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ABSTRACT

The dielectric constant and loss tangent values of several mixtures of sand, water and salt are measured at
9.3 GHZ, in order to investigate the feasibility of microwave modelling of H.F. antennas which oPerate over imPeI
fectly conducting ground. A particular mixture is used formodellino a monopole antenna over a circular metal
disk which is lying on a 10SSY half-space. Good agreement between theoretical and experimental results is ob-
tained for both input impedance and radiation pattern as a function of the radius of the ground system.

Introduction

Scale modelling is a useful and economic tech-
nique to provide experimental information on any pro-
perty of large antennas. A major problem is the model-
ling of ground at microwave frequencies since an ideal
medium must not only have electrical parameters that
are realistic in value, but must also facilitate inde-
pendent control over each parameter. Recently, a mix-
ture of sand, salt and water was used by Hall et all
for properly modelling H.F, Yagi antennas over real
ground at 2 GHz,

As an extension of Hall et al, work this paper
presents an experimental research on the properties of
several mixtures of sand, salt and water at 9.3 GHz in
order to investigate the feasibility of microwave ino-
delling of H,F. antennas at higher frequencies,

A particular mixture was used formodelling a mo-
nopole antenna over a circular metal disk which is ly-
ing on a lossy half-space, This antenna has been stu-
died bo h heretical and experimentally in the lite-
rature ~, $ ; however, the experimental results for i~
put impedance and radiation pattern have been obtained
from small models using ordinary tap water or brine as
an imperfect ground.

P,s further investigation was desirable, now using
a more realistic model of lossy earth, new experimental
results for input impedance and radiation pattern of a
monopole as a function of the radius of the metal disk
are presented. The results confirm the validity of the
approximate theory for the monopole and suggest that
using sand, salt and water mixtures, several complex
H.F. antennas operating over real ground could be mi-
crowave model led in order to obtain reliable experi-
mental data.

Microwave modelling of imperfectly conducting ground

Modelling conditions for simulated ground

The electrical parameters of real ground vary with
different soil types and weather conditions. For this
reason a flexible modelling medium constituted by a
mixture of sand, salt and water has been chosen.

According to CCIR Report 229-1 typical values for
the relative permittivity Sr and conductivity u of the
ground at frequencies below 100 MHz are

3 <E < 30

0.1 < ur < 20 mS/m

To geometrically
1

model real ground the follow-
ing relationships must be observed

E’=&
U’=PU
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where c and u are the ground permittivity and conduc-
tivity measured at a frequency fo, s’ and u’ are the
corresponding parameters of the model at a frequency
f’ and p is the frequency scaling factor (p = f’/fo).

Experimental procedure and results

The electrical parameters c and u of a mix-
ture of sand, salt and water were measured at 9.3 GHz
for various combinations of the constituents using the
well known Hippel and infinite sample waveguide re-
flection methods 4.

The measurements were performed using a microwave
source, frequency meter, slotted wavequide with a
sauare-law detector and a 10 cm. short-circuited wave-
guide containing the sample.

The experimental results for the relative permit-
tivity Cr and loss tangent tan6 = u/we are summariz
ed in Fig. 1 where the indicated water and salt weig~t
percentages are relative to the weight of the sand.
Each point in the fiqure represents the average of four
measurements which gave a standard deviation of less
than 5% for the pewnittivity and less than 8% for the
loss tangent.
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FIGURE 1: RELATIVE PERNITTIVITY P*NDLOSS TANGENT OF
VARIOUS MIXTURES OF WET SALTY SAND.

It can be seen in Fig, 1 that the medium gives a
wide range of parameters when changing the relative
percentage of its constituents thus allowing the micro-
wave modelling of a large variety of soils.



Nodelling a monopole centered on a circular
conducting-disk ground system on the surface

of a 10SSY half space

Theoretical analysis

The geometry of the problem is depicted in Fig. 2
where a vertical monopole of height h is centered on a
circular metal disk of radius ~whic~is lying on the
surface of lossy half space of electrical constants (s,

PO , G).

/“

FIGURE 2: hlOliOPOLE ANTENNA WITH A CIRCULAR CONDUCTING-.—
DISK GROUNDSYSTEM ON THE SURFACE OF A LOSSY HALF-
SPACE,

The antenna input impedance Z may be expressed as

where Z- is the input impedance of the monopole over
perfectly conducting ground.

The change in impedance AZ is given by6

.&Z = - ~2,fMH~ (P,O) Ep (P,O) 2mP do
1(0) o

(2)

where H- is the magnetic field at the surface of a per
fectly ‘conducting ground and I(0) is the base current

The field @ is related to the current I(z) on
the antenna by

. ,-
1/L

h exp[-j ko(z2 + p2) I
II; (P,O) = -~~ / 1/2

I(Z) dz

o (Z2 + P2)
(3)

The tangential field EQ(P,O) on the surface of the
imperfectly conducting ground may be given approximate-
ly by

EP(P,O) ‘-n !+; (P, 0) (4)

1’2 is the surface impe-where n = [ jwuo/(u + Jwe)l
dance of the earth.

Since the surface impedance of the perfectly con-
ducting disk is zero the integration of eq, (2) will be
performed for p > a,

It is also important to determine the effect of
the ground system on the radiated field. The electric
far field E6 of the antenna may be expressed as

E. = E~+AEe (5)

where E: is the radiation field of the mooole over
10SSY e~rth in absence of the disk.

The relative field difference AEe/E~
proximately by6

s given ap-

ne)p dp (6)
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where E; is the radiation field of the monopole when
the ground is perfectly conducting and J1 is the
Bessel function of the first kind.

The field component E~ is given by

exp(-jkor)
E; = - j30ko sine /h I(z) exp(jkozcos6).

r o

. [1 + Rv exp(-j2kozcos6) I dz (7)

where R is the Fresnel reflection Coefficient fOr Ve~

ticallyv polarized waves.
Mhen the ground is perfectly conducting, Rv+ 1

and the field ~ is readily obtained as ~ =E~ (Rv=l)

For thin antennas, especially near resonance, it
may be assumed that the current distribution I(z) is
sinusoidal. More accurate formulas, which may be neces
sary for impedance calculations, include higher-order-
terms that complicate the evaluation of the fields.
For antennas that are not too long (k h<3m/2) a
quasi-zero-order (two terms) current ‘distribution of-
fers an attractive alternative.

Experimental eauipment

In order to obtain experimental results it was
used a monopole of height 0.28 k and diameter 0.026 A
operating at 9.3 GHz over a lossy half space of para-
meters Cr = 9.9 and tan6 = 0.6. The lossy earth was si
mulated be a mixture of sand, salt and water with 18%–
water and 2% salt, which was contained in a 16 A dia-
meter and 5 A deep plastic tank housed in a microwave
anechoic chamber.

The monopole was fed by a 30 cm. 50 Q coaxial air
line extendinq vertically through the bottom of the
tank and term; nated i n a GR 874-C58A connector which
gives an adequate adapted transition to excite the mo-
nopole with a small diameter coaxial 1 ine,

Measurements were made for copper disks whose
radii ranged from 0,2 to 1.5 wavelengths.

Impedance measurements

The impedance measurements where made by conven-
tional techniques using a coaxial slotted 1 ine placed
directly beneath the plastic tank.

Measuring the reflection coefficient in the slot-
ted line and using an impedance transformation, the m~
nopole input impedance was found; the resistive and r~

active components were plotted as a function of disk
radius. From these plots the impedance Zrn for an infi-
nitely large disk was estimated by extrapolation,
giving Z- = 95 + j72 Q, This impedance then was sulbs-
tracted from the monopole input impedance to give AZ
as a function af disk radius.

The experimental and theoretical results for the
incremental resistance AR and reactance AX are pl oltted
in Figs. 3 and 4 respectively. The theoretical results
were obtained by numerical integration af eq. (*) Con-
sidering an apparent electrical height h = 0,32 A
which according to Schelkunoff and Friis 7 takes ac-
count of the end effect in our case, The results thus
obtained were found to agree more closely with the
measured data when using a sinusoidal current distri-
bution.

The impedance calculations were repeated using a
quasi-zero-order current distribution but no signi-
flcative improvement was observed.

Examination of the curves of Figs. 3 and 4 indi-
cates that the approximate method of impedance calcu-
lation yields results similar to the measured data in
both amplitude and phase,
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FIGURE 3. INCREMENTAL RESISTA!{CE OF A MONopOLE”OF

HEIGHT 0.28 A AND DIAMETER O.026 k ON ADISKGROLNID
SYSTEM AS A FUNCTION OF DISK RADIUS.
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FIGURE 4. INCREMENTAL REACTANCE OF AMONOPOLE OF
HEIGHT 0,28 A AND DIAMETER O.026 A ON A DISK GROUNDSYS_
TEMAS A FUNCTION OF DISK RADIUS.

Radiation pattern measurements

The radiation pattern measurements were made at
9,3 GHz. for the same antenna model described above.
The monopole was used as a transmitter and its ver-
tiCal radiation pattern was measured at a distance of
40 k with a rectangular receiving horn mounted on a ro-
tating wooden frame, The measurements were made using a
network analyzer and an X-Y recorder.

In order to check the performance of the experimen_
tal set-up, a first measurement was made using a large
62 A x 31 A rectangular aluminium plate simulating
perfectly conducting ground of infinite radius and very
good agreement with the theoretical radiation pattern
was obtained.

The experimental and theoretical vertical ra-
diation patterns for three metal disks of radius 0.2 1,
0.4 A andO.8 A are included in Fig. 5. The experi-

mental patterns were measured maintaining equal inci-
dent power to the antenna and the theoretical pat-
terns were computed by numerical integration keeping
constant the base current. Therefore, in order to
refer all diagrams to the same input power they have
b~en normalized using the experimental values of Z and
Z and setting the maximum power level of the radiation
pattern of the monopole over perfectly conducting
ground at O dB. The theoretical radiation patterns were
calculated using a sinusoidal and a quasi-zero-order
current distribution and the corresponding results did
not differ more than 0,1 dB.
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FIGURE 5. VERTICAL RADIPTION PATTERNS OF A MONOPOLE
OF HEIGHT 0.28 k AND DIAMETER 0.026 A ON A DISK GROUND
SYSTEM WITH THE OISK RADIUS AS P, PARAMETER.

The agreement between the theoretical and experi-
mental radiation patterns included in Fig. 5, is quite
good except near grazing angles most probably due to
the finite extent of the 10SSY earth (8 A in radius)
and because the theoretical analysis did not consider
the contribution of a surface wave. It is seen that
the effect of an increasing disk radius is to increase
the maximum gain of the antenna.

Conclusions

The properties of a mixture of sand, salt and
water have been obtained experimentally at 9,3 GHz.
giving as a result a medium whose relative permittivity
and loss tangent can be varied independently by chan-
ging the relative percentages of the mixture consti-
tuents, thus allowing the microwave model ling of a
large variety of soils,

The feasibility of microwave modelling of U,F. an-
tennas which operate over imperfectly conducting ground
has been demonstrated by testing a monopole antenna
over a circular metal disk which is lying on a 10SSY
half space and obtaining good agreement between theore-
tical and experimental results for both input impedance
and radiation patterns as a function of the metal disk
radius.
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