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I. INTRODUCTION

This is the final report on the efforts made in the Uranus Data Analysis Program (UDAP) under grant

NAGW-1209. The proposal was originally submitted on January 14, 1987 describing a three-year effort

with a total estimated cost of $252,788. Funding for the program began on October 1, 1987. Near the
nominal termination of fire- program, a no-cost extension (through September 30, 1991) was granted and a

subcontract written for tile continued participation of Dr. McNutt, who left M.I.T. for Visidyne, Inc. in early

September, 1990. The P.I.-ship was transferred to Professor Belcher on September 11, 1990 and a subcon-
tract was let to Visidyne, Inc. on November 9, 1990. The original proposal contains the rationale for this

program as well as vitae, publication lists of the investigators, and the scientific background and rationale
for the tasks described therein. Second-year and third-year renewal proposals report on progress made

through March 1, 1989 (submission date of the third-year proposal).

This report follows the format of the original 3 year proposal. Completed reseach is reported immediately
below and a summary of talks and papers published for the entire effort follows. Work by a graduate stu-

dent M. Zhang on both Uranus and Neptune data was supported by this grant.

II. RESEARCH EFFORT TO DATE

A. The PLS Data Analysis Program

(i) Modifications to the data fitting procedure, and (ii) Elimination of Possible Noise and Electron "Con-
tamination". More tests were run on the analysis code corections which were implemented under this pro-

gram. These have not been reapplied to the Uranus data as had been anticipated; however, they were uszd
in checking these effects in the Neptune data gathered during the Voyager 2 encounter and for analyzing

selected plasma spectra from the warm Io torus [McNutt, 1988a; Bagenal et al., 19921.

The cross corrections between electron and ion spectra have been found probably to affect other Voyager

data sets even more profoundly than that acquired at Uranus [McNutt, 1988b]. In particular the electron

"biteout" region observed by Voyager 1 near Saturn's moon Titan [Hartle et al., 1982] is probably to be
understood as due to secondary electrons formed by ion impact rather than by a lack of hot electrons. A

full study and reworking of the Saturn PLS data has not yet taken place due to funding constraints.

The same situation holds for the "voids" at Jupiter. The Uranus data was invaluable for sorting out some

of the void effects. The original manuscript disscusing this aspect of the Voyager Uranus data in the Jovian

context [McNutt, 1989] has yet to be published. Referees reports urged that the paper be down,sized and

preliminary discussions with a member of the LECP team (B. Mauk at APL) suggested that PLS/LECP

comparisons needed to be modified prior to publication as a results of new insights about the response of
the LECP instrument in the "void" environment. The paper was formally withdrawn from eousideration for

publication in its current form by mutual consent with then-editor C. K. Goertz. This effort has not (yet)

been revived due to funding limitations.

B. Difficulties in Interpretation of the Data

Our assessment at the time of the third renewal proposal remains and was actually strengthened by work

under this grant and by results obtained with the PLS experiment at Neptune. In the last renewal proposal
we stated: "We believe that all the the complicating factors are understood in a semi-quantitative way. No

other effects which could be responsible for difficulties have been identified, although this assessment must

be regarded as provisional until a more quantitative treatment is available." Given the current state of

knowledge, we no longer regard this assessment as provisional. A more quantitative model could be
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developed and would probably add to the information extractable from the Jupiter data set. Such a model
would have no major advanced impact on the Uranus data and, therefore, was not pursued.

C. Models of Plasma Sources and Flows

A major task accompfished was the summary of Uranus-related research in the U. S. National Report to
the International Unionot' Geodesy and Geophysics for the 1987 through 1990 quadrennium. A limited

amount of work was accomplished on assessing the Pedersen conductivity of the ionosphere and comparing
it with inferred values from shielding by the Uranian ring current [McNutt, unpublished manuscript].

D. Bow Shock Crossings

Under this grant there has been a great deal of effort expended on identifying and classifying plasma
waves and oscillations in the magnetosheath and solar wind downstream from Uranus. As reported in the

last renewal proposal, large amplitude oscillations in plasma parameters are found in the magnetosheath,
with density changes of up to a factor of ten occurring on times scales of minutes. A complete description
of these oscillations was completed during the last year of work [Richardson et al., 1990].

We previously reported on low-frequency waves in the solar wind observed downstream from Uranus.
These are observed for more than 2 weeks after the encounter and are present whenever the IMF is oriented

such that field lines connect back to the Uranian bow shock. The waves are right-hand polarized, propagate

along the IMF away from Uranus, and decay in amplitude with distance from the planeL The waves are
associated with the presence of energetic ions observed by the LECP experiment on Voyager. A complete

description of the observations and possibly applicable theories has been published by Zhang et al. [1991].

New algorithms developed for analyzing the inbound bow shock crossing of Neptune [Szabo et al., 1991]
will probably be applied to a more detailed analysis of the Uranus shock in the near future.
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UDAP Supported Publications and Talks
(October 1, 1987 - September 30, 1991)

-5-



PUBLICATIONS

Bagenal, F., D. E. Shemansky, R. L. McNutt, Jr., R. Schreier, and A. Eviatar, The abundance of O ++ in the Jovian
magnetosphere, Geophys. Res. Lett., 19, 79-82, 1992.

Belcher, J. W., R. L. McNutt, Jr., J. D. Richardson, R. S. Selesnick, E. C. Sittler, Jr., and F. Bagenal, The plasma
environment of Uranus, p. 780-830 in Uranus, J. T. Bergstralh, E. D. Miner, and M. S. Matthews, eds., Univ. of
Arizona Press, Tucson, AZ, 1991.

McNutt, R. L., Jr., The magnetospheres of the outer planets, Rev. Geophys. Suppl., 985-997, 1991.
Nastov, O., Analysis of Pre-Flight Modulator Voltage Calibration Data for the Voyager Plasma Science Experiment,

M.I.T. Center for Space Research Technical Report CSR-TR-88-1, Cambridge, MA, 1988.
Richardson, J. D., J. W. Belcher, R. S. Selesnick, and M. Zhang, Evidence for periodic reconnection at Uranus?, Geo-

phys. Res. Lett., 8, 733-736, 1988.
Richardson, J. D., M. Zhang, J. W. Belcher, and G. L. Siscoe, Plasma fluctuations in the magnetosheath downstream

from Uranus, J. Geophys. Res., 95, 6413-6421, 1990.
Richardson, J. D., J. W. Belcher, M. Zhang, and R. L. McNutt, Jr., Low-energy ions near Neptune, J. Geophys. Res.,

96, 18993-19011, 1991.
Selesnick, R. S., Analysis and Interpretation of Voyager 2 Plasma Observations in the Magnetosphere of Uranus,

Ph.D. Thesis, M.I.T. Department of Physics, Cambridge, MA, 1988.
Selesnick, R. S., Magnetospheric convection in the nondipolar magnetic field of Uranus, J. Geophys. Res., 93, 9607-

9620, 1988.
Zhang, M., J. W. Belcher, J. D. Richardson, V. M. Vasyliunas, R. P. Lepping, N. F. Ness, and C. W. Smith, Low fre-

quency waves in the solar wind near Neptune, Geophys. Res. Lett., 18, 1071-1074, 1991.
Zhang, M., J. W. Belcher, J. D. Richardson, and C. W. Smith, Alfvtn waves and associated energetic ions downstream

from Uranus, J. Geophys. Res., 96, 1647-1660, 1991.
Zhang, M., J. D. Richardson, and E. C. Sittler, Jr., Voyager 2 electron observations in the magnetosphere of Neptune,

J. Geophys. Res., 96, 19085-19100, 1991.
Zhang, M., J. W. Belcher, and R. L. McNutt, Jr., Plasma observations near Neptune: Results from Voyager 2, Proc.

XXVIII COSPAR, 25 June - 6 July, 1990, The Hague, in press, Adv. Space Res..
Zhang, M., Voyager II Plasma Observations at Uranus and Neptune, Ph.D. Thesis, M.I.T. Department of Physics, M

Cambridge, MA, 1991.

TALKS

Sittler, E., Jr., K. W. Ogilvie, and R. Selesnick, Evidence for substorms at Uranus, EOS, 68, 1429, 1987.
Selesnick, R. S., A convection model of the Uranian magnetosphere, EOS, 68, 1428, 1987.
Selesnick, R. S., Effects of magnetic field asymmet_ on plasma convection at Uranus, EOS, 69, 433, 1988.
Richardson, J. D., J. W. Belcher, M. Zhang, G. L. Stscoe, and A. Eviatar, EOS, 69, 433, 1988.
Richardson, J. D., M. Zhang, and J. W. Belcher, Waves downstream from Uranus, EOS, 70, 451, 1989.
Zhang, M., J. W. Belcher, and J. D. Richardson, Alfv_n waves downstream from Uranus, EOS, 70, 451, 1989.
Zhang, M., V. M. Vasyliunas, G. L. Siscoe, J. W. Belcher, J. D. Richardson, R. P. Leppin8, and N. F. Ness, Evi-

dence for Diurnally Rocking Plasma Mantles at Neptune and Uranus, abstract submitted, Fall, 1990, AGU meet-

ing.

-6-



7

PUBLICATIONS SUPPORTED IN PART BY NASA GRANT NAGW-1209
(BY YEAR)

1988

Magnetospheric convectioninthenondipolarmagnetic field
of Uranus,
Selesnick, Richard S. :
J. Geophys. Res., 93, 960%9620, 1988.

Analysis and Interpretation of Voyager 2 Plasma Observations
in the Magnetosphere of Uranus,
Selesnick, R. S.,
Ph.D. Thesis, M.I.T. Department of Physics,
Cambridge, MA, 1988.

Evidence for periodic recormection at Uranus?,
Richardson, J. D., J. W. Belcher, R. S. Selesnick, and
M. Zhang,
Geophys. Res. Left., 8, 733-736, 1988.

AnalysisofPre-FlightModulator VoltageCalibrationData for

the Voyager Plasma ScienceExperiment,
Nastov, u.,
M.LT. Center for Space Research Technical Report CSR-TR-88-1,
Cambridge, MA, 1988.

1989

[NONE]

1990

Plasma Fluctuations in the Magnetosheath Downstream from Uranus,
Richardson, John D., Ming Zhang, John W. Belcher and George L. Siscoe,
J. Geophys. Res. 95, 6413-6421, 1990.

1991

The Plasma Environment of Uranus, Belcher, J. W.,
R. L. McNutt, Jr., J. D. Richardson, R. S. Selesnick,
E. C. Sittler, Jr., and F. Bagenal,
URANUS, p. 780-830, Jay T. Bergstralh, Ellis D. Miner, Mildred
Shapley Matthews (Eds.), The University of Arizona Press, Tucson,
Arizona, 1991.

Low Frequency Waves in the Solar Wind Near Neptune,
Zhang, Ming, J. W. Belcher, J. D. Richardson,
V. M. Vasyliunas, R. P. Lepping, N. F. Ness and C. W. Smith,
Geophys. Res. Lett., 18, 1071-1074, 1991.

Low-Energy Ions Near Neptune,
Richardson, John D., John W. Belcher, Ming Zhang and
Ralph L. McNutt, Jr.,
J. Geophys. Res., 96, 18,993-19,011, 1991.

Voyager 2 Electron Observations in the Magnetosphere of Neptune,
Zhang, Ming, John D. Richardson and Edward C. Sittler, Jr.,
J. Geophys. Res. 96, 19,085-19,100, 1991.

Alfv6n waves and associated energetic ions downstream from Uranus,
Zhang, M., J. W. Belcher, J. D. Richardson, and C. W. Smith,
J. Geophys. Res., 96, 164%1660, 1991.

THESIS
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Zhang, M.,
Ph.D. Thesis, M.I.T. Department of Physics,
Cambridge, MA, 19 XXX.

The magnetospheres of the outer planets,
McNutt, R. L., Jr.,
Rev. Geophys. Suppl., 985-997, 1991.

1992

The abundance of O ++ in the Jovian magnetosphere,
Bagenal, F., D. E. Shemansky, R. L. McNutt, Jr., R. Schreier, and
A. Eviatar,
Geophys. Res. Lett., 19, 79-82, 1992.

Plasma Observations Near Neptune: Results from
Voyager 2, Zhang, Ming, J. W. Belcher and R.
L. McNutt, Jr., to be published in
Proceedings of XXVIII COSPAR Plenary Meeting
25 June-6 July 1990, The Hague, The Netherlands,
Advances in Space Research, in press.
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