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1. INTRODUCT ION

F. L. Scarf and E. W. Greenstadt have been conducting theoretical
studies, ongoing data analysis programs, and supporting research and tech-
nology tasks under NASA Headquarters Contract NASW-3087. This contract ex-
pires on April 30, 1978, and the present report summarizes significant tasks

completed and lists important studies initiated.

The present contract, and earlier ones in this series, provided sup-

port for theory, correlative data analysis and supporting research and tech-

nology. The data analysis tasks generally involve older spacecraft or multi-

spacecraft and m:1ti-instrument correlation studies which are not associated
with any single, project-associated analysis program. F. L. Scarf is
Principal Investigator or Co-Investigator for plasma wave investigations
presently operating on |SEE-1, ISEE-2, Voyager-1, Voyager-2, IMP-7 (and
Pioneer 8, Pioneer 9). E. V. Greenstadt has recently been appointed as Co-

Investigator (without Project funds) for the magnetometer investigation on

ISEE-1, ISEE-2. Many of the required analysis programs involve IMP-7, ISEE,
and Voyager correlations, or studies based on IMP-7 and -8 and/or Voyager-
Hel ios data comparisons. Thus, the generalized data analysis and reduction

program has been used to support the coordination of various projects.

F. L. Scarf and E. W. Greenstadt have also been involved with NAS and
NASA mission planning activities. Mr. Greenstadt was a member of the Panel

on Plasma Processes of the National Academy of Sciences, and Dr. Scarf is a

member of the Space Science Board, the Committee on Solar Terrestrial Research,

and the Committee on Space Physics, in addition to his duties as Chairman

o
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of the CSTR Panel on the IMS. These NAS planning activities are related to
many of the SR/T activities summarized below, and Dr. Scarf also serves as
a member of the NASA Headquarters Atmospheric and Space Physics Management
and Operations \lorking Group under Dr. E. R. Schmerling and Dr. D. P,

Cauffman.

2. SUMMARY OF COMPLETED RESEARCH, OCTOBER 1977 TO PRESENT

We indicate our completed research activity, and the degree to which
this research involves other groups, by the ensuing copies of the title
pages from all relevant reports dated after October 1977. We divide reports

into five categories:

1) Papers published

2) Papers completed and awaiting publication

3) Abstracts of results presented orally at scientific meetings
L) Workshop presentations

5) Related papers.

Title pages or suitable reproductions follow in the above order. Item 5
refers to a related subject of investigation supported by another agency
(AFOSR), but demanding comprehensive integration of surface and satellite
measurements and expected to involve ISEE as well as other spacecraft in the

immediate future.
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. VOL. 82, NO. 32 JOURNAL OF GEOPHYSICAL RESEARCH NOVEMBER 1, 1977

Magnctosphere Boundary Observations Along the Imp 7 Orbit
& 1. Boundary Locations and Wave Level Variations

QQQ& F. L. Scarr
gy @ Space Sciences Depariment, TRW Defense and Space Systems Group, Redondo Beach, California 90278
aF e .
Dy & L. A. FRANK

Department of Physics and Astronomy, Unicersity of lowa, lowa City, lowa 52242
§ R. P. LEPPING
Laboratory for Extraierresirial Physics, NASA Goddard Space Flight Center, Greenbelt, Maryland 20771

We discuss and analyze magnetosphere boundary phenornena observed by the Imp 7 magnetic field.
plasma, and plasma wave instruments 1in 1972 and 1973, Tne spuacecraflt crosses the dawn and dusk

5 bounduries near 25 Ry downstream, and the physical provesses at the Imp 7 magnetopause appear to be
intermediate between those observed over the poles and those observed at the lunar orbit. The Inip 7 orbit
' also traverses a downstream region near where “tireball’ phenomena occur, and this indicates that it is

especially important to investigate the runge of magnciopause phenomeny detected with the plasma and
fields payload complement This report contains a brief description of the relevant Imp 7 instrumentation,
8 survey of the boundury locations for a 15-month period. a discussion of the different types of crossings
(essenuiully, sharp and difTuse). and un anulysis of the electromagnetic wave modes being detecied in the
broad low-frequency channel of the wave instrument. The wave mode discussion, based on comparison of
Imp 7 data with low-frequency plasma sheet and mugnetosheath observations from other spacecrait, leads
to the conclusion that the broad low-frequency channel 1s sensitive 1o oscillations in the lower hybrid
. resonance region of the spectrum. Details of the broad difluse boundary crossings will be discussed in 4

scparate report

INTRODLCTION

Although theoretical fluid dynamic predictions of the aver-
age shape and the mean location of the magnetopause are
generally in very good agreement with observations, there

remain large paps in our understanding of the important F |
microscopic physical processes that develop at the magneto- W3¢, plasma. and magnetic field instruments in 1972 and :
sphere boundary Several years ago, Willis [1972] emphasized 1973. This ﬁrst report contains a brief description of the rele- i
the fact that many theories of the small-scale internal structure Y40t IMp 7 instrumentation, a survey of the boundusy locs-

of the magnetopause are controversial. and he tabulated 10 tions for a 1S-month period, a dnscuwpn of the different hpes

outstanding questions to be resolved in future studies of the of crossings (essentially, sharp and ditTuse), and an analysis of .
magnetopause. This 1972 listing included a number of prob.  the electromugnetic wave modes being detected in the broad b
lem areas involving the local physics of the magnetosphere  10W-frequency channel of the wave instrument. The second 3
boundary on the flanks of the geomagnetic tail. Specifically,  P4Per 1n this series will be concerned with the physics of the ]
Willis noted that we had, at that time. hittle definitive informa.  9/fluse magnetosphere boundary layers. In this second puper

tion on (1) the nature of the tangential drag on the magneto- ¢ will assess the role of the plasma mantle in terms of the d
pause and its importance with respect to tail formation, (2) the ~ Propagation of magnetosheath turbulence into the magreto- 1
consequences of periodic wave motions of the magnetopause,  SPhere. and we will evaluate the possible roles of the ezl j

(3) the extent to which the magnetopause remains well defined
as a function of downstream distance, and (4) the degree to
which the interplanetary and geomagnetic fields are inter-
connected across the boundary.

In the years since this article appeared considerable progress
has been achieved in providing partial answers to these and
related questions, especially for the duyside and polar sections
of the magnetosphere boundury. For instance. the observa-
tions of the plasma mantle [Rosenbauer et al , 1975; Pasch-
mann et al., 1976) are of considerable importance in terms of
the dynamics of the entire magnetosphere (see, for instance,
Haerendel and Paschmann [1975)), but to date the majonty of
reports on the physics of the magnetosphere boundary come
from local measurements made on the dayside [Russell et al.,

Copyright ® 1977 by the American Geophysical Union.

1974, Eastman et al., 1976] or at high latitudes just over the
poles or from the region of the dayside cusp [see Reiff et af
1977).

In this series of papers we describe difTzrent types of magne-
tosphere boundary phenomena observed by the Imp 7 plasma

wave-particle interactions in terms of tangential drag and vis-
cosity efTects.

Imp 7 Orbit and Instrumentation

The spacecraft Imp 7 (also known as Imp H and Explorer
47) was launched on September 23, 1972, into a nearly circuiar
low-inclination orbit with a mean geocentric radial distance of
35 Ry and an orbital period of 12.5 days Detailed Imp 7
trajectory plots for the period Scptember 1972 through De-
cember 1975 are contained in a recent report by Awg and
Teague [1976). and these plots show that in late 1972 the
spacecraft gencrally crossed the magnetosphere boundary (as
defined by Farrfield's [1971) average magnetopause location)
at downstream distances near 25 Ry, with the successive in-
bound and outbound crossings separated by about 24 davs

On Imp 7, simultancous measurements of the ambient mag-

Paper number 7A0728. 1 . II~
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9. THE VENUS IONOSPHERE AND SOLAR WIND INTERACTION

S.J. BAUER
NASA/Goddard Space Flight Centcr, Greenbelt, Mary. 20771, U.S.A.

L. H. BRACE
NASA/Geddard Space Flight Center, Greenbelt, Mary. 20771, US. A

D. M. HUNTEN
Kitt Peak National Observatory, Tuscon, Anz. 85726, US.A

D. S. INTRILIGATOR
Unicersity of Southern California, Los Angeles, Calif. 90007, US A

W. C. KNUDSEN
Lockheed Missiles and Space Corporation, Palo Alwo, Calif 94304, US A

A. F. NAGY
Universiry of Michigan, Ann Arbor, Mich. 48105, U.S.A.

C.T. RUSSELL

Institute of Geophysics and Planetary Piivsics, University of California,
Los Angeles, Calif. 90024, U.S A

F. L. SCARF
TRW Systems Group, Redondo Beach, Calif. 90278, U S A

and

J.H WOLFE
NASA/Ames Rescarch Center, Mofleu Ficld, Calif 94035, US.A

Abstract. The current state of knowledge of the chemistry, dynamics and encrgetics of the upper
atmosphere and 1onosphere of Venus is reviewed together with the nature of the <olar wind-Venus
interaction. Because of the weak, though perhaps not nechible, intninsic magnetic ficld of Venus, the
mutual effects between these regions are probably strong and unmique in the solar system The ability of
the Pioneer Venus Bus and Orbiter experiments to provide the rcqufred data to answer the questions
outstanding is discussed in detail.

1. Introduction

The interaction of the solar wind with each of the presently explored plancts ap-
pears, in many respects unique, but at the same time forms part of a continuum of
possible interactions. In the terrestrial interaction, the solar wind is deflected by
the magnetic field far above the ionosphere, and the flow associated with the drag

Space Science Reviews 20 (1977) 413-430 All Rights Reserved
Copyright © 1977 by D. Reidel Publishing Company, Dordrecht-Holland
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The ISEE-C Plasma Wave Investigation

oL SCARE, R W FREDRICKS, DA GURNELE, AN b1 SMELN

thsrract The ISEE-C plasma wave mvestgation is designed (o pro-
vide  comprehemaive  mformation on it rplimctary  wave-partule
interactions  Three spectrum analy zees with a total of nincteen band
pass channels cover the frequency range OO8 Tz o 100 k2. The
main analyzer, which uses 16 continnoumly actine amplifiers, gives two
complete spectral scans per second i cach of 16 hilter channels. The
instrument senasors include a high swensitivity magnetic search coil, and
electric antennas with effective lengths of 0.6 amd 45 m,

INTRODUCTION

HE ISEE-C plasma wave instrument will provide high-
sensitivity  mceasurcments ol interplanctary wave phe-

nomena over the spectral range extendmy from below 11z
to 100 kHz.  The wave clectnc-ticld and magnetic-ficld
components are detected using a long body-mounted electric
dipole (90 m, tip-to-tip), a short boow-mounted  electric
dipole (0.6-m, effective length). and o high-sensitivity mag-
netic search coil. The signal processing umits i the plasma
wave clectronics box and e the do magnetometer utilize
three distinet spectrum analyzers that cover a total of 19
different frequency channels with varving time resolution.
The main analyzer, with 16 continuomsly active channels,
provides two complete spectral scans per second

The prmary scientific objectives of the ISELE-C plasma
wave investigavon can be sumovaized as follows

1) To determine the roles that plasima waves play at inter-
planctary discontinmties and at sticam=sticam mteraction
fronts.  Some wave energy must propagate away from the
discontinumity, and this provides o nonlocal wave-particle
interaction mechanism

2) To analyze the basic mterplnetary instabilities asso-
cated with thermal amisotropy and  heat condaction that
cause the solar wind to hehave as an effective fluid even when
the mean free path becomes Large nen 1 AU

3) To study the cncrgy loss and wave-wave conversion
mechanisms for suprathermal clections and protons by core-
lating  particle distnbution data with wave measurements
This study will involve elfects associated with solar radio
bursts

4) To determine the effective transport cocthicients (heat
conductivity . electncal conductiviny . viscosity ) associated
with wave-particle scattermg m the solar wind

S) To scarch tor local wave-parhicle aceeleration processes
in the solar wind

We will also try to evalnate focs! [ lasma patameters by
analyzing plastoe v data, scarch tormterplancetary whistler-
mode sigigis that should develop whenever (7, /1)), exceeds
uity, and study the dynanncal encrgy dissipation processes
that can cause large amphtade MHD waves i the solar wind
to steepen into collisionless shocks

Manuscript received April 3, 197K

. L. Scarf and R W 1 redncks are with TRW Detense and Space
Systems Group, Redondo Beach, CA 90278

0. A Gurnett as with the Departiment of Physics and Astronomy,

{ |
i‘ University of lowa, lowa City, 1A §224)
. - A S 108 Nl S ct s ciininiliama S A S I e
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Stirling A. Colgate, Los Alamos Scientific Laboratory, Chairman
Harold Furth, Princeton Plasma Physics Laboratory

Jack R.Jokipu, University of Arizona

Charles F. Kennel, University of Calitornia, Los Angeles

Louis J. Lanzerotti, Bell Telephone Laboratories

Fugene N. Parker, University of Chicago

David Pines, University of lllinois

Marshall Rosenbluth, Institute for Advanced Study

Malvin Ruderman, Columbia University

PANLL ON SOLAR SYSTEM MAGNETOHYDRODYNAMICS

Charles F. Kennel, University of California, Los Angeles, Chuirrman
Peter M. Banks, Utah State University

Aaron Barnes, NASA, Ames Rescarch Center

Len A. Fisk, NASA, Goddard Space Flight Center

Thomas E. Holzer, High Altitude Observatory

Juan G. Roederer, University of Denver

George L. Siscoe, Dartmouth College
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ION ACOUSTIC STABILITY ANALYSIS
OF THE EARTH'S BOW SHOCK

by
(1) (2)

£. W. Greenstadt , V. Formisano

€. T. Russcll(B), M. Ncugcbauer(k), and F. L. Scarf

(1)

Space Sciences Department
TRW Defense and Space Systems Group
Redondo Beach, California 90278

(2)

Temporary Address: ESTEC
European Space Agency
Domeinweg - Noordwijk

The Netherlands

(3)

University of California, Los Angeles
Los Angeles, California, Carifornia $S0024

(4)

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91103

October 1977

Space Sciences Department

TRW Defense and Space Sciences Group
One Space Park
Redondo Beach, California 90278 USA

Institute of Geophysics & Planetary Physics
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PLASMA FLOW PULSATIONS IN
EARTH'S MAGNETIC TAIL

by

*
F. V. Coroniti" & e e Frankz, R. P, LeppingB,
L. Scarf‘, and K, L. Ackerson2

‘Space Sciences Department
TRW Defense & Space Systems Group
Redondo Beach, California 90278

2Dcpartment of Physics & Astronomy
University of 'owa
lowa City, lowa 52242

3Laboratory iur Ixtraterrestrial Physics
NASA Goddard Space Flight Center
Greenbelt, Maryland 20771

®
also at Departments of Physics & Astronomy
University of California, Los Angeles
Los Angeles, California 90024

October 1977

Space Sciences Department

TRW Defense & Space Systems Group
One Space Park
Redondo Beach, California 90278
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TRW No. 23499-6011-RU-00

+*
THE 1SEE-C PLASMA WAVE INVESTIGATION
by

F. L. Scarf'. R. W. Frcdrlcksl, D. A. Gurncttz.
and E. J. Smith’

'TRN Defense and Space Systems Group, One Space

Park, Redondo Beach, California 90278

Departoent of Physics & Astronomy, University of
lowa, lowa City, lowa 52242

3

Jet Propulsion Laboratory, 4800 Oak Grove Drive,
Pasadena, California 91103

* .
Prepared for the special ISEL issue of Geoscience
Electronics

November 1977

Space Sciences Department

TRW Defensc and Space Systems Group
One Space Park
Redondo Beach, California 90278
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CONNECTIONS BETWEEN COMETS AND PLASMAS
. *
IN SPACE
by

Frederick L. Scarf

December 1977

*

Prepared for Proceedings of the Symposium on Space
Missions to Comets, NASA Goddard Space Flight Center,
October 17, 1977,

Space Sciences Department

TRW Defense & Space Systems Group
One Space Park
Redondo Beach, California 90278
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U. of Towa (%3=-12

The ISEE-1 and -2

Plasma wave Invectigation*

by

D. A. Gurnetti, F. L. Scarf2
R. W. Fredricks2 and E. J. Smith3

March, 1978

lDepartmen? of Physics and Astronomy, The Univereity
of Towa, lowa City, Iowa 522L2

2 A
TRW Defense and Space Systems Group, One Space Park,
Redondo Reach, California Q0273

3Jet Propulsion Laboratory, LBOO Oak Grove Drive,
Pasadena, California Q1103

"
To be published in the special ISEF issue of Geoscience Electronics.
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U. of Towa 78-3

The Heliocentric Radial Veriation of
Plasma Oscillations Associated with
Type III Radio Bursts‘
by

D. A. Gurnett, R. R. Anderson
F. L. Scarf} and W. S. Kurth

January, 1978

Department of Fhysics and Astronomy
The University of Iowa
Iowa City, Jowa 52242

*TRW Defense and Space Systems Group, One Space Park,
Redondo Beach, California 90279

Submitted to J. Geophys. Res.

*The resecarch at the University of lIowa was supported by the
National Aeronautics and Space Administration through Grants NGL-1v0-001-
002 and NGL-10-001-043, and through Contract NAS5=-11279 with Goddard
Space Flight Center and Contract 954013 with the Jet Fropulsion Laboratory.
The rescarch at TRW was supported by the National Aeronautics and Space
Administration through Contract 954012 with the Jet Propulsion Laboratory.
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SO AR FLARF MODIFICATION OF THUN-
DERSTORM RELATED FLFECTRIC FIEIDS

R. 1. liolzworth
F. S. Mozer (both at Space S« iences Lab,
Univeraity of Calif., Herkeley, CA 94720)

A direct observation of solar MNare modifica-
tion of thundersinrm diiven slectric lields 18 pro-
sented. During the August 1872 solar flares the
vertical atmaspheru electrie field in the strato-
sphere decrea<rd by at leas! an order of magni-
tude. The electric lield decrease can be sxplain-
ed by a model in which the electrical conductivity
18 enhanced by onization due to the solar pro-
tons. A global index of VL) whistlers shows o
large increase at the time of the solar proton
maximum, thereby indicating &4 poss hle world
wide high latitude enhancement in thunderstorm
activity. Models of thun!rrstorm triggering
mechaniams which are supported by these dala
will be discussed.

$s 1%

DUST FROM CATASTROPHIC METEORITE COLLISIONS;
ACENT OF CLIMATIC CHANCE?

Dachille (Department of Cecsclences, The

nneylvania State University, Universlity Park,
Pennwylvania 1680J)

R. J. Moyer (536 V. College Ave., State College,
Panneylvania 16801)

An iopressive frequency of seteorite lmpacts
of great magnitude 1s supported by the meteorite
flux and the groving liet of terrestrial craters.
The 720 km diameter ISHIM fapact structure,
about 350 MY old, presents the poss ‘ity that
- ® 8% great as the largest asterotds (10%-gm)
hove collided with the Earth throughout fts
Motory. Dust froe ccllistons, suspended about
the Farth, will reduce insclation Substantlal
reductions would result fros collistons with
Wasers greater l‘Mn 1007 gme and kinetic energics
grester than 1034 ergs, volcarlc explosions are
of the crder of 1047 ergs whereas & Rice crater
represents o 1028 qrge colifston, and fsuiv, 103},
Aoslyt'. approaches of w. . Numphreys (19400
and [. W. Barrett (1971) are used 1o evaluate
temperature changes to be expected from dust pro-
duced by collieions Assu=ptions sade are L) the
dust azounts to only 2.00ul te 1.ut of the im-
paiting mass 1) the aeros | fe uni ormly disper-
sed through the upper armositere aud perstets for
on aprreciable tize. Thus, @ collidl
10’ =8, capable of lorni-_\ . }‘ - Jd
crater, might generete 10°°-10"%gms of dust, 10l
gne of seroceocl ere equivalert to J000 gms'n
This much serosol, sade up partl e stres be-
tveer 0.04 and 10.0.2 dlaverer, woult lead to a 2)%
decre of {rrediance and o lowering Lv IA'C of
the glodba!l annual an tewjperature While the duset
sechanise sppears to be effective for lowering
temperature for short pertods Lt cannot s.count
for cold or wars clizetic episcdes of millions of
years. Theese !imitations will be discues-d along
with the possibilities restding in other effects
of collieton - change of enis of rotstion and
change of the geographical relationships of con-
tinesral end oceanic masses.

Waves, Abundances, and Other

Topics

Cathedral Hill B (JT), Thursday 1330h

Louis Frank (University of lowa),
Presiding

L] ellite palr carcy the tw spacectalt throunh
the subsolar reqion af the earth's b slunh where
the mringl range of orientations of the inter=
planetary fleld Iy expected to pre
crossings and recros ings of quasis
protiles.  Such crussinus are ideal for detecting
shochk matinn gnd measuring shoek velocities
vinus observations by single spacecralt or fortyis
tows Incations of paire ol indipendest satellites
have wliven extimates of equivalent, constant how
awich veluclities In the range 10 to 200 m/sec
However , all extimates have renuired gosumpt ions
about the way in which the shock moved or the o
metry and shape of the nominal shock “surface,”
cince even when twn space raft were avallable
they were at least several earth radil (Rg) apart,
never along the same shock normal . and had to be
Yeonnected by a hypothetical shock contour Now
for the first time, simultanevus measure ents
separated by 0! L altord an opportunity tn estl-
rate local, instantanecy vwelocities of shock
motion and apply them 1o the study of shock struce
ture

Pres

|
S 1e
IWITIAL ISFE MAGNETIC FIELD OBSERVAY 1ONS ™
SUBSOLAR RECION OF THF BOW Swilw
! ¥ Greenstadt !Space Sclerces Doyt . TAW D
ense & Space Systems Group, Retond, B , Cal

90278)

P € Medgecoch (Dept of Phygice

Imperial Cllene
of Science & Technolugy, Londn S W 7, [ngland
" Nivelson
AL R Pherran
C v Russel! (all at  Inst of Geohysles ¢

Planatary Physicy, Univ of Califarnia at Los
Angeles, Los Angeles, Ca'i! 90024

The sarly orbity following launch of the 1SEE A,

s 1

MAGNETOHYORODYNAMIC WAVES IN THE SOLAR WIND

M. J. Wiskerchen (Lunar and Planetary Laborator,,

“Unfv. of Arizona, Tucson, Arizona 85/21)

C. P. Sonett (Dept of Planetary Sciences, Lunar
and Planetary Laboratory, univ. of Arizone,
Tucson, Arizona B5721)

We have Investigated the behavior of magneto-
hydrodynamic waves in the interplanetary medium,
Using Explorer 35 magnetometer data, 1650 sa~ple
intervals of 10-minyte duration were examined and
analyzed. wWe compute variance elltpsoias fro-
which the minimym variance directfon, or &k (k 18
the vector defining the direction of the wive
phase front), 1s determined. & shows an extra-
ordinary peak in population in the direction of
B>, with half width at half ranirym of 187,
These 1mply & fiela of Alfven wives propajating
nearly along <B>.Tne solid angle decreases with a
minicum near 45° away from <B» and reaches a
secondary mexi~um at 90°. From calculation of
€3 &k x <B: (where e3 15 the eigenvector in the
dreumn of maximu™ varfance), the secondary
Mmaririym can be shown Lo Le & non-propagating
mode. The angular spectrum of & has been exa-
mine¢ for effects of both linear anc non-linear
wave Cavping. In addition, & set of l-hoyr data
intervals encompassing the adove 10-minyte
samples were analyzed and their respective wave
characteristics identified. As vie 24 fror these
results, & gross molel of MMD waves 1n the inter-
planetary wedium at | AU consists of & sea of
fsotropic turbulence upon which 1§ superimposed
a ‘bear” of Alfven waves prupacating along tne
average magretic fleld direction, and fimlly, @
non-propagating field converted with the solar
wind.
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A QUASTUINEAR APPROATH TN WAyL-PARTICLF

INTERACTIONS IN THE SOLAR WIND

C.C. Goodrich (Center for Spece Feivarch and
Department of Physics, MIT, (amdriage,
M 02139)

(Sponsor:  John w. Belcher)

We have developed o set of quasi!inesr
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study camgr chenaively canbines tlose studies
and adds & var vty Of transitional traacton jes
Which have nut Bran sxamind systimatically
previcus studies. The smount of Jisplacarunt
of a particle acToss the tail, the wownt ot
ewryization ad the effect of e cruss-tagl
elivtric field un e plama shoel cwont are
almo discussed in terms of ¢ and e,

POSSIBLF MECHANISMS OF LUNAR
SEMI-DIURNAL VARIATION IN THE
EQUATORIAL DST INDEX

T. Ramel (CIRES, Univ., of Culutedu
and NOAA/NGSDC, Buulder,
Colorado 88)382)

Detailed analyses of the Dst
index (1957-75) shuw & clear lunar
semi-diurnal variation whuse phase
is stable for varicus levils of
eumagnetic activity (quiet or
1sturbed periods, e*c.).
Its maxims occur at #6h and 12n
in Geomagnetic Lunar Time. The
emplitude of the variation for
quiet times (0.4nT) is smalle:
than four distutbed times (0.8rT).

We could explain *his variation
by several poussible mechanisms
In this presentation only two will
be discussed:
(1) lounuspheric L current system
sodified by the geumagnetic
latitude of the Moun, and
(2) variation of the particle
population end defourmation of the
ting current caused by the \
electric fileld extended frum the
lonusphere.

thelr differential energy spectra were all
charncterized by & mono-ensrestic prak near
I keV. Diffuse auroras along the evening and
marning Auroral aval had totally Aifierent
chararteristic « from thoe of discrete auroral
arcs,

(Invited paper)

sm 37 IMVITED FAPCR

LYPIRIMINTS ON POLINTIAL [0URIT LAYIRS

reity

A, Y. Im’ (Pepartment of Physics, il
of Catifarnin, los Argeles, CA 90024)
(Sponsor:  John R, Winikler)

Large allzed potential douhle layers,
>k are observed to develip fiom a w0l
tary E field struction dn a plasmy traverced by
electron drifts, vg = ve. Strong electron and
fon acceleratinng 00 ur acrose the | iyers The
potantinl Liyers are unstable to large localized
potential fluctuations with h ~2-9% lon
fluactuations are also produ fd by counter-
streming 1on heams In front of the Jdouble
laver. At large electron Jrift velovities
(vg > W), luyers are wnstable to large ion
fluctuations with #n/n appinaching mmity,
Mouble layers in the precence af 2 wiguetic
field will be discussed,

1. B H Quon and AY. Wong, Phy. Rev. lett. 37,
1395 (197) i
2. P, leung and A Y, Wong, AFS Bulletin.

S '3 INVITED °APER

A HEVIFW OF PAPTICLE MCATR
1N SPIFRIC STRUCTVRE® REFPN
ACCELERATIUN PNUCEZSED

TOPRON WITKIN
F PR AU RA

R, D. Sherp [ pace Iclences lAaoratcry, lLeckheed

-

s¢ 30

INITIAL ISEE MAGNETIC FIELD OBSERVATIONS TwE
MAGNE TOPALUSE

C T Ryssell

KT Elpnic (both at  Institute of Geornysics,
University of Caltfornta, Los Angeles, CA 9002¢)

E.W Greenstadt (TRW Systems Group, Rezondo
Beach, CA 90/78)

P.C. Medgecock (Imperia) Colleae, London, England)

MG Kivelson

R.L. McPrerron (both at: Institute of Geophvsics,
University of Caltfornta, Los Angeles, (A 90024)

The ISEE A/B spacecraft are scheduled to he
launched 1nto highly elliptic orbits an October
13, 1977 wel) after this abstract 1s Deing
written One of the prime chiectives 2f this
Mission 15 the determination of the vels fties
and thichnesse, of the various magretosiher
boundary lavers 1€ orbit injection 874 1nrtial
data recductior goes Arcording o plan we @i i!
have 1nitial measurements of the thrickness of
the magnetocause at o few locations in the range
from 0600 to 1200 LT At a very mininyr we wi'l
present & status report on the ragnetic fielo
fnvestigation

Electric Potential Discontinuities
inLaboratory and Magnetosphere
Garden (JT), Tuesday 0830h

David Evans (NOAA/ERL), Presiding

SR N1 INVITED Cap(s

PRECIIITATION CHARSCTYHIVTICS O
QUIE T AUIOIENT AKRLS

C.-1. Meng (Spare Sci. lal,
Rerkeley, (A 94720)

niv, of Calif.,

Electron pres pitatiors ~f 4+ st amrnaral

arce were exan o baged on A Lechan el Tow
eneigy ele tran Axpw e nt 0! aard
satellitens. 1t is found that there 18 a st=nng
similarity av ong the guiet dic rete 4 &
served nver the late cvarir e Aval, varly eoen-
ing nval, A owutieearth e D omdar oA ke
crete ar~a. Fnerpv Nuses f theee phecos

4
mena were ahout 8 few e Fins -ger-ar an'

M™eio AlL. kecearch lavcreatory, Fale Alto,
Calitornia ®iok)

[Arys scale foncepheric structares cont
field aliyned 4,c, electric eid
to de reipinsidle for "inve
17ast some types of auror ¢
1% unique ~ruital cheracteriatics, the (13-
sateilite {n for the tirs: tise matin; goasure-
strurture

~ | EF in *re po
eeate tv the Acro * &roup with electr satic
anaj rers ant by loceraed group with ener-
g2t e jun =ass sprotriacters Anl magnet “)
teon sprotrometers will be peviesr i, ptAils Of

the parallel electric [ield of @ 107em i8 in

the epergy Ani anguler distrl £ the
elvetr ns and Lins in the re! . ine
fapen=c %0 'e ®ais AbOut the groometr, of the
strartures and Lhe nAture i Lhe Affeleratior
P cegaes taning plince witiir ties me f the
t ra-terigtica Af the structur~s are gimfiar ¢
Ltise el € nRve heen pred 1 for or tnuerted
l - At L pegions, tes eve ts whic
' have neen aualy*e i in de® 8 vrrtical extent
|

fepped, An ovent on ") July 1976 in which the
Rerunioy group 'ias ropirted intense eolecty 2 4
sh cum will ve drsrrived ity tre romiitA

, ot Bth te Acr gpace and experinr tL,

Tie ener.y ot “he Accelerated ne in this event
excesdrd |t me,,

3 Sa INvITED FaREe

SI-JOISIRAVATIONS OF FLEC LIS TAT N
A SHER K

F. S, Mocor (Physo = Dapt. ant Spoae Swaen es
-Nllb,"n of Canf,, Meabetoy, €A BT
R. 1L Tarher o ISpace Somoee b, Lav, of

Calif., Ierkeley, € N T2

Potentinl bceantiomtie s catte b lec tra.
otatic shov he, are aheervad o paently o the
SY-3 sarailte o the anrenal e ot bt
helnw th Atellite apogee b SO0 0 Loy et
The, are tedl wath e ' ol oo,
et 21y I~ 100 a\ wlectinn bhe . v I1e

sauency war turtmilence, electasiat woewe !
AP AdVe f A o VL S@umo e ponerat o ans,
sl Lield Alipne o prent P wan ol & of the o n
ARBOC At e e prracnted and bepe e e of

#hocka co Incal e, ddtitide, magnety w

REPRODUCIRILITY OF THE
ORIGINAL PAGE IS POOR

SPR: Magnetospheric Physlics

vity, and nther parameters are give:
(Invited pojer) Page l 9

*Work supported by ONIL eontract
NOOO14-75-C -0294

SR 3% INVITED PAPCE

FLECTROSTATIC SHOCKS, DOV L E
LAY EI, AND ANOMALOUS HESISTIVITY IN
THE MAGNETOSIPHL RF

M. K. lulson

F.S. Maser (both at: Space Sci. 1ab, Univ. of
California, letheley, CA 94720)

Electrostatic shocks and ‘ouble layers are
dclined, discussed, and compared with anoma-
lous resistivity, A double loyer or electrostatic
shock 18 & zero frequency potential discontinuity
in the Lil or shock frame, resp«ctively, with a
single characteristic s¢ ‘le size. In cortrast,
enomalous 1esistivity resulls fron enharced
collimions with many waves of nonrero fre juency
and differont wave lenpths, Flectioswatic shocks
and/or douhle layers are furtler charactericed
by the plasma normal mode that creates them.
lon scoustic shocks or Juuble layers can occur
in unmagnetized plasmas or with potential drops
along the magnetic field Line in nagnet.zed ;las-
mas, and their Liichresses scale with the Leb.e
length. lon cyclotron shocks or double lavers can
occur in mmagnetized plasmas with the major
potential drop perpendicular to the magnet ¢
field and with thicknessrs that scaie as the ener-
getic ion pvroradius, It s suggected that turbu-
lence and anomalous resistivity 1-ay provide
local mod.fication of particle distribution func=
tions essertial to the proluction of electrostatic
shocks and douhle lavers in space plasmas. The
$3-3 measurements indicate that all such shocks
are in fact accompanied b turbulence.

s 3

FIELD-ALICNED CURRENTS WITHIN
FLECTHORTATIC SHOCKS

. A Catell

. 8. Mozer (both at: Spare Sciercea laband
Physics Dept., Univ, of California, ilerkeley,
CA %4720

R. H. Tortert Space Sciences Lab, ''riv, of

California, Herkheley, CA 94720)

-~

Althoug! the aspect magnetometer on the S3-3
satellite his a resolnton of anly B0y o1 ary one
avis, it 1a atable; and the arbit ar | as;ect o’ Le
wecralt e ideal Tor neasuting stects
field-aligned currents extended nonoagnet ¢
longitide . One canponcnt of the nagretic field
1€ peadnred vory ety Along the €ap avas,
wahoh s nsaadly aligned cast-west, "he direction

most aensitive to perithations pros g ed by

these cmrrente, Iy averaging thes weonanent

mer one spion petosd, the finld et tion can he
preeel by o factonr of Yt 40

Votveocally one tn
v lAare sern ™

Liransver se pertartation .

tos bmpnede st gt 1 ol

Sttt repn low frepien v <arew hing
clec iy ostane shiv ke, v odes he v \arar ot
v ' tvpically o anferee urtests enler
over U to 2 degrees o anvaroant Iat ude o 150
PO K, g g Ave caee cuirer densities
Mo e e et oftey e ar as pacts of Aanpe
aitely divecteadl  grrents Ttk the moe gt
clectione mod the fpergrin ons ey 'ty
el thcle detec o s can often o oount ‘or a
vea anable fraction of the abspivo b npaard
careent,
Maser, 1oS., C. W, Carlgan, M, N Hyde o,
M. Co Retles, WY Lo hert, L lere hy

CUTTLRN N SRIT P Y
tostatic shooks nthe polar voagietosp! «re

I"va. ey e, 38, 212, 1497

Chaervatione of pa orad ol
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LA Fisk (Imiv. of New Hampshire, Dept. of
Physics, Nurham, NH 03A24)

J.J 0'Gallagher, (Enrico Fermi Institute, tniv
of (hicago, 5630 S, Filis Ave., (hicago, 1L
60617)

We present initial seasurements from the
MICA sensor of the Max Planch Institut/imiver-
sity of Maryland experiment on 1SI1 .} 15010
was launched on 22 October 1977 ynto a highly
eccentric orhit with apogee 00 S ecarth radiy
The ULECA sensor consists of a collimator, clec-
trostatic Jdeflection system, and an array of
s0lid state Jetectors. The po<ition of the de-
tector, which determines the cnergy per charge
of an incident particle, together with the
measured energy Jetermine the particle's ¢hage
state. PVreliminary analysis indicates 2 rich
veariety of phenomena are operative in the trans
thermal energy regime (V10 hel/Q to 100 kel /'Q)
covered by ULECA For example, for two active
time periods, hoth when the spacecraft was near
the earth's bow shock, we show that the preton
spectrum gradually hut consistently stee
with energy he will 8lso discuss our oh
vations of alpha particles and heavier elements
during these events,

E LI 1]

MICROPROCESSOR BASED SCIENTIFIC INSTRUMENTS
IN SPACE

L] tderk
« Altan
P. Mervey
R. Stauduhar
k. Torbert
F. Mozer (all at: Space Sci. lab.,
California, Berkeley, Ca. 94720)

Univ. of

The firs: microprocessor controlled
scleniific Instrument flown in space is the
Quasti-Staticr Electric Fleld Fuperiment carried
aboard the ISEE-]1 spacecraft, which w
leunched on 23 October, 1977 The advanta;
of microprocessor based control svstems in
scientific instruments ahoard spacecraft are
discussed using the ISEE-1 BORD type instru-
ment as ar exanple These advartages include
oimplified interfacing to the spacecraft
telemetry and command system and the ability
to execute algerithme which allow the instru-
sent to enalyee the dats which it s collect~
ing, and to reconfigure itself in response to
changes in that data In addition, since the
WICTOProcessns CAr execute Program steps
which are ment to the spacecraft by ground
command, 1t is possible for the scientist to
in effect re n his instrument after the
spacecraft has heer launched. Finally, prob-
lems peculiar to the design of & micro-
processor system which is tc operate in &
Space environment are dincussed .

FLEE 1Y

)F QUASI-STATIC ANT
1C FIEIDS WITH SPHE H
SPACFORART

MEAS|REMENTS
FREQUENCY ELFCT
DOUBLE PROBES ON THF 1SER-)

F. 5. Morer
R. B. Torbert (both at: Physics Department and
Space Scien Laboratory, Univ. of
Caltfornia, Berkeley, Ca. 94720)
. V. Fahles'n
+=GC. Falthammer (hoth at: Pl
Diviston, Roval Ins' (tute of
Stockhoim,
Gontalione
Pedersen (hot) at: Space Phyeire Depart -
sent, European Space Agency, Noordwith,
Kolland)

-

ma Physics
echnolory,

~

Sweden)

> >

The spherical double prohe electric field
enperiment on the [95F-] spacerraft iy
described 1t is shown that the instrument
measures magnetospher o, magnet o sheat
and solar wind electric fieids with »
sensitivity well below one mV m
features and dlagnostic experiminis  por-
formed in orhit to understand the iInctroment
operation are dia ussed

Destgr

E.W. Creenstadt (TRW Systema, One Space Park,
Redondo Beach, CA 90278)

P.C. Wedgecock (Dept. of Physics, Imperial
College, London, England)

MG, Kivelson

R.L, Mctherron (hoth at:  Institute of Geophysics
and Planetary Physics, University of Caltforntia,
Los Angeles, CA  90024)

The ISFE 1 and 2 spacecraft were successtully
launihed Into highly elliptic, 23 earth radif
apogee orbits on Nctober 22, 1977, The twn space=
craft are in nearly fdentical orbits with vartahle
acparition ranging from about 100 km to several
thous wnd k. Inftially apogee was about 1000 LT,
Puring the first two month hock crossings were
encoumtered as close as 20% and as far as about
90" (rom the earth-sun line. Exanination of the
Initial data shows the bow shock structure and
motfon to he quite variable even on the tim scale
of one minute. In the small sample of shocks
examired to date, the aver veloc ity between the
two spacerralt measured along the theoretical
shock normal has been on the order of 10 km/sec,
with thicknesses of the major field discontinuity
ranging from 10 to 100 km. When the shock takes
the order of a minute to move frum one space~
craft to the other the apparent shock thickn
can change significantly. Other features can
change also such as the foot of the shock, end
the overshoot region, or region of enhanced field
strength immediately behind the shock. At times
the slock can even reverse its motion after
crossing one spacecraft and not reach the second
spacecraft 500 ks upstreanm.

s Se

1STE MAGNETIC FIELD OBSERVATIONS - INITIAL
C2SERVATIONS OF MAGNE TOPAUSE VELOCITY AND THICK-
NESS

R C jl_!gh\c

€7 TWusseT) (both at: institute of Geophysics ard
Flanetary Physics, University of California,
Los Angeles, CA 90024)

£.W. Greenstadt (TRw Systems Group, Kedondo Beach,
CA 90278)

P.C. Wedgecock (Imperial College, London,
England)

M.G. Kivelson

R.L. McPherron (both at: Institute of Geophrysics
and Planetary Pnysics, University of California,
Los Angeles, CA 90024)

The ISEE 1 and 2 spacecraft were successfully
launched into highly elliptic 23 earth radit apogee
ordits on October 22, 1977. The two spacecraft are
in nearly fdentical orbits with variable separation
ranging from about 100 km to severa)l thousand km
At this writing the spacecraft have probed the
entire dawn hemisphere of the equatorial magneto-
sphere. However, data are still only available for
the first few ordits. In the single set of
magnetopaute crossings that it has been possible
to exarmine to date, the magnetopause overtook
the spacecraft at 14 km sec-! and the major current
sheet was estimated to be 750 km thick

s 87

1SEF MAGNETIC FIELD ORSERVATIONS - INITIAL
OBSERVATIONS OF SHOCK VELOCITY AND THICKNESS

T. Russel!l
c phic (both st Institute of Geophysics and
Plan~tary Physics, University of Californias,
Los Angeles, CA 90024)

<
n

Plasmas in Space §:

Micropulsations, 1

Napoleon 1 (D), Wednesday 0830h

L. J Lanzerotti (Bell Laboratories),
Pres:ding

sw e [NVITED 2APEP

SIMULTANFOUS MULTISATELLITE OBSERVATIONS OF
HYDROMACNETIC WAVES AT GCEOSTATIONARY ORBIT

W. J. Mughes. (Blackett Laboratory, lmperial
College, London SW7, U.K.)

We review the results obtained by studvin,
simultancous magnetic field date from the UCLA
and NOAA magnetometers on board three geo-
otationary eetellites (ATS 6, SMS | and M 00,
A lar number of pulsation events were vherrved
during six deys vhen the satellites were close
topcther. The date wvas compared using auto-
speotra! and cross-spectral technigues which
allowed us to celculate the coherence and phase
differences betveen the signals n on the
tellites In eaddition ve made & detarled
analysis of the 0.02-80 keV plasma Jdats from the
UCSD experiment on ATS 6 for & few serlected
events. Three distinct types of puisation in
the pcé band were observed. In the morning end
early afternoon we found aximuthelly polarised
pulestions with large asisuthsl wavelength

oy OF Hiw
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which propagated avay from local noon. These
events fit the Kelvin-Helmholtz picture of pulse-
tion generation. In the late afterncon, waves
arimuthal wave number are
e to instabilit in the g
ol the e ergetic proton intensity.

A third,
rather rare type of pulsation can occur near

local midnight. Th wAves are very monochro=-
matic, have & large east-vest vavelength, and
are polarized in the meridinal plare with &
Iarge compressional component, The plasma
data shows effects of both the vave clectric
field and magnetic pressure perturbations and
esting of these paraseters suggest that
these may well be guided vaves.

S* 60 INVITED FibEr

KINETIC EFFECTS OF MAGNETIC
PULSATIONS

Akira Hasegawa
T Bell Te ephone Laboratories,
Murray Hill, New Jersey 07974)

Magnetic pulsations near the
resonant field lines produce oscil-
lating parallel electric field with
the same period as the pulsation
1 1f£. This electric field cen
resonantly accelerate charged par-
ticles with the velocity comparable
to the Alfvén speed in the direction
of the geomagnetic field. Electrons
at the plasmapause and protons at the
ring current may face this accelera-
tion and may be precipitated to the
iocnosphere. Theoretical summary of
sush a process will be presented
together with some observational
evidence.

S¥ &1 IMVITED FaPfe

MODULATION OF ENERCETIC PARTICLES BY WYDRO-
MAGNETIC wAVES

Chin S. Lin (Spare Sciences Div., Ceopivsics
Program, Univ. of wWashington, Seattle, WA
98195)

Modulations of particle fluxees by hydromag-
netic waves at frequencies of Pc &-5 waves have
been observed from thermal to MeV energies.

The partii le fluxes at thermal energies oscil-
late out of phase with the energetic particles.
The flux modulation is largest at large pitch
angies For energetic particles (F > 30 keV)

the modulation can be understood by the theory
that particles respond adiabatically to the
magnet ic

field oscillations. The moculation
energies depends on the type of
auses the modulation e

n possible mechanisms for the
colated Po &-5 waves the helvir-
Helmholtz instability and the drift mirror in-
stahility coupled to the local Alfvén waves
Detailed rosults from the ATS-6 satellite show
that thesc instabilities are active in the
magnetosphere

S® 62 INVITED ~aPE®

POLARIZATION STUDIFS OF SITIF-ROBERVAL Pe ]
MICROPULSATIONS

L. Arno i dy

Ir. (both gt Space Science (enter,

of New Hampshire Durham NN (IR )

1. J. Canitl, Jr. (Schael of Phveics and Astron-
omy, Un{ of Minnescta, Minneapolis, MN S5.5%)

-
a
L

Siple Pc | Jata and contugate Siple-Rnberval
data are bolng & veed fer prlarizetion As
has heen ohserved In earlier studles,

a str

tured Po ) event can have hath right- and lefr-
handed fzation and can repitl Lanpe ite
polarization as @ fimctfon of tire and ~r fre-
quency, muggesting that the event migh be »

Comp 14 ed rie-
spectra an

ymposite of many wave trains
fnk tene structures seen (n dvnari
be-ome somewhat unraveled vher polarization is

displaved For example, an event vt it evilved
into & ~hevron-tvpe mtructure apparently vas the
superposition of three signale ( fdentified by
pelarization) with different fin truc
repetition periede. Fven though iple
‘ontugate' events might Rave verv similar
trograme, the polarization of the signale canr be
quite different
fonompheric coupling of the signale to the sta-

20
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buen analyred and
inferenc The

essentially a single positive polarity have been
compal with simsultaneous ohservations in the
ecliptic which show the usual two sectors of
opposite polarity and with mape of the solar
photospheric fleld (courtesy of R. Howard). A
le nuaber of crossings of the iInterplanetary

e consistent with the earlier
11

current sheet have been studfed. \Vaurlanie wnalvals

has shown that the maguvtt. f1cld omponent
perpendicular to the current sheet s rerv within
@ small stettetical uncertainty and that the fleld
tends to rotate across the current sheet from one
polarity to the other The relation between fhe
current sheet and solar wind parameters such as
density and temperature has been lovestigated,
specifically the anticipated (uincidence between
the current sheet and the Interface within
interaction regions which separates a.cvlerated
from decelerated plasma.

s .

SOLAR WIND STRLAM STRUCTURL DURING THL
EARLY PHASE OF SOLAR CYCLLS 20 AND 21

te

.M. vis (both at: American Science and
Engineering, Inc., Campridge, MA 02139)

A ] Lazarus

J.D. Sullivan (both at: Center for S-ace Research
and Department of Pnysics, MIT, Cembridge,
MA 021139)

We have extended the investigation of the veri-
ation of the solar wind flow associated with the
solar cycle by comparing solar wind stream pa-
rs for periods of ~ | year shortly after the
ma preceding Solar Cycles 20 and 1. Duning
the first year of Cycle 20, solar wind 4
available trom the MIT detector on Marin
average stream para r$ have been determined

by Bame et ol (1976, Ap_ 1 <07, 977) using near-

Eerth satellites. Fox all streams with amplitude
2 150 km ‘s, the average amplitude A = (204 + 13)
km s, average maximum velocity V- (503 2 14)
km s, and average hali-width W = (3.3 + 0.5)
days, all derived from the Mariner 4 data for jan-
vary = July, 1965, ere not significantly difterent
from the values tound by Bame gt al. tor all of
1965, The slight (< 2¢) difference in average
maximum velocily may be due to development of
individual high speed streams with heltocentric
distance. We have ysed data trom the Mil in-
struments on IMP 7 and 8 duriny the comparavie
perind of Cycle 21 (June 1976 - May 1977) The
everages of A= (236 2 13) km’s and W (2 &

2 0.24) days were not significantly ditferent
However, v - (587 3 12) km s was ~ 3o higher
than the value for all of 1965, indicating that
high speed streams in the “CLplic plane were
faster during the time following the most ¢
minimum

nt

s
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LOW FREQUENCY ELECTRON DENSITY FLUCTUATIONS
IN THE SOLAR IND MPASURED BY SPACECRAFT RADIO
PHASE SCINTILLATIONS

wou
J. Armstrong (hoth at Jet Propulsion lLatura
tory, Pasadena, Ca. 91101
Interplanetary electron density fluctust fons
in the frequency rauge 10°° « 1077 W have loen

studied using extensive 19476 Viking Jual tr
Quency (2. and B.6 (Hz) phase scintillatie
measurenont s These chaervations covers! 1l
helfo wntric distan « range of ¥ to 1 Al
At L A" the power spetrum of the Jensity

fluctustions is power-law Wit an arproxis
one-dimvnstonal spectial Indes ot bon, o
WBISLent Wit dIPe b spmwe P Al W isaren ) .
Fluctuat s b Ul Paespien rane. ol
L | T TR R R ! at W . and the o
M e AN e Law it @ o
Pime s o h spe tral inden Tem owen th
[ LRI [RERTHTS e result
i "t
. . tlemelar the N
.
, ! ‘ ot radio signais would

! thoat ditet b

ENERGY SPECTRA OF ELFOTRONS AND PROTONS
ACCELEKATED IN THE BOW SHOCK

K. A. Andervon (Physice Department and Space
Sclence Laboratory, Untv. of California,
Berkeley, Ca.)

kP Lin

I Potter (both at: Space Science Laboratory,
Untv. of (alifornia, Berkeley, La. 94720)

5. C. Lin

G. K. Parks (hoth at: Geophywics Progrem,
Univ. of Washington, Seattlc)

F. Martel

H. Keme (hoth at: (entre d'Etude
Kayunnements Spatiale)

The ISSE-] end -2 spacecraft experienced
sultiple bow shuck crussiugs at about 1719 1T
on 27 Octuber 1977, The bow stk crussings
were Ldentifled by large Increuses In proton
flunes In the range 2 to 30 keV when tha
shock muved Earthward of the spa voraft.

The shoo s apparently passed over the space-
craft four times with an average time inter-
vel of 8 seconds. The how shu k proton
fluxes were 1000 co 2 at™! sec™! ev-! at 1.5
kev, 50 at & keV, and 0.2 at 30 keV. These
flunes are comparable to, but somewhat lower
than, those previously reported by Lin et al.
(1974).) The nev result 1s that & stead,
flux of electrons in the range 2-6 keV wvas
found to eccompany the upstr protons

The fluxes were 200 cm™? at™} gec} .-\'l

ot 1.5 keV and 2.5 at 6 keV. No eclectron
flux at 30 keV could bedetected above the
background flux of 1077 in the above units.
Spikes of electrons upstream from the bow
shock are well known from previous work, but
no steady upstream electron component has
been reported.

1. Lin, K. P., C.-.1, Meng, and K. A.
Anderson, J. Geophys. Res., 79, <89 (1974).

ss ?

OBSERVATIONS OF PARTICLE BURSTS AND UPSTREAM
WAVES FROM THE MAUNETOSPHERE AT > 400 Ry WITH
THE VOYACER-1 SPACECRAFT

S. M Krimigis

E. F. Keath (representing the LECP Tearm)*
(both at: APL/JHU, Laurel, Maryland 20810)

M. H. Acuna

K. W. Behannon

R. P. Lepping

N. F. Ness (representing the MACU Team)**
(a1l at: NASA/GSFC, Laboratory for Extrater-
restrial Physics, Greenbelt, Maryland 20771)

The Voyeger-] spacecraft was launched towvards
Jupiter and Saturn on September 5, 1977 on &
trajectory off the dawn side of the eart!
magnetosphere at & sun-earth-spacectalt angle of
~ 95 to ~ 100°. The experiment complement in-
cludes & low enargy charged particle instrurent
(LECP) and two fluxgate magnetometers. Several
energetic (@ 25 keV) fon burste (presumed to be
protons) were observed well after the last crose-
ing of the bowshock (at =~ 175C UT on the Sth) in
assoclation with upstreas waves in the magnetic
fleld. The duration of the bursts rensed trom
~ ) minutes to over 1 hour, and extended In coergy
to ~ 100 keV. Anisotropv surements showed
saxizus-to-ginimum ratios extending to » iCu.1,
witn the peak intensity coming from the direction
of the magnetosphere. Decr es in the tield
magnitude, enhancements in rms noise, and (langes
in tleld direction were observed sinultane uui,
with the particle bursts. Our tentative inters
pretation ie that the observed fons originated in
the magnetosphere, and prop ted upstream to the
position of the spacecralt and ex ited the waves
The implications of the magnetospheie as & sOurce
of fons in the locel Interplanetar; medium wiil
be discussed.

* \Vow
Axtord, ©. 0. Bostrem, C. Y. Fan, G. Cloeckler,
S. M. Krizmigie (P1l) end L. J. langerotty

** \uyager MAC Teaw Members N ¢ Ness (P1), M. H.
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Jon-acoustic-like waves, similar to those
previously detected by the Helloc spacecraft
from 0.3 Lo 1.7 A.U., have now been detected by
the Vo ager spacecraft in the sclar wind at
heljocentric redial distances out o 1.7 AU
High Lit rete wvavelforn measurements from the
Voyluer plasme wave experiments provide the
first high res lution freguencystime spectros
wrame of Lhe e waver., The Voyager
Show that the lun-scoust!' waves
narrow-tand burste which, lacy tor e few seconds
or less. The center frequerncy of the burste
fluctuate repidly in h-,pw,, .u.ul.l.,y in the
ey Lot n Lhe electron a: . plasma fre-
quency, r, and lp (These waver )..vr prev.ucly
Leon referred Lol (D& 1 € 17 noise. ) Compari-
s of Lie Voyager sia trogrefs with cumilar
meaLuements from the O Q) ™F /., MP &, and
Hawreye | cpm ecraft show that the spe tran
the june-8 (ustic waves dete v d Ly Vosager far
arty ere esrentiolly de cal bt rlecs
wa Vel Jdele Led upstress the earth's
Pew b, driven by protag stresming lut the
suler wind frus the buw shoor.  This rluse wimie
lerity provide: added ev.den e thal the joun-
8cou Ll sline waves dete ted in the solar wind
by Hel: and Vo,eger are proLatly driven Ly en
dor bean frctatility, as has recently Leen sug-
@ested Ly Cary (1977).

er LECP Tear Members: T. P. Armstrong, w. 1.

Acuna, . W Behannon, L. F Burlags, K. V. Lepping
wnd ¥ M. Neubauer
Sk ‘ iR Wl
. . ' " i -
o, A
- - tom “ »
) . A .
\
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n \ ! ) o
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HIGH TIME-RESOLUTION OBSERVATIONS
OF ELECTROMAGNLTIC WAVES GENERATED AT
DISCONTINUITIES IN THE SOLAR WIND:
HELIOS 1 AND 2 "MEMORY MODE™

M. F. Barnstorf

- M. NCuFauer (both at: Institut fuer
Geophysik, 3300 Braunschweig,

ted. Kep. Germany)

The "memory mode” of the Helios space-
crafts is triggered hy event detecting
algorithms using magnetic and electric
field characteristics. The "magnetic"”
algorithm 1s sensitive to Jarge field
gradients. The memory-readou’s contain
search-coil duta with up to 300 wave-
form samples per second.

Mos® of the events detected during the
primary missions of Helios ' and I were
directional discontinuities with an
appreciable &k Near the current
sheets of several discontinuities well-
defined waveirains and magnetic noise
in a frequency interval between the
lower hybrid and about half the electron
Ryro-frequency were ohserved. Analyses
of some events will be presented
including o wavenormai analysis and
interpretation in terms of Jurrent in-
stabhilities parallel and perpendicular
to the magnetic field.

$s 10

PROPERTIES OF MICROSCALE FLUCTUATIONS
IN THE SOLAR WIND KLTWEEN O.% AND 0.5 AL
HEL10S

!. Denshat
' W. Xeuluuer (bhoth at inst. CGeophys.,
Techn. Univ. Braunschwelg, . .K. U,

R. Schwenn (Max-Planch-Inst 'hysih und
Astrophissih, Inst, eatraterr. I'hys.,
Garching, I.Kou.!

Helios-! plasma and nn,_mt faeld
Jat Letweer . and 0.8 A frtaaned
lurang the pramary miss e sere used
to studs microscale !iu.?u.u'. ' in the
alar wind, correlating the Jaoredctional
fhus tuat vons an the slar wand speed
iid the anterplanctaty sagnet . tield
perieds of Alvdnic waie activaty were
sepdtated. Lot these perivds we used
ovatrance technigue to determine the
i topedars ation ot the saves
Sit e these methods have been u.ed hefore
by other authors who studiel M fluc
tuations an the solar wand at 1 All, we

arte able to compate their observations

e —————
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GURNETT D. A., ANDERSON R. R. (both at University of Iowa,
Jowa City, Iowa USA), SCARF F. L., FREDRICKS R. W. (both at
TRW, Redondo Beach, CA USA) and SMITH E. J. (JPL, Pasadena,
CA USA). A Survey of Plasma Wave Observations from ISEE 1

and 2.

The plasma wave experiments on the ISEE 1 and 2 spacecraft
are operating satisfactorily and have now provided a wide variety of
measurements of plasma and radio wave phenomena in the magnetosphere,
magnetosheath and solar wind. Essentially every crossing of the earth's
bow shock can be associated with an intense burst of electrostatic and
whistler-mode turbulence at the shock, with substantial wave intensities
in Loth the upstream and downstream regions. Usually the electric and
magnetic field spectrums at the shock are quite similar for both space-
craft, although small differences in the detailed structure are some-
times apparent upstrecam and downstream of the shock, probably due to
changes in the motion of the shock or propagation effects. Upstream
of the shock emissions are often observed at both the fundamental, f;,
and second harmonic, 2f_, of the electron plasma frequency. In the
magne Losphere high resoiution spectrograms of the electric field show
an extremely complex distribution of plasma and radio emissions, with
numerous resonance and cutoff effects. Electron density profiles can
be obtained from emissions near the local electron plasma frequency.
Comparisons of high resolution spectrograms ol whistler-mode emissions
such as chorus usually show a remarkably close similarity between the
two spacecraft with small propagation delays. Other types of locally
generated waves, such as the (n + 1/2)f; electron cyclotron waves, show
more pronounced differences between the two spacecraft. High resolu-
tion spectrograms of kilometric radio emissions are also presented
which show an extremely complex r'requency-time structure with many
closely spaced narrow-band emissions.
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NOTICE OF ISEE WORKING GROUP MEETING NO. 1

TIME: 9:00 a.m., 10 December 1977
PLACE: Room 160 (The Library)
Space Sciences Laboratory
University of California, Berkeley
ATTENDANCE: Principal Investigators, Co-Investigators, and Invitees

of Principal Investigators

AGENDA

9:00- 9:45 "The Present State of Knowledge with Respect to the
Structure and Motions of the Farth's Bow Shock," by
G. CGreenstadt

10:15-11:00 "The Present State of Knowledge of the Magnetopause,"
by B. Sonnerup

11:30-12:00 Aims of Magnetosphere and Bow Shock Workshop

12:30 Lunch

1:00- 2:00 Experimenter Reports--if needed

2:00- 5:00 Discussion of:
Review of dates for special study

Arrangements for next meeting

Discussions of data

Experimenters who wish to work together informally on Fridav
9 December are invited to usc the Spacec Sciences Latoratory. Ueork
space is available, as well as office support (e.g., travel arrange-
ments, secretarial, xerox, etc.). .

Maps are enclosed for those who wish to drive. You can also use
BART. That service begins about 8:00 a.m. from San Francisco. If you
get the first or second train vou will be at SLL by 9:00. (Take BART
to downtown Berkelev, Humphrey Go-Bart to the Central Campus: the SSL
shuttle bus stops in the parking lot at the north end of the carillon
plaza at 8:40, 9:10, 9:40, etc.)

On Saturday we will meet the first two trains with SSL vans.

Look for them in front of the Bunk of America across the street from
the Downtown Berkeley BART station.

While most pecple will probably choose to stay in San Francisco,
anyone who would like accemodations {n Perkeley for the nights of
9 and 10 Decermber should contact Dr. Kinsev Anderson (415/642-1313)
or “erry Kelley (415/042-7297).

<
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30435-6002-RU-00

CORRELATION OF GEOMAGNETIC PULSATION SIGNALS
IN THE 10 TO 150-SECOND PER!OD RANGE
WITH CONCENTRATION OF IMF ORIENTATIONS
NEAR THE SUN-EARTH LINE

by

E. W. Greenstadt
Space Sciences Department
TRW Defense & Space Systems Group
Redondo Beach, California 90278

and

J. V. Olson
Institute of Earth & Planetary Physics
University of Alberta
Edmonton 7, Alberta, Canada

30 June 1977
Submitted for clearance: 10 March 1978

Prepared for Session LSR 111-8, Third General IAGA
Assembly, Seattle, Washington, August 1977

Research sponsored by the Air Force O0ffice of Scientific
Research (AFSC), United States Air Force, under Contract
F4LY620-77-C-0018. The United States Government is

authorized to reproduce and distribute reprints for govern-
mental purposes notwithstanding any copyright notation hereon.

Space Sciences Department

TRW Defense & Space Systems Group
One Space Park
Redondo Beach, California 90278



SPR: Magnetospheric Physics Page 28
tor the magnetic H-component data froms Using high-time-resolution magnetograms from percent. These spectra are consistent with
Pittsburg, N. H, (L = 3.5). The period the AFGL magnetometer network have observed those that would be expected from solar wind
bands 3Je-68 sec, 60-128 sec and 120-240 storm sudden commencements (ssc's) treveling protons and a-particles which are reflected
sec are investigated for local daytime across the earth from locel noon toward local from the bow shock into the foreshock region.

hours for a fitteen day interval in 1975 widnight at » of several hundred km/sec.

when good interplanetary data coverage Direction of tre 1s from east to west in the *(3.5 kev/q 15 the maximum enargy per charge
frgm IMP J existe, The integrated power morning hemisphere and from west to east in the observable with SIDE).
(r) in the band 120-24@ sec tends to afternoon hemisphere. The sneac signal broadens
increase with an iIncrease in solar wind it travels; {.e., later featur travel more
velocity while the power 15 essentially slowly than early ones. The sharpest fleld
independent of the interplanetary tield changes occur at the stations cloeest to local
magnitude, Adaditional correlations and nooi. For those sec's which have been related S» 100
interpretations will be presented. to a specific solar flare, average prop H
epreds have heen determined. Details of several !
ssc's are presented and an overall esc plcture RAPID ANTISUNWARD FLOWS IN THE DISTANT GEO-
is outlined. MAGHETIC TAIL. :
i
L P. Shull |
D. A. M;‘?y !
IMF ORIENTATION, SOLAR WIND VELOCITY, AND Pc 3-4 MK WIS i
SIGNALS: A JOINT DISTRIBUTION Plasma Convection, 2 T W Treeran (a)1 at: Dept. of Space Physics ;
Banyan West (C), Thursday 0830h A isee DRl aighidl 5Lt B
E W Greerstadt (Space Sciences Department, TRW ; te
“ Defense and Space Systems Group, Redondo Beach, J.D.Craven (UMVO"NV of lowa),
CA 90278) Presiding Observations in the geomagnetic tafl at
H.J. Singer (Institute of Geophysics and Planetary Tunar distance with ALSEP SIDE indicate high
Physics, University of California Los Angeles, velocity plasma streaming in the anti-sunward
CA 90024. Also Department of Earth and Space direction along the field lines of the hign
Science . s 98 latitude tail during quiet times in the magneto-
C.7. Russell (Institute of Geophysics and sphere. Bulk velocities range upward from 250
Planetary Physics, University of California km/sec, kT :50 -200 eV, and n ‘107 - 1077
Los Angeles, CA 90024 PIELD-ALIGNED CURRENTS, CONVECTION ELECTRLC FIELDS  ‘ons/cm’. These ions differ from the lobe
J.V. Olson (Institute of Earth and Planetary AND ULF-ELF WAVES IN THE CUSP plesma, which 1s much cooler, and from the plasma
Physics, University of Alberta, Edmonton, sheet, where the bulk velocities are near zero.
Alberta. Canada T16G2J1) N. A. Saflekos Also, these number densities are less by &
T. A. Potemra (both at: APL/JHU, Laurel,Md. 20810) factor of -100 than those usually found in the
Separate studies using the same micropulsation P. M. Kintner,Jr. (School of Electrical Engineer- lTobe plasma or plasma sheet. Sporadic double-
deta base in the period range 10-150 seconds ing, Cornell University, Ithaca, N. Y. 14853) peaked energy spectra are observed. It is
have shown that signal levels recorded during J. L. Green (U of lows, lowa City, lowa 52242) speculated that this flowing plasma was
Sept., Oct., and Nov. 1969 at Calgary correlated accelerated out of the polar fonosphere. This
positively with both solar wind alignment of the We present two sets of simultanecus observa- flow appears sufficient to maintain the plasme
INF and solar wind speed, but each correlatior tions from the TRIAD and HAWKEYE spacecraft at sheet, at least during the quiet times when it
contained enough scatter to allow for influence of lov altitudes over the south polar cap. These 15 observed.
the other factor, and pernhaps other factors as data show that in and near the polar cusp there
well. Now joint correlations of velocity and exist several relaticnships between field-aligned
field direction with parameters representing currents, convection electric fields, ULF-ELF W 101
hourly dictributions rather than minima of IMF megnetic nolse, broad-band electrostatic nolse i
orientation angle display the relative effect of and interplanetary magnetic fields. The most
the two agents on micropulsation signal levels, tmportant relationships are: EVIDENCE FOR HEAVY 1ONS IN MAGNETOSHEATH FLOW
with thresholo effects and a reduction in overall
scatter. 1. The Region ] permanent field-aligned cur-
p— rente are located {nside the region of sumvard H. K. Kills
convection and therefore on closed field-lines. 6. 0. Sanders
= J.W. Freeman (all at: Dept. of Space Physics
™ 9 1. The polar cusp fleld-aligned currents and Astronomy, Rice University, Wouston, Tx.
located inside the regions of sntisunward convec- 77001).
tion.
' EOMET s
l.?cau:?;;nm P T 3. The observations are consistent with a two- A search was made for heavy fons in the
cell convection pattern symmetric in one case and magnetosheath flow using the suprathermal fon
David J. Knecht with stronger convection on the dusk side in the detector experiments deployed on the lunar
£ 0, Putcntnson other. This is explainable by models which re- ;::’:;:'”13:5;0:"‘::':"7::: ﬁl:;."s.:;: :'r\;w
g et " uire interconnection of interplanetary magnetic v
C.'U. T"fc,.““ :.'u‘;;: uf, !‘:;c. Geughpadee :uu lines with those of the :co‘qncxn :lzla. 10 ev/q to 3500 ev/q. Recent analysis of magne-
lavoretary, Sansed Bedoals Furthermore, this region of maximum merging tosheath data at high time resolution reveals the
The seven-station sagnetometer network of the appears to shift to either side of local noon existence of uwndc:y peaks in the co:n:!"q
< 1 depending upon the sense of the interplanciar rate data having energies per charge o and
Air Force Gecphysics labcratory is currently in v & uwp 3 tary 8 ti p
r oy magretic field sector. mes that of the primary proton peak. [t is
continuous operation, Pive data-collection believed that these secondary peaks are due to
stations (Newport, i_iA, Rapid City, SD, Camp 4. In and near the polar cusp, fileld-aligned the presence of heavy fons and are interpreted
Douglas, w1, Mount Clemens, MI, and Sudbury, MA) currents and convection velocit, gradients coin- as evidence for the existence of He* and 0**
fore & 3600-kz east-west chain at £f ON correc- cide with regions of ULP-ELF magnetic noise and ons in the magnetosheath flow. These He® and
ted geomagnetic latitude. Two others (Lompoc, broad-tand electrostatic noise. We offer this

0** peaks are seen at different times suggest-

r
CA, and Tazpa, FL, are separated by 360C k= at as evidence for the generation of these vaves b 1
40 ON corrected geomagnetic latitude. The prin- the field-aligned :..:..“., . ing independent sources for the fons. 1
cipal instruments, identical at all stations [
include a three-component ursble-core magne- -
tometer to measure the surface field and a s% 102 \
thres-co nt induction-coll magretometer Lo ]
seasure its time derivative, Sensitivities are = ELECTNI FIELDS AT MIGH LATITUDES NEAN THE L
about C.1 gamma ant 0,00! gamma-Hz, and sazmpiing LAWN DUGK MERIDIAN L
frequencies are one and five samples per second, BOW SHOCK PROTON BEAM WIDTH AND OBSERVAT IONS s
respectively. The data-ccllection stations are K ALPHA PARTICLES. S o " L v o
Dot mann measurezents are made and processed Fea -—-.T:—f ‘:;T :“",\w‘:"‘r WATES Aamorayory d
sutomatically by microprocessor-based ejuipment J. Bensor w.J. burke (Regis llege Hesearch Center, .
ot each station, Stations are synchroniied and G. D Sanders Weston, WA 0193 b
controlled remctely from the data-acquisition MK Hills N.C. Kelley Fell URIveraity, TUSes, t
station at AFGL in Massachusetts, Outbound con- J W Freeman (al) at: Dept. of Space Pnysics N.Y L4R% 3 v
trol and inbound date-returm sigrals are trans- and Astronomy, Rice University, Houston, Tx. 1. Lei (Lugicon, Inc., 18 Hertwall Ave., b
mitted or dedicated commercial volce-grade phone 77001). o B 0173 r
1ines. Signal-propagetion times tc and froz all 4
stations are artificially zade to be identical, Analysis of data from the Apollo Supra- Seasuréments froe o duuble probe esperinent
s sampling times are simultaneous to witnin therma) lon Detector Experiment (SIDE) in con- S the Fobee aRiBE TR S die e &
about one millisecond., Forvard-errur-correction junction with Explorer 35 magnetometer date o 1h iRt 6 e AoR A TREAPIE F10T 4 pAIEHD
techniques are used tc assure accurate date has shown that the flux of bow shock ions st hiph wagre i Ietitudes. Lata were
transmiesions, Date from all sever staticns are (energy | to 3.5 keV/q)* depends on the tenen dul g the sugust=Novembor 1900 pessod
processed and awrchived in near-real time by & orientation of the local interplanetary magne- wle waleliite's orbi! was Lear the
dedicated minicomputer; values cof the fleld and tic field (IMF). The distribution of the flux dasti=dusk merid an, The pre aalys
ites time derivative are available within twenty of 1ons into the detector as a function of the extends previously reported resilts froe ¢
seconds of “he sampiing time. angle between the detector look direction and the g W measar g y une o mpone '

IMF nas been determined for a time when simulta- e wlectrae fueld,  Although vyt Observat) ns

neous SIDE and Exp 35 data were available. The "l Liite traject ry goivral |y egrer
sH 97 widtn of the distribution determined 1n this - rorgpt dugiv el petterns Jedaoed 1y om

manner 15 about 20 to 30 degrees. However some NS ner, 1971 o f1nd that ra

bursts of bow shock 10ns have been observed 1ar tiom Proet timo Artip leward .y

NIGCH-TIMF - RESOLITION STIMY OF “IMDEN COMMENCF - sinultaneously 1n all three SIDEs, which 1mplies fire ted $ieids ore not iRl 1 Wil i &

WENTS USTNT AFLL MACNETOMETER DATA a beam whose width 1s at least 56 degrees. In HOVHE MUP g bec tor o the Gl PR Lot T

sore 1ndividua! bow shock fon spectra a peak 1Y 6 b md LAt i ae LR fe
P. F_Fougere with twice the energy of the proton peas 15 yie W Rivs, (te. Mo ares SU1odg cus
D. J. Knecht (both at Afr Force Geophveice observed The ratic of the flux of the second- eritanrd Aitecied theid components e ca

Laboratory, Hanscom AFR, MA. 01731 ary peak to that of the proton peak 1s a tew v w T o The Berthern g (At cey
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3. NEW RESEARCH

We list below additional projects initiated under this contract but

still awaiting completion.

IMP-7 diffuse boundary crossings.

IMP-7,8 interplanetary shock observations.

Voyager-Hel ios wave comparisons.

IMP-7, Voyager shock and solar activity observations, September
1977.

IMP-7, ISEE-1,-2, Voyager-1,-2, Helios-2 interplanetary shock
observations of October 1977.

Fireball phenomena, IMP-7 and other spacecraft.

Foreshock dynamics, IMP-7,8 observations, July 1974,
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