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1. INTRODUCTION :

This paper presents a new method for inverting the
permittivity of systems of discrete layered media where
each individual layer is homogeneous,and characterized
by its own permittivity;the method also determines the
physical thicknesses of individual layers.Compared to
other methods previosly introduced by different
authors [1,2,3] , the new method is more accurate and
yet much simpler. Besides, the new method which is based
on fast Fourier transformation of surface—-impedance
data measured on top of layered system ,is associated
with a new and elegant physical picture where the
transformed data are directly related to layer
parameters. One thus proceeds , in an iterative manner,
determining the parameters of one layer after the
other.The new method can be modified to treat the
inversion of lossy dielectric media following modified
spectrum of surface impedance.

2. FORMULATION OF THE PROBLENM; SPECTRUM OF SURFACE
IMPEDANCE : -

Consider the two—-layer earth model shown in fig.d{1)
with horizontal boundaries;the upper plane boundary
(earths surface) exists between the air and the first
layer, the second plane boundary occurs at a depth L
below the earths surface and define the upper boundary
of a semi—-infinite layer.

With normal incidence of a air KMy, Eg
plane wave on the layered
system, the surface impedance ' M, € L
variation with frequency is .
measured on top,assuming H,, €,
lossless media and pr=1 Fic.C1)

for all layers.The surface impedance ZS can be written
as [41 : 1 + R:zjﬁiL

where R1=(n2—nl)/(n2+n1) is the reflection coefficient

at. the boundary between layers 1.2 looking
downwards , ﬁiis the phase constant of medium 1 ,

is its thickness and n,,n, are the intrinsic impedances
of layers land 2 respectivly.
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Thus 251 can be expanded in the form :

_ S -2jng3, L
A nl[ 1 + 2n§1R1 e 1 I Sessasvs 2
The term ﬁiL can be put in the form :
B,L =0 T 0 sEememsEes e 3>
where o = 2IIf , T0= Y My €, L
(o 0] ey 3
hence Z_ (> =70, [ 1 + 2 FRe zjnelyy ..., >

Define the spectrum 251(T) to be the Fourier transform
of 251(GD ,to get [51:

0 5
2_ <T> = (172ID f Zg (o) eI 85 oo v 5>
The inverse spectrum 251(T) can be put in the form :
e o]
251(T) I &C T=2nT_ D> ............ 6>
1 = n =
where A = n, F A_ 2 ni(Rl) s I s e (PR

The inverse spectrum on the T-scale is shown 1in
fig.<C2).
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Fig. (2>
3. INTERPRETATION ALGORITHM
From the measurement of surface impedance at
different frequencies,one can draw the results to get a
cont.ineous curve representing surface impedance

variation with a specified frequency range starting
from frequency flup to frequency fz.The objective now

is to sample the resulting curve and transform the
result to T-domain using the fast Fourier transform
C(FFTY algorithm to get a discrete components like those
shown in fig.(2). From the inverse spectrum 291(T) one
can immediately deduce the following :

1-The layer depth L is given by :

L=«2 A 77 u, & > (1/B¥D .......... 7>

where n is the ratio of the interval between two
significant components 'and the sampling interval in the
T—-domain.
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2-The intrinsic impedance of the first layer,can be
deduced from the D.C.component,viz,:

Ny = ¥V Hg"E; »
3-Now the relation between the surface impedance at. the

and hence one can get the value of £, .

surface of the first layer ZSl and the surface
impedance of the second layer 252 can be deduced from
the analogy between the model and a lossless

transmission line as follows [41 :
. 0, tanh(jﬁiL) - ZEI
=n —

s2 1 5
Zaltanh(JﬁlL) = Ry,

S 8>

Using the above relation,252(a0 can be obtained with
ni,ﬁi and L are known.
4-In thecase of two—layer model, the significant

component will be the D.C.value only which will equall
to n
2

n =7 “0/52 and one can get £,
2
5-In the case of multi-layer model,the spectrum will
contain many components beside the D.C. with

interspacing between the first two components
related to the depth of the subsequent layer Dy
equation (7)), while the characteristic impedance is
obtained from the first. component (D.C.)D).

6—-¥With the parameters of that layer known we repeat
steps 3-5 until we reach the last semi—infinite layer.

4. ILLUSTRATIVE EXAMPLE OF THREE-LAYER EARTH :

In this example the surface impedance data are
simulated in the frequency range f=40-44 MHZ for the
model parameters shown in the RHS of table (1>,and the
variation of surface impedance magnitude and phase are
shown in figs.(3,4).The results of the inverse problem
are shown in the RHS of table(1) where it is clear that
the results are very close to the model parameters
which indicates the high accuracy to the new method.

model parameters inverse problem

sr1 9 8.998

L1 m 75 75

Cia 36 36.0038

LZ m 25 25

E 8 7.9999

r3 —=
table (1)



“ “ n 125
“3.2 w 0.75.
@ "
N @
" N
0 hCl.25
2.2 0
¢
I =25
¢ B
gl1.2
[*] ) g
B g 75
0
F 4
0.2‘0 T T - -1.2
41 42 43 44 40 4:1 4‘2 2
43 44
FREQUENCY RC/S FREQUENCY MC/S
Fig. €3> Fig.<4)

5. CONCLUSION

The accuracy of the new method is evident and it is
interesting to point out that,following modifications
of surface impedance spectrum,inversion of lossy
dielectric media has also been successfully
achieved,with examples given elsewhere [6].
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