View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by NASA Technical Reports Server

R113601

BELLCOMM, INC.

955 L'ENFANT PLAZA NORTH, SW.  WASHINGTON, D.C. 20024 B70 09003
suiect: A Comment on Ness's Estimate of the DATE: September 2, 1970
Interior Electrical Conductivity of
the Moon - Case 340 FROM: W, R, Sill
ABSTRACT

Recent estimates of the internal electrical con-
ductivity and temperature of the moon, made by Ness [1969c;
1969b; 1970] are based on the assumption that the response
of the moon to discontinuities in the interplanetary field
will lead to an increase in the risetime of the discontinuity.
as observed in the lunar wake. Calculations of the time
domain response of the moon show that the response is .
characterized by a rapid increase with the same time scale
as the discontinuity, followed by an overshoot and then a
decay. This result is in contradiction to the interpretation
of Ness.

The increase in risetime that is observed must be
attributed to other effects and the estimates of the conduc-
tivity, based on this interpretation, must be discounted.
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Introduction

In several recent papers, Ness [1969a; 1969b; 1970]
has reported estimates of the interior lunar conductivity and
temperature based on his interpretation of the response of the
moon to discontinuities in the interplanetary magnetic field.
Figure 1 shows the data used by Ness [1969a; 1970]. The curves
show a discontinuity in the z (normal to the ecliptic) component
of the interplanetary field as observed by Explorer 33 in the
solar wind, and as observed by Explorer 35 in lunar orbit, when
the spacecraft was in the plasma void behind the moon. The
increase in the risetime of the event from 10.2 seconds at
Explorer 33 to 56.2 seconds at Explorer 35 is attributed to the
induction of eddy currents in the lunar interior. From this a
decay time of less than 20 seconds and an interior conductivity
of 10~"% mho/m is estimated [Ness, 1969a; 1970]. A similar
discontinuity, with a risetime of 40 seconds, showed no increase
in risetime in the plasma void [Ness, 1970].

The purpose of this note is to point out that calcula-
tions of the poloidal (eddy current) response of the moon to
discontinuities in the interplanetary magnetic field do not sup-
port this interpretation. Neither the form nor the magnitude of
the induced fields could lead to the increase in the risetime
observed in Figure 1. '

Induced Lunar Magnetic Field

Figure 2, taken from Blank and Sill [1969], shows the
moon in the solar wind environment and the induced poloidal
magnetic field. The figure illustrates the confinement of the
induced field on the sunlit hemisphere by the kinetic pressure
of the solar wind. This compression and amplification of the
field has been confirmed by the observations of the Apollo 12 lunar
surface magnetometer [Sonett et al., 1970]. On the dark side of
the moon the induced field is shown expanded into the plasma void.
This feature of the interaction has also been confirmed by the
lunar surface magnetometer. Observations of the magnetic field
during the lunar night show some inductive effects but very little
amplification [Sonett et al., 1970].
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The data of Figure 1 was recorded when Explorer 35
was in the plasma void behind the moon at a distance of
1.48 Rm (Rm = lunar radius). The field in the void is a sum-

mation of the solar wind field, a field due to the absence of
the diamagnetic plasma and the field induced in the lunar
interior. For the purposes of this paper we will neglect the
diamagnetic field increase and the compression effect on the
induced dipole caused by the confinement within the cylindrical
plasma void. Therefore, we assume that the field at the
altitude of Explorer 35 (0.48 Rm) is given by the source field

and an unconfined induced dipole field.

Figure 3 shows the time domain response of a core-
crust lunar conductivity model to a step function increase in
the source field. The time domain response is calculated by
multiplying the spectrum of the input signal by the spectrum
of the poloidal response and then transforming the product back
into the time domain. This is equivalent to convolving the
impulse response with the input signal. The spectrum of the
poloidal response in this example is calculated by a technique
similar to that of Sill and Blank [1970] using the boundary
conditions appropriate for an unconfined secondary field.

The interior conductivity in the model is 10”4 mho/m,
as suggested by Ness. The top curve shows a discontinuity in
the source field modeled after Figure 1l; i.e., a rapid increase
in the field by 7y in 10 seconds. The second curve shows the
induced field at the lunar surface. The third trace shows the
total field (source plus induced) at a point 0.48 R, above the

lunar surface, assuming the induced field falls off as a dipole.
We note that the response is characterized by an overshoot of
small magnitude (~.6y) followed by a decay. In addition the
decay is not a simple exponential. For example, the inverse of
the normalized slope B/(dB/dt), increases from 20 seconds at
the peak, to about 35 seconds after 20 seconds.

Since neither the form nor the magnitude of the
calculated response could lead to the increase in risetime seen
in Figure 1, I conclude that the increase in risetime cannot be
due to induction of eddy currents in the lunar interior. In-
creasing the interior conductivity by many orders. of magnitude
does not alter this conclusion.

The absence of an appreciable toroidal response for the
moon [Sonett et al., 1970] indicates that the observed effect can-
not be due to this mode. In any event, the toroidal response is
indicative of the near surface conductivity [Sill and Blank, 1970]
and it also leads to a response, in the void, characterized by an
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overshoot. The observed effects could be due to time and/or
spatial changes in the field between Explorer 33 and 35, a
possibility which is dismissed by Ness [1969a].

vk Sl

2015-WRS-gmr W. R. Sill

Attachments
References
Figures 1-3
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FIGURE 1 - SIMULTANEOUS MEASUREMENTS OF THE MAGNETIC FIELD AT EXPLORER 33
IN THE SOLAR WIND AND AT EXPLORER 35 IN THE PLASMA VOID BEHIND
THE MOON
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FIGURE 3 - TIME DOMAIN RESPONSE OF A LUNAR CONDUCTIVITY MODEL TO A DISCONTINUITY
IN THE SOURCE FIELD



BELLCOMM, INC.

SUBJECT:

A Comment on Ness's Estimate of the Interior FROM: W.

Electrical Conductivity of the Moon
DISTRIBUTION LIST

Complete Memorandum to

NASA Headquarters

J.
0.
E.
J.
w.
A.
L.
A.
T.

s

GQribrpszadaAldYYED
o

- W.

NASA Headquarters Library/USS-10

Allenby/MAL
Armstrong/MTX
Culbertson/MT
Green/MAL
Hall/MTG
Keegan/MA-2
Lohman/MF
Mitz/SL
O'Bryant/MAL
Schardt/SG
Scherer/MAL
Schnyer/MTE
Wild/MTE

Ames Research Center

et Propulsion Laboratory

R.

JB
W.

Clay/183-401

Neugebauer/183-401
Phillips/183-501
Rea/183-401

Smith/183-401
Snyder/183-401

D. S. Colburn/SSE
P. Dyal/SSE

D. E. Gault/SSP

W. I. Linlor/SSE

I.. Roberts/M (2)

C. P. Sonett/SS (3)
J. R, Spreiter/SST
Goddard Space Flight Center
J. E. Ainsworth/621
S. J. Bauer/615

R. E. Hartle/514

J. P. Heppner/612
G. D. Mead/641

N. F. Ness/512

J. A. 0'Keefe/640
C. C. Stephanides/620
D. A. Stern/641

R. G. Stone/615

W. F. Templemon/252
D. J. Williams/611
J

D

M

R

D

E

C

Complete Memorandum to

Manned Spacecraft Center
A. W. England/CB

C. R. Nicks/FAa4

D. W. Strangway

American Nucleonics Corporatio

R. Sill

n

K. Schwartz

Australian National University

E. Essene
A. E. Ringwood

California Institute of Techno

logy

D. Anderson

I.. Dbavis, Jr.
B. C. Murray
E. Shoemaker

Cornell University
T. Gold
C. Sagan

Environmental Science Service
Administration/Boulder

W. N. Hess

J. R. Wait

General Dynamics/Astronautics
J. J. Gilvarry

Geological Survey of Canada
A. Larochelle
E. J. Schwartz

Grant Institute of Geology
G. M. Biggar

M. J. O'Hara

S. W. Richardson

Harvard University
C. Frondel

Lamont-Doherty Geological Obse

rvator

M. Ewing
G. V. Latham



BELLCOMM, INC.

DISTRIBUTION LIST (CONT'D.)

Complete Memorandum to

" Max-Planck Institut fur
Extraterrestrische Physik
J. V. Hollweg

Massachusetts Institute of
Technology

J. H. Binsack

H. S. Bridge

E. F. Lyon

T. R. Madden

F. Press

M. G. Simmons

G. S. Siscoe

N. Toksoz

National Radio Astronomy.
Observatory
J. W. Findlay

b

Princeton University
R. A. Phinney

Rice University
A, J. Dessler
J. W. Freeman
F. C. Michael

Royal Institute of Technology/
Stockholm ’

H. Alfven

Stanford University
J. R. Booker

J. Clarebout

R. Kovach

The University, Newcastle-
"upon—-Tyne, England
S. K. Runcorn

TRW Systems, Inc.
¥F. Scarf

U.S. Department of the Interior

S. F. Singer

U.S. Geological Survey/Flagstaff

R. E. Eggleton
R. Reagan

D. S. Roddy

Complete Memorandum to

U.S. Geological Survey/Menlo Park
R. R. Doell

H. Masursky

University of Alaska
S. I. Akasofu

University of Arizona
G. P. Kuiper
G. Sill

University of California at Berkeley
K. A. Anderson

F, S. Mozer

S. Ward

J. Wilcox

University of California at
Los Angeles

P. J. Coleman, Jr,

W. M. Kaula

W. W. Rubey

G. Schubert

G. Wetherill

University of California at San Diego

J. Arnold
H. Urey

University of California at
Santa Barbara

P, E. Cloud

G. J. F. MacDonald

Univefsity of Colorado

E. E., Larson

University of Iowa.
J. A. Van Allen

University of Kansas
D. B. Beard
W. W. Shen

University of Massachusetts
D. U. Wise

University of New Hampshire
L. J. Cahill

University of Sidney
B. O'Brian

University of Texas at Dallas
C. E. Helsley
F. S. Johnson
J. E. Midgley




BELLCOMM, INC.

DISTRIBUTION LIST

(CONT'D.)

Complete Memorandum to

University of Tokyo
T. yagata

Bellcomm, Inc.

D. R. Anselmo

A. P, Boysen, Jr.

J. O. Cappellari, Jr.
F. El-Baz

D. R. Hagner

W. G. Heffron

J. J. Hibbert

N. W. Hinners

T. B. Hoekstra

M. Liwshitz

J. L. Marshall

K. E. Martersteck
J.'%Z. Menard

G. T. Orrok

P. E.® Reynolds

P. F. Sennewald

R. V. Sperry

A. W. Starkey

J. W. Timko

A. R. Vernon

R. L. Wagner

D. B. Wood ~
All Members Department 2015
Central Files
Department 1024 File
Library

Abstract Only to

Bellcomm, Inc.
J. P. Downs

I. M. Ross

M. P. Wilson




