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APPARATUS ADAPTED FOR SINGLE PULSE
ELECTROMAGNETIC MEASUREMENTS OF SOIL
CONDUCTIVITY AND DIELECTRIC CONSTANT

FIELD OF THE INVENTION

The invention relates to a ground illumination
method by means of an electromagnetic pulse generated
by an aerial simulator coupled to the ground, and for
calculation of the dielectric constant and conductivity
thereof from such pulse. It also relates to the simulator
coupled to the ground for carrying out such method.

BACKGROUND OF THE INVENTION

The conditions for illumination of objects on the
surface of the ground or in depth by an electromagnetic
field pulse can be employed for instance in the domain
of civil protection.

Similarly, the knowledge of values of the conductiv-
ity and dielectric permittivity of ground from electro-
magnetic reflectrometry measurements resulting from
an illumination can be pursued in the geological domain
which usually requires extensive means such as drillings
to different depths.

Furthgrmore, methods are known to this end, permit-
ting determination of the characteristics, in particular
the dielectric constant and/or the electric conductivity
of ground formations drilled through by a probing and

involving means for transmitting electromagnetic en-

ergy from a first probing location, other means being
provided to sense a first parameter, preferably, the rela-
tive attenuation of the electromagnetic energy at a sec-
ond location of the probing.

Unfortunately, such means require a drilling, a probe
disposed in the drilling, a generator of sinusoidal waves
on the probe and at least a remote receiver for measure-
ment of the relative attenuation of the energy of the
electromagnetic sinusoidal wave or the phase shifting
thereof thereby complicating somehow the measure-
ment operation.

Moreover, since the wave is sinusoidal at a well de-
termined frequency, information obtained relates to the
ground conditions only at that frequency so that the
possible interpretation of the results is relatively limited.

SUMMARY OF THE INVENTION

The method in accordance with the invention which
will be described hereinafter will illustrate how mea-
surements can be obtained, permitting simply to calcu-
late the value o and e corresponding to the conductiv-
.ity and permittivity or dielectric constant of the ground,
respectively, in the neighbourhood thereof or in the
ground itself, with considerable possibilities of investi-
gation.

The simulator and the measurement means thereof
for carrying out the method will also be described here-
inafter.

Thus, for remedying the above-mentioned disadvan-
tages and to obtain a greater abundance of results, the
invention relates to such a method of ground illumina-
tion by means of electromagnetic radiation generated
by an aerial simulator, coupled to the ground, and of
calculation of the dielectric constant and conductivity
thereof, from said radiation, according to which:

the radiation is transmitted in form of an electromag-
netic pulse having determined characteristics from an
aerial simulator of the horn type,
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the characteristics of the electromagnetic pulse arc
sensed at a point in the illuminated area, and,

the dielectric constant and the conductivity of the
ground are calculated from the detected values.

The invention also relates to an aerial simulator cou-
pled to the ground for carrying out the method, com-
prising at least two conductive layers, for example; in
form of conductive wire layers united, on the one side,
to form a horn, ending, on the opposite side, in the
ground, where they are extended by a buried structure,
and on that side where they are united, in a connector
for connection with pulse generating and measurement
means.

Other characteristics and advantages of this invention
will moreover appear from the following description
made with reference to the attached drawings illus-
trated preferential exemplifying modes and forms of
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show the decomposition of a wave
hitting the ground according to two elementary polar-
izations, horizontal and vertical, respectively, in a given
reference system.

FIGS. 3 and 4 show the decomposition of the inci-
dent and reflected fields corresponding to a wave hit-
ting the ground according to FIGS. 1 and 2, respec-
tively.

FIG. 5 shows the difference of course at a point be-
tween an incident ray and a reflected ray coming from
reflection of an incident ray paraliel to the first one.

FIGS. 6 and 7 schematically show propagation of
planar and spherical waves respectively in the free
space.

F1GS. 8 and 9 schematize propagation of spherical
waves with respectively a simulator having an infinite
length and a finite length according to the invention.

FIG. 10 schematizes a simulator according to the
invention in contact with the ground where a wave is
guided even within the latter.

FIG. 11 shows a development of the field versus time
in a simulator with guided waves and layers of finite
length.

FIG. 12 shows a simulator according to the inven-
tion.

FIG. 13 shows the whole of the installation for carry-
ing out the method according to the invention.

FIGS. 14A to 14F show curve versus time of the
incident, reflected and total fields on the ground, which
are electric and magnetic respectively.

FIGS. 15A and 15B are side views in perpendicular
directions of a form of embodiment with vertical axis of
a simulator in accordance with the invention.

FIGS. 16 and 17 show details of two respective dia-
grams of exploitation of a simulator in accordance with
the invention.

F1GS. 18A and 18B are side views in perpendicular
directions of a form of embodiment of a simulator with
inclined axis according to the invention.

FIGS. 19A to 19D show four conditions for testing a
simulator according to the invention.

FIGS. 20A to 20D show the oscillograms obtained
for a component of the magnetic field in the four test
conditions shown in FIGS. 19A to 19D, respectively.

FIG. 21 shows curves of the transmitted electric field
versus the incident electric field as a function of the
depth for different values of conductivity and dielectric
constant of the ground.
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"DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Generally, when the ground is illuminated by a pla-
nar electromagnetic wave arriving under the incidence
angle Y, the incident wave is characterized by its elec-
tric field E and its magnetic field H, perpendicular to
one another, in phase, and in the ratio: (E/H)=120=
(Q). It is assumed that the ground has a uniform conduc-
tivity o, a relative dielectric constant ¢, a magnetic
permeability u,, and an infinite extension in the direc-
tion Oy and Oz (at the surface), and Ox (in depth)

It is always possible to decompose the incident wave
according to the two elementary polarizations:

horizontal, electric field parallel to the ground (FIG.
1),

vertical, electric field contained in the incidence pla-
ne—(FIG. 2).

It is known that impedance difference between
ground and air imposes respect of boundary conditions
on waves propagating in both media.

Boundary conditions for the tangential components
of E and H therefore entails the existence in air of a
planar reflected wave the propagation vector K of
which makes with axis Oy the same angle ¥ as the inci-
dent wave.

In any point on the surface of the ground the re-
flected field E, is also bound to the incident field E;and
to the radian frequency o through the relation:

Ed® = R-Eig/ (in amplitude and phase)(FIGS. 3
and 4).

R then has the two following forms Ry, R,, respectively
corresponding to the horizontal polarization and the
vertical polarization:

2

3

0

n

0

4

The sign — must be associated with fields of the form E
et/®, and the sign + with the fields of the form E
e—Jjol,

The resulting fields at the ground are the vectorial
sum of the incident field and the reflected field.

For a horizontally polarized incident wave we find:

a total tangential electric field

B EAL 6 Ry
a total tangential magnetic field

1= HAL~ Ry sin
a total normal magnetic field
Hy=H{1+Rpy) cos b

and in vertical polarization (FIG. 4). there will be:
a total normal electric field

Ep=E + Ry cos

a total tangential electric field
Ee= EAL - Ry sin o

a total tangential magnetic field
Hy=1Ig1+ Ry,

In any point lying above the ground at an altitude a
the incident and reflected fields interfere in the same
way as before with however a delay resulting from the
difference in travel between the direct ray and the re-

35 flected ray reaching that point, as shown in FIG. 5

where it can be seen that at point M the difference of

. N . o Al
simb — ] €| | — - cosT
r( 4 W - €, €y ) -
Ry =
. . o
simp + € 1~ cosils
W€, €y
. o . . o :,
el b —j sintf) (73 IR CONTIl
W€ € RN S
R, =
. o . . a 3
it — sint € 1 - - cossi
’( s €, €, ) t ’( T o e, e N !

It is to be noted that the quantity

1 - j—L—
4 Y€, € :

often designated as the “complex dielectric constant™ of
the ground, is often met with in the literature in the

form

I . o
L
W€y €,
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course between the direct and reflected rays is equal 10

OM —KM. ie.:

o

oM - ==
Sy
KM OMin (; 20 j OM contn =4 oo
= - N
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The delay between both waves is therefore
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with C being the propagation speed of the light in vac- 3
uun.

Therefore, it will be sufficient to take again the for-
mulae of composition of the fields established above, by
assigning the quantity

10
oo 2w xind
J1) o r—
A=
at radian frequency o, to coefficients R, or Ry, 15
The total fields have then the form
FIl=Ei g1+ Rd?),
and the delay A will be translated: 20
for a continuous wave of radian frequency o, into a
supplementary phase shift between incident wave and
reflected wave,
for a pulse wave E (t) or H (1), into a delay between
arrivals of incident wave and reflected wave. 25
Reflection at the surface of the ground is accompa-
nied by the transmission of a wave into the ground.
Such wave propagates into two directions O, and Oy,
with differing characteristics, i.e.:
30
E(x.p E(x=0ypy=0)
or = or el — kxx-- kyy)
H(x p) Hix=0y=0)

A 35
where the complex number e/ (w/—kxx—&¥) can be de-
fined as a transmission ratio T, the wave vectors k, and
k;. being defined as:

40
ky= o \|€{,-p,, \I e,»(l —jL) — cost

W - €y €

k= w ‘lq, - Mo+ COSHL 45

e, T = eflor—kyX—kel)

Therefore, there is -attenuation of the wave in the
direction Oy. If only the propagation according to Oyis 50
interesting, one can write the following:

E(x) Ex=

55

el - Y--cos2i)

Heor Lox I
N [ T meaer

H (x) Hx =

The fields E (x=0) and H (x=0) have been obtained 60
above as the algebraic sums of the incident and reflected
fields at the separation surface.

It must be noted that fields E and H (both at the
surface and in depth) are no longer in phase, nor are
they in the ratio Z,=120m; on the contrary, if the tan- 65
gential components E,/H; both in horizontal and verti-
cal polarizations are interesting, one will obtain:

in horizontal polarization:

I
1,

I (14
17; (-

Ry . 1
Rp)sinih -

and in vertical polarization

I
11,

E
1;

(1 — Rsinigs 5 1
4+ Ry o

The fields E; and H, are therefore in the following
ratio:

representing the impedance of the medium constituted
by the ground, and there will be in horizontal polariza-
tion:

Ei=E{+Rp-T.
Hy=HL{— Ry} sin T,

Hy=H{14+Ryp) cos un T

and in vertical polarization:
Ey=E{1+R))cos u-T,
E;i=E{1-R))sin U.T,

Hy=H{1+R\)-T.

The form of the expressions R, and Ry, shows that two
asymptotic cases can be envisaged for:

a

1 " STy a
> > L (high frequencies) —

and R, and R; depend only upon ¥ and €, the ground
behaves like a dielectric;
in particular, if

=2 R.=R e
h==~.Ry=R) = :
- ]-{-\‘e_,.
for

o g

CEy- I

w < < T (low frequencies), ” — .

and Rjy——1;

the ground behaves as perfectly metallic medium.

Typical curves such as Ry=f (®) and Ry=f (w) can
be plotted with different values of the incident angle,
such that Ry=f () and R, =f (), for different values of
the frequency of the radian frequency, and this for
given values of the dielectric constant €,and conductiv-
ity o :
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It is also possible to plot typical curves such as that of
the ratio of the incident field to the total field at the
measurement point in case of reflection measurements
or that of the ratio of transmitted field to incident field
as a function of the depth in case of measurement by
transmission, for different values of €,0 0,0, etc.

Finally, it is possible to calculate for a-priori given ¢,,
Y and w values, typical curves showing the form versus
time of the electric or magnetic fields above the ground
or therein, for a given form of incident field.

Such typical curves being calculated, it is possible to
use them with a view to identifying a detected wave and
calculating the dielectric constant and the conductivity.

It is to be noted that the reflective phenomena are
fundamentally different according to whether the wave
is of horizontal or vertical polarization.

Practically, the problem can be exposed by consider-
ing that it is desired for simulating a planar wave to
realize electromagnetic illumination of any ground by
means of a “guided wave” simulator so as to determine:

the characteristics of the local wave in the neighbour-
hood of the ground (in air or in the ground),

the characteristics of the ground (e,0) deducted
from local phenomena.

It is possible to use a simulator in accordance with the
invention on which such phenomena are easily inter-
pretable.

Such a simulator with guided waves can be repre-
sented by thinking of two metallized equipotential sur-
faces accompanying a planar or spherical wave radiated
into the free space.

The limiting conditions being respected, the physical
phenomena remain what they were.

To limit the longitudinal dimension of such a simula-
tor, both metallized layers are closed by a matching
impedance at a finite distance from the source so that no
reflection comes to interfere with the incident wave,
thereby leading to the various cases shown in FIGS. 6
to 9.

Thus, in the ideal case of a planar wave propagating
in free space (FIG. 6), the direction of propagation
being shown by the arrow A, in cross-section, the fronts
of wave B are straight lines perpendicular to the direc-
tion A and the equipotential lines C are straight lines
cutting them normally.

In the ideal case of the spherical wave propagating in
free space (FIG. 7), from a source S, in cross-section,
the fronts of wave B are circumferences centered on
source S and the equipotential lines are straight half-
lines C cutting them normally.

In the derived case with a simulator having a spheri-
cal guided wave of infinite length in which the propaga-
tion zone is limited by metallized layers D represented

in cross-section by straight half-lines (FIG. 8), the fronts -

of wave B are represented by circumferential arcs cen-
tered at the source S.

In an another derived case, with a simulator having
guided spherical wave of finite length in which the
propagation zone is limited by metallized layers D of
finite length connected at the opposite from the source
by a load impedance Z, for example, the characteristic
impedance Z, (FIG. 9), the fronts of wave B are also
shown by circumferential arcs centered at source S.

Let us assume that a planar or spherical wave hits the
ground (under normal incidence to simplify the prob-
lem).
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8
The wave which was propagating in air with the
vacuum impedance (Z,= 1207 ) meets a mediam hav-
ing a smaller impedance Z such that:

Z,

€ | — e
" e €

Referring to the preceding paragraph, it appears that
one can simulate the incident wave by means of a simu-
lator having a guided wave of infinite length.

The complex medium constituted by the ground will
fill the interelectrode space from an abscissa plane x=h.
without limits.

In fact, things are quite different, and the length of
the layers penetrating the ground is obligatorily finite.
There results a difference between simulation and real-
ity which must be assessed. To this end, let us consider
two asymptotic cases, reasoning on the base of the sec-
tional representation of FIG. 10. In this figure, the
source is disposed at a point O remote from the ground
by a distance h, and the metallized layers D penetrate
the ground to a depth L; the reference axes are Ox
(bissectrix of the angle delimited by the metallized lay-
ers) and y'y (ground line), and the currents generated in
the ground are denoted J,.

In high frequencies, the currents J, induced into the
ground by the electric or magnetic fields in the surface
weaken exponentially in the direction Ox. As long as
depth L of the layers within the ground is much higher
than the depth of penetration of those currents. the
currents J, (for x=h-+1L), at the end of the conductive
layers are very small: interruption of said layers at the
abscissa x =L+ h, has therefore no noticeable intluence.

It must be noted that the depth of penetration de-
pends on the frequency

Z =

|

and that if excitation is impulsional the phenomena will
be correctly rendered for the portion of the spectrum
such that d < < L.

The penetration depth increases when the frequency
decreases. The impedance included between the two
layers diminishes accordingly. If the layers are stopped
to a depth L the phenomena will be distorted when
8=L. In other words, when the frequency tends
towards 0 the ground impedance as seen between the
layers should normally tend towards 0; with truncated
layers, it will tend towards the quantity:

R Al

L
o
with

I=distance between layers;

W =width of the layers;

L =depth of the layers.

Therefore one can foresee that with a guided wave

5 simulator having layers of finite length, the long term

cffects will not be correctly rendered. and that, in par-
ticular, the tangential field in the neighbourhood of the
ground will be higher than presupposed by theory. This
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fact is illustrated in FIG. 11 showing development of
the field as function of time, wherein in reply 1o a level

of incident field E;and after rapid growth, the total field

obtained E, decreases well but without reaching the
little value of the theoretical field E,. Only the elonga-
tion of the buried portion of the metallic layers could
improve such a point as shown in an exemplifying way
in FIG. 11.

It is to be noted that due to the fact that a pulse is
<aséd, rather than a wave train of a single frequency,
there is obtained a large spectrum width extending as
low as desired toward the low frequencies and which
may reach several tens of megahertz depending on the
characteristics of the chosen pulse. Consequently, there
is a great abundance of results, possibilities of investiga-
tion in a great number of directions and the faculty of
making very interesting crosschecking of the results,
contrary to the known cases where the tests of a con-
nected type give very limited results and therefore re-

quire a great number of measurements at different fre- 2

quencies by means of distinct equipments to be adapted
to the respective frequency of the sinusoidal wave used
for the investigations.

The aerial simulator 1, in accordance with the inven-
tion. which is shown schematically in FIG. 12 is dis-
posed vertically on the surface of the ground 2. It com-
prises a propagation zone 3 limited by two metallic or
metallized layers 4, for example two layers of conduc-
tive wires delimiting a dihedron of angle 20; these two
layers 4 form a horn and are connected to the apex of
the dihedron by an input connector 5 joined to a suit-
able generator of electromagnetic wave (not shown),
with impedances being matched. The coupling to the
ground is ensured at the opposite of the apex of the
dihedron by a buried structure, for example, two hori-
zontal conductive metallic wire netted layers 6 (or lat-
tice works) buried in the ground, here at a little depth,
through layers or stakes 7 of length L buried vertically
into the ground, with predetermined spacings or pene-
tration depths or else with a combination of both con-
figurations as in FIG. 12; thus, the layers (here two in
number} define on the ground a polygon (here, a
square) outside of which the wire netting layers buried
in the ground can extend.

Excitation of the horn simulator 1 described above
can be effected through a generator of suitable pulses
having an impedance of 50 connected to the simulator
by a cable having an impedance of about 50Q. To pre-
vent unwanted reflections a resistive bidirectional adap-
tation 5001/120) is realized at the input connector to
the simulator.

FIG. 13 shows a schematic diagram wherein the field
reflected from the ground is absorbed by a horn impe-
dance adaptor and does not distort the observed signal.

The simulator 1 having an impedance Z, here equal to
1209, is provided at its summit (at its input connector 5)
with an adapter 500/120Q denoted 8, connected
through a line to the generator 9 joined through a line to
a control device not shown; the adapter 8 is also con-
nected to measurement devices in particular to an oscil-
loscope 10 for checking the signal, for example by dis-
playing a level applied thereto, on the one hand, and on
the other hand, to a measurement oscilloscope 11 to
synchronize the signal. On the ground 2 in the illumina-
tion area there is disposed a support 12 for a field sensor
13 for measurement of a value representing the mag-
netic or electric field reflected from the ground. The
sensor 13 has preferably an opto-electronic interface
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10
which is connected through an optic fiber cable 14 to a
réceiver 15 used as an opto-electronic transducer hav-
ing an output applied through an electric cable to the
nput to the oscilloscope 11 synchronized by the input
signal. .

The reflected field from the ground is absorbed by
the impedance adapter so that no parasite reflection
may distort the observed signal.

The sensor 13 is mounted here at the bottom of the
simulator, level with the ground, and the local field
tangential to the ground level is simply observed; the
sensor can also be at the top of the simulator and the
transmission aerial is then used also for reception; one
can then observe the pulse of incident field reflected
from the ground and returned to the sensor after a delay
of several nanoseconds.

The sensor used is of the asymmetric type such as a
capacitive electric field probe or a magnetic field loop.
Its reference electrode is secured to the wall of the
simulator in electric continuity therewith.

The generated field pulse is of rectangular shape
having a rising time in the order of a few nanoseconds.
Its width is set to a few microseconds, which in view of
the speed of observation on the oscilloscope (10X 50 or
10 100.ns), can relate it to a step of infinite duration.

Therefore, we are dealing with a “pulse” in the elec-
tronic sense, and not with a sinusoidal wave train, for
example, in U.H.F. the envelope of which would have
the characteristics just mentioned above.

After field measurements the characteristics €,and o
of the ground can be calculated according to the fol-
lowing procedure:

The shape of the fields in the neighbourhood of the
ground is observed in respect to the incident field and-
/or the voltage versus current in the simulator. The
theoretical study exposed above shows that if the
ground is homogeneous, there will be:

a peak value of the total field having a ratio:

Iilungvnliu/ 2

Eipcident \E,- 41

with the incident field.

a long-term decrease characterizing conductivity,

a limit to such decrease having a constant value de-
pending on the ground contacting efficiency of the
simulator electrodes in the ground.

If Z.is the simulator impedance, the residual level of
the long-term tangential electric field ought to be in the
order of:

The simulator horn essentially consisting of conduc-
tors united, after grouping thereof, to an input connec-
tor 5 connected to an adapter 8 and to a generator 9, on
the one hand, and on the other hand, to buried elec-
trodes 6, 7, can be-of the vertical or slanted type with an
angle V. '

Moreover, the angle of the dihedron 2@conditions
adaptation of the horn as will be demonstrated hereinaf-
ter.

If the angle 20of the dihedron of the line is small and
if the stakes 7 are e.g. sufficiently long, the propagation
conditions of an E.M.1. wave in the line, in the direction
of the ground, are rigourously identical to those met
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with by a free space wave hitting the ground under
normal incidence: the effect of the incident wave is only
limited to the cross-section in the established line.

If § is the incidence angle, €,and o the ground dielec-
tric and conductive characteristics, it can be demon-
strated without difficulty that the reflective coefficient
of an infinite homogeneous medium separated from air
by a plane is:

in horizontal polarization:

. : a R
sim — (| €| | — j—s—— - Ccosih
W€y €
Ry =
; . o 5
sinh +\| & | - j——— —cosTib
W - € €

and in vertical polarization:

12
1 Ne,
1+\j::

in FIG. 14B, add themselves to give the total electric
field on the ground E, having a maximum E,, at the
level

5

]‘r'\[é_,

of FIG. 14C.

Similarly, the incident magnetic field H; of the level
30 1in FIG. 14D and the reflected magnetic field H,
ending to the level +1 after passing an angular point
H, of the level

. a . N o N
€l | — j—————r St~ el b -y ~cosTl
e W - €, €
Rr =
. o . . o >
€| | = jom—=—— | simh + | €] | - cosh
o€, € W€, €

In normal incidence:

W= 90°
Re=Ry=R
. o
1 - e,‘(l -/———_(U'E“'E,-)
R = - ———
. fou
[ e,—(l ~-/m‘€”‘61_)

It appears immediately that R presents two simple
limiting cases:
in high frequencies:

o N, t-Ve

and the reflection only depends on the ground dielec-
tric constant:
in low frequencies:

(m < ) R l.

and the ground totally reflects the incident field.

If the incident field consists of a level of electric and
magnetic planar wave, the properties of the reflective
coefficient are translated in the way shown in FIGS.
14A to 14F.

Thus, the electric incident field E;of the level +1, in
FIG. 14A, and the reflected electric field E, ending to
the level —1, after passing an angular point E, of the
level

€o &

30
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Ne, 1
\lé_r+l

in FIG. 14E, add themselves to give the total magnetic
field on the ground H, ending to the level +2 of FIG.
14F.

Finally, a portion of the incident field penetrates the
ground where it is progressively attenuated due to dissi-
pation of energy in the resisitive portion of the ground
impedance.

The attenuation is therefore selective as a function of
the frequency, and the signal in depth is progressively
integrated. with the high frequencies being attenuated
more quickly than the low frequencies.

According to a form of embodiment of the invention
shown in FIGS. 15A and 15B, the horn simulator com-
prises:

two layers 4 of conductive wires connected to the
adapter 8 and to the electrodes in form of stakes 7 in the
figure,

a ground area cleared under the simulator. of height
h=~10 m.

two rows of metallic vertical stakes 7 of length L=+
m, buried in the ground according to a wire netting
which will be called “test zone™.

These stakes can advantageously be united to a hori-
zontal conductive strapwork 17 to which the conductor
layers constituting the tested aerial are connected.

Such simulator has a vertical axis and the connecting
element in which the layers end is therefore substan-
tially plumb with the center of the basic square.

In the center of the test and illumination zone. a well
or cavity 18 permits depth measurements in the ground
by means of the sensor 13.

The measuring circuitries can have alternative forms
of embodiment and although the general schematic
diagram is that of FIG. 13, the practical realizations
shown in FIGS. 16 and 17 can be used.



4,502,009

13

Measurements are effected by means of assemblies E
or H comprising. apart from the optic sensor 13, an
opto-electronic transducer connected to the sensor
through an optical fiber cable 14 and the results are
recorded on an oscilloscope 11 (not shown in FIGS. 16
and 17). The generator used is a suitable one 9 that can
be provided with a relay having a mercury switch with
elastic blades, and mounted at the output of a coaxial
line of 50} to permit supply of pulses having a voltage
equal to or low@r than 500 V on 50€2. with a rising time
of the assembly comprising wirings, generator, sensors
E or H. optical connection, oscilloscope, of 4 ns.

Reflectometry measurements are effected on the lines
in two different ways depending on whether they are
made by means of the circuitry of FIG. 16 or that of
FIG. 17..

with respect to 50€), by measuring the output voltage
from generator 9 with a probe 19 of impedance 1IM(Q.
applied to the oscilloscope 10 through a connection
cable;

with respect to the characteristic impedance of the
realized simulator, itself determined in a first step with
respect to 50Q.

There is then inserted at the level of the input connec-
tor to the simulator a bidirectional impedance adapter 8
so that the generator sees 50€) and that the simulator (of
characteristic impedance Z.) sees Z.. Such adapter 8
comprises an adaptive divider 1/10 permitting observa-
tion on the oscilloscope 10 of the corresponding frac-
tion of the voltage at the input to the simulator, by
means of a connection cable.

According to another form of embodiment of the
invention shown in FIGS. 18A and 18B, where the
same reference numerals denote the same elements as in
the preceding drawings, the horn simulator excites
under an average incidence angle ¥ of 45° (axial inclina-
tion with respect to the center of the square) the test
zone in which a ditch 20 was hollowed out to plant a
metallic model simulating a buried building was
planted. .

Under those conditions, the plotting of the field at the
ground may show the presence of the horizontal com-
ponent of the electric field E, and of the component of
magnetic field H: according to FIG. 19A; only the
component H:is shown in FIGS. 20A to 20D.

As one gets nearer to the more inclined layer a pro-
gressive decrease in the amplitude of the tangential
electric field in a ratio close to 2 can be observed. FIG.
20A shows the component H; at the level of ground and
FIGS. 20B to 20D the measurement results obtained
from a parallelepipedic model 21 of metal.

Such model is only used for simulating a hypothetical
conductive buried structure but does not represent an
actual case.

The model is tested in the horn simulator in three
positions:

disposed on the ground out of the ditch, with the
longitudinal axis being aligned with the direction Oy
(direction perpendicular to the layers of the simulator),
according to FIG. 19B,

in the ditch, according to FIG. 19C,

in the ditch, the bottom lying on the ground accord-
ing to FIG. 19D.

There has been measured by means of a sensor 13 and
the optical fiber cable 14:

the magnetic field H: on the ground, at the edge of
the ditch (FIG. 20A),

n

25
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the magnetic field H: on the front wall of the model
(FIGS. 208 to 20D), for an applied voltage of 150 V
(calibration:- 300 mV D.C.).

It is observed that the model is excited by the mag-
netic field according to mode 1 (surface current rotating
about the direction Oz). The field H: on the forward
face substantially copies back the excitation field.

In conclusion, from the tests made on both forms of
embodiment described above and from the enunciated
theoretical considerations, it becomes possible to ap-
proach with acceptable precision the physic phenomena
on the surface and at a little depth by means of simulator
structures propagating a wave proximate to the planar
wave with a steep rising front.

The reflective conditions of such wave from the
ground are respected and thus electromagnetic fields
are locally.generated, said fields no longer being bound
by the relations of the planar wave but respecting the
reality of physics, in all the spectrum of useful frequen-
cies (moreover, there can be obtained by a single pulse
investigations at all the frequencies in the spectrum
thereof).

These fields propagate in depth into the ground and
become attenuated, the currents tending toward uni-
form distribution in the long run.

To the mind, the simulator as conceived is very satis-
factory. Indicatively, FIG. 21 shows the amplitude of
the electric field (therefore, the current density) trans-
mitted into the ground, versus that of the incident field
for different values of conductivity o and of the dielec-
tric constant ¢,, more particularly for o-=10~3; 3.10- %
10—2% 3.10-2; when €,=5 and when ¢,= 10.

It can be noted that for low conductivity values the
decrease is slow(E/E;=0.18 for X =15 m if c=10-3
mho/m, corresponding to point M on the graph). The
curves of FIG. 21 have been plotted for an incidence

angle Y equal to 90°,
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It will be understood that the invention is not limited
to the modes and forms of embodiment as described and
represented above, and that other modes and forms of
embodiment can be devised without departing from the
scope of the invention.

We claim:

1. An aerial simulator adapted for determination of
the dielectric constant and conductivity of the ground,
soil, or earth comprising

a generator means for generating electric impulses,

input connector means connected to receive electric
impulses from said generator means,

a plurality of at least two conductive layers con-
nected between said input connector means and the
ground, extending outward from said input con-
nector means in the shape of a horn open toward
the ground for emitting towards the surface of the
ground, at a selected incidence angle, electromag-
netic pulses derived from said electric impulses
received through said input connector means,

a buried structure including
conductive means connected to said conductive

layers and extending under the ground for guid-
ing said electromagnetic pulses down under-
ground to a predetermined depth in the ground
so as to radiate said pulses through an excited
zone in the ground and adjacent air space,

electromagnetic field sensor means located within a
space defined by said conductive layers and said
buried structure for delivering a signal representa-
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tive of a local resulting electromagnetic field at a
predetermined point in said excited zone,

and first and second measuring means connected to

receive electronic signals from said input connec-
tor means and said sensor means respectively for
measuring electric and magnetic fields to deter-
mine the dielectric constant and conductivity of
the ground.

2. The aerial simulator of claim 1 wherein

said plurality of conductive layers contains two con-

ductive layers formed by conductive wires which
define a dihedron determining a rectangle where
said horn shape meets the surface of the ground.

3. The aerial simulator of claim 1, wherein

said conductive layers determine a quadrilateral

where said horn shape meets the surface of the
ground, and said input connector means is substan-
tially located in the air plumb with the center of
said quadrilateral.

4. The aerial simulator of claim 1, wherein

said conductive layers determine a quadrilateral

where said horn shape meets the surface of the
ground, and said input connector means defines
with the center of said quadrilateral an emission
direction which is inclined with respect to the sur-
face of the ground.

5. The aerial simulator of claim 1 wherein

said conductive layers determine a polygon where

said horn shape meets the surface of the ground,
and said conductive means of said buried structure
includes a conductive metallic wire netting extend-
ing outside said polygon at a small depth under-
ground.

6. The aerial simulator of claim 1 or 5 wherein

said conductive means of said buried structure in-

cludes conductive stakes at predetermined spacings
and penetration depths.

7. The aerial simulator of claim 1 wherein said elec-
tromagnetic field sensor means is disposed at the surface
of the ground between said conductive layers.

8. The aerial simulator of claim 1 wherein

said electromagnetic field sensor means is disposed in

an underground cavity provided in said space de-
fined by said conductive layers and said buried
structure.
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9. The aerial simulator of claim 1, wherein
said electromagnetic field sensor means is disposed

above the surface of the ground between said con-
ductive layers.

10. The aerial simulator of claim 1, wherein said elec-
tromagnetic field sensor means is an electric field sensor
means.

11. The aerial simulator of claim 1. wherein

said electromagnetic field sensor means is a magnetic

field sensor means.

12. The aerial simulator of claim 1, wherein
said second measuring means is connected to a cable

made of optical fibers through an opto-electronic
receiver, said cable being connected to said sensor
means through an opto-electronic interface.

13. The aerial simulator of claim 1. further compris-

a first storing means connected to said first measuring

means for storing a predetermined signal represen-
tative of said electronic signal as received and mea-
sured by said first measuring means.

and a second storing means connected to said second

measuring means for storing evolution with time of
said electronic signal measured thereby. said sec-
ond storing means being connected to said first
measuring means so as to be synchronized thereby.

14. The aerial simulator of claim 1 or 13. wherein
said first measuring means senses voltage of said elec-

tric impulses supplied to said input connector
means.

15. The aerial simulator of claim 13, wherein
said dielectric constant and conductivity of the

ground are determined through comparing respec-
tive signals stored by said first and second storing
means, while taking into account the position of
said predetermined point in said excited zone with
respect to the surface of the ground.

16. The aerial simulator of claim 15, wherein
the dielectric constant of the ground is deduced from

a ratio of a maximum signal as stored by said sec-
ond storing means to said signal stored by said first
storing means, and conductivity of the ground is
determined by comparing said evolution with time
of said signal measured by said second measuring

means with predetermined calibration curves.
* * * * *



