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1.0 General Nabura of the Work

1.0l  Our broad objective is the extension of knowledge of
the energeftic particles and the electric, magnetic, and electro-
magnetic fields assceiated with the earth, the sun, the moon, the
planets, and the interplanetary medium.

1.02 Primary emphasis is (a) on observational work using a
wide diversity of instruments of our own design and construction on
satellites of the earth and the moon and on planetary and inter-
planetary spacecraft and (b) on phenomenological analysis and inter-
pretation.

1,05 Secondary emphasis is (a) on closely related observa-
tional work by ground based radio-astronomical and optical tech-
nigues and (b) on theoretical problems in plasma physics as relevant

to solar, planetary, and interplanetary phenomena,

1.04 Bpecific fields of current investigation are the
following:
{a) A1l agpects of the energetic particles that are trapped in
the earth's magnetic field and are transiently present in the outer
magnetosphere including the magnetospheric tail of the earth; and
of the soler, in£erplanetary, and terrestrisl phenomens that are
ssgociated with these radiations -~ solar flares, interplanetary
magnetic fields and plasmas, surorae, geomagnetic storms, cor-
puscular heating of the atmosphere, electromagnetic waves and

magnetostatic and electrostatic fields (both constant and variable)



in the magnetosphere, plazma flows in the magnetosphere, and the
ionospheric effects of particle precipitation. This f£ield of research
was originated to a mgjor exbent by this laboratory.

(b) Corresponding studies of the megnetospheres of Jupiter,

Saturn, and possibly Uranus.

(e) Origin and propagation of very low frequency rJdio waves in
the earth's magnetosphere and ionosphere.

(d) Energetic electrons, protons, alpha particles, and heavier
nuclei emitted by the sun; the interplanetery propagation and
acceleration of these particles, including the.effects of shock waves
and the generation of electrostatic and eledtromagnetic waves in the
interplanetary medium; and the access of such particles to the earth's
magnetosphere.

(e) Solar modulation and the helioccentric radial dependence of

the intensity of galactic cosmic rays.

(£) Radio-frequency emissions from both the gquiescent and flaring
sun snd the implications thereof on the nature of the Ehromosphere
and corone and on the acceleration and emission of energetlc psrticles
in solar flares.

(g) Shock waves in the interplanetary medium.

(h)} The theory of wave phenomena in turbulent plasmas including

the interplanetary medium and of the origin of super-thermal particles.
(1) Dekametric and decimetric radio emissions from Jupiter and the

relationships of same toc its magnetosphere.



(3) Radio astronomical study of pulsars, flare stars, and other
stellar sources as an extension of our work on planetary magneto-
spheres and the sun,

The attached bibliography lists specific investigations

completed and published in 1977.

2,0 Currently Active Projects

2.01 Hawkeye 1 (Explorer 52, 1974~0404)

This satellite apd its principal scientific instruments were
designed and built at the University of Iowa and launched into s
highly eccentrie, nearly polar orbit from the Western Test Range
on 3 June 197h. During 1977 it continued to operate properly and
to yield excellent magnetospﬂerib data despite a considerable reduc-
tion in support for data sequisition. A special compilation
"Hawkeye 1. Bibliography" of 2 May 1978 is attached %o this
report., [Hawkeye 1 re~entered the earth's atmosphere, as predicted,
on 28 April 1978 after 667 orbits end nearly forty-seven months of
successful in-flight operation.] Active analysis on the large body
of data continues as a major activity of the laboratory.

[Ven Allen, Frank, Gurnett, Chen, Craven, Kurth,
Baumback, Green, Randall et al.]

(Support by Langley Resesrch Center/NASA, Goddard
Space Flight Center/NASA, and Office of Naval
Research)



2,02 Pioneers 10 and 11

The two spacecraft, both carrying University of Iowa energetic
partiecle detectors, were the first and so far only cnes to make
encounters with Jupiter. - The large body of data that they yielded
has produced dramatic advances in knowledge of Jupiter and has
also stimulated a fresh wave of theoretical as well as ground-based
astronomical work on this planet and its satellites. They have also
yielded a unique body of data on the cosmic radiation and the
physical properties of the interplanetary medium to unprecedented
distances from the sun. Both spacecrsft and most of the scientific
instruments (ineluding ours) continue to operate properly. Data are
received on a daily basis (~ 8 hours of data pef day). Pioneer 10
is on a hyperbolic escape orbit from the solar system with helio-
centric distances as follows: 23 January 1977, 12 AU; 30 September
1977, 14 AU; 7 June 1978, 16 AU; 13 February 1979, 18 AU; 24 October
1979, 20 AU; and March 1983, 30 AU, Tt is expected that good quality
data will continue to be received (at bit rates ® 32 vits/sec) through
1979. Current upgrading of the Ali-meter NASA stations may meke it
possible to continue data scquisition into the early 1980's.

Pioneer 11 is targeted for encounter with Saturn on
1 September 1979. Samples of its heliocentric radial distances are
as follows: 5 November 1977, 6 AU; 17 May 1978, 7 AU; 29 November
1978, 8 AU; and 18 June 1979, 9 AU. Following encounter with Saturn,

it will also escape from the solar system.



The prospective survey of Saburn's megnetosphere for the
first time is the element of highest fubure interest in the
Pioneer 10/11 program. Meanwhile, the cosmic ray intensity measure-
ments by both spacecraft are contributing to the solution of the
long standing, classical problem of the propagation of galactic
cosmic rays in the solar system. Also, an instrument on Pioneer 11
is providing unique data on the acceleration of protons by shock
waves in the interplasnetary medium and on the propagation of solar
electrons and protons at great distances from the sun.

Further work on the interpretation of the Jupiter encounter
dats from both spacecraft continues on an active basis.

[Van Allen, Goertz, Thomsen, Pesses, Rendall,
Sentman, and Parish]

(Support by Ames Research Center/NASA and Office
of Navel Research)

2.05 Explorer 47 (IMP-H)(1972-734)(IMP-T)

This GSFC/NASA satellite of the earth was launched on
23 September 1972 into an approximately circular orbit of initial
inclination 17° and semi-major axis 35.5 R, (earth radii). The
orbital inclination of this long-lived satellite had increased to
%0°8 by December 1977 with a semi-major axis of 35.4 Ry and =
period of 12.4 days. Operation is by command only on an inter-
mitbent basis. following an extended period of nearly continuous
data acquisition. It carries a University of Towa electrostabic

analyzer for measuring the energy spectra and angular distributions



of low energy electrons, protons, and heavier lons in the energy
range 5 eV to 50 keV. The purpose of the experiment is to further
the understanding of geomagnetic storms and aurora by investigating
phenomena in the magnetotail of the earth. A gignificant discovery
in the 197h data was the presence of energetic atomic oxygen (O+)
in the magnetotail, establishing the escape of ionospheric ions
into the maénetcsphere and their acceleration to energies of the
order of several keV.

[Frank, Ackerson, and Yeager]

(Support by GSFC/NASA and NASA Headquérteré)

2.0t  Explorer 50 (IMP-J)(1973-784)(IMP-8)

This %17 kg GSFC/NASA satellite was launched on 26 October
1973 into an orbit with ineclination 28.2°, radial distances to
perigee and apogee 23.8 and 46.% By respectively, and period
12,2 days. This satellite carries VLF radio receivers and electro-
static particle analyzers from the Univefsity of Iowa. A large
body of high quality data from both sets of experiments has been
acquired, with operations continuing into 1978 on a reduced basis.

[Frank et al. on electrostatic analyzers ]

[Gurnett et al. on VIF radio receivers]

(Support by GSFC/NASA)

2,05 Explorers 33 and 35, Explorer 43 (IMP-T)

(TMP-6), Explorer 45 (8°-A), and
Ariel b4 (UK-%)

The operational lifetimes of these five spacecraft have

terminated but study of the data from them continues on special



problems. These satellites were operative during periods of high
solar activity. Collaborative work with investigators from other
laboratories has been and continues to be a valusble feature of the
data base.

[Van Allen, Frank, Gurnett, Craven et al. ]

(Support by ONR and NASA Headquarbers)

2,06 (Cerman American Solar Probes
(HELIOS—I and II)

The interplanetary spacecraft HELIOS-I was lamunched success-
fully from Cape Canaveral on 10 December 1974 by a Titan Centaur
vehicle, The heliocentric orbit is near the ecliptic plane with
perihelion at 0.3 AU from the sun. The first pfarihelion passage was
on 13 March 1975; subsequent perihelion passages cocceur at about six
month intervals. Helios II was launched successfully on 15 January
1976 into a similar heliocentric orbit. The principal scientific
purposes of the two missions are study of particle and field
phenomena in the interplanetary mediuvm at distances closer to the
sun than have been reached previously, (The perihelion of Mariner
10's orbit was approximately st the orbit of Mercury at 0.39 AU.)
One of the three American instruments on each of the two spacecraft
is the University of Iowa plasma-wave radio receiver (10 Hz to
15 kHz). Good measurements from both Helios T and II are being
obtained. One of the more interesting bodies of results has come
from the use of a combination of Hawkeye 1 and Helios observations

for direction-finding and tracing solar electron streams in the



interplanetary medium by way of the Type IIT radio emissions that
they excite in the medium. It has also been established that such
emissions occur at twice the local electron plasma frequency. Both
spacecraft are now in their extended mission phases, with substantially
reduced data acguisition,

[Gurnett, Anderson, Odem, CGrzen, and Baumback ]

(Support by GSFC/NASA)

2.07 Voyagers 1 and 2

(Formerly celled Meriner Jupiter/Saturn
1977 Missions)

The University of Iowa designed and buil% plasme-wave
instruments for both of these planetary fly-by missions and is a
member of the investigabtive team. Voyager 1 was launched success-
fully on 5 September 1G77. It is scheduled to fly-by Jupiter in
Maréh 1979 and Saturn in November 1980. Voyager 2 wag launched
earlier and on a slower trajectory on 20 August 1977. It will fly-
by Jupiter in July 1579 and Saturn in ‘August 1981. A possible
further option is a fly-by of Uranus in early 1986, Both instruments
are operating well, with an exceptionally low level of spacecraft
interference, The principal purpose of these investigations is to
determine the properties of the plasmas in the msgnetospheres of
Jupiter and Saturn (and'Uranus) by measuring very low frequency
electrostatic and electromsgnetic waves in situ. Information on the
origin of dekametric emissions may be obtained inferentially.

Both Voysgers have already yielded valuable new observations on
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interplanetary Type III solar bursts and on plasma waves in the
interplanetary medium,

{Gurnett, Shaw, Odem et al.]

(Developmental support by ONR and NASA Headquarters)

(Hardware and data analysis support by Jet Propulsion
Leboratory/NASA)

2.08 TInternational Sun-Earth Explorers (ISEE)

Two University of Iowa experiments are on each of the two
spacecraft of the ISEE-1, ISEE-2 ("mother-daughter") magnetospheric
mission {formexrly called International Magnetospheric Explorers).
Both spacecraft were launched by a single vehicle on 22 October 1977
and were then sepavated so as to fly independently in the same orbit
but separated by a varying distance of the order of 1000 km slong
the orbit. §Special features of this double mission are:

{a) Sophisticated magnetospheric instrumentation.

(v) High data rates (S-band) and correspondingly high
time~ and angular-resolution.

(e} The capability of separating temporal from spatial

effects, especlally in the viecinlty of the earth's

magnetopause and bow shock and in the magnetotail.

(d) Monitoring of the solar wind, solar energetic particles,

and magnetospheric phenomena during =z pericd of increas-

ing and probably meximal solar activity (in = 1980).

The initial orbit of ISEE-1 (NASA) and ISEE-2 (European

Space Agency) was as follows:
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Perigee altitude 279 km

Apogee sltitude 138,108 mm (22.65 R, radial)
ILatitude of apogee 21.6°

Local time of first apogee 10.9h

Tnelination ) 28.7°

Period : 57.43 hours

Barly results from both University of Iowa instruments sre of high
quaiity, though the electrostatic analyzer on ISEE-2 failed in mid-
January 1978. The other three instruments continue in proper
operation,

[Frenk, Craven et al., low energy particle differential
analyzers]

[Gurnett et al., plasma wave receivers]

(Developmental support by ONR and NASA Headquarters)

(Herdware and data analysis support by GSFC/NASA)

A third spacecraft of the ISEE program (ISEE-C) is scheduled
for lsunch in late July 1978. It is called a "heliocentric" mission
because the intention is to place it in a halo orbit near the (L1)
Lagrangian point of the earth-sun system, cn the line joining the
earth to the sun at & distance sbout 235 RE sunward of the earth.
Thus, it will serve as an "up-wind" monitor of solar wind and other
interplanetary conditions free of terrestrial-lunar interference.

Gurnett is a co-investigator on the plasma-wave experiment.
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2.09 Theory

Theoretical studies are continuing on the propagation and
acceleration of solar brotons, alpha particles, and electrons in
the interplanetary medium; cn the emission of X rays and radio noise
by the sun; on the generation and propagation of very low freguency
radio waves in the magnetosphere and on the relationship of such
vaves to particle acceleration, diffusion, and precipitation; on
shock waves in the interplanetary medium; and on the physical
dynamics of the magnetospheres of Jupiter and Saturn.

[Goertz, Shawhan, Thomgen, Sentman, Pesses]

(Support by ONR, NSF, and NASA Headquarters)

2.10 Very-Long-Baseline Radio-
Interferometry

A program of VLBI cobservations has been developed at the
North Liberty Radie Observatory in collasboration with Towa Stabe
University/Ames, NOAA/Boulder, GSFC, snd the National Redio Observa-
tory in Green Bank, West Virginia. In contrast to most other VIBI
experiments, a low freguency, 26.5 MHz, has been selected in order
to study solar radio emissions, the dekametric emissions from Jupiter
and the strucéure of the interplanetary plasms and to search for
emigssions from Saturn. None of the latter has been obgzerved as yet,
but significant new wvesults have been obtained on the other three
topies.

[Shawhan, Cronyn, and H. Chen]

(Support by ONR, NQAA, and NSF)
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The 60-f't antenna at NLRO has been converted to a VIBI
receiving station operating at a wavelength of 18 em (OH line).
It has been adopted as an element of the national VLBI network at
this frequency. A substantial program of observabions is underway.

[Mutel, Benson, and Phillips]

(Support by ONR, Research Corporation, and NASA)

2.11 Targe Area Radioc Interferometer

During 1972-74 the University of Iowa collaborated with
NOAA/Boulder and GSPC in constructing the largest ares radio
interferometer in the northern hemisphere. ﬁoth effective area
and angular resolution exceed those of the Arecibo facility.

The array is located at Clark Lake, California. The operating fre-
gquency is 3L MHz. An intensive program of observations is con-
tinuing. Objectives of this work are to study the propagation of
solar wind streams through interplanetary space (via interplanetary
seintillation of compact radio sources); to observe deksmetric
radio emissions from Jupiter; and to search for radio emissions from
Saturn.

[Shawhen, Cronyn, Rickard, Beason et al.]

(Support by WASA, NSF, GSFC/NASA, NOAA, and
U. 8. Air Force) ‘

2,12 Hawkeye 2 Proposal
(cf. 1976 Annual Report)

After a period of over 33 years of negotistion with NASA

Heedquarters and of extensive studies, the University of Towa
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proposal for a Hawkeye 2 mission was rejected on 16 June 1977:
" +.. within the current 0SS Explorer Program. ... The reason
for the rejection of [Hawkeye 2] is that the scientific objectives
for this mission overlap those of the Dynamics Explorer (DE)
mission. This resulted in [Hawkeye 2] having a lower priority
than the Explorer missions that have finally been selected,”

The disappointment of this rejection was considerably reduced
by the selection of two University of Iowa ingtruments for the

approved Dynamics Explorer Mission.

2.13 Dynamics Explorer
(Formerly called Electrodynsmics Explorer)

This NASA program envisions s coordinateg pair of orbiting
spacecraft, one in an eccentric polar orbit with apogee at sbout
5 RE and another in .a circular low-asltitude polar orbit. One or
both may have orbital adjustment capability. The central theme
of the DE program is study of the physical coupling of the
magnetosphere, ionosphere, and neutral atmosphere of the earth.
Based on proposals submitted originally in November 1974, two
University of Iowa exﬁeriments for DE have been selected and pro-
vided with start-up funding. One of these “is a set of global
auroral imaging instruments and the other a set of plasma-wave
EﬁFnVLF receivers., Both are similar to those proposed for
Hawkeye 2 and both will be on the eccentric orbitgr. The present
status is one of design, engineering definition, and prototype

construction. The tentative launch date is late 1980.
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[Frank and Ackerson, auroral imaging photometers]
[Shawhan and Gurnett, plasma wave instrument]

(Proposal and engineering design support by ONR
and NASA Headquarters)

(Hardware support by GSFC/NASA)

2.1%  Auroral Tmaging

During the past four years a major effort has been devoted
to developing a new type of sensitive spot-scamming "camera' for
global scale imaging of auroral emissions and other low-light-level
emissions in selected wavelength bands from the earth's atmosphere,
This work has included the outfitting of an cptics research labora-
tory; the purchase and developmenit of suitable.sources; the con-
struction and testing of prototype systems; and the development of
computerized handling of imaging data. This work provides the
basgis for the global auroral imaging experiment for the Dynamics
Explorer. The ingtrumentation is also applicable to other spinning
spacecraft such as a Ploneer class spacecraft during plametary fly-
bys or in planetary orbits.{

[Frank and Ackerson]

(Developmental work supported by Office of Naval
Research)

2.15 Galileo
(Formerly called Jupiter Orbiter with
Probe Mission)

This JPL/NASA mission was approved and given start-up funding

in late October 1977. The scheduled launch date {shuttle with
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inertial upper stages) is January 1982 with arrival at Jupiter,
after a close fly-by of Mars, in July 1985. During the approach
phase an entry probe will be releaged. The mother spacecraft will
be injected into a nearly-egquatorial orbit ground Jupiter with
first apoapse at dbout 270 BJ. Subsequent orbits will be chosen
by powered maneuvers and close fly-bys of the Galilean satellites
to cptimize the fulfillment of scientific objectives of magneto-
spherie, satellite, and planetary observations., The nominal mission
will terminate in March 1987.

Two of the three University of Iowa préposals for experiments
on Galileo have been selected., Formal confirmation proceedings
are scheduled for late summer 1978. The two irvestigations and the
primary investigators are.as follows:

2.15.1 "A Plasma Wave Investigation for the
1981/1982 Jupiter Orbiter"

D. A. Gurnett, Prineipal Tnvestigator
(U. of Iowa)
F. L. Scarf, Co-Investigator (TRW)
R. Gendrin, Co-Investigator (CHET)
C. F. Kemnel, Cc~Investigator (UCLA)
3. D. Shawhan, Co-Investigator
(U. of Iowa)

2.15.2 "Comprehensive Investigations of Jovian
Plasmas with the Jupiter Orbiter Spacecraft
(Jupiter Oribter Probe 1981/1982 Mission)"

L. A. Frank, Principal Investigator

(U, of Iowa)
F. V. Coroniti, Co-Tnvestigator (UCIA)
V. M. Vasyliunas, Co-Investigator (MPI)

The design and preliminary engineering are in progress.
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In addition, Van Allen has been appointed a member of the
Project Sclence Group and chalirman of the Megnetosphere Working
Group.

(Proposal work supported by ONR and NASA Headquarters)

(Hardware support by JPL/NASA)

2.16 Spacelsb and Orbital Flight
Test Missions

Two University of Towa investigations have heen selected
and confirmed for the early scientific program with the NASA
shuttle/spacelab:

2.16,1° "Anh Ejectable Plasma Diagnostics Package
(FDP) for the Spaceladb 2 Mission"

(A1l Investigators from U. of Tows)
S. D. Shawhan, Principal Investigator
L. A. Frank, Co-Investigator
D. A. Gurnett, Co-Investigator
N. D'Angelo, Co-Investigator
2.16.2 "An Ejectable Plasma Diagnostics Package
(PDP) for the Space Shuttle Orbital Flight
Test (OFT) Missions"
(Investigators, same as for 2,16.1)

The University of Iowa is engsged in designing and construct-
ing a complete gubsatellite including all scilentific insbtrumentation
for preliminary flight on the OFT 4 mission, recovery and re-flight
on Spacelab 2. On the latter flight it is planned to release the
PDP into a close companion orbit with the mother eraft. The

objectives of these investigations are to determine the electro-

magnetic and plasma environments of the Spacelab as a basis for
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designing future experiments. In both cases the acquisition of
in-flight data will extend over a time period of only sbout ten
days. The subsatellite will be powered by storage batteries. The
scientific instrumentation will be similar to that on Hawkeye 1.

{Proposal and preliminary design support by CNR
and NASA Headquarters)

(Hardware support by Marshall Space Flight
Center/NASA) )

2.17 Firewheel Project

The Firewheel Project is a joint European-American expsri-
ment for the release of barium clouds in the éarth's magnatotall
at =~ 15 RE and for the study of the physical effects thereof,
including the possible triggering of a geomagnetic substorm.
The central planning agency is the Max Planck Institute at Garching,
W. Germeny. The Furopean launch vehicle Ariane will be used. The
University of Towa will provide one of the subsatellites for observa-
tion of the local plasma and magnetic effects produced by the injected
barium clouds. It is plammed to use spare flight hardware from the
Hawkeye 1 program for this low-cost experiment,

[Gurnett et al.]

(Support by ONR)

2,18  Solar Polar Mission
(Formerly called Qut-of-Ecliptic Mission)

This NASA/ESA mission contemplates a single launch of two
instrumented spacecraft which will then be separated for independent

flight. Both will be targeted to fly-by Jupiter in such a way thak



19

their subsequent orbits will be in a plane approximately perpendicu-
lar to the equatorial plane of the sun. They will be counter-
revolving in this plane with one passing over the north pole of

the sun as the other passes over the south pole (both at ~ 1 AU)
and vice versa as their orbital meotions continue. The unique
objestives of these migsions are to measure the properties of the
interplanetary medium at high solar latitudes, to measure the
intensity of galactic cosmic rays and the propagation of solar
energetic particles, also at high solar latitudes, and to cbserve
the polar caps of the sumn.

The mission is proposed by NASA for a FY 1979 start with
launch in February 1983%; it is undergoing congressional considera-
tion and is not yet approved, Gurnett is a co-investigator on the
tentatively selected plasma wave instrument.

2.19 Advisory Work

During 1977, Van Allen served as:

(a) Cheirman of the Arecibo Advisory Board,

() A member of the ad hoc selection committee for experi-
ments on the Solar Polar Mission, and

(c) A wember of the Fachbeirat (Visibing Commitiee) to
the Iaboratory for Extraterrestrial Physics/Mex Planck
Institube, Garching, W. Germany.
He also continued his three-yesr term ag President of the

Solar-Planetary Relationships Section of the American Geophysical
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Union. Beginning in August 1977 he has been a member of the
Project Science Group and chairman of the Magnetosphere Working
Group for the Galileo Project. In November 1977, he participated
in the Office of Naval Research's "Workshop on Opportunities for
Research in Electronic and 8olid State Sciences". During

November 1977 ~- February 1978 he chaired an "Ad Hoc Computer Review

Committee” on the computing facilities of the University of Iowa.
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3.0 Senior Academic Staff in Space Physics
[31 December 1977]

Van Allen, James A. Carver Professor of FPhysics and Head

of Department of Physics and Astronomy

D'Angelo, NWiccla Professor of Physics

Frank, Louis A. Professor of Physics
Gurnett, Donald A. \Professor of Physics
Shawhan, Stanley D. Associate Professor of Physics

[On Leave 10 January to 14 May 1977]
Goertz, C. K. Associate Professor of FPhysics
[On Leave 1 July 1977 to 1 January 1978]
Ackerson, Kent L. Associate Regearch Scientist
[Research Associate]
Craven, John D, hssociate Research Scientist
[Research Associate]
Cronyn, Willard M. Aggociate Research Scientist
[Research Associate]
Yeager, David M. Associate Research Scientist
[Research Associate]

Randall, Bruce A.

Sentman, Davis D.

Thomsen, Michelle F.

Rickard, James J.

Mitchell, Donald G.

Associate

Research Scientist

[Effective 1 June 1977]

Regearch Investigator

[Research

Associate]

Research Investigator
[Effective 1 July 1977]

Agsigtant

Research Scientizt

[Research Associate]

Assistant
[Research

Research Scientist
Associate]
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Also in Closely Related Work
(Astronomy and Plasma Physics)

Montgomery, David C, Professor of Physics
[Terminated 1 September 1977]

Enorr, Georg Professor of Physics
Hershkowitz, Noah Professor of FPhysics
Joyce, Glenn R. Professor of Physics
Neff, John 8. Associate Proféssor of Astronomy
Fix, John D. Associate Professor of Astronomy
[On Teave 1 September 1977 to
5 June 1978] :

Mutel, Robert I. Assistant Professor of Astronomy
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h.o Senior Engineering and Administrative Staff

[31 December 1977]

Enemark, Denald C.

Brechwald, Robert L.

Rogers, John E.

Robertson, Thomas D.

Anderson, Roger R.

Owens, Harry

Odem, Daniel L.

Shaw, Robert R.

Anderson, Roger D,

Baker, Keith R.

English, Michael

Jagnow, Paul G,

Kruse, Elwood A.

Remington, Steve L.

Phillips, James R.

Freund, Fduund A.

Robison, Evelyn D.

Williams, Michael R.

Huneke, Alan (.

Adjunct Associate Professor of Physics
Manager, Systems and Programming Services
Senior Engineer

Contracts Administrator

Assistant Research Scientist

Research Assistant TIT

Engineer IV

Engineer IV

Engineer IIT

Engineer IIT
[Terminated 31 March 1977]

Engineer IIT

Engineer ITT
[Terminated 31 July 19771

Engineer IIT [R and Q]
Engineer IIT
Engineer ITI

Supervisor, Technical Services
[Deparitmental Machine Shop]

Project Assistant
[Supervisor, Publications]

Computer Operations Manager
[Terminated 30 June 1977]

Engineer IT
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Senior Engineering and Administrative Staff (continued)

France, Richard J.

Callahan, Timothy J.

Iee, Jaomes A,

Burek, Barbara G.

Senior Programmer Analyst
[Terminated 30 June 1977]

Research Assistant II/EPS
[Terminated 31 Janvary 1977)

Research Assistant IT/EPS

Research Assistant II/EPS



5.0 Junior Academic Staff in Space Physics [31 December 1977]

All of those listed below are graduvate students, engaged in research in space physies.

Baumback, Mark M.
Benson, John M,
Burek, Barbara G.

Chen, Henry Sha-Lin

Chen, Tsan-Fu
Cook, Bruce
DeCoster, Richard
Gallagher, Dennis
Green, James L.
Hodges, Mark W.
Kurth, William 8.
Tee, James A.
Pesses, Mark E.
Phillips, Robert B.

Thomsen, Michelle TF.

Weisherg, Joel M.

Appointment

Research Assistant
Research Assistant
Research Assistant

Resgearch Assistant

Research Assgigtant
Teaching Assistant
Research Assistant
Research Assistant
Research Assistant

Teaching Assistant

Research Assistant -

Research Assistant
Research Assisgtant
Teaching Assistant

Research Assistant

Rezearch Assistant and
Iink Foundation Fellow

Principal Research Project

NASA Research: Waves in Plasma
Radio Astronomy
Interplanetary Medium

Sclar Radio Emissions
[Terminated 31 July 19771

Magnetic Fields (Hawkeye)
Radio Astronomy
Magnetospheric Physics
VLF Radio (IMP-J)

VIF Raedio (Hawkeye)(IMP-J)
Radio Astronomy

' VIF Radio (Hawkeye)

Electrostatic Analyzers
Pioneer 10/11
Radic Astroﬁomy

Pioneer 10/11 [Promoted 1 July
1977 to Research Investigator]

Radlo Astronomy
(Arecibo)

Ge
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6.0 Advanced Degrees Awarded in Space
Physics at U. of Towa
1 Januvary 1977 -- 31 December 1977

M.S. Degree

NONE

Ph.D. Degree

Richard Joseph DeCoster II (December 1977): "Observations Pertain-
ing to the Dynamics of the Plasma Sheet"

Michelle F.- Thomsen (May 1977): '"On Determining a Radial Diffusion
Coefficient from the Cbserved Bffects of Jupiter's
Satellites"
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Te O Research Reports and Publications
in Space Physies
1 Janvary 1977 -~ 31 December 1977

WILLIAM W. L. TAYLOR and ROGER R. ANDERSCHN
Explorer U5 Wave Observations During the Large Magnetic
Storm of August 4-5, 1972
J. Geophys. Res., 82, 55-66, 1977

L. A. FRAWK, K. L. ACKERSON, and D. M. YEAGER
Observations of Atomic Oxygen (0%) in the Earth's
Magnetobtail
J. Geophys. Res., 82, 129-13k, 1977

ROGER R. AWDERSON and KAICHI MAFDA
VIF Emissions Associated with Enhanced Magnetospheric
Electrons
J. Geophys. Res., 82, 135-146, 1977

DONALD A. GURNETT and ROGER R. AWDERSON
Plasma Wave Electric Fields in the Solar Wind:
Tnitial Results from Helios 1
J. Geophys. Res., 82, 632-650, 1977

D. N. BAKER and J. A. VAN ALLEN
Revised Pioneer 10 Absolute Electron Intensities in
the Tnner Jovian Magnetosphere
J. Geophys. Res., 82, 681-683, 1977

D. A. GUERNETT and L. A. FRANK
A Region of Intense Plasma Wave Turbulence on Auroral
Field Tines
J. Geophys. Res., 82, 1031-1050, 1977

U. S. INAN, T. ¥. BELL, and R. R. ANDERSON
Cold Plasms Diagnostics Using Satellite Measurements of
VIF Signals from Ground Transmitters
J._Geophys. Res., 82, 1167-1176, 1977

U. 5. INAN, T. F. BELL, D. L. CARPENTER, andé R. R. ANDERSON

’ Explorer 45 and IMP 6 Observations in the Magnetosphere
of Injected Waves from the Siple Station VIF Transmitter
J. Geophys. Res., 82, 1177-1187, 1977

P. KINTHWER and N. D'ANGELO
A Transverse Kelvin-Helmholtz Instability in a Magnetized
Plasma
J. Geophys. Res., 82, 1628-1630, 1977
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JAMES LAUER GREEN, DONAID A. GURNETT, and-STANLEY D. SHAWHAN
The Angular Distribution .of Auroral Kilometric Radiation
J. Geophys. Res., 82, 1825-1838, 1977

JESSE W. MOORE, JAMES A. VAN ALLEN, JAMES R. HYDE, and
ROBERT S. NUNAMAKER
The 1981 Jupiter Orbiter Probe Mission
Acta Astronomica, U, 577-603, 1977

G. R. VOOTS, D. A. GURNETT, and S.-I. AKASOFU
Auroral Kilometric Radiation as an Indicator of Aurorsl
Magnetic Disturbances
J. Geophys. Res., 82, 2259-2266, 1977 .

PAUL M. XINTNER and DONAID A. GURNEIT
Observations of Jon Cyclotron Waves Within the Plasma-
sphere by Hawkeye 1
J. Geophys. Res., 82, 2314-2318, 1977 °

N. D'ANGELO
Night-Time Reception of Solar Radio Events
Nature, 267, k12, 1977

F. V. CORONITT, F. L. SCARF, L. A. FRANK, and R. P. LEPPING
Microstructure of a Magnetotail Fireball
Geophys. Res. letters, b, 219-222, 1977

N. D'ANGELO
A Simplified Model of Polar Cap Electric Fields
Ammeles de Géophysicue, 33, 341-345, 1977

¥. D'ANGELO
Plasma Waves and Instabilities in the Polar Cusp:
A Review
Reviews ‘of Geophysics and Space Physies, 15, 299-307,
1977

JAMES A. VAN ALTAEN
On the Magnetospheres of Jupiter, Saturn, and Uranus
Highlights of Astronomy, presented at the XVI General
. Assembly of the I.A.U,, Grenoble, France, August 1976,
vol. 4, 195-224, 1977 (ed. Edith A. Miilller, D. Reidel
Publishing Company, Dordrecht, Holland)

M. F. THOMSEN, C. K. GOERTZ, and J. A. VAN ALLEN
A Determination of the I Dependence of the Radial
Diffusion Coefficient for Protons in Jupiter's Inner
Magnetosphere
J. Geophys. Res., 82, 3655-3658, 1977
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J. A. VAN ALLEN
Distribution and Dynamics of Energetic Partiecles in the
Jovian Magnetosphere
Space Research, XVII, 719-732, 1977 (ed. M. J. Rycroft
and A. C. Strickland, Pergamon Press, Oxford snd
New York)
[XIX Meeting of COSPAR, FPhiladelphia, PA, 17 June 1976]

A. T. Y. LUI, L. A. FRANK, K. L. ACKERSON, C.-I. MENG, and
S.-1I. AKASOFU
Systematic Study of Plasma Flow During Plasma Sheet
Thinnings
J. Geophys. Res., 82, 4815-4825, 1977

F. L. SCARF, L. A. FRANK, and R. P. LEPPING
Magnetosphere Boundary Observationsg Along the Tmp 7 Orbit
1. Boundary Locations and Wave ILevel Variations
J. Geophys. Res., 82, 5171-5180, 1977

M. F. THOMSEN, C. XK. GOERTZ, and J. A. VAN ALLEN
On Determining Magnetospheric Diffusion Coefficients
From the Observed Effects of Jupiter's Satellite Io

J. Geophys. Res., 82, 5541-5550, 1977

L. A. FTRAKNX and K. L. ACKERSON

Reply
J. Geophys. Res., 82, 5641-5643, 1977

FREDERICK L. SCARF and DONALD A. GURNETT
A Plasma Wave Investigation for the Voyager Mission
Space Science Reviews, 21, 289-308, 1977

L. A. FRAWK, R. J. DeCOSTER, and K. L. ACKERSON
Reply in Response to Comment by G. 8. Stiles and
E., W. Hones
U. of Iowa T7-3 [January 1977]
J. Geophys. Res., 1978

JAMES A, VAN ALLEN
HAWKEYE I University of Iowa
U. of Towa 77-6 [28 January 1977]

D. A. GURNETT and I. A. FRANK
Ton~Acoustic Waves in the Solar Wind
U, of Iowa 77-10 [February 1977]
J. Geophys., Res., 1978




30

1. E. PESSES, J. A. VAW ALLEW, and C. K. GOERTZ
Energetic Protons Associated with Imterplsnetary Active
Regions 1 and 5 AU from the Sun
U. of Towa T7-11 [March 1977]
J. Geophys. Res., 1978

}. A. GURNETT, M. M. BAUMBACK, and H. ROSENBAUER
Stereogcopic Direction Finding Analysis of a Type IIT
Solar Radio Burst: Evidence for Emission at 2£7
U. of Iowa 77-13 [April 1977] P
J. Geophys. Res., 1978

TOHN ROGERS et al.
Hawkeye I/Neutral Point Explorer (Explorer 52/1974-OLOA)
Final Report of Spacecraft Control Operations, Telemetry
Station Operations, and Dats Reduction
U. of Towa 77-14 [March 1977]

). D, SENTMAY and C. K. GOERTZ
Whistler Mode Noise in Jupiter's Imner Magnetosphere
U. of TIowa 77-15 [April 1977]
J. Geophys. Res., 1978

. D. CRAVEW and L. A. FRARK .
Energization of Polar-Cusp Electrons at the Noon Meridian

U. of Towa T7-19 [May 1977]
J. Geophys. Res., 1978

)o A, GUENETT and I. A. FRANK
Plasma Waves in the Polar Cusp: Observations from
Hawkeye 1
U. of Towa 77-21 [August 1977]
J. Geophys. Res., 1978

)YONATD A. GURNETT and JAMES LAUER GREEN
On the Polarization and Origin of Auroral Kilometric
Radiation
U. of Iowa T77-22 [August 19771
J. Geophys. Res., 1978

JTANLEY D. SHAWHAN
Magnetospheric Plasma Waves
U. of Towa 77-23 [June 1977]
[Prepared as a Position Paper for the Panel on Plasma
Processes for the Space Science Board, Wational Academy
of* Sciences, Space Plasma Physics Study -- Januvary 1977]
Solar System Plasma Physies, 1978
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J. A. VAN ATLEN
Relative Assessment of the Inside and Outside Targeting
Options of Pioneer 11 ab Satuwrn from the Standpoint of
the University of Iowa Investigation
U. of Iowa T77-33 [August 1977]

DONAID A. GURNETT
Electromagnetic Plasma Wave Emissions from the Auroral
Field Lines
U. of Towa 77-%6 [September 1977]
Submitted to J. Geomagnetism and Geoelectricity

R. J. DeCOSTER and L. A. FRANK
Observations Pertaining to the Dynamics of the Plasma
Sheet
U. of Iowa T77-42 [December 19771
Submitted to J. Geophys. Res.

M. E. PESSES, B. T. TSURUTANTI, J. A. VAN ALIEN, and E. J. SMITH
Energetic Proton Events and Corotaiing Interplanetary
Shocks
U. of Iowa 77-43 [December 1977]

. K. GOERTZ
Energization of Charged Particles in Jupiter's Outer
Magnetosphere
Submitted to J. Geophys. Res.,
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8.0 Research Reports and Publications
in Relsted Fields
1 January 1977 -~ 31 Decenmber 1977

A, PLASMA PHYSICS

YENUDA SALU and DAVID MONTGOMERY
Turbulent Diffusion from a Quasi-Kinematical Point of View
Phys, Fiuids, 20, 1-3, 1977

THOMAS CHRISTENSEN, NOAM HERSHKCWITZ, and K. N. LEUNG
Mass Scaling of Permanent Magnetic Line Cusp Plasma Teaks
IEEE Trans. on Plasma Science, 5, 235-26, 1977
ERRATUM: 5, 138, 1977 :

DAVID FYFE, GLENN JOYCE, and DAVID MONTGOMERY
" Magnetic Dynamo Action in Two-Dimensional Turbulent
Magneto-Hydrodynamics
J. Plasme Physics, 17, 317-335, 1977

NOAH HERSHKOWITZ and THOMAS CHRISTENSEN
Plasms Teaks to a Blocked Picket Fence
Nuclear Fugion, 17, 371-372, 1977

THOMAS CHRISTENSEN and NOAH HERSHEKCOWITZ
Wear Field Diffraction Pattern of Ion Acoustic Waves
Phys. Fluids, 20, 84%0-843, 1977

THOMAS CHRISTENSEN and WOAH HERSHKCOWITZR
Ton Acoustic Waves Excited by Boundary Sheaths
Phys. Ietters 4, 61, 170-172, 1977

GEORG KNORR
Two-Dimengional Turbulence of Electrostatic Vliasov Plasmas
Plasma Physics, 19, 528-538, 1977

DAVID FYFE, DAVID MONTGOMERY, and GLENN JOYCE
Disgipative, Forced Turbulence in Two-Dimensional
Magnetohydrodynamics
J. Plasma Fhysics, 17, 369-398, 1977

THOMAS CHRISTENSEN, NOAH HERSHKOWITZ, ATFRED SCHELLER, and

' K. E. LONNGREN
Antenna Properties of Probes Used in Ton-Acoustic Wave
Experiments
Radio Science, 12, 935-939, 1977
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GEORG KNORR
Time Asymptotic Statistics of the Vliasov Equation
J. Plasma Physics, 17, 553-569, 1977

DAVID MONTGCMERY .
Tmplications of Wavier-Stokes Turbulence Theory for Plasma
Turbulence
Proc. Indian Acad. Sci., 86A, 87-110, 1977

H., EOZIMA
On a Mechanism of Two-Electron Tonization of Atoms
U. of Iowa 77-1 [Janvary 1977]
Sutmitbed to J. Pays. Soc., Japan

DAVID MONTGOMERY and GEORGE VAHATA
Three-Dimensional Magnetohydrodynamic Turbulence in
Cylindrical Geonetry
U. of Towa 77-16 [April 1977]
; Submitted to Phys. Fluids

MICHAEL MOND and GEORG KNOER
Elementary Derivation of the Kinetic Equation for
the Two-Dimensional Guiding Center Plasma
U. of Towa T77-17 [May 1977]
J. Plasma Physics, 1978

ATAN TANG and NOAE HERSHKCOWITZ
Multidipole Plasma Density
U. of Iowa 77-37 [October 1977]
J. Applied Physics, 1978

PETER COAKLEY, NOAH HERSHKCWITZ, RICHARD HUBBARD, and
GLENN JOYCE
Experimental Observations of Strong Double Layers
U. of Iowa 77-39 [November 1977]
Phays. Rev. Letters, 1978

G, KNORR and M. MOND
Iterative Approach to Strong Turbulence Theory
U. of Iowa 77-L0 [Wovember 1977]
Submitted to Phys. Fluilds

N. D'ANGELO
On High-Latitude CNA, F-Lacuna, and SEC
Ammales de Géophysique, 1978
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B. ASTRONOMY

CRAIG G. RHOMBS and JOHN D. FIX
The Ultraviclet Excess of U Cephei
Ap. J., 212, 4h6-450, 1977

JOHW S. WEFF
Observatory Report
1 October 1975 -- 30 September 1976
University of Iowa, Department of Physics and Astronomy
B.A.A.8., 9, 121-125, 1977

STANLEY D. SHAWHAN, MARK W. HODGES, and STEVEN R. SPANGLER
The 1975.9 Jovian Decimetric Spectrum
J. Geophys. Res., 82, 1901-1805, 1977

STANTEY D. SHAWHAN and WILTLARD M. CRONYN )
An Upper Limit for the 3L4.3-MHz Synchrotron Flux
from Uranus
J. Geophys. Res., 82, 1947-1950, 1977

J. K. DAVIDSCN and J. 5. NEFF
BVRI Observations of BY Draconis During 1975 and 1976
Ap. J., 21k, 1ho-143, 1977

CRAIG G. RIHQOMBS and JOHN D. FIX
Spectrophotometry of RS Canum Venaticorum, AR Lacertae,
and UX Arietis
Ap. J., 216, 503-507, 1977

J. T. KARPEN ... S. R. SPANGLER et al.
Coordinated X-Ray, Optical, and Radio Observations of
Y7 Canis Minoris

Ap. J., 216, h79-490, 1977

JOHI D. FIX and ROBERT L. MUTEL
OH Observations of Four Bipolar Nebulae
Ap. Ietters, 19, 37-38, 1977

ROBERT I.. MUTEL
Characteristics of the WNIRO 18.3 Meter Parabolic
Reflector at S0CO MHz
U. of Towa 77-5 [January 1977]
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J. S. NEFF and V. V. SMITH
Air Mass Tables for the University of Iowa Observatory
U. of Towa 77-18 [April 1977]

R. B. FHILLIPS and R. L. MUTEL
Optimization of (u, v) Plane Coverage for VIBI Arrays
U. of Towa 77-20 [May 19771

F. T. ERSKINE, W. M. CRONYN, S. D. SHAWHAN, E. C. ROELOF,
and B. L. GOIWCLS
Interplanetary Scintillation at Large Elongation Angles:
Response to Solar Wind Density Structure

U. of Towa T77-24 [July 1977]
Subtmitted to J. Geophys. Res.

SPANIEY D. SHAWHAN, CARI-GUNNE FALTHAMMAR, and IARS P. BLOCK
On the Nature of Large Auroral Zone Electric Fields
at One Rp Altitude

U. of Towa 77-25 [July 1977]
Submitted to J. Geophys. Res.

J. DOUGLAS MENIETTI and JOHN D. FIX
Models of Mass Flows from Cool, Luminous Stars
U. of Towa 77-26 [July 1977]
Ap. J., 1978

JEFFREY K. DAVIDSON [Pa.D. Thesias, July 1977]
Comparison of BVRI Observations of BY Draconis with
the Spot Model )
U. of Towa 77-28 [July 1977]

HENRY SHA-LIN CHEN and STANLEY D. SHAWHAW
Structure and Evolution of Solar Radio Bursts at 26.4 Miz

U. of Towa 77-29 [July 1977]
Solar Physiecs, 1978

JOHI D. PIX and JOEL M. WEISRERG
A TLow Detection Limit Search for OH Emission from IR Stars
U. of Towa 77-30 [August 1977]

Ap. J., 1978

HENRY SHA-LIN CHEN and STANLEY D. SHAWHAN
Multiple Baseline Interferometer Observations of Solar
Radio Burgts at 26.14 MHz
U. of Iowa 77-31 [August 1977]
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ROBERT L. MUTEL and JOHN M. BENSON
A Short Technical Description of the North Liberty Radio
Observatory 18 cm Receiver System
U. of Iowa 77-34 [August 1977]

B. L. GOTWOLS, D. G. MITCHELL, E. C. ROELOF, W. M. CRONYWN,
S. D. SHAWHAWN, and W. C. ERICKSON
Synoptic Analysis of Interplanetary Radio Scintillation
Spectra Cbserved at 34 Mz
U. of Iowa 77-35 [September 1977]
Submitted to J. Geophys. Res,

LUCY L. DANYLEWYCH, RALFH W. NICHOLLS, JOHN S. NEFF, and
JEREMY B. TATUM
Absolute Spectrophotometry of Comets 1973f and 197%h
II. Profiles of the Swan Bands .
U. of Iowa 77-38 [Wovember 1977 ]
Icarus, 1978
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REPORTS AND PUBLICATIONS ON HAWKEYE I
AND RESULTS THEREFROM

BROWN, R. R. (FEditor)
Final Report of Hawkeye I Spacecraft
June 1974

VAN ALILEN, J. A.
Hawkeye 'I: {a) Approximate Determination of Right
Ascension and Declination of Spin Axis. ' (b) Sun
Angle as a Function of Time
U. of Towa Project Memorandum, 24 June 1974

VAN ALIEN, J. A.

Hawkeye I: The Determination of U.T. of Occurrence

of Sun Pulses from Telemetered Optical Aspect Data
U. of Jowa Project Memorandum, 6 July 197k

VAN ALLEN, J. A.

Hawkeye T: (a) Third Determination of Right Ascension

and Declination of Spin Axis. (b) Sun Angle as a
Function of Time
U. of Iowa Project Memorandum, 23 July 19Tk

VAN ALIEN, J. A., M. N. OLIVEN, and R. A. FLIEHLER
Magnetic Field in the Earth's Polar Magnetosphere

to 21 RE
E0S, 55, 1167, 197k

change i1n the magnitede of B.

Bow ahocks are

™ 6 usually, buk not always, sharply defined

* MAGHETIC FIEID IN TE ZARIM'S POLAR HAGNETO~ (%2 aec) by dlscontinaities [sB| = 26 (*h) 7
BAFERE 10 21 RB HMeltiple bow shock crosaings are common.

mizber of magnetic signetures through polAr
J. A, Van Allen cusps bave been observed. The polar cagneto-
M. M. Qliven sphere vas inflated markedly during the pericd
R, A. Flichler (21l at: Department of Pysies of high gecmegnetic activity 4-T July.
and Astroncry, The University of Iowva, Iowva [——

City, Yowa 52242)

The vector magnetic fisld in the sarth's polar
mhghetosphere 1s being nessured by o Schenatedt
three-axls fluxgete cagnetoseter on Havkeye I o
a radial distance af 21 Rz in & plane normal to

the garth's equator. Toritions of bow thock and
zagnetopause crossinga during the pepled 3 June
=« 21 July 197k are shown ip the figure. [During
this time perlod the right ascension of the sun
alous that of the deacending nods of the orbit
waried from -47* to +2°. ihe cagnetcpatsm

oceurs at |B] = 55 { £15) 7, bebng ldentifteqd —y
e e §

pricarily as the tranzition polnt betwveen well ® 6 4 % 3 e 4 a7 e

ordered and disordersd fields rather than by
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GURNETT, D. A., and W. S. KURTH

Plasma Wave Observations in the Polar Magnetosphere
with Hawkeye 1

E0S, 55, 1175, 1974

NOTH
PLASVA WAVE OBSERVATIORS IN THE POIAR MAGHETO-
SFHERE WITH FAWKEYE L

n. ‘A Gurnett
W+ 8. Kwwth {both at; Department of Physica

apd Astroncsy, The University of Iowa,
Tows City, Iova 522%2)

& wide varlety of plasma wave phenowens are
chssrved at high mltitudes in the polar wmgneto-
sphere with the HAREYE 1 satellite., Within
the polar cusp region electrostasic nolse bands
are cbaerved et harzonics of the electron eyclo-
tron frequeney. Magretle nolse bursts st Ire-
quencies below sbout 100 Hi are also obaerved
wear the boundaries of the palar cusps in the
local xzldnight reglon droadhand whistler code
nofze exipsions ere observed vilch are gualita-
tively similar to the ViF aurcoral hiss Ifreguent-
1y detected with lov altitude polar orbiting
satellites. Breadband burste of electrostatic
nolse are mlso detected at high latitudes in
the local evening region. These broadband el
eetyostatic nolze bursts are thought to be
essocinted vith reglons where intense field
aligned currents occur. Kilozetric resdio
exlszions from the aurcrel reglons are slso
opserved over tuch of the high latitude, high
altitude porticas of the orbit. Coordinated
measurenents wvith the IMP-6 and IVP-8 satellites
show that the kilowetric radistion is eaitted
ovér & large selld angle { > 3 steradiens) with |
total powver levelp gouetimes exceeding 107 watts.
Direction finding oeasurecents are belsg pers
foroed to establiash the gource reglon of the
kilemetric radiation. *

KURTH, WILLIAM STEVEN
Direction Finding Measurements of Auroral Kilometrie
Radiation
M.3. Thesis, May 1975

Plasma wave experiments using the rotating dipole antennes of
the IMP-8 erd HAWKEYE-1 satellites are used to cbtain direction find-
irg measurecents of auroral kilometric radiation. This radiation is
characterized by sporadic storms of very intense radiation lasting
from tens of minutes to several hours with the frequency of peak
intensity normally lying between 100 kilz and 300 kHz. The noise,
which has been associated with bright auroral ares, causes the esrth
to aprear 85 & very bright radic source from positions cutside the
plasmeaphere.

HAWIEYE~L is in & highly elliptical poler orbit with an apogee
radial distance of sbout 21 R, over the northern polar region and TMP-8
is in a slightly eccentric oroit closer to the equatcrial plane with
perigee and apogee radisl distances of 23 and U6 R, respectively. When
the source of aurorsl kilometric rediation lies near the plane in
which the electric antennas rotate, the detected sigral is strongly
spin moduleted so that aceurate inforzation on the position of the
spource region can be obtalned. A source near the earth often lies
near the planes of antenna rotation of both satellites so thab two
independent determinations of the source location can be made. The
resuits of both determinations agree fairly well and place the source
region about 0.9 R, from the polar esxis of the earth at a local time of
mbout 20 hours as Projected into the eguatorial plane. These resulis
support earlier resulbts in that the source must be in tne region of
the earth's evening suroral zones. The generation mechanism, although
still unknown, mist then be related to auroral electron precipitation
events which are also closely related to bright aurcral arcs.



VAN ALLEN, J. A.

Hawkeye I: Projected Sun-Angle 4 June 197h

. == 30 December 1976

U. of Iowa Project Memorandum, 28 May 1975

GREEN, JAMES L., DONAID A. GURNETT, and STANLEY D. SHAWHAN
The Angular Distribution of Auroral Kilometric

Radiation
E08, 56, ko, 1975

e 23

THE ANGULAR DISTRIEUTION OF AURORAL XILOMETRIC
RADIATION

James L. Green

Dotald A. Gurneit

Stanley 0. Shavhan {all at Depariment of Physlcs
and Asironomy, University of lowa, Iowm City,
Towm S522L2)

Chzervatlicons of the angular disiritution of
auroral kileoetric radiation are made with plase
za wave cxperinents o the HAWIEYE I, RP-H, and
THP-8 ratellites. HAWEYE I and TMPLG provide
inforseticn in the narrow frequency bands cept-
ered at 178 kifz, 100 ks, and 56.2 Kz with an
sdditioral coveraze by DP-8 at 2 Mtz spd 500
kHz. AlL three satellites thow the sureral

kiloestric radfation eccurring in sporadic
bursts or storms whose duration varies from half
ab hour to several hours. Froo = freguency of
occurrenee sursey, at large redial distances,

it appears that Xilometric radiatlon iz emitted
into a 80113 confeal pattern over the anroral
zones vhose 2011d angle depends on frequency.
The lerger the frequency, the larger the solld
scgle. A correlation between the serellites is
also rade on the "bean’ widih of indlvidual
tursts of this electromaznetic radiation. The
bean of the individusl hiwst Mes vitnin the
gereral ecission cons. In additlen, a eeoputer
Tay treelng model for auvoral kilocstrie radfa-
tien 1 discussed. It pssumes a seall source
located at altitudes of 1.0 t0 3.0 B, in the
#nrorel zone. The madel predicts the variations
in the z0lid engle of the emissicn cone as a
function of frequency wvhich are cbmerved experi-
rentally,

KINTNER, P. M., D. A. GURNEIT, K. L. ACKERSON, and I. A. FRANK
Correlated Electric Field, Plasma Wave, and Particle
Measurements from the Hawkeye 1 Satellite

E0S, 56, 433, 1975

57 g5

CORREXAYED EIECTAIC FIELD, FLASMA WAVE, ANF
BARTICLE MEASUMEMENGS FROM THE HAWKEYE 1
SATELLITE

Y. K. Kintaer

D. A. Gurnett

K. L. Ackerson

L. A. Frank (all ot Departcent of Fhysics and
Astroncoy, University of Iowa, Iowa City,
Tova S22h2)

The MAWKEYE 1 satcliite carries a 43 peter cy=
Yindricat boos systen from= whlch electric field
measurenents can be —ade at low altituies. As
HAVIZYE 15 in a highly elliptical orbit with
periges over the scuth pole, reliable electric
Ti¢1lds are obierved aver the zouth polar esp to-
cluding electric field reversals indicative of
the tranzition froc open to closed mignetie fleld
lines. On the dayelde the reverenl is near but
pot colncident with the 45 keV traoping boundary
kor the cusp vhich 1s Inferred from soft electron
peagqrestnts.  within the cusp and fleld reversal,
VIF hiss i3 observed ms well az a nolse band below
the lon cyeletron frequency.
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FRANK, L. A., K. L. ACKERSON, J. D. CRAVEN, and J. A. VAN ALLEN
Plasma Convection in the Magnetotail and Pol
Magnetosphere :

B8, 56, 433, 1975
5¥ 104

PLASHA CONVECTION IN THE MAGHETOTAIL
ARD POLAR MAGNETOSPHERE

A, Frank

K. L. Ackerson

<. D. Craven

7. Ao Van Allen {all at: Department of
Physics and Astronomy, University of
Towa, Yowa City, Iowa 52242)

. Observaticns of plasmas to geocentric
radiz) distances of 20 R_ have been gaip~
ed in the carth's polar Hagnetosphese
with LEPEDEA ainstrumentation flown en
the Hawkeye-l satellite, S$Simultanegus
neasurements of plasmas in the plasma
shect of the magnetotail at radial dis-
tances » 10 are available from similar
instrumentatidn on the IMP-7 and -8
satellites, Two major realms of plasma
convection ain the polar magnetosphere
have been rdentified thus far in our
analyses: (1) plasma flows drrected
parallel or antaparallel to the leocal
magnetic £eld within the polar cusp and
the plasma mantle and (2} plasma flows *
characterized by consideranly higher
densities, which are directed obliquely
to the local magnetic field vecter, Both
ion figws, ~ hundreds of km{sec)~l, ape
cbserved for exteonded periods, - hours.
In the distant magnetotail simlar cop-
veotion of plasma acgompanies magnetic
substorms, An example of these mlasma
flows with simultancous measurements in  °
the magnetotarl and the polar magneto-
sphere during a magnetic substorm is to
be prescnted,

KURTH, W. S., M. M. BAUMBACK, and D. A. GURNETT )
Direction-Finding Measurements of Auvuroral Kilometric
Radiation
J. Geophys. Res., 80, 2764-2770, 1975

Direction-finding measurements with plasma wave experiments vn the Hanheve 1 and hop 8 satelhtes
are used to locate the source region of aurordl kilometric radiation. This radiation bus peak intensitics
hetween about 100 and 300 kHz and is emitted n intense sporadic bursts lastmg 1or from hall an hour
several hours. At peak intensity the total power emitted in this Irequency range exceeds 10° W The oceur-
tence of this radiation is known to be closely associuted with hright auroral ares which oceur in the local
evening auroral regions. Hawheye | provides direction-finding measurcaients of hilometne radintion
from observations at hugh latitudes (3-20 Rg) over the northem polar regions, and Imp 8 provides simikar
observations at.large radial distances (23-46 Rg) near the equatonial plane. Results Irom both satetlites
place the source of the intense auroral kilometnic radiation n the late local evening at about 22.0hours LT
and at a distance of about 0.75 R from the polar axis of the earth. These direction-finding measurements,
together with earfier results from the Imp 6 satellite, strongly indicase that the mtense auroral hilometrie
radiation 1s generated by energetic auroral electrons at low alutudes in the evenng auroral sone The
cbserved source locauon is in good quanuilative agreement with the source position expedted frum simple
propagation and ray path considerations.



VAN ALLEN, J. A.
Hawkeye I: Assessment of Prospects for Obtaining

Interplanetary Magnetic Field Data with Hawkeye I
During the IL.os Alamos Rocket Operatior; at Cape
Perry, 24 November -- 6 December 1975

U. of Iowa Project Memorandum, 7 November 1975

SAFLEKOS, N. A.
Hawkeye I 8pin Axis Orientation as Deduced from
Magnetometer Measurements, 14 June 197h
-= 17 September 1975
U. of Iowa Project Memorandum, 16 December 1975

KINTNER, P. M.
A Low Frequency Electromagnetic Noise Band Related

to Bulk Plasma Convection
EOS, 56, 1033, 1975
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A LO# PREQUERCY EIFCTROVASHETIC HOISE BAND
REIATED TO BUEK FIASGA CONVECTION

Fs M. Kintner {Dept. of Fhysics and Astronocy,
The Univeraity of Iova, Iowz City, IA Szau2)

EAWKSYE 1 42 in a highly elliptieal orbit with
periges aver the south polar cusp 2t 2000 ¥m.
Betveen 2000 and LOOO kn eltitude an electromg.
petic polse band i3 ctaerved in the four lowest
frequency filters, 1.7 Az throwgh 56 #r, whils
the satellite iz traversing aurersl fleld Haes.

¥axiowz power dn the 1.7 Hz electric chaamel ex.
ceeds 10-0 volt2/wPifiz. The Lndex of refraction,
o=B/E, i3 found to bg spproximately 200 during
the colse enfositnt. Bulk plassa convestlon
seazireneils Are alto cade on HAWKEYE vith a
static electric Fleld meter. 3y notirg the
change i tcnvection velooity with respect to
sotellite position the quantity o¥./dx is cal-
culsted vhere the distance x is pearly perFen-
dicular to the local magnetic field. Tre spat-
1a) shear in convection velecity is found to

be colpefdent with the low frequency electromag-
tetie poise band which suggcats sae nolse band
is generated by the Kelvin-Helshaltz instavility.

ACKERSON, K. L., and L. A. FRANK
Plasma Flow Velocities at the Dayside Magnetopause
-- at Low Latitudes with IMP-6 and at High Latitudes
with Hawkeye
EOS, 56, 1050, 1975

SN 5% perpendicular to the ecliptic plane;
hence the comporent of plasma flow which
is measured lies parallel to the ecliptic,
Jetting of plasma near the magnetopausa
and a reversal of plasma flows at the
magnetopause are observed in several
examples. The polar-orbiting Hawkeve
is also employed to determine placma
£lows at the magnetopause--but at hagh
latitudes near the polar cusp and in a
Plane nearly perpendicular to the
ecliptic., The character of plasma dise
tributions at these hagh lataitudes is
relatively complex,

PLASMA FLOW VELOCITIES'AT THE DAYSIDE
MAGNETOPAUSE--AT LOW LATITUDES WLTH
INP~G AND AT HIGH LATITUDES WITH HAWKEYE

Ackerson
L. A, Frank (both at: Department of
Physics and Astronomy, University of
Iowa, Iowa City, Yowa 52242}
Plasma flows at the dayside magTiato-
Pause pear the magnetic equatorial plane
have been obtained via LEPEDETA instry-

mentation on board IHP-6. The spin, axig
©of the spacecraft is directed nearly

SAFLEKOS, N. A. ]
Hawkeye I Spin Axis Orientation Deduced Ffrom the
Magnetometer for the First 470 Days Since Taunch
U. of Iowa Project Memorandum, 31 March 19756
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BAUMBACK, MARK M.
Direction-Finding Measurements of Type ITI Radio Bursts
Out of the Ecliptic Plane
M.S. Thesis, May 1976

Direction~finding measurements with the plecma wave experiments
on the HAWKEYE 1 and IMP & satellites arc used to find the inter-
planetary source locations of type IXI solar radio bursts in helio-
centric latitude and longitude in 2 fregquency range from 31.1 kHz bo
500 kEz. ‘Three events in the pericd from June 197k to August 197h
were suitable to mnalyze completely. 12 B hes its spin exis perpen-
dicular to the ecliptie plane; hence, by mpalyzing the spin redulation
of the received sagnels the location of she tyze IIT burst projected
into the ecliptic plane can be found. FAWKEYE 1 has i%s spin axis
nearly parallel to the eclipiic plane; L&nce, th2 location of the
source out of the ecliptic plane cen also be determined. Using an
empirical model for the emission frequerncy as & fuaction of radial
distence from the sun the three-dimensicnral trajectory of the byre ITT
radio source can be deternined from direstion-finding messurements at
difference frequencies., If the electrens which produce these yadio
emissions ars assumed to follew the magnetic field lines from the sun
these measurements provide inforzation coa the three-dimensional struc-
ture of the magnetic field in the solar wind. The source locations
projected into ihe ecliptic plane were found %o follow an Archimedean
spiral., Perpendiculer to the ecliptic rlane the source locations
were found to usually follow a constant keliocenirie latitude. When
the best fit magnetic field line through bthe source locations 1s
extrapolated back to the sun this Cield line usualiy originates
within a few degrees from the solar rlare which produced the radio
burst. With direction-finding measurerents of this type it is also
possible to debermine the sourcs size from the modwletion facter of the
received signals. For a type IIT event on June 8, 2974, the half angle
source size was measured to be ~ 60° at 500 kiz and ~ 340° at 56.2 kiz
as viewed from the sun.

GREEN, JAMES L.
The Angular Distribution of Auroral Kilometric Radiation
M.S. Thesis, May 1976

- Cbservations of the angwlar distribution of auroral kilometrie
radiation (AKR) are rade with plasma wave experiments on the HAWKEYE-1,

Mp-6, and DP-B satellites. The wave experimants on these satellites
use & long dipole antenna for electrie field maasurements in narrow
freguency bands centered at 178, 100, and 56.2 kiz with additional
data from IMP-8 &t 500 ki¥z. All three satellites observe suroral
kilometric radiation occurring in sporadic bursts or storms lasting
Trom half an hour to several hours. From 8 frequency of occurrence
survey, at satellite radial dissances greater than 7 B, (earth radii),
it appears that AKR is preferentislly and instantaneously being
weamed into solid angles of approximately 3.5 steradians at 178 kiz,
1.8 steradians at 100 kHz, and 1.1 steradians at 56.2 kHz from the
surcral zZones.

Frox simultaneous multiple satellite observations of auroral
kilometric radiation it is noted that the plaszapeuse acts as an
abrupt low latitude propagation cutoff on the night side of she earth.
On the day side, however, this abrupt cutoff at the plasmapause is
not, observed.

A computer ray traecing model describing the propegation of
auroral kilomeiric radiatlion is developad. This model assumes a
“small source location at altitudes of 1.0 to 3.0 B, in the aursral
zone at 24 hours magretic local time. The ray trecing results agree
qualitatively with the cbserved variations in the solid angle of the
emission cone as & funetion of frequency assuming that the radiatien
is emitted at 3/2 times the electron gyrofrequency.



BAUMBACK, M. M., W. S. KURTH, and D.-A. GURNETT
Direction-Finding Measurements of Type IIT Radio Bursis
Out of the Ecliptiec Plane ’
Solar Physies, 48, 361-380, 1976

Abstract. Direction-finding measurements with the plasma wave experiments on the HAWKEYE 1 and
IMP.8 satellites are used to find the source locations of type IN solar radio burssts in hehocentric
latitude and longitude in a frequency range from 31.1kHz to 500kHz. IMP 8 has its spin axis
perpendicular to the ecliptic plane: hence, by analyzing the spin modulation of the received signals the
location of the type III burst projected into the ecliptic plane can be found. HAWKEYE 1 has its spin
axis nearly parallel to the ecliptic plane; hence, the location of the source out of the echptic plane may
also be determined. Using an empirical model for the emission frequency as a function of radial
distance from the sun the three-dimerisional trajectory of the type 111 radio source can be determined
from direction-finding measurements at diflerent frequencies. Since the electrons which produce these
radio emissions follow the magnetic field lines from the Sun these measurements provide information
on the three-dimensional structure of the magnetic field in the solar wind. The source locations
projected into the ecliptic plane fcllow an Archimedean spiral. Perpendicular to the ecliptic plane the
source locations usnally follow a constant heliocentric latitude. When the best fit magnetic field line
through the source locations is extrapolated back to the Sun this field line usually originates within a
few degrees from the solar flare which produced the radio burst. With direction-finding measurements
of this type it is also possible to determine the source size irom the modulation factor of the received
signals. For a type LI event on June 8, 1974, the half angle source size was measured to be ~60° at
S00kHz and ~40° at 56.2kHz as viewed from the Sun. .

GURNETT, D. A.
Plasms Wave Interactions with Energetic ions Near the
Magnetic Equator _
J. Geophys. Res., 81, 2765-2770, 1976

* An intense band of electromagnetic noise is frequently observed near the magnetic equatonizi plane at
radial distance from about 2 to 3 Re. Recent wide band wuve form measurements with the Imp 6 and
Hawkeye [ satellites have shown that the equatorial noise consists of a complex superposition of many
harmonically spaced lines. Seseral distinctly different {requency spacings are often evident in the same
spectrum. The frequency spacing typically ranges from a few hertz to a few tens of herts. The purpose of
this paper is to suggest that these waves are mnteracting with energetic prolens, alpha parucles, and other
heavy ions trapped near the magnetic equator. The possible role that these waves play in controlling the
distribution of the energetic 1ons 15 considered.

GURNETT, D. A., and L. A. FRANK
Continuum Radiation from Low-Energy Electrons in the
Quter Radiation Zone

J. Geophys. Res., 81, 3875-3885, 1976

A weak nonthermal continuum radiation is generated by the earth’s magnetosphere in the frequency
range from about 500 Hz to greater than 100 kHe Dunng mugnetically disturbed peniods the intensity of
this continuum radiation increases sigmficantly, by as much as 20 dB during large disturbanees In this
paper we present a series of observations obtained by the Hawkeye 1 and tinp & spacecraft during a period
of greatly enbanced continuum radiation intensity which occurred from Qetober 14-21, 1974, The
enhanced continuum radiation intensities observed during this event are found to be closely correlated
with the injection of very intense fluxes of energetic, ~(-30 keV., electrons into the ouler radiation zone.
Direction-finding micasurements of the continuum radidtion observed durng this event show that the
radiation is primanly coming lrom the duwn side of the magnetosphere. in agreement with 1he obsersed
dawn-dusk asymmetry in the 1- to 30-keV clectron distnibution. These results suggest thai the continuum
radiation may be generated by 4 coherent plasma instubihity imobang relatively low-energy, ~1 to 30
keV, electrons rather then by gy rosy nehirotron radiation from very enerpetic, 200 keV to | MeV, electrons
as has been previously suggested.
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KINTNER, P. M., JR.
Observations of Veloeity Shear Driven Plasma Turbulence
J. Geophys. Res., 81, 511h-5122, 1976

. Ele_ctroslalic and magnetic turbulence observations from Hawhkeve | during the low-altitude portion of
its elliptical orbit over the southern hemsphere are preseqted. The magnetic turbulence is confined nzar
the auroral zone and is similar 1o that seen at higher altitudes by Heos 2 in the polar cusp. The
electrostatic turbulence is composed of a bachground compenent with a power spectral index of 1.89 &
0.26 and an intense component with a power spectral index of 2.80 = 0.34. The intense clectrostatic
turbulence and the magnetic wirbulence correlate with velocity shears in the convective plasma flow. Since
velocity shear instabilities are most unstable to wave vectors perpendicular o the magnetic field, the shear
correlated turbulence 1s anticipated 10 be 1w o-dimensional in character and to have a power spectral index
of 3, which agrees with that observed in the intense electrostatic turbulence.

GURNEIT, D. A.
The EBarth as a Radio Source
Magnetospheric Particles and Fields
Ed. B. M. McCormac, pp. 197-208, 1976

Abstract. Salellite low frequency radio measurements have revealed that the Earth is a very intense
and interesting radio source with characteristics similzr to other astronomical radio sources such as
Jupiter, Saturn and the Sun. In this paper we summarize the primary characteristics of radio emissions
from the Earth’s magnetosphere, consider the origin of these emissions, and discuss the similarities to
other astronomical 1adio sources.

GURNETT, D. A.
Electrostatic Turbulence in the Magnetosphere
Physics of Solar Planetary Enviromments, Vol. IT,
Ed. D. J. Williams, pp. 760-771, 1976

Flasma weve measurements from the IMP-6, TMP-8 and Hawkeye-1
eatellites show thet & broad regiom of inbense low-frequency elege
tric field turbulence occurs on the high latitude auwrcral f£ield
Hnes st sltitudes ranging from a few thousend kilometers in the
ionosphere to mamy earth redii in the distant magnetosphere. A
qualitetively similar, but less intense, type of electrlc fleld
turbulence is slso observed at the plasmapause during magnetie
gtorms. In the awroral regioms the turbulence cccurs in an ess~
entially comtinuous band on the auroral I-shells at all local
times sround the esrth and is most ‘intense duwring perleds of
guroral activity. In this peper we summrize the basic character-
4gtice of this electric field turbulence and consider the posaible
role this turbulence may play in the heating and acceleration of
plasma in the megnetosphere.

ABRAHAM, D. W.
Determination of Spin Indices for Hawkeye I from
Magnetometer and LEPEDEA Data
U. of Towa Project Memorandum, Draft December 1976
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GURNETT, D. A., L. A. FRANK, and R. P. LEPPING
Plasma Waves in the Distant Magnetotail
J. Geophys. Res., 81, 6059-6071, 1976

In this study we identify the principal 1y pes of plasma waves » hich occur 1n the distant magnetotail, and
we investigate the relationship of these waves to simultaneous plasma and magnetic feld measurements
made on the same spacecraft, The observauions used in this study Jre from the lmp 8 spacecraft, which
passes through the magnetotail at radial distances ranging from about 23.1 to 46.3 Re. Three principal
types of plasma waves are detected by Imp 8 in the distant magnetotail: broad band clectrostatic noise.
whistler mode magnetic noise bursts, and electrostatic electron cyclotron waves. The clectrostatic noise 1s
a broad band emission which oceurs 1n the frequency range from about 10 Hz to a few kilohertz and is the
most intense and frequently occurring type of plasma wave detected in the distant magnetotail. This noise
is found in regions with large gradients in the magnetic field near the outer boundaries of the plasma sheet
and in regions with large plasma flow speeds, 10° km s-1, directed cither toward or away from the earth.
The whistler mode magnetic bursts observed by tmp 8 consist of nearly monochromatic tones which fost
fram a few seconds to a few tens of seconds. These noise bursts occur in the same repion as the broad band
electrostalic noise, although much less frequently, and are thought to be associated with regions carrying
substantial field-aligned currents. Electrostatic electron cyclotron waves are seldom detected by Imp 81n
the distant magnetotail. Aithough these waves occur very nfrequently, they may be of considerable
importance, since they have been observed in regions near the neutral sheet when the plasma is extremely
hot.

CRAVEN, J. D., K. L. ACKERSON, and L. A. FRANK
Plasma Observations in the Distant Polar Cusp with
Hawkeye 1
.FL...‘C:"J _S_Z) 989; 1976 .

5w A
with an electrostatic apalyzer, a

PIASMA OBSERVATIONS IN THE DISTANT LEPEDEA, The instrumental faglds-of=-

POLAR CUSP WITH HAWKEYE 1

3. D. Craven

Ke L, Ackersoen

L. A. Frank (all at: Dept, of Physics
and Astronomy, University of Iowa,
Iowa City, Iowa 52242)

Plasmas within the distant polar cusp
at altitudes > SRg have been surveyed
with the highly eccentric, polar-orbit-
ing satellite Hawkeye I near the local-
noon meridional plane, The satellite
apogee and perigee altitudes were
127,000 Xm and 500 km, respectivelys
the orbital inclination was 8%,8°
and period 51,3 hours, Directional,
Aifferential intensities of xons and
electrons over the energy range extend-
ing from 30 eV to 50 keV were gained

VAN ALLEN, J. A. (Editor)

Hawkeye I: University of Iows

view were directed perpendicular to the
watellite spin axis, For the period of
present analyses, this spin axis was
alighed nearly parallel ta the earth-
sun vector, Hoence components of hulk
flows in a plane nearly parallel to the
¥sM - 25 plane are reasured. We report
ion bulk speeds of several hundreds of
km[pec)~1 with components directed don
inantly in the +¥gy-direction at 1200-
1400 h MLT within the polar cusp.

These f£lows were cbserved to remain
steady, to within 1307, throughout
transits intoc the polar cusp bounded by
the magnetosheath at high altitudes and
the cuter radiation zone at lower
attitudes, #flasma flows are shown for
a variety of geomagnetic conditions.

U. of Iowa Research Report 77-6

ROGERS, JCHN E. (Editor)

Hawkeye 1/Neutral Point Explorer

(Explorer 52/1974-040A)

Final Report of Spacecraft Control Operations,
Telemetry Station Operations, and Data Reduction
U. of Towa Research Report 77-14
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GURNETT, DP. A., and I. A. FRANK
A Region of Intense Plasma Wave Turbulence on Auroral
Field Lines

J. Geophys. Res., 82, 1031-1050, 1977

Plasma wave measurements from the Hawkeye 1 and Imp 6 sateliites show that & broad region of
intense plasma wave turbulence oceurs on the high-latitude auroral field lines at altitudes ranging from a
few thousand kilometers in the jonosphere 1o many earth radii in the distant magnetosphere. This
turbulence occurs in un essentially continuous band on the auroral L shells at all Tocal times around the
earth and is most intense during periods of auroral activity The electnic field intensity of this turbulence is
often quite large, with maximum field strengths of about 10 mV m~! and peak intensities in the frequency
range 10-50 Hz. Magnetic field perturbations indicative of field-aligned currents and weak bursis of
whistler mode magnetic noise are also observed 1n the same region as the electric field turbulence Inthe
local afternoon and evening the electric field turbulence is closely associated with V-shaped auroral hiss
emissions. In some cases the electric field turbulence appears as z lowering and intensification of the low-
frequency portion of the auroral hiss spectrum. Comparisons with plasma measurements and with s:mll:}r
measurements from other satellites strongly suggest that this plasma w ave turbulence occurs on magnetic
field lines which connect with regions of intense inverted V electron precipitation at low altitudes and with
regions of intense earthward plasma fiow in the distant magnetotail. The plasma instabilities Whit.:h could
produce this turbulence and the possible role which this turbulence may play in the heating and
acccleration of the auroral particles are considered.

KINTNER, P., and N, D'ANGELO

A Transverse Kelvin-Helmholtz Instability in a Magnetized
Plasma,

J. Geophys. Res., 82, 1628-1630, 1977 °

For a low-g plasma the growth of low-frequency waves is analyzed when the plasma flow transverse to
the magnetic field is sheared (V-E # 0). A comparison is mads with recent observations by Kelley and
Carlson (1976) of clectrostatic turbulence in the vicimity of auroral arcs.

GREEN, J. L., D. A. GURNETT, and S. D. SHAWHAN
The Angular Distribution of Auroral Kilometric Radiation
J. Geophys. Res., 82, 1825-1838, 1977

Measurements of the anguiar distribution of auroral kilometric radiation (AKR ) are presented by using
observations from the Hawkeye 1. Imp 6, and imp 8 satellstes, The Umversity of Towa plasma wave ,
experiments on Hawkeye | and Imp 6 provide electric field mcasurements of AKR in narrow frequency
bands centered at 178, 100, and 56.2 kHz, and the Imp 8 experiment provides measurements at 500 kHz.
From a frequency of occurrence survey, at radial distances greater than 7 R (earth radin) it is shown that
AKR is preferentially and instantaneously beamed into solid angles of approximately 3.5 sr at 178 kHz,
1.8 sr at 100 kHz, and 1.1 srat 56.2 kHz, directed upward from the nighttime auroral zones Simultaneous
multiple satellite observations of AKR m the northern hemisphere show that the radiation occurs
simultancously throughout these solid angies and that the plasmapause acts as an abrupt propagation
cutofl on the nightside of the earth. No comparable cutoff is observed ai the plasmapause on the dayside
of the earth.

The results of computer ray tracing calculations for both the right-kand (R-X) and lefi-hand (L-0)
polarized modes are also presenicd in an attempt to understand the propagation characieristics of the
AKR. These calculations assume that a smatl source emits radiation at various frequencies along a
magaetic field line at 70° invariant latitude near focal midmght, The approximate zltitude of the source
can be determined for each of the two modes of propagation by adjusuing the source altitude to give the
best fit to the observed angular distributions, The R-X mode is found to give the best agreement with the
observed angular distributions.
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VOoois, G. R., and D, A, GURNETT
Auroral Kilometric Radiation as an Indicator of
Auroral Magnetic Disburbances
J. Geophys. Res., 82, 2259-2266, 1977

Satellite low-frequency radio measurements have shown that an intense radio emission from the earth’s
auroral regions called auroral kilometric radiation is closely associated with auvroral and magnetic
disturbances In this paper we present a detailed investigation of this relationship. using the auroral
electrojet (4E) index as an indicator of auroral magnetic disturbances and radio measurements from the
Imp 6 spacecraft. This study indicates that the mean power flux of the 178-kHz radiation tends to be
proportional to (4£)* ? for AE > 100 v and, with less certainty, to (4E)* for AE < 100 +. The correlation
coefficient between log A£ and the logarithm of the power flux is 0.514, Qccasionally, a kilometric
radiation event is detected which is not detected by the ground magnetometer stations, even though an
auroral substorm is in progress. This study shows that the remote detection of kilometric radio emissions
from the earth ¢an be used as a reasonably reliable indicator of aurorat substorm activity.

KINTNER, PAUL M., and DONAID A. GURNETT
Observations of Ion Cyclotron Waves Within the Plasmasphere
by Hawkeye 1 .
. d._Geophys. Res., 82, 2314-2318, 1977

A survey of the plasma wave data from the Hawkeye 1 spacecraft has:been performed in search of fon
eyclotron waves associated with the scattering and loss of ring current ions within and near the plasma-
pause. During an [8-month period, consisting of about 270 orbits, a total of five events have been found
with clearly detectable electric and magnetic fields at frequencies below'the proton gyrofrequency.
Comparisons of the electric and magnetic field amphtudes for these events provide stronp evidence that
these waves are ion cyclotron waves. All five events occuerred during recovery phases of magnetic storms
inside or very close to the plasmapause boundary. The results of this survey confirm and are consistent
with the earlier identification of ion cyclatron waves by the Explorer 45 satellites. The Hawkeye 1}
observations show that ion cyclotron waves of substantial amplitude occur at magnetic latitudes well
away (~287) from the magnetic equator.

GREEN, JAMES TAUER, and DONAID A. CGURNETT
A Determination of the Polarization of Terrestrial
Kilometric Radiation
_E__Q_S_: _§§: )'"67'11'68: 1977
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A DETERMEMATION OF THE POLARIZATION OF
TERRESTREAL XILOMETRIC RADIATION

Janes lauer Green -
K. Grnett (both at: Dept. of Pysica Dodt of propagation. Tnis cutoff therefore

- and Astroncry, Valv. of Iowm, Iowa City, IA
s22h2)

Cugervations of terrestrial kflocetric radia-
tion by the Havkeye.l spacecraft from low-
altitude pazes over the =zcuthern Femisphere
have pow provided a deternivation of the rolsw.
izaticn of this radistion. The teshnliue used
1% to compare observed cutoffs in the radip
exigsion zpectrum with the local charscteris.
tic frequencles of the plasza as the spcecraft
passcs through the polar fozosphere st radial
distapees ranging from abtout 1.5 to 2.5 R,.
Usually two dlatinct cocponents can be detected
in the radio emission spectrin, (1) a relatively
weak continuun cocponent extending fran fre-
quencies greater thap 176 xHz down to the lecal
electren plasoa frequency, £3, and (2) a very
intense spotadic cemponent, guned sureral kilo-
zetric radiatlon (AKR), which has & lou-fre-
quency cutoff at the lecal electron gyrofrenuens

* ey, fzo Since Iy is uoually euch less than £
i1 the reglon vhgre these obsermations vere obs
tailned, the cutoff at f; corresponds to the
propagation cutort of the right-nand polavized

unlguely identifies the polarization of the AKR
#8 Fight-hand. Since the continuum radiation
usually extenis dovmwvnrd to frequemcies sub-
stantinlly belew f£Z, this radlation zust be at
lesst partially Iegt-h:\r.d polarized, sioce the
right-hand mode cannot propagate at frequencies
less than f2. Spatinl surveys show that the
continies radiptien 18 chbserved at nearly 211
local times over the palar region, wherear the
intense AR 13 rainly detectable on the evening
und night side of the earth, The polarization
and spatial distribution of both typr2 of noise
are found to be in good sgreement with vyarious
Ty tracing codels,
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KURTH, W. S., and D, A. GURNETT
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Intense Electrostatic Waves in the Earth's Magnetosphere
Near the Electron Plasma Frequency

E0S, 58, 469, 1977
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INENSE EIECTPOSTATIC WAVES IN THE EARTH'S
HAGTETOSFHERE KEAR THE ELECTRON PLASMA FAE-
ey

. 3. Burth

Be K, vuraett (both at: Dept. of Physies and
Astronocy, Univ. of Towa, Iowa City, IA
s2zk2)

A search for very imtense (@ 1 o ot} elec-
trostatic waves in the earth’s =azoetosphere is
urdertaken using a search of flvs erd one-kalf
years of plassa vave cbservations teren from
the I¥P 6 and Mankeye 1 satellites. Iatease
electrostatic waves sre required Ly verious
theories to produce intease electrozagnetic
waves such as awroral xXilozstrie radiaticn,
Thia atudy shows little evidence of sleciro-
static wvaves with intensities greater than 1 xV
w4 oo the auroral fleld lLipea.

CRAVEN, J. D., end L. A. FRANK

A szall nuzber of intense electrostatic wave
trents are found in & reglon approxizately 2 to
8 Ry freo the earth at magastic lasftudes less
than LO'. Ooe clase of events cccurs hetween 5
=nd 20 Xz and is found at all local tizes, but
loarily in the zorn'ng hemlaphere. Trese lew
frequency electrostatic wvaves are garerally
found betveen L and 8 B,. A second elass of
events appears to be associmted with ttre apper
hybrid resonance frequency acd concists of
waves at frequencies gresteér than 12 kMg,

Tuese bhigher frequency electrpstatic waves are
utually found batwesn 2 and 6 P, froo the earth
in the corning henisphere, En caxy cases in-
tense elsctrostatic vaves at the Lpper hyorid
Tescnaper coincide with intense comtipuuc
:::::tun,b“gs“;ins that the electrostatic
ray be ipvolved Lln the ge
contiouen radiation. Gencration of e

Some Observed Properties of Plasmas Found in the Polar

K08, 38, 472,

1977
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SOME OBSERVED PROPERTIES QF PLASMAS
FOUND IN THE POLAR CUSP

I, D, Craven

Te A. Frank (both at: Dept, of FPhysics
and Astronemy, University of lowa,
Iowa City, Iowa 52242}

A highly eccentric polar orbit extend-
ing to apogee altitudes of 127,000 km
provides the Hawkeye 1 satellate with
reqular access to the distant polar
pagnetosphere and adjacent regions of
the magnetosheath, wherein the local
plasmas are surveyed with LEPEDEA plasma
instrimentaticon 6ver an energy range
30 eV to 40 keV. Properties of thase
plasmas are determined by computing from
the measured directional, drfferentaal
intensities best-fit analytic expres-
sions for the velecity distraibution
funetions, ni¥), through the method of
least squares, and by evaluating moments
of n{v}., Plasma bulk flow velocities
projected onto the satellite span plane,
particle number densities and mean ener—
gies, and_the orientations of anisetrop—
jes in n{¥) relative to the flow direc-
tions and magnetic vector orientations
are of principal initial interest, For
observations gained near the local-noon
nmeridional plane, the satellite spin
plane is approxamately coincident wath
the solar magnetospherie Y-z plane.
#ithin the polar-cusp-like region of
reduced magnetic energy depsity, and as
the magnetic vector rotates from direc-
tions favored within the magnetosheath
to more dipolar orientations, the pro-
jected plasma flow vector can be cbserved
to recrientate from directions typical of
flows within the magnetosheath towards
more earthward directions,

Cusp
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Plasma Wave Turbulence of Auroral Field Lines:

Near Earth Results
EOS, _5_§, Y76, 1977
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FIASYA WAVE TURBULENCE OF AURORAL FIZID
ITHES: KEAR EARTH RESULES

D. A. Burnett

1. A. Frank (both at: Dept. of Pysies mnd
Aetronocy, Univ. of Iowa, Iowa City, Jowa
52242}

Frevioys stulles with the Havkeye 1, INP §
act IMP 8 spacecraft have revealed a reglon of
iogtease low-freguency slectrostatle ard whist-
ler-zede turiulence yhich extends along the
eurorsl fi=li lines from Iow altitudas in the
donocaphere to many earth radii in the Listamt
magoetosphere. 3ecawse of licltailoas in the
orbital coverage ouwr previous Investizations
of this turb:lence did mot include the very
inportant radial distance range frem ateut 1.B
to 4 R, withio vhich the primary curoral

hare pow extended the orbital corerage €0 in-
clude this reglon. The speciral characteriss
tics of the plasma wvave turbalence in this
region axe sizilar to the previous results at
higher altitudes, consistirg of {1) a broad band
of electrostatic noise with pezk ilntezsitles
from about 10 to 590 Hz and (2) brief d.oate of
cagnetic poise froc below 1 Hz to several hun-
dred dz. “ne pri-ary pew resalt 1s that the
electric fieif strerztih of the treadband elec-
trostatic notse is censiderakl)y larger in the
radisl distacce range arownd 2.0 7, freguently
axeeeding 190 £¥ £=1, These Imrge turbulest
electric rielés are always found in regions
with large fluxes of low-epergy electrons or
grotons, Electrie field spectrusms obtained at
verious polots almg the auwroral field line per-
=it & detziled eveloatlion ©f the effects of
anomaloas resistivity. Usiog existing equations
far the anommlous resistivity the turbulence can
aecoont for poteptinl drops of up to 1 kV in
réglors of Tielz-eligned currents associated with

acceleration is treought to ocour. However, data
chtained freo tre haskeye 1 spacecralt over the
scuthern poler regions during the last year

the aurorsl eleztron yrecipitatlon.

GREEN, JAMES IAUER and DONAID A. GURNETT )
A Determination of the Polarization of Terrestrial

Kilometric Radiation

Third General Assembly of the International Association
of Geomagnetism and Aeronomy, Seattle, WA

(22 August -- 3 September 1977)

A DETERMIFATION OF THE FOLARIZATIOH OF
TERRESIRIAL KILOIETRIC BADIATION

James Lauer GCreen {Dept. of Physies and Astromn.,
Univ. of lowa, lowa City, IA 52242, USA)

ponald A. Gurnectt (Dept. of Physics and Astron.,
Univ. of Tows, Iowa City, IA 522k2, USA)

_ Indirect polarization measurer=nts of terres-
trial kilometric radiation can be rade from the
University of Towa plesoa wave experimant and
fluxgete magnetomster on board the iawkeye I
spacecralt during low altitude (1.5 to 2.5 R.)
passes over the socuthern hemisphere. The method
used is to compare observed cutoffs in the radio
emission spectrum with the local characteristic
freguencies of the plasma. Usually vhat is obser-
ved in the radio emission spectrum near 178 kHz
are an intense and speradic component called aur-
oral kilometric radiation (AIR) and a relatively
wenk continuum component. AYR is observed %o have
& low fraguency cutoff at the lecal electron gyro-
frequeney, 7, while the continuum radiation usu-
elly extends downwerd to freguencies substantially
below £, to the electron plasma frequency, £3. In
the regior vhere these observations wers made, a
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cutoff at 7 would cerrespond closely to the pro-
pagation cu%ofr of the R-X mode. In addition, any
radiation seen above and below 5 must be Droraga-
ting in the L-0 mede. This implies that ARKR is
strongly right-hand polarized 2nd the week contin-
uum is at least partially left-hand polarized.
From an analysis of the spin modulation of the
continuum corponent it is determined that the
electric Tield vector of this radiation lies near-,
iy in the sarz plane as the leeal ragnetic field
yector. Spatial surveys reveal ihat continuun
radiation is observed et neerly =211 local tines
over the south polar region but AKR ic observed
entirely on the night side of the earth from 18
to 4 hours local time, The polarization and spa-
tial distribution of both types of noise are
found to be in good agreemznt with various ray
tracing models. Knowledge of the polarization
will aid thesrists in determining the generation
mechanisms for these two types of radiation.

GURNETT, DONAID A. )
Obgervations of Electromagnetic Waves on Auroral Field
Lines .
Third General Assembly of the Internationsl Association
of Geomagnetism and Aeronomy, Seattle, WA
(22 August -- 3 September 1977) .

OBSERVATIONS OF ELECTROMAGNETIC WAVES ON
AURORAL FIELD LINES

poneld A. Gurnett (Dopt. of Fhysics and Astrono-
my, Univ. of lowa, Jowa City, IA 52242, USA)

Several iypes of electromzgnetic waves are
known to be emiited by charged particles on the
auroral field lires. In this paper we review
the most icportant tyrpes of suroral redio emis-
eions, both frea a historical perspective as
well as from the standpoint of the latest re-
sults. Particular ecphasis is placed on three
types of electromagnetic emissions which are
directly 2ssociated with the plasma on the auror-
&) field lines. These emissicns are (1} aurorasl
kilonmetric radiation, which 1s en extremely in-
tense radio emission gensrated et frequencies
ebove the locel electron plasea fregusncy, usualk-
3y from ebout 100 to 5C0 k¥z, (2} awroral hiss,
vhich is & broad-band whistler-node emission
generated at frequencies below the electron gyro-
freguency, usually frem sbout 1 te 30 kHz, and
{3) ELF noise tends, which consist of many dis-
crete narrow-band exissions, comparable to the
electro-magnetic turbulence commonly observed in
the magnetosheath and polar cusp, &t frequencies
below 8 few hurndred Hz. Strong evidence based
on rey tracing and radio direction finding mees-
urements now indicates that both the awroral kil
cmetric radiation and the suroral hiss emissions
are generatad aleng the auroral field lines rela-
tively close to the earth, at radial distances
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fron shout 2.5 to 5 R, probably in dirsct asso-
ciation with the acceleration of auroral parti-
¢les by parallel elecirie fields. The exact
mechanisam by which these rodio cmissiens are
generated bas not been firmly esteblished. For
the auror2l hiss the favored zechanism appears
to be esplified Cerenxov radiation. Fror the
surora) kilometric radiation several mechanisms
bhave been proposed, 21l involving the inter-
mediate generatiod of elsctrostatic waves by
4the precipitating electrons.

CRAVEN, J. D., and L. A, FRANK
Observations of Plasmas in the Polar Magnetosphere
with Hawkeye 1
EOS, 58, 1207, 1977
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OBSERVATIONS OF PLASMAS IN THE
POLAR MAGNETOSPHERE WITH HAWKEYE 1

J. D. Craven -

I A. Frank {both at: Dept. of Physics
and Astronomy, University of Iowa,
lowa Caty, lowa 52242) *

Further new chservations of plasmas
found at high latitudes and at radial
distances 1n excess of 4 Rp are pro-
viding additional information on the
spatial distributions of the several
plasma recimes operative in the polar
magnetosghere. Yhese observations
within the high-latitude magneto-
sheath, entry layer, plasca mantle,
and polar cusp are cbtained with
plasma instrunentation on board the
University of Iowa satellite
Hawkeye 1. Special initial interest
has been directed towards measure-
ments gained when the satellite orbit
1lies near the noon-nidnight reridional
plane and the trajectory is most favor-
ably positioned 2o intercept the polar
cusp. During these pericds the satel-
lite spin plane lies nearly parallel
to the solar-magnetospheric ¥-2 plane.
The polar cusp has been detected un-
ambiguously during the sumrers of 1376
and 1%77. iIn these periods the satel-
lite exited £rom the high-latitude mag-
netoshesth and plasra mantle and passed
through the low-density plashas of the
polar cap prier te traversing the polar
cusp. Typical transverse darensions
for the polar cusp at radial distances
of 4 to 7 Rp are of the order of several
earth radii. This provides sufficient
time to obtain the gross properties of
plasmas within the polar cusp. The
equaterward edge of the polar cusp 1%
well delineated by abrupt increases in
the mean energies of protons and
electrons.
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EVIEERCE OF STROUC COUPLING BETWIEN AURCRAL
HISS AND AURORAL KLLAMZIRIC RATIATION

James Lauer Treen

Doraid A. Gurnett (boty at: Dept. of Fhyiica
and Astroniesy, Univ. of Iown, Iowa City,
Iove  S52242)

Except for & fev casas, the ceafiresent of the
surcrel kilcmetric radisticn to freguencies ttove
the local electrsn gyrifreg.escy i3 a general
feature of all the viT Faere.e I scuthern hemi-
sphere otservations. Trese special cases show
aurorsl xileretric radiztics at 170 adz merging
ecsentially ¢ontia.o.siy i=to a noise taad whicn
extends down to freg.emcles as low 85 & few han-

satellites. ALl trese ev=nts ocour over the
aurortl zone in the local evening where it is be-
1lieved the most interse AXR !5 zenerated. Thas
Lthe spasgcralt pay te passisg thro.gh the so.rce
region in these cases. Eacs.te of the chserved
corsfnaity fa the signal of aursml kilemstric
radiation ard awrcral Fis=c it sppears that they
are cles=ly coupl=d. Tns jst<ppretaticn of these
events in terzs of enerzy flow =may depend ca ine
cheerved direction of pro) cn of the wurorl
hisg. If suroyal kiss is P sating opward

(a5 recently reporued t:- S.r-ett and Frank), taen
it i possivle that 2ororel kilometric redfacion
is jist marorel hiss whics =as escaped from the
earth, I the azcreral wiss is prepagating down-
aard ng Eadfcated ¥; lew alnftide satellites,
then ie wouid app:ar t=at zuroral hiss may
dircetly e asscclated with tae generation of
a.roral kilozetric radiatlon.

dred Hr. Jdentificatic- ¢f this nolze tand as
suroral hiss is tased o7 previously observed
characteristics of surorel hiss from low sltitude

KINTNER, PAUL M., and DONALD A. GURNBIT
Evidence of Drift Waves at the Plasmapause
J. Geophys. Res., 83, 39-Lk, 1978

As the Hawkeye 1 spacecraft crosses the plasmapause at high altitudes (R.>> 3 Re), 2 band of electric
field noise is often detected i the frequency channels from 1.7 1o 178 Hz. No corresponding magnetic
field noise is detected, indicating that the noise is electrostatic (or at least quasi-electrostatic), and the
electric feld is polarized perpendicular to the plasma density gradient. The noise is only detected when the
scale length of the plasmapause is 0.1 R or less, indicating that a large density gradient is required to
produce the noise. These characteristics are alt consistent with the interpretation that this noise consists of
electrostatic waves excited by the drnft mode instability. By using reasonable assumptions concerning the
wavelengths of these waves the observed frequency spectrum can be explained as being due to Doppler
shifts caused by spacecraft motion through the plasma

KINTNER, P. M., K. I. ACKERSON, D. A. GURNETT, and L. A. FRANK
Correlated Electric Field -and Low-Energy Electron
Measurements in the Low-Altitude Polar Cusp
J. Geophys. Res., 83, 163-168, 1978

Correlated electric field and low-enerpy electron measurements are presented for two passes of Hawk-
eye | through the south polar cusp at 2000-km altitude during local morming. In one case the electric field
reversal coincides with the boundary “of detectuble 5 2-keV clectron intensities und the equatorward
boundary of the cusp. In the other case the electric field reversal znd the 5.2-keV electron trapping bound-
ary coincide, but the equatorward edge of the cusp as determined [rom the presence of 130-¢V electron
intensities is 5° invariant latitude equatorw ard of the electne field reversal. We conclude that in the second
case, electron intensities associated with the polar cusp populate closed dayside field lines, and hence the
corresponding equatorward edge of these electron intensities 15 not always an indicator of the boundary
between closed dayside field knes and polar cap field lines.
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GURNETT, D. A., M. M. BAUMBACK, and H. ROSENWBAUER
Stereoscopic Direction Finding Analysis of a Type IIT
Solar Radio Burst: Evidence for Emission at 2f~
J. Geophys. Res., 83, 616-622, 1978 P

Stereoscopic direction finding measurements from the Imp 8, Hawkeye 1, and Helios 2 spacecraft over
base line distances of a substantial fraction of an astronomical unit are used to directly determine the
three-dimensional irajectory of a type 111 solar radio burst. By comparing the observed source posilions
with the directin situ solar wind plasma density measurements obtained by Helios 1 and 2 near the sun the
refationship of the emission frequency to the local plasma frequency can be determined directly without
any modeling assumptions. These comparisons show that the type Il radio emission occurs near the
second harmonte, 2f,-, of the local electron plasma frequency. Other characteristics of the type HI radio
emission, such as the source size, which can be obtained from this type of analysis are also discussed.

GURNETT, DONAID A., aend JAMES LAUER GREEN
On the Polarization and Origin of Auroral Kilcometric
Radiation
J. Geophys. Res., 83, 689-696, 1978

Observations of radio emisstons by the Hawkeye 1 satellite at low altitudes over the southérn hemi-
sphere have now provided measurements at radial distances from about 1.5 to 2.5 R along the auroral
field lines, in the region where the intense nightside auroral kilometric radiation is believed to be
generated. These measurements provide new evidence on the mode of propagation and onigin of the
auroral kilometric radiatton. At low altitudes the avroral kilometric radiation is consisiently observed to
have a low-frequency cutoff at the local electron gyrofrequency f,~. Since the electron plasma frequency
fo~ 15 usually much smaller than f;~ in the region where these cbservations are obtained. this cutoff
corresponds closely with the propagation cutoff for the right-hand mode of propagation, These observa-
tions therefore provide a strong indication that the auroral kilometric radiation 1s right-hand polarized in
agreement with previous conclusions made on the basis of the angular distribution of thus radiation. in the
toeal evening region, where the intense auroral kilometric radiation ts believed to be generated, a few
events have been detected for which no low-frequency cutofl is evident. In these cases the uuroral
kilometric radiation appears to merge essentially conunuously intc a band of intense auroral hiss which
extends downward to frequencies as low as | kHz. These observations suggest that the generation of the
whistler mode auroral hiss and the escaping auroral kilometnic rachation are very closely retated, Possible
mechanisms which could produce strong coupling between the whistler mode and the escaping Ire space
electromagnetic modes are discussed.

KURTH, W. S., D. A. GURNETT, and J. D, CRAVEN
Correlative Wave and Plasma Measurements of Intense
Electrostatic Wave Evenbs Near the Plasmapause

£0S, 59, 350, 1978 :

. .
E1: B 1 of intense waves is near 3£3/2, where £< iz the

locsl electron gyrofreguency. R:lariza%ion

CORREIATIVE HAVE AND PIASMA MEASIREWETNTS OF
INTENSE ELECTROSTATIC WAVE EVENTS KEAR THE
FIASWPAUSE

¥. S, Kurth

B. A. Gurastt

Js D. Craven {sll at: Dept. of Physics and Astr.,
The Univ. of Iown, Tews Clty, Iows S522L3)

Intense. electrostatic waves near the local el-
totron plasm !'resuency (£5) with Tield stresgths
greater than 1 oV¥/m are cccasiorally detected
neAr tne plastAPause by plasma wave instnzeata
03 the IM? § sad hawkeye 1 zpacesralt. The in-
tenze =yoRts occur at all locsl tizex and sre
fournd in a wide range of magnatic latitades,
from the eguator to at least 5C*.  An Intense
tand of waves iz seen at frequencles from s low
a3 5.62 XNz to 178 kHz. At the higher frequen-
tiez the fiolse 15 provadly upper-hysrid-resc-
pance neize, At the lower frequenciex the bapd

nrasurezents Indickte the electric field vector
of the vaves fs oriented nearly perperdicular to
the geomagnetic field.

Simultaneously with the detection of theze ele
ectrostatic vaves & companion LEFEUZA Flasza in-
struzent has detected the presence of highly
anisotropic distributions of electron intenas-
ties. For the several examples ghined near the
magmetic equator, the relative maxi=a of the
diatributions are found at piteh sngles @ ~ 90°
and for electyon ensrgles extending froo ~ l'kav
to several-tens of keV, It 1 likelv thorce enere
getic electrons are directly associated with the
tatcnse electrostatis waves. In addition, scme
evidence suggests these strong sources of elecs
trostatic wvaves at the plas=apause tAy be & sec-
ondary tource of nonthermal continuuwn radistiosn.



GALLAGHER, D. L., and D. A.
Avroral Kilometric Radiation:
Position and Distribution

CRAVEN, J. D.

Proton Bulk Flow Directions and Magnitudes Within

the Polar Cusp
E0S, 59, 353, 1978
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PROTON BULE FLOW DIRECTIQHS AND
MAGNITUDES WITHIN THE POLAR CUSP

3. b. Craven (Dept. of Physies and
Astronomy, University of Iowa,
Tewa City, Xowa 52242)

The gross characteristics of proton
bulk flows within the polar cusp are
being investigated by means of observa-
tions qained with a LEPEDEA plasna ana-
lyzer carried on the Hawkeye satellite.
puring the asurmers of 13876 and 1977
measurements of the flow directions
and magnitudes were obtained as the
satellite traversed the pelar cusp near
the local-noon.peyridional plane at geo~
centric radial distances of 4.5 to 8.0
Rp. At these distances the polar cusp
was distinguished in the measurenents

208, 59, 362-363, 1978

AUROBAL EILOPCTRIC RARIATION: AVERAGE
EQURCE FOSITIOH AND DISTRIBUTION

Do L. Gallagher
Do A- Guristt (both at: Department of FPhysics

and Astronceyy, Univ. of Jowa, Iowa City, IA
geeke)

The cbjectives of, this study are to locate
the average generatics reglons of auroral kilos
matric radiation by extzining dverage clectrle
field gtrengths as a Minctisn of position and
to flescribe the distribution of the svurce
reglons st frequencics 178 Wz, k00 ¥z, and
58.2 kHz. Serving as the basls for the study,
satellites Fawkereel and PMP-6 provide seven
years of conbired orbital coversige ovar a wide
range of latitudes from 1.5 to 30 earth redil.

CHEY, T.-F., B. A. RANDATL, and J. A.
The Geomagnetic Field at Large

Observed by Hawkeye I
EOS, 59, 364, 1978
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THE GEQMAGNETIC FIELD AT TARGE RADIAL DIS-
TANCES AS O3SEAVAD BY HAWKEYE I

1.=F, Chen

B. A. Randall

J. A. Van Allen {all at: Dept. of Ppysica amd
Astronomy, University of Towa, Iowe City, TA
Seenz)

. An extengive body of obaervatlons of the geo-
zagnetic field vector at large radisl distasers
has been obiained by the University of Iowa
satellite Hawxeye I since » June 19¥7. The
orbit of this spinning satellite 1s in & plane
insiined at §59' to the earth's equatorial
plane, with apsges at abeut 2F Ry over the

GURYETT

as a region of magnetosheath~like plas-
ma szeparating the relakive plasma void
of the polar cap from the more energe=-
tic particle populations of the outer
zone and ring current., Well-defined
€lows could be detected over the laci-
tudanal width of the polar cusp for
many of the satellite traversals, with
the d:irections of f£low alicned nearly
parallel or anti-parallel to the lacal
magnetic field vectors, Frequently the
flows were observed to be directed eaxth~
ward near the eguatorward besndary of the
cusp, with flows darected away fron the
earth at the more-poleward latitudes.
Specific patterns for the flow direc-
tions as a function of latatude across
the cusp remain slusive, in part due

to apparent variations with nagnetic
activity and local time. Flow magai-
tudes do appear to be reduced greatly
at the lower altitudes.

Average Source

Ayerage spectral pover ms a function of position
bag been cbtained by long term averages over all
ustble electric fleld data from toth sstellites.
Where aurcrel silometric radiastica 1 expected
to be found, plots of aversge power versus geo-
<entric radial distance ahow & pover law depen-~
dense between four mnd twents-five eartn radii.
At lerge distances the plots show the exgected
1/r° dependence, vhereas close to suspected
source regions the power flux increases core
rapldly than 1/r2. Freliminary results fadicate
the average source regions lie within seven
earth radil, at high.latitades, and between
tventy~one hours and twenty-four hours tagnetic
local time. To the extent that additlonal {n-
vestigations sre cocplete, comoent will be made
on & pore aAccurAte determination of souree posf-
tlons, source distribution, and the dependence
nf scurce position on frequency.

VAN ALLEN
Radial Distances as

sorth pole, gemimajer axis 11 RE' and periocd

1.5 hours. A new expirlcal model af the
topology of the distant gecuegnetic fleld is
presented, with etthasis on the noon-midnight
mericisn plane. The polar susp §3 & elearly
defined feature, extending over « lorgitudinel
rangt of about = 30* froxz the noon meridian.
The rean configurstions of the bov shock znd
pagnetopause are cbtained (rem several hundred
traversals and the electrical current systexs
en these twa surfaces are inferred for &
selected set of traversals. One of the most
interesting features of the current syaten is
the torofdal current epcircling the polar cusp,
Ihe prysical thicknesses of the bow shock and
magnetopause are found and estizates ave made
of the veloeitfes and extests of the motion of
these fluctuating surfaces.
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CHEN, TSAN-FU .
The Earth's Magnetic Field at Large Radial Distances
as Ubserved by Hawkeye 1
Ph.D. Thesis, May 1978

The geomagneiic field has been cbserwed during a pericd of
over three snd one-half years with a three-axis flurgate masmetom-
eter on the University of Towa razellite Hawkeye 1 since its 1=unch
on 3 June 1974 into a mgkly ecceatric orvit «with apogee at sbout
2} Ry (earth radii} over the north polar cap of the earth, Data up

4o the end of August 1976 have been used in this thesis. Supple-
mentel data fron IMP-6 during the first seven months of 1974 were
also used. The geosentric distances of the bow shock and magneto-
pmse, respectively, sre 14,6 (i 2.0) B and 10.2 (£ 1.5} Ry at

the subsolar point; and 23.0 (x 2.4) Ry and k.1 (£ 1.8) Ry in the

dawvn-dusk meridian plene, the guoted ranges being real r.m.s.
fluctuations of position, not umcertzinties of xeasurezent.

A new model of the distant geomaznetic field is derived from
the observations end deseribed in both Geocentric Solar Magneto-
spheric (GS¥) and Geccentrie Magnetic Zguatorial (CME) coordinates.
In the latter coordinate system [Hedgecock and Thomas, 19751, the
magnetic topology of the poler cusd as dasplayed in a more satls-
factory menner. A solenoidal system of electrical currents encirel-
ing the polar cusp is determined for tie first time as is the current
systom on the bow shock. Typical pagnitudes of the surface current
denaity at the equatorward boundery of the cusp are Lo milliamperes/
meter. This elrculating current, counterclockwise as viewed from

_ the sun, is atfributed to the dizmagnetic effect of plasma, intruding
from the magnetosheath into the cusp. in +he bow shoek, typical
surrace current densities are 15 milliamperes/=eter. Thicknesses of
the magnetopause and bow shock are typically 150 =nd 10 ko, respec-—
tively. The fluctuating velocity of the latter is from 1 to 10
¥n/sec and its excursion is of the order of several hmdred to &
few thousand km under relatively quiescent conditions.

GURNETT, D. A., and L. A. FRANK
Plasma Waves in the Polar Cusp: Observations from
Hawkeye 1
J. Geophys. Res., 1978 [in press]

1

In this paper we investigate the characierisiics of plasra waves
tbserved by the Hawkeye L spacecreft in the vieinity of the polar
cusp. The prirmary tyoes of plasra waves assoclabed with the polar
eusp sre (1) & bend of ULF-ELF magnetic noise extending froma few
Hz to several hundred Yz, (2) & broad-band electrostatic emission
extending from a few Ez to avout 30 to 100 kHz, with maximum intensities
at sbout 10 %o 50 iz, (3} electrostatic electron cyclotron waves near
the electron gyrofrequency and (&) whistler-mode auroral hiss emissions.
Gf these varicus typss of waves, only the ULF-ELF magnetic nolse is
uniquely associated with the cusp in the sense that the noise can be
used as a reliable indicator of the polar cusp region. All of the
other types of plasra waves occur in regions adjacent to the polar
cusp as well as ip the cusp itself.

Spectrum measurements often show Lhat the ULF-ELF magnetic
noise extends up to, but does not exceed, the local eleetron gyrofre-
quency, i‘é. This upper cuteff sirorgly suggasts that the nolse consists
of whistler-mode elactromagnetic waves. The mechanism for gemerating
these waves remains highly uncertain, however, since the electron
snguiar distribution in the cusp is uwsually not sufficiently moiso-
tropic to account for these waves by the well known whistler-mode

. cyclotron resonance imstability. Other mechanisms, such as burbulence
generated by the Kelvin-Kelmholtz ingtability or by a draft wave
instability, have slso been suggested to generate this noise. The
broad-band electresiatic noise is belaeved Go be caused by o current-
driven elechtrostatic instability {ion-csclotron or ion-acoustic)
of the tyve widely belaeved to cccur an zuroral field-alignud currenb
systoms. The mechanisms for geneiating elect:on eyclotron weves and
suroral hiss emissions are believed to be reascnably well understood,
bvased on previous studies of these emissions in other regions of bhe
magnetosphere.
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Seversl types of electromagnetic waves zre known to be emitted
by charged particles on the aurcral field lines. In this paper we
review the most irportent typec of avroral radio em:ssions, both from
a historical parspective Bs well az considering the latest resulbs.
Particular enpghasis is Dlaced on feur types of electreomagnetic emissions
which are directly associated with the plecra on the aurcral field
1ines. These emissions are (1) auwroral hiss, {2) saucers, (3) ELF
noise bands, and (4) auroral kiloretrie radaation. Ray tracing and
radio direction firding measurerents indicate that both the aureral
hiss and auroral kilometric radiation are genersted slong the auroral
field lines relatively close to the earth, at radial distances from
gbout 2.5 to 5 Re, protably in direct assceiation with the acceleration
of auroral particles by varallel electric fields. The exact mechanism
by which these radio emissicns are generated has noi been firmly
established. For the euroral hiss the favored mechanism appears to
be amplified Cerenrov radiation. For the aurcoral kilometric radiablon
several mechanisms have been proposed, usually involwing the inier-

_ .-mediate generation of electrostatic waves by the precipitating electrons.

KURTH, W. S., D. A. GURNEIT, and F. L. SCARF '
High Resolution Spectrograms of Ion-Acoustic Waves
in the Sclar Wind
J. Geophys. Res., 1978 [to be submitted]

t

Jon-acoustic waves, similar to those detected by the Helics space-
eraft from 0.3 to 1.0 AU, have now Leen detected by the Voyager space-
eraft in the solar wind out to helioceptrie redial distanzes of 1.7 AL
High bit rate waveform measurements provide the Lirst high resolution,
frequency~tine spectrograms of these waves. The Veyager spectrograms
show that the ion-scoustic waves consist of narrow-bend bursis which
last for & few seconds or less. The center frequency of the bursts can
fluctuaste rapidly in frequency, usually in the range betwzen the elec-
tron &nd ion plasma frequency, I and £*. (These waves have been pre=
viously referred to as i‘5< T < Iy nols o)

Comparisons of the high resoluticn spectrograms from the Voyager
gpacecraft with similar measurements from earth-orbitling spacecraflt
show that spectra of the ion-accustic waves in the solar wind af
1.7 AU are identical to spectre of short wavelength icn-acoustie
wvaves detected upstream of the earth's magnetosphere. The labter waves
have been assceiated with protons streaming into the solar wind from
the bow shoek. This elose similarity strongly suggests that the ion-
acoustic woves detected in the solar wind by Helios and Vovager are
driven by an ion beam instability, as has recently been suggested in
o theoretical analysis by Gary.
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