.. University
Park, PA)

Development of a Technique for Short-Term
Prediction of Hvdrometeors Using Advection and
Physical Forcing

AFGL-TR-83-0082 ‘March 1983 ADA132259

Forses, G.S., Cauir, J.J., Lorres, W.D.,
Araugo, E., Hepener, P.O.G., and
Scueintartz, R.L. (The Pennsylvania

St. Univ., University Park, PA)

A Scheme for Short-Term Prediction of
Hydrometeors Using Advection and Physical
Forcing

AFGL-TR-84-0199 v.july 1984). ADA148011

Frankrix, LA, SomerviLLE, P.N., and
Bean, S.J. (Univ. of Central Florida,
Orlando, FL}

A Comparison of Non-Linear Regression and
Weighted Least Squares for Predicting Visibiltty tn
Germany

AFGL-TR-84-0132 11 April 19841, ADA143442
Constructing and Evaluating Models for Predicting
Visibility For Data-Void Locations in Norway
Using Weighted Least Squares

AFGL-TR-84-0133 11 May 19841, ADA143294

Fukura, N.. Savace, R.C., DoNovax,
G.J., and Liv, C.-M. (Univ. of Utah. Salt
Lake City, UT

The Microphysics of Snow Cryvstal and Snowflake
Melting
AFGL-TR-82-0066 i December 1982), ADA129030

Gary, B.L. (Jet Propulsion Lab..
Pasadena, CA)

Microwarve Monutcring of Aviation Ieing Clouds
AFGL-TR-83-0271 (29 September 1983,
ADA137910

Gerrach, A M. (Systems and Applied

Sciences Corp., Vienna. VA)

Objective Analvsis and Prediction Techniques -
1983

AFGL-TR-83-03:33 130 November 19831,

ADA 142441

Obgective Analvsis and Prediction Techniques
T984

AFGL-TR-84-0:328 30 November 19841, ADA [in

process
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HavserTsTaM, [, JoHNsON, C., NoORrRQUIsT,
D.C., and Tung, S.-L. (Systems and

Applied Sciences Corp., Vienna, VA)
Two Methods of Global Data Assimilation
AFGL-TR-84-0260 (1 October 1984), ADA155981

HexnpersoN-SELLERs, A., and HUGHES,
N.A. (Univ. of Liverpool, Liverpool,

England)

Cloud Archiving Strategies
AFGL-TR-84-0166 (2 April 19841, ADA |in
process|

HiLLgrer, D.W. (Colorado St. Univ., Fort
Collins, CO»

Snatial and Temporal Variations in Mesoscale
Water Vapor Retrieved from TOVS Infrared
Radiances in a Nocturnal Inversion Situation
AFGL-TR-83-0183 iJuly 1983, ADA 146586

Hooces, D.B. (Systems and Applied

Sciences Corp., Vienna, VA)
Operational Tactical Decision AID (OTDA ) for
Infrared (R-12mm Svstems - Mark Il Manual
Version. Appendix A - Atmospheric Transmission
Tables

AFGL-TR-83-0334 (II) 130 September 19831,
ADA147967

Operation Tactical Decision AID tOTDA) for
Infrared (8-12mmi Svstems - Mark Il Manual
Version, Appendix B - Insolation and Sky
Radiation Tables

AFGL-TR-83-0334 (III) (30 September 1983).
ADA148096

Jacoss, G.B. (General Electric Co.,
Syracuse, NY)

Pulsed Heterodvne CO, Laser-Scanner System -
Assemblv Report

AFGL-TR-83-0191 (I) tJune 1983), ADA135059
Pulsed Heterodvne CO, Laser Scanner Svstem -
Operating Instructions

AFGL-TR-83-0191 «ID (June 1983), ADA135060

Jones, D.M.A., and WenpbLaND, W .M.
(Univ. of Illinots, Urbana, IL)

Statistics of Instantaneous Rainfall Rates
AFGL-TR-83-0056 (February 1983), ADA130089

Karran, L.D., Horrman, R.N., Issacs,
R.G., Rosen, R.D., SaLstein, D.A., and
Wanai, W.-C. (Atmospheric and

Environmental Research, Inc.,
Cambridge, MA)

Outlook for improved Numerical Weather
Prediction Using Satellite Data with a Special
Emphasis on the Hvdrological Variables
AFGL-TR-83-0305 118 November 19831,
ADA141233

KoscieLny, AJ. (National Oceanic and
Atmospheric Adm., Norman, OK)

Real Time Divergence Measurement from Single
Doppler Radar

AFGL-TR-83-0299 (1 September 1983,
ADA140558

Liou, K.-N., Ou, S.-C., Kinng, S, and
Kokenis, G. (Univ. of Utah, Salt Lake
City, UT)

Radiation Parameterization Programs for Use in

General Circulation Models
AFGL-TR-84-0217 (15 August 1984), ADA148015

Lirron, A.E., HiLLcger, D.W., and
Vonber Haar, T.H. (Colorado St. Univ.,
Fort Collins, CO)

Estimation of Water Vapor Profiles from Total

Precipitable Water
AFGL-TR-83-0175 July 1983), ADA147886

Lo, K.-W. (Massachusetts Inst. of Tech.,
Cambridge, MA)

Growth Processes of Snow
AFGL-TR-83-0105 :May 19831, ADA132136

Lorenz, E.N. (Massachusetts Inst. of
Tech., Cambridge, MA)
A Low-Order Model of a Moist General

Circulation: Formulation and Testing
AFGL-TR-83-0026 (31 January 19831 ADA126331

Maunrt, L., Pan, H., PauMIER, J., and
TroeN, L. (Oregon St. Univ., Corvallis,
OR)

A Boundary Layer Parameterization for a General

Circulation Model
AFGL-TR-84-0063 (March 1984), ADA144224

Norquist, D.C. (Systems and Applied
Sciences Corp., Vienna, VA)

Users Guide for Optimum Interpolation Method of
Global Data Assimilation

AFGL-TR-84-0290 (1 November 1984),
ADA155929

SmyTHE, G.R., and Harris, F.I. (Systems
and Applied Sciences Corp., Vienna,
VA)

Sub-Cloud Laver Motions from Radar Data Using

Correlation Techniques
AFGL-TR-84-0272 (15 October 1984), ADA156477

Ussaiuis, J.S., and Basserr, H.L.
(Georgia Inst. of Tech., Atlanta, GA)
Polarization Diversity Addition to the 10

Centimeter Doppler Weather Radar
AFGL-TR-84-0239 (August 1984, ADA156062




Vonper Haar, T.H., HiLLcer, D.W., and
Lirron, A.E. (Colorado St. Univ., Fort
Collins, CO)

A Statistical Procedure for Retrieving the Vertical
Distribution of Water Vapor from Sutellites
AFGL-TR-83-0269 i August 1983), ADA148012

Wacnrvany, R.F. (Systems and Applied

Sciences Corp., Vienna, VA)
Characteristics and Behavior of Atmaospheric
Aerosols: Application to Prediction of Infrared
Extinction

AFGL-TR-84-0154 125 June 1984:. ADA [in
process|

139

WiELER, J.G. (Systems and Applied

Sciences Corp., Vienna. VA)

Real-Time Automated Detection of Mesocyvelones
and Tornado Vortex Signatures
AFGL-TR-84-0282 (20 October 1984), ADA154968

WiLtiams, G.M., BirkeENHEUER, D., and
Hauvcen, D A (NOAA'ERL/ESG.
Boulder, CO)

A Studv of Mesoscale Probability Forecasting
Performance Based on an Advanced Image Display
Svstem

AFGL-TR-84-0142 130 April 1984, ADA156264
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Preparing to Measure the Vibro-Acoustic En-
vironment at Vandenberg's V-23 Launch
Site. (High explosive charges will be sus-
pended from the balloon and detonated at
selected altitudes over the launch pad. Seis-
mic and pressure loads on the facility will be
measured on the ground with the geokinetic
data acquisition system.




VI EARTH SCIENCES DIVISION

The Earth Sciences Division performs
research in seismology. geodynamics.
geology. geodesy, and gravity. This re-
search supports the deployment, operation
and delivery of Air Force weapons with
particular emphasis on strategic systems.
Instrumentation is designed and produced
to measure geophysical phenomena world-
wide at varying scales and accuracy levels
to meet specific needs. Field work is con-
ducted whenever and wherever necessary.
Instrumentation is mounted on a variety
of test beds designed to operate on land, in
the air. or in space, and data are collected
where the organization’s experience and
theory suggest the need. Theoretical mod-
els of geophysical phenomena are de-
veloped and cast into a quantitative form
for comparisons with observations. Tested
mathematical models of geophysical phe-
nomena are produced in formats that are
useful in various applications.

During the reporting period, work has
been conducted on automated position and
azimuth determination, lunar laser rang-
ing, satellite interferometry with Global
Positioning System (GPS) satellites, very
long baseline interferometry, absolute
gravimetry, high-altitude gravimetry,
gravity gradiometry. and geopotential
modeling. Effort has also been applied in
crustal motion research. the development
of tiltmeter technology for Air Force
geophysical applications. vibro-acoustic
forecasts for the Air Force Space Trans-
portation System (Space Shuttle) facili-
ties. low-frequency transmission effects
from jet engine suppressors t Hush House),
and the determination of detailed mechan-
ics of the motion environment of portions
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of the American southwest of particular
interest to the Air Force.

GEODESY AND GRAVITY

Geodesy is concerned with the size,
shape, and mass distribution ot the earth,
and its orientation in inertial space.
Geodetic information is a necessary found-
ation for the accurate determination of
positions, distances, and directions for
launch sites, tracking sensors, and
targets. The geodetic and gravimetric pa-
rameters for the earth and geodetic in-
formation for positioning not only form the
structural framework for mapping, chart-
ing and navigational aids, but are also
direct data inputs for missile inertial guid-
ance systems. Current geodetic informa-
tion is inadequate to meet the require-
ments of future Air Force weapon systems.

The Geodesy and Gravity Branch con-
ducts continuing research and develop-
ment programs in geometric geodesy and
in physical geodesy tor gravity). These
programs are directed toward improving
the fundamental knowledge of the earth’s
size, shape and gravity field and the tech-
niques used for determining position, dis-
tance, and direction on the earth’s surface
in terrestrial and inertial three-dimen-
stonal coordinate systems.

In programs such as satellite altimetry.
gravity gradiometry and very long base-
line interferometry, AFGL cooperates
with the Defense Mapping Agency, the
Navy. the National Aeronautics and
Space Administration, the National
Oceanic and Atmospheric Administra-
tion, as well as other civilian agencies and
universities.

Very Long Baseline Interferometry
(VLBD): A promising technique heing
actively pursued by the Geodesy and
Gravity Branch is very long baseline in-
terferometry (VLBD). In this technique, a
plane wave front from a distant quasar
source arrives at two radio observatories
at different times, depending on the direc-

tion of the source, the orientation of the
earth, and the locations of the observator-
ies on the earth. The VLBI technique can
precisely determine the time difference by
the cross correlation of the signals re-
corded at the two observatories. As the
earth rotates, the time difference changes,
and the VLBI data can be used to deter-
mine earth rotation and irregularities, po-
lar motion, source directions and very pre-
cise intercontinental distances between,
and relative positions of, the radio obser-
vatories. Most recently, an AFGL spon-
sored study has produced observations of
nutations, or oscillations, of the earth’s
rotational axis at periods of 9.1 to 365.3
days. Accurate measurement of the mag-
nitude of these nutations is important in
precise geodesy, as it contributes to lati-
tude and longitude accuracy, as well as
length-of-day accuracy.

Laser Ranging: A world-wide network
of earth-based laser-ranging systems is
making accurate distance measurements
from the earth to reflector packages placed
on the moon and on high altitude geodetic
satellites. Scientists from AFGL and its
contractors have analyzed these data us-
ing the Planetary Ephemeris Program de-
veloped by the Massachusetts Institute of
Technology under contract to AFGL and
other DoD agencies. Although research
has concentrated on studying earth rota-
tion and polar motion, the analyses have
led to significant advances in the fields of
geodesy, geophysics, celestial mechanics
and fundamental physics. This study com-
bines data from lunar laser ranging, very
long baseline interferometry, and satellite
laser ranging into a single series for
measuring pole position and represents
the first example of a continuous measure
of variations in the earth’s axial rotation.
The tynical formal uncertainties are 0.005
arcsec (approximately 20 ¢cm on the earth’s
surface) for the la*itude variation and 0.5
msec (during which time the earth rotates
approximately 20 ¢cm at the latitude of the
observatory) for UTQ (Universal Time,
uncorrected for polar motion).




When corrected for polar motion, the
values (designated UTD may be used to
estimate changes in the length of the day.
Changes in length-of-day values deter-
mined from lunar laser-ranging data have
been compared with those inferred, using
the principle of conservation of angular
momentum. from determinations of the
angular momentum of the global atmos-
phere computed from analyses of zonal
winds. Both agree closely in identifying an
oscillation in the length of the day of about
0.2 msec, with a cycle approximately 50
days’ long.

Satellite Radio Interferometry: AFGL
is continuing development of a geodetic
technique for position and distance deter-
mination based on radio interferometric
observations of the L-band signals trans-
mitted by the earth orbiting NAVSTAR
satellites of the Global Positioning System
(GPS), as shown in the figure. In satellite
radio interferometry, signal phases are re-
ceived simultaneously at two sites. The
three Cartesian components of the base-
line extending between the two receivers
are determined by analyzing data derived
from simultaneous observations at the two
sites. To exploit this technique, AFGL is
developing MITES (Minijature Interfer-
ometric Terminal for Earth Surveying),
an inexpensive, portable system for sur-
veying over long or short baselines using
NAVSTAR carrier signals. The goal of
this research is to demonstrate by actual

Precise Positioning Using GPS Satellites.
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field measurements that the components
of a baseline vector can be determined
with an accuracy approaching 3 parts in
10 million.

To demonstrate the precision of this
technique, observations were made on a
multistation geodetic network in West
Germany (see the figure). This was a test
of radio-interferometric observations of
the Global Positioning System (GPS)
satellites to establish a three-dimen-
sional, multistation, geodetic control net-
work. The reproducibility of interferomet-
ric determinations of individual baseline
vectors and the three dimensional vector
closure of subnetworks and the whole net-
work were determined by GPS interfer-
ometry within about | part per million
{ppm) in both horizontal coordinates and
about 1.6 ppm in the vertical.

As an external test of horizontal accura-
¢y, baseline lengths were compared with
electro-optical distance measurements.
The vertical accuracy was tested bv means
of spirit leveling and gravimetry. t'he dif-
ferences between the interferometric and
the independent determinations are con-
sistent with the uncertainties of the latter.
Interferometry with GPS is by far the most
efficient method of establishing geodetic
control on local and regional scales. This is
already true, even though the constella-
tion of satellites is incomplete. The accura-
cy of regional control by GPS should
improve to about 0.1 ppm when inter-
ferometry is also used to determine the
satellite orbits.

Three AFGL dual-frequency interfer-
ometry receivers are operating at radio
astronomy observatories in Westford,
Massachusetts, Richmond, Florida. and
Fort Davis, Texas, to take advantage of
the superior hydrogen-maser frequency
standards used in VLBI observations. A
large amount of data have been collected
on the Westford - Richmond baseline.
These data will permit a reliable compari-
son of VLBI and satellite interferometry
as baseline-determining techniques.

With the use of dual-band receivers and
more accurate determination of the GPS
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West German Geodetic Network Measured
vith MITES-type Receivers. (Uncertainties
of station positions were determined from
simultaneous adjustment of 67 baseline vec-
tors.)

orbits by interferometry, and as the GPS
constellation is expanded, the uncertainty
of baseline determination will be reduced
by an order of magnitude or more, to the
level of 0.1 ppm, or below. This achieve-
ment will make GPS interferometry a
logical choice for the task of monitoring
crustal motions in the many geophysically
interesting areas. For the majority of
geodetic and geodynamic applications,
however, in which l-ppm accuracy is
adequate, GPS interferometry is already
clearly the best method of establishing
three-dimensional control.

Advanced Techniques for Gravity Field
Modeling: Gravity modeling is done
either on a global or a local basis. Global
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models may take the form of a collection of
mass points distributed at various depths
around a sphere or as finite series of spher-
ical harmonic functions. The latter have
been developed from gravity data, satel-
lite altimetry, and other data to degree
and order 180, which corresponds to a re-
solution of approximately 110 km. The
computational effort required to compute
the coefficients of such a long series is evi-
dent from the number of independent and
globally distributed data that must be in-
cluded in the calculation, at least 32,400
(equal to the number of coefficients) and
usually twice that for increased accuracy.
Longer series to degree and order 300
(90,000 coefficients) are also being de-




veloped with corresponding software of in-
creased efficiency. Once a set of coeffi-
cients has been calculated, it determines
not only the gravity potential, but also the
three components of the gravity vector and
all its gradients. Optimal estimation of
these coefficients, where all estimation
errors are minimized, involves even more
computations, and numerical techniques
were devised to lessen the computational
load while maintaining a good approxima-
tion to optimality. The problem of the
possible divergence of the spherical har-
monic series near the earth's surface was
addressed with alternative expansions on
the basis of a nonspherical earth model.

As with spherical harmonic series, the
point-mass modeling approach requires
the employment of sophisticated tech-
niques because a large number of un-
knowns has to be determined from a large
amount of data. A method was studied
which transforms the problem into the fre-
quency domain, where linear systems of
equations of lower order can be solved.

Local gravity modeling attempts to de-
scribe the local gravity field with a resolu-
tion as small as 5 km over areas as large as
10,000 km?. A significant effort to under-
stand the relationship and influence of
topographic density anomalies on gravity-
field determination both at the earth’s sur-
face and at low altitudes has led to a num-
ber of important results. Topographic
information does in fact contribute sub-
stantially to short-wave-length gravity
determination and if removed from the
estimation problem, enhances statistical
longer-wavelength estimation. The
topographic effect was also studied for the
upward continuation of gravity data, with
the result that it does play a significant
role. Corresponding software was effi-
ciently developed to process the volumi-
nous topographic data sets that are gener-
ally available in most regions of the world.
Additional studies concern the statistical
relationship between gravity and density
distribations and corresponding geophys-
ical inversion methods.
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A study of the feasibility of a world-wide
vertical datum was initiated with the in-
tent of determining what data would be
necessary to achieve such a datum and
what the presently attainable accuracy
would be. A vertical datum is the reference
surface for topographic elevations and is
generally tied to mean sea level. However,
mean sea level varies because of currents,
atmospheric conditions, tides, and other
geophysical phenomena. Thus, all vertical
datums around the globe are essentially
independent and disjoint. A unified global
vertical datum is desirable for many DoD
applications, and also from a purely geo-
detic point of view, but constructing it
means abandoning mean sea level as the
defining surface. Instead. a gravity poten-
tial isosurface (constant potential) would
serve as the reference of all heights around
the world. The vertical datum connection
between major continents would be estab-
lished through geocentric positions of
satellite laser tracking stations by esti-
mating the geopotential at these stations,
and also by utilizing the geopotential dif-
ferences between regional stations
obtained through leveling networks. With
available gravity and position data, such
connections are estimated to be accurate
to about one-half meter, which is not suffi-
cient for many applications. Therefore,
better data in quantity must be obtained if
a useful global vertical datum is to be
achieved.

Automated Astronomic Position De-
termination: Geodesy is concerned not
only with positioning but also with the
orientation of a site in inertial space. The
conventional reference standards for iner-
tial orientation are stars. The positional
coordinates derived from the inertial sys-
tems are known as astronomic latitude,
longitude and azimuth. Other inertial ref-
erence standards besides the stars exist
(the lunar orbit and gyroscopes, for in-
stance), but currently the stars are the
best and most widely used inertial refer-
ence standards available to geodesists.
Studies have also shown that the human
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observer can be the largest error source in
astronomic position determination.
Therefore, AFGL's astronomic position de-
termining and azimuth transferring and
monitoring experiments deal with various
phases of automating one or more of the
components involved in this very special-
ized type of position determination.

The AFGL research and development
program in automated positioning in-
cludes: (1) Determination of azimuth, or a
reference direction such as the orientation
of the earth’s rotation axis; (2) Automation
of astronomic position determination; (3)
Development of a method to measure re-
fraction through the atmosphere at a sur-
vey site.

As part of a program to automate the
astronomic positioning process, AFGL,
the Defense Mapping Agency and the Uni-
versity of Maryland cooperated in develop-
ment of an automatic eyepiece equipped
with a photosensor to replace the visual
eyepiece on a T-4 geodetic theodolite. This
photoelectric “camera” head automatical-
ly records the passages of stars across the
field of view of a coded system of photosen-
sors. Tests of the device produced angular
differences between star pairs well within
human visual capabilities. The prototype
was delivered to the Defense Mapping
Agency and formed the basis for a preoper-
ational model which has recently been
tested with excellent results.

Another AFGL program is the precise
determination of astronomic latitude and
azimuth using laser gyros. The use of la-
sers in the measurement of inertial rota-
tion has been receiving considerable
attention for more than a decade. The ring
laser gyro supports two counter-prop-
agating light paths that share a common
cavity as well as a common amplifier. In
the presence of rotation with respect to
inertial space perpendicular to the plane
of the cavity, the degeneracy in the fre-
quencies of the two oscillators is removed,
since, as Sagnac predicted, the optical
lengths of the clockwise and counterclock-
wise paths around the ring are no longer
equal.

Recently, the F. J. Seiler Laboratory (U.
S. Air Force Academy) has been investi-
gating a new method of measuring inertial
rotation, also based on the Sagnac effect,
which promises to be free from the major
problems normally encountered in the
ring laser gyroscope. The new concept is
based on a passive ring Fabry-Perot inter-
ferometer (with an external laser) that
measures the difference between the
clockwise and counterclockwise lengths of
the cavity caused by inertial rotation. Be-
cause the reference cavity is passive, all
the problems normally associated with the
gain medium in the conventional ring la-
ser gyroscope are eliminated.

The Seiler Laboratory has constructed a
large ring laser, 7.6 m on a side, which has
the required large area without the dis-
advantages of large area multiturn fiber
optics laser gyros.

Honeywell, Inc., has completed the
analysis of the feasibility of sub arc-second
measurement of earth crustal tilt and
earth spin axis deviation, in less than one
day, using ring laser gyroscopes and tilt-
meters. Experimental results show that
the axial stability is adequate and that the
random drift is low enough and the output
resolution is fine enough to perform preci-
sion geophysical measurements. As a re-
sult of this favorable study, the decision
has been made to proceed with the con-
struction of a system that will measure
combined polar-axis deviation and earth
crustal tilt to within 0.2 sec of arc. Thisis a
north-seeking system and therefure azi-
muth-determining. It will be configured to
provide information for the determination
of latitude.

Absolute Gravimetry: The AFGL pro-
gram in absolute gravity experimentation
has produced equipment concepts,
methodology and standards accepted by
the geodetic community as meeting or ex-
ceeding the precision and accuracy re-
quirements for the future.

AFGL has played a major role in the
establishment of the absolute gravity
calibration line in the United States as
well as in cooperative international grav-




imetric comparisons in Europe. Results
have been compared with measurements
made with the different methods and
equipment concepts of gravity meters
from [taly, the USSR, France, and other
institutions in the United States.

Since the present and foreseeable re-
quirements in absolute gravity have been
met, and the program has evolved into
field surveys of new gravity stations and
remeasurement of existing sites, which is
outside the AFGL research mission, sup-
port is continuing only in the area of con-
sulting and advising on the development
of improved gravimeters.

Balloon-Borne, High-Altitude Gra-
vimetry: Gravity field values at high alti-
tudes (e.g., 30 km) are normally estimated
from upward continuation of surface
measurements, or downward continuation
of satellite measurements as computed
from orbital perturbations. These tech-
niques are well developed with generally
accepted results, but are subject to some
limitations. Upward continuation de-
pends upon the quality and distribution of
surface data, usually nonuniformly spaced
and taken from different surveys. Thus,
gaps and uneven spatial distributions may
result in inaccurate upward continued
estimates. With increasing altitude, short
wavelength information from crustal
structurz is attenuated and not recover-
able from downward continuation from
satellite altitudes.

Verifying gravity data bases and models
requires establishing the validity of the
models at locations where measurements
have not been made. While such models
can currently be effectively tested at
ground level, their validation at altitude
awaits the development of suitable
approaches. The Air Force Geophysics
Laboratory is developing a program to
verify gravity model estimates by measur-
ing gravity directly using high-altitude
balloons. A gravimeter package sus-
pended beneath a balloon is in a dynamic,
and largely unpredictable, environment
sensing not only the Earth’s gravitational
acceleration, but also all accelerations due
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to the motions of the balioon system. For a
specified time interval (e.g., 1 sec) during
which a measurement is made, the varia-
tion in balloon accelerations is expected to
be significantly greater than the variation
expected in the Earth's field (see the fig-
ure). Therefore, additional instrumenta-
tion is required to measure as many bal-
loon motions as possible, such as rotation,
bobbing, and swaying. As all such ancil-
lary sensors are dependent on the local
inertial frame, gravitational accelerations
cannot be separated from vertical balloon
accelerations without additional data ac-
quired independently of the frame of refer-
ence of the balloon. These independent
data are extracted from balloon tracking,
which must accomplish three objectives:
(1) measure the gravimeter package accel-
erations (especially the vertical) referred
to a ground-based coordinate system, (2)
measure velocity for estimation of the Eé6t-
vos effect, and (3) measure gravimeter
position, which is used as an input to the
gravity model. Combining balloon data
with tracking data allows for the separa-
tion of balloon-induced accelerations from
gravitational accelerations.

The long-term goal is to determine grav-
ity to 1 mgal (10 cm/sec” - about 1 ppm).
This goal can be achieved by determining
vertical accelerations to 1 mgal. east
velocity to 5 cm/sec, and position to 3 m in
all three orthogonal coordinates. We are
planning to incorporate Global Position-
ing System (GPS) satellite tracking to pro-
vide uniform and accurate tracking any-
where on Earth. A separate investigation
is now underway to determine the capabil-
ity of GPS satellites to track a moving
antenna relative to a ground-based. fixed
antenna. We plan to extend the testing to
measure the differential range between
the balloon gondola and one or two ground
stations on the next flight (see the figure).

Gravity Gradiometer: All Air Force in-
ertial navigation systems (INS) rely on a
model of the earth’s gravity field for pre-
cise point- to-point navigation. While
satellite-based measurements provide
long wavelength information about the
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earth’s gravity field, only near-earth
measurements can accurately determine
the short wavelength features. Until now,
the collection of these types of data has
been labor intensive and slow. In fact, in
geographically harsh areas, conventional
gravity survey methods are nearly im-
possible to implement and suffer from lack
of geodetic control and, therefore, accura-
cy. As the accuracy of INS has increased.
so has the demand for large amounts of
short wavelength gravity data. This de-
mand accelerated the search for an auto-
mated mobile gravity-data acquisition
system.

AFGL has explored the possibility of
measuring gravity from moving plat-
forms, such as aircraft, since the 1950’s.
Early results indicated that using stan-




ficulties in separating the acceleration
due to gravity from other accelerations in-
duced by aircraft motion. In the early
1960's, a new concept arose that called for
measurements of gravity gradients rather
than gravity (see the figure).

Gravity Gradiometer Survey System.

The measurement of gravity gradients
is more suited to moving environments for
several reasons. First, it resolves the prob-
lem of the fundamental inseparability of
inertial and gravitational accelerations
that has hampered moving-base measure-
ments and gravity. From the relationship
between accelerations in inertial and
noninertial reference frames, it is easy to
show that an inertially stabilized gradient
measuring system yields data that are in-
dependent of linear inertial accelerations.
Second. a gradiometer system comprises a
number of (differently oriented) gradient
sensors sufficient for the determination of
the five independent elements of the grav-
ity gradient tensor. This permits the direct
calculation of not only the vertical gravity
component, but also the deflection of the
vertical (DOVi:i.e., the full gravity vector
is obtained. Third, because the gradiom-
eter is an instrument designed to sense the
short-wavelength variations of the earth’s
gravity field in the form of gradients, it
provides the type of data necessary for
accurate interpolation of gravity between
survey tracks.
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Full-scale development of a land and an
airborne Gravity Gradiometer Survey
System (GGSS) is now underway. A P-3A
aircraft is being modified to accept the
GGSS equipment (see the figure). An in-
terface is being designed to connect the
GGSS computer system to the autopilot in
the aircraft. Survey pattern information
input to the computer at the start of a
mission will be used together with real
time navigation data from a GPS receiver
to track the aircraft through the survey.
The central computer will control the op-
eration of the total GGSS. It will process
the navigation data from a GPS receiver,
perform the control of the survey pattern
and record data on magnetic tape from the
various sensors.

A critical aspect of an airborne gra-
diometry system is that the data coverage
over the survey area must be sufficiently
dense. The expected estimation accuracies
for an ideal survey at 600 m altitude and 5
km track spacing is | mgal in magnitude
and 0.2 arcsec for deflections over a large
area. Tracks are assumed to run in two
orthogonal directions. The error of estima-
tion is quite sensitive to track spacing,
however. and the accuracy goal cannot be
achieved with unidirectional tracks.

The test program will take place in late
1986. It will be divided into two parts: land
and airborne. The land test will evaluate
the GGSS repeatability and its ability to
transfer both gravity and DOV between

-3 Aiceraft to House GGSS svstem.
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known astro-geodetic stations. The air-
borne test will assess how well the gradi-
ometer can reproduce very accurate
ground truth data over a large area (300
km by 300 km).

GEOKINETICS

In recent years the technological
advancements within a wide range of Air
Force systems have made their operation-
al performance more susceptible to their
earth motion (geokinetic) environments.
Inertial guidance instrumentation is a
typical example. Each generation of gyros
and accelerometers developed for use in
guidance systems exceeds the sensitivity
of the previous generation by an order of
magnitude or more. Unfortunately, this
enhancement in performance increases
their sensitivity to geokinetic effects and
advances the potential for errors caused by
the motion environment in which they
must operate.

Structures may also be susceptible to
motion effects, not only on their integrity
in strong motion environments (missile
launches) but also on any motion-sensitive
equipment and systems they contain. The
response of these structures to disrupting
forced vibrational wave fields must be
established and compensation made with-
inthe adverse frequency bands to preserve
the operating integrity of the facility and
the system.

Other areas where geokinetic effects
contribute to degrading optimum capabili-
ties and performance are: (1) seismic dis-
crimination: for determining source char-
acteristics generated by earthquakes and
explosions, or vehicular and aircraft activ-
ity whose seismic signatures are masked
or colored by such factors as the transmis-
sion path and environmental noise; (2)
seismic communication: for preservation
of the intelligence portion of the generated
ground signal that is predicated on the
intensity of the local earth background-
noise environment and transmission path;
(3) seismic detection: for monitoring
covert activities and maintaining physical

security; and (4) Environmental Impact
Statements: for establishing data base
criteria for engineering and legal con-
cerns.

To suppress or compensate for geokinet-
ic effects, the ground transmission attri-
butes must be known. Since these attri-
butes are dependent on the areal geology,
the transmission properties of the en-
vironment must be fully assessed. The
objectives, then, of the geokinetic research
and development conducted by the Earth
Sciences Divisicn are threefold: (1) to de-
velop methods for rapidly assessing the
environmental seismic propagation attri-
butes of a local site, (2) to forecast site
ground motion responses, and (3) to recom-
mend methods for suppressing or compen-
sating for these motions.

Geodynamics: Geology, tectonics, and
seismology are studied to predict the spa-
tial and temporal properties of motions of
the earth’s crust over a wide range of fre-
quencies. Specific efforts include measure-
ment and interpretation of long-period,
secular deformation and realistic model-
ing of the effects of seismic motion on Air
Force systems and structures.

An array of borehole tiitmeters has been
installed at Yellowstone National Park,
Wyoming, in a program to detect tidal
admittance anomalies caused by the vol-
canic caldera and to search for possible
earthquake precursors. Also, a pair of tilt-
meters has been emplaced in 50 m bore-
holes in the La Malbaie seismic region
near Charlevoix, Quebec, to detect theo-
retically predicted changes in the local re-
sponse to earth tides as rocks are stressed
toward their fracture strengths.

In a cooperative program with the U.S.
Geological Survey, NASA, and a number
of universities, AFGL operated a biaxial
tiltmeter at the University of California’s
Pinon Flat Geophysical Observatory near
the San Andreas fault zone northeast of
San Diego. The responses of a number of
diverse instruments, including tilt, strain
and stress meters, and seismometers,
operating in an active tectonic area, have
been compared.




The Solid Earth Geophysics Branch con-
ducts an ongoing research program aimed
at predicting the level, frequency content,
and duration of seismic ground motions
caused by earthquakes and explosions.
Previous work has shown that complex
geology at a facility site affects seismic
wave propagation and surficial ground
motion. These effects cannot be adequate-
ly represented using simple assumptions
such as plane layering, since the effects
include complications like focusing, scat-
tering and wave conversion. Theoretical
modeling includes such techniques as
three-dimensional ray tracing, finite ele-
ment, boundary integral equation, and
Kirchhoff methods, as well as standard
mode and ray theory computations.

Field studies have focused on providing
data to test the theoretical calculations as
well as measurements of earth properties.
A seismogram recorded during the DNA-
sponsored DIRECT COURSE high-explo-
sive test at White Sands, New Mexico, ex-
hibits strong transverse motion unex-
pected from an air blast (see the figure).
Evidently, wave propagation through an
asymmetric bedrock ridge caused energy
to be scattered into the transverse compo-
nent.
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A joint experiment with the Air Force
Weapons Laboratory measured scattering
from a buried bedrock ridge at Yuma Prov-
ing Ground, Arizona. The AFGL seismom-
eters were installed in a tight array
(approximately 3000 ft long) to record a
600,000 1b high explosive source. A strong
amplitude gradient coincided with the
basement ridge, independently discovered
using gravity measurements.

Ultrasonic models of a typical western
Basin and Range Valley provide another
controlled test for the mathematical mod-
els. These laboratory experiments also
allow insight into the physics of wave con-
versions since structural models can be
simplified and controlled. For example,
Rayleigh surface-wave amplitudes are
diminished in crossing a model mountain
range, while the duration is increased
compared to waves that propagate within
a homogeneous structure.

Seismo-Acoustic Studies: During 1983
and 1984 AFGL continued to provide
support to the Space Division Space Trans-
portation System (STS) Program require-
ments for ensuring the structural integri-
ty of major ground support facilities and
the survivablity of motion sensitive equip-
ment in the facilities during an STS
launch at Vandenberg AFB. This support
effort was divided into two elements. First,
AFGL monitored launches of the STS at
Kennedy Space Center to provide data for
the evaluation of an STS launch acoustic-
emissions model. Second, a series of explo-
sive tests were monitored at the launch
complex (V23) at Vandenberg AFB to
evaluate the site-peculiar vibration and
acoustic responses of V23 facilities to
acoustic loads.

The AFGL Geokinetic Data Acquisition
System (GDAS) was used at Kennedy
Space Center to monitor the STS-8 launch
in August, 1983, and the STS 41-B launch
in February, 1984. The primary goal of
these studies was to explain the lack of
axial symmetry in the acoustic emissions
of the STS launch that was observed by
AFGL during the launch of STS-5
(November, 1982) at Kennedy. Just prior
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to the launch of STS-8 the GDAS system
was knocked out by a close lightning
strike (see the figure). However, observa-
tions at STS 41-B showed that the azi-
muthal variation was primarily the result
of excess attenuation along certain azi-
muths caused by the vapor cloud of the
water noise suppression system used at
Kennedy. Further analysis of the data
obtained during STS-5 and STS 41-B dem-
onstrated that. for the frequency range of
interest, STS acoustic emissions in the
range of 500 to 1000 ft from the launch
mount could be adequately modeled as an
equivalent point source located in the
rocket plume and substantially below the
rocket exhaust ports.

Lightning Strike During Launch Countdown
for the KSC STS-8 Shuttle Launch. (The
strike did not affect the launch but it did pre-
vent AFGL from collecting vibro-acoustic
launch environment measurements.

During February and April. 1984, a
series of explosive tests were conducted at
Vandenberg AFB V23 and the Explosive
Ordinance Detachment (EOD) test range
to establish the response characteristics of

major ground support structure. to acous-
tic loads. During the period, GDAS was
deployed in the Payload Preparation
Room, the Administrative Building and
the Payload Changeout Room at V23.
Vibration and pressure data were col-
lected at a limited number of locations in,
or on, these structures for a series of small
detonations at different elevations over
the V23 launch mount. A more complete
study, intended for April, 1984, was can-
celled by the Shuttle Activation Task
Force (SATAF) due to conflicts with the
V23 construction schedule.

The site response data collected at V23
and the STS acoustic emissions model
based on Kennedy data were combined to
provide forecasts of the vibro-acoustic en-
vironment at V23 during an STS launch.
The major conclusions of this study were:
(1) There exists a high probability that the
Payload Preparation Room and the
Payload Changeout Room will pound dur-
ing an STS launch. (2) Motion levels in
certain locations within the Administra-
tive Building approach levels of concern
for the survivability of sensitive equip-
ment. (3) The pressure loads reflected back
on the STS itself could be as much as 15db
higher than those experienced at Ken-
nedy.

During 1983 AFGL also continued its
su” ~ort of the Tactical Air Command by
an sis of the effects of sonic booms on
ancient Indian monuments and structures
located under the Valentine, Texas. Mili-
tary Operations area. AFGL conducted a
theoretical study to demonstrate that
these cave dwellings and petroglyph bites
were probably more at risk due to earth-
quake generated vibrations and natural
environmental degradation than to sonic-
boom induced motions.

A seismic hazard study was also con-
ducted for the states of Nevada and New
Mexico during 1983. This study highlight-
ed earthquake-risk areas and their esti-
mated frequency of earthquake occur-
rence in this region. Studies of this type
are necessary to assist Air Force planners
in locating motion-sensitive installations.




During 1984 Ballistic Missile Office
objectives were supported by theoretical
studies for the MX Deep Basing Mode. A
seismic ray-tracing code developed for
AFGL was used to study the seismic mo-
tions which could impact missile opera-
tions for silos located inside mountains. In
1984, Logisties Command asked AFGL to
examine vibration problems associated
with the acoustic emissions of jet engine
ground run-up test cells (Hush House).
Preliminary field work was conducted at
Luke AFB during September and October,
1984. The GDAS system was used to moni-
tor the "free-field” acoustic emissions of a
Hush House and the response of a building
to these emissions. In addition, explosives
were detonated near the Hush House to
determine the impulse response of the
monitored structure. As at Vandenberg's
V23, the response and “free-field” emis-
sions will be used to predict the induced
motions in the monitored building. The
ultimate goal of this work is to provide
Logistics Command with a method for
forecasting the impact on nearby struc-
tures of siting a Hush House.

Studies were also conducted with the
goal of increasing the accuracy of large
earthquake-motion forecasts for specific
sites by improved analysis techniques.
Areas being studied include improving the
estimation quality of static to dynamic
elastic-moduli variations and the use of
small earthquake motions as Green's
functions for larger events,

AFGL is fabricating a Vibro-Acoustic
Measurement System (VAMS) designed
by AFGL to monitor the first three shuttle
launches from Vandenberg AFB. The
VAMS is an easily reconfigurable, flexi-
ble. distributed computer network de-
signed for monitoring environmental mo-
tions. The heart of the svstem is a master
control unit. a super fast microprocessor to
centrally manage the network and periph-
eral processors, as well as to continually
record data. Closely coupled to the master
is a standard microcomputer for serial
code execution, and an array processor for
the massively parallel data processing re-
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quired in digital signal processing. Five
slave units are coupled to the master. Each
slave consists of a microcomputer, nonvol-
atile memory for data storage, an analog-
to-digital converter, and an analog front
end. The analog characteristics of the
slaves are alterable. many in software re-
quiring only fractions of a second. and
others requiring wires to be jumpered.
taking possibly several hours. Each slave
can handle sixteen sensors, and with five
slaves the system capacity is eighty chan-
nels.

Currently, the VAMS is capable of re-
cording and analyzing seismic and-or
pressure signals with a maximum fre-
quency of interest at 50 Hz. Accuracy is
better than 0.5 percent for pressure in the
range from O to 5 psid and 0 to 20 psia.
Sensitivity of the seismometers to motion
is better than 2 x 10°® cm:sec. This is well
below the average ground noise present.

JOURNAL ARTICLES
JANUARY, 1983 - DECEMBER, 1984

Eckuaror, D.H.
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GaroscHKIN, E.M. (MATHEMATICAL
Geosciences, Inc., LExinaton, MA)
Geodetic Use of GEOSAT-A
AFGL-TR-83-0254 (August 1984, ADA 137993

GorpsteIn, J.D. (THE ANALYTIC SCIENCES
Corr., REapinGg, MA)

The Effect of Coordinate Svstem Rotation on
Spherical Harmonic Expansiors: A Numerical
Method

AFGL-TR-83-0008 (1 April 1983, ADA131974

Greensean, R.L.. Na. A, Pravaenmskl, J..
VeaLe, J.. CounseLman, C.C., III, axn
GoureviteH, S.A. {C.S. Drarer Las.,

Inc., CaMpriDGE. MA)

Accurate Baseline Determination by Radio
Interferometry on NAVSTAR GPS Satellite
Transmussions

AFGL-TR-84-0156 (15 June 1984, ADA150681

HaJseLa, D.P. (The Ohio St. Univ.,
Columbus, OH)

Accuracy Estimates of Gravity Potential Differences
Between Western Europe and United States
Through LAGEOS Satellite Laser Ranging
Netuwork

AFGL-TR-83-0132 (February 19831, ADA131838
Optimal Estimation of a High Degree Gracuy Field
from a Global Set of 1 x 1 Anomalies to Degree
and Order 250

AFGL-TR-84-0263 1 August 19841, ADA156008

Hansk, J.. Ecr, W.H., ano lanacnt, M.
(HONEYWELL SySTEMS AND RESEARCH
Crtr., MinNEaPoLs, MN)

Polar Motions Measurement Study
AFGL-TR-%4-0261 September 19841, ADA 150690

HerrinG, T.A. (Massactuserts INsT. oF
TecH., CampripGE, MA)
Precision and Accuracy of Intercontinental Distance

Determinations Using Radwo fnterferometry
AFGL-TR-84-0182 tJulv 19831, ADA150923

HegrinG, T.A.. Davis, J.L.. AxD Siariro,
L1 (Harvarp Cori. Ons., CAMBRIDGE,
MA)

Research in Geodesy Bused upon Radto
Interferometric Observations of Extragalactic Rad
Sources

AFGL-TR-84-0143 «May 1984, ADA147581

Laskowski, P, 1Tug Owio St Univ.,
Corumsts, OH)

The Effect of Vertical Datum Inconsistencies on the
Determination of Gracity Related Quantities
AFGL-TR-%3-022% tAugust 19831 ADA137881

Leving, J. tUniv. or CoLORADO,

BouvrLpek, CO)

A Study of Secular and Tidal Tilt (n Wyoming and
Utah

AFGL-TR-83-0247 11 November 19831,
ADA137152

MarTinE, J.E. (Boston Coul., NEWTON,
MA)

Relating Geoid Anomalies. Gravity Anomalies and
Ocean Topography

AFGL-TR-83-0023 131 December 1983).
ADA140112

Morrrz, H. (Tug Omo St. Univ,,
Corumsus, OH)

Local Geotd Determination in Mountain Regions
AFGL-TR-84-0042 1 December 1983). ADA145799

MeLiaan, G.R., Hart, R.S., anp Lubwixn,

R.S. (Sikrra GreopHYsICs, REnpMonD, WA)
Variations of Strong Ground Motions in Simple
Basins for External Sources

AFGL-TR-83-0208 130 November 1982,
ADA135151

Menesman, G.R., HabLey, D.M., Harr,
R.S., andp Kavrman, S.K. (SiErRrA

Geornys., Inc., REpmMonn, WA)
Determination of Strong Graund Motion in
Complex Structures Using Dyvnamic Ravtracing
AFGL-TR-83-0268 rAugust 1983), ADA138559

PeTERS, J.A., BEaUMONT, C., AND
BouTiLIER, R. (DaLnousie UNiv.,

HavLirax, Nova Scoria, CANADA)

Borehole Tilt Measurements at the Charlevotx
Obsercatory. Quebec

AFGL-TR-83-0027 (31 January 1983, ADA141258
Borehole Tilt Measurements from Charlevoix.,
Quebec

AFGL-TR-84-0238 tMarch 1984). ADA155017

Sunkeit, H. (Tug Onio St. Univ,,
Corumsus, OH)

Splines: Their Equivalence to Collocation
AFGL-TR-84-0215 tAugust 1984). ADA lin
process]

The Generation of a Mass Point Model from
Surface Gravity Data

AFGL-TR-83-0318 (December 19831, ADA142327

Toksoz, M.N. (MassacHUSETTs INsST. OF
TecCH., CamBrIDGE, MA)
Development of Ultrasonic Modeling Techniques for

the Study of Crustal Inhomaogenetties
AFGL-TR-83-0070 + August 19583, ADA134501




VipaLg, J., HELMBERGER, D., AnD
CrayTon, R, (Carirornia Inst, oF TECH.,
Pasapena, CA)

Finute-Difference Svnthetic Seismograms for SH
Waves

AFGL-TR-84-0082 1March 1984), ADA 145834

WhHrrte, J. V., anp GoLpsteIN, J.D. (ThE

ANavLyTic Sciences Corp., REapinG, MA)
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Launch Preparations for Earth Limb Clutter
‘ELC) Experiment to Measure Earth Limb
Radiation in the Upper Atmosphere. (The
payload was 203 in. long and weighed approx-
imately 1315 b




VIl OPTICAL PHYSICS DIVISION

The optical and infrared properties of
the natural and man-made environment
and radiation sources are the focus of re-
search in the Optical Physics Division.
These properties include atmospheric
transmission, infrared backgrounds,
target signatures, and the development of
new optical and spectroscopic techniques.
Infrared backgrounds comprise the earth,
atmosphere, horizon or earthlimb, celes-
tial sky and zodiacal emission. The re-
search encompasses field measurements,
laboratory studies, and theoretical studies
and analyses.

The goal of the research program is to
develop “tools” that can be used directly in
the design and operation of Air Force and
DoD systems. These tools include various
data bases, models and computer codes
such as the LOWTRAN atmospheric
transmission and HITRAN laser trans-
mission computer codes, the AFGL IR Star
Atias, and LWIR Earth Limb Model.

The portion of the electromagnetic spec-
trum studied extends from 2,000 A in the
ultraviolet to 1 em, where the far infrared
blends into the microwave radio spectrum.
The research in the Division includes
studies of: thc visible and near visible
properties of the atmosphere, where aero-
sol and molecular scattering is the pre-
dominant mechanism of attenuation; the
infrared properties of the atmosphere,
generally where thermal equilibrium
usually prevails; and the infrared prop-
erties of exoatmospheric sources — stars,
nebulae, and zodiacal dust. Improved tech-
niques for spectroscopic, lidar and scatter-
ing measurements are also developed.
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A major area of investigation by the Di-
vision concerns atmospheric attenuation,
or transmission and scattering of radia-
tion by the atmosphere. including laser
beams. Atmospheric molecules absorb
optical and infrared radiation selectively
at discrete wavelengths. Extensive com-
puter programs have been developed
which make use of the vast collection of
spectroscopic data for molecules (AFGL
Atmospheric Absorption Line Parameters
Compilation) and which permit the cal-
culation of this transmission, both for la-
ser beams and the emission and transmis-
sion of radiation from hot gases and
plumes. Detailed atmospheric absorption
curves and tables for high resolution and
laser transmission are available. The
well-known LOWTRAN atmospheric
transmission computer code is used for de-
termining the low-resolution tapprox-
imately 20 wave-numbers) transmission
of the atmosphere for a wide range of tac-
tical weapon-delivery problems under var-
ious meteorological conditions. The codes
have been designated as the standard
atmospheric codes for both the Depart-
ment of Defense, as part of the DoD trans-
mission program, and for the internation-
al research community, as part of the
Technical Coordination Program and the
International Radiation Commission.

Scattering by aerosols and molecules in
the atmosphere also contributes both to
attenuation and to reduction in the con-
trast of a target seen through the atmos-
phere. A mobile facility to obtain aerosol
and transmission data for the lower at-
mosphere at various locations. especially
under adverse weather conditions, has
been developed and deployed for various
field-measurement programs. This facil-
ity incorporated newly developed instru-
ments to measure visible and infrared
transmission and scattering. The results
of these measurements and models are ap-
plied to target acquisition and detection
problems as, for example, a Tactical Deci-
sion Aid (TDA} to describe the impact of
the natural environment on air-to-ground
IR-guided weapon systems (maximum

lock-on range), and also to laser propaga-
tion studies.

Turbulence in the atmosphere leads to
fluctuations in the brightness, coherence
and direction of a laser beam propagating
through that atmosphere. Efforts are
under way to measure and model the alti-
tude and temporal variations in the index
of refraction of the air, the most important
parameter in determining these effects.

A powerful technique for remotely de-
termining the optical and meteorological
parameters and composition of the atmos-
phere from the ground or space is through
the use of a lidar, which measures the
transit time and intensity of the light scat-
tered back from a laser pulse at one or
more wavelengths. Different lidar tech-
niques will be exploited. including molec-
ular and aerosol scattering, resonance
fluorescence, Raman, and DIAL (Differen-
tial Absorption Lidar.

Similarly, infrared backgrounds a-
gainst which a target must be located are a
major concern of the Division efforts. Such
emissions from the atmosphere or celestial
sky r present interfering background
noise superimposed on the optical'IR
target signatures that a surveillance sys-
tem may be trying to detect. An insepar-
able part of these measurements is the
development of very sensitive, advanced
eryogenically cooled infrared sensors and
spectrometers. A high-resolution cryogen-
ically cooled Fourier interferometer has
been flown on a balloon to observe infrared
atmospheric emission. The infrared emis-
sion of the lower atmosphere can be calcu-
lated from computer programs such as
those discussed above. The IR emission
from the upper atmosphere has been
measured by using a balloonborne cryo-
genicallv cooled interferometer spectrom-
eter, and emission from the earth limb was
detected by a rocketborne cryogenic LWIR
sensor.

A satellite or rocketborne infrared sys-
tem looking away from the atmosphere
will still see the celestial sky as a back-
ground. Consequently, the Division has
carried out a rocket program to map the




celestial sky, as well as zodiacal emission
inthe infrared. The design of a meter class
infrared astronomical telescope and sen-
sor cooled by liquid helium is presently
under way for use in space. It is called
LAIRTS (Large Aperture Infrared Tele-
scope System).

ATMOSPHERIC TRANSMISSION

The atmospheric transmission of elec-
tromagnetic radiation in the ultraviolet,
visible, infrared and even in the milli-
meter wave region is atfected by molecular
absorption and scattering and by extinc-
tion from »articulates (dust, haze, fog,
rain) in the atmosphere. The relative im-
portance of these different attenuation
processes depends on the wavelength of
the radiation and on the atmospheric con-
ditions.

In a cloud (fog)-free atmosphere, molec-
ular absorption dominates the infrared
and millimeter regions of the spectrum,
whereas aerosol extinction dominates the
visible part of the spectrum. This domina-
tion is not complete, however, and a full
understanding of atmospheric propaga-
tion requires that we deal with the
appropriate molecular and aerosol effects
at all wavelengths. Molecular absorption
is highly wavelength-dependent, whereas
aerosol extinction varies much less with
wavelength. In the infrared, molecular
absorption tends to determine the “win-
dows” within which atmospheric propaga-
tion is possible, whereas the transparency
within these windows tends to be deter-
mined by the molecular “continuum” and
aerosol effects. As a result, aerosol and
cloud attenuation can be the critical fae-
tors not only for visible wavelengths but
also for infrared radiation in the window
regions.

Aerosol and cloud-drop attenuation can
affect radiation propagation in several
ways. Particulate scattering and absorp-
tion along with molecular attenuation re-
duce the intensity of a beam of radiation as
it travels along an atmospheric path and
thereby become factors in determining

161

beam transmittance. For many applica-
tions, such as laser beam propagation, we
are not only concerned with the extinction
loss in a beam of radiation but also with
the temporal and spatial intensity varia-
tion due to turbulence and angular dis-
tribution of the radiation scattered out of
the direction of propagation of the direct
({incident) beam. One of the most impor-
tant effects of this scattered radiation is
the reduction of contrast in imaging sys-
tems at the visual and near infrared
wavelengths. The scattered light from the
sun forms the background sky radiance
against which objects may have to be
viewed and detected.

With some exceptions, which are discus-
sed below, the attenuation processes by
atmospheric molecules are sufficiently
well understood to make accurate predic-
tions of the attenuation effects when the
basic atmospheric properties, such as
molecular concentrations, air tempera-
ture, and pressure, are known.

It is much more difficult to predict
accurately the optical properties of par-
ticulate matter in the atmosphere, espe-
cially those of haze and dust particles.
Their optical effects are not only a function
of particle concentration, but also of parti-
cle size, shape, chemical composition, and
physical structure. All these properties
are highly variable with weather condi-
tions and location, and they are very diffi-
cult to measure. Because of the extreme
variability of these properties, it is also
very difficult to develop models for the
optical/infrared properties of aerosol
particles or droplet clouds.

The final goal of this research in the
Optical Physics Division has been the de-
velopment of computer codes which allow
an efficient and accurate calculation of
these various atmospheric propagation
properties for application to Air Force sys-
tems and operations.

Atmospheric Transmittance and Back-
ground Radiance Models: The atmos-
pheric transmittance and background
radiance modeling program focuses on the
absorption and scattering properties of the
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molecular and aerosol constituents of the
earth’'s atmosphere and their effects on
radiation propagating through it. In addi-
tion, adverse weather effects. such as fogs,
clouds, rain, and snow. are included in the
program. Two different models for predict-
ing the transmission and radiative prop-
erties of the atmosphere for low and high
spectral-resolution applications have been
developed: LOWTRAN tLow Resolution
Transmission) and FASCODE (Fast
Atmospheric Signature Code). Both mod-
els utilize the same representative model
atmospheres, slant path refractive
geometry, and continuum absorption mod-
els. The models differ in their spectral res-
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olution and spectral range and computa-
tional speed of calculation.

The low-resolution model and code,
LOWTRAN. predicts atmospheric trans-
mittance, background radiance and scat-
tered solar radiation at a fixed spectral
resolution 120 em ' and covers the spee-
tral region from the near ultraviolet to the
mid-in ared. It provides a simple and
computationally rapid means of estimat-
ing the atmospheric effects on broadband
radiation with an accuracy adequate for
most applications (see the figure). The cur-
rent version of the code, LOWTRAN 6
(AFGL-TR-83-0187), includes improved
water-vapor continuum and aerosol mod-
els. rain and cirrus cloud moaels. as well as
the contribution to the sky radiance of
single scattered solar lunar radiation.

The second atmospheric propagation
model. FASCODE, has been developed for
the computation of atmospheric trans-
mittance and radiance using the line-by-
line method. This model is applicable to
spectial regions from the microwave to the
visible. An algorithm for the accelerated
convolution of line shape functions
{Lorentz, Voigt. Doppler! with spectral
line data is used for the high resolution
predictions. These calculations are made
at a varlable sampling interval based on
the average spectral line width at all alti-
tudes in the atmosphere (see the figurer.

u‘““'f':".”"l"ﬁft‘;' | R St AR
R ! o
““l li'u o H“f ;i(‘ )
i o

Comparison of FASCODT C rdower curve:
with o High Resolution Fourer Transtorm
Spectrometer Measurcment cupper curve s by
Naval Research Laboratory: 6.4 km Path at
White Sunds Missile Range, New Mexaes




Options for laser propagation, the com-
putation of weighting functions for re-
mote-sensing applications, and scanning
functions are included in this model and
computer code. New options to be included
in the next update of FASCODE are the
treatment of nonlocal thermodynamic
equilibrium (NLTE), the addition of the
LOWTRAN aerosol models. and the exten-
sion of the model atmospheres to 120 km.

Laboratory and Field Measurements:
There is still a serious gap in our knowl-
edge of aerosol optical effects in the plane-
tary boundary layer, the well-mixed layer
immediately adjacent to the ground, espe-
cially under marginal-to-poor weather
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conditions: heavy haze, fog and low clouds.
To fill this data gap and, at the same time,
provide a flexible mechanism for respond-
ing to other data needs. a mobile optical
infrared laboratorv has been developed.
This laboratory, the Transportable Opti-
cal Atmospheric Data System (TOADS),
consists of two instrumented trailers hous-
Ing numerous instruments controlled by a
supervisory processor. Spectral radiance
and irradiance measurements in the visi-
ble and near infrared (0.35-1.2 um) are
made from one trailer with four grating
spectrometers controlled by a minicom-
puter. This trailer also has a set of stan-
dard meteorological sensors. The second
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Schematic Diagram of One Wavelength Mod-
ule of the Fixed-Angle Four-Wavelength Po-
lar Nephelometer. (The air sample with the
aerosol particles flows perpendicularly to the
tigure plane.)

trailer houses two infrared transmissome-
ters, a visible transmissometer, several
aerosol probes and aerosol scattering sen-
sors, additional meteorological sensors,
and two systems for measuring over ver-
tical paths: a dual frequency lidar and a
transmissometer.

rhe infrared transmissometers can
make measurements over paths up to 2km
in the 2-14 pm wavelength region. The
aerosol probes are commercially available
units which, taken together, will span a
size range from 0.002 to 20 um. Nephelom-
eters for measuring the scattering prop-
erties of aerosols include two instruments,
one operating in the visible an. a dual
wavelength (1.06 and 10.6 um) laser
nephelometer.

The lidar, a 1.06/0.53 pm system, has
been developed under contract and instal-
led on the top of the trailer in a gimballed
mount. [t provides relative profiles of aero-
sol backscattering and derived extinction
profiles with excellent time and space res-
olution, allowing a detailed examination
of the vertical aerosol structure in the
boundary layer. If the transmissometers
are operated in a slant path configuration,
they will consist of a specially developed,
folded path visible/infrared transmis-
someter and a retroreflector mounted on a
tethered balloon or a tower. They will
allow simultaneous determination of the
total extinction along a slant path. Data
logging, instrument control, and real-time
data reduction are accomplished with two
microprocessor systems.

A new polar nephelometer, which was
built by HSS, Inc., for AFGL, was field-
tested during 1984 (see the figures). This
instrument measures the scattered light
intensity from atmospheric aerosol parti-
cles at 30°, 110° and 140° at four different
wavelengths between the visible and 10
pm wavelength. This polar nephelometer
can be easily transported so that data in
different environments can be obtained.

The TOADS system has been used dur-
ing the past few years to conduct measure-
ments under a variety of atmospheric con-
ditions ranging from clear to rain, fog and
snow in support of Air Force or other DoD
sensor performance tests. The atmospher-
ic transmission and propagation measure-
ments performed with TOADS not only
contributed to a better understanding and
modeling capability of these atmospheric
effects, but they also made it possible to
assess the performance capabilities of
operational electro-optical and infrared
sensors in differen weather conditions.

In addition to pa-ticle size and concen-
tration, the aerosol composition is most
important for optical and infrared effects
of aerosols. There is currently concern
about possible modification of infrared
absorption bands by the microphysical
composition of particles as suggested by
“effective media approximations”. In
short, if particles are spherical and of a

-



size much smaller than the wavelength,
and each particle consists of substances
having neighboring absorption bands,
considerable band shifts would be ex-
pected if the constituent inclusions were
fairly large but not ifthey were very small.
Such small inclusions would result if the
particle were formed by condensation of
vapors or gases in a chimney (in the ab-
sence of water vapor condensation), by
coagulation of photochemical reaction
products as in smog, or by small-nuclei
coagulation in general. Large constituent
micro-crystals could be made from a spray
of mixed-salt solutions. or could be con-
verted from fine constituent particles by
temporary water-vapor condensation as in
fog. Measurements in the laboratory of
absorption bands near 7 um of smoke aero-
sols created by chemical reaction of HNO,
or HCI vapors with ammonia (pure parti-
cles for referencel, and of premixed acid
vapors with ammonia tinternally mixed
particles having fine inclusions) indeed
showed identical absorption bands. Subse-
quent transformation of the inclusions
into larger crystals by raising the relative
humidity in the smoke stream and remov-
ing the water vapor in a cold trap resulted
in a shift of the band of internally mixed
particles by 0.1 pm to a shorter wave-
length. Of more importance to atmospher-
ic transmittance is the SO, band at 9 um.
but the effect of the size of the particle
constituents was, in agreement with
theory, much smaller.

Optical Turbulence: Astronomers have
long known that atmospheric turbulence
can cause optical propagation effects. The
famous “twinkling” of stars is due to such
turbulence. When turbulence is at a mini-
mum. astronomers can photograph
planets with a minimum of blur because
there is less “image dancing.” Brightness
fluctuations. or scintillations, also dimin-
ish when there is low turbulence. The
basic cause of the optical effects is the pres-
ence of fluctuations in the index of refrac-
tion along the optical path.

Increasing importance is being given to
atmospheric turbulence effects on optical
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systems. Ground-based laser systems are
especially affected by turbulence. It isthus
important to measure turbulence under
varied climatological conditions and at
various locations to understand the
processes which contribute to the phe-
nomenon. To this end, AFGL has con-
ducted experiments at several locations:
White Sands Missile Range, New Mexico;
Table Mountain, Boulder, Colorado; and
Mt. Haleakala, Maui. Hawaii. These ex-
periments provide site-specific character-
1zation of the turbulence. The results have
immediate application to ground-based
laser systems by defining: the scintilla-
tion, o horizontal coherence, r,,; isoplana-
tism O),,: and the atmospheric frequency.
f,. The experiments also provide the data
base from which AFGL is developing mod-
els of optical turbulence. The models of
interest are boundary-layer models of the
atmosphere’s lowest three kiloineters and
upper atmosphere models for the 3 to 30
km altitude region.

An intensive measurement program to
characterize optical propagation was con-
ducted at White Sands Missile Range with
the Atmospheric Science Laboratory.
AFGL flew a total of 47 thermosondes at a
desert site between September 5 and 25.
1984. Thermosondes are fine-wire tung-
sten resistors, horizontally separated by a
space of 1 m. and mounted on an ascending
weather balloon platform. The thermo-
sondes measure turbulence fluctuations
as C7, the coefficient of the structure con-
stant of fluctuations in the index of refrac-
tion. from the surface to 30 km. The
altitude profiles of C7 obtained by the
thermosonde have an altitude resolution
of 20 m. The profiles can be used to calcu-
late the ground-based laser propagation
parameters r,. ). o and {, mentioned
above. An average davtime profile was
calculated from 21 flights. Seventeen of
these flights occurred between 1300 and
1500. and the other was launched at 0900,
An average nighttime profile was similar-
lv calculated from 18 night tlights. Eleven
of these flights occurred between 2000 and
2200: the others were launched at 0400,
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AFGL operates a stellar scintillometer
which can measure coarse C? profiles at
night. Scintillometer measurements were
conducted at the Sandia Optical Range on
Kirtland AFB, New Mexico, and at Boul-
der, Colorado. The Boulder experiments
successfully compared C2 measurements
by thermosonde, scintillometer, and VHF
radar. The effect of the nearness of the
mountains was apparent in the enhance-
ment of turbulence levels.

Optical turbulence above the boundary
layer of the atmosphere (typically above
about 1 -3 km) is believed to be caused by
localized breaking of internal gravity
waves. For this reason, AFGL conducted a
study on the physical nature of these
waves with the expectation that this
would enhance our ability to model optical
turbulence. Spectra of high-altitude, high-
resolution wind-velocity fluctuations.in
the stratosphere were obtained from wide-
ly different times and geographic loca-
tions. When the individual spectra are su-
perimposed, they clearly show a universal
spectrum, as seen in the figure.

To explain this observation, which has
historical precedent in observations of the
ocean and troposphere, a model was pro-
posed which accounts approximately for
both the shape and the universal property.
This model is based on the hypothesis that
the waves grow with altitude and cause
turbulence due to “convective instability.”
As soon as any wave component reaches
its saturation amplitude, it loses energy to
mechanical turbulence, thus generating
optical turbulence.

A model for optical turbulence relating
radiosonde observations to the optical
turbulence parameter C? was created on
the basis of the convective instability men-
tioned above and the detailed wind data
used to create the power spectral density
(PSD) spectra of the wind fluctuations.
This model was compared to actual in-situ
measurements as well as other models (see
the figure). It has the advantage of sim-
plicity without the loss of accuracy.

The refractivity turbulence structure

s

constant, C?, is the most important pa-
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Photographic measurements of smoke re-
lease trails provide data for determining spec-
tra of high-altitude wind velocity fluctuation
measurements in the stratosphere. (These
profiles from data taken at different times
and latitudes provide important evidence of a
universal spectrum.)

rameter in determining the effects of clear
air turbulence on an optical beam. In the
free atmosphere (at altitudes sufficiently
high so that boundary-layer effects are
negligible), the VanZandt model can be
applied to rawinsonde data to calculate C?
as a function of altitude. This leads to
values of this parameter from about 2 km
up to 25 km.

The coherence length, r,. of an optical
beam is related to the integral of C?
through the atmosphere down to the
observation point. In many cases the
boundary-layer contribution (not covered
by the Van-Zandt model) is quite signifi-
cant, and values for C? are needed in this
range. A model, partly empirical and part-
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ly theoretical, due to Kaimal has been
used for this purpose. This model’s range
of validity is expected to be from the first
temperature inversion layer down to
about 0.1 km. The Kaimal model and the
VanZandt model are used to calculate C?
from 0.1 km up to 4 km (see the figure).

The model was applied to data obtained
from high-resolution rawinsonde
measurements conducted by personnel of
the Pacific Missile Test Center. These
measurements were obtained at three
sites within 75 mi of one another in the
proximity of Los Angeles, California:
Point Mugu, El Segundo and San Nicolas
Island. With two exceptions, C2 was calcu-
lated using the Kaimal/VanZandt model
only when a well-defined inversion layer
was found at altitudes above 1 km. For a
low-lying or nonexistent inversion layer,
the effects of the Kaimal model are insig-
nificant. The resulting CZ profiles were
then used to derive ccherence-length esti-
mates for the measurement period.

The temperature inversion layer is
obtained from high-resolution balloon-
launched thermistors. The VanZandt
model can then be applied above the base
of the inversion. A reference value of C2 is
derived from the VanZandt model and is
used to generate the Kaimal model down
through the boundary laver tbelow the in-
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The high-resolution temperature plot on the
left reveals a pronounced temperature inver-
sion with a base at 1.6 km. The plot without
symbols on the right depicts the VanZandt
Model above 1.6 km and the Kaimal Model
below 1.6 km. (The VanZandt is extended
tcurve with symbols) below the inversion
layer only for comparison purposes and does
not apply in the boundary layer region.)

version layer). It is then possible to inte-
grate over the range of the two models to
obtain r, (coherence length) and O, tiso-
planatic angle) necessary for the optical
design of compensation systems to over-
come atmospheric turbulence effects.

LIDAR TECHNOLOGY

During the twenty-year period since the
first invention of the laser as a research
tool, the commercially available laser
sources have become sufficiently reliable
that they may now be successfully applied
to many areas of research. The develop-
ment of laser-sounding technology for
measurement of atmospheric properties is
being carried out as part of the AFGL
program in atmospheric optics. By
measurements of the backscattered signal
from a high intensity laser pulse as it in-
teracts with the atmosphere, properties of
the atmosphere along the beam path can
be detected. The AFGL research program
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in the area of laser sounding technology
includes several efforts. The program is
centered on a laboratory program to de-
velop and improve the measurement tech-
niques. One laboratory facility is called
GLEAM (Ground-based Lidar Experi-
ment for Atmospheric Measurements),
The program has two major areas of ap-
plication as shown in the figure: a mobile
lidar to support Air Force test programs
and space-based applications for lidar as a
tool for measuring global atmospheric
properties. The development of the var-
ious technology areas for measurement of
atmospheric properties also results in
evaluation of the atmospheric effects on
propagation of the laser radiation.

GLEAM Sounder: The GLEAM lidar
sounder has been prepared in a laboratory
on the roof of AFGL. It was first used to
acquire atmospheric data in August, 1983.
The initial measurements have been fo-
cused on using Rayleigh scattering to
measure the molecular density profiles in
the middle atmosphere. In the altitude re-
gion where molecular scattering pre-
dominates, the relative density profile can
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Test Support

Field
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be obtained by range resolve measure-
ments of the back-scattered photons from
the laser beam. Generallv, the region
above 20 km is sufficiently low in particu-
late scatterers that the return of molecu-
lar scattering predominates. Following
the eruptions of recent volcanoes, particu-
larly El Chichon, there was an increase in
the altitude range and intensity of par-
ticulate scatterers. The layers of Mie scat-
tering observed at our latitude occurred
from altitudes as high as 33 km during the
winter of 1983. The Phase I development
for measurements of atmospheric struc-
ture from the two-color lidar allows an in-
dependent determination of the regions
where sig- ificant particulate scattering
occurs. The Phase I measurements are
made using the Nd:YAG laser at its dou-
bied, 532 nm, and tripled, 355 nm,
wavelengths (see the figure). In regions of
pure Rayleigh scatter. the ratio between
the signals at the two wavelengths is con-
stant. However, a large difference in the
ratio of the molecular to particulate scat-
tering cross-sections exists at the two
wavelengths where particulate scatterers
become important. The facility has been
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used to measure the density and tempera-
ture profiles in the altitude region be-
tween about 25 and 60 km. The high alti-
tude channel, which will cover the range
between 60 and 90 km, was not in use until
the end of 1984, During 1985 this instru-
ment will be used to gather data on atmos-
pheric structure properties between 20
and 90 km. The development of additional
capabilities for resonance fluorescence,
Raman, DIAL, and other techniques will
be carried out during the next two years.
As the various techniques are tested, they
will be used for development of potential
space flight applications and to support
Air Force field test programs.

Mobile Lidar: There are three mobile
lidar developments which are part of this
effort. The transmission extinction meas-
urements are made over a few kilometer
slant paths using a low-power Nd:YAG
laser to obtain range-resolved data. This
instrument is used together with path
transmission extinction measurements.
This lidar has been employed for measur-
ing the extinction in weather environ-
ments such as falling and blowing snow. A
second mobile facility is intended to house
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GLEAM (Ground-based Lidar Experiment
for Atmospheric Measurements’ System.

a heterodyne detection CO? lidar for
measurement of atmospheric winds and
shears. The system uses a relatively high
power electron-beam injection laser with
the capability of 1 Joule pulse at 50 Hz.
The instrument should provide measure-
ments of the wind profile and aerosol scat-
tering in the troposphere with a range of
about 30 km. The instrument is currently
being tested in the laboratory and will be
transferred into its trailer in mid-1985.
The third mobile lidar. referred to as
GLINT (Ground-based Lidar Investiga-
tion-Transportable). is a large lidar facil-
ity, as shown in the figure. which will be
used to ficld most of the developments
from the GLEAM facility. Initially. this
mobile facility will be used for demonstra-
tion of atmospheric measurement capabil-
ity for the national ranges and for scien-
tific or field-test measurements. The
measurement capability will focus on
Ravleigh and Mie scattering for atmos-
pheric structure profiles. Capabilities for
resonance fluorescence, Raman and DIAL
measurements will be included later.
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Space-Based Lidar: Lidar-sounding
provides a unique capability for future
measurements of atmospheric properties.
Significant engineering and testing are
needed but the technology is presently
available to provide many improvements
in global measurements of atmospheric
properties. In August, 1984. AFGL was
successful in obtaining data from a bal-
loonborne lidar which flew at an altitude
of 32 km above White Sands Missile Range
tsee the figure). The lidar included a
Nd:YAG laser operated at the 532 and 355
nm wavelengths and used a 50 ¢m tele-
scope receiver. Measurements were made
with tne instrument looking upward in
the range of about 20 to 30 km above the
platform and looking downward from the
float altitude to the surface. During the
flight. several different types of cloud

Balloonborne Lidar Mounted on Gondola

lavers and atmospheric conditions were
present in the troposphere. The results
from this flight are presently being ana-
lvzed. The platform will be used for addi-
tional developments of flight measure-
ment capabilities. AFGL is also managing
the engineering design for the first gen-
eration lidar sounder to fly on the DMSP
satellite (see the figure). It will be used for
measurement of cloud properties, aero-
sols. and surface albedo. Second- and
third-generation space-based lidar de-
velopments w.. focus on measurement of
thermodynamic properties. constituents,
and wind structure.

DMSP -BLOCK 5D
SATELLITE LIDAR

Sketeh of Lidar Sounder for DMSP Satellite.

MOLECULAR SPECTROSCOPY

HITRAN Database: The AFGL high-
resolution molecular absorption data
bases have been released periodically
since the early 1970’s. These compilations
consist of the basic parameters required
for the simulation of spectra, the resonant
frequency, intensity, air-broadened half-
width, and lower state energy of molecular
transitions significant in a variety of
radiative propagation problems in the at-
mosphere from the visible to the micro-
wave region of the spectrum. The compila-
tions consist of two atlases: (1) the Main
atmospheric absorption line parameters
compilation of the seven gases whose in-
frared activity combined with their natu-
ral abundances contribute to the principal
opacity in certain regions of the infrared
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spectrum: water, carbon dioxide, ozone,
nitrous oxide. carbon monoxide, methane,
and oxygen; (2] the Trace Gas compilation,
which Incorporated during this period 21
additional gases, with molecular species
contributing to attenuation in "window”
regions of the atmosphere or to problems of
retrieval and detection in the strato-
sphere.

Since the release of the last editions of
both of these compilations, research has
proceeded along several lines. The princi-
pal effort has focused on the improvement
of the major infrared absorbers. New high-
resolution measurements have been made
of water vapor to extend and improve the
HITRAN database in the short wave-
length region of the visible because of the
special interest in visible and ultraviolet
lasers. Extensive high-resolution observa-
tions have been conducted at AFGL, the
solar facility of Kitt Peak National
Observatory. and the University of Paris
at Orsay, France, to provide improved line
positions and intensities of carbon dioxide
throughout the infrared. This measure-
ment program has been coupled with a
theoretical program in the Optical Physics
Division for calculating carbon dioxide in-
tensities of bands involved in high temper-
ature radiance. Theoretical programs
have also yielded new parameters of colli-
sion-broadened halfwidths to improve
capabilities of remote sensing and retriev-
al of atmospheric profiles. High resolution
calculations of nitric acid in the 11-um
region have been added to the Trace Gas
atlas and now provide good simulation of
the strong features in this window region
at stratospheric altitudes.

Laboratory Spectroscopy: In the high
resolution laboratory of the Division,
measurements at high temperatures
t800°K) have been performed for several
isotopic species of carbon dioxide enriched
with "*C and "*O. Two regions of the spec-
trum were investigated, 4.5 pm and 2.8
pm. The former region had not been ex-
amined before in high resolution and is a
region of interest for high temperature
CO,. The ensemble of vibration and rota-
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tional levels observed with the Fourier
transform instrument at AFGL has pro-
vided new knowledge of the potential func-
tion of carbon dioxide from which ad-
vances in the variational theory for
polyatomic molecules is being carried out.

Balloonborne Measurements: A cryo-
genically cooled interferometer spectrom-
eter was flown as part of the AFGL
SCRIBE (Stratospheric Cryogenic Inter-
ferometer Balloon Experiment) program
to obtain emission spectra of atmospheric
species. The cat’s eye interferometer is
cooled to liquid nitrogen temperature and
has a GeCu detector which is cooled to
about 10°K. The SCRIBE instrument
operated successfully during two balloon
flights: one in October, 1983, and one in
July, 1984. The spectra presented in this
report were obtained during the 23 Octo-
ber 1983 flight. The balloon was launched
at 0610 MDT from Holloman AFB, New
Mexico, and ascended at an average rate of
250 m/sec. During ascent, the instrument
was operated so that it looked at an eleva-
tion angle of 7°. The interferometer was
carried up to a float altitude of 30 km and
data were obtained at several look angles,
including nadir.

An emission spectrum covering the 750
to 1000 cm™! “"window” regior: of the at-
mosphere taken at a float altitude of 30 km
is shown in the figure. The resolution was
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Atmospheric Emission Spectrum Obtained
from an Altitude of 30 km; Viewing Angle
-3.2". 1 This spectrum shows emission in the
R00 em ! to 1000 em ' window at a resolution
of 0.12 em ' The emission in the %45-850
em ! region is due to CFCl, in the 850-910
em ! region to HNO,: in the 910-935 ¢m !
region to CFCl, and in the 950 cm * region to
CO,0
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degraded to 0.12 cm™! in order to present a
broad spectrum; the dominant emitting
species are also indicated. The next figure
illustrates the capability of the SCRIBE
interferometer. The resolution is 0.06
cm ! and the scan time of the interferom-
eter is 25 sec. This spectral region (10 to
13 w) is considered an atmospheric “win-
dow” and, even at 77°K, a sensor is easily
capable of detecting the emission from
trace gases in the stratosphere in this
spectral region. In the upper troposphere
and lower stratosphere in the 10 to 13 p
region, the emission is due to HNO;,,
CFCl,(F,) and CF,Cl,(F,,). Generally,
thase compounds are not considered in
meteorological radiative transfer calcula-
tions, yet at these altitudes they dominate
the radiative transfer through this
wavelength range. The July, 1984, flight
yielded more and better data, which are
presently being reduced for analysis.

INFRARED EARTHLIMB AND ZODIACAL
BACKGROUNDS

It is impossible for an infrared sensor to
look in any direction without encounter-
ing the emission or radiation from some
"background”-—the celestial sky, the
earth and clouds, the horizon or earth
limb, or the atmosphere itself, the airglow.
Much of the research of the Optical Phys-
ics Division is devoted to obtaining direct
measurements of these backgrounds and
developing data bases, models and codes to
describe these backgrounds and the phe-
nomenology related to them.
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The Air Force needs to detect infrared-
emitting targets in space at the greatest
possible range. Because the targets are al-
ways viewed against the background
radiance, knowledge of this radiation is
necessary to permit discrimination of the
target from the background. For space-
based LWIR systems these backgrounds
include radiation from the earth limb,
zodiacal emission, and the celestial sky.

Earth Limb Measurements: An LWIR
rocket probe experiment was successfully
[aunched from an Aries booster by the Air
Force Geophysics Laboratory from White
Sands Missile Range, New Mexico, on
October 25, 1983. The Earth Limb Clutter
(ELC) experiment was the final rocket-
probe measurement carried out under the
joint AFGL/Space Division Background
Measurements Probe Program.

The ELC experiment used a liquid-
helium cooled LWIR sensor designed to
optimize sensitivity and spatial resolution
in order to carry out measurements of up-
per atmospheric earth-limb radiation (see
the figure). Measurements were made in
the limb-scanning geometry at predawn,
looking primarily at the night sky. The
cxperiment took place during very quies-
cent atmospheric conditions (K, =1". F,, ;
= 90).

The overall length of the payload was
203 1n. and approximate weight was 1315
Ib. The payload was of aluminum con-
struction. To provide a structurally stable
reference between the sensor and star-
mapper lines of sight, the sensor housing
section was made from a single weldment.
The infrared sensor was mounted on a one-
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axis gimbal aligned orthogonally to the
payload axis. The sensor deployment
angle during the flight was fixed at 90° to
the payload axis. Scanning motion was
generated by cold gas reaction jets acti-
vated by a preprogrammed attitude con-
trol system.

The measurement sequence of the ELC
mission is divided into five distinct scan-
ning patterns, as shown in the figure:

1. Roll Scan - The payload is held in the
vertical position, which puts the sensor
zenith angle at 90°. A roll scan is gener-
ated which, in conjunction with the
payload trajectory motion, generates an
upwardly moving spira! scan pattern.

2. Vertical Scan - Eight s=parate scans
are distributed about the apogee. The azi-
muthal angles range from -30° to +30°.

3. Horizontal Scan - There are four sepa-
rate azimuthal scan sequences. The seusor
sweeps scalloped patterns through the at-
mosphere as shown in the figure.
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4. Stare Mode - The payload is locked
into a fixed orientation for 10 sec to study
short-term temporal variations in the
background.

5. Drop Scan - The trajectory motion is
used to scan the atmosphere. It provides a
fine spatial sampling of the atmosphere
between 220 km and 100 km when the
sensor is stowed.

The various scan patterns combine to
form grids of data in terms of altitude and
azimuth. When the data are combined,
they will provide a characterization of the
spatial patterns in the LWIR background
radiance.

Zodiacal Background Measurements:
The zodiacal light, both scattered sunlight
and thermal emission from dust particles
in the solar system, is the limiting back-
ground for observations made from a space
platform. AFGL successfully launched
and recovered two rocketborne experi-
ments designed to mear re the 2-30 pm
infrared emission from the dust. The
cryogenically cooled telescopes, which
were built, tested and calibrated at the
Laboratory, are advanced off-axis, folded,
doubly reimaging optical systems which
represent the current state of the art.

These experiments measured the
zodiacal light at solar elongation angles
between 22°<e<180° and at elevation
angles from the ecliptic plane between the
North Ecliptic Pole and 60° South ecliptic
latitude. The data have heen processed
and analyzed at the laboratory. The fig-
ures show the measured zodiacal light
spectra and the measured intensity as a
function of solar elongation angle in the
ecliptic plane.

A simple preliminary model of the inter-
planetary dust cloud has been developed
and fit to these experimental data. This
model will be refined over the course of the
next several years as more data become
available from the NASA IRAS and COBE
explorer missions.

The next generation of space experi-
ments will use infrared sensors having
high spatial resolution and high sensitiv-
itv. The Laboratory has begun a design
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study effort to develop the sensor charac-
teristics. This program is named LAIRTS,
the Large Aperture Infrared Telescope
System. The launch of this cryogenically
cooled, meter class aperture telescope sys-
tem is expected in the early 1990’s.

Celestial Backgrounds: Two LWIR
celestial survey telescopes of moderate
size, and primary aperture of 36 cm were
successfully flown during the reporting
period. The Far Infrared Sky Survey Ex-
periment (FIRSSE) made measurements
in four spectral bands covering the wave-
lengths from 16 to 120 um. FIRSSE was
the first spaceborne experiment to suc-
cessfully use super fluid helium as a
cryogen under active thermal loading and
the first to conduct a large area survey at
100 pm. The long wavelength observa-
tions from FIRSSE have been analyzed
and published in catalog form (AFGL-TR-
83-0055). The Survey Program of Infrared
Celestial Experiments (SPICE) obtained
survey data on the three spectral bands
between 8 and 30 pm. These data plus the
short wavelength measurements from
FIRSSE provided an update to revise the
AFGL TInfrared Sky Survey Catalog
(AFGL-TR-83-0161). Image processing of
the celestial survey data produced diffuse
maps of the Cygnus region and other re-
gions of star formation. The preliminary
AFGL celestial background model has
been developed from analysis of these
observations. This model offers a statisti-
cal description of the density of sources as
a function of brightness and celestial posi-
tion.
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Spectral Infrared Rocket Experiment (SPIRE
Tri-Service Infrared Background Symp.. Bedford.
MA (18-20 October 19831

Stair, A.T., Jr. (AFGL); ULwick, J.C.,
Baker, K.D. (Utah St. Univ., Logan,
UT); Frinas, W., HeEnwNig, R, and
GrossMan, K.V, (Univ. of Wuppertal,
Wuppertal, W. Germany)

Racketborne Measurements of Atmospheric Infrared
Fluxes

6th ESA Symp.. Interlaken, Switzerland

(10-16 April 1983
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Vouz, F.E.

Voleanic Turbtdity, Skylight Scattering Functions,
and Neutral Points in New England 1982 1983
5th Conf. on Atmospheric Radiation. Baltimore.
MD (31 October-3 November 1983,

Winick, J.R., Picarn, R., and Stnarma,
R.D.

0. Agi and O, Concentration Profiles from Spire
Radiance Data

Topical Mtg. on Optical Techniques for Remote
Probing of the Atmosphere 110-12 January 1983,

Winick, J.R., Suarma, R.D., Picarn,

R.H., and NabiLg, R.M.

0.('A) and O, Concentration Profiles from SPIRE
Radiance Data

Topical Mtg. on Optical Techniques for Remote
Probing of the Atmosphere. Incline Village. NV
(10-12 January 1983)

TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

Brown, J.H., and Goon, R.E.

Thermosonde and UHF Radar Measurements of CF
at Westford, Massachusetts - July 1981
AFGL-TR-84-0109 (23 February 1984),
ADA145393

Thermosonde C2 Measurements in Hawaii -
August 1982

AFGL-TR-84-0110 (24 February 1983),
ADA148016

FreepMman, A. (Aerodyne Research, Inc.,
Billerica, MA); Rausee, A. (AFGL);
SiLvER, J.A., and StanTOoN, A.C.
(Aerodyne Research, Inc., Billerica, MA)

Absolute Collisional Excitation Cross Section
Measurements Using Crossed Molecular B.ams
AFGL-TR-83-0078 (17 March 1983), ADA 132038

GaLrLery, W.O., Kneizys, F.X., and
CrLouGH, S.A.

Air Mass Computer Program for Atmaospheric
Transmittance:Radiance Calculation: FSCATM
AFGL-TR-83-0065 (9 March 1983), ADA132108

Knerzys, F X, Crouch, S.A., SHETTLE,
E.P., and Fenn, RW.

Linear Absorption and Scattering of Laser Beams
AFGL-TR-84-0265 (27 September 1984),
ADAL1H6167

Knrizys, F.X. (AFGL); Grurnzer, R.R.
(AFWAL); Marrnin, W.C., ScHUWURK,
M.J., GarLrery, W.0O., Croucn, S.A .,
Cuerwynn, J.H., Jr., and Suertie, E.P.
(AFGL)

Comparison of 8 to 12 Micrometer and 3 to 5
Micrometer CVF Transnussometer Data with
LOWTRAN Calculations

AFGL-TR-84-0171 126 June 1984y, ADA154218

Kneizys, F X, Suerrie, EP., GaLiLery,
W.0., Currwynp, J.H., k., Aprer, LW,
(AFGL); Srisy, J.E A, CLovan, SA.
and Iexx, BW.AFGL)

Atmospheric Transmittance Radiance: Computer
Code LOWTRAN 6

AFGL-TR-83-0187 11 August 19831, ADA137786
Atmospheric Transmittance Radiance: Computer
Code LOWTRAN 6 Supplement: Progran: Listings
AFGL-TR-83-0187 (Sup' (1 August 19831,
ADA137688

Mureny, E.A. (AFGL); Barries, F.P..
Scuarg, K.G., and McCorMack. J.R.
{Bedford Research Assoc., Bedford, MA)
CZ (Optical) Studies tn the Free Atmosphere Bused
on Rawinsonde Data

AFGL-TR-84-0135 (26 April 1984, ADA147307

Piveg, L.G., RawrLins, W.T. (Physical
Sciences, Inc., Andover, MA); and
ARrRMSTRONG, R.A. (AFGL)

O-Atom Yields from Microwave Discharges in
N,OAR Mixtures

AFGL-TR-83-0031 ¢1 February 1983, ADA1:30429

Prick, S.D., and Mukrpock, T.L.
The Revised AFGL Infrared Skv Survev Catalog
AFGL-TR-83-0161 (16 June 1983, ADA 134007

Price, S.D., Murpock, T.L. tAFGL); and
Suivanannan, K. (Naval Research Lab..
Washington, DC)

The Far Infrared Sky Survey Experiment Final
Report

AFGL-TR-83-0055 (18 February 1983),
ADA131966

Rawrins, W.T., GeLB, A. (Physical
Sciences, Inc., Andover, MA); and

ArMSTRONG, R.A. (AFGL)

COCHISE Observations of Argon Rvdberg
Emission from 2-16 Micrometers
AFGL-TR-83-0201 (5 August 19831, ADA137916

Sakal, H. (Univ. of Massachusetts.
Ambherst, MA); and Vanassk, G. (AFGL)
SCRIBE Data of October 23, 1983, Flight
AFGL-TR-84-0208 t August 1984, ADA [in
process|

Starma, R.D., Sia~ni, R.D. (AFGL);
Burrirr, M K., and WinrtersteINer, R.P.
{Arcon Corp., Waltham, MA)

A Computer Code to Calculate Emission and
Transmisston of Infrared Radiation Through

Naon-Equilibrium Atmospheres
AFGL-TR-83-0168 (8 July 1983). ADA137162

—




ZACHOR, A.S. (Atmospheric Radiation
Consultants, Inc., Acton, MA); Hueer,
E.R.. and Aumapsian, M. Lt (AFGL)
Telemeary Bandiwidih Selvetion ‘o inirared
Surveillance Sensors

AFGL-TR-83-0319 (September 19831 ADA144251

CONTRACTOR JOURNAL ARTICLES
JANUARY, 1983 — DECEMBER, 1984

Bavkar, Y., Pronus, M.A., and Wana,
S.J. \Northwestern Univ., Evanston, IL)
The Scintillations for Weak Atmospheric
Turbulence Using a Partiallv Coherent Source
Radio Sci. 18 1July-August 1983)

GaMacue, R.R., and Davies, R.W. (Univ.
of Lowell, Lowell, MA)

Theoretical Caleulations of N,-Broadened
Halfwidths of H,O Using Quantum Fourier
Transform Theory

Appl. Opt. 22 (15 December 1983)

Horsmann, DJ., and Rosen, J. M. (Univ.
of Wyvoming, Laramie, WY)

Sulfuric Acid Droplet Formation and Growth in
the Stratasphere after the 1982 Eruption of El
Chichon

Science 222 {21 October 1983)

PierLuisst, J.H. (The Univ. of Texas, El
Paso, TX)

Validated Band Model for NO, Molecular
Transmittance in the Infrared

Appl. Opt. 23 (May 1984

Pronus, MA., Wang, S.J., and Liv, C.C.

(Northwestern Univ., Evanston, 1L
Effect of Source Statistics on the Irradiance
Scintillations in Turbulence

Proc. SPIE Conf (4-8 April 1983

CONTRACTOR PAPERS PRESENTED AT
MEETINGS
JANUARY, 1983 — DECEMBER, 1984

Jounson, R.W. (Univ. of California. La
Jolla. CA)

Visehtlity and Measurements Related to [ts
Deternunation: and Visihility Modeling

Am. Inst. of Aeronautics and Astronautics 21st
Aerospace Sciences Mtg.. Reno, NV (12 January
1952+

Pronus, MLAL Bavkat, Y., and Waxna.,

S.J. tNorthwestern Univ., Evanston, L)
The Coherence of the Source in Laser Beam
Propagation

Topical Mtg. on Optical Techmques for Remote
Probing of the Atmosphere, Lake Tahoe, NV 112
January 198
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Pronus, MA., Wang, S.J., and Liv, C.C.

(Northwestern Univ., Evanston, IL)
Effect of Source Statistics on the [rradiance
Sewilletions in Turbvlerce

SPIE Cont. (4-8 Aprii 1983,

CONTRACTOR TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

Bonranner, R.A., Lamy, D.R., LakseN,
J.W., and SincLamr, M.J. (Georgia Inst.

of Tech., Atlanta, GA)
Far Infrared Radtometric Spectrometer (FIRRS )
AFGL-TR-83-0137 (30 May 1983:. ADA133552

Bruce, M.H., Hurel, RJ., and Eastman,
C.W. (Stewart Radiance Lab., Bedford,
MA)

Atmasphere Temperature Profile Recovery Using
Partial Interferometry

AFGL-TR-83-0317 130 September 19831,
ADA144196

Burcn, D.E., and A1, R.L. (Ford
Aerospace and Communications Corp.,

Newport Beach, CA)

Continuum Absorption by H,0 in the 700-1200
em ' and 2400-2800 cm ' Windows
AFGL-TR-84-0128 tMay 19841, ADA147391

Davis, R.O., and Tacecnr, C.B. (Santa
Barbara Research Ctr., Goleta, CA)

Background Equatorial Astronomucal
Measurements Focal Plane Assembly ( Refurbished
HI STAR South)

AFGL-TR-84-0224 (September 19841, ADA155215

Dowrinag, J.A., GaLLErY, W.0O., and
O'Brikn, S.G. (OptiMetrics, Inc., Las
Cruces, NM)

Analvsis of Atmospherie Interferometer Data
AFGL-TR-84-0177 «July 1984, ADA 150682

Frren, BW. (Univ. of California. La
Jolta, CA)

Characteristics of Aerosol Volume Distributions
Measured at Meppen, W Germany
AFGL-TR-83-0271) 1October 1983 1. ADA146138

Genrz, R.D., Hackweni, J. A and
Grasparken, G.L. tUniv. of Wyoming,
Laramie. WY)

Final Report on Infrared Measurements of AFGL

Sources

AFGLITR-K3-0099 7 June 1983 ADA 133533
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GreeN, B.DD., Pieer, L.G., CALEDONIA,
G.E., Lewss, P.F., Murpuy, HC., and
MarinNeLLi, W.J. (Physical Sciences, Inc.,
Andover, MA)

Fluorescence from Electron-Irradiated Gases in the

Refurbished LABCEDE Facility
AFGL-TR-84-0218 (May 1984), ADA {in process|

Hering, W.S. (Univ. of California, La
Jolla, CA)

Analytic Techniques for Estimating Visible Image
Transmicsion Properties of the Atmosphere
AFGL-TR-83-0236 (August 1983), ADA142524

Hering, W.S., and Jounson, R-W. (Univ.

of California, La Jolla, CA)

1'he FASCAT Model Performance Under
Fractional Cloud Conditions and Related Studies
AFGL-TR-84-0168 (July 1984), ADA [in process]

JounsoN, R.W. (Univ. of California, La
Jolla, CA)

An Experimental Detice for Real Time
Determuination of Slant Path Atmospheric Contrast
Transmittance

AFGL-TR-83-0053 (31 January 1983), ADA134000

Jonnson, RW., and OLemnik, M.K.

(Univ. of California, La Jolla, CA)

A Transportable, Machine Oriented Library of
European Skv and Terrain Radiance Distributions
with Contemporary Radiometric & Meteorological
Profiles

AFGL-TR-84-0096 iNovember 19831,

ADA [in process]|

JonEes, B., and Ropricuez-EspiNosa, J. M.

(Univ. of California, La Jolla, CA)
Further Ground-Based Studies of Sources from the
AFGL Infrared Sky Survey

AFGL-TR-84-0114 (March 1984), ADA156189

Miranpa, H.A., Jr. (Epsilon
Laboratories, Inc., Burlington, MA)

A Molecular Identification Device for Individual
Sub-Micron Aerosols: Engineering Breadboard
Device

AFGL-TR-83-0234 tAugust 1983), ADA137139

Pronus, M.A., and Wang, S.J.

(Northwestern Univ., Evanston, IL)

The Effect of Turbulence on the Atmospheric
Transmittance

AFGL-TR-84-0007 (September 1983), ADA141133

Powers, J.E., Dirkman, R.J., and ParT,
M.A. (Univ. of Lowell, Lowell, MA)

The Processing and Analysis of the Data from an
Air Force Geophysics Laboratory Atmospheric
Optical Measurement Station and the Maintenance
of the Central Data Logger System
AFGL-TR-84-0081 (15 February 1984;,
ADA155192

Sakarl, H. (Univ. of Massachusetts,
Ambherst, MA)

Study of Infrared Atmospheric Emission
AFGL-TR-84-0006 (December 19831, ADA147517

TuaNn, T-F (Univ. of Cincinnati,
Cincinnati, OH)
Analysts and Investigation of the Effects of

Atmospheric Gravity Waves on Infrared Emissions
AFGL-TR-83-0162 (30 June 1983), ADA148014




Adjusting the Laboratory Cold Electron De-
pendent Emission 1 LABCEDE) Apparatus to
Meusure the Infrared Emission from Gas
Samples Irradiated by Electron Beams.




Vil INFRARED TECHNOLOGY
DIVISION

The Infrared Technology Division per-
forms research on the infrared emissions
of the earth’s atmosphere to determine the
spectral and spatial nature of this radia-
tion, to identify the physical and chemical
processes producing the emission, and to
understand its variability with geophysi-
cal conditions. This information is re-
quired to assess the ability of proposed and
conceptual Air Force infrared surveillance
systems to detect and track a target.

Ambient atmospheric infrared radiance
varies markedly with altitude {with and
without solar illumination), with latitude,
and with solar and geomagnetic activity.
Very significantly enhanced infrared
emissions occur in polar regions during
periods of auroral activity at altitudes in
excess of approximately 90 km. They are
produced by the distinct processes initi-
ated by the collision of energetic particies
with the atmosphere. In addition, nuclear
detonations produce copious amounts of
infrared radiation that is intense, persis-
tent and highly structured.

Research on atmospheric infrared pro-
cesses is pursued by the Infrared Technol-
ogy Division in laboratory studies. in
ground-based field measurement pro-
grams. and in airglow and auroral sound-
ing-rocket probes. The results from the
various experimental programs are inter-
preted and quantified in terms of specific
physical or chemical processes, which are
included in models of infrared atmospher-
ic airglow and auroral emissions. The in-
frared airglow and auroral models provide
designers of infrared systems an ability to
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assess proposed designs for the detection
and tracking of targets as projected
against a variety of backgrounds.

LABORATORY STUDIES

Specific atmospheric processes produc-
ing infrared emission are studied in a
series of different laboratory facilities us-
ing a variety of excitation mechanisms.
The laboratory studies offer the unique
opportunity to investigate specific micro-
scopic chemi-dynamic processes under
controlled conditions. Specific param-
eters, collision cross sections, rate coeffi-
cients, detailed vibrational populations,
collisional deactivation rates, and radia-
tive lifetimes are measured for the specific
electronic and vibrational states of a given
species. These parameters characterize
the significance of a given process as a
source of atmospheric infrared radiation
in the ambient atmosphere or in aurorally
or nuclear disturbed atmospheres. Resu 'ts
from the laboratory program are utilized
to interpret airglow and auroral field
measurements, which validate and con-
firm the significance of a given process.
This approach has contributed significant-
ly to the understanding of infrared atmos-
pheric mechanisms. The laboratory ex-
perimental techniques include electron
beam excitation, microwave discharge
afterglow chemiluminescence, flowing
afterglow studies with laser-induced
fluorescence, Fourier transform mass
spectrometry, and laser-induced plasma
radiation.

LABCEDE: In the LABCEDE (Labora-
tory Cold Electron Dependent Emission)
program, the production of infrared radia-
tion by the interaction of electrons with
the constituents of the atmosphere is in-
vestigated. Two particularly important
sources of bright, structured infrared
background radiation in the upper atmos-
phere are the aurora and nuclear explo-
sions. In both cases, collisions between
electrons and the constituent molecules of
the atmosphere result in the emission of
infrared radiation. The atomic and the

molecular species which radiate in the in-
frared are either excited directly by elec-
tron impact or are produced by chemical
reactions which are initiated by electron
scattering. The measurement of the rela-
tive efficiencies of excitation of those
molecular states which are important
sources of infrared radiation in the upper
atmosphere, and the characterization of
processes which control the brightness of
those infrared emissions are primary
objectives of the LABCEDE program.

Two facilities are used to investigate
these electron-excited or -initiated proc-
esses. The cryogenic LABCEDE facility
has been developed to make experimental
measurements of infrared emissions from
gas samples irradiated by electron beams.
The internal walls of the system are oper-
ated at 80°K to reduce the thermal in-
frared background and to increase the de-
tection sensitivity of the system by four
orders of magnitude at 10 .. As a result of
the low thermal background and the large
volume of the observation region, weak
infrared emissions can be detected from
samples at pressures corresponding to
altitudes of 60 to 110 km. The gas samples
can be irradiated by 6 keV electron beams
of 20 mA, corresponding to an electron flux
exceeding auroral excitation and compa-
rable to the nuclear case. A magnetic field
can be externally applied to control inde-
pendently the density of incident elec-
trons. The gas samples flow uniformly
through the irradiation and the observa-
tion regions of the chamber.

An important capability of the cryogen-
ic LABCEDE facility is the introduction of
condensible species such as CO, and N,,0
into the chamber when it is operated
under cryogenic conditions. Another ma-
jor feature of the facility is the exposure of
the electron-beam irradiated sample to ex-
ternally originating light beams, includ-
ing a solar ultraviolet flux to simulate the
daylight aurora, and laser beams to probe
the characteristics of the sample. A
medium-resolution spectrometer, a circu-
lar variable filter operated at 4°K. has
been used to observe 2.4-15 u infrared




emissions from electron-beam irradiated
gas samples. Time-resolved Fourier spec-
troscopy has been utilized to provide high-
sensitivity measurements of the time de-
pendence of the 2-7 p emissions from
irradiated species. A fully cryogenic, very
high resclution Fourier transform spec-
trometer will soon augment the vapav:lit;
of the Fourier transform spectrometer cur-
rently used. In addition, a spatially scan-
ning photometer operated at 391.4 nm is
used to monitor the deposition of energy by
energetic electrons and to normalize ex-
citation efficiencies to the production of
ion pairs by the primary electron beam.
The excitation, and deexcitation by col-
lisions, of various important radiators in
auroras and the disturbed atmosphere
have been measured using the cryogenic
LABCEDE apparatus. The A state of N} is
responsible for the very prominent ni-
trogen Meinel bands in the aurora. Rela-
tive rates for the excitation of vibrational
levels 2-7 of the N3 A state by electron
impact have been measured. The rates
obtained are consistent with those infer-
red from auroral measurements. The total
cross section for production of the A state
of N3 by ionization of N, was also obtained.
In addition, the rate coefficients for
quenching vibrational levels 2—4 by air
and quenching level 2 by N, and O, were
determined. These measurements show
that quenching of the Meinel bands be-
comes significant at altitudes below 100
km. The B- and W- states of N, are re-
sponsible for the First Positive and Wu-
Benesch bands in the electron-disturbed
atmosphere. The transfer by collisions of
population from the W-state to the B-state
of N, has been suggested to be responsibie
for the appearance of the lower red border
type of aurora. The pressure dependence of
First-Positive band emission from irradi-
ated N, has been investigated using the
cryogenic LABCEDE apparatus. For vi-
brational levels 3-10 of the B-state, the
relative populations do not significantly
depend on pressure over the equivalent
altitude range of 60-110 km (see the fig-
ure). This result indicates that collisional
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Relative Vibrational Populations of the Trip-
let B-state of N, as Observed by Irradiating
0.15 milli-Torr of N, in the Cryogenic LAB-
CEDE Chamber and as Determined from Au-
roral Measurements. (The similarity in the
vibrational populations indicates that the au-
roral processes account for the [aF~-atory
emission.)

coupling from the W-state to .e B-state is
not responsible for the lower red border
aurora,

Atomic oxygen is an important infrared
radiator in the highly disturbed upper
atmosphere. The distribution over highly
excited states of O produced by electron
impact on O, has been investigated with
the cryogenic LABCEDE facility at pres-
sures sufficiently low that collisions do not
disturb the atoms before they can radiate
(see the figure). These measurements
provide input to models of the infrared
emissions of the atmosphere under highly
disturbed conditions. Measurements cur-
rently underway with the cryogenic facil-
ity include determining the relative ex-
citation efficiencies of the electronic
states, vibrational levels, and infrared
transitions of the important atmospheric
radiators: N,, NO, CO, and O,.

A second apparatus is also used to char-
acterize processes which produce infrared
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SPECTRUM OF ELECTRON - IRRADIATED CXYGEN
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Spectrum of 0.7-3.3 u Fluorescence of Atomic
Oxyvgen in Electron-irradiated O, Observed
‘nder Collision-free Conditions Using a
Michelson Interferometer. (Relative popula-
tions of radiating states can be directly re-
lated to production processes.!

fluorescence. In this LABCEDE facility,
gas samples at pressures of 1-100 Torr are
irradiated by 1-2 mA currents of 40 keV
electrons. Recently, the production of NO
in its lowest vibrational level by electron
irradiation has been measured. The
absorption of the output of a very narrow
linewidth, tunable infrared diode laser
monitors the production of NO. In addi-
tion, by irradiating mixtures of N, and
trace quantities of NO, the production of N
atoms by electron irradiation of N, has
been measured. In this titration tech-
nique, the N atoms produced react with
and deplete the initial concentration of
NO, which is monitored by the infrared
laser absorption technique.

COCHISE: This helium-cooled cryogen-
ic facility (Cold Chemiexcited Infrared
Simulation Experiment) utilizes detection
technology initially developed for space
surveillance systems. The helium cooling
allows cryopumping and background sup-
pression, which results in extremely sensi-
tive, "wall-less” conditions. A reaction
vessel and spectrometer inside the cryo-
genic chamber are the main active compo-
nents. Internal microwave discharge
sources create radical species which are
cross-mixed with reactants in a reaction
region observed with a cryogenic spec-
trometer. This permits the observation of
emission from excited species with num-
ber densities as low as 10% em ™.

Recently, data have been collected on
the spectral extent of the emission from

ozone formed in the three-body recombina-
tion O + O.. + M. The relative population
of the vibrational states radiating in the
region near 10 w has been determined, as
shown in the figure. The significance of
this measurement is also itlustrated in the
representation of atmospheric emission in
the 9 ‘¢ 16 p region. Vibrationally hot
ozone emissions originating from vibra-
tional level 2 or higher in the v, mode of
0., extend to wavelengths greater than 10
I, as shown in the figure. The region be-
tween 10 and 13 p is a candidate region for
detecting and tracking cold (300°K)
targets in space. The window region is de-
fined by the ozone and carbon dioxide
atmospheric emission. Complete charac-
terization of these emissions is required to
optimize the operating wavelength of
space-based surveillance systems. The
COCHISE laboratory results indicate that
the three-body formation of ozone pro-
duces no significant radiation beyond
approximately 11 .

The long wavelength infrared emission
of argon excited in a low-pressure micro-
wave discharge has also been measured in
the COCHISE facility. These results :see
the figure) are the first reported observa-
tion of these emissions, indicative of the
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Relative Amount of Ozone Distributed in Vi-
brational Energy Levels as Formed in the
Reaction of O « O, + M— -0, + M.
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Argon Infrared Emission Measured in the
Cryogenic COCHISE Laboratory Facility.

sensitivity of the cryogenic laboratory
apparatus. Argon comprises approximate-
ly 1 percent of the atmosphere at altitudes
below 100 km, and emissions from these
transitions may be a significant source of
LWIR radiation during nuclear detona-
tions.

FACELIF: Laser spectroscopic tech-
niques are applied to a standard flow-tube
kinetics apparatus (Flowing Atmospheric
Chemistry Experiment with Laser-
Induced Fluorcscence) to investigate de-
tailed atmospheric chemistry pathways.
One- and two-photon fluorescence and
ionization achieved with a Nd: YAG
pumped dye laser (with frequency doubler
and Raman shifter) make this apparatus
an extremely sensitive room-temperature
technique for active probing of vibrational
distributions of product molecules. This
apparatus has been used to investigate the
distribution of the vibrational state of NO
formed in the reaction N (*S)+ 0,
NOv!+ O. Considerable uncertainty ex-
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ists in the scientific literature about the
chemiluminescent band profile of nitric
oxide formed in this reaction, and the pres-
ent study will contribute to the resolution
of that disparity.

A second experiment involving a color
center laser has successfully measured
CO, fluorescence from the (1011 and (021
combination vibrational bands and is
presently making further fluorescence
measurements utilizing a Michelson in-
terferometer to spectrally resolve two in-
terfering bands. This will lead to the
measurement of the branching ratios of
the CO, combination band, radiating in
the infrared at 2.7 p and 4.3 p.

LINUS: This laboratory technique (La-
ser Induced Nuclear Simulation) is de-
signed to obtain information on the pro-
duction rate of excited-state spe "os and
infrared radiation resulting from a plasma
produced by a nuclear airburst. Concep-
tually, the experiment is very simple. The
output from a 1.06 pm Nd: YAG laser is
focused to a fine point inside a gas cell. The
energy deposition results in the formation
of a highly dissociated and ionized electri-
cal gas breakdown region. The pressure in
the cell can be controlled {corresponding to
altitude), and the pure gas or gas mixti.re
is specified. Power intensities approaci-
ing 1 gW cm ? can be achieved in the focal
volume, which results in temperatures in
excess of 100,000°K. Temporally resolved
visible spectra are obtained with a stan-
dard monochromator and either an optical
multi-channel analyzer (OMA) or photo-
multiplier tube/boxcar combination.

Two examples of infrared spectra re-
corded with a scanning grating mono-
chromator show infrared atomic oxygen
emissions from a recombining plasma isee
the figures). The ions and electrons in the
plasma recombine to form neutral oxygen
atoms, which emit infrared and visible
radiation. The results are *he tirst
meas'uiements of infrared line emission in
a recombining plasma, and the first re-
ported observations of the oxygen atom
spectrum 1n the 5 g to 8 p region. The
O-atom infrared plasma emissicns simu-
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late nuclear-induced effects at high alti-
tudes. Atomic-oxygen plasma radiation is
anticipated to be a dominant high-altitude
nuclear-induced infrared emission, and
the LINUS facility provides an opportu-
nity to identify line positions and intensi-
ties and to estimate LWIR nuclear-
induced atmospheric effects.

FTMS: A Fourier transform mass spec-
trometer has been employed to study a
variety of problems related to ion chemis-
try in the e: ~th’s atmosphere. New analyt-
ical methods have been adapted to derive
the spectrum from a time domain signal.
The instrument itself has several attrac-
tive features such as simultaneous detec-
tion of all ionic species present, the capa-
bility to provide the time history of the
parent or product ions, and multiple ion
ejection for study of the behavior of a par-
ticular ionic species.

The heart of the apparatus is a cubical
cell with six insulated sides imbedded in a
homogeneous magnetic field produced by
a superconducting magnet. lons are cre-
ated by . lectron bombardment of the neu-
tral species in the cell at low pressures
(= 1078 Torr). The desired ionic species are
then excited to cyclotron orbits by a fast rf

Atomic Oxygen Infrared Emission Induced in
Molecular Oxygen by the LINUS Laser.

chirp pulse applied to two opposite elec-
trodes. Rather than measuring the power
absorbed by the¢ accelerating ions as in a
conventional ion-cyclotron resonance in-
strument, a FTMS measures the image
current induced in the other pair of elec-
trodes by the oscillating ions. The meas-
ured image current is a composite of har-
monic currents with frequencies that are
related to the mass-to-charge ratios of the
ions. This current measured in FTMS cre-
ates a signal that constitutes the time-
domain sighal, later transformed into fre-
quency (or mass) spectra through appro-
priate Fourier transformation.

Initial experiments with the FTMS in-
cluded measurement of some very well
known rate constants to assure system be-
havior and suitability for ion/molecule
reaction studies. These included reacticns
of CH} and CHY with neutral methane to
form C,HI and CHZ, respectively. The
rates obtained agreed with those estab-
lished in the literature. Reaction of N~
with molecular oxygen to form O3, NO*
and O~ is of particular interest to this
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laboratory because NO ™ is formed with a
large amount of energy available for
population of NO ™ (v) vibrational levels
and the potential subsequent infrared
emission from these levels. Measurement
of the rates in the FTMS system has
yielded a total rate coefficient for the N~
+ Ogreaction of 7 x 107!° em®/sec, which is
in agreement with existing values to with-
in 15 percent. Results for the branching
ratios into O3, NO* and O* channels
should resolve the uncertainties that are
currently reported in the literature.

The FTMS experiment utilized a new
spectral analysis method to obtain mass
spectra from time-domain signals using
only a few hundred points from the signal
time series. The method, which is called
the Maximum Entropy Method (MEM),
was originally developed by geophysicists
for application to geomagnetic phenomena
where the fast Fourier transformation did
not produce good spectral results because
of a lack of long time-domain signals. In
FTMS, good quality spectra are readily
obtained when time-domain signals are
long (consisting of 8 to 64 thousand data
points). However, in the study of rapid
chemical processes, it is desirable to use
very few data points without sacrificing
resolution in order to track the evolution

Atomic Oxygen Longer Wavelength Infrared
Emission as Observed in the LINUS Experi-
ment.

of reaction products. MEM does exactly
that. Briefly, MEM uses a few hundred
points of the data to calculate the elements
of a time-domain filter called the “predic-
tion error” filter. Once the filter is char-
acterized, its power response is calculated
to obtain the spectrum. The sidelobes that
arise in the fast Fourier transformation
are avoided in the MEM and the resolution
is enhanced by factors of ten or more, espe-
cially for data obtained in the heterodyne
mode. A sample of the results derived by
applying the new analytical method to the
time signal obtained by FTMS using a
single ion, Ar *, is presented in the figure.

MAPSTAR: The goal of the MAPSTAR
(Middle Atmospheric Periodic Structure-
Associated Radiance) program is to in-
vestigate periodic structure in the natural
D and E regions of the upper atmosphere.
The nondisturbed upper atmosphere (in
which neither auroral nor nuclear distur-
bances have occurred) is usually consid-
ered to be uniform in character, yielding
predictable radiance levels. However,
measurements of periodic structure have
indicated that such a quiescent picture of
the atmosphere is inaccurate. There




192

N

s
39 95 33 36 39 97 39 95 39 96 39 87
MASS IN A WU MASS IN A N U

Mass Spectrum of the Singly Ionized Argon
Obtained in the High Resolution Mode of
FTMS.

a. Fast Fourier transform spectrum using
4096 data points.

b. Maximum entropy spectrum using the first
125 data points of the same data as in a.

appears to be a broad range of temporal
and spatial frequencies resulting from
numerous potential sources. Such struc-
ture may be a serious source of system
clutter, presenting operational con-
straints on infrared surveillance systems.

Several possible sources of structure in
the upper atmosphere have been pre-
sented and discussed in the literature.
Diurnal and semi-diurnal variabilities
associated with solar and lunar tidal
effects present potentially important
sources of enhanced (or diminished) in-
frared radiance relative to a “standard”
atmosphere. The time scales for tidal
variability do not pose a clutter problem
and may be generally treated as disper-
sions in the input model atmosphere for
code calculations. More interesting
sources of structure in the D and E regions
are so-called “gravity waves,” which are
atmospheric waves whose frequencies are
below the Brunt-Vaisala frequency (the
natural oscillatory frequency of the atmos-
phere), which is 4-5 min in the D and E
regions. These waves are caused by a num-
ber of possible geodynamical effects in-
cluding storm fronts, earthquakes, wind
interactions with orographic features,
magnetospheric or solar activity and, cer-
tainly, nuclear events. Models predict that
the motion of the major constituents (N,
O,) follows the gravity wave, and that the
behavior of the minor constituents is de-

termined by the major constituents’ mass
motion through dynamical pressure:
temperature effects as the wave prop-
agates through the atmospheric regions.
The result is a periodic structure in the
characteristic signatures of the minor spe-
cies that are the source of infrared
radiance (OH, H,O, O, CO,). Structure
can also occur as waves either become
unstable and break, or as their energy is
dissipated, either of which results in
turbulence. Such turbulent structure is
generally shorter-lived than gravity wave
structure but may occur at any time in a
random spatial and temporal manner.

Observations of periodic structure in
the D and E regions have been reported
since 1950. Patterns in fluctuations in the
atmospheric nightglow of OI (5577A) and
OH Meinel (7300A-7400A) bands have
emerged in more recent studies (see the
figures). While the fundamental transi-
tion in OH occurs at 2.7 ., this wavelength
is absorbed in the lower atmosphere and
thus cannot be detected from ground-
based measurements. Overtone OH emis-
sion, however, is very easily measured
from the ground in the Meinel bands. This
g1 ’es an excellent in-situ indicator of the
geodynamical effects occurring in the D
region. :

A coordinated effort to collect and
assimilate data to establish a comprehen-
sive understanding of the sources, prop-

Ground-based Intensified Television Image of
Periodic Airglow Emission Originating from
Approximately 85 km.
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agation, and signatures of structure
resulting from waves in the upper atmos-
phere is being made at the Air Force
Geophysics Laboratory. The structure of
the D and E regions is observed using
mobile, ground-based visible, infrared,
and radar techniques. Preliminary
measurements concentrating on the OH
and Ol emission regions, measurements of
OH rotational temperature, band emis-
sion levels, Ol emission levels, and radar
returns from electron density gradients
were obtained for several different condi-
tions of D and E region behavior. An exam-
ple of radiometer data of the OH v’, v*

= 3,1 intensity as a function of universal
time is shown in the figure. For day 182
(June 29-30, 1984) the radiance level con-
stantly oscillated through periods of slow
build-up and sudden collapse. The fine
structure evident is real and represents
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oscillation periods on the order of 4 min.
The OH photometer results indicate a
high-frequency component consistent
with an acoustic branch. Simultaneously
with the radiometer results, radar returns
at 2.66 MHz showed a periodic collapse of
the D-region return coincident with the
sudden periodic decrease in OH radiance.
If this represents a coupling of electron
density to OH emission behavior, the re-
sult is neither expected nor understood at
present and represents a new and poten-
tially important area for D- and E-region
structure investigations.

The preliminary results of the MAP-
STAR experiments indicate a high occur-
rence rate of periodic structure in the
natural upper atmosphere and suggest
that the D and E regions are very dynamic
and that periodic variability in spatial and
temporal infrared radiance is quite com-
mon. It is likely that all important
wavelengths in the infrared show periodic
fluctuations in their radiance levels. The
MAPSTAR project is intended to generate
the basis for predictive codes for a compre-
hensive treatment of infrared structure
which may generate severe clutter for a
new generation of sensor systems.

AIRBORNE MEASUREMENTS

The Flying Infrared Signatures Tech-
nology aircraft is equipped as a compre-
hensive laboratory for in-flight research
and measurement on the infrared phe-
nomenology of targets and backgrounds.
Radiometers, interferometers, spectrom-
eters, and a variety of spatial mappers
that produce TV-like images from infrared
radiation are used to collect the basic data.

The long aircraft range of over 5000
miles permits worldwide deployment, and
its ability to fly above 40,000 ft altitudes
allows infrared scientists to study the en-
vironment from near sea level to well
above the obscuring clouds and above
nearly all of the atmospheric water vapor
(see the figure). This aircraft is a reliable
platform for the study of geographic, sea-
sonal and diurnal variations of the sky,
clouds and the earth. The flights are fre-
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quently coordinated with rocket launches
and other test aircraft, which work in con-
cert to study a common problem from dif-
fering aspects. In recent years a large part
of the measurement capability has been
employed to understand the in-flight in-
frared characteristics of aircraft. Unique
measurements of the infrared radiation of
the boost phase of missile launches have
been obtained from this aircraft. The im-
portant role that the surrounding environ-
ment of land, sea, clouds and atmosphere
play in influencing target infrared be-
havior, or “signatures,” is being deter-
mined in detail. The data obtained are
used to develop new models that can simu-
late infrared behavior and also to validate
and test specific theoretical and labora-
tory based models.

As infrared technology has made large
advances in recent years, the need for
understanding the behavior and appear-
ance of targets at high spatial resolutions
and from long measurement ranges has
become important. New complex infrared
mosaic and scanning sensors introduce a
whole new class of problems to be solved so
that these instruments can be used suc-
cessfully in weapon seekers, surveillance
systems and for intelligence gathering by
remote sensing. The flying infrared signa-
tures technology aircraft provides an im-
portant platform from which to test new
sensor concepts and to obtain detailed in-

frared characterization of the world so
that new systems can achieve their de-
velopment goals.

The aircraft has a variety of unique
instrumentation. Five Michelson inter-
ferometers provide high-resolution spec-
tral data. These instruments can look out
the side of the aircraft over a wide range
of angles when mounted in a special
“eyeball” window mount. A gold-coated
periscope mirror can also be inserted
through the eyeball into the ambient air-
stream, allowing viewing in any direction
simply by rotation of the periscope. This
combination of mounts permits a target to
be viewed anywhere in the hemisphere on
the right side of the aircraft.

Three different kinds of thermal imag-
ing scanners are available to be operated
simultaneously with the spectral measur-
ing interferometers. The imaging systems
produce TV.like images from infrared
radiation in the 2 to 14 p spectral region.
Two systems use an array of HgCdTe or
InSb detectors to provide spatial data in a
scene and to resolve temperature differen-
tials less than 0.1°C. When mounted be-
hind 7-in. aperture optics, these side-
looking systems have a spatial resolution
of better than 0.3 mrad. A third system
using a Schottky barrier PtSi mosaic
array with more than 7000 detector ele-
ments has been developed for the aircraft
{see the figure), and an instrument with
an array of more than 30,000 elements

Aircraft-based Infrared Thermal Scanner Im-
age of a Blimp Using a Schottky Barrier
Array Detector. (The lighter regions repre-
sent the areas of high infrared radiance.)




will be operating soon which will be sensi-
tive in the 1.0 to 5.0 p region. These sys-
tems provi.e absolutely calibrated ra-
diometric imagery in the infrared.

The airborne infrared measurements
program collects large amounts of data
from a variety of backgrounds and targets.
Spectral and spatial data have been col-
lected from desert, urban, cultivated, for-
ested, mountain, snow, cloud and water
backgrounds. Special flights have been
used to measure the scattering and trans-
mission of clouds when viewed from above,
below, and through a variety of clouds.
Flights have been made over selected ter-
rain throughout the day to determine the
diurnal variation of its infrared character-
istics. A wide variety of targets have been
measured. A forest fire from which the
sensitive interferometers were able to de-
tect large amounts of carbon monoxide
was measured at a range of many miles.
More than 30 types of aircraft have been
measured over power settings from idle to
maximum thrust and from 500 ft to 40,000
ft flight altitudes. Industrial sites, tanks,
and ships have also been measured from a
variety of flight altitudes.

AURORAL SOUNDING ROCKET
PROBES

A rocketborne infrared experiment,
sponsored by the Defense Nuclear Agency
(DNA), called ELIAS (Earth Limb In-
frared Atmospheric Structure) was flown
from Poker Flat Research Range, Alaska,
on March 19, 1983 (GMT), to measure the
infrared spatial and temporal structures
in bright, discrete auroral forms, as well as
in the earth limb airglow (see the figure).
The mission was successful and emissions
from a class IBC III™ auroral breakup
originating over Fort Nelson, Canada,
were measured using staring, vertical,
and horizontal instrument scanning mod-
es (see the figure). The airglow region of
the earth’s atmosphere was also observed.
Measurements were obtained in four dif-
ferent wavelength passbands while the
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The ELIAS Experiment Concept and Earth
Limb Viewing Aspect.

payload was exoatmospheric. The primary
instrumentation was a three-color, tele-
scoped, cryogenic radiometer containing
three coaligned linear arrays (five detec-
tors each) in the detector focal plane with
individual pixel dimensions of 1 mrad x 1
mrad. The supporting instrumentation
onboard the payload included an image
intensified television camera, a celestial
aspect star sensor, and a horizon sensor.
Ground instrumentation at Fort Nelson,
British Columbia, simultaneously doc-
umented the same auroral event observed
by ELIAS.

The measurements show highly struc-
tured and intense infrared emissions
which are correlated to ultraviolet emis-
sions at 3914A and near-infrared emis-
sions at 9000A (see the figure). The data
are significant because they constitute the
first documented exoatmospheric limb-
viewing evidence of molecular infrared
spatial structure in the aurorally dis-
turbed, high-latitude atmosphere. In addi-
tion, the data are directly applicable to
evaluating performance capabilities of ex-
isting and potential military surveillance
systems.

In April, 1983, a Field-Widened Inter-
ferometer (FWI-II) was successfully flown
into an auroral event on a Sergeant rocket
from Poker Flat, Alaska, and was recov-
ered in excellent condition after descent by
parachute in the final phase of the trajec-
tory. Infrared spectra from 2.0 to 7.5 um
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(5000-1333 cm™), with 1.1 cm™! resolu-
tion, were obtained at approximately ev-
ery kilometer or less of altitude from 85 to
139 km, on both the ascent and descent
portions of the trajectory. A dual cryogen
system was used, with liquid neon cooling
the indium-doped silicon detector and li-
quid nitrogen cooling the optics and baffle.
High sensitivity (NESR = 2 x 10 W
cm™? sr7! ¢m at 5.0 w) is inherent in the
wide field of view (12 degrees) available
with the FWI design. The instrument is
ideally suited to measurement of extended
sources such as aurora. The payload was
oriented to look in the zenith direction
throughout the measurements portion of
the trajectory. On-board photometer
measurements indicated that the sensor
penetrated an aurora of low to moderate
intensity which had experienced more in-
tense auroral excitation prior to launch. A
rocket-based energy-deposition scintilla-
tor measured the electron energy distribu-

Ground-based View from Ft. Nelson of the
Auroral Breakup During the ELIAS Experi-
ment. (The range from the rocket payload to
the tangent altitude above Ft. Nelson is
approximately 1500 km )

tion. The most prominent auroral infrared
emissions are indicated in the sample
spectrum and were those from nitric oxide
(NO) between 1675 cm™! and 1950 cm™'
(5.4 um band) and carbon dioxide {CO,)
between 2320 cm ! and 2400 cm™! (4.3 wm
band). The first measurements of CO (see
the figure) as an infrared radiation source
in the upper mesosphere were obtained
during the flight in the 2100 to 2200 cm !
wavelength region. Hydroxyl (OH) data
were also obtained during both the rocket
ascent and descent and provide the first
high-resolution measurements of OH as a
function of altitude. The CO and OH emis-
sions are being analyzed in terms of
atmospheric concentration and production
and loss processes.
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TELEVISION CAMERA
RETICLE

AURORAL ARC——»
EXTENDING WESTWARD
BELOW THE PAYLOAD

Earth Limb View of Aurora Shown in Preced-
ing Figure as Recorded by the Image-
intensified Television Camera Onboard the
ELIAS Payload.

INFRARED ATMOSPHERIC MODELLING

Thevretical models of infrarc. emission
from the quiescent ARC (Atmospheric
Radiance Code) as well as the aurorally
disturbed AARC (Auroral Atmospheric
Radiance Code) are being developed.
These models are being validated by
analysis of data from the field experi-
ments.

A recent example of the analysis of the
field data is provided by the Field-
Widened Interfercmeter (FWI) experi-
ment. Clearly identified in the flight
measurements are the radiation from the
4.3 um band of CO, and the 5.3 um fun-
damental band of NO. Also seen is the
weak CO fundamental band at 4.7 um.
The spectrum of NO has been analyzed. It
has been shown that this spectrum is com-
posed of two parts: (1) the nitric oxide (1—
~0) transition due to an airglow process
originating from a broad altitude range

with a maximum emission near 130 km
and having a rotational temperature of
about 550°K; and (2) auroral emission
from the auroral hot bands (upper state
vibrational levels two or greater), origi-
nating from around 130 km and having a
rotational temperature of about 280°K.
The absolute emission rates and band pro-
files from the auroral transitions are in
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good agreement with the AARC modeled
radiance based on the kinetic data from
the AFGL COCHISE and LABCEDE ex-
periments, as illustrated in the figure.
The codes ARC and AARC are non-
equilibrium codes and contain detailed
production and loss processes for a given
state of a species. They may be readily
modified as specific processes are identi-
fied, or revised and include the effects of
radiation transport. The models will be
extended and irproved as results from the
laboratory and the field measurement
programs become available.
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W.A M., and WoLnik, S.J. (AFGL)

N? Meinel Band Excitation and Quenching
Ninth Annual Internat. Conf. on Atomic Physics,
Seattle, WA (23-27 July 1983)

Quenching of Ny (A%n,) v’ = 2,3, and 4 by Air
and v’ = 2 by Nitrogen and Oxygen

Thirty-Sixth Gaseous Electronics Conf., Albany,
NY (11-14 October 1983)

PieER, L.G., GrReEN, B.D., PucH, E.R.
(Physical Sciences, Inc., Andover, MA);
and BLumBerag, W.A.M. (AFGL)
Laboratory Studies of Beam Plasma Discharges
AGU Mtg., San Francisco, CA

(5-9 December 1983)

Rawrins, W.T. (Physical Sciences, Inc.,
Andover, MA); and ARMSTRONG, R.A.
(AFGL)

Dynamics of Formation of Vibrationally Excited O3
by Three Body Recombination

AGU Mtg., San Francisco, CA

{€ 9 December 1983)

Sakai, H. (Univ. of Massachusetts,
Amherst, MA); Vanassk, G. (AFGL);
PritcHARD, J., and Murcray, D.J. (Univ.
of Denver, Denver, CO)

Crvogenic Fourier Spectroscopy for the Infrared
Atmespheric Emission Measurement

Interaat. Conf. on Fourier Transform Spectroscopy,
Durham, UX (5-9 September 1983)

SchenkeL, F.W., OcorzaLik, B.S. (The
Johns Hopkins Univ., Laurel, MD); and

Pausen, D.E. (AFGL)

Satellite Auroralilonospheric UV Imager
AJAA 21at Aerospace Sci. Mtg., Reno, NV
(13-20 January 1983)

SteeDp, A.. ULwick, J.C., Harris, C.
(Utah St. Univ., Logan, UT); Cook,
F.H., and Straka, RM. (AFGL)

Rocketborne Interferometer Measurements of
SWIR/MWIR Spectra

AGU Mtg., San Francisco, CA

(5-10 December 1983)
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WinNicK, J., and Picarp, R.H.

O.'2g) 1.58 um (O-1) Transition Probability and
the Photochemistry of O, A\g) in the Stratosphere
and Lower Mesosphere

PACCHEM 1984, Honolulu. HI

(16-21 December 1984)

ZacHor, A.S. (Atmospheric Radiation
Consultants, Inc., Acton, MA}); and
Suarma, R.D. (AFGL)

Retrieval of Nor-LTE Vertical Structure from «a
Spectrally Resolved IR Limb Radiance Profile
AGU Mtg.. San Francisco. CA

15-10 December 19831

Zauniser, M.S., Stearns, J.R.. Kous,
C.E. tAerodyne Research. Inc., Billerica,
MA): and Sanxprorp, B.P. (AFGL)
Infrared Signature Studies of Forest Fires

Conf. on Large Scale Fire Phenomenology, NBS
Gaithersburg, MD (12 September 1984,

TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

FreepMmaNn, A. tAerodyne Research, Inc.,
Billerica, MA): RauBree. A. (AFGL):
SILVER, J.A., and StanTtox, A.C.
(Aerodyne Research, Inc., Billerica, MA)
Absolute Collisional Excitation Cross Section

Measurements Using Crossed Molecular Beams
AFGL-TR-83-0078 117 March 1983, ADA132033

Lurig, J.B., MiLLER, S M., and

ARMSTRONG, R.A.

SWIR and Visible Atomic Emission from
Laser-Produced Oxvgen and Nitrogen Plasmas
AFGL-TR-84-0161 (15 June 1984, ADA147528

CONTRACTOR JOURNAL ARTICLES
JANUARY, 1983 — DECEMBER, 1984

Barowy, W., Sakal, H. (Univ. of

Massachusetts, Amherst, MA)

Time Resolved FTS of Molecular and Atomic
Infrared Emission

Infrared Phys. 24 tAugust 1984)

CHang, E.S. (Univ. of Massachusetts,

Ambherst, MA)

Theorv of the Angular Distributions of Electrons
Resonantly Scattered by Molecules, 111

Phys. Rev. A 27 (February 1983}

CHang, E.S., Puichropek, S. (Univ. of
Massachusetts, Amherst, MAJ; and
EvLER, E.E. (Harvard Univ., Cambridge,
MA)

Extended Analvsis of Emissions in H,
J. Chem. Phys. 80 (15 January 1984)

Evier, E.E, Pivkin, F.M. (Harvard
Univ., Cambridge, MA)

Lifetime Measurements of the Bz, State of N,
Using Laser Excitation

J. Chem. Phys. 79 ¢15 October 19831

Winick, J., Picakp, R.H.. and Snarma,
R.D.

Infrared Measurement of CO in the Lower
Thermaosphere

AGU Mty San Francisco. CA

13-7 December 1984

Winick, J. (AFGL): Lyvons, R.. ZAHNISER,
M. and Kous. C. tAerodyne Research,
Inc.. Billerica. MA)

On the Photochemustry of Ot A A’ ¢/ States in the
Upper Mesosphere and Lower Thermosphere

AGU Mtg.. San Francisco. CA

15-8 December 19831

WiINTERSTEINER, P.P. (Arcon Corp.,
Waltham, MA); and Suarya, R.D.
{AFGL)

CO, Component of Davtime Earthlimb Emission at
2.7 um

AGU Mtg.. San Francisco. CA

{3-12 December 1984)

CONTRACTOR PRESENTATIONS AT
MEETINGS
JANUARY, 1983 — DECEMBER, 1984

Barowy, W., Sakar, H. (Univ. of
Massachusetts, Amherst, MA)

Time Resolved Fourter Transform Spectroscopy of
Molecular and Atomic Infrared Emission

Internat. Conf. on Fourier Transform Spectroscopy.
Durham, UK (5-9 September 1983)

BenescH, W, FraepricH, D. (Univ. of
Maryland, College Park, MD)
Intersystem Collisional Transfer of Excitation
Among the Triplet States of Molecular Nitrogen
Thirty-Ninth Symposium on Molecular
Spectroscopy. Columbus, OH (11-15 June 1984

Cuana, E.S.T. (Univ. of Massachusetts.
Ambherst, MA}); and Yosuino, K.
(Smithsonian Astrophysical
Observatory, Cambridge, MA)
Identification of the NF Complexes in N, by UV
Absorption

Thirty-Eighth Symp. on Molecular Spectroscopy.
Columbus. OH 113-17 June 1983)




Cuang, E.S.T., PuLchropek, S. (Univ. of
Massachusetts, Amherst, MA); and
Evier, E.E. (Harvard Univ., Cambridge,
MA)

Analvsis of SG-FF Emission Lines tn .,
Thirty-Eighth Symp. on Molecular Spectroscopy.
Columbus. OH (13-17 June 1983

Evier, E.E., Piekin, E.M. (Harvard

Univ., Cambridge, MA)

Laser Spectroscopy of Some Excited States of H,
and N,

Annual Mtg. of the Div. of Electron and Atomic
Physics of the Am. Phys. Society, Boulder, CO
(22-25 May 19831

Sakai, H. (Univ. of Massachusetts,

Amherst, MA)

Molecular Constants of '*C "0, Bands in 1900
em - 2150 em !

Thirty-Eighth Symp. on Molecular Spectroscopy.
Columbus, OH 113-17 June 1983)
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CONTRACTOR TECHNICAL REPORTS
JANUARY, 1983 — DECEMBER, 1984

Birn, F. (Utah St. Univ., Logan, UT)
LWIR Signature from EXCEDE Spectral
AFGL-TR-84-0095 tMarch 1984). ADA144169

Piexin, F.M. (Harvard Univ.,
Cambridge. MA)

Measurements of Lifetimes of the Vibrational
Levels of the B State of N,
AFGL-TR-84-0068 (21 January 1984 ADA142161

Wona, W.K. (Utah St. Univ., Logan,
um

Design Study of Ion Anti-Contamination System
AFGL-TR-84-0086 (March 19841 ADA144197




APPENDIX A

AFGL PROJECTS BY PROGRAM ELEMENT
FY 1983

Program Project Number and Title
61101F ILIR In-House Laboratory Independent
Research

61102F DEFENSE RESEARCH SCIENCES

2303G1 Upper Atmosphere Chemistry

2303G2 Plume/Atmosphere Interactions

2309G1 Geodesy and Gravity

2309G2 Crustal Motion Studies

2310G1 Molecular and Aerosol Properties of
the Atmosphere

2310G3 Upper Atmosphere Composition

2310G4 Infrared Atmospheric Processes

231uG6 Remote lonospheric Mapping

2310G7 Atmospheric Dynamic Models

2310G8 Advanced Weather Satellite
Techniques

2310G9 Global Ionospheric Dynamics

2311G1  Energetic Particles in Space

2311G2 Magnetospheric Plasmas and Fields

2311G3 Solar Environmental Disturbances

62101F GEOPHYSICS
4643 Ionospheric Specification
6670 Meteorological Development
6687 Middle Atmospheric Effects
6690 Upper Atmosphere Technology

7600 Terrestrial Sciences

7601 Magnetospheric Effects on Space
Systems

7659 Aerospace Probe Technology

7661 Spacecraft Environment Technology

7670 Optical/IR Properties of the
Environment

63410F SPACE SYSTEMS ENVIRONMENTAL

TECHNOLOGY
2821 Space Systems Design/Test Standards
2822 Interactions Measurement Payload

2823 Charge Control System

63707F WEATHER SYSTEMS
2688 Weather Systems (Advanced
Development)
2781 Next Generation Weather Radar
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In addition to the continuing Air Force funded projects cited
above, AFGL participates in joint programs supported by the
following agencies:

1) U.S. Air Force

Space Division

Ballistic Missiles Office

Air Force Weapons Laboratory
Air Weather Service
Electronic Systems Division

2) Defense Advanced Research Projects Agency

3) Defense Mapping Agency

4) Defense Nuclear Agency

5) Defense Communications Agency

6) Department of Energy

7) National Aeronautics and Space Administration

8) Navy

AFGL PROJECTS BY PROGRAM ELEMENT

FY 1984
Program Project Number and Title
61101F ILIR In-House Laboratory Independent
Research

61102F DEFENSE RESEARCH SCIENCES

2303G1 Upper Atmosphere Chemistry

2309G1 Geodesy and Gravity

2309G2 Earth Motion Studies

2310G1 Molecular and Aerosol Properties of
the Atmosphere

2310G3 Upper Atmosphere Composition

2310G4 Infrared Atmospheric Processes

2310G6 Local lonospheric Processes

2310G7 Atmospheric Dynamic Models

2310G8 Advanced Weather Satellite
Techniques

2310G9 Global Ionospheric Dynamics

2311G1 Energetic Particles in Space

2311G2 Magnetospheric Plasmas and Fields

2311G3 Solar Environmental Disturbances

62101F GEOPHYSICS
4643 [onospheric Specification
6670 Atmospheric Science and Technology
7600 Terrestrial Geophysics
7601 Magnetospheric Effects on Space

Systems
7659 Aerospace Probe Technology
7661 Spacecraft Environment Technology

7670 Optical/IR Properties of the
Environment
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63410F SPACE SYSTEMS ENVIRONMENTAL

TECHNOLOGY
2821 Space Systems Design/Test Standards
2822 Interactions Measurement Fayload

2823 Charge Control System

63707F WEATHER SYSTEMS
2688 Weather Systems (Advanced
Development) (Battlefield Weather
Systems)
2781 Next Generation Weather Radar

In addition to the continuing Air Force funded projects cited
above, AFGL participates in joint programs supported by the
following agencies:

1) U.S. Air Force

Space Division

Ballistic Missile Office

Air Force Weapons Laboratory
Alr Weather Service
Electronic Systems Division

2) Defense Advanced Research Projects Agency

3. Defense Communications Agency

4) Defense Mapping Agency

5) Defense Nuclear Agency

6) Department of Energy

7) National Aeronautics and Space Administration

8} Navy
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Air Force Geophysics Laboratory

HANSCOM AIR FORCE BASE, BEDFORD, MASS.

EXEC OFFICER & COMDR, HQ SQ Sga COMMANDER CHIEF SCIENTIST
LT. COL. K. G. COTTRELL CC COL. J. D. MORGAN, I1l X-3601 CA DR A T. STAIR JR X 3601
cca X-4383 VICE COMMANDER
——— e e A CV COt. R. BARTHOLOMEW X-3601 ETy
STAFF METEOROLOGIST ‘ CVS  1LT. C. CASSELL* X-3126
o e e . o e e e e e SECURITY
WE  LT.COL. F.H.BOWER X-3237| CVS MR.F.C.CARTAGLIA X-2732
e e e ]
WEST COAST OFFICE INFORMATION RESOURCES
s RESEARCH SERVICE
TECHNICAL PLANS & OPERATION EL SEGUNDO. CALIFORNIA CES MANAGEMENT
MR.S.J. FALKOWSKI X-3601 CAPT. T. R. FRANTZ SU MR. J. P.CUSHMAN X.4771 )
X0 ALKO wE AV833.4153 AM  MS. E.C. CRONIN X-4082
l - DETACHMENT 1
AFGL TECHNICAL CONSULTATION HOLLOMAN AF8. NM
SERVICE == PT. A. D. STANKOVICH
MR. R. T. PODSIADLO CAPT. A. D.
AFGL TCS X-3606
DET 1/CC AV867-4421
IONOSPHERIC PHYSICS DIVISION EARTH SCIENCES DIVISION AEROSPACE INSTRUMENTATION SPACE PHYSICS DIVISION
DIVISION
LI MR.AR. A SKRIVANEK X-3031 LW DR.D.H.ECKHARDT X.5495 LC MRB. C. N. STARK  X-3004 PH MS. R.C.SAGALYN  X-3227
OPTICAL PHYSICS DIVISION INFRARED TECHNOLOGY DIVISION ATMOSPHERIC SCIENCES DIVISION
OP  Dr. J. S.GARING  X-2951 LS Or. R E.MURPHY X-4910 LY DR.R.A. McCLATCHEY X-2975
AUTOVON: 478-XXXX AS OF 1 SEPTEMBER 1484
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CcC COMMANDER
COL J D MORGAN, 11t
cv VICE COMMANDER
COL. R BARTHOLOMEW
CCQ HQ SQ SECTION
Su RESEARCH SERVICES
Commander tt Coi K Cottrei
CCQF 1st St MSgt. J Ingas Orector 4 P Cushman
CCQA NCOIC Admin SSgt. J Chapman
X0 TECHNICAL PLANS & OPERATIONS SuUL MANAGEMENT & INFORMATION
Director S J Falkowsk: SERVICES BRANCH
Chief A H Sizoo
AFGL TECHNICAL CONSULTATION SERVICE _‘ DA Administrative Services MSat J Sirbok
SULL Research Library R. K Se:dman
Technical Consultation Services
Officer R T Podsiadio SULR Research Publication J F  Dempsey
AFGL Statft Meteoro!ogists h |
Col F  Fowler AFSC SULP Techmical Photography P J Wndward
Lt. Col. W. Bihner WSMC SULI 'nformation Services A B McGinty
Lt Col. €. Kolczynsk: ESMC
Lt Col. E Harriman AD
Ma, R Noonan AFFTC
| Lt Col. R. Tadd SD
Lt. Col. R. Feddes ASD
Ma). K. Hutchinson FTD SUMm MATERIEL SERVICES BRANCH
Ma; R. Himebrook 6585 TG L} Chiet R A Lynch
Ma) K. Nozaki 2:3C EMMP/PMEL € R Ponu
Lt. Col. V. Bluss L
SUMS/LMCA J  Norton
Ma;. W. Harper AFWAL
Capt S. Messina AFESC
tt. Col. F. Bower ESD
Lt. Col. J Ptummer AFSCF
Capt. G. Fisher BMO sut TECHNICAL SERVICES BRANCH
L__JChet Lt Col J E Holdner
SUTE Technical Facihities CMSgt R E Godbout
L xXoe TECHNICAL PROGRAMS BRANCH SUTO Operatnional Services H J. Kernodie
Chiet R. G. Hendl SUTF Fabrication Services M R Daddario
RM  INFORMATION RESOURCES MANAGEMENTY
o XOR RESOURCES BRANCH
Chief J. 1 Hatey, JEJ Director €. C Cromn
RMO Operations Branch
Chief R. C. Penney
AT WEST COAST OFFICE Systems Programming S. Smith
€/ Segundo, Caiforma
Chiet Capt. T. R. Frant2
RMA Analysis & Techniques Branch
Chiet P. T. Tsipouras
VAX & Small Computers O. L. Pelekas:s
|__| RMY Dats Systems Branch
Chief R. E. Mcinerney
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cc COMMANDER
COL. J. D. MORGAN, IH
cv VICE COMMANDER
COL R. BARTHOLOMEW
L! IONOSPHERIC PHYSICS DIVISION
Director R. A. Skrivanek .
Senior Scientist-Aerospace H. E. Hinteregger Director
Radiation

LID lonospheric Disturbance
& Modification

LIS lonospheric Effects

LIU UV Surveillance &
Remote Sensing

W. Swider, Jr.*

H. C. Carison
L. J. Heroux

Director
LWG Geodesy & Gravity

D.

Lw EARTH SCIENCES DIVISION

H. Eckhardt

T. P. Rooney

LY ATMOSPHERIC SCIENCES DIVISION

R. A. McCiatchey
K. S. W. Champion
A. A. Barnes, Jr.
K. M. Glover

D. D. Grantham

D. A. Chisholm

Senior Scientist ~ Atm. Structure
LYC Cloud Physics

LYR Ground-Based Remote Sensing
LYT Tropospheric Structure

LYP Atmospheric Prediction

LYS Satellite Meteorology K. R. Hardy
op OPTICAL PHYSICS DIVISION

Director J. S Garing

OPA Atmospheric Optics R. W. Fenn

OP| Infrared Physics 8. D. Schurin

LWH Solid Earth Geophysics H. A. Ossing
LC AEROSPACE INSTRUMENTATION
DIVISION
Director C. N. Stark
LCA Batloon Design & Fhght A. 0. Korn
Analysis
LCC Batlloon Instrumentation R. J. Cowe
LCR Sounding Rocket E. F. McKenna
LCM Mechanica! Engineering A. B. Brocchi
PH SPACE PHYSICS DIVISION
Director R. C. Sagalyn
Senior Scientist-Astro  Physicist G. W. Simon
PHS Solar Research (OL-AC, Capt. S L. Keil
Sunspot NMJ
PHK Spacecraft Interactions C. P. Pike, Jr.
PHG Space Plasmas & Fields W. J. Burke
PHP Space Particle Environment E. G. Mullen

ts INFRARED TECHNOLOGY
DIVISION

R. E. Murphy
R. Armstrong
B. Sandford
A. Mcintyre®

Director
LSl infrared Dynamcs
LSA Airborne Measurements

LSP Atmospheric Backgrounds
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