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Abstract. A number of conductivity models have been investigated for compatibility with the Apollo 
12 magnetometer data. Except at the highest frequencies, a simple core-crust model is compatible 
with the observed dayside transfer function, which is expressed as the ratio of the lunar surface field 
spectrum to the interplanetary magnetic field spectrum. All conductivity profiles exhibit a peak near 
1500 kin, when the models are constrained to conform to the observed flat response at the higher 
frequencies. However, at frequencies above 0.01 Hz the long wavelength limitation of the theoretical 
model is no longer valid. A combination of dayside and nightside models and data indicate that a 
conductivity profile with a peak (0.003 mho/m) near 1500 km radius and a core conductivity of 
about 0.01 mho/m at 1000 km is compatible with the observations, as is a monotonic conductivity 
profile with 0.0005 mho/m at 1600 km and a core conductivity of 0.01 mho/m at 1000 km radius. 

A plausible explanation for the difference between the north-south and east-west transfer functions 
is that it is due to a time varying compression of the remanent (dc) field at the Apollo 12 site by 
fluctuations in the solar wind plasma. Providing that the spectrum of these compressive fluctuations 
is not strongly frequency dependent, the result of removing this effect will be to decrease slightly 
the estimated conductivity. 

1. Introduction 

The Apo l lo  12 L u n a r  Surface Magne tomete r  Exper iment  has p r o d u c e d  some un- 

expected results, such as the observa t ion  of  a large remanent  (dc) magnet ic  field, 

an induct ive response to t ime f luctuat ions in the in te rp lane ta ry  magnet ic  field tha t  

is a funct ion of  the po la r iza t ion  of  the f luctuations,  and  appa ren t  peaks  in the  ob-  

served response (transfer function) to the t ime f luctuat ions (Dyal  and  Parkin ,  1971a; 

Sonet t  et al., 1971a, b). On  the in te rpre ta t iona l  side, the r ap id  rise and then leveling 

off o f  the t ransfer  funct ion,  as de te rmined  f rom the lunar  days ide  data ,  has  been 

taken as indicat ing a thin, highly conduct ing  shell at  a dep th  o f  abou t  250 k m  (Sonet t  

et al., 1971a, b), while the nights ide da ta  has been in terpre ted  in terms o f  a mono-  

tonical ly  increasing conduct iv i ty  s t ructure  (Dyal  and  Parkin ,  1971a, b). In  this paper  

I in tend to pursue  some o f  the impl ica t ions  of  these observat ions  and de te rmine  their  

effects on the in te rpre ta t ion  o f  the da ta  in terms o f  the conduct iv i ty  models.  

2. Theoretical Model 

Figure  1 shows the geometry  on the dayside  lunar  equa tor  and  in this coord ina te  

system the field componen t s  due to the in te rp lane ta ry  field and the induced field are 

(Sill and  Blank,  1970) 

B x = Box, (1) 

By = HpBo, -- H t (Vx*Boy) + H, (V,*Box) ,  (2) 

B~ = HpBo~ - H t (Vx*Bo~), (3) 
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where all quantities are to be considered as functions of frequency, I-1 v and Ht the 
Poloidal and Toroidal transfer functions, respectively, and the solar wind components 
are (neglecting aberation and fluctuations out of the ecliptic) 

Vx = - V~w cos ~b, Vy = V~w sin qS. (4) 

The constraints imposed in the above derivation are (Blank and Sill, 1969; Sill 
and Blank, 1970), (1) the wavelength of the source field fluctuation is much greater 
than the radius of the Moon, which, for spatial irregularities convected with the solar 
wind, requires that the frequency of the associated time variations be much less than 
0.1 Hz, (2) the lunar conductivity profile is radially symmetric, (3) a thin current 

Z 

E o = - V s w X B  ° 

B o 

Fig. 1. Quadrant of the Moon showing the interplanetary source fields Bo, Eo, Vsw and a local 
coordinate system on the lunar surface at the equator, X(Vertical), Y(East), Z(North). SS is the 

subsolar point and ~b is the angle between the direction to the Sun and the vertical. 

sheet at the lunar surface confines the induced fields to the lunar interior, (4) the 
day-night asymmetry in the solar wind plasma interaction with the Moon, which 
results in the plasma void behind the Moon, produces small effects on the induced 

fields on the sunlit hemisphere. 
Model studies indicate that Hp is an increasing function of frequency in the fre- 

quency range where induction occurs in the more conductive portions of the lunar 
interior, while H t is independent of frequency until induction occurs in the leats 
conductive regions near the lunar surface, at which point Ht decreases with frequency 

(Sill and Blank, 1970). 
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3. Discussion of the Observations 

Figure 2 shows the ratio of the power spectra (A = ]B i [/lBo~ I), i = x ,  y, z (average of 
14 spectra representing 21 hr of data), as determined from measurements made on 
the lunar surface by the Apollo 12 magnetometer and in the solar wind by Explorer 
35 (Sonett et al., 1971b). The observed vertical transfer function (A~) is near unity 
in accord with (1), but it shows a tendency to decrease at the higher frequencies, 
perhaps indicating that the approximation of an infinitely thin confining current sheet 
is no longer valid. The observed horizontal transfer functions (Ay, A=) increase with 
frequency indicating a dominant contribution from the poloidal response. However, 
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The e×perimenta! transfer functions A=(Vertica]), Au(East ) and Az(North) 
[Sonett et al. ,  ]97]b]. 

A= is consistently larger than Ay and this has been suggested as an indication of a 
contribution from the toroidal response (Sonett et al., 1971a, b). From Equations 
(2) and (3), assuming that Vx, Vy have a dc component only and that Ht is real, the 
ratios of the power spectra are, 

A~ = ]gEl 2 -- 2VxH t Real [Hp] + ( V x H t )  2 , (6) 

z 2 (V, Ht)2 2V, Ht Real Ay = A~ + + [-(Hp- Vx//t) * * . Boxaoy/BovBov] (7) 

Therefore A= > Ay, if the sum of the last two terms in (7) is negative. Since Ht, H E and 
-V~ are positive, a necessary condition is that the product Vy Real * [Bo,Bo, ] be 
negative. From (5) and Figure 1 we see that Vy is negative before local noon and 
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positive after local noon. Observations of the x and y components of the inter- 
planetary magnetic field show both positive and negative correlations, e.g., Figures 
14a, 14b of Dyal et al. (1970). Therefore, if we require A~>A r by the above mechan- 
ism, those spectra averaged in Figure 2 which represent measurements made before 
local noon (Vy<0) must be dominated by positively correlated events in the cross- 
spectrum (Real [Bo*Boy ] >0) and those which represent measurements made after 
noon (Vy>0) by negatively correlated events. These requirements seem like a rather 
restrictive set of conditions. 

The last condition, that the magnitude of the last term in (7) be greater than the 
second, poses no serious problem, if the poloidal response is greater than the toroidal 
response and if the spectral ratio term is not too small. For Hp in the range from 
1 to 3, and * * (Bo,Boy/BoyBoy) about ½, values for VyH t in the range from ½ to 2 are 
compatible with the observed differences between A~ and Ay. A test for the contribu- 
tion from the toroidal interaction can be made by the analysis of data collected at 
local noon, for then A~ should equal Ay. 

Alternatively, if the toroidal response is negligible, then the difference between the 
horizontal transfer functions could be attributed to a more complicated conductivity 
structure including variations in latitude and longitude, or to other asymmetric 
aspects of the interaction such as the day-night asymmetry. 

Another possibility is a contribution to the lunar surface spectra from a variable 
compression of the local remanent (dc) field. The remanent field should interact with 
the incoming solar wind plasma in a fashion similar to that of the induced fields 
(Blank and Sill, 1969). The gist of this interaction is that the deflection of the particles 
by the magnetic field gives rise to a current which excludes the field from the bulk 
of the plasma and confines it to a region near the lunar surface. The thickness of  
the current sheath is of the order of c/a)p or about 5 to 10 km. Perturbations in the 
solar wind plasma parameters should then cause fluctuations in the interaction 
current and thereby give rise to a fluctuating magnetic field which is proportional 
to the remanent field. 

Dyal and Parkin (1971a) observed fluctuations in the 3 hr averages of the field 
components that are proportional to the remanent field and the energy density of 
the solar wind. They suggest that these are due to the compression of the remanent 
field by the solar wind. Assuming a mechanism of this type and neglecting the toroidal 
interaction, the field at the lunar surface would be 

B, = HpBor + KB (dc),,  (8) 

B~ = HpBoz + KB (dc)z , (9) 

where K is the spectrum of the compression factor, which is a function of the solar 
wind parameters, and B(dc)y= 13 ?, B(dc)z=25.6 ? are the horizontal components 
of the remanent field at the Apollo 12 site. Since the remanent z component is about 
twice as large as the y component, this mechanism will contribute proportionately 
more power to the z spectra, thereby providing an explanation for the observation 
that A~ is greater than Ay. In order for the remanent field fluctuations to be effective, 
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their amplitude should be of the same order as the inductive fluctuations or about 
several gammas. Fluctuations of this order are observed in the three hour averages 
of the difference between the lunar surface field and the interplanetary magnetic field 
(Dyal and Parkin, 1971). For the case where the confining current layer thickness, 
remanent field scale size and distance from the source are all of the same order 
(10 km), a 10~o fluctuation in the solar wind plasma density will give rise to a fluctua- 
tion of similar magnitude in the confined remanent field or a fluctuation of several 
gammas. Therefore, such a mechanism would appear quite plausible. 

Inspection of the individual spectra, as measured in the solar wind and on the 
lunar surface (Sonett et al., 1971b) indicates that for the surface fields ]Bzl2> ]By[ z 
over the whole frequency range, while in the solar wind fBo~[2< ]Boyl 2 for f <  10 -z Hz 
and IBo~[2~]Boy[ z for f > 1 0  -z Hz. Therefore, the relative contribution from fluc- 
tuating compression is greater at the lower frequencies. In any case, Ay is less con- 
taminated by these effects simply because the y component of the remanent field is 
less than the z component. 

Finally, some explanation must be offered for the apparent peaks in the observed 
transfer functions as they are not consistent with the proposed theoretical model. 
One possible explanation is that they are the result of the excitation of higher order 
modes by the shorter wavelengths of the high frequencies. As was pointed out 
previously, the approximation of a uniform source field limits the application of the 
theoretical model to frequencies much less than 0.1 Hz. For the convection of spatial 
fluctuations in the interplanetary field, the phase difference across the moon is at 
least 15 ° at 10 -2 Hz and it increases to at least 45 ° at 3 x 10 -z Hz. Certainly the 
approximation of a uniform source field is not applicable at these high frequencies. 
On the other hand, there is no evidence that the excitation of higher order modes 
will lead to a peaked response. Consideration of a 'resonant' cavity effect leads to 
improbably large length scales or extremely low electromagnetic wave velocities. 

With respect to these peaks in the observed transfer function, it is important to 
note that the individual spectra, in the solar wind as well as on the lunar surface, 
exhibit peaks near and above 10 -z Hz (Sonett et al., 1971b) and that there is even 
a suggestion that the peaks are harmonically related. Peaks in the spectra of the 
interplanetary magnetic field at these frequencies have also been observed by Earth 
orbiting spacecraft (Fairfield, 1969; Scarf et al., 1970). The fluctuations responsible 
for these peaks are observed upstream from the Earth's bowshock when the field 
line from the spacecraft intersects the shock. It has been proposed that these fluctua- 
tions are waves generated through a plasma instability by high velocity protons 
traveling upstream from the shock. Correlations between the magnetic field fluctua- 
tions and suprathermal protons as well as other solar wind parameters have been 
observed (Scarf et al., 1970). 

Such fluctuations in the solar wind parameters could lead to peaks in the lunar 
surface spectrum, through a variable compression of the remanent field, if the 
spectrum of the compression factor in (8) and (9) is peaked. Peaks in the spectrum 
of the solar wind velocity at frequencies near 10 .2 Hz have been reported (Coleman, 
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1966). As noted previously, modest changes in the solar wind parameters (~ 10%) 
could lead to compressional fluctuations of a few gammas. 

A priori, it is also possible that the toroidal interaction, which is dependent on 
the convolution of B o (09) and Vsw (co), could contribute to the peaks in the spectra. 
In this case the convolution of the spectra would give rise to peaks at the sum and 
difference frequencies for fluctuations in Bo and V~w which are correlated. Thus, this 
mechanism is capable of introducing additional power into different portions of the 
surface spectra and this characteristic could be used as a diagnostic feature of this 
interaction. Measurements of the solar wind spectrum (Coleman, 1968) show that 
typical fluctuations in the frequency range from 10 - 3  to  10 -2 are of the order of 
10 km/s. Since the toroidal contribution from the steady (dc) component of the wind 
is at least an order of magnitude greater than the fluctuations at these frequencies, 
it seems less likely that the above mechanism could produce an important effect. 

4. Conductivity Models 

With the above discussion of the data and the theoretical model in mind. Let us 
examine several conductivity models which purport to fit the observed transfer 
function. Figure 3 shows a comparison of three poloidal response models to the 
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Fig. 3. The experimental RMS tangential transfer function shown as circles with error bars f rom 
Sonett et aL, (1971b). Also shown are the calculated poloidal transfer functions for the conductivity 

models shown in the inset. 
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observed rms transfer function, ( A ) =  [0.5 2 2 1/2 (Ay +Az)] . The simple core-crust model 
(2) provides an adequate fit to the data except at the highest frequencies where the 
response is still increasing with frequency, while the observed response has flattened 
out. As has been mentioned several times previously, this high frequency region is 
where the assumption of a uniform source field breaks down and perhaps because 
of this (and the peaks), we should use caution in constraining the models to fit the 
data in this region, at least until we have a better understanding of the nature of 
the interaction in this frequency range. 

Model 2 has a core conductivity the same as that used in model 3 of Sill (1971) 
but the core radius in model 2 is smaller by 40 km and this provides a somewhat 
better fit, especially at the higher frequencies. Sonett et al. (1971b) attempted to fit 
a core-crust model (core radius = 1560 km, core conductivity=7.4 x 10 .4  mho/m) to 
the data, but the calculated response did not show very good agreement. Apparently, 
some of the problem is attributable to a computation technique which leads to an 
overestimate of the high frequency response. This effect can also be seen by comparing 
models 3 and Sonett's best fit model (1) in Figure 3. Here we note that the response 
of model 3, even with its slightly higher conductivity exterior to the peak, is lower 
and flatter than Sonett's model at the higher frequencies. 

In Figure 4, models 4 and 5 show some of the effects of changing the conductivity 
profile near the peak. Model 4 has a broader and less conductive shell near 1500 km 
as compared to model 3. The response of model 4, compared to 3, is slightly greater 
at frequencies above 10-2 Hz, which is partly attributable to the higher conductivity 

Fig. 4. 
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The experimental RMS tangential transfer function shown as circles with error bars and the 
calculated poloidal transfer functions for the conductivity models shown in the inset. 
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in the region between 1525 km and 1550 kin. This is partly in contradiction of the 
statement in Sonett et al. (1971b), that a better fit of the model at the higher frequencies 
will probably lead to both a higher value of the maximum conductivity and a steeper 
slope of the conductivity profile at the outer edge. Model 5 shows that the transfer 
function is not very sensitive to the structure just below the peak; here the increase 
in the conductivity between 1200 km and 1450 km is compensated by a slight thinning 
of the highly conducting shell. Figure 5 pursues this effect. In these models the thinning 
of the shell is compensated by an increase in the shell and core conductivities. 

These models illustrate something of the permissible range of models that will fit 
the data. If  we require the response to be flat at the higher frequencies, all the models 

Fig. 5. 
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The experimental ~MS tangential transfer function shown as circles and the calculated 
poloidal transfer functions for the conductivity models shown in the inset. 

exhibit a peak in the conductivity near 1500 km. However, there is some spread in 
the models and the conductivity profile just below the peak is not strongly limited. 
If we relax the constraint on the flatness of the high frequency response, a simple 
core-crust model will fit the low frequency data. 

So far the models have been fit to the observed rms transfer function, but in the 
previous discussion of why Az > Ay, two of the mechanisms (toroidal interaction and 
compression of B (dc) were based on effects which would contribute more extraneous 
power into the z component spectra at the lunar surface. In both these cases the 
Ay transfer function should be closer to the pure poloidal transfer function. Figure 6 
is a fit of a model to Ay and A~-0.4  where 0.4 is the average difference between 
As and Ay. Model 6 is similar to models 3 and 5 with a slightly thinner and less 
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conductive shell and a less conductive core. The core-crust model 7 is slightly less 
conductive than that in Figure 3. 

I f  the difference between A= and Ay is due to contamination of the spectra from 
either a weak toroidal interaction or a variable compression of the remanent field, 
then the appropriate models will be much like those in Figures 3-6 with slightly 
greater depths of the layers and slightly reduced conductivities. However, the picture 
could be altered significantly if the proposed contamination mechanisms are strongly 
frequency dependent, as seems more likely for the compression of the remanent field. 
Some of these questions about the mechanism could be answered by a careful 
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Fig. 6. The Y component of the experimental transfer function and the Z component minus the 
average difference (0.4) between the Z and Y component transfer functions. Also shown are the 

calculated poloidal transfer functions for the conductivity models shown in the inset. 

examination of the data, especially at low frequencies, and also by measurements 
that will be made at future Apollo landing sites. 

The analysis of the nighttime data, when the magnetometer is exposed to the 
plasma void behind the Moon, has proceeded by matching the observed time domain 
response to models of the Moon represented by a sphere in a vacuum (Dyal et al., 

1970; Dyal and Parkin, 1971a, b). The response of a sphere in a vacuum to a step 
function change in the source field is characterized by a decay f rom the initial to 
the final value for the radial component  and by an overshoot and then a decay to 
the final value for the tangential components. Qualitatively, such a response is 
observed in the nighttime data; however, deviations from the theoretical response 
of a sphere in a vacuum are observed. Some of these effects are illustrated in Figure 7 
(Dyal et al., 1970). Note that the step change in the tangential field as observed at 
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Explorer 35 results in an overshoot at the lunar surface which is more than twice 
the magnitude of the source field change, when the simple theory predicts an over- 
shoot of  not more than 1.5 times the input. Also, the radial component (x) at Explorer 
35 shows no pronounced low frequency change at the time of the step change in 
the tangential components, but at the lunar surface there is a large transient in the 

radial component. 
A model consisting of a sphere with confining currents distributed along a tengential 

cylinder, representing the boundary of the plasma void, would probably be a more 
appropriate model for the nighttime response. Such a model would account for the 
amplification greater than 1.5 and the crosstalk between components by the compres- 

sion and distortion of the induced dipole-like field. 
The absence of the diamagnetic solar wind plasma on the nightside could also 

contribute to an observed amplification greater than 1.5 In this case, suppose that 
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Fig. 7. The lunar nightside transient response. At this time explorer 35 measured the field in the 
solar wind while Apollo 12 was exposed to the plasma void behind the Moon (Dyal et al., 1970). 

the source field in the void is about 30% greater than in the solar wind because of 
the plasma diamagnetism, the initial overshoot could be nearly twice as great as the 
magnitude of the step as observed in the solar wind. Another effect would be that 
the decay would asymptotically approach a value some 30~ greater than that seen 
in the solar wind. Since the field is rarely steady for long enough periods, it is difficult 
to test this effect. In any case the crosstalk between components and the suggestion 
that the amplification may be even larger than 2 at the higher frequencies favors 

partial compression and distortion as a dominant mechanism. 
Figure 8 shows the calculated time response of layered sphere models in a vacuum 

to a simulation of an observed transient (Dyal et  al.,  1970) in the radial component  
and Figure 9 shows the frequency domain response. In the time domain, the calculated 
response of the core-crust model suggested by Dyal and Parkin (1971a, b) is larger 
than the observed response for all times shown. The 3-1ayer model of Dyal and 



LUNAR CONDUCTIVITY MODELS FROM THE APOLLO 12 MAGNETOMETER EXPERIMENT 13 

Parkin (1971a, b) has a highly conductive core and its response is larger than the 

observed one for the first 200 s, but at long time it matches the observed surface 

response. Model 3, after Sonett's conductive shell model, fits the first 200 s of the 

observed response rather well, but it is larger than the observed for later times. A 

model (3c) composed of model 3 with a highly conductive core as in the 3-layer 
model of Dyal and Parkin seems to give a very good fit to the surface response over 

the complete time span shown, as does the monotonic model 2c which is like the 

model 2 with the addition of a conductive core. The fact that the calculated response 

is below the input response at 300 s indicates that induced currents are still flowing 

0 0 0 fO 0 A • 
-4 o ~  o , 

~- • ~ L~- " ~ ~ ~ ~ L~ 

• CORE-CRUST MODEL A F I E R  D Y A L  A N D  PARKIN [1971] 
O 3 LAYER MODEL AFTER D Y A L  Ar ID PARKIN [1971] 
~ M O D E L  3 AFTER SONETT ET AL. [1971bi 

2. ~ MODEL 3C (WITH CONDUCTIVE CORE) l/ 
/ ~ i  : ~ [ I I i I I r I I ~ ] I i J T 

100 200 3oo 4(~) 

TIME (SEC) 

Fig. 8. The lunar nigbtside transient response and the calculated time domain response for the con- 
ductivity models shown in Figure 9. Bo= is a simulation of the source field as observed in the solar 

wind and B= is the observed lunar surface field (Dyal et al., 1970). 

in the conductive interior and Figure 9 shows that these models have the largest 

response at the low frequencies. 
For comparison, Figure 10 shows the observed and calculated transients in the 

z component which occurred at the same time as the x component transient shown 
in Figure 8. Here, none of the models provides an adequate fit to the observation. 
The obvious discrepancy is that the magnitude of the observed surface response is 
much greater than the calculated response. The initial value of the observed overshoot 

(~14  7) is about twice as large as the step change in the solar wind field (,-~7 7), 

while the calculated overshoot is about what would be expected from Figures 9 and 
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10, (i.e., 1.3 x7  y---9 ?). This discrepancy is probably due to partial confinement 
effects. 

As a final example, Figure 11 shows another observed transient in the radial 
component  and the response of the same five models. During the first 300 s all the 
models give a response that is greater than the observed one. The models with the 
least conductive interiors (core-crust and 3) have as expected the largest response 
at 300 s, however, the decay of the conductive shell model (3) after 300 s is much 
slower than the core-crust model. The 3-layer model has a very rapid decay after 
300 s when compared to the core-crust model because the currents induced in the 
innermost core during the first 300 s very nearly cancel the current induced by the 
drop in the field at 300 s. Here, again, the conductive shell model with a highly 
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Fig. 9. The calculated frequency domain response for a sphere in a vacuum. The conductivity 
models are shown in the inset. 

conductive core (3c) and model 2c provide a better, but not wholly adequate, fit 
to the observed response. 

5. Summary 

For a completely dominant poloidal interaction, a simple core-crust model provides 
an adequate fit to the observed dayside rms transfer function except at the highest 
frequencies. The requirement that the calculated poloidal response match the rela- 
tively fiat observed response in the high frequency region leads to models which have 
a peak in the conductivity profile near 1500 km. However, examination of several 
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models indicates that the conductivity structure below this depth is not strongly 
limited by the present dayside data. Extension of the frequency domain analysis to 

lower frequencies will be required to determine the deeper conductivity structure and 
will aid in the clarification of other questions such as the importance of the toroidal 

interaction. 
It  seems plausible that the difference between the observed horizontal transfer 

functions (i.e., A~ > Ay) is due to a time variable compression of the remanent field 

driven by fluctuations of the solar wind plasma. In such a case the amplitude of 
the fluctuation is proportional to the strength of the remanent field and, therefore, 
the observed transfer function Ay is closer to the true inductive transfer function 
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The lunar nightside transient response and the calculated time domain response. This 
event occurred at the same time as the event shown in Figure 8. 

simply because the magnitude of the y component  of the remanent field is smaller 
than the z component. The models that are fit to the y transfer function are slightly 

less conductive than those that are fit to the rms transfer function. Provided that  
the spectrum of the compressive fluctuations is not a strong function of frequency, 
we anticipate that the complete removal of the compressive effects will lead to models 
slightly less conductive than those that have been previously presented. I f  the com- 
pressive fluctuations of  the remanent field are strongly frequency dependent, then 
the resulting models could be significantly different. (Preliminary results from the 
Apollo 15 magnetometer indicate a very small remanent field, < 5  7 [Dyal, 1971, 
personal communication]. Contamination of the induction field spectra by compres- 
sion of the remanent field should be minimal at this location.) 
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During the lunar night the data is less likely to be contaminated by compression 
of  the remanent field because of  the absence of  the solar wind plasma at the lunar 

surface. However,  the partial confinement o f  the induction field within the plasma 

void limits the utility of  the sphere-in-a-vacuum model for the nightside response. 

Within the limitation o f  this model, it is found that either Sonett 's  conductive shell 
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Fig. 11. 
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The observed nightside transient response (Dyal and Parkin, 1971a) and the calculated 
time domain of the models in Figure 9. 

model with the addition of  a highly conductive core (model 3c) or a monoton ic  

conductivity model (2c) provide the best (but not  completely adequate) fit to the 

nightside radial component  transient data. Inclusion of  the conductive core in either 

of  these models does not  appreciably alter the dayside transfer function above 

10 -3 Hz, so that these models are compatible with the present dayside data as well. 
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