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A significant disagreement now exists on estimates of global lunar mag- 
netic permeability based on data acquired by various spacecraft while the moon 
was in the relatively quiescent, low-plasma-density lobes of the geomagnetic 
tail field. This abstract discusses a test of one of its possible sources, 
namely, that the data used in one series of papers were not sufficiently ac- 
curate for such studies. 

A sphere of uniform permeability p, immersed in a steady uniform magnetic 
field H in a vacuum, will acquire an induced field which, exterior to the 
sphere, is dipolar in character. At the surface of the sphere the total field 
B is given by - C\ h h 

B = (1+2G)Hx X + (1-G) Hy Y + (1-G)H, Z, - (1) 
h 

where X is normal to the surface of the sphere and where G is given by 
- 1 ( + 2 ) .  An error in G leads to a factor of 3 larger error in u. 

In the latest of a series of papers in which B is given by the Apollo/ 
ALSEP 12 or 15 Lunar -Surface Magnetometer and H is given by the NASA/Ames 
Research Center (ARC) magnetometer on lunar orbiting Explorer 35, the global 
relative permeability is estimated to be 1.012t0.006 (1). In a more recent 
paper, Dyal et al. (2) find a permeability of 1.008+0.005 using simultaneous 
ALSEP 15 and 16 surface data and no orbiting spacecraft data. Each of these 
results is consistent with a paramagnetic or weakly ferromagnetic moon, and 
the authors have used these results to estimate the moon's iron content. 

In contrast to these results, studies of the global magnetic field with 
the magnetometers of the Apollo 15 and 16 subsatellites (altitudes S100 km) 
suggest that the moon is globally diamagnetic rather than paramagnetic (3, 4). 

Goldstein et al. (5) have confirmed that the use of surface magnetometer 
data with ARC Explorer 35 data does indeed yield a paramagnetic result while 
the subsatellite data yields a diamagnetic result. They find estimates of the 
G factor of eq. 1 to be 0.009+0.009 and 0.005+0.005 for the surface magneto- 
meter/Explorer 35 data, and -0.0093~0.0023 and -0.0062+0.0045 for the subsat- 
ellite data. (The two estimates for each approach reflect different data 
selection criteria.) 

To test the possibility that this discrepancy may result from the use of 
data whose accuracy is inadequate for these studies, we have performed a com- 
parative study of data simultaneously obtained by the two fluxgate magneto- 
meters (ARC and GSFC) flown on Explorer 35. Each magnetometer had three, 
orthogonal sensors, with one sensor aligned along the spacecraft spin axis 
and with the other two rotating with the spacecraft's ~ 2 . 4  sec spin period. 
One vector measurement was made by each magnetometer every 5 to 6 seconds and 
was subsequently transformed to physically significant coordinate systems. 
We have used 82 sec averaged solar ecliptic field components in our study. In 
order to minimize the effect of differences in response characteristics of the 
magnetometers, we used only those averages for which all associated rms de- 
viations are less that 0.2~. Additional selection criteria (eg, omission of 
lunar shadow periods) were utilized to eliminate spurious or biased data 
points. 
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For each of six periods of 1-2 months duration, uniformly spaced over the 
first three years of the life of Explorer 35, we have determined for the i th 
component the parameters Ai and Ci in the regression equation 

using a least squares approach which assumes equal random errors in the two 
data sets. Each of the first five periods had between 3000 and 4500 pairs of 
field measurements utilized, while the sixth period had 1255 pairs of data 
values. An error in Ai leads to a factor of 1.5 (x component) larger error in 
P 

Any statistically significant deviation from unity of the slopes Ai would 
suggest an error in the effective sensitivity factor of one or both of the 
magnetometers. The effective sensitivity factor includes the effects of the 
actual sensitivity factors of the various fluxgate sensors, effects arising 
from sensor misalignments, coordhate transformations, etc. The effective 
sensitivity factor is the important parameter, however, since the Explorer 35 
field components used in the lunar permeability studies incorporate all the 
sources contributing to the effective sensitivity factor. 

The results for the slope A, for the x component, are given in Figure 1. 
For contrast, also shown is the slope D in the equation BSU- = D*B ARC + E 
upon which the latest surface magnetometer/Explorer 35 permeability estimate 
is based. It is immediately apparent from the figure that the uncertainty 
which must be attributed to effective sensitivity factors, due to the differ- 
ence between unity and the ARC/GSFC slopes, removes credibility from the Lunar 
Surface Magnetometer/~xplorer 35 permeability estimates. Although this study 
cannot attribute error in effective sensitivity factor uniquely to one Ex- 
plorer 35 magnetometer or the other, .it is interesting to note that normal- 
izing the ARC data to the GSFC data for the period (S1970) of the previous 
permeability studies works in the direction of yielding surface magnetometer/ 
Explorer 35 results consistent with the diamagnetism found from subsatellite 
studies. 

Similar examination of Explorer 35 y and z field components, and of sim- 
ultaneous ARC and GSFC field measurements on Explorer 33, reveals typical un- 
certainties in effective sensitivity factors of two to several percent. 

In conclusion, it has been found that some previous lunar permeability 
studies may have used data beyond their limits of accuracy. We can make no 
specific comment on the Dyal et al. Apollo 15lApollo 16 paramagnetic result. 
However, it is generally true that in any two-magnetometer permeability study, 
questions of very small deviations of effective sensitivity factors from nom- 
inal values must be critically assessed before any attempts are made to make 
physically meaningful interpretations. 
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Fig.  1 - The s l o p e s  A of  eq. 2 (heavy d o t s ) ,  wi th  95% confidence l i m i t s ,  and 
t h e  s lope  D (denoted by x) i n  t h e  equat ion BALSEP = D'BEXp 35 + E upon which 
t h e  l a t e s t  ALSEP/Explorer 35 pe rmeab i l i ty  e s t ima te  i s  based.  
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