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We report here a reanalysis of simultaneous Apollo 12 surface and Explorer 
35 orbiting magnetometer data from the first four lunations of operation of the 
surface instrument (Nov. 1969-Feb. 1970). The approach is based on the work 
of Wiskerchen and Sonett (1) [hereafter referred to as WS] and only the fre- 
quency range to HZ appropriate for the application of low-frequency 
sounding theory is considered. The purpose of the analysis was to investigate 
and apply methods for minimizing several error sources (elaborated below) 
which may have reduced the sensitivity of earlier measurements in this fre- 
quency range. 

Magnetometer Data Errors - As in previous studies, data selection was limited 
to the first four lunations of operation of the surface magnetometer so that 
the later degradation of the Explorer instruments documented by Daily and Dyal 
(2) was not a factor. A majority of the reprocessing of the selected intervals 
was concerned with correcting previous filtering and decimation procedures with 
application primarily to high-frequency sounding efforts (3) . However, one 
aspect, the reduction of constant offset errors in the surface magnetometer 
data occurring at times when the instrument was recalibrated [see (4) for a 
description of the calibration procedure] was a significant refinement for deep 
sounding purposes. These small offset changes are separated by constant time 
intervals of 6, 12, or, most usually, 18 hours (corresponding to the intervals 
between recalibrations) and the net effect is the introduction of random low- 
frequency noise to the Apollo time series with a consequent erroneous increase 
in the calculated transfer function T or equivalently in the gain function G 
( G ~ = T ~ - ~ )  at low frequencies. By minimizing the variance between the Apollo 
and Explorer measurements (transformed to a common coordinate system) within 
a small interval, usually one-half hour or less, on either side of the cali- 
bration point, it was possible to partially remove these errors empirically 
from the data although their causes (instrumental or human) remain unidenti- 
f ied . 

Plasma Interactions - Early examinations of simultaneous Apollo 12 surface 
magnetometer and plasma probe data revealed a correlation during some intervals 
between time variations in solar wind proton density and magnetic field changes 
tangent to the lunar surface (5,6). Such a correlation is predictable on 
theoretical grounds and is due to deflection of incident solar wind ions by the 
local 38-gamma magnetic field. Intervals characterized by strong plasma inter- 
actions are recognizable in the surface magnetometer data as both low- and 
high-frequency noise that is not coherent with Explorer 35 magnetometer mea- 
surements. To minimize these effects, the original swaths of WS were redefined 
with new start and end times designed to eliminate most of the disturbed inter- 
vals while still allowing the swath lengths to be greater than 30 hours. 

Power Spectral Analysis and Search for Diamagnetic Noise - For the purpose of 
obtaining more accurate spectral estimates at frequencies near the inverse of 
the swath length, WS chose a maximum entropy method (MEM) of spectral analysis 
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with prediction error coefficients calculated using approximate Yule-Walker 
equations (7). It has been noted that this procedure is sensitive to round- 
off errors when the time series is near the boundaries of stationarity. 
Therefore, additional editing to ensure that each time series was nearly 
stationary was applied. Fortunately, most of the selected swaths contained 
lengthy magnetosheath intervals (cf. Fig. 1 of WS) characterized by continuous, 
high-amplitude fluctuations that are suitable for spectral analysis by MEM. 
Subsequent calculations of two-dimensional spectra (in the plane parallel to 
the lunar surface) revealed that these magnetosheath fluctuations are strongly 
polarized in the north-south and northwest-southeast directions. Application 
of the regression-line fitting procedure of WS to plots of Apollo vs. Explorer 
power yielded estimates for G in the east-west direction that were generally 
consistent with estimates in the north-south direction (i.e. there was no 
large east-west/north-south asymmetry as found by WS) although computed error 
estimates for the east-west values were much larger than for the north-south 
values. We attribute the latter to the decreased ratio of signal-to-noise in 
the east-west direction caused by the strong polarization of the incident 
wave field. The east-west/north-south asymmetry in G found by WS was evident- 
ly caused by this asymmetry in the ratio of signal-to-noise combined with a 
higher Apollo background noise level in their data set. There is therefore 
no evidence for a contamination of the response by plasma diamagnetic fields 
as proposed earlier (8) although such a possibility is not excluded at levels 
below our detection threshold (%1%). 

Since no directional asymmetry in the tangential lunar response was 
detected, the direction of maximum power for each swath should provide the 
maximum ratio of signal-to-noise. Consistent with this expectation, repeated 
regression analyses for all possible "compass" angles (at 30' increments) 
showed that a minimum variance was obtained when only power spectral densities 
measured for the direction of maximum power for each swath were used to deter- 
mine the gain function. The resulting gain function estimates are plotted in 
Fig. lb for comparison to the east-west and north-south estimates obtained by 
WS plotted in Fig. la. 

Figure 1 

a )  Wiskerchen and Sonett (1977) b)  Present Work 
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Interpretation - As a first attempt to determine the range of conducti- 
vity models consistent with the data of Fig. lb, spherically symmetric plasma 
(SSP) confinement theory (9) has been employed to calculate the gain function 
for a large number of possible conductivity profiles. Asymmetric confinement 
theory (10) can not be used to reliably interpret these data because of the 
predicted dependence on solar-zenith angle and external magnetic field orien- 
tation, parameters which vary widely during and between the six swaths used 
in the analysis. Fortunately, SSP theory is only slightly less exact for the 
frequencies of interest (see Fig. 10 of ref. 10) and relatively little error 
is expected from inadequacies of the theoretical model. The continuous 
shaded region of Fig. 3 represents the envelope of those profiles which pro- 
duce G-values (according to SSP theory) within the error limits given in 
Fig. lb. Conductivity estimates and profiles derived from several earlier 
studies are shown for comparison. 

The nearly constant positive slope of log G* shown in Fig. lb extending 
in frequency to lo-' Hz is consistent with the absence or near absence of a 
metallic core in the moon (11). However, cores with radii up to 360 km are 
permitted by the error limits of the measurements (Fig. 4). 

Figure 3 Figure 4 
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