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INTRODUCTION

The NASA Goddard SpaceFlight Center (GSFC) Laboratory for Extraterrestrial Physics (LEP)
performs experimental and theoretical research onthe heliosphere, the interstellar medium, and
the magnetospheres and upper atmospheres of the planets, including Earth.

L EP space scientists investigate the structure and dynamics of the magnetospheres of the planets
including Earth. Their research programs encompassthe magnetic fields intrinsic to many
planetary bodes aswell astheir charged-particle environments and dasma-wave enissons. The
LEP also conducts research into the nature of planetary ionaspheres and their cougding to bah
the upper atmospheres and their magnetospheres. Finaly, the LEP carries out a broad-based
research program in heliospheric physics covering the origins of the solar wind, its propagation
outward through the solar system all the way to its termination where it encountersthe locd
interstellar medium. Speaa emphasisis placed onthe study of solar coronal massejedions
(CME's), shock waves, and the structure and properties of the fast and slow solar wind.

LEP planetary scientists gudy the diemistry and physics of planetary stratospheres and
tropospheres and of solar system bodes including meteorites, asteroids, comets and danets. The
LEP conducts afocused program in astronamy, particularly in the infrared andin short aswell as
very longradio wavelengths. We dso perform an extensive program of laboratory research,
including spedroscopy and physical chemistry related to astronamical objeds.

The Laboratory propases, devel ops, fabricates, and integrates experiments on Earth-orbiti ng,
planetary, and heli ospheric spacecraft to measure the dharaderistics of planetary atmospheres
and magnetic fields, and eledromagnetic fields and dasmas in space. We design and develop
spedrometric instrumentation for continuum and spedral li ne observations in the x-ray, gamma-
ray, infrared, and radio regimes; these are flown onspacecraft to study the interplanetary
medium, asteroids, comets, and danets. Subarbital soundng rockets and ground-based olserving
platforms form an integral part of these reseach activities.

Thisreport covers the period from approximately October 1997through September 1998.

|. PERSONNEL

Dr. Richard Vondrak continues as Chief of the LEP. Mr. Franklin Ottensis Asgstant Chief. The
Branch Heads are Dr. Joseph Nuth (Astrochemistry); Dr. Thomas Moore (Interplanetary
Physics); Dr. Drake Deming (Planetary Systems); Dr. Steven Curtis (Planetary M agnetospheres),



and Dr. James Slavin (Eledrodynamics). The Laboratory Senior Scientists are Drs. Richard
Goldberg, JohnHillman, Michad Mumma, Keith Ogilvie, Louis Stief, and Robert Stone. Mr.
Willi am Mish (ISTP Deputy Projed Scientist for Data Systems) is also a member of the
Laboratory senior staff.

The avil servicescientific staff consists of Dr. Mario Acufiia, Dr. JohnAllen, Dr. Robert Benson,
Dr. Thomas Birmingham, Dr. Gordon Bjoraker, Dr. John Brasunas, Dr. David Buhl, Dr. Leonard
Burlaga, Dr. GordonChin, Dr. Regina Cody, Dr. Michad Colli er, Dr. JohnConrerney, Dr.
Michad Desch, Mr. Fred Espenak, Dr. Joseph Fainberg, Dr. Donald Fairfield, Dr. Willi am
Farrell, Dr. Richard Fitzenreiter, Dr. Michad Flasar, Dr. Barbara Giles, Dr. David Glenar, Dr.
Melvyn Goldstein, Dr. Joseph Grebowsky, Dr. Fred Herrero, Dr. Michad Hesse, Dr. Robert
Hoff man, Dr. Donald Jennings, Mr. Michad Kaiser, Dr. JohnKeller, Dr. Alexander Klimas, Dr.
Theoda Kostiuk, Mr. Virgil Kunde, Dr. Ronald Lepping, Dr. Robert MacDowall, Dr. Willi am
Maguire, Dr. MarlaMoore, Dr. David Nava, Dr. Walter Payne, Dr. JohnPeal, Dr. Robert Pfaff,
Dr. Dennis Reuter, Dr. D. Aaron Roberts, Dr. Paul Romani, Dr. Robert Samuelson, Dr. Edward
Sittler, Dr. Mark Smith, Dr. David Stern, Dr. Adam Szabo, Dr. Jacob Trombka, Dr. Adolfo
Figueroa-Vifas, and Dr. Peter Wasil ewski.

The following are National Research Courcil Associates: Dr. Scott Bounds, Dr. Nancy
Charnover, Dr. Steven Cummer, Dr. Robert Glinski, Dr. Susan Hall enbeck, Dr. Vasyl
Morozhenko, Dr. Lutz Rastétter, Dr. Michagl Smith, Dr. Carlos Suarez, Dr. Peyton Thorn, and
Dr. Juan Valdivia.

The following scientists work at LEP as either contractors to GSFC or as longterm visiting
faaulty: (Raytheor/STX) Dr. Ashraf Ali, Dr. Daniel Berdichevsky, Dr. Scott Boardsen, Dr.
Rainer Fettig, Dr. Nicola Fox, Dr. Henry Freudenreich, Dr. Emily Greene, Dr. Roger Hess Dr.
Shrikanth Kanekal, Dr. Masha Kuznetsova, Dr. Brook Lakew, Dr. Carey Liss, Dr. Nitya Nath,
Mr. George McCabe, Dr. Vladimir Osherovich, Dr. Mauricio Peredo, Dr. Michad Reiner, Dr.
Pamela Solomon, Dr. Adinarayan Sundaram, Dr. Nikolai Tsyganenko, Mr. Sarabjit Bakshi, Mr.
Frank Carroll, Ms. Karen Horrocks, Mr. Monte Kadberer, and Mr. Eric Winter; (Universities
SpaceResearch Asciation) Dr. Mei-Ching Fok, Dr. Jesper Gjerloev, Dr. Venku Jayanti, Dr.
VaeriiaTroitskaia, Dr. Dimitris Vassli adis, and Dr. Hung Kit Wong; (Applied Research
Corporation) Dr. Sanjoy Ghaosh, Dr. Michad Goodman, and Dr. Edouard Siregar; (Computer
Sciences Corporation) Dr. Larry Evans; (Cathalic Univ. of America) Dr. Dennis Bogan, Dr.
Pamela Clark, Dr. Tamara Dickinson, Dr. Michad DiSanti, Dr. Frank Ferguson, Dr. Nat
Gopaswamy, Dr. Vladimir Krasnopdsky, Dr. Fred Nesbitt, Dr. Neil Dello Rus, and Dr.
Richard Starr; (SSAI) Dr. Richard Achterberg, Dr. Ronald Carlson, Mr. James Tingley, and Mr.
Matt Elli ott; (SpaceApplicaions Corporation) Dr. Hemant Davé; (Univ. of Maryland Batimore
County) Dr. Marcos Sirota; (Georgia Southern Univ.) Dr. Robert Nelson; (Univ. of Maryland
College Park) Dr. Dennis Chornay, Ms. Kelly Fast, Dr. Thejappa Goll a, and Dr. Timothy
Livengood (Charles Courty Community College) Dr. George Kraus; (Cornell Univ.) Dr. Barney
Conrath and Dr. Paul Schinder; (Rowan College) Dr. Karen Magee Sauer; (Univ. of Virginia)
Dr. Lembit Lill eleht and Dr. Patrick Michad; and (Chall enger Center) Dr. Jeff Goldstein and Dr.
Tilak Hewagama, (NOMAD Research) Dr. Dean Pesnell, (National Institute of Standards &
Tedndogy) Dr. Vladimir Orkin.

[I.ASTROCHEMISTRY



Ozonre. Hypochlorous add, HOCI, isatemporary chloride reservoir speciesin the Earth's
stratosphere. As auch, it sequesters atomic chlorine which caalyzes ozone depletion. Knowledge
of thermochemical properties sich asionization energy (IE) and hea of formation (» Hy) of
atmospheric spedes such as HOCI are valuable for bath laboratory experiments and atmospheric
models. The phaoionization efficiency spectrum of HOCI was measured for the first timein
phaoionization-mass pedrometry (PIMS) experiments at the National Synchrotron Light
Sourcelocaed at Brookhaven National Laboratory. From an analysis of the step-like threshold in
the spedrum, P. Thorn, L. Stief, S. Kuo (BNL) and R. Klemm (BNL) obtained avalue of 11.12
+ 0.01eV for the aiabatic IE of HOCI. This agrees well with the only previous experimental
measurement which employed phdoel ectron spedroscopy (PES). However, in the dsence of
massresolution, this PES measurement was sverely compli cated by the presence of features due
to Cl,0, Cl,, and H,0 in additionto HOCI. A vaue for the heat of formation d HOCI was
obtained from our recent value for « H;(Cl,O) alongwith literature values for the equili brium
constant for the reaction Cl,0 + H,O = 2 HOCI and for « Hi(H,0). Thisyields £ H; (HOCI) = -
18.4+ 0.8 ked/mol which isin excdlent agreement with the value -18.2 kcal/mol from avery
recent abinitio cdculation.

Hydrocarbon Chemistry. In phdochemica models of the amospheres of the giant planets
Jupiter and Saturn, an important readion in the hydrocarbon chemistry is that between H, the
dominant atomic spedes, and CHg, asignificant hydrocarbonradical spedes. Recent I1SO

satellit e observations have lead to the first detedion d CHgz in the amospheres of both Saturn
and Neptune. Thereadion d atomic hydrogen with methyl radicals is a pressure-dependent
recombination process H + CHz; + M = CH4 + M. Thisreadionis difficult to study in the
laboratory; the limited data avail ableisat T=300K and above dueto itsimportancein
combustion chemistry. For atmospheric models, values of the moleaular rate mnstant k, and the
limiti ng high presaure limit k are needed at low temperatures. Even though the high presaure
limit i s not approacdhed in the @mospheric systems, the presaure ranges invaved are such that an
analyticd expressoninvalving k, andk isrequired as amodel input in order to generate rate
coefficient values as afunction d dtitude (i.e., asafunction d pressure and temperature). F.
Neshitt (Coppn State College), P. Thorn, W. Payne and L. Stief, in coll aboration with D.
Wardlaw (Queen's Univ., Kingston, Ontario), P. Se&kins, S. Robertson, and M. Pilli ng (al at
Univ. of Leals) have completed an experimental and theoretical study of thisreactionat T=298K
and 20(. Different isotopic variants of the reatants were enployed (D, CH; CH,D, CHD,) to
obtain ameasure of k for the H + CH3 readion. The average of threeindividual sets of datafor
eadt o the three methyl isotopamers yields, after corredionfor isotopic substitution,k = (2.9+
0.7) x 10" %m® molealle™ s* at T=298K; this means that, at the high presaure limit, the readion
occurs on essentialy every collisionat T=298. Theresult at T=20K isk=(1.5+0.4) x 10
%m® moleaule™ s*. Thisdeaease in rate mnstant with decreasing temperature cnfirms recent
theoreticd predictionsfor the H + CHzreadion. The T=200K result is more gpropriate for
atmospheric models of outer planet atmospheres than the previously employed higher
temperature results.

Hydrocarbon-Nitrogen Chemistry. For planets or satellit es with a predominantly No/CH,4
atmosphere (Titan, Neptune and Triton), readions of atomic nitrogen with small hydrocarbon
freeradicals sich as CH3, C;Hs and CoHzare expeded to be important processes in the
atmosphere which couge the separate hydrocarbonand ntrogen chemistries and lead to the
formation d nitrile ompound sich as HCN and CH3CN. In previous gudies at GSFC of the N



+ CyHsreadion, it was establi shed that one or more isomers of the C;H,N radicd and the C,H3N
adduct moleaule are primary products of the readion. In order to aid in the identification d the
product isomers, high resolution phdoionization-mass pedrometry (PIMS) studies were
performed at the National Synchrotron Light Sourcelocated at Brookhaven National Laboratory
by R. Thorn, P. Monks, and L. Stief with S. Kuo, Z. Zhang, S. Rossand R. Klemm (all at BNL).
The C,HzN radicd product exhibits a phaoionization efficiency (PIE) spectrum and threshold
guite different from that of CH,CN, the lowest energy isomer. The asence of PIE spectrafor the
five other isomers andionization energies (IE) for threeof the isomers makes a unique
identificaionimpaossble but it is clea that the product is not exclusively or even principaly the
lowest energy isomer CH,CN. By way of contrast, the C,H3sN adduct moleaule product exhibits a
PIE spectrum and threshold identical to that of the lowest energy isomer CH3CN. While CH3;CN
has recently been deteded in the amosphere of Titan by Bézard, Marten and Paubert, andin
laboratory No/CH,4 plasmadischarge experiments by Thompson et a., paential sources of
CH3CN are naot limited to the N + C,Hs readion.

Cosmic Ices. Studies of infrared spedra of cosmic-typeices are mnducted using a unique setup
designed spedfically for the ion banbardment of icefilms. The focus of these investigationsis
to understand physicd-chemica and radiation-chemica processes and identify products in
irradiated icy materials thought to exist in cometary ices, interstellar icy grain mantles, andices
on the surfaces of some satellit es and danets. Two types of processes are aurrently under
investigation: (1) H and OH addition readions, and (2) acid-base readions in low-temperature
ices. (1) M. H. Moore andR. L. Hudson (Eckerd Coll ege) have studied addition readions and
cdculated yields for the synthesis of C,H,4, C,Hgand C,HsOH inirradiated H,O + C,H, ices, and
CoHgand CH3OH inirradiated H,O + CH,4 ices. Thiswork was suggested after abundant CoHg,
CH,, and C;H, were identified in comets Hyakutake and Hale-Bopp. Additi on readions resulting
in the synthesis of H,CO, CH3OH and HCOOH in irradiated H,O + CO ices have been
completed and yields of products are to be determined. Since most of these molecules have been
deteded in comets and interstell ar ices, their yields are of interest for chemicd modeling. (2)
Acid-base reactionsin irradiated ices is one scheme suggested for the formation d spedes which
might exist in planetary ices and for the formation o candidate moleaules whose spedra could
match the unidentified 6.8microninterstellar icefedure. The formation d carbonic aad,
H,CO;3, isuniqueto theion pocessng of H,O + CO;ice M. H. Moare and R. K. Khanna (Univ.
of Maryland) have studied its readion with NH3z during warming near 120K and have identified
cabamic add, NH3;"COO, as amajor product. Current add-base ice experiments on Fe- and
Mg-sili cates will search for the formation d carbonates and carbamates during readions with the
cabonic and carbamic acids.

[11. PLANETARY AND COMETARY PHYSICS

Labaatory Gas-Phase Spedroscopy. A significant effort in the LEP is high-resolution
laboratory infrared spedroscopy of gaseous moleaular spedes. The reseach by the LEP
spedroscopy group (D. C. Reuter, J. M. Sirota, J. J. Hillman and D. E. Jennings) is focused
primarily on molecules of planetary and astrophysicd interest, and suppats NASA flight
misgonsin bah these aeas. The work also suppats groundbased astronamy and terrestrial
atmospheric studies. Particular emphasisis placal on ohaining reli able intensiti es, self- and



foreign-gas presaure broadening coefficients and line-mixing eff ects. Thereisavigorous
program to measure TDL and FTS spectra & wavelengths greaer than 10microns. Suppating
laboratory measurements are scarcefor these wavelengths, bu are aucia for the analysis of data
from upcoming spacemissons such as Cassni, where CIRS will obtain spedraof Saturn and
Titan from 72L000microns. Recent adivities of the group have included oltaining and/or
analyzing spedral data for excited state and fundamental transitionsin H,, *C*?CHsg, *2C,He,
C,H4, CoHa, N2O, CO,, CsHy(both the methylacetylene and al ene isomers) and HNOs. This
recent work has been carried ou in coll aboration with personnel at severa institutionsincluding
W. E. Blass(Univ. of Tenn.), J. M. Frye (Howard Univ.), J. W. C. Johns (NRC, Canada), A.
Perrin (C.N.R.S., Paris), D. W. Steyert (Wabash College), L. L. Strow (Univ. of Maryland
Baltimore Campus), C. B. Suarez (NRC, Argentina) and R. H. Tipping (Univ. of Alabama).
These measurements have arealy impaded planetary studies. For example, the 1,-°C ethane
(**C™2CHpg) intensiti es have been used in conjunction with grourd-based observations to infer an
esentialy terrestrial **C/*°C ratio onJupiter and Saturn, whil e the intensiti es of the ehylene
(CoH,) transitions have been used to oltain concentrations of this gpedesin the upper
atmosphere of Saturn. The low temperature line intensity and self- and ntrogen-broadened
measurements of the g band d alene nea 28 microns are the first such measurements of this
band, and are anong the longest wavelength TDL data ever obtained. The high-presaure long-
pathlength CO, broadening spedra show the dear effects of line-mixing and far-wing line
shapesin this gedes and may be used to model atmospheric spedrafor the Mars Global
Surveyor. The parameters obtained from these experiments are crucial to the proper
interpretation d the upcoming CIRS measurements of the amosphere of Titan.

Aswell as obtaining and analyzing spedra, the group paces a strong emphasis onimproving
instrumentation and, among other accompli shments, has developed a unique tunable diode laser
(TDL) system for obtaining spedrato ~ 30 microns employing advanced (Si: Sb) BIB detedors,
high-performancelead-salt lasers and alongpath White-type sample cell. A very long-path,
coolable White-type cdl i s currently in assembly which will alow pathlengthsin excessof 500
m at temperatures as low as 120K. Work is procealing to expand the long-wavelength capabili ty
of the Kitt Peak National Observatory McMath FTS spectrometer by employing a series of long
wavelength beamsplitters, and to develop methods for external cavity stabili zation d long-
wavelength TDLs.

High Resolution Infrared Heterodyne Spedroscopy of Isotopic Ethylene at 10.5m. The Infrared
Heterodyne Spedroscopy groupat GSFC requires moleaular transition measurements at
extremely high spedral resolution to interpret the information content of planetary and
astrophysicd spedra. A laboratory infrared heterodyne spectrometer has been used by V.
Morozhenko (NRC), T. Kostiuk, D. Buhl (GSFC), T. Hewagama (Chall enger Ctr.), T.A.
Livengood (GSFC and Univ. of Maryland), and A. Kollyukh (Institute of Semiconductor
Physics, Ukraine) to measure the strength, presaure-broadening, and frequency of more than 150
rotational-vibrational transition linesin the 4, 7, and 10 bands of isotopic ethylene (**C,H,4 and
13C'2CH,) at room temperature and at low presaures typical of planetary stratospheres. Absolute
frequencies of the stronger lines have been determined to +5.3x10° cm™. Intensiti es were
determined to ~ 10% accuracy. Ethylene is an important hydrocarbon species present in the
atmosphere of Jupiter, Saturn, and Titan. It is a product of methane chemistry in the stratospheres
of these planets and has a compli caed spectrum in the midde IR region, which makesit an

eff ective probe of physicd-dynamicd properties of these amospheres.



Theoretical Moleaular Spedra. W. Maguire and coworkers continued modeling higher IR
vibrational states of a number of moleaules with low numbers of constituent atoms. By including
appropriate perturbation terms, model acairacy has been improved for line positions and
intensities for a suite of test moleaules: CO,, H,O and HCN. Mixing coefficients needed to
improve intensiti es have been cdculated for CO, states. The models for CO, and H,O will be
useful in interpreting the IR spectra of Mars, Venus and Earth.

Wind Dynamics in the Venus Mesosphere. D. Buhl (GSFC), with J. J. Goldstein (Chall enger Ctr.)
and G. Chin (GSFC) have completed an analysis of wind velocities measured in the mesosphere
of Venus using the Dopper shift of carbonmonaxide (CO) lines formed in the upper
mesosphere. The @amosphere of Venus contains alarge anourt of CO in the upper mesosphere.
The millim eter rotational lines of CO at 115and at 230 GHz have been used to study the
abundance and time variations of the Venus upper atmosphere. At the center of the CO lineisa
narrow Dopger core which can be used to measure the velocity of the mesospheric winds, first
nated by thisresearch groupin 1991.The millim eter CO lines arise from an altitude of 200km
in the Venus mesosphere. In modeli ng the mesospheric winds, the line of sight velocity
comporents aaossthe disc ae cnvdved with the telescope beam. Observations with the
NRAO 12 m telescope were made of thisline during the inferior conjunctions of Venusin
January 1990and April 1993.Wind e ociti es of approximately 100m/s were measured and two
distinct flows were observed. Each olservation showed a retrograde zonal wind flow of ~
100m/s at the eguator. The seaond component of the global windis a subsolar to antisolar flow
driven by solar heating of the upper atmosphere. This flow was first observed by Goldstein in
1989at altitudes above 100km. Our observations $howed areturn flow of gas coming from the
dark side of the planet during the pre-inferior conjunction periods of December 1989(120 m/s)
and March 1993(90 m/s). In April 1993,the wind flow reversed and we measured adired flow
of 240m/sin the equatorial region. These dramatic changes in the subsolar wind patterns suggest
strong dynamical changes in the Venus mesosphere.

Multi-Band Sedral Imaging d Mars. D. Glenar, J. Hillman, G. Bjoraker and F. Espenak
(GSFC), N. Chanowver (New Mexico State Univ.), D. Blaney (JPL) and R. Joyce (KPNO) are
planning an observational campaign for the 1999 oppaition d Mars. The objediveisto
asemble aphaometrically cdibrated, spedrally complete groundbased image aube within the
telluric "windows," at the highest posgble spatia resolution. These measurements will employ
new observing techndogies and will be @wncurrent both with spacecraft measurements and
suppating observations by the upgraded HST. Three observing teams will condct the
investigations with threeinstruments gpanning 0.65.0 micron. Instruments and danned
observing fadliti esare: (a) Visible/NIR AOTF camera and auxili ary camerawith 6031050 rm
interferencefilter wheel, at the USAF/Philli ps Lab 1.5m, laser-beacon adaptive optics tel escope.
Spatial resolution ~ 0.3 arcsec (125 km). Sciencetargets: Fe,", Fes” mineralogy and coarse grain
hematite search. (b) SWIR (1.73.4 micron) AOTF camera & the Apache Point Observatory,
3.5m, /10, Nasymth focus telescope. Spatial resolution ~ 0.8 arcsec (340 km). Science targets. 3
micron water-of-hydration feature and CO,, H,O ice (pdar regions and clouds). (c) KPNO
cryogenic grating/dlit spedrometer (CRSP) at the KPNO 2.1 m, /15 Cass focus. Seleded 35
micron (L, M band) with multi ple grating settings. Spatial resolution~ 0.8 arcsec (340 km).
Sciencetargets. water-of-hydration (34 micron long wave extension) and sulfate mineralogy.

Martian Dust Storm Eledric Discharges. LEP scientists (Farrell, Cummer, Kaiser, Desch,



Houser) investigated the passhili ty of detecting radiation from glow and filamentary discharges
suspeded to be occurring within Martian dust storms. The situationis analogous to the
eledrification d terrestrial volcanic plumes and terrestrial sand storms. Calculations of the
magnitude of charge separation that could be supported by dust storms of agiven size indicae
that terrestrial-size discharges could exist on Mars, along with microscopic "glow-like"
discharges. Further, the LEP scientists modeled the long-distance propagation onMars of the
very low frequency (VLF) eledromagnetic radiation from the filamentary discharges to
demonstrate their potential detedabili ty onthe Martian surface thousands of kil ometers from
their source The calculations suggest that these VLF signals could be used na only to locae and
tradk dust storms but also to remotely sense the large-scale Martian groundcondctivity
averaged over adepth of akilometer or more, thereby reveding subsurfacegeologic features
(such as water or highly conductive rock) difficult to detect by other means. In collaboration with
J. Marshall of NASA Ames Reseach Center, they are dso performing a series of laboratory
experiments to understand the microscopic nature of the Martian dust-charging and radiation
process

Compaosition d the Degy Jovian Atmosphere. G. Bjoraker, G. Orton (Jet Propusion Laboratory),
A. Collard (UK Meteorologicd Office), and L. Sromovsky (Univ. of Wisconsin) acquired
spedraof Jupiter using the CSHELL cryogenic grating spectrometer at NASA's Infrared
Telescope Facility in Hawaii. A new technique was tested to study the physicd condtions near
the 5-bar level on Jupiter. Observations of CH,4, NH3, and PH3; were obtained to complement in
situ measurements by the Galil eo Entry Probe. The methane observations are sensitive to the
abunadance of water vapor as well asto water ice douds. Data are being analyzed to determine
the O/H ratio and to measure the dundance and dstribution o gaseous and condensed water on
Jupiter.

lo Torus Radio Emissons. W. Farrell, R. Hess and R. MadDowall examined o-mode eamisgonin
the lo torus and showed that intensificaions were likely due to refledion and trapping in density
cavities, rather than being signatures of the emisson location.

Jupiter andlo. Dr. J. E. P. Conrerney (GSFC) and T. Satoh (Science Univ. of Tokyo) continue a
program of long-term observations of Jupiter at 3.40m wavelength using the NSFCAM infrared
camera axd NASA's IRTF at Mauna Kea, Hawaii. The technique exploits a set of emissonlines
of the Hz" ion (3.40m) within a strong absorption kand of methane, to image the distribution o
Hs" with high spatial and time resolution. These images evidenceintense and annipresent
auroral emissons at both magnetic poles and emisgon at the foat of the lo Flux Tube (IFT). The
latter appears as an isolated, sub-arcsecond spot which moves acrossJupiter's disc in concert
with the orbital motion d 1o (Conrerney et a., 1993; it is excited by the dectrodynamic
interadion d Jupiter's magnetic field with lo. June 1995and July 1995NSFCAM images
cgptured lo's sgnature in bah pdar regions with grealy improved spatial and time resolution.
Additional improvement inimaging Hs" emissons resulted from the introduction o a austom
filter set onthe NSFCAM filterwhed (3.4265m, 3.54m, and 3.49m null) in July 1998.
Emisson extending well downstream (60 degrees) of the IFT footprint along lo's L shell can be
sean in the southern hemisphere. High time resolutionimagery of the IFT footprint is used to
further our understanding of the dedromagnetic interadion between Jupiter and lo. A catalog of
observed surface locations of the IFT footprint has been used to greatly improve models of
Jupiter's magnetic field (Conrerney et a., 1998.



Jovian Mid-IR Aurora andthe Sdar Cyde. T. Kostiuk, D. Buhl, and F. Espenak (GSFC), with T.
A. Livengood,K. E. Fast (Univ. of Maryland and GSFC), J. Goldstein, T. Hewagama, and K. H.
Ro (Challenger Ctr.) observed thermal infrared emisson lines of ethane (12 m) in Jupiter's north
polar auroral stratosphere in August 1998, sing the Goddard Infrared Heterodyne Spedrometer
(IRHYS) at the NASA InfraRed Telescope Fadlity. These observations will be used as probes of
bath short-term (<days) and long-term (years) behavior of the Jovian infrared aurora.
Measurements will provide additional information onapparent correlation d ethane variabili ty
with solar adivity, which is suggested by Voyager and IR heterodyne data obtained since 1979.
Results sippating a arrelationwill have significant impad on theories on the Jovian
magnetosphere/ioncsphere and their interaction with the lower atmosphere.

First Equaorial Observations of Windsin Jupiter's Sratosphere. In addition to mid-IR auroral
observations, the Goddard IRHS was used in August 1998by J. Goldstein, T. Hewagama, K. H.
Ro (Challenger Ctr.), T. Kostiuk, D. Buhl, F. Espenak (GSFC), T. A. Livengood,and K. E. Fast
(Univ. of Maryland and GSFC) to measure the Dopper-shifted emisson d ethane (C,Hg) at

12 m in order to measure wind el ocities in the stratosphere. The only previous measurement in
this presaure regime used the injedion d dust and aerosols from Comet Shoemaker-Levy 9 asa
tracer in visible light, in anarrow interval at 43 south latitude. Measurements at the eguator
touch onanew areanot yet measured and inaccessble to theory due to intrinsic limitationsin the
cdculation d winds from thermal balance

Jupiter'sHs" Aurorae. Dr. T. Satoh (Science Univ. of Tokyo) and J. Conrerney (GSFC) used
NSFCAM infrared images of Jupiter to model the distribution of Jovian Hs" emissonsin the
auroral regions and to monitor the dynamic state of the Jovian magnetosphere. A li nearized
inverse methodis used to extrad an emisson model from many images of the aurora, oltained at
different Central Meridian Longitudes. Evidenceis foundfor enhanced emisgons at longitudes
marked by weaker surfacemagnetic field magnitudes, and there gopearsto be alocd time
enhancement in emissons poeward of the auroral oval in the dusk sedor. The auroral intensity
has two principal comporents of time variabili ty: a short-term variabili ty (days) which correlates
well with the solar wind ram presaure ariving at Jupiter, and alonger-term variabili ty (months)
which is believed to be related to the energization and transport of magnetospheric plasmain
Jupiter's magnetosphere. A continued program of observation d the aurorais condcted to
monitor the state of the magnetosphere in suppat of the Galil eo Misgon.

Jovian Radio Emisgons. M. Kaiser and R. MacDowall have discovered arare and qute unusual
form of Jupiter's low-frequency radio emisgonsin the UlysseeURAP data. Dubbed "radio buls-
eyes" because of their appearance on dynamic spedral displays, these events are 100%
correlated with high solar wind-ram presaure. They also, at times, exhibit a periodicity between
events of 10.5 hrs, suggesting a possble influence or even cause by Ganymede.

IR Spedral Imaging d Saurn. J. Hillman, D. Glenar, G. Bjoraker (GSFC) and N. Chanover
(New Mexico State Univ.) investigated the nea-IR spedrum of Saturn using an IR AOTF
(amusto-optic tunable filter) camera. Key objedives are to oltain a phaometrically cdibrated
spedral image aibe of Saturn between 1.7.2 microns. These data will i dentify wavelengths
most sensiti ve to convedive disturbances in Saturn's atmosphere, olbserve center-to-limb
reflectivity changes that can be interpreted in the context of avertica structure model, search for
Saturnian analogs to Jovian 5-micron "hat spots' and characterize spatia variationsin trace
moleaular species.



Rings of Saurn. T. Kostiuk (GSFC), T. A. Livengood (GSFC and Univ. of Maryland), C. M.
Lisse (Raytheor/STX and Univ. of Maryland), and H. U. Kéufl (European Southern
Observatory) have imaged Saturn and its rings in the mid-infrared. Images were obtained
OctoberDecember 1996at the European Southern Observatory using the Thermal Infrared
MultiMode Instrument (TIMMI) onthe 3.6 m telescope. Photometric images were made through
filtersfrom 7.7m to 13m with the TIMMI 64x64 element Ga:Si array at an image scde of
0.5arcsec/pixel. Preliminary analysis of the phaometry indicates a pe&k in the amitted radiance
of therings near 12 m. A significant differencein the radiance from the East and West ansaewas
observed, with amaximum ratio W/E of ~ 2 nea 11.3m. Possble explanations for the
differenceinclude thermal heating and coadling, ring geometry, and ring particle properties and
composition.

Detedion d H,O on Titan. G. Bjoraker and R. Samuel son are members of an international team
led by A. Coustenis (MeudonObservatory, France) that used the Infrared Space Observatory
(1SO) to deted H,0O in Titan's gratosphere. The Short Wavelength Spedrometer was used in the
grating mode to deted two emisson lines of water vapor at 39.4and 43.9m. These observations
must be performed above the Earth's atmosphere to avoid interference from terrestrial water.
Coustenis and coworkers fitted the anisgon lines with an H,O profil e increasing from 0.1 ppbat
1 mbar to 8 ppbat 10 karsin the stratosphere. The observations can be explained by amodel in
which dust particles from both the Saturnian system and the interplanetary medium ablate in the
upper atmosphere, thus introducing H,O into Titan's reducing atmosphere. Subsequent
phaochemistry produces CO,, which was deteded by Voyager and confirmed by 1SO. The H,O
influx rate is estimated to be @ou 1.8x10° moleaules cm™sec™. These results will provide
guidancefor mapping sequences planned when GSFC's Composite Infrared Spedrometer aboard
the Casdni spacecaft readies the Saturnian system in 2004.

Titan Winds. Work has continued, led by J. Goldstein and T. Hewagama (Chall enger Ctr.) with
T. Kostiuk, D. Buhl, F. Espenak (GSFC), T. A. Livengood,and K. E. Fast (GSFC and Univ. of
Maryland), in measuring and interpreting stratospheric winds on Titan. A software package
cdled BEAMINT has been developed to model the range of Dopder-shifted spectra contributing
to an observation d Titan using the Goddard Infrared Heterodyne Spectrometer. A BEAMINT-
based analysis is being conducted to estimate the globally-averaged zonal wind speed using data
obtained in 1993, 1995and 1996.The package dso will be gplied to test speafic theoreticd
wind field models for Titan's atmosphere, such as those developed by F. M. Flasar (GSFC),
against observed spedra.

CH3 Deteded in Neptune's Atmosphere. P. Romani coll aborated with B. Bézard, T. Encrenaz
(Observatoire de Paris, Sedion de Meudon,France) and H. Feuchtgruber (1SO Science Op.
Center, ESA, Madrid, Spain) to acquire the first detedion d the methyl radicd (CHj3) in the
atmosphere of Neptune. Spedrawere recorded on 12November 1997 wsing the Short
Wavelength Spectrometer (SWS) of the Infrared Space Observatory (1SO) in the grating mode.
The spedral range 16.4416.56um was observed duing 50 min of integration at a resolving
power Ai/-i= 1500.Thefina spedrum shows prominent emissonfrom the ¥ , band d CHg3
centered at 16.497um (with an S/N ratio of abou 30). This emissonfedure can be reproduced
with a CH3 column density of about 2 x 10" cm™ in the upper atmosphere. Observations were
then used to constrain a onedimensional hydrocarbon phaochemicd model. Model output,
(CH3) mixing ratio vs. altitude, was used to generate synthetic spedra that were then compared



to the observed spectrum. Initial results favor an eddy diffusion coefficient lower than that had
been inferred from analysis of Voyager UVIS and IRIS observations. Thereislittl e, if any,
sensitivity to the H flux from the ionasphere, whil e there is a naticeabl e sensitivity to the solar
flux (solar maximum vs. solar minimum). Presently we ae focusing on quantifying how
uncertainties in the phaochemical readion scheme dfed our results.

Comet Sheemaker-Levy 9. D. Deming is coll aborating with Dr. Joseph Harrington (Cornell
Univ.) in atheoretical modeling study of the plume-infall phase of the 1994 collision d comet
Shoemaker-Levy 9 with Jupiter. The modeli ng takes placein two phases. In the first phase, the
gjeda plumes are modeled by J. Harrington wsing a balli stic Monte-Carlo technique to "throw"
large numbers of plume particles, and track their infall. The plume particles are randamly
seleded so asto represent a power-law in velocity distribution. Several freeparameters are
adjusted so asto give optimal agreement with the profil es of the geda plumes at the Jovian limb,
and the debris patterns on the disk, as observed by the Hubke Space Telescope. In the second
phase, the infalli ng massand momentum densiti es from the balli stic plume ssimulations are
couped to a Zeus 3-D hydrodynamic model of the Jovian atmosphere. The Zeus 3-D code was
modified by D. Deming to include radiative transport and damping in the gray approximation.
Initial results from the Zeus calculations give infrared light curves for the "main event” which
agreewith the observed light curvesin severa significant respeds, including the production d
sendary maxima, or "bources."

Temporal Study of S.9-Introduced Amnonia in Jupiter's Stratosphere. Working with LEP
members T. Kostiuk, D. Buhl, F. Espenak, and P. N. Romani (GSFC), K. E. Fast (GSFC and
Univ. of Maryland) has taken the lead in analysis of high-resolution spedra of NH3 introduced
into Jupiter's dratosphere after the impacts of fragments of Comet Shoemaker-Levy 9. Other
collaborators onthiswork are A. L. Betz and R. T. Boreiko (Univ. of Colorado, Boulder) and T.
A. Livengood(GSFC and Univ. of Maryland). Ammoniais destroyed by solar UV radiation, and
knowledge of the time scalesinvaved in its removal would shed light on processes in the Jovian
stratosphere. Infrared heterodyne anmonia enissonline spedra & aresolving power of ~
10"were obtained by Betz et al. and were analyzed using the GSFC heterodyne group's radiative
transfer modeli ng software to retrieve stratospheric anmonia mole fradions and altitude
distributions, and temperature information. Spedra from six diff erent impad regions were
aquired from housto 3weeks foll owing theimpads on upto 4 dfferent days for each site,
enabling an investigation d the temporal behavior of anmonia ébundance and temperaturesin
Jupiter's gratosphere. These results will be combined with previous ammoniaretrievals from the
Goddard IR heterodyne spedrometer, as well as retrievals from other investigators, using the
same radiative transfer analysis. The combined data set can be used to investigate the long-term
behavior of anmoniain the stratosphere, as well as provide anstraints on current phaochemicd
models.

Luna Wake Sudies. Although the main misson d WIND invaves SurVEarth connedion, ore
interesting secondary science topic has been the study of the lunar wake during the numerous
WIND lunar swingbys. LEP scientists Farrell, Kaiser, and Owen have been invalved in this
study with investigators John Steinberg from LANL and Stuart Bale from Berkley,
demonstrating that the wake has a substantial kinetic nature, passessng courter-streaming ion
flows and a strong eledrostatic turbulent tail that extends over alength much greater than that
expeded from previous MHD theory. Recently, they performed akinetic simulation d the wake



dynamics which closely match the observations. Results from the simulation can be found on
http://lepmfi.gsfc.nasa.gov/mfi/lunar.html.

Extrasolar Planetary Radio Emissons. Recantly, LEP scientists Farrell and Desch and French
coll eague Phili ppe Zarka gplied planetary magnetic and radio scding laws to the known
extrasolar planets to determine the posshility of deteding coherent cyclotron emissons from the
extrasolar planetary magnetospheres. The study concluded that such emissonis nominally below
the limit of detedabili ty by the largest groundbased radio tel escopes. However, if the local
stellar wind abou the extrasolar planet increases, cyclotronradiation paver levels from the
planet will also increasein an exporential fashion. Thus, the highest probabili ty for detedion
occurs for short periods during anomalous, fast-flow stellar winds at the extrasolar planet. Such
periods cannd be predicted a priori, bu some cnsistent monitoring in the HF band d planets
abou tau Boctes and rho CrB might be performed in case of a serendipitous detection.

Extrasolar Planetary Infrared Emisgons. D. Deming and G. Bjoraker are coll aborating with Dr.
Guenter Wiedemann (ESO) in aproject to deted infrared spedra emissons from the planetary
companions of 51 Peg, Ups And, and Tau Boo. The planets in these systems orbit very closeto
the parent stars and their atmospheric spedral emissons may therefore be enhanced by heaing
andre-emisson d the intense stell ar radiative flux. They cdculate that the planetary spectral
structure shoud be detedable & the level of 0.01% of the stellar continuum, and more than 2000
spedra have been acquired near 3 and 5micronsto seach for planetary methane and carbon
monaxide eanissons and/or absorptions. The observations used the NASA Infrared Telescope
Faality (CSHELL spedrometer) and the Kitt Pegk 4-meter telescope with the Phoenix
spedrometer.

Terrestrial Differential Refraction. T. A. Livengood (GSFC and Univ. of Maryland), with

T. Kostiuk, D. Buhl, F. Espenak (GSFC), K. E. Fast (GSFC and Univ. of Maryland), T.
Hewagama, J. Goldstein, and K. H. Ro (Challenger Ctr.) have determined that the index of
refradion o the Earth's atmosphere a L2rmdiffers ggnificantly from the referenceliterature.
Astronamicd instruments at mid-IR wavelengths, which are significant for solar system
temperatures and moleaular compasition, generally are guided with avisible-light imaging
system. Refradionin the Earth's atmosphere may displacethe visible and infrared images by up
to several arcseconds. To pant accurately at the desired source andto register accurately
multiwavelength phenomena, it is necessary to accourt for the diff erent atmospheric refraction
between the guiding wavelength and the wavel ength(s) of interest. We have measured the
differential refradion between visible wavelengths and 12* m and have foundthe refractionto
differ significantly from the dispersion relation acaepted in the astronamical and metrologicd
literature. Newly-derived values have been used with successin astronamicd observations
requiring high panting precision.

IV.SUN-EARTH CONNECTIONS

lonospheric, Thermospheric, and Mesospheric Physics

Auroral Physics. S. Cummer and R. Vondrak have analyzed simultaneous x-ray, ultraviolet, and
visible images from the PIXIE, UVI, and VIS instruments on the Polar satellit ein an effort to



understand auroral substorm dynamics as viewed simultaneously at multi ple wavelengths. The
analysis howed that high energy (>3 keV) predpitation accurs briefly (onthe order of 5-10 min)
in the substorm onset bulge and the westward-traveling surge, whil e dawn sector energetic
predpitation lasts from shortly after onset to upto 2 hrs after substorm onset. Quantitative
comparisons with FAST electron catareveded that most of the morningside x-rays are generated
by diff use plasma sheet precipitation at the equatorward edge of the ultraviolet and visible
emissons. In a wllaborationwith N. @stgaard, J. Bjordal, and J. Stadsnes at the Univ. of Bergen
in Norway and with ather POLAR experimenters, PIXIE x-ray images have shown large-scde
patchy morningside energetic predpitation whose timing indicaes a source of drifting eledrons
originating at substorm onset. An investigation d possble medanisms for the spatia patchiness
of this predpitationis ongoing.

lonasphere Condctivity Models. J. Gjerloev and R. Hoff man have created a self-consistent
model of the auroral electrodynamics including height-integrated Hall and Pedersen
conductivity, eledric fields, ionaspheric Hall and Pedersen currents and field-aligned currents.
Global auroral images were used to seled aswell as organize individual eventsin arder to
prevent mixing of different geophysical condtions and thereby minimize undesirable smearing.
The model was used to explain a characteristic westward jump in the auroral electrojet indices
asciated with the onset of the substorm and asimil ar eastward jump duing the recvery phase
(Gjerloev et al., 1998.

ISS 2lonogams. Digital SIS 2 topside-sounder ionograms are being produced by ateam at
GSFC, led by R. F. Benson d the LEP, directly from a wlledion d the original analog
telemetry tapes that have been preserved. The digital ionograms are being archived at the
National SpaceScience Data Center at GSFC. Since most of the data seleded for digiti zation
were not processed into the conventional 35 mm analog film format, the new data base
(approximately 100,000 dgital 1SIS-2 ionogams, as of mid-July 1998,and still growing) is
analogous to a new satellit e missonwith high-quality ionaspheric data covering an earlier solar
cycle. Thetimeinterval of the digital dataincludes the large 1981 solar maximum. For
information abou the projed and hawv to oltain the avail able data, see
http://ns=dc.gsfc.nasa.gov/spacdisisisis-status.html.

Effeds of Energetic Eledron Precipitation onMesospheric Ozone. Earlier studies from rocket
data and a GSFC 2-D model prediction hed concluded that highly relativistic dedron events
(HRE's) could induceup to 30% depletions of daytime ozone near 65 km altitude & high
latitude. Current studies of UARS data by D. Pesnell and R. Goldberg during the intense HRE
during May 1992, wing eledron data from PEM/HEPSand azone datafrom CLAES and MLS
show that the ozone depletion duing that event was sgnificantly lower; (i.e., below 10%) which
isthe minimum signal that could be deteded by these instruments near 60 km (Pesnell et al.,
1998. Unfortunately the S/N level deteriorates even further with increasing altit ude making
extradion d useable data above 60 km nealy impaosshble. However, newly devel oped agorithms
for HALOE and HRDI may make mesospheric ozone data avail able there. Thisis the subjed of
an orgoing study.

Power Line ELF Emisgons. LEP investigators Farrell, Desch and Houser considered the dfed
of power line ELF radiation onthe upper atmosphere and lower ionasphere. Specificdly, they
demonstrated that D-region electron heating was extremely small, but displayed some variation
based uponthe @mnductivity of the underlying ground.In a quantitative way, it was demonstrated



that amore mnducting groundtended to draw ELF power flux Earthward, and thus was less
eff ective in topside heding.

Magnetospheric Physics

Sulstorm Predictions. The nonlinea dynamics modeling group,Klimas, Vassli adisand
Valdivia, continued the prediction and modeling of magnetospheric activity. The analyses
correlate solar wind and geomagnetic data measuring the rate of decay for the ring current, and
the couping efficiency between solar wind VxB eledric field and the mid-latitude Dst index. A
modeli ng technigque to construct norinear ordinary differential equations from the nonlinear
filters was developed and applied to mid-latitude Dst (Klimas et a., 199§ and hgh-latitude AL
indices. In the case of substorm expansions, prediction drectly from the solar wind variables or
polar geomagnetic data reproduces their amplitude, bu there ae still uncertaintiesin thetime
profile (incorred onset timing and duation, seeVassliadiset a., 1998. Perhaps the most
important development was the modeling of individual magnetometer disturbances (both in mid
and hgh latitude) replacing the prediction d magnetic indices (Valdivia @ a., 1998).

Space Weather Sesgon a Western Pacific AGU. R. Lepping chaired a sesson onspace weather
at the Western Paafic Geophysicd Meeting in Taipel, Taiwan, in July 1998and gave an invited
talk, at that sesson, onthe role and importance of magnetic douds in space weather. It was
pointed ou that the magnetic field is aways intense within a magnetic doud,and most oftenitis
pointed nealy southward for about half of a doud's extent, meaning often for 12 or so hrs,
giving the most important condtions for the cause of amajor geomagnetic storm. Various
examples of "normal” and unwsual magnetic doud structures were shown supporting the case for
their importance

Effed of Suden Impulse onthe Tail. The ISTP program all ows investigators the oppatunity to
study the eff ect of solar wind presaure discontinuiti es on the magnetospheric system routingly
using multi ple spacecraft. This represents the magnetospheric resporse to a step function
impulse. M. R. Callier, J. A. Slavin, R. P. Lepping, K. Ogilvie, and A. Szabo are investigating
the dfed of presaure discontinuitiesin the solar wind onthe magnetotail using data from the
WIND and IMP 8 spacecraft. Two events have been analyzed in detail to date. It has been shown
that asimple model in which auniform field is compressed by a step function constriction
acarately predicts charaderistic time scades, which are onthe order of minutes, and the
magnetic field profiles. The results of this gudy indicate that the magnetotail maintains an
approximate MHD equili brium as it responds rapidly to interplanetary presaure discontinuiti es.

Magretospheric Magnetic Field Modeling. Kolja Tsyganenko hes developed a quantitative
model of the dfeds of the seasonal/diurnal wobHing of the Earth's magnetic moment and d the
interplanetary magnetic field uponthe shape of the magnetotail current sheet, based on dita of
GEOTAIL and ISEE-1/2 spacecraft. For the first time, he foundthe effect of the Earth's dipde
tilt uponthe shape of the magnetotail boundary using a multi spaceaaft data set of the
magnetopause crossngs. Tsyganenko also developed a new mathematicd methodfor the
modeling of these dfeds, making it possble to model awide variety of redistic magnetospheric
configurations.

Terrestrial Plasma Energization.M.-C. Fok and T. E. Moore explored the physics of



geomagnetic storms and the ring current plasmathat is associated with them, using comparisons
of model and simulation results with published data sets. Thiswork is aso being used as the
basis for smulations that anticipate the neutral atom fluxes that will be seen by the Imager for
Magnetopause to Aurora Globa Exploration (IMAGE) misson reutral atom instruments.
Collaborating with G. Khazanov of the Univ. of Alabamain Huntsvill e, and D. Delcourt of the
CETPin St. Maur, France, they aso explored the outflow of ionospheric plasmas through the
auroral zones and pdar cap regions, and the energization o plasmas of terrestrial originin
diverse montexts.

Sulstorm Injedion o Ring Current lons. M.-C. Fok and T. Moore have been working on
modeling the inner plasma shed and the ring current during substorm injedions. A particle code
developed by D. Delcourt, ore of their coll aborators, was run to trace particles backward in time
to form atime-dependent ion dstribution onthe nightside inner plasma shed. These simulated
ion fluxes are served as boundary condtionsto ou ring current model, which calculates the
adiabatic accderation and decderation d particles during substorms. The simulation generates
most of the known qualitative feaures of substorm injedion eventsincluding initial formationin
the evening sedor, Earthward and tall ward expansion, azimuthal spreading both dawnward and
duskward, production d asharp inner "injedion boundary," and creaion d characteristic ion
dispersion petterns in the geosynchronous orbit region.

Flow Bursts and Subtorms. D. H. Fairfield, with data contributed by numerous national and
international coll eagues, studied high-velocity magnetotail flow bursts in the Earth's magnetotail
that were measured by the Japanese plasma experiment and the Japanese/GSFC magnetic field
experiment onthe GEOTAIL spacecraft. Events en in the premidnight equatoria region
between 10and 15R. were cmpared with ather magnetospheric phenomena. These bursts are
characterized by Earthward velociti es approaching 1000 km/s and they last for times of the order
of one minute. The suppating ISTP measurements how that the flow bursts are dosely
asociated with auroral brightenings, auroral kil ometric radiation (AKR) onsets, geosynchronous
particle increases and groundmagnetic adivity. Flow bursts for which Polar UVI images are
avail able showed auroral brightenings that developed near the foatpoint of the GEOTAIL field
line. AKR intensificaions usually accompanied the flow burstsin close time incidence
whereas dispersionlessgeosynchronots particle injedions tended to be delayed by 13 mins.
Sinceflow bursts often exhibit the ealiest onsets of these various phenomena, it seams likely
that thischain of eventsisinitiated in the tail beyond 15R,, presumably by magnetic
reconrection. It is concluded that flow bursts are afundamental magnetotail processof limited
spadal extent that are important in energy and magnetic flux transport in the magnetosphere.
Magnetotail flow bursts are intimately conneded to auroral accderation pocesses and AKR
generation at several thousand km altitude.

Plasmoid Ejedion. J. A. Slavin, D. H. Fairfield, and R. P. Lepping have wllaborated with
ground-based and GEOTAIL investigators to investigate plasmoid formation and gjedion. One
yea of IMP 8 magnetometer measurements taken duing the distant tail phase of the GEOTAIL
misson were searched for traveling compresson regions (TCR) which signal the release of
plasmoids down thetail . A total of 10 such intervals were identified. Examination d the
GEOTAIL measurements showed that this gacecraft was in the magnetotail for only threeof the
events. However, in al three caes clear plasmoid signatures were observed at GEOTAIL. These
plasmoids were observed at distances of X =-170t0-197R.. Thein situ plasmavelocitiesin



these plasmoids are foundto excea the time-of-flight speeds between IMP 8 and GEOTAIL
suggesting that some further acceleration may have taken placefoll owing release. Theinferred
lengths of these plasmoids, ~ 2740 R , are wmparable to the downtail distanceof IMP 8. This
indicatesthat TCR's at IMP 8 can be caused by plasmoids forming not only Earthward, bu also
adjacent to or just tailward of the spacecraft. The dosenessof IMP 8 to the paint of plasmoid
formationis confirmed by the small, ~ 03 min, time delays between the TCR perturbation and
substorm onset. In two o the plasmoid events high-speed Earthward plasma flows and streaming
energetic particles were measured in the plasma sheet boundry layer surroundng the plasmoid
along with large positive B; at the leading edge of the plasmoid suggesting that the cre of the
plasmoid was "snow plowing" into flux tubes recently closed at an adive distant neutral line. In
summary, these unique two-point measurements clearly show plasmoid g ection rea substorm
onset, their rapid movement to the distant tail and their further evolution as they encourter
preexisting X-linesin the distant tail (Slavin et al., 1999.

Rewnrection a the High-Latitude Magretopause. Using observations by the HYDRA
instrument on WIND, Scudder and Ogil vie have examined the nature of the magnetopause using
the Walen relation. In particular, they show that atest of the validity of the relation at a particular
crossng can be performed closer to the discontinuity using electrons rather than ions, lealing to
better determination d magnetopause normal directions for test of the presence of recnnedion.

Particle Accderation During CME Events. Several magnetic doudCME events have been
observed duing the 199798 time period, as we approadc the maximum of the next solar cycle.
Multi ple spacecaft have observed for the first time the evolution d these events from their
origin to passage over the magnetosphere. S. Kaneka and coll aborators at the Univ. of Colorado
have studied the magnetospheric outer zone energetic dectron resporse to these doudCME
events using data from sensors onbaard POLAR and SAMPEX. POLAR and SAMPEX measure
eledronsin energy range of several keV to MeV over al L shellsat 29 R ¢ and 600 kn altitudes
respedively. Datafrom the WIND spaceaaft were used to identify the doudCME events.
Comparison was made of the energetic dectron resporses at different L shell s, energies and
altitudes. Superposed epoch anal yses were done to examine the cmmon features of the outer
zone dedron resporse. These results demonstrate a remarkable amherence of energetic dectron
enhancements throughou the entire outer radiation zone.

Groundbased Radar Observations of the Magnetopause. LEP scientist W. Farrell and NRL
scientist Paul Rodriguez are arrently involved in an international coll aboration with Russan and
Ukrainian scientists with the goal of deteding radar echoes from the magnetopause. The large
Rusdan SURA radar fadlity isthe transmisson site and the world's largest decametric radio
telescope & the Kharkov, Ukraine, site is used for receving. Preliminary tests of the experiment
are ongoing in the summer andfall of 1998.If succes<ul, such radar diagnostics of the
magnetopause muld be used to locdi ze this boundary during magnetospheric quiescent and
adive periods. The location measurements might potentially supdement the IMAGE data
product by providing magnetopause pasition duing periods when the spacecraft's radio plasma
imaging system is out of range.

Coalli sionlessDissipation andMagnretic Reconredion. M. Kuznetsova and M. Hesse goplied
their modified hybrid model to the problem of colli sionlessdisgpation in the magnetic
reconrection problem. This comprehensive hybrid model includes both e edroninertial and
thermal, i.e., presaure-based, eff ects. For current shed widths of the order of ioninertial lengths,



they determined the dominance of eledron presaure-based dsspation processs over inertia
disgpation. This result was verified and extended using an eledromagnetic particle-in-cdl code,
newly developed by M. Hesse. Using bath explicit and implicit versions of this new toal, M.
Hese and D. Winske (Los Alamos National Laboratory) were ale to show that inertia-based
disgpation can be dominant if reconredion accursin sheds of eledron-scae width. They aso
performed a step toward a transport-model representation d the presaure-based disspation
process This effort was continued by M. Kuznetsova and M. Hesse, who wsed bah the hybrid
and eledromagnetic simulation codes for a detail ed comparison. They showed that small
modifications are reaily introduced into the modified hybrid model such that hybrid simulation
results resemble dosely the baseline fully kinetic model. They carried this analysis further to
devise anew physics-based transport model for eledron presaure effects. Thisrelatively smple
model shows grea promise for the arrect inclusion d kinetic disspation processesin large-
scd e magnetospheric models (Hesee and Winske, 1998 Kuznetsova € al., 19%8a,b).

Bursty Bulk Flows. M. Hesse (LEP) with J. Birn and D. Winske (both Los Alamos National
Laboratory) undertook a study of ion kinetic efedsin busty bulk flows (BBF's). Using a hybrid
model, they could prove that the interadion between magnetic flux and particles gjected from the
reconrection region and the stationary plasma aead of the perturbation can generate strongly
nongyrotropic ion dstributions. These distributions decay by means of ion cyclotron turbulence.
The resulting magnetic field fluctuations grongly resemble the observed signatures of "current
disruption” (Hesse @ a., 199&).

Plasma Stred Kinking. M. Hese and M. Kuznetsova (LEP) with J. Birn, D. Winske (both Los
Alamos National Laboratory), used fully kinetic dedromagnetic particle-in-cdl and Hall-MHD
simulations to study the cuses of plasma shed kinking in bah two- and three-dimensional
models. They foundtwo contributors to the kinking process 1. akinetic mode, which gperates
independent of the velocity distribution, and 2.avelocity shear driven mode, similar to the
Kelvin-Helmhaltz instabili ty. The latter forms through the adion d alower-hybrid drift mode
which servesto generate shears in the plasmaflow velocity. Other mechanisms yielding simil ar
results are eaily envisioned. A fluid instabili ty grows in the so-establi shed flow shea and
propagatesin the aurrent diredion (Hess @ d., 199).

Magretohydrodynamic Smulations of Magnetospheric Dynamics. J. Birn (Los Alamos National
Laboratory), M. Hesse (LEP), and G. Haerendel, W. Baumjohann, and K. Shiokawa (all Max-
Planck Institute fUr Extraterrestrische Physik) extended ealier simulations of magnetospheric
dynamicsin arder to perform a detail ed study of magnetotail current disruption. This gudy
demonstrated that current disruption and magnetic reconredion are intimately linked and part of
the same large-scale magnetotail i nstabili ty. The investigation aso focussed onthe exad way the
crosstail current becomes diverted to the ionasphere. Here they foundthat current diversion
reliesto alesser degreeon the braking of fast flows then on pesaure and magnetic field
configurational changes during the aurse of substorm expansion (Birn et a., 199&,b).

MHD Smulations of Reconrection. L. Rastétter and M. Hesse have investigated the formation
and structure of thin current sheds which develop in the near-Earth magnetotail during pre-
substorm compresgon d thetail. Thiswork was carried ou with high spatial resolutionin two-
dimensional (2D) and three-dimensional (3D) Hall-MHD simulations to find the influence of the
current carriers (eledrons or ions) on the dynamics. It was confirmed that electrons carry most of
the aurrent in the thin sheds as had been concluded in the literature from particle or hybrid



simulations. Thisresult was obtained with nea-Earth boundry condtions associated with a
rigid inner magnetosphere which limit s the magnitude of the crosstail magnetic field comporent
(in 2D) and al ows the gproach to a new equili brium in 2D. The thicknessof the evolving
current sheet was foundto be consistent with olservations and aher theoreticd work as well.
The 3-D simulations confirm the formation d the thin sheds aswell, however, with reduced
current amplitudes. Those reductionsin current intensity arises from the lateral redistribution o
magnetic flux evading the compresgon, which was assumed to be strongest in the midnight
plane. In Hall-MHD, the magnetic flux is caried by the dedron velocity. Thus, the dedron
current becomes asymmetric and is concentrated on ore side of the magnetotail cross ®ction as
magnetic flux is svept to ore side dter it enters from the tail | obes.

MHD Modeling d Astrophysical Accretion Disks. The interadion between an accretion dsk and
the magnetosphere of a mmpad star was investigated by L. Rastétter (LEP) and K. Schindler to
study the role of hydromagnetic instabiliti es in two- and threedimensional MHD simulations. To
acomplish this, equili briain apadoidal planein cylindricad coordinates were computed
including varying rotation rates between rigid (magnetosphere) and Keplerian (disk) aswell as
diff erent disk-massdensities. Through dynamicd simulations after perturbations of diff erent
wavelengths aong the invariant (toroidal) diredion d the equili bria, the magnetosphere
acaetion dsk interadion was foundto be determined primarily by instabiliti es of the exchange
type which occur as part of the disk matter suppated by the magnetic field against gravity.
Magnetic line-tying effeds in the thin magnetopause shed at the inner disk edge dfedively
reduceinstability and lead to larger structuresin the magnetopause erolving from small-scde
initial perturbations.

Globd MHD Smulations of the Magretosphere. S. Curtis, D. Spicer, C. Mobarry, K. Olsen, and
P. Mad\eice have developed afully operational, adaptively refined global simulation code of the
terrestrial magnetosphere which can be easily modified to simulate other planetary
magnetospheres aswell. A unique asped of this code isthat isincorporates the mrred magnetic
dipoe seasondl tilt anditsdaily variations. These variations have drealy been shown to have
major impads on magnetospheric structure and must be incorporated to all ow quantitative
agreement with olservations on large scdes. Therole of the temporal variationsin dpadetiltin
magnetospheric dynamics as compared to the external solar wind forcing is presently being
investigated. Additionally, the code is being extended beyondthe limits of the MHD
approximation to include finite ion gyroradii effects and Hall eff ects through a @ll aboration with
J. Huba & the Naval Research Laboratory. Also, to better treat the dynamics of the inner
magnetosphere, a partnership has been formed with ateam lead by C. Cheng (Princeton Univ.) to
incorporate the more important kinetic aspeds of processs in thisregion, in particular with
resped to the ring current. The power of global magnetosphere simulations to self-consistently
tred the entire magnetosphere & a system make them a natural backbone for space weather
prediction eff orts. During the next year, the amde will be moduarized into five components
which will alow the treament of all regions of geospace aall relevant scdes: kinetic, hybrid,
and MHD. These cmmporents will be the bow shock region, the inner magnetosphere, the
magnetotail , the ionosphere, and the rest of the magnetosphere.

Lower Hybrid Wavesin the Field Reversal Region. D. Fairfield, A. Sundaram and A. Vifas have
investigated in detail the excitation o eledrostatic and eledromagnetic lower hybrid wavesin
the magnetic field reversal region d the plasma shed using akinetic theory. Thiswork isan



extension d their ealier results which demonstrated that long wavelength eledromagnetic and
short wavelength eledrostatic lower hybrid waves are excited in the field reversal region by the
magnetic field gradient. For atwo-dimensional magnetotail configuration, the dispersive
properties of lower hybrid waves near the we&k field region are examined for all wavel engths by
considering kinetic efects guch as curvature drift and gradient-B resonances. An exhaustive
study incorporating the nonlocd effects shows that unstable wave taracteristics near the lower
hybrid frequency persist and the theory developed here suppats the GEOTAIL observations of
lower hybrid waves in the entire plasma shed region. The waves generated in the field reversal
region may provide anomalous disgpation and these waves may therefore be the sourcefor
causing substorms.

Heliospheric and Solar Physics

Sdar Prominence Observations. E. S. Chang (Univ. Massachusetts) and D. Deming have
anayzed severa high spectral resolution spedra of solar prominences made in the infrared
spedral region wsing the McMath-Pierce Fourier transform spectrometer on Kitt Pegk. They find
that the infrared lines of hydrogen and helium can be exploited to give improved temperatures
and eledron densities for prominences. The large Stark broadening which is sen for infrared
lines, in combination with the lac of line-blending, al owed them to derive accurate and model-
independent electron densities.

Radio Emissons From Dual Shak Waves. M. Kaiser and coworkers have reported the first case
of dual solar shock waves causing type Il radio emissons. During the 7 April 1997,CME event,
they observed two dfferent type Il emissons, ore dtributed to the CME-driven shock and the
other to the flare-assciated bast wave shock. Longspeaulated, this represents the first
observation d this phenomenon.

Radio Emissons From CME's. M. Reiner and coworkers measured the radio emissons
asciated with the 6410 January 1997 CME and magnetic doudand deduced that the anisson
was generated at the locdi zed intersedion pant between the CME-driven shock wave and a
preexisting fast corotating stream. They also showed that this emissonwas quite dypicd as
most other interplanetary type Il bursts come from avery broad regionimmediately in front of
the CME-driven shock.

Sdar Radio Bursts. Radio olservations from the Ulysses gacecraft in combination with in situ
data and/or radio observations from other spacecraft improved our understanding of low-
frequency solar radio emissons. M. Reiner M. Kaiser, J. Fainberg, and R. Stone puli shed the
first dual-spaceaaft, 3-D triangulation d the trgjedory of asolar type Il radio bust, using
WIND and Ulysses radio olservations, leading to the unambiguous determination d a density-
distancescdein the solar wind. G. Thejappa and R. MadDowall analyzed the wave activity
asciated with alocal type 111 event, which shows evidencefor near simultaneous occurrence of
ionramustic, whistler, and Langmuir waves, suggesting the cexistence of wea and strong
turbulence processs. R. MacDowall, A. Klimas, D. Lengyel-Frey, R. Stone, and G. Thejappa
compared the observations of type 11 bursts from Ulysses, WIND, and ISEE-3, showing why the
different receivers, trgedories, etc., yield type Il bursts that appear to have diff erent
morphdogies; nevertheless al such olservations are useful for prediction d geoeff ective space
wedher events. G. Thejappa, M. Goldstein, R. MacDowall, K. Papadopouos, and R. Stone



presented evidence for Ulysses observations of Langmuir envel ope solitons associated with solar
type 11 bursts; such observations confirm that strong turbulence processes are resporsible for
stabili zing the type 111 electron beam.

Sdar Transition Region Modeling. M. Goodman developed an electricdly driven, stealy-state,
disgpative MHD model with flow to study the structure and heding mecdanisms of the solar
transitionregion (TR). The model includes the cmmplete Ohm's law for a @lli sion-dominated
plasma. The model makes several important predictions. First, the thermoeledric aurrent density,
which isamost always negleded in MHD modeling of the solar atmosphere, can nealy cancel
the aonduction current density. Second, the dedron presaure gradient, which isalso usually
negleded, can make the dominant contribution to the generalized eledric field that drives the
conduwction current density. Third, the contributionto TR heding of the disspation d electric
currents on spatial scales greder than or onthe order of 10 km isinsignificant. Fourth, the
eledron heat flux from the wrona can provide dl of the energy required to heat the TR. Fifth,
the thermoeledric comporent of the dedron hea flux, which is driven by the generali zed
eledric field, flows from lower to higher temperatures, and can cancd alarge fraction d the
familiar temperature gradient-driven eledron hea flux which flows from higher to lower
temperatures. The total hea flux flows from higher to lower temperatures, as required by the
secondlaw of thermodynamics.

Sdar MHD Theory. M. Goodman developed a cylindricdly symmetric, eledrically driven,
steady-state MHD model with flow and an energy equation to study the dfeds of classcd
transport processes on MHD equili bria. The solutions gudied demonstrate that the thermoeledric
current density, driven by the temperature gradient, can make the main contribution to the
current density by one or more orders of magnitude, and that the thermoeledric comporent of
the dedron hea flux, driven by an effective dedric field, can make alarge contributionto the
total hea flux. These solutions also demonstrate that the dedron presaure gradient and Hall
termsin Ohm's law can make dominant contributions to the radial electric field. These results
indicae that the mommon practice of negleding thermoeledric efeds, and the Hall and eledron
presaure gradient termsin Ohm's law is not always justified, and can lead to large erors. The
model may be gplied to any fully ionized, two-comporent, eledron-ion, colli sion-dominated
plasmafor which the ion cyclotron frequency is much larger than the ion-ion Coulomb colli sion
frequency, such as the plasmain magnetic flux tubesin the solar interior, transition region, and
possbly the lower corona.

MHD Moddl of the Sdar Corona and Skar Wind. E. Sittler has been developing an empirica 2-
D MHD stealy- state model of the solar corona and solar wind. The model uses empiricdly
derived electron density profil es from white light coronagraph olservations from Skylab and
SOHO and empirically derived models of the magnetic field which isfit to olserved streamer
topdogies which aso come from white light coronagraph data. The equations are solved in the
rotating frame of the Sunfor which conservation d mass momentum and energy isimposed.
The moddl requires an estimate of solar wind speed as afunction d latitude & 1 AU, for which
Ulysses plasma datais used, and an estimate of the radial comporent of the magnetic field at 1
AU for which Ulysses magnetometer data is used. The model makes 2-D maps of the flow
velocity, effedive temperature and eff ective hea flux as afunction d radia distance and
latitude. The magnetic field model shows that the octopde term dominates the global surface
magnetic field o the Sun.



Heating d the Sdar Corona One theory for the hat solar coronais that the mronal plasmais not
heaed in situ at all, bu rather results from the "velocity filtration" of northermal eledron
distributions in the transition region and below. Roberts and Mill er propased that a cascade of
MHD fast mode waves, generated at large scdes by an urspedfied mechanism (but posshbly
related to microflares), will readily accomplish the required tail formation just asit produces
flare particles under other condtions. Low levels of turbulence (578 0.1)injected at large scales
necessarily lead to strong tail formationin the transition region and ugper chromosphere and may
also acourt for tail sin the interplanetary distributions.

Proton Heating. The turbulent cascade of Alfvén waves leals, via cyclotron interactions, to
anisotropic heding of protons. Siregar, Vifias, and Goldstein developed amodel of alimited
closure for parall el -propagating proton cyclotron waves using kinetic information from hybrid
simulations and tested and completed it. The simulations showed couping between resonant
protons, norresonant protons, and waves leads to strong anticorrelationsin time (up to 0.99
between the parall el and perpendicular presaures when proper acoun was taken of noriocd
behavior in resonant interactions. A new norediabatic quasi-invariant was discovered for low-
colli sional cyclotron resonant wave- damping processes. The quasi-invariant predicted an inverse
plasma P dependencefor the quasi-stealy anisotropic state, as observed.

Heating by Fluctuating Eledric Fields. In ancther approach to the heding problem, Vifias,
Klimas, and Wong investigated the role of fluctuating eledric fields. It is known that al three
MHD wave modes can pessess sgnificant parallel eledric field comporentsin high P plasmas.
They showed, using several numericd simulation techniques, that such fluctuating fields
generate high frequency eledron dasma oscill ations and ion amustic waves, which then drive
eledron dasmaturbulence The high-frequency waves are later damped by the badkground
eledrons, resulting in eledron accderation and the generation d non-Maxwelli an suprathermal
tail s.

Heating by "Phase Mixing." Using our FCT-based MHD code, Ruderman (Rusgan Academy of
Sciences), Goldstein, Roberts, Deane, and Ofman (GSFC, Code 682) also investigated the role of
"phase mixing" as a heding medanism in an expanding medium. They foundthat the FCT code
reproduced, at least qualitatively, the linear prediction that velocity shear will damp Alfvén
waves.

Accderation Medhansmsin Sdar Flares. As part of their reseach onaccderation medhanisms
in solar flares, Vifias and Mill er (Univ. of Alabama at Huntsvill €) employed a 1-1/2-D
eledromagnetic hybrid code to determine the role of norlinear Landau damping of Alfvén waves
under flare cndtionsin accderating ions. In this process two Alfvén waves form a bea wave
with aparallel eledric field, which is then Landau-damped onthe background rticles. They
foundthat norinea Landau damping needs to be included when studying ion acceleration by
Alfvén waves.

Evolution d Sdar Wind Turbulence To address ®me of the fundamental problems abou the
evolution d solar wind turbulence that canna be addressed by two- and three-dimensional
spedra simulationsin Cartesian geometry (e.g., therole of sphericd expansion), Goldstein,
Roberts, Ghash and Deane (Univ. of Maryland Coll ege Park) developed a new simulation code
that solves the compressble MHD equationsin threedimensionsin spherical coordinates. The
code solvestheideal or resistive MHD equations in spherical coordinates and in conservation



form (to the extent posgble). The underlying algorithm is Flux Correded Transport (FCT). FCT
is a shock-capturing scheme that obtains a high-order solution from a combination d alow-order
solution and a high-order flux. The new results confirmed the basic idea that velocity shear,
espedally when associated with magnetic shear, leals to strong evolution in the Alfvénicity of
theinitial popuation.

Two-Dimensiond Turbulence In arelated study, nearly two-dimensional MHD turbulence was
studied using three-dimensional simulations in which a 2-D state was held fixed at the inflow
end d the box and the flow evolved with dstance The relevance and importance of two-
dimensional turbulencein which bah thek and38  are nealy orthogona to By, to solar wind
structure and evolution hes been the subject of considerable discusson. Cartesian cases were
foundto evolve very similarly to the pure 2-D expedation, bu sphericd expansionlealsto a
strong suppresson d the norinea cascades, mainly due to the changing transverse time scales.
These results suggest that an initial distribution d quasi-two-dimensional turbulence in the inner
corona awuld nd maintain highly Alfvénic correlations as it convects into the solar wind. Our
results suggest further that the significant fradion o solar wind fluctuations observed to be
comprised of wave numbers transverse to the loca Parker magnetic field probably arises from
velocity shear.

Alfvén Wave Interactions. Ghash, Roberts, Goldstein and Matthaeus (Bartol Reseach Institute)
condwted MHD spedral code smulation studies of the interaction d paral el -propagating
Alfvén waves with pressure-balanced structures, velocity sheas, and velocity microstreams.
They foundthat refractive effects in the cae of PB structures (fluctuations with vedor
comporents paral é to the mean magnetic field), and convedion in the case of velocity sheas
rapidly diverted parall el-propagating waves to turbulent Alfvénic fluctuations with highly
oblique wave vectors. The magnetic varianceratios s1ow a minimum variance in the mean
magnetic field drection, although the wave vedors are primarily oblique. Thiswork suggests
that only asmall fradion d solar wind olservations with high velocity-magnetic field
correlations may be due to field-aligned Alfvén waves.

Wave Particle Interactions. Ulysses observations were used to explore anumber of the wave
particle interactions that occur in the heliosphere. R. Hess R. Madowall, and ahers presented
ion-amustic wave observations nea interplanetary shocks, showing that the probabili ty of wave
occurrenceis highly correlated with theratio of eledronto iontemperatures. N. Lin, P. Kellogg,
R. Madowall, and ahers also studied Ulysses VLF wave observations to understand the
mechanisms that regulate dedron hea flux. It isfoundthat VLF eledrostatic waves are
enhanced during periods of reduced heat flux, suggesting that these waves are invalved in hea
flux regulation. G. Thejappa, R. MadDowall, and A. Vifias reviewed the in situ wave phenomena
asciated with interplanetary shocks and identified the implications for type Il solar radio burst
emisson.

Sdar Wind Plasma Compaosition. Oxygen isotopic compaosition provides invaluable information
onthe formation and evolution d avariety of astrophysicd systems. In particular, solar isotopic
abundances establi sh abasis for interpreting isotopic bundances and their variationsin
meteorites and danetary reservoirs and povide cnstraints onand inpu for solar and stell ar
atmosphere models. M. R. Colli er, dong with atean of scientists at the Univ. of Maryland
College Park, and the Univ. of Bern, Switzerland, wsing data from the MASSinstrument onthe



WIND spacecraft, a high-resolution mass pedrometer, have observed the isotope oxygen-18in
the are solar wind for the first time. The resultsindicae ax axygen-16to oxygen-18isotopic
abundance of 450+/-130, consistent with previous measurements of this ratio from solar
energetic particles and solar spectra & well aswith the terrestrial value of abou 500. With more
data, the oxygen-16/oxygen-18 as well as other isotopic ratios, will be even moretightly
constrained and, with correspondng refinementsin SEP results, will provide asound lasis for
comparison.

Eledron Srahl. The WIND Solar Wind instrument (SWE) includes a sensor especially
configured to measure the solar wind strahl. The strahl is the part of the suprathermal (> 100€V)
halo comporent of the solar wind eledron velocity distribution that is most closely aligned with
the interplanetary magnetic field. Strahl eledrons are believed to ariginate in the inner corona
and move relatively freely out to 1 AU, and thus, shoud be &leto provide information onthe
state of the corona. As aresult of our examination d eledron data during seven solar rotationsin
1995,R. J. Fitzenreiter and K. W. Ogil vie foundthat, when compared with the interplanetary
magnetic sedor and corotating stream structure, the dectron velocity distributions are most
anisotropic and the strahl flux most intense during high-speead streams. The strahl angular width
is gnall est when the solar wind velocity islargest, approximately 5 at 600€V, and becomes
much wider when the velocity islow. A significant flux of eledrons coming from the anti-strahl
diredion, while only abou 10% of the strahl flux, does not however form abeam but is read
over the entirefield of view. This variabili ty of the flux and angular distribution d the strahl and
anti-strahl suggests that a pitch angle scatering processmay be ading to broaden the strahl and
that the anti-strahl may be due to badkscattering of the strahl.

SouceRegions of Srahl Eledrons. Continuing interpretation d the observations made with the
WIND strahl instrument, K. W. Ogilvie and R. J. Fitzenreiter completed a study of the whole of
1995,which confirms and extends that of Fitzenreiter et a., 1998.For the strahl to be seen at the
Earth, it must be posgble for adirect magnetic connedionto exist from its urceto the Earth.
The new study shows that the strahl closely confined to the magnetic field, came from the
Northern coronal hale until abou July 1995,and then switched to the Southern coronal hole for
the balance of the year. This resulted from the motion and warping of the heliospheric aurrent
shed, andthe fad that the strahl canna crossthe aurrent shed.

The Interplanetary Magretic Field a Large Distances. Voyagers 1 and 2are now in the distant
heli osphere, where the presaure of the pickupions grealy exceadls that of the magnetic field and
solar wind dasma. Voyager 2 has moved beyond 55AU andisat alatitude of ~ 19 S, while
Voyager 1isbeyond 71AU at alatitude of ~ 33 N. L. F. Burlaga has shown that the magnetic
field strength between 1 AU and 66AU foll ows the prediction d Parker's ira field model,
when solar cycle variations and latitude variations are wnsidered. The magnetic field strength in
the distant heli osphere decreases inversely with increasing distancefrom the Sun. It alsois
propartional to the strength of the magnetic field at the Earth (a measure of the strength of the
solar magnetic field) which varies with the solar cycle being strongest at solar maximum and
wedkest at solar minimum. The speed increases with heli ographic latitude (more so near solar
minimum than at solar maximum), which has the dfed of deaeasing the interplanetary magnetic
field strength for a given source strength. L. F. Burlaga has al'so shown that the distribution o
hour averages of the magnetic field strength measured by VVoyager 1 for each year islognormal
to very goodapproximation throughout the solar cycle andfrom 1 AU to 66 AU. Theratio o the



standard deviation to the mean magnetic field strength for each is a @mnstant, independent of the
solar cycle and the distance from the Sun. This implies that when the magnetic field is grong, as
at solar maximum, the standard deviation d hou averages of B islarge, consistent with the
observations when the Global Merged Interadion Regions (large regions containing unusually
intense magnetic fields) are observed nea solar maximum. Likewise, near solar minimum (when
the mean magnetic field strength isrelatively small) the merged interadions are @ther we or
absent.

Eledron Polytrope Index in Magretic Clouds. A major controversy has arisen concerning the
relation between the moment electron temperature and the density of the plasma. The
observations fiow an inverserelation between the dectron temperature and density, which
implies an adiabatic exporent lessthan oreif the relationrefleds a paytropic law. Most people
argue that the palytropic exporent must be greater than unty everywherein the solar wind as it
isin air and aher neutral gases in thermal equili brium on Earth. However, magnetic doudsin
the solar wind must be treaed as a two-componrent plasmawith the dedrons having a
significantly higher temperature than the protons. Analysis of the VVoyager data for magnetic
clouds between 1 AU and 5AU showed that the dedron dstributionis non-Maxwelli an and that
the nonthermal tail is small er when the density is larger. Thus, the moment temperature is

small er when the density is larger, explaining why the effedive aliabatic exporent islessthan
one.

The first measurements (ISEE-3 and IMP 8) of the palytropic index in amagnetic doud
(Osherovich et al., 1993 confirm this unusual thermodynamics, namely, pdytropic index below
unity, suggested by the self-similar model. Further measurements of the palytropic index
inside the douds have been dore using Ulysses and WIND data. V. Osherovich, J. Fainberg and
R. G. Stone have analyzed the WIND data for the 10 January 1997,cloudconfirming ¥ = 1/2
and the dominant role of eledrons over protonsin their contribution to the total gas presaire. E.
Sittler and L. Burlaga have recently pulished a paper on el ectron temperatures within magnetic
clouds using Voyager data. They suppat the developing viewpoint that solar wind eledrons
within magnetic douds are highly non-Maxwelli an and that they tend to obey a palytrope
relationship with index ¥ ~ 0.5.Here the dectron temperature anticorrelates with the dectron
density. They show that the cre dectron temperature and helo electron temperature individually
do nd anticorrelate with the density. Rather, because the halo popuation within magnetic douds
can contribute to more than 50% of the dedron resaure an anticorrelation between the total
eledrontemperature and eledron censity can occur as the density of the wre electron density
variesrelative to the halo electron density. They plan to investigate this issue within other solar
geda events.

Geometry of Magnetic Clouds. Much attention has been given to the comparison d predictions
of the self-similar model for the evolution d the total magnetic field. Using multi spaceaaft
observations of the 10 January 1997cloud,V. Osherovich, J. Fainberg and R. G. Stone have
foundthat the self-similar model adequately describes both amplitude and profil e of the
magnetic field. Spedfically, the flattening of the magnetic field profil e predicted by the model is
foundin many old clouds. Such flat profil es canna be modeled by any cylindrical force-free
field. The presence of different paytropic indicesinside the same doudare interpreted within
the framework of a multitube model. This model is based on boundd MHD solutions which
describe interading helicd tubes embedded in acylindricd flux rope. Therefore, the model



constitutes amajor deviation from cylindrical symmetry.

R. Lepping, D. Berdichevsky, and A. Szabo, have initiated a study of the erors expeded for
magnetic doudcylindricd symmetric, force-free mode fit-parametersin terms of (1) the level of
the"naise" in the doud's magnetic field and (2) how far the spacecraft passed from the ais of
the doud. The early stages of the study entail ed examining the difference between the observed
field and the best-fit model, where aforce-free flux rope of cylindrical shape was used and where
25 cases from WIND magnetic field data were considered. These differencefields were used to
investigate the degreeof anisotropy of the noise and how the differencefield depends on haw far
the observationis from the doud's axis. On average the answer isnofor both questions. The
level of the noisein terms of atypicd differencefield, based onthefirst part of the study, was
used to guide how to "noise up" simulated magnetic douds of exadly known characteristics.
These were then fitted with the cylindricd model to seehow well they repli cated the known
inpu charaderisticsasafunction d noise level and dstancefrom the doudaxis. As expeded,
the derived fit-parameters became lesscetain for higher levels of noise andfor greder distances,
but now a quantitative understanding is being obtained. The study is being extended to include
how well amagnetic doud d elli pticd cross-sedionisfitted by this sSmple ealier model that
was developed for the drcular crosssedion, and a new model-scheme @nsidering this new
fedureis underway.

Magretic Flux in Magretic Clouds. R. Lepping and A. Szabo, joined by GSFC solar physicists
C. DeForest and B. Thompson, completed a study of the magnetic fluxes charaderistic of alarge
set (30) of interplanetary magnetic douds (flux ropes) observed over many decales primarily by
the IMP 8 and WIND spaceaaft and caegorized according to their occurrence during either
solar max or min. They employed a model that assumes a force-freemagnetic structure and
focused on 12cases which occurred during the SOHO time-frame. The magnetic fluxes for afew
seled magnetic douds were estimated, in arder to compare their flux content to apparently
related solar phaospheric magnetic flux. For the two most reliable caesthe ratio of magnetic
flux at the Sunto that estimated in the magnetic doudat 1 AU was on average 0.4. The solar
flux estimates were derived from SOHO/M DI measurements guided by SOHO/EIT and

Y ohkol/SXT observations.

Unusua Magretic Clouds. R. Lepping, A. Szabo, and L. Burlaga have identified and presented a
model description d amagnetic doudseen in the February 1998WIND field and dasma data
that has aunique flux rope structure. That is, it satisfies the usual force-free model constraints
but requires different bourdary condtions: in this case the acial field changes sgn at an internal
"cylindrical shell” where usually the outer boundary was assumed to be locaed. Thisis contrary
to al other examples of magnetic douds yet observed. The gparent solar origin of such a
structure isunder review.

The WIND events of 78 January 1998,are interpreted in terms of observations of adjacent
magnetic douds, or large flux ropes. R. Lepping, A. Szabo, and L. Burlaga were joined by solar
physicists D. Webb (Boston College) and B. Thompson and dasmaphysicists A. Lazarus (MIT)
and J. Steinberg (LANL) in aresearch eff ort describing these events and their model
characteristics. Thefirst flux rope was shown to have éou three times the diameter of the
seand ore. These structures apparently can be related to separate events onthe Sun's surface
occurring abou 4 days earlier which may help to explain why they arrive in their time-order and
with their estimated axial-attitudes.



Shak Inside a Magretic Cloud Using high time resolution data from the WIND MFI
experiment, in conjunction with data from the WIND/3DP and WIND/MASSinstruments, M. R.
Collier, W. Farrell, J. A. Slavin, A. Szabo,and R. P. Lepping in association with ather
investigators have assembled observations of an unwsual "shock in formation” inside the 19
October 1995magnetic doud. The resultsindicate acomplex internal structure to the magnetic
cloud suggesting that magnetic douds may be highly structured dynamic phenomena and that
current whistler models based on arall el propagating waves may be inadequeate.

The Heliospheric Current Sked. A. Szabo, R. Lepping, working with D. Larson (Univ. of
Cdlifornia, Berkeley), studying multi spacecraft observations of the heli ospheric current shed
(HCYS), foundthat many large field reversals are nat marking adual crossngs from one-sedor
polarity to another. Moreover, some of these "fake" current sheet crossngs are quitelocd in
nature, small er than some of the interspacecraft separations (< 50 Re). The generation
mechanisms of these extreme magnetic field shears are not well understood bu suspeded to be
the remains of solar coronal dynamic adivity.

The Heliospheric Current Skeath in the Magretosheath. A. Szabo has also demonstrated that the
discontinuiti es associated with the HCS can be reliably observed in the Earth's magnetosheah. A
statistica study of these discontinuiti es observed first in the interplanetary medium then in the
magnetosheah showed a systematic deviation d the discontinuity surface normals towards the
locd bow shock normal diredion. Also, it has been shown that the type of the discontinuity can
undergo modificaion asit passes through the bow shock.

Interplanetary Shaks. A. Szabo and D. Berdichevsky have fitted all WIND-observed
interplanetary (1P) shocks from the launch of the spacecraft (November 1994 until June 1997.
They have used a variety of techniques, among them a cmplete MHD Rankine-Hugoriot
norlinea least squares method,to oltain shock normals and speeds with reliable estimates of the
uncertainties in these parameters.

Geometry of Interplanetary Shacks. Using WIND and IMP 8 olservations of the same IP shocks,
A. Szabo has demonstrated that nonregligible deviations between the @rrespondng shock
normals exist. The deviations have adlight correlation with the S/C separation perpendicular to
the Sun-Earth line, but noradia separation dependence. S/C separation effeds alone gopear to be
insufficient to explain the shock normal deviations. It is suggested that the IP shock surfaces
have waves or deformations on the scale of 10s of Rg which result in the observed shock normal
diredion ceviations.

Corotating Interaction Regions. K. Ogilvie and E. C. Roelof (APL) have been interpreting the
series of corotating interadion regions (CIR's) observed by Ulyssesin 1992and 1993, ging
SWICS and HI-SCALE particle data with use of plasma and magnetic field datain a
suppementary capadty. In apaper, Ogilvie, Roelof, and Forsyth (1998), describe the
relationship between CIR interfaces defined by locd maximain the agument of specific entropy
and by observations of solar wind ionization state and compasition. This gudy served to draw
attention to inconsistencies in the present understanding of the behavior of energetic particles at
CIR's. Spedfic entropy appeas naot to arder the flux of energetic particles.

Relationship Between Energetic Particles and Plasma Temperature. Ancther paper by Ogilvie
and Roelof (in preparation) shows the relationship between energetic particle fluxes and gasma



moment temperatureis normally very close acossthe energy range 60 keV to ~ 1 MeV.
Observations, which can interpret this finding, were reported by Gloedler et al., 1995,
concerning the phase space densiti es derived from SWICS and HI SCALE observations. This
work will continue.

Correlation d Interplanetary Sructures. The anphasis on multi point measurements resulti ng
from the plethora of

spacecraft currently operational raises important questions, including the degree of acaracy
expeded in extrapal ating upstream solar wind measurements downstream to pants onthe
Earth's magnetosphere. A team of investigators at GSFC, including M. R. Collier, J. A. Slavin,
R. P. Lepping, A. Szabo,and K. Ogilvie, using datafrom the WIND and IMP 8 spacecraft, have
evauated using a aosscorrelation analysis the timing accuracy expeded from multi point
measurements. Given the WIND and IMP 8 trgjedories, abou 88% of the time the timing
acarracy will be goodto within 25%.

As collaboration ketween GSFC (K. Ogilvie), MIT (A. J. Lazarus), and the Univ. of Maryland
(Coplan), studies are being made of the crrelation ketween plasma measurements at L1 (SOHO)
and WIND in its doule lunar-swingby orbit. The ranges of separation are upto 240Rg in the
Xsediredion,< 100Rg in Yse, and < 20 Rg in the Z diredion. With atime resolution d ~ 1 min
it has been passbleto separate the alvedive delay of the solar wind from the corotational delay.
Calculated correlations, between fluxes, densities and vel ociti es observed at the two spacecraft
are usually greaer than 0.75, bticlear intervals exist when thisis not so. If weinterpret the
corotational delay in terms of an angle of a crotating disturbance, these fronts are frequently
aligned with the interplanetary magnetic field.

Geometry of IMF Structures. Using interplanetary magnetic field data from three spacecraft,
WIND, IMP 8, and GEOTAIL, M. R. Callier, A. Szabo, J. A. Slavin, R. P. Lepping, and D.
Fairfield have determined the dharaderistic radius of curvature of interplanetary magnetic field
structures. Preliminary results indicate that, with some variation, the typicd radius of curvatureis
of the order of 100 a so AU. These results indicae that structures may be sssumed
approximately planar over scde sizes of the order of tens of Earth radii.

lon Foreshock of Earth. D. Berdichevsky (Raytheon-STX), G. Thejappa (Univ. of Maryland), R.
Fitzenreiter, and R. Lepping (both NASA/GSFC), the late T. Y amamoto, and S. Kokubun(bath
Japan), R. McEntire and D. Willi ams (both APL/Johns Hopkins Univ.), andR. P. Lin (Univ. of
Cdlifornia, Berkeley) developed and presented a simple methodwhich all ows the determination
of intervals of magnetic conjunction between far-located spacecraft in the ion foreshock region.
This method all owed the aithorsto present observations at locations approximately magnetically
conjugated (in space andtime, near and far upstrean [70to 230Rg] of the Earth's bow shock)
where there were simultaneous and in ore case sequentia occurrence of enhancements of ultra
low frequency (ULF) waves, (i.e., waves below the proton cyclotron frequency), whil e strongly
scatered ions were present. These new observations of distant ionforeshocks, similar in many
ways to the near ion foreshock, may help to shed light on the important processof wave-
energetic particle muging observed in the vicinity of planetary and interplanetary shocks.

V. SPACE SCIENCE MISSIONS: OPERATIONAL



IMP 8

Magretic Field Investigation. The fall of 1998marks the 25th anniversary of IMP 8's operation
in orbit. This gacecaft has provided useful fields and perticles data over that lifetime, and it
continuesin itsrole a an important participant in the ISTP program. It functions as upstream
solar wind monitor, along with ACE and WIND, andincreasingly as a source of useful
magnetospheric data, especialy in the magnetotail . Because of itslongevity, IMP 8 has
contributed valuable data to solar, solar wind, magnetospheric, and cosmic ray physics for over a
complete solar cycle (i.e., 22years), andisunique in that regard. IMP 8's role has been enhanced
by assuming a partnership with many other spaceaaft and by helping to form various positional
constell ations for ISTP correlative studies. The magnetometer team (R. Lepping, P.1.) continues
to enhance the magnetometer investigation's home page, which provides IMP 8 magnetic field
datain auseful form to the pullic. Mgor areas of study by the tean are large-scale
interplanetary structures, the bow shock and magnetosheah (A. Szabo and R. Lepping) as well
as the magnetotail (J. Slavin). Recently a major effort has been initiated to produce very high-
resolution IMP 8 magnetic field data for the entire misgon (J. Slavin). After proper editing these
datawill befreeto the pubic, andtheir avail ability will be well advertised onthe Web.

Voyagersland 2

Magretic Fields Investigation. The magnetometers on VVoyagers 1 and 2continue to function as
designed and return data from unexplored regions of the distant heliosphere en route to the
termination shock and heli osheah. Voyager 1 is now beyond 70AU while Voyager 2 is
approaching 60 AU. L. Burlagaisresporsible for the reduction d the data andis adivein the
analysis of these data, which are now the wegkest magnetic fields ever measured, approximately
0.02 .

Ulysses

URAPS andSWICS. The Ulysses aceaaft is now in the secondorbit of its exploration d the
high-latitude heli osphere. In late 1998,the spacecraft was well onitsway to a second owerflight
of the southern solar pale. With the gpproadh of solar maximum, it is expeded that the high-
latitude heli osphere will appear more similar to that at low latitudes than was the case for the
first Ulysses orbit. The GSFC contributions to Ulysses include involvement with two of its
instruments: the Unified Radio and Plasma Wave investigation (URAP) and the Solar Wind lon
Compaosition Spedrometer (SWICS). URAP PI. R. MacDowall is at GSFC as are -
investigators M. Desch, J. Fainberg, M. Goldstein, M. Kaiser, M. Reiner, and R. Stone (P.1.,
Emeritus); K. Ogilvieis a m-investigator onthe SWICS tean.

GEOTAIL

Magretic Field Investigations. The GEOTAIL magnetic fields investigationis a wllaborative



eff ort between the LEP and various institutions in Japan. Prof. S. Kokubun(Solar Terrestrial
Environment Laboratory) isthe P.l. and D. H. Fairfield and M. H. Acufia ae w-investigators.
After 6 years of operationthe GEOTAIL magnetic field measurements continue to play a major
role in studies of the dynamics of the nightside magnetosphere including plasmoids,
recnrection, and the formation d the substorm current wedge.

WIND

Projed Satus. The WIND spaceaaft spent the early part of 1998in a partial halo orbit at the L1
libration pant tradking Earth-directed coronal massejections at radio wavelengths, monitoring
the solar wind input to Earth as part of ISTP, crosscali brating instrument resporse with ACE
spaceeraft instrumentation, and measuring solar wind structures in conjunction with ACE and
IMP 8. In ealy May, WIND began areturn to doulde-lunar swingby orbits and phasing loopsin
order to initiate aunique series of petal orbits that will begin 17November. The 14-day petal
orbits (5Re x 80 Rg) will take WIND to high inclinations on the dawn side of the magnetosphere
and aroundto the nightside magnetotail region. The petals will terminate 1 April 1999when a
badflip maneuver will be exeauted to return the spacecraft to the dayside once again. During
this latter phase of the misson, WIND will continue to monitor the solar wind abou 80% of the
time, will continueto tradk CME's, and will continue to measure energetic particles from active
solar regions. WIND continues to operate with a single data tape recorder having lost the primary
tape recorder in December 1997.Thislosshas not materially affeded data coverage. All of
WIND's eight instruments continue to operate normally with nomajor problems. The WIND
Projea Scientist isK. W. Ogilvie and the Deputy Project Scientist is M. Desch.

Magretic Fields Investigation. The WIND Magnetic Fields Investigation (MFIR. Lepping, P.I.)
continues to operate properly. Its data contributes to many space science studies aroundthe
world, and the MFI team often coll aborates directly in alarge number of these studies. The MFI
investigation's web page has been augmented over the last year, especially in the aeas of
magnetic douds, the magnetosphere, and the lunar wake. The web page's extensive bibli ography
of over 90 papers continues to grow bearing witnessto value of the MFI data. The team has
asssted an NRL team, lead by J. Chen, to display the results of their successul solar wind
prediction algorithm, whose purpose is to estimate the probabili ty of an olserved (by WIND)
solar wind feaure being geoeffedive. Plans are underway to producethe highest resolution
magnetic field data on a production besis. Other Lab members of the MFI team are M. Acufia, L.
Burlaga, M. Collier, W. Farrell, R. Kennon,J. Scheifele, J. Slavin, A. Szabo,and E. Worley;
there are five off -campus members al so.

Sdar Wind Experiment. The WIND Solar Wind Experiment (SWE) continuesto operate
succesdully, yielding Key Parameters for the solar wind, and el edron moment quantiti es at 6-
sectimeresolution. The P.I. isK. W. Ogilvie.

FAST

Projed Satus. NASA's FAST satellit e mntinues to acquire excdlent data and provides an



exciting new look onaccderation rocesses at the interface of the hot, magnetospheric plasma
andthe adl, ioncspheric plasma. Severa major discoveries have dready been reported by the
FAST science team. In 1998,a second campaign period was condwcted in Alaska that brought
together concentrated satellit e, airplane, and ground-based observations. Instruments on FAST
include fast energetic dedron andion spedrometers, vector DC and AC eledric and magnetic
field detedors, and an energetic ion composition instrument. The principal investigator for FAST
isDr. CharlesW. Carlson (Univ. of Cdlifornia & Berkeley). Dr. Robert F. Pfaff Jr. of the LEPis
the NASA Projed Scientist for the FAST misson.

POLAR

Projed Satus. Polar operations, especially in conjunction with ground-based faciliti es, continues
to provide multi spedral images of the Earth's aurorae ad comprehensive particles and fields
observations in the high-latitude magnetosphere. Currently, some short-period anomali es
between the planned panting diredion d the despun patform that contains the three airoral
imagers and telemetered pasition data for the platform are being investigated. No significant
instrument problems have occurred for some time. The first ISTP workshopwas held in Europe
in late September at the Rutherford Appelton Laboratory, with over 160 attendees. Contract and
grant adivities for the Polar extended misson are significant because dl the old contrads and
grants gemming from the development phase of the program are being closed. An important new
issue aising from the puldic avail abili ty of Polar data has been raised regarding the pulicaion
of data obtained from the web and explicitly uncertified. The editor of GRL requested a Project
opinion ontwo particular cases where the authors of manuscripts did nd request certificaion by
the data provider. Whil e there gopea to be violations of the Data Rights Rules of the ISTP
Projed, the Projed officeisnat in apositionto prevent puldicaion. The authors have agreed to
add speafic comments regarding the data used. The elitor of GRL has subsequently requested
genera palicy statements from the Projed.

Thermal 1on Dynamics Experiment-Plasma Source Instrument (TIDE-PSl). Based on operations
of thePSI, B. L. Gilesand T. E. Moore, collaborating with Dr. J. L. Horwitz and Y .-J. Su of the
Univ. of Alabamain Huntsvill e, completed the first ever survey of the high-altitude polar wind
throughou the polar cgp region, and a cmmplementary survey of the poar wind at 1 Earth radius
atitude. They foundthat the poar windis faster and hdter than anticipated by theories, and
richer in heavy O ions. In addition, they foundthat the pdar wind density and therefore flux is
strongly controll ed by the solar zenith angle onthe cnjugate ioncsphere, and that the source of
the O" isin the dayside auroral zone or magnetospheric deft region. With M. Hirahara, they also
made new observations of plasma heaing in the auroral zones, shown resporsible for the escgpe
of the heavier atmospheric comporents including oxygen. Comparison with auroral imagery
alowed definitive associationwith bright auroral features. With D. Dempsey (Rice Univ.) and C.
Russll (UCLA) they aso reported olservations of solar wind dasma interadions with
ionaspheric plasmain the dayside deft region.

Polar Eledric Field Instrument. NASA's Polar satellit e continues to aayuire unprecedented data
in the Earth'sinner and ouer magnetosphere, pdar cgp, and cusp regions. The payload includes
thefirst vedor eledric field instrument to be flown in the Earth's magnetosphere. In-depth
studies of eledric fieldsin the ausp are anong the projeds undertaken by LEP scientists during
1998.The principal investigator for the Polar Electric Field instrument on Polar is Prof. Forrest



Mozer (Univ. of California & Berkeley). At the LEP, the dectric field team consists of Drs.
Robert Pfaff and Michad Hes=.

Galileo

Radio-Science. F. M. Flasar and P. J. Schinder, with colleagues D. P. Hinson (Stanford Univ.)
andA. J. Kliore (JPL) have analyzed Earth occultations of the Galil eo spacecraft by lo.
Refradionin lo'sionosphere of the transmitted monachromatic 13-cm signal from the spacecraft
to tradking stations on Earth produced additional Dopper-shiftsin the received signa frequency
that were inverted to oltain vertical profiles of eledron density. The Galil eo occultations were
unuwsual in that five usable occultations occurred, each with an immersion and emersion leg,
sampling afar greaer number of locations on lo than avail able before. The measured ioncsphere
is highly variable with peak electron densiti es and their altit udes varying markedly with pasition.
Highest densiti es are nea the sub-Jupiter and anti-Jupiter paints of 10. Evidenceis en of a
wake on the downstream side of 1o relative to the magnetosphere arotating with Jupiter. Cross
correlation d datafrom two receiving stations indicae that the wake plasma velocitiesin the
downstream direction increase from small values near 1o's surfaceto the crotating velocity (57
km/s) abou 7 lo radii downstream.

Cassini

Composite InfraRed Sgedrometer. Launched onthe Cassni spaceaaft in October 1997,CIRS is
an infrared spectrometer that measures planetary radiationfrom 1 mm o 7um. Itisa
combination d a standard Michelson interferometer operating at wavelengths ortward of 16
um and a paarizing Martin-Puplett interferometer operating at longer wavelengths. Shortly after
launch, the interferometers’ common moving-mirror scan medhanism was successully
unlatched. In the ensuing months, CIRS has undergone severa health chedks and appearsto be
functioning normally. Because of patential damage to its sensitive infrared detedors from
sunlight, bah the telescope mver and passve radiator cooler cover remain in place. The latter is
to bereleased near the end of 1999, after the spacecraft is at adistanceof 2 AU from the Sun.
The telescope mver will be released shortly before the Jupiter flyby, which occursin late 2000.
Observations of Jupiter are tentatively planned, but the primary target is the Saturn system. V.
Kunce leals an international scienceteam that includes LEP scientists G. Bjoraker, J. Brasunas,
F. M. Flasar, D. Jennings, P. Romani, J. Peal, R. Samuelson, D. Glenar, R. K. Achterberg, and
R. Fettig.

Plasma Investigation. Under the diredion d E. Sittler, the LEP delivered severa key subsystems
to Southwest Reseach Institute which were then integrated with the Cassni Plasma
Spedrometer (CAPS instrument, tested and then integrated with the spacecraft which was then
succesgully launched in October 1997.The subsystems deli vered by the LEP included a
Spedrum Analyzer Modue (SAM) anda+ 16 KV high-voltage power supfy called HVU-1.
SAM aquires time-of-flight (TOF) data from the lon MassSpedrometer (IMS) from which it
builds TOF spedra, and processes the TOF spedrato produceion courts for a pre-seleded
groupof ions. HVU-1 provides atotal of 30 KV aadossthe linea eledric field sedion o the IMS.



This power suppy uses anovel design to provide aregulated 1200 vdts to a microchannel plate
floating at 115 KV. We dso provided flight software for SAM and the CPU2 processor of the
DPU. Preparations are now made for aflight software load in October 1998and instrument
chedkout in January 1999.

Radio andPlasma Wave Investigation. LEP has scientific co-investigator involvement in the
Cassni RPWSradio and dasmawave experiment (Kaiser, Desch, and Farrell). Specificdly, the
Cassni radio recaver was turned on \ery shortly after launch, and immediately made remote
measurements of Jovian decametric and hedometric radio emissons which are aurrently being
used to supdement ground-based olservations of the planet. The spacecraft has sncemade a
close encounter with Venus, and the RPWS experiment made aiticd and ungue determinations
of the various magnetoplasma boundxry layers based upontheir plasma wave signatures.

NEAR

X-Ray/Gamne-Ray Investigation. The NEAR x-ray/gammea-ray team (led by J. Trombka and
including P. Clark, L. Evans, S. Floyd, T. McClanahan, and R. Star) isinvolved in the operation
of the NEAR XGRS and system during the cruise phase of the misgon. Instrument operations
verified. Observations of solar spedraduring high activity periods have been oltained. These
spedrashow both continuum and dscrete line cdcium and iron emisgons. Information on
gamma-ray detedor adivation due to cosmic rays has been oltained. A program for observing
gammea-ray bursts has been initiated and threeto five bursts per week have been olserved duing
the period d XGRS operations. The very strong gamma-ray bursts which occurred on 15
Decenber 1997,was observed in coincidence with observations made on the Ulysses and
Compton Gamma-Ray Observatory. Effeds of long-term radiation expaosure have been observed
in the gamma-ray/x-ray detedors and the mecdhanism producing this degradationis understood.
The results of these studies are presently being prepared for pulication. A number of students
from bath unversities and hgh schods have participated in developing significant parts of the
NEAR XGRS data management aqquisition analysis processng system.

Magretic Fields Investigation. The NEAR spaceaaft recently exeauted a dose Earth fly-by on
its way to arendez-vous with asteroid Eros 433in January 1999.This gacecraft isinstrumented
with aMagnetic Field Experiment which was devel oped jointly by GSFC and JHU/APL with
scientific participation by UCLA-IGPP. The Team Lealer isan LEP scientist, M. H. Acuia

Due to cost and schedule limitations the NEAR spacecraft was built with minimal magnetic
constraints. Thisresultsin significant spacecraft generated magnetic signatures being deteded by
the magnetometer which require careful charaderization and removal. This adivity has been
condwted at JHU/APL by Dr. B. Anderson with excdlent results as evidenced by the dose
agreement between the data obtained duing the Earth fly-by and that acquired by the WIND
spacecraft. This validationwill result in excdlent data acquisition at Eros with an estimated
RMS error approaching 1 nT in magnitude.

NEAR will arrive & Eros433 on 1QJanuary 1999,and will remainin orbit aroundthe asteroid
for 1 year. Prepeparations are underway to processthe magnetic field datainto physica
frameworks taking into aceunt different shape models and coordinate systems. The



magnetometer was readivated on 17July 1998,and has been providing continuous data since
that time. Several Eros possble magnetization models are being developed taking into account
the latest observations of planetary magnetism in the solar system. Magnetic field measurements
are

crucia in providing data abou the nature of the interior of

Eros.
Mars Global Surveyor

Magretometer -Eledron Reflectometer Investigation. The Mars Global Surveyor spacecraft, in a
highly dlli ptica and rearly podar orbit abou Mars snce September 1997 is instrumented with a
magnetometer and eledron spedrometer designed to make accurate measurements of the
magnetic fields and dasmasin the nea Mars environment. The investigationis a allaborative
effort with major hardware resporsibiliti es $ared by GSFC, the University of California &
Berkeley, and the University of Toulouse. The principal investigator is M. H. Acufia of the LEP.
Heis suppated by two ather in-house @-investigators, J. E. P. Conrerney and P. Wasilewski in
addition to the tean members at the other participating institutions. The MAG/ER investigation
aboard MGS acquires measurements of the veaor magnetic field and electron fluxesin the Mars
environment, extending well below the dtitude of the ioncsphere near periapsis.

The present-day Mars ladks an appreciable global magnetic field, bu numerous and surprizingly
strong magnetic sources have been identified in the outer shell, or crust, of the planet. Each
periapsis pass smples the crustal field at low altitudes over a narrow range of latitudes and
longitudes within afew minutes of periapsis. Through the early phase of the misson, the latitude
of periapsis has drifted nathward from about 31.7N (Sept. 1997 to a maximum of 86.3N (June
1998. Magnetic anomali es are foundwith magnetic moments of upto 1.6x 10'° A-m?,
indicaing the presence of permanent magnetic sources with bah large volume and highiron
content. Unconstrained, best fitting dipole models place the sources within the upper 50 km of
the Mars crust. Mid-latitude sources appea to be associated with the older, heavily cratered
terrain, bu afew large high-latitude sources have dso been detected to date.

The magnetometer and electron reflectometer experiment (MAG/ER) on the Mars Global
Surveyor spaceaaft has obtained evidencefrom many orbits that a magnetic "pile-up” bourdary
is formed above the planetary ionopause & has also been olserved at Venus and comets. The
high-resolution studies of plasma daraderistics and magnetic field structure ae used to
delinede the relative roles of the various physical processes believed resporsible for the
formation d the "pile-up’ boundxry. These include phaoionization, charge exchange, eledron
impad and massloading. The dired interaction d the solar wind and the Mars atmosphere may
help explain the lossof an ealy Mars atmosphere and water ocean.

Thermal Emisson Sgdrometer. Investigations by J. Peal and his coworkers of the Martian
atmosphere mntinue, based on dita obtained by the Thermal Emisson Spedrometer onthe
orbiting Mars Global Surveyor spacecraft. Excdlent datasets covering the planetary vertical
temperature field to 4 scde heights for 1/2 Martian year, the vertical distribution d ice and dust



agosols, and the complete life cycle of the regional Noadis dust storm of Nov.Dec 1997 have
been oltained. Analysis continuesin cooperation with B. J. Conrath (Cornell Univ.) and M. D.
Smith (Cathdic Univ. of America). Preliminary results have been published (Christensen, et d.,
1998 Keding, et d., 1999.

ACE

Magretic Fields Experiment. ACE was successully launched in August 1997.L. Burlagaisa
co-investigator on the magnetic field experiment. M. Acufia built the magnetometer at GSFC,
and the experiment is managed by N. Nessat Bartol Research Institute with the suppat of
members of hisinstitution.

Lunar Prospector

Magnretometer -Eledron Reflectometer Investigation. The Lunar Prospedor M agnetometer-
Eledron Reflectometer (MAG-ER) Investigationis ajoint venture between the LEP, the Univ. of
Cdlifornia & Berkeley and the Univ. of Toulouse. Itsobjediveisto provide the first global
mapping of the Moon's permanent crustal magnetic fields. Arriving at the Moonin January 1998,
MAG-ER is deteding these magnetic fields either diredly by the magnetometer, if they are
sufficiently strong, or indiredly through the observation d eledrons which have been caused to
"mirror" before impading the lunar surface and are reflected back to Lunar Prospedor. Initial
results have dready provided suppat for the Apadl o-era hypothesis that many crustal regions of
magnetization are asociated with large impact feaures. The MAG-ER team has also dscovered
one regionwith adiameter of over a100 km of sufficiently strong magnetic fieldsto shield the
lunar surfacefrom the solar wind (Lin et a., 1999.

V1. SPACE SCIENCE MISSIONS: DEVELOPMENTAL

Cluster-11

Magretic Fields Investigation. Cluster-11 will be the first flight of 4 spacecraft in a cntrolled
formation for the purpases of making coordinated magnetospheric particles and fields
measurements. Central to achieving the scientific objedives of this missonisthe magnetic fields
investigation lead by P.I. A. Balogh (Imperia College). The flight hardware for this investigation
was designed and fabricated at several institutions with LEP providing the magnetometer sensors
and analogue dedronics. M. Acufig, D. Fairfield and J. Slavin are @-investigators and will
participate in the data analysis effort. Whil e flying in their baseli ne tetrahedron, the magnetic
field measurements will be used to cdculate the "curl” of the field and infer the dedric aurrent
passng though their formation. The magnetic field measurements from the 4 spaceaaft can also
be used to synthesize a"wave telescope” for the detedion and characterization o low-frequency
waves. The NASA Projed Scientist for Cluster-11 is LEP scientist, M. Goldstein.

New Millenium DS-4



CIRCLE. The Champadllion Infrared Comet Lander Experiment (CIRCLE, P.I. R. Yelle, Boston
Univ.) is one of two instruments being developed for the New Mill enium DS-4 rendezvous
missonwith comet Tempel-1, with a planned 2003launch. D. Glenar participates as a member
of the science definition team for this instrument, which incorporates a 14 micron AOTF
spedrometer channel. Thisinstrument is being developed jointly by Boston Univ., JPL and
GSFC. A breadboard o the CIRCLE spedrometer source will be developed in the LEP
Planetary Systems Branch and then exercised by making spectroscopic measurements of
cryogenic ices, in coordination with M. Moore of the Astrochemistry Branch.

Pluto Fast Flyby and EO-1

LEISA Devdopment. D. C. Reuter, D. E. Jennings and G. H. McCabe (LEP, Raytheor/STX) are
developing infrared spectral imagers based onthe LEISA (Linear Etalon Imaging Spectral
Array) concept. This development is a mllaboration with members of the Engineeaing
Diredorate. LEISA represents a mmpletely new concept in spedrometer design made possble
by large-format detectors and advances in thin-film techndogy. Originally developed for the
Pluto Fast-Flyby Misson (PFF) under the Advanced Techndogy Insertion Program, LEISA uses
astate-of-the-art filter (alinea variable @¢alon, LVE) in conjunction with a detedor array to
obtain spedral images. The mgjor innovetion o LEISA isitsfoca plane which isformed by
pladng an LVE in very close proximity to atwo-dimensional detedor array. The LVE isa
wedged delectric film etalon whose transmisson wavelength varies along one dimension. In
operation, atwo-dimensiona spatial image isformed onthe aray, with varying spectral
informationin ore of the dimensions. The image is formed by an external optic. Each spatial
point is sanned in wavelength aaossthe aray, thereby creaing atwo-dimensional spectral
map. Scanning may be accompli shed by a number of methods such as by the orbital motion o
the spacecraft, by rotating the spaceaaft, as was planned for PH-, or by a steeable mirror. The
adual spatial resolutionis determined by the spatial resolution d the imaging ogic, the image
scan spedl, and the readou rate of the aray. The spectrometer has no moving parts, a minimum
of opticd elements and orly one dedronicdly adivated element, the aray. Compared to
conventional grating, prism, or Fourier transform spectrometers and mecdhanicdly or eledricdly
tunable filter systems, it represents a grea reductionin opticd and mecdhanicd complexity.

LEISA was flown as one of the major scientific instruments onthe TRW Small Satellite
Tedndogy Program (SSTP) satellit e NASA Lewis Research Center launched in August 1997.
Unfortunately, this satellit e re-entered prematurely in September 1997before any data were
obtained. The LEISA/Atmospheric Corrector (LAC) will fly onthe New Mill ennium Program
Earth Orbiter 1 (EO-1) missonto be launched in December 1999.In this case the canerawill
provide 250-meter spatial resolution, 0.8%0 1.6micron spedral images at a mnstant spedral
resolution d ~ 35 cm™. The primary purpase of this atmospheric datais to corredt the high
gpatial resolution, low spedral resolution Landsat-type multi spedral images (from ancther
instrument on bard) for the spatially and temporally variable df ects of the amosphere. Planned
formation flying encourters with the operational Landsat satellit e will all ow the operational
Landsat datato be correded for atmospheric €feds as well. Atmospheric corredionis expeded
to improve the acaracy of satellit e-measured surface reflectances and increase the reli abili ty of
data products derived from them. The unique hyperspedral images will aso provide scientific
datain their own right, including water vapor estimates, cloudand aerosol parameters, and



surface properties. In addition to these satellit e programs, LEISA was flown in an aircraft in the
summers of 1997and 1998as part of the instrument complement in an agricultural sensor
program. The flights were over agricultural areas near Lubbock, Texas. The purpose of the
program is to transfer a GSFC-devel oped instrument and to devel op software to perform
atmospheric correction d remotely sensed high spatial resolution multispedral VNIR
measurements. This activity was part of a SpaceAct Agreement with Boeing Commercia Space
Company.

Mars 2003 Lander

Acousto-Optic Imaging Sgectrometer (AImS). The NASA Mars Instrument Devel opment
Program (MIDP) has approved an AOTF-based brasshoard demonstration lander camerafor
Mars surface @mpasition and mineralogy studies, with LEP scientist D. Glenar as Principal
Investigator. The instrument is by its nature dedronically programmable and will provide high
gpatial and spedral resolution imaging within its 0.50to 2.2microntuning range. This
development adivity isalogicd extension d previous adivities under the PIDDP and SBIR
awards andisontimeline to be propcsed for consideration in the Mars 2003Lander oppatunity.

SWAS Mission

Projed Satus. After a 3-yea storage period the Submillim eter Wave Astronamy Satellit e
(SWAY), the third approved Small Explorer Program misson, is currently undergoing testsin
preparationfor an ealy December 1998launch with the Pegasus XL aircraft-borne rocket.
SWAS will observe dense molecular cloud cores in the submillim eter emissonlines of H,0, Oy,
3C0O, and atomic cabon, providing the first glimpse of important chemica processes and
coadling needed to initi ate the early stages of star formation. The P.1. for SWAS is Gary Melnick
of the Smithsonian Astrophysicd Observatory. GordonChin isthe SWAS Rojed Scientist.

IMAGE

Projed Satus. T. Moore continuesto serve & misgon scientist for the Imager for Magnetopause
to Aurora Global Exploration (IMAGE) missonasit progressed through fabrication to
environmental testing this year. An adive theory and modeling effort continues in suppat of the
anaysis and quantitative physicd interpretation d the imagesto be obtained from IMAGE. T.
Moore has been participating in this effort in coll aboration with B. L. Giles, whojoined LEP in
February, J. Green, M.-C. Fok, D. L. Gallagher (NASA Marshall SpaceFlight Center) and with
G. Wilson (MRC, Nashua, New Hampshire) and J. Perez (Auburn Univ., Aubun, Alabama).

Low Energy Neutral AtomImager. Aslea co-investigator, T. Moore directs the development of
LENA. Science suppat for LENA includes K. Ogilvie, F. Herrero, J. Keller, D. Chornay and M.
Collier, whojoined LEP in June. Engineering suppat from Code 600included S. Gray (Code
660) as resource anayst, J. Lobell (Code 692) as g/stems engineer, M. Johrson (Code 695) as
control eledronics and paver engineer, J. Johrnson (Code 696) as ftware engineq, P.
Rozmarynowski (Code 690) as mechanica designer, and F. Hunsaker (Code 690) as mechanicd



enginea and fabrication coordinator. The LENA team in Code 600was aso suppated by J.
Laudadio (Code 700 asinstrument manager, and by a number of Codes 300, 500and 700
engineeing staff members. LENA technicd chall enges were reduced by descoping to a passve
(unheaed) conversion surface, based ontest results obtained at the Univ. of Denver atomic bean
fadlity. Fabricationis neaing completion with assembly and functional testing beginning as this
iswritten. Calibration and environmental testing will take place in early FY 1999,with delivery
to the s/c by 16 February 1999.

Radio Souner. A radio-sourder known as the Radio Plasma Imager (RPI) will be one of the
instruments flown onthe IMAGE satellit e scheduled for launch on 1January 2000.The RPI
(Instrument P.I.: B. Reinisch, U. Mass, Lowell) is one of a cmmplement of remote sensing
instruments on IMAGE (Misson P.1.: J. L. Burch/Southwest Research Ingtitute). R. F. Bensonis
amember of the RPI team and recently puldi shed a tutorial-type paper, with the RPI team, onthe
cgpabiliti es of magnetospheric radio soundng.

VII. SOUNDING ROCKETSAND SUBORBITAL PROGRAMS

Program Satus. A member of the LEP staff (Dr. Robert Pfaff) isthe Projed Scientist for
NASA's Soundng Rocket program. NASA's Soundng Rocket Program provides a st eff ective,
rapid means to carry out unique scientific experiments in space as well asto test new flight
instrumentation. Soundng rockets provide the only platforms with which scientists can carry out
dired in situ measurements of the mesosphere and lower ionosphere/thermosphere region
(40420 km) which istoo low to be sampled by satellit e-borne probes. Furthermore, they provide
quick aacessto high dtitudes where atronamy, planetary, and solar observations can be made of
radiation at wavelengths absorbed by the Earth's atmosphere, including emissons from objeds
close to the Sun (e.g., comets, Venus, Mercury) which are precluded from observation by large,
orbiti ng telescopes such asthe Hubbe and EUVE. Soundng rockets also provide an extremely
high quality, low "g-jitter" environment, ided for avariety of microgravity experiments.

Unique fedures of soundng rockets include their abili ty to gather data dong verticd tragedories,
their low vehicle speeds (compared to satellit es) with long dwell times at apogee their ability to
easily support multi ple payload clusters and tethers, the abili ty to launch rockets into geophysicd
"targets’ (e.g., thunderstorms, aurora, cusp, equatorial electrojet, etc.) when condtions are
optimum, including operations at remote launch sites, the recovery and reflight of instruments
and payloads, and the aceptance of a greater degree of risk which helps maintain the low cost
asped of the program.

In addition to science and techndogy, soundng rockets aso provide invaluable tods for
educaion andtraining. Over 350Ph.D.'s have been awarded to date & part of NASA's ssundng
rocket program. Missons are selected each year based on peer-reviewed propasals sleded by
various ience discipline offices at NASA Healquarters.

VLF Emissons From Spaadic E Layer. LEP scientists Cummer, Farrell, and Pfaff have
performed a more detail ed analysis of VLF eledric and magnetic field data from a 1992rocket
flight over Arecibo and foundevidence of enhancement of both the dectric and magnetic field
magnitudes of the signal from the VLF transmitter in Puerto Rico (NAU, 28.5 KHz) inside a



high-density sporadic E ionization layer. In contrast, one-dimensional propagation simulations
predict an eledric field decrease dong with a magnetic field increase. Simulation studies will
continue in an effort to explain these anomalies.

Cleft Accderated Plasma Experimental Rocket. The CAPER payload is sheduled for launch in
Jan.feb. 1999 with final integration duing Sep.Dec 1998.T. Moore guided the final design of
the Thermal 1on Capped Hemisphere Spedrometer (TICHS), which complements the Thermal
Eledron Capped Hemisphere Spectrometer of C. Pollock (SwRI) to provide comprehensive wre
plasma observations for this payload. Medanicd fabricaion for the pair of instruments was
completed at MSFC, while dectronics systems have been designed and fabricated at SwRI. The
instruments have been functionally tested at MSFC and SwRI, and will be integrated onthe
payload beginning 24 August. The objective of thismissonisto olbserve and dagnose the
mechanisms of plasma heating in the topside ionasphere of the poar cleft region. Analysis has
continued onthe data set obtained from a previous and closely related rocket payload called
Soundng the Cleft lon Fourtain Energization Region (SCIFER). M. Adrian (Univ. of Alabama
in Huntsvill e and M SFC) has completed dissertation work at UAH onthe thermal plasma
observations from SCIFER, while adgsting in the preparations of TECHS and TICHS for the
CAPER flight. The focus of analysisis currently onthe measurement of eledron heat fluxes and
core driftsin the plasma heaing regions.

Dark Cusp Campaign. In December 1997,NASA caried ou avery succesful soundng rocket
campaign from Spitzbergen, Norway, in which two Bladk Brant IX soundng rocket payloads
were launched into the dayside asp duing darkness Two unque data sets are now in hand,
eadt containing atreasure trove of particles and fields measurements concerning the dayside
cusp. An important set of simultaneous groundbased and satellit e datais also avail able, adding
to the richnessof the data. One rocket was flown duing Bz North and the other during Bz South
condtions. Each payload returned DC eledric and magnetic fields, plasmawaves, energetic
particles, phdometer data, and thermal plasma data. The GSFC effort, led by Dr. Robert Pfaff,
concearns the analysis of the measurements of electrodynamic parameters on the two payloads
gathered with instruments built at the Center.

DROPPS Campaign. A new program, DROPPS(The Distribution and Role of Particlesin the
Polar Summer Mesosphere) invalving rockets, radars and lidars has been approved by NASA
andis sheduled for launch in July 1999from Andeya, Norway. This program is expeded to
investigate the importance of submicroscopic particles to inducethe polar mesospheric summer
edhoes (PMSE's) first seen by 50 MHz radars abou 20 years ago.

DROPPSis afocused, international rocket, radar, and lidar program to study the mass
distribution o dust and aeosol particles in the high-latitude summer mesosphere, the
eledrodynamic environment, and their complex relationship with pdar mesospheric summer
echoes and roctilucent clouds. The P.I. is Dr. Richard Goldberg of the LEP.

Asa w-investigator, Dr. Robert Pfaff is preparing electric field instrumentation to measure both
the DC and wave dedric field environment within the dtitude region d 8088 km where these
eff ects are most prevalent. Sincethere is very littl e plasma present at these dtit udes, the doudde
probe technique requires additional considerationsin order to ensure that accurate measurements
will be obtained.



Guara Campaign. In August 1994,the MALTED (M esospheric And L ower Thermospheric
Equatorial Dynamics) Program was conducted from the Alcéntararocket sitein Brazil as part of
the International Guard Rocket Campaign (Pfaff et al., 1997 to study equatoria dynamics,
irregulariti es and instabiliti es in the ionasphere. Analysis of these data has provided the first
experimental evidencefor gravity-wave breaking in the mesosphere (Lehmacher et a., 1997
Goldberg et a., 1997 Frittset a., 1997.

Spaadic-E Experiment in Conjunctionwith Aredbo Observatory. In order to investigate the
complex eledrodynamics and reutral-plasma @uging inherent to sporadic-E layersin the
Earth's mid-latitude ionosphere, a series of rocket/radar experiments was planned as part of the
NASA El Coqu Il Campaign from Tortuguero Launch Range, Puerto Rico, in MarchApril
1998.Dr. Robert F. Pfaff wasthe P.1. of these rockets and the lead scientist for the DC and AC
eledric field experiments. The rocket experiments consisted of two pairs of "mother-daughter”
payloads with limited apogees < that the payloads "hovered" in the sporadic-E region (95125
km). Each payload pair included vedor DC and AC eledric field detedors, ahighly accurate
flux-gate DC magnetometer, an ion mass ectrometer, an ionization gauge, and spaced-eledric
field receivers to measure the wavelength and plhase velocity of the unstable plasma waves.
Separate rockets were included to smultaneously carry aloft TMA trail sto measure the neutral
wind and its velocity shear, believed resporsible for the sporadic-E layer formation. In addition
to the rocket experiments, incoherent scater radar measurements of plasmadensity and drift
velocity were gathered almost every night during the 3-week campaign. Continuows VHF
badkscatter radar operations were carried ou from a site near Sali nas, Puerto Rico, where 3-m
badkscatter echoes were observed associated with sporadic-E and aher types of low-altitude
ionaspheric layers. On 24March 1998, oe of the instrumented rockets was launched, attaining
an apogee of 129 km. The payloads succesdully pierced an intense sporadic-E layer observed by
bath the Aredbo radar andthe in situ density and ion mass gedrometer probes. In situ DC
eledric fieldsreveaed very low (~ 12 mV/m) ambient fields with small amplitude structures of
the same order. No high-frequency (short-scae) waves were observed, consistent with the VHF
badkscatter observations at the time of the launch.

Metalli c Layers From Meteor Shawvers. In light of the recent high interest on the upcoming
strong Leonids meteor shower, we have reviewed all previous mass gectrometer sampling of
metalli cionsin the meteoric ablation kelt (90-110 km altitude) to determineif the influence of
spedfic meteor showers could make asignificant and olservable difference in the density and
compasition d metalli cions e in this belt during meteor showers. Our conclusion based on
these datais positive (Grebowsky et a., 1998. Asaresult, we have proposed arocket program
to study the eébundance of ionic debris introduced duing meteor showers.

GEODESC. The GEODESIC misgonis designed to urcover the microphysicd processes which
govern the interadion ketween coal, dense ionaspheric plasma and magnetospheric energy
sources, hat tenuouws plasma, and dasmawaves. The projed is funded by the Canadian Space
Agency andistheinitiative of Prof. Dave Knudsen (Univ. of Calgary). Dr. Robert Pfaff isa @-
investigator on this payload.

Under Dr. Pfaff's supervision at the LEP, instrumentation is being prepared that will measure the
DC and AC vedor eledric field using the doulde-probe tedhnique. In this case, spherical sensors
with embedded pre-amps will be extended on boansin the spin pane. Sincethe payload spin
axiswill be oriented along the magnetic field drection, the two-dimensional electric field



measurement will completely parametrize the DC and AC eledric fields perpendicular to the
magnetic field vector, B, expeded to be encountered duing this experiment. A third axis, aong
the payload axis, will measure the parall el comporent. Instrumentation will also beincluded to
cary out multi ple baseli ne measurements of wavelength and plese velocity, as well asonbard
FFT's of plasmawaves up to severa MHz. The launch is sheduled for January 2000from Ft.
Churchill, Canada.

APEX The LEP at GSFC is providing a suite of vedor DC and wave dedric field, DC magnetic
field, and thermal plasmainstruments to be flown ona soundng rocket experiment in the high-
latitude ionasphere, as part of the Active Plasma Experiment (APEX). GSFC's sience
contributions are led by Dr. Robert Pfaff of the LEP. The payloads are primarily being built by
the NASA/Wall ops Flight Fadlity.

APEX isajoint projed invalving the Johrs Hopkins University Applied Physics Laboratory and
the Russan Academy of Sciences Institute for the Dynamics of Geospheres. The science
objedivesinclude understanding the dectrodynamic interadions between a burst of neutral gas
undergoing ionization that is released near 400 km altitude and about 1 km away from the
instrumented payload, as well as parametrizing the geophysicd plasma condtionsin which the
releaseis conducted. To this end, measurements of DC and AC electric fields, field-aligned
currents, Alfvén waves, plasma density and temperature, spacecraft potential, and higher
frequency plasmawaves are essential. When the data gathered from the instruments described
herein are analyzed in conjunction with the onbcard phdometer, energetic particle, and aher
measurements, our understanding of the spatial and temporal structure inherent to the partially
ionized beam in spacewill be enhanced by alarge degree The launch of the APEX payload is
scheduled for January 1999from Poker Flat, Alaska.

Eledrodynamics Research From a Remotely Pil oted Aircraft. LEP Investigators Houser,
Goldberg, Farrell, Desch and Cummer, along with scientists from Penn State and NRL, are
investigating transient and steady-state dedricd currents above thunderstorms using
instrumentation on bard aerial remotely pil oted vehicles. The Navy's Swallow RPV has a
patential atitude cgability in excessof 30,000fed and can easily carry eledric and magnetic
sensors for determining the nature of the upward-direded currents during both quescent and
adive periods diredly over an adive thurdercell. Wall ops Flight Fadli ty will provide full
operational suppat including range, TM, and weaher services. A 3-day test flight is sheduled
for early fall to asaure operational readinessprior to the science campaign scheduled for late
summer 1998 @ early spring 1999.

Finaly, in a conceptual study, it is attempted to develop an instrumental package to be flown on
aremotely pil oted aircraft (RPA) to measure dedrodynamic quantiti es in the vicinity of
thunderstorms. The recent high interest in upwvard lightning caused by the discovery of red
sprites and Hue jets provides thefirst dired evidence that there is a strong AC comporent of
current contributed to the global electric drcuit by such processes. The RPA provides an ided
platform from which to measure the necessary parameters to determine the importance of this
energy inpu to the drcuit by measuring the required parametersin an in situ environment
(Goldberg et al., 1997.

VIII. FUTURE MISSIONS



Solar Terrestrial Probes

Magnretospheric Multiscale (MMS). The secondnew missonin the Solar Terrestrial Probe line
after the solar misson, STEREO, is MMS. MM S will utilize advanced commercia off- the-shelf
tedindogy to fly a seven- spaceaaft missonto explore virtually the entire magnetosphere &
unprecalented resolution. The dynamics of the magnetosphere system from the kinetic scades
through MHD scdes will be examined by a next-generation cluster of five spacecraft. Four
spacecraft in a quasi-tetrahedral array suffice to unquely separate space adtimewhichis
required for quantitative dosure between observations and theory. However a fifth spacecraft
may be used to generate an additional three tetrahedra. Thiswill allow the alvanced cluster to
uniquely separate space and time for quantities such as current density which are derived from
the aurl of the magnetic field for which asingle duster acts as a point measurement. The
individual spacecaft will be instrumented with perticle and field detedorsto fully characterize
the ambient plasma. The separations of the spaceaaft will vary from kil ometers to several Earth
radii depending onlocaionandwill allow thefirst look at the magnetosphere at variable
resolution from micro to meso scades over this vast range. In addition to the five spacecraft
advanced cluster, there are two spacecraft placel in orbits to image the global inner
magnetosphere and henceto place the small er scde alvanced cluster measurements in context.
The instruments on the imaging spacecraft will utilize the energetic neutral imaging techndogy
which is being pioneered for Earth usage onthe IMAGE MIDEX misson. The Science
Tedndogy Definition Tean (STDT) is chaired by J. Burch of SWRI. The Project Scientist is S.
Curtis of GSFC, and J. Gervin of GSFC isthe Projed Formulation Manager. GSFC participants
onthe STDT include R. Vondak, M. Hesse, and J. Slavin.

Globd Eledrodynamics. The science and techndogy implementation danning for the GED
spacecraft misgon, ore of NASA's Solar Terrestrial Probe missons, has begun with the seledion
(by NASA Headquarters) of its Science and Techndogy Definitionteam (STDT) which held its
first meding at GSFC in late August. Thismissonwill consist of multi ple spacecaft patentially
dipping to altitudes lower than any previous acecraft andis sheduled for launchin
approximately 2007.1t will bring closure to ou understanding of the key electrodynamic roles
that theionosphere and lower thermosphere play in the Sun-Earth connedion. Multiple
spacecraft are required to resolve the many spatial and temporal scdes that charaderize the
underlying physics. The STDT ischaired by R. A. Heelis, U. Texas a Dallas. GSFC
involvement includes R. F. Pfaff asamember of the STDT, J. M. Grebowsky as the GED Project
Scientist, and J. C. Gervin as the Projed Formulation Manager for the misson.

Magnretospheric Constellation. The fourth missonidentified in the Solar Terrestrial Probelineis
Magnetospheric Constell ation (MagCon). The MagCon misson concept invalves the dispersal of
10sto 100small--1 to10kg--spaceaaft within the magnetosphere through the use of a
"mothership” with propusion. The scientific objective of MagCon is the mapping of
magnetospheric structure and the observation o plasma- dynamic processs invalving broad
regions of the magnetosphere. Instrumented for particles and fields measurements, such a
constell ation is presently the only manner in which the temporal and spatial development of such
fundamental phenomena a magnetospheric substorms can be resolved in a definitive manner.
Tedindogy development in suppat of the necessary "nanosatellites’ is underway at GSFC



under the direction d the MagCon Projed Manager, P. Panetta. In the coming year an LEP
scientist will be gopanted as MagCon Study Scientist and a Science and Techndogy Definition
Team will be selected by NASA Healquarters to suppat the misson development. The launch
of the MagCon Missonis sheduled for late 2008.

MIDEX

Dipper Misgon. Scientistsin the LEP also prepared aMIDEX proposal for a satellite cdled
"Dipper" which was submitted in August 1998to NASA. The P.I. of the Dipper projed isDr.
Robert F. Pfaff Jr. The Dipper satellit e will carry out an urprecedented, systematic, and focused
in situ exploration d the Earth's lower ionasphere and thermosphere below 200 km that will
produce apivotal base of knowledge from which we will understand hav our nea-space
environment works. It will carry, for thefirst time, comprehensive instruments to the Earth's
critica boundary region where the ionized gases of space and the neutral gases of the @amosphere
are ouped, and where impinging forces and momentum are depaosited from the magnetosphere
above and from the tropasphere, stratosphere, and mesosphere below. The Dipper includes a
comprehensive suite of well-proven scientific instruments and a very experienced science team
from world-classlaboratories. The Dipper will be launched onaDelta 7320and includes
propusionto provide over 10,000excursions to altit udes below 200 kn with over 3000 dpsto
atitudes below 150 km during its 2-yea lifetime.

Eledrodynamics Explorer. A joint GSFCUniv. of MichiganUniv. of Texas proposal for an
ionaspheric Eledrodynamics Explorer (EFEX) was submitted to NASA Healquartersin
resporse to the latest Small Explorer (MIDEX) Annourcement of Oppartunity. T. L Kill een of
the Univ. of Michigan isthe principal investigator and the GSFC co-investigators are J. A. Slavin
and M. H. Acuiia. GSFC will have resporsibili ty for the vedor magnetometer and electric field
doule probe flight hardware. The primary science objedive of EFEX isto oltain global images
of the high-latitude ionospheric convedion pettern and, together with in situ measurements,
guantitatively determine the energy inpu from the magnetosphere to the high-latitude upper
atmosphere under avariety of interplanetary condtions.

DISCOVERY

VESPERMisson. The VEnus Souncer for Planetary ExploRation (VESPFER) is a proposed
Discovery Misson. The VESFER misgonwill provide the first comprehensive and synoptic
study of Venus with sufficient sensiti vity and duation to test mgjor models of the dynamics,
chemistry and circulation throughout the Venus atmosphere. The VESFER Orbiter employs a
state-of-the-art heterodyne spedrometer originally developed for astrophysicd study of
interstellar clouds. The primary instrument is a heterodyne recaver, the Submillim eter Limb
Souncer (SLS), whase extremely high gas constituent sensiti vity and high spectral resolution
alow the detedion d tracegases whil e smultaneously measuring wind el ociti es above the
clouds. The Deep Atmosphere Spectral Camera (DA SC) will m ake measurements below the
clouds to the surface with spedral and spatial images of upwelli ng thermal emisgon taken from
1.0to 2.5microns. A two-color Nea UltraViolet Imager (NUV1) will tradk the dynamics of the



upper cloud deck. X-band radio occultation using the spacecraft transponder will attain high
gpatial resolution temperature profil es covering a wide range of Venus latitudes and loca hours.
VESPER P.I. is GordonChin of GSFC. The scienceteam comprises investigators from the Univ.
of Arizona, Cal Tedh, Univ. of Cologne, Cornell Univ., GSFC, JPL, Univ. of Massachusetts,
SpaceScience Institute, SUNY Stony Brook, Univ. of Virginia, and Washington Univ. Lockheed
Martin Astronautics in Denver, Colorado, will develop the spacecraft and perform misson
operations. GSFC will manage the projed and develop the VESFER instrument sulite.

Januws. A Discovery Step 1 poposal for an extremely fast, relatively inexpensive missonto
complete theinitial exploration d the inner solar system cdled Janus has been submitted to
NASA Heaquarters. The missontakes only 115daysto reach Mercury and orly abou 1.8
yeas from launch to fully exeaute the threeMercury encounters which will allow the first
complete geophysicd and geochemicd mapping of bath faces of Mercury and the search for
polar water. The misson also fedures atota of four well-instrumented spacecraft which will
permit the first multi point measurements of a planetary magnetosphere simultaneously at low
latitudes, at both pdes, and in the magnetotail . The robust instrument complements all ow the
study of Mercury as an interading system composed df its interior, surface, atmosphere, and
magnetosphere. The missgonis anatural Discovery-classprecursor to the multi ple international
orbiter misgons which may occur well after the Janus misgonis complete. Janusis a partnership
among GSFC, JPL, and the Orbital Sciences Corporation. It has alarge, critical-mass
international science tean made possble by the misson's hort duration and low expenses that
placeit far below the Discovery cost cap. The data analysis fadlity will be run by Bowie State
University, a historicadly bladk university with an extensive history of partnering with GSFC on
advanced data handing, visuali zation, and analysis techniques. Bowie State University has also
runthe flight operations for the SAMPEX SMex spacecét. TheP.I. is S. Curtis of GSFC. The
LEP scientists will be resporsible for the magnetometers, search coil s, and the visible/infrared
imager. LEP co-investigators on the Janus team are B. Giles, M. Acufia, J. Conrerney, M. Desch,
R. Madowall, T. Moore, J. Nuth, D. Reuter, and K. Ogilvie.

MESENGER Misson. A Discovery program stage 1 proposal for aMercury orbiter misson
cdled MESSENGER has been submitted to NASA Healquarters. The purpose of this missonis
to colled global information onthe surface interior, exosphere and magnetosphere of this least
explored of theterrestria planets. The principal investigator is S. Solomon d the Department of
Terrestrial Magnetism of the Carnegie Institution d Washington. The lead institution for the
spacecraft and misson operations will be the Johns Hopkins Univ. Applied Physics Laboratory.
LEP scientists will be resporsible for the vector magnetometer and the geochemistry package.
The LEP co-investigators onthe MESENGER team are M. H. Acufia, J. A. Slavinand J. I.
Trombka.

TrianaMisson. K. Ogilvie has sibmitted a proposal for a ambined high-time resolution
magnetometer and dasma instrument for inclusion in the Triana payload in coll aboration with
Acufia and Lazarus (MIT). The propasal combines olar weaher studies with nowel solar wind
scienceinvestigations.

Sdar Probe Misson. The Solar Probe Science Working Team (SWT), chartered to define the
science objectives for this misson, suggest a strawman science payload, suppat spacecraft
engineaing studies and misson design efforts at the Jet Propusion Laboratory and to contribute
to NASA Healquarters' Space Science Strategic Plan development. T. E. Moore and J. A. Slavin



serve onthis SWT representing plasma and magnetometer instrumentation, respectively.

IX. INSTRUMENT DEVELOPMENT

HIPWAC. The Heterodyne Instrument for Planetary Wind And Compaosition measurement is
being developed by T. Kostiuk, D. Buhl, F. Hunsaker (GSFC) with T. A. Livengood (GSFC and
Univ. of Maryland), T. Hewagama, J. Goldstein (Chall enger Ctr.), and H. Davé (Raytheor/STX).
It will be an advanced infrared heterodyne spedrometer (IRHS) for the measurement of
moleaular lineshapes and the wind-driven Dopper shifts of moleaular lines formed in low-
presaure, high-altitude, regions of planetary atmospheres. The instrument will be transportable to
the Cassegrain or Nasmyth focus of avariety of telescopes. Substantial improvements will be
made in sensitivity and operational capability over the aurrent Coudé-focus IRHS, permanently
mourted at the NASA IRTF, enhancing current studies and enabling new studies not now
possble. Improved performance will derive from new techndogies within the instrument itself
and from the dharacteristics of telescopes that will be acessbleto atransportable instrument: (1)
improved sensitivity on small targets with large (810 m) telescopes, with afador of ~ 10
increase for paintli ke sources; (2) improved spatial discrimination onlarge tel escopes; (3)
reduced velocity broadening on large tel escopes due to the range of Dopper shifts acrossthe
instrument FOV from the planet's rotation, increasing the eff ective spedral resolution and
information content in spedra; (4) improved system quantum efficiency from current
comporents; (5) improved frequency determination dwe to al fadors but espeaally the improved
telescope tradking stability and accuracy from Cassegrain focus vs. Coudé focus; (6) flexible
aacessto telescopes, since large (810 m) telescopes are not needed for all tasks; and (7) access
to different latitudes, such as observatoriesin the Southern Hemisphere or at high northern
latitudes. A prototype laser cavity for the CO, laser locd oscill ator has been constructed using
advanced compasite materials by K. Segal and P. Blake (GSFC, Code 548.2. The instrument
opticd bench will be constructed similarly, in order to conserve weight and to achieve superior
stiff nessand resistanceto thermal expansion a contradion onascae of order 0.001% under
variable thermal | oads.

Superconducting Bolometer. J. Brasunas and B. Lakew are preparing a high Tc superconductor
(HTS) baometer for flight aboard the space shuttle in October 1998.Its resistive transition will
be measured in space to determineif this device is robust with respect to launch and to the space
environment.

New Planetary Astronamy Observationd Program. The nea-IR spedrum (1.75.2 micron) of
Saturn will beinvestigated using anew AOTF camera. The key objediveisto oltain a
phaometricdly cdibrated spedral image abe of Saturn between 1.75.2 micron. With these
datawe will i dentify the wavelengths most sensitive to convedive disturbances in Saturn's
atmosphere, observe center-to-limb reflectivity changes that can be interpreted in the cntext of a
verticd structure model, search for Saturnian analogs to Jovian 5-micron"hot spots* and
characterize the spatial variationsin trace moleaular species. Investigators include JohnHillman,
Dave Glenar, GordonBjoraker and Nancy Chanower.

Mars Observing Campaign. An olserving campaign is being formed for the Mars oppdsition
which ocaursin late April 1999.0ur objective isto assemble aphaometricdly cdibrated,



spedrally complete groundbased image aube & the highest possble spatia resolution. These
measurements will employ new observing techndogies and will be concurrent bath with
spacecraft measurements and suppating observations by the upgraded Hubl e Space Telescope.
Threeobserving teams will conduct the investigations with threeinstruments gpanning 0.65.0
micron. The instruments and danned observing fadliti es are: (a) Visible/NIR AOTF camera will
be enployed at USAF/Philli ps Lab 1.5m, laser-beacon adaptive optics tel escope. Auxili ary
camerawith interference filter whed. 6001050 mm. ~ 0.3 arcsec (125 km). Sciencetargets: Fe,',
Fes" mineralogy and coarse grain hematite search. (b) SWIR AOTF camera & Apade Point
Observatory, 3.5m, f/10, Nasymth focus. 1.73.4micron (AOTF limited). 0.8arcsec (340 km).
Sciencetargets: 3 micron water-of- hydration feaure and CO,, H,O ice(palar regions and
clouds). (c) KPNO cryogenic grating/dlit spedrometer (CRSRSALLY) at KPNO 2.1 m, f/15
Cass focus. Seleded 35 micron (L, M band). ~ 1.2 arcsec Nyquist (500 km). Sciencetargets:
water-of-hydration (34 micron long wave extension) and sulfate mineralogy. Observers
participating in this campaign include Dave Glenar, JohnHillm an, Gordon Bjoraker and Fred
Espenak from GSFC, Nancy Chanover from NMSU, Diana Blaney from JPL and Dick Joyce
from KPNO.

Globd Distribution d Ozone in the Atmosphere of Mars. F. Espenak is leading the tean of T.
Kostiuk, D. Buhl (GSFC), T. A. Livengood, K. E. Fast (GSFC and Univ. of Maryland) T.
Hewagama, and J. Goldstein (Challenger Citr.) in observations of the O; moleaulein the
atmosphere of Mars planned for March 1999, ging the Goddard Infrared Heterodyne
Spedrometer. The global distribution o Oz in Mars atmosphere will be mapped duing its
northern hemisphere early summer (Ls=115). Photochemical models su1ggest that ozone
abundances shoud be rapidly approaching maximum levels in the southern hemisphere.
Furthermore, Mariner 9 olserved high levels of O3 during this season. These data will be used to
test the models and will be compared with previous observations to study the seasonal variabili ty
of Os. The datawill also asgst Mars Global Surveyor by establi shing baseline measurements as
the spacecraft orbits Mars.

Champadllion Lander. D. Glenar is participating in the science definition team for the
Champadllion Infrared Comet Lander Experiment, (CIRCLE, P.1. Yelle, Boston Univ.). This
instrument uses a 14 micron AOTF spectrometer channel and will fly onthe New Mill enium
DS-4 rendezvous misson with comet Tempel-1, with planned 2003launch. A breadbcard of the
CIRCLE spedrometer sourcewill be developed in GSFC Code 693 and then exercised by
making spectroscopic measurements of cryogenic ices, in coordination with GSFC Code 691 (M.
Moore).

Mars Instrument Devel opment Program. NASA Headquerters has approved a brassoard
demonstration lander camerafor Mars surface cmpasitior’mineralogy studies (P.1. D. Glenar).
AImS, (for acousto-optic imaging spedrometer) is by its nature dedronically programmable and
will provide high spatial and spedral resolutionimaging within its 0.5to 2.2micron tuning
range. This development adivity isalogical extension d previous adivities under the PIDDP
and SBIR awards andis ontimeline to be propased for considerationin the Mars 2003 L ander
oppatunity.

Sdar Probe Plasma Instrument. Recently the LEP has been developing a plasma spectrometer
cgpabili ty that will alow oneto lookin the solar diredion (nadir viewing) as close a 3 solar
radii from the Sun's aurface. At these distances the solar input is more than 2000times that at 1



AU. The design concept being developed by E. Sittler, J. Keller, K. W. Ogilvie and F. Hunsaker
iscomposed of adual parabadlic dedrostatic mirror system with ore of the dedrostatic mirrors
located behind a miniature hed shield. The design of the miniature hea shield isbeing dorein
collaborationwith NASA Langley Reseach Center. With this design concept the plasma
spedrometer can be safely located behind the primary hed shield of the spacecraft. We have
been successul in ou design of the miniature heat shield so that the thermal inpu to the
spacecraft busis lessthan 12watts whil e simultaneously meeting all physica constraints onthe
miniature hea shield and FOV requirements. A prototype of the miniature heat shield has
recantly been completed. Preliminary testing of the dectrostatic mirror concept is now being
performed. We ae now in the processof designing and bul ding the spedrometer itself.

Eledric Field Experiment Group. The LEP includes an adive dedric field experimental group,
led by Dr. Robert F. Pfaff, that designs and bulds eledric field doubbe probes for flights on
soundng rockets and satellit es in the Earth'sionasphere. Onboard processng electronics have
also been developed to gather burst memory data of significant flight events and ontward FFT
processng that extend the measured frequency regime of eledric field waves to severa MHz.

In the past year, instruments were flown onfour payloads, which include dectric field probes
and eledronics to measure bath the DC and AC vedor electric field comporents as well as
Langmuir probes. These experiments were launched onsoundng rockets into the ausp from
Spitzbergen, Norway, in December 1997, and into a sporadic-E layer from Puerto Rico in March
1998.

X. EDUCATIONAL OUTREACH

Education Outreach Comnittee The Laboratory's Education and Outreach Committeg chaired
by R. Lepping, continues to extend itself to the pulic by asgsting teachers and students of
neaby schods, andin particular by judging grade 7412 science fairs. Other members of the
committee ae R. Benson, P. Clark, M. Colli er, F. Espenak, J. Kalb, M. Moore, F. Ottens, A.
Roberts, D. Stern, and J. Trombka. Itsmain puposeisto help provide the puldic with a better
understanding of the role of space scientists, and d our Lab's work in particular, in the nation's
science program. The mmmittee ontinues to develop a home page which includes the work of
the Lab, especially amed at young people.

Visiting Teacher. As part of the NASA-Prince Georges Courty Teadher Intern program, Mrs. L.
Newsome, from Benjamin Tasker Middle Schod in Bowie, Maryland, returned to visit the
Laboratory again for 6 weeks. She asdsted in the further development of the Lab's educaion and
outread hame page, in particular onthe Lab's "Misgons’ sedionand ona new introductory
welcome page. She dso consulted, as last year, onthe further extension and improvement of the
web page's glossary. She worked with A. Szabo and her mentor, R. Lepping.

Visiting Sudent. Radhana Oza, a student from Montgomery Blair High Schod, Silver Spring,
Maryland, also visited ou Laboratory for 6 weeks, and participated in research aimed at
understanding the source of errorsin the pasition d the IMP 8 spacecraft and analyticdly
determining them using magnetic field data from IMP 8 and the WIND spacecraft in a novel
approad. She aso contributed to the Lab's education web page, especially with adviceon hav
to make it more gopeali ng to students. She was part of a cwmpetiti ve program cdled National



SpaceSchaars Club d gifted high schod students. She was given guidance by A. Szabo and her
mentor, R. Lepping.

Greg Bilyk and Andrew Rankin o T. C. Willi ams High Schod in Alexandria, Virginia, visited
the heterodyne laboratory throughou June and July and part of August, with the guidance of T.
Kostiuk aswell as F. Hunsaker (GSFC) and T. A. Livengood (GSFC and Univ. of Maryland).
They constructed mock-ups of the HIPWAC heterodyne instrument and its laser cavity, and
asssted in the design and implementation d alight baffle for use with the new opticd guide
system install ed this sammer onthe Infrared Heterodyne Spedrometer at the NASA Infrared
Telescope Facility in Hawaii. Greg additionally asgsted with the achiving of field data oll ected
over 19931997.Both students had previously been associated with ou laboratory while
working on asciencefair project onthe prospects for remote detection o extraterrestrial life
within or outside the solar system.

Elementary Schod Outreach. P. Romani coll aborated with teaders and their students at
Glenarden Woods Elementary Schod in Glenarden, Maryland, and at Wil dwood Elementary
Schod in Amherst, Massadhusetts, to dugi cae Eratosthenes's measurement of the
circumference of the Earth. Eratosthenes was a Greek who lived and experimented in Egypt in
the Ptolemaic ea. His determination d the Earth's circumference was within 15% of the modern
day value. The projed was funded by an IDEAS grant that was cowritten with the teachers.
Leson dans were devel oped and tested and the students work was videotaped along with
interviews of the teachers and P. Romani. Thisfall there will be aworkshopfor teachers at
Amherst, Massadhusetts, to explain how this hands-on experiment can be integrated into
elementary schod science curriculum.

LENA Poster. In conjunction with the LENA instrument team under the diredion d T. Moore, a
LENA instrument paster emphasizing flight hardware was assembled and mournted onthe second
floor of Building 2, GSFC. We intend to use this poster as abasis for creating products suitable
for general audiences, as well as one suitable for the spacephysics community and for inclusion
in aweb page.

New Educationd Web Stes. Foll owing the successul educational web site "The Exploration o
the Earth's Magnetosphere” (http://www-spof.gsfc.nasa.gov/

Educaion/Intro.html) a new educaional site of comparable size, "From Stargazers to Starships,
was produced (http://www-spof.gsfc.nasa.gov/stargaze/Sintro.htm). In "Exploration” the first
third of the site overlapped the standard high schod curriculum (magnetism, ions, eledrons, the
Sun) but later sedions were more spedali zed. "Stargazers,” in contrast, devotes abou equal
length to naked-eye astronamy, Newtonian medanics and spaceflight, and can provide the
framework for a 1-year coursein high schod. It aimsto integrate NASA-related topics into the
high schod curriculum, e.g., ill ustrating the concept of inertial masswith massmeasurements of
astronauts in zero-g aboard Skylab. Asin "Exploration," the material foll ows a historicd thread,
but unlike "Exploration,” some mathematicsis included, along with a"mathematicd refresher”
which describes the tod's used and makes the site self-contained.
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