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ABSTRACT

The form of the earth mat used is that described by
ReL. Smith-Rose and W. Ross in J.I.E.E., Part III, vol. 9,
March, 1947. A method is described of measuring the impedance
of radial wires at the edge of the mat, and thus of chosing

suitable combinations of lengths to offer a low impedance over

a wide band.
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AN EARTH MAT

FOR THE CATHODE RAY DIRECTION FINDER ANTENNA

INTRODUCTION

The Adcock antenna used with the high-frequency cathode-ray
direction finder (CRDF) depends on the presence of a uniform, low-
impedance ground plane for successful operation. The ideal would
be an infinite conducting plane at the surface of the earth on which
to mount the antenna array. When attempts are made to use the
natural soil as the ground plane, several faults at once appear.
The most obvious one is that the ground-return impedances of the
masts themselves are not equal. That is, for a uniform vertically
polarized field, unequal currents will flow in the masts. This
will occur if the soil is not uniform around the array. The pres-
ence of connecting cables iny; or on, the earth will also affect
this balance. Changes of weather; such as drought or freeze-up,
will make it much more critical. When the incident field is hori-
zontally polarized the masts should pick up no signal, but again
the presence of cables lying in the ground will induce unequal
charges on the masts;, and hence produce undesirable pickup. The
relative amount of unwanted pickup depends on the conductivity of
the soil and on the depth to which the cables are buried in it.
There is a practical limit to the depth; and in some cases it is
not at all feasible to excavate. In soil of poor conductivity,
where it is necessary to go to great depths to secure sufficient
attenuation of the incident wave, one usually finds that troubles
due to non=-uniformity and changing conductivity due to weather
are important. Thus; it would seem desirable to attempt to ap-
proximate the ideal of an infinite conducting plane by intro-
ducing an earth mat of limited size, such as is described by
R.L. Smith-Rose and W. Ross.l

The mat is circular in shape and consists of wire mesh in
which the wire spacing is less then . The spacing ordinarily

used is about two feet. The diameter of the mat is generally

made as large as possibley, consistent with practical considerations.
It should be several times the antenna mast spacing (5 to 10 times),
and preferably several wavelengths in diameter. When the lowest
frequency is about three megacycles, one wavelength is about 325
feeto Practical considerations generally restrict the size to

less than thiso The edges of the mat must be "grounded" somehow,
either by the use of ground rods or by the use of resonant radial
wires. When the length of a radial wire is one-quarter wavelength,
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it behaves, with its image;, as a quarter=wave open=circuited line,
presenting a low impedance at the edge of the mat. When the
radial is lying on the ground it is naturally subject to con-
siderable loss (depending on ground constants at the time), and
the value of tne impedance presented at the quarter-=wave point
will rise above the free space value; but, at the same time, the
"bandwidth" will be increased; so that it will be effective over
a much broader band of frequencies.

To cover the very large bandwidth required by the
direction=finding equipment; several different lengths of radials
are used to provide quarter=wave points well spaced in the band.
As many radials are used as possible in order to help lower the
impedance at the edge of the mat to ground. The total number of
radials employed is limited by their relative spacing, which
must be great enough so that th- mutual impedance between them
does not interfere to any large extent with their electrical
properties. With a mat of diameter 100 feet, Rossl found that
the mutual impedance effects were almost negligible using a
total of 108 radials,

EXPERIMENTAL RESULTS

Experiments were carried out on various lengths of
radial; measured from the edge of a mat 200 feet in diameter,
The mesh itself was galvanized wire with a 6-inch spacing. The
s0il conductivity had been measured some time previously and was
found to be about 5 x 1071l e,mou,

An r-f impedance bridge was used to measure the imped-
ances of a number of lengths of #1l gauge copper wire radials
lying on the ground. Fig. 1 shows the equivalent circuit of the
measuring setup. Zp is the impedance measured by the bridge, Zp
the impedance between the radial and the electrical ground plane,
Zy the impedance between the mat and the electrical ground plane,
and Zg the stray shunt impedance between the near end of the

radial and the mate.

Zg (Zg * Zy)

ZR+ZS+ZM’
and if the stray shunt impedance is very high, we can write
ZB'-:!Z‘R"'ZM::

Fig. 2 shows the plotted curves for resistance and
reactance of a }j0-foot radial with respect to the mat. It is
believed that the drop toward capacitive reactance at the high
frequencies was due mainly to the presence of Zg. Fig., 3

Zp will then be equal to
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shows similar curves for an 80-foot radial., Fig. It shows a com=
parison of resistance as calculated for an 80- and a LO=foot
radial in parallel, with that measured for the combination. The
comparison reveals little mutual effect on the resistance, and
also shows that the impedance Zj; of the mat itself is low com-
pared with that of one or two radials. Similarly, Fig. 5 shows
a comparison of measured and calculated reactances for the same
combination.

Since the low end of the frequency range in which we are
interested is about 2.5 megacycles, the longest radial was chosen
to give zero reactance at that point. Its reactance would also
be zero at 5 megacycles. Two other lengths were chosen to give
reactance zeros evenly spaced between 2.5 and 5 megacycles, at
3.4 and Li.2 megacycleso From Figs. 2 and 3 the velocity of pro-
pagation can be deduced and lengths selected to correspond to
the three chosen frequencies of resonance" 2.5, 3.L, and o2 mega-
cycless These lengths are approximately 70 52, and L2 feet,
Fig. 6 shows plotted curves of resistance and reactance for these
three lengths in parallel, with respect to the edge of the mat.

It was felt that because of the levelling-off of the re-=
actance curves for radials several wavelengths in length, it
might be profitable to make one of them mich longer than the other
two lengths. A length of 160 feet, having reactance zeros at 2.2
and 3.3 megacycles, was combined with a 7Q-foot and a LO-foot
radial having zeros at 2,5 Mc., 5 Mc., and 3.7 Mc. The measured
values of resistance and reactance are shown in Fig, 6 (insets).
There is little to choose between the two sets of radials as far
as impedance is concerned. The shorter lengths are,of course,
‘more practical,

CONCLUSIONS

For the case under consideration, the radials of length
70-feet, 52-feet and L2-feet provide a fairly uniform impedance
characteristics Thirty-six of each length were attached to the
mat to provide a low-impedance termination at its edges.

Because of the levelling-off of both reactance and resistance
curves at high frequencies, it is only necessary to pay parti-
cular attention to the characteristics at the low-frequency end
of the band, It was found that the mutual impedance effects were
negligible in this experiment where adjacent radials were 3 1/3°
apart on a 200-foot diameter. It is quite possible that a
larger number of radials could have been used on this mat; thus
further improving the termination at the edges, Fig. 7 shows

the final earth mat design.
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It should be noted here that as the mat itself contributes
to the measured impedance, this method of choosing radials will not
apply in the case of a very small mat which has a high impedance
to ground.

REFERENCES
1l R.L. Smith-Rose and W. Ross; The Use of Earth Mats to Reduce

the Polarization Error of U=type Adcock Direction-Finders,
JoIoEoEe, Part III, vol. 94, March, 1947.
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REACTANCE OF 80-FOOT RADIAL WITH RESPECT TO EARTH MAT
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OF THREE PARALLELED RADIALS 42, 52 AND 70 FEET IN LENGTH
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