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Abstract. An approach for transforming Schlumberger apparent elec-
tric resistivity data into the corresponding Wenner apparent electric
resistivity data is developed based on the digital linear filter theory.
The auxiliary resistivity functions are used to determine the resistivity
filters. The filter coefficients necessary for the transformation are de-
rived, using the Schlumberger auxiliary resistivity function as input,
and the Wenner auxiliary resistivity function as output. The Fourier
Transform concept is applied to determine the frequency spectra of
both the input Schlumberger, and the output Wenner functions. Final-
ly, the filter coefficients are obtained by applying the inverse Fourier
transformation after multiplying the frequency spectrum of the filter
function by the frequency spectrum of the sinc function. The am-
plitude and phase spectra of both the Schlumberger and Wenner aux-
iliary resistivity functions are computed, and then the amplitude and
phase spectra of the filter function could be calculated. 

Apparent resistivity curves of some Schlumberger soundings, sam-
pled in a rate of six points per logarithmic decade, are prepared and
convolved with the calculated transformation filter coefficients to, ob-
tain the corresponding Wenner sounding curves. The output trans-
formed Wenner apparent resistivity curves are essentially the shifts of
the Schlumberger curves, along the abscissa axis. The amount of this
shift is found comparable with that given in literature. 
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Introduction

The present paper is an extension of Das and Kumar (1979) work in which dig-
ital linear filters were developed to transform Wenner to Schlumberger ones.
Here, the filters are designed to perform the reverse procedure (i.e., transform
Schlumberger to Wenner). 

In comparing the Wenner and Schlumberger arrays, it is noted that the elec-
tric current electrode spacing predominantly controls the depth of penetration in
both configurations. For equal values of current electrode spacing, the depth of
penetration reached in the two electrode configurations is, thus nearly equal.
Generally, Schlumberger array has a greater probing depth and more resolving
power than Wenner array. Also, because the potential electrodes remain in fixed
location in the Schlumberger array, the effects of near surface variations in
resistivity are reduced. In Wenner array, because all electrodes are moved for
each reading, this array type would be more susceptible to near-surface lateral
variations in resistivity. Furthermore, the voltage difference between the po-
tential electrodes is considerably larger in the Wenner array than in the Schlum-
berger array, for the distance between the potential electrodes is larger in the
Wenner configuration. For comparable depth of penetration, then, the reading
accuracy of the voltage is better in the Wenner configuration than in the
Schlumberger configuration (Koefoed, 1979 and Ward, 1990).

Measurements with the Schlumberger configuration, on the other hand, pro-
vide the interpreter with a unique advantage over other configurations; i.e., the
ability to identify and quantitatively and systematically correct for lateral, near-
surface resistivity variations which might otherwise be interpreted in terms of
vertical resistivity layering. Despite these differences, however, engineers are
more familiar with the Wenner configuration, especially in studying near-
surface resistivity distributions for determining the electrical earthing for con-
structing electrical facilities. This is basically due to the fact that, resistivity sur-
vey used for electric earthing is only for the shallow section of the earth's soil,
where the engineered structures would be constructed. Therefore, the designed
coded resistivity survey to control corrosion of buried structures, such as oil-
refinery structures, boiler structures, and petrochemical structures is that with
the Wenner electrode configuration (ASTM, 2001). 

Since most of the resistivity surveys are conventionally carried out using the
Schlumberger electrode array, because it is the most widely used array and
hence possesses the most developed interpretation technique, it is, therefore, of
practical importance to provide the engineers, geophysicists, and geologists
with practical means, to obtain detailed apparent resistivity data of the very near
section of the soil, without repeating the survey with the Wenner array. This
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means that considerable field advantages are derived by combining Schlum-
berger and Wenner field procedures in one single survey.

Kunetz (1966) was the first to indicate the possibility of applying the method
of digital linear filtering in resistivity interpretation. Das and Kumar (1979) in-
troduced the transformation of Wenner to Schlumberger apparent resistivity
data, based on the digital linear filter theory. Ghosh (1971a; and 1971b) worked
out the method of digital linear filtering in an improved form. He declared that
the applicability of the method arises from the fact that the relations between
the resistivity transform and the apparent resistivity functions are linear re-
lations. Under this condition, the apparent resistivity functions are also linearly
related. In the method of digital linear filtering, the values of one of the func-
tions are obtained as a linear expression in the sample values of the other func-
tion (Parasnis, 1997). The samples are being taken at a constant interval along
the abscissa axis. The coefficients in this linear expression are called the filter
coefficients. Based on the same theory, we can present a filter to perform the
reverse operation; namely, the transformation of Schlumberger apparent re-
sistivity measurements into the corresponding Wenner apparent resistivities.
The review of theoretical background draws heavily on Koefoed (1979). Morsy
(1998) discussed, in detail, the Fourier transformation concept and the regime
involved in the transformation from time domain to frequency domain and vice
versa. He also reviewed the basic mathematics of convolution and de-
convolution algorithms and the derivations of auxiliary resistivity functions of
Wenner, Schlumberger, and dipole-dipole configurations (Koefoed, 1979).

Transformation of Configurations

Several authors have attempted the transformation of the apparent resistivity
curves of one configuration into the other using the digital linear filter theory.
Kumar and Das (1977) transformed dipole-dipole to Schlumberger sounding
curves by means of a digital linear filter. Filters for this transformation are pre-
sented for the radial, perpendicular, and parallel (30º) dipole-dipole configura-
tion. A sampling interval of (1/6)ln10 was used to obtain an accurate filter. The
operation is handy and fast. The filter function of the dipole-Schlumberger
transformation is determined in the usual way from the input dipole and output
Schlumberger auxiliary resistivity functions. This is done by obtaining the filter
amplitude spectrum for dipole-Schlumberger transformation, as the ratio of am-
plitude spectrum for their Kernel transformations. The filter phase spectrum, is
the difference between the phase spectrum of the Schlumberger-Kernel, and that
of the dipole-Kernel. The filter sinc response can then be obtained by inverse
Fourier transformation.
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Kumar and Das (1978) have also transformed Schlumberger apparent re-
sistivities into dipole apparent resistivities over layered earth by the application
of digital linear filters. The filter for this transformation was also designed using
a sample interval of (1/6)ln10 to provide accuracy, as well as fast performance.
The amplitude and phase spectra of the Schlumberger-dipole transformation fil-
ter were determined such that the former, is the inverse of the amplitude spec-
trum of the dipole-Schlumberger transformation filter of Kumar and Das
(1977), and the latter, is the negative of the phase spectrum of the dipole-
Schlumberger transformation filter. Inverse Fourier Transformation then ob-
tained the filter sinc response.

Deppermann (1954) developed a scheme to transform Wenner apparent re-
sistivity curves into Schlumberger curves. Koefoed (1968), based on Dep-
permann’s work, arrived at an explicit relationship between the two apparent
resistivities as follow:

Where: ρaW  = Wenner apparent resistivity

ρaS = Schlumberger apparent resistivity

a = electrode spacing in the Wenner configuration.

s = half current electrode spacing in Schlumberger configuration.

When the average value of ρaS/s2 is approximately linear in the interval s = a
to s = 2a, following Koefoed, one can write Eq. (1) as

From Eq. (2) it was noted that ρaW is approximately equal to ρaS at “s” equal
to “a√c 2 ”. This suggests that the Schlumberger collection of the standard
graphs may be used for curve matching the Wenner data if one puts the cross at
s = 1.4 and ρa = 1. Geophysicists used this popular approximate method to in-
terpret the Wenner data until Orellena and Mooney supplemented their original
1966 collection with a Wenner set.

Das and Kumar (1979) designed their Wenner-Schlumberger Transformation
filter following the same procedures suggested by Ghosh (1971a) and the math-
ematical expressions for the input Wenner and the output Schlumberger aux-
iliary resistivity functions applied the Fourier transformation. 
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Schlumberger-Wenner Transformation

In the present paper, the filter coefficients for the transformation of Schlum-
berger apparent resistivity curves into the Wenner curves is derived, utilizing
the Schlumberger auxiliary resistivity function as input, and the Wenner aux-
iliary resistivity function as output using the auxiliary (partial) resistivity func-
tions (Koefoed, 1979). Knowing one pair of the input (Schlumberger auxiliary
function) and the corresponding output (Wenner auxiliary function), both func-
tions are sampled at a rate of six points per logarithmic decade (a sampling in-
terval (∆x) of ln10/6 = 0.383764) to ensure accuracy.

The procedure is then first to determine the frequency spectra of the input
Schlumberger and the output Wenner functions by the application of the Fourier
Transform concept. The frequency spectrum of the filter function is then obtained
by dividing these two frequency spectra; the filter function itself can be finally
obtained by applying inverse Fourier transformation to its spectrum. According to
the theory of digital linear filtering, the filter coefficients, which we wish to de-
rive, are not the sample values of the filter function, but those of a function called
the sinc response of the filter (Ghosh, 1971a and Das and Kumar, 1979). The sinc
response of the filter is the convolution of the filter function with a sinc function
of a period equal to twice the sampling interval (e.g. Koefoed, 1979). To obtain
the filter coefficients, the filter function must be convolved with the sinc function
or, more conveniently, the frequency spectrum of the filter function must be mul-
tiplied by the frequency spectrum of the sinc function.

According to the theory of Fourier analysis, the frequency spectrum of a sinc
function is a rectangular function, i.e., is a function, which is zero for fre-
quencies higher than the cut off frequency. This result corresponds with the as-
sumption implied by the sampling theory that the frequency spectrum of the
function contains no frequencies higher than the reciprocal of twice the sam-
pling interval. Thus, an intermediate step is required in the procedure for de-
termining the filter coefficients. After the frequency spectrum of the filter func-
tion has been determined, this spectrum is cut off at the critical frequency
(Nyquist Frequency) of “1/(2 ∆x)" and multiplied by a constant factor “ ∆ x”.
The frequency spectrum of the sinc response of the filter is thus obtained. The
filter coefficients are then obtained by applying inverse Fourier transformation.

The Filter Performance

The filter function for the Schlumberger-Wenner transformation is de-
termined from the input Schlumberger and the output Wenner auxiliary re-
sistivity functions. The amplitude and phase spectra of the Wenner and Schlum-
berger auxiliary resistivity functions are shown in Fig. (1 and 2), respectively.
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The amplitude spectrum of the filter function is computed by dividing the am-
plitude spectra of the Wenner and Schlumberger functions whereas the phase
spectrum of the filter function is computed by subtracting the phase spectra of
the Wenner and Schlumberger functions. The computed filter spectra are both
shown in Fig. (3).

Fig. 1. (a) Amplitude, and (b) phase spectrum of the Wenner auxiliary resistivity function.

Fig. 2. (a) Amplitude, and (b) phase spectrum of the Schlumberger auxiliary resistivity func-
tion.
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The Digital Filter Coefficients

The sinc response of the filter is reconstructed at an interval of (1/6) ln10 and
is shown in Fig. (4). The transformation is both accurate and fast. The designed
Schlumberger-to-Wenner transformation filter is further checked against that
designed by Das and Kumar (1979) for the transformation of Wenner to
Schlumberger apparent resistivities, which in fact represent its inverse filter. 

Fig. 3. (a) Amplitude, and (b) phase spectra of the filter function.

Fig. 4. Sinc response of the Schlumberger-Wenner filter function.
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Conceiving that the Wenner-Schlumberger transformation filter spectrum
FWS(f) has an amplitude spectrum AWS(f) and phase spectrum ϕWS(f) and our
Schlumberger-Wenner transformation filter FSW(f) has an amplitude ASW(f) and
phase spectrum ϕSW(f), if both filters were each other inverses, then ASW(f)
should be the reciprocal of AWS(f), and ϕSW(f) should be identical and of op-

Table 1 shows the comparison between both the computed Schlumberger-to-
Wenner filter coefficients and that of Wenner-to-Schlumberger given by Das
and Kumar (1979).

Table 1. Comparison between computed Schlumberger-to-Wenner and Wenner-to-
Schlumberger (Das and Kumar, 1979) transformation filter coefficients.

Schlumberger-to-Wenner  Wenner-to-Schlumberger

Abscissa
transformation filter transformation filter

coefficients coefficients
(Computed) (Das and Kumar, 1979)

–4.3749 0.0015 0.0156

–3.9912 –0.0033 –0.0386

–3.6074 0.0018 0.0477

–3.2236 –0.0053 –0.0594

–2.8399 0.0090 0.0752

–2.4561 –0.0201 –0.0974

–2.0723 0.2926 0.1295

–1.6886 0.6432 –0.1744

–1.3048 0.0922 0.2515

–0.9210 –0.0194 –0.3724

–0.5373 0.0071 0.5834

–0.1535 –0.0046 –0.9896

0.2303 0.0076 1.9171

0.6140 –0.0050 –0.4094

0.9978 0.0009 0.1915

1.3815 0.0033 –0.1135

1.7653 –0.0015 0.0786

2.1491 0.0014 –0.0539

2.5328 –0.0015 0.0185



Digital Linear Filtering Method to Transform... 77

posite sign to ϕWS(f). Therefore, the multiplication of the two filter spectra,
FWS(f) and FSW(f), must give a constant amplitude spectrum with zero phase.
Alternatively, the convolution of the two filter sinc responses should yield a
spike at zero lag. This can be shown mathematically as: 

Fws(f) = / Aws(f)/ ei∂ws (f) 

Fsw(f) = / Asw(f)/ ei∂sw (f)

If FWS(f) is the inverse of FSW(f), then:

  /Aws(f)/ = 1/ / Asw(f) / , and

  ∂ws(f) = – ∂sw(f);                     

That is, Fws (f) = 1 / / Asw(f)/ e–i ∂sw (f) , and 

 Fws (f) . Fsw (f) = 1                 

Alternatively,                     Fws (x) * Fsw (x) = spike

This means that, the convolution of the filter coefficients in Table (1) can be
shown to be a spike.

Application

The computed filter coefficients given in Table (1) can now be used to trans-
form measured Schlumberger resistivity sounding data (measured ρS) into their
corresponding Wenner data (calculated ρW) by convolution according to the
equation:

Where ρW(x) is the output Wenner apparent resistivity data, Cj is the filter
coefficients, and ρS(yi) is the input Schlumberger apparent resistivity data.
Then, we can confirm this transformation by measuring corresponding Wenner
data to be compared with the computed one (calculated ρW). 

Four Schlumberger resistivity soundings were selected from a resistivity sur-
vey consists of 25 soundings performed at the 15th May City, Southeast Cairo,
Egypt (El-Behiry et al., 1999) at sampling rate of six points per logarithmic dec-
ade (Fig. 5). The selected Schlumberger sounding data are extrapolated back-
ward and forward, for the filter to fully apply to the first and last point of the in-
put data, as the length of the filter is nineteen coefficients. These data are then
convoluted with the calculated transformation filter coefficients given in Table
(1) to obtain the corresponding Wenner sounding curves. 
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The output transformed Wenner apparent resistivity curves and the input
Schlumberger apparent resistivity curves of the selected sounding curves are
shown in Fig. (6). The graphs in Fig. (6) readily demonstrate that, according to
Eq. (2), the filter essentially shifts the Schlumberger curves along the abscissa
axis to yield the Wenner curves. The amount of shifts along the abscissa axis
(1.42m) is in agreement with the relationship between Wenner and Schlum-
berger apparent resistivities given by Telford et al., (1990, see equations 8.42a
and 8.42b, respectively), which equals 1.39m.

Figure 7 shows the RMS error-relation between the interpreted Schlumberger
models and the transformed Wenner models of 15 soundings, which were car-
ried out at the 15th May City, Southeast Cairo, Egypt (El-Behiry et al., 1999).
The resulted correlation coefficient of 0.93 indicates the validity of the
developed transformation procedure in obtaining plausible resistivity model for
the shallow as well as the deep sections of the investigated soils.

Fig. 5. Selected Schlumberger apparent resistivity sounding curves (after El-Behiry et al.,

1999).

The unique condition for applying this filter is that, the Schlumberger re-
sistivity data preferred to be measured with a sampling rate as six points per dec-
ade. If the field Schlumberger data were measured using a sampling rate more or
less than of six points per decade, then these data can be plotted, digitized and
extrapolated to obtain the data in the regime of six points per decade. 
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Schlumberger

Wenner

Fig. 6. Transformed Schlumberger-to-Wenner soundings apparent resistivity curves.

Fig. 7. Comparison between RMS errors for Wenner and Schlumberger models.
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Conclusion

An approach for transforming Schlumberger apparent electric resistivity data
is developed based on the digital linear filter theory. The coefficients of the re-
sistivity filter necessary for the transformation are derived using the auxiliary
resistivity functions of both arrays. The Fourier Transform concept is applied to
determine the frequency spectra of both arrays functions. Finally, the filter
coefficients are obtained by applying the inverse Fourier transformation after
multiplying the frequency spectrum of the filter function by the frequency spec-
trum of the sinc function. The amplitude and phase spectra of both the Schlum-
berger and Wenner auxiliary resistivity functions are computed and then the
amplitude and phase spectra of the filter function could be calculated. 

The developed filter coefficients are tested using apparent resistivity curves
of some Schlumberger soundings, sampled in a rate of six points per log-
arithmic decade. The apparent resistivity values are convolved with the calculat-
ed transformation filter coefficients to obtain the corresponding Wenner sound-
ing curves.

Comparing the Schlumberger with the transformed Wenner curves for the
same resistivity distribution reveals that, the filter essentially shifts the Schlum-
berger curves along the abscissa axis to yield the Wenner curves. The amount of
shifts along the abscissa axis is found in agreement with that given by Telford et
al. (1990).

References

American Society for Testing and Materials (ASTM) (2001) Standard Test Method for Field
Measurement of Soil Resistivity using the Wenner Four Electrode Method, G57-95a, PA,
USA.

Das, U.C. and Kumar, R. (1979) Transformation of Wenner to Schlumberger apparent resistivity
over layered earth by the application of a digital linear filter, J. Cana. Soc. Explo. Geo-
physics, 15 (1): 49-53.

Deppermann, K. (1954) Die Abhangigkeit des scheinbaren widerstands von soundenabstand bei
der vierpunkt-method, Geophys. Prosp., 2: 262-273.

El-Behiry, M.G., Hanafy, Sh.M. and El-Hemamy, S.T. (1999) Electrical Resistivity Soundings
to Delineate Fault Trace at the Southern Part of 15-May City, Cairo. Proceeding of the An-
nual meeting of the Egyptian Geophysical Society (EGS), Feb. 23-25, Cairo, Egypt. 

Ghosh, D.P. (1971a) The application of linear filter theory to the direct interpretation of geo-
electric resistivity soundings measurements, Geophys. Prosp., 19: 192-217.

Ghosh, D.P. (1971b) Inverse filter coefficients for the computation of apparent resistivity stan-
dard curves over horizontally stratified earth. Geophys. Prosp., 19: 769-775. 

Koefoed, O. (1968) The application of the Kernel function in interpreting geoelectrical resistivity
measurements, Geoexplor. Monog., Series 1. 

Koefoed, O. (1979) Geosounding Principles, Elsevier, Amsterdam.



Digital Linear Filtering Method to Transform... 81

Kumar, R. and Das, U.C. (1977) Transformation of dipole to Schlumberger sounding curves by
means of digital linear filters, Geophys. Prosp., 25: 780-789.

Kumar, R. and Das, U.C. (1978) Transformation of Schlumberger apparent resistivity to dipole
apparent resistivity over layered earth by the application of digital linear filters, Geophys.
Prosp., 26 (2): 352-358.

Kunetz, G. (1966) Principles of Direct Current Resistivity Prospecting, Gebruder-Borntraeger,
Berlin, Germany, 103p. 

Morsy, E.A. (1998) Resistivity Soundings and Refraction Seismic for Evaluating the Hydro-
Geophysical Setting of Wadi El-Tarfa, Egypt, M.Sc. Thesis, Fac. Sci., Cairo Univ., Egypt,
195p.

Parasnis, D.S. (1997) Principles of Applied Geophysics, 5th-ed., Chapman & Hall, London, NY,
p. 431.

Telford, W.M., Geldart, L.P. and Sheriff, R.E. (1990) Applied Geophysics, 2nd ed., Cambridge
University Press, UK.

Ward, S. (1990) Resistivity and Induced Polarization Methods, In: Geotechnical and Environ-
mental Geophysics, I: Review and Tutorial, Society of Exploration Geophysicists, pp: 147-
190.



M.A. El-Difrawy, et al.82

WOzU�dNJ�« W�ËUI*«  U�UO� q�u��� WOL�d�« WOD)« …d�KH�« WI�d�
dM�Ë qOJA� v�≈ d�d�LK� qOJA�� W�UI*« WO{—_«

,**w�U�— bL�� ‰ö�≈  Ë  ,*ÈdO���« qOL� bL��  Ë  ,ÈË«d�b�« rFM*« b�� bL��
**v�d� rOK(« b�� ÂUB� Ë

,÷—_« ÂuK� WOK� , ¡U�eO�uO'« r��* Ë , w�«e�e�« b~d�« e�d�
,W�œuF��« WO�dF�« WJKL*« ,…b‡� ,e�eF�« b�� pK*« WF�U�

ÆWO�dF�« dB� W�—uNL� ,…eO� ,…d�UI�« WF�U� ,ÂuKF�« WOK� ,¡U�eO�uO'« r��**Ë

 U�U?O� q�u?�?�� W?O?L?�d�« W?OD)« …d?�KH?�« WO?MI� oO?�D� - ÆhK�?�?�*«
Âb?��?�*«Ë ,d?�d�?LK� qOJA?�� W?�U?I*«Ë ,WO?{—_« W?OzU�dN?J�« W�ËU?I*«
WOzU�dNJ�« W�ËU?ILK�  U�UO� v�≈ ,WOzU�eO�uO�Ë—b?ON�«  U�«—b�« w� …d�J�

 ÆWO�bMN�« ÷«d�_« w� Âb���*«Ë ,dM�Ë qOJA�� W�UI� ,WO{—_«
 ô«œ s� ,q�u���« w� Âb?���*« wL�d�« d�KH�«  ö�U?F� ÃU�M��« -
q�u% W?I�d� oO�D?�� p�–Ë ,5KOJA��« öJ� W?O{—_« W?OzU�dNJ�« W?�ËUI*«
- bI� d?�KH�« X�«u� U�√ Æ5KOJA��« ö?� ‰«Ëb� œœd��« nO� 5OF�?� dO�—u�
d�KH�« W�«œ œœd?� nO� »d{ q~U� s� ,d?O�—u� »uKI� oO?�D�� UN�U?��
 ô«b� —uD�« nO�Ë W?F?��« »U�?� - r� s�Ë ÆpMO?� W�«œ œœd� nOD�
,WF��« »U?�� - UNM�Ë ,5KOJA��« s� qJ� ,W?O�U{ù« WO�d?NJ�« W�ËUI*«

Æq�u���« w� Âb���*« wL�d�« d�KHK� —uD�« nO�Ë
 U�U?O� s� œb� vK� t?IO?�D�� p�–Ë ,wL?�d�« q�u�?��« d�K� —U?��?�« -
UNK�u% ÷d?G� ,d�d�LK� qOJA�� W?�UI*«Ë ,WO{—_« WOzU�d?NJ�« W�ËUI*«
- ÆdM�Ë qO?JA?�� W?�U??I?� ,W?O?{—_« W??OzU�d?NJ�« W??�ËU?I?LK�  U�U??O� v�≈
dM�Ë qOJ?A?�� W�u?;« W?O?{—_« W?O?zU�d?NJ�« W?�ËU?I*«  U�U??O� Ê√ WE�ö?�
WOzU�dNJ�« »UD�ú� q�√  U�U�?� vK� sJ�Ë ,W�ËUI*«  U�UO� fH� wDF�
l�«d*« w� Z�M�?�?� u� U* d?O?�?� b� v�≈ W?I?�«u?�?�  b�Ë W?�?O?�M�« Ác�Ë
W�UI*« ,W?O{—_« WOzU�dNJ�« W�ËUI*«  U?�UO� W�«—œ w� WBB�?�*« WOLKF�«

ÆqOJA� s� d��Q�




