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ABSTRACT

The circuit and field properties of a corner-reflector antenna derived from a square loop
have been studied. Input impedances and current distributions have been obtained experi-
mentally and compared with the theoretical results, for antennas of different sizes. Radiation
patterns have also been obtained for such antennas.

1. INTRODUCTION

The corner-reflector antenna, shown in Fié. 1, is to be studied here., It
may be derived from the corner-driven square loop antenna by the method of
images. An ultra-high frequency loop antenna driven at two diagonally oppo-
site corners and loaded with sections of transmission line at the others was
designed by Alford and Kandoian (1940). They used a sinusoidal current distri-
bution to calculate the far-zone field for loops with perimeters up to one-
half wavelength. A more complete theory of the isolated corner-driven
square loop antenna has been worked out by King (1956) for loops that are
unrestricted in size and thickness within fairly wide limits. By formulating
_ the problem of current distribution for four arbitrary voltages at the four
corners and specializing to have two or more equal voltages, or one, two or
three of the voltages replaced by impedances, four simultaneous integral equa-
tions are derived. These are converted into four independent equations by
the method of symmetrical components. The problem has thus been reduced
to the determination of the four independent ocurrents of the zeroth, first,
' second and third phase sequences. In the zeroth phase sequenee, the volt-

ages at the four corners are equal and in phase; in the second phase sequence
they are alternately out of phase. These are the two phase sequences of
interest here. When there is a simple superposition of the two phase se-
' quences, the voltages at the diagonally opposite corners are equal. If a
load or tuning admittance is connected at two diagonally opposite corners, it

* The resedrch r'”aported in this paper was made poésible through suppo;'t e'xtended by
Harvard University under Joint Services Contract Nonr-1866(32). B
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is possible to obtain an expression for the input admittance at the driving
point. o o '
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Fra. 1. The corner-reflector antenna.

2. Crecurr PROPERTIES OF THE CORNER-REFLECTOR ANTENNA

A corner-reflector antenna that is related to a square loop may be con-
structed by connecting a metal rod across two mutually perpendicular ground
planes, as shown in Fig. 1. By the theorem of images, an equivalent complete
square loop configuration is obtained. If the linear element in the corner-
reflector is driven at one end and has a load or tuning impedance which is
essentially reactive at the other end, the equivalent complete square loop
necessarily has two diagonally opposite voltages which are equal and in phase;
the other two diagonally opposite voltages are replaced by load impedances.
Figs. 1a and 1b show two methods of driving the corner-reflector antenna.
In Fig. la, the antenna is fed by the equivalent of a two-wire transmission
line (one conductor over the image plane) and the reactive load is provided by
a length of open-wire transmission line terminated in a short circuit. In
Fig. 15, the antenna is shown driven by a coaxial line behind the ground plane.
The extension of the inner conductor of the coaxial line is the linear element
in front of the ground planes. A reactive load is provided by a length of
coaxial line terminated in a short circuit; the antenna continues to become
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the inner conductor of this coaxial line behind the second ground plane. For
the purposes of this experiment it was found convenient to drive the antenna
with a two-wire line. As shown in Fig. 1a, the reactive load should preferably
also be provided by a length of two-wire line. It was found, however, that
this would be impracticable in measuring current distributions since there
would be two bends around which the probe would have to travel. Moreover,
the probe itself would have to be moved with the experimenter standing in
front of the ground planes which would, in turn, affect the accuracy of the
results. It was found more convenient therefore to use the coaxial line with a
short circuit which is movable as shown in Fig. lc. It should be noted, how-
ever, that in practice the corner-reflector shown in Fig. 16 may be the most
useful one.

The transmission line and the antenna are slotted so that a probe may
be inserted and moved along them. The probe in the transmission line may
be used to obtain the distribution curve. The single conductor of the trans-
mission line is supported along its length by polyfoam. The spacing between
it and the'ground plane is one-half the line spacing of the equivalent two-wire
line. The full line spacing (centre of conductor to centre of image) is 1-25 cm
and the diameter of the brass tubing used for the conductor is 025 in.
Measurements were made at 750 Me/s with 1,000 ¢ps modulation.

In order to obtain a symmetrical field pattern, it is necessary to have a
symmetrical current distribution along the loop. A central lobe in the field
pattern is obtained if there is a maximum current at the centre of the antenna.
Since there is a reactive load provided by a movable short circuit on the
coaxial line, it is possible to change the current distribution on the linear
element simply by moving this short circuit. The current distribution was
therefore adjusted so that there was always a current maximum at the centre
of the linear element, regardless of its size. Then, by the theorem of images,
there is a current maximum at the centre of each of the other image sides
forming the square loop. Both the current amplitudes and phases along the
antenna were measured for antennas of dimensions 2k = 10, 20, 40, 60 om,
that is, for square loops of perimeters 1A, 2A, 4A, 6A. TFigs. 2a, b and 34, b
show graphs of the current distribution as a function of the probe position on
the linear element. The curves drawn with broken lines show the corre-
sponding cosine curves. The solid vertical line indicates the centre of the
linears element where the current amplitude is adjusted to be maximum and
this was also taken to be the point of zero phase and hence was the reference
point. Phase measurements were made with a phase line which consisted of a
coaxial line, the inner conductor of which was slotted so that a probe could be
moved along its length. The characteristic resistance of the coaxial line is
matched at ité end by an equal resistive load. The reference point of zero
phase was found convenient because the current has maximum amplitude at
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the centre of the linear element regardless of length. Measurements of ampli- '
tude and phase were made at intervals of 1 cm along the linear element; all the
amplitude values were normalized so that the maximum was 1. As the
probe approaches the ground plane, there is necessarily some coupling be-
tween the currents on the ground plane and those on the probe. However,
due to the presence of the coaxial line there is a hole in the ground plane,
and therefore the coupling does not affect the current distribution greatly.

In the measurement of the input impedances of the corner-reflector
anterina thedistribution curve method (King 1955, p. 278) was used. The
average measured wavelength was 39-27 cm. The full line spacing is 125 cm
and the conductor is made of brass tubing which is 0-25 in. in diameter. The
characteristic resistance of the line is given by

R, = 120 cosh~1(b/2a) = 155+4 ohms,

where b is the equivalent full line spacing and 24 is the diameter of
the conductor. With the relation R; = R“/;;, where ~/ e:; = (40/39-27)e,
e for air is 1, the actual characteristic resistance of the two-wire line is 152-56
ohms. This value was used to calculate the actual input impedance and
input admittance of the corner-reflector antenna from the experimentally
measured normalized values. The reference point for these measurements
was the open-circuited two-wire line. The experimental results are discussed
later together with the theoretical results.

The impedance measured is that of a square loop which is driven by
two equal in-phase voltages at the two diagonally opposite corners, and with
tuning reactances at the other two diagonally opposite corners which are
adjusted so that the current amplitude is a maximum at the centre of each
side. According to King (1936) it is seen that the input admittance is given
by the following equation:’ -

T

Ys+ Y 2 '

where Y,= (YO4+Y®)/2, ¥, = (YO—Y®)j2, Y is the input admittance
of the zeroth phase sequence, Y@ that of the second phase sequence. Yp is
the tuning susceptance at the two diagonally opposite corners. Since it is
the input admittance of a short-circuited- coaxial line, it would be given by
Y, = —jY, cot Byl (where Bl is the electrical length of the line from the point
at which the admittance is desired to the short circuit) if the coaxial line
were not at an angle of 45 degrees to the plane. The exact theoretical value of
the impedance of such a section of transmission line is not known since the
end correction for a coaxial line driving an antenna over a ground plane as
given in King (1955, p. 430) applies only when the antenna is perpendicular
to the ground plane, In order to measure its input impedance as a function
of its length it was attached with its axis at an angle of 45 degrees as the

Yin= Y:—'
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load of the open-wire transmission line. The reference point was the end
of the two-wire line, where the tuning susceptance was attached. The im-
pedance was measured by the distribution curve method. It should be
noted that, with this set-up, there are also end effects but it may be assumed
that their magnitude is approximately the same as when the short-circuited
coaxial line provides the load impedance at the end of the corner-reflector
antenna. With the calibration curve so obtained, it was possible to predeter-
mine the value of Y, used to obtain a maximum current amplitude at the
centre of the linear element for all dimensions, since the position of the short
circuit on the coaxial line was noted in each case. From these values of ¥,
and the theoretical values of ¥, and Y}, the input impedance and admittance
were calculated.

The theoretical and experimental results may now be compared. Fig. 4
shows the experimental and theoretical input impedances of the corner-
reflector. 'The experimental curves are drawn in solid lines and the theoretical
curves are drawn with broken lines. Fig. 5 shows the theoretical and
experimental input admittance, in broken and solid line curves, respectively.

It should be noted that all end effects have been ignored. The theoretical
input impedance is obtained by a superposition of the theoretical input im-
pedances of the zeroth and second phase sequences. These impedances
were calculated from a first-order theory which is only approximate. Greater
accuracy in the theory requires a higher order of approximation. However,
the first-order theory shows the general behaviour of the input impedance
quite well,

3. RADIATION PROPERTIES OF THE CORNER-REFLECTOR ANTENNA

The radiation properties of square loops driven at the corners in the
zeroth and second phase sequences have been discussed by Prasad (1959).
The current distribution in the corner-reflector antenna is adjusted so that
there is & maximum current at the centre. From the measurements of current
distribution described previously, it is seen that the distribution of current is
necessarily symmetrical and quite closely approximates a cosinusoidal distri-
bution. Therefore, it may be concluded that the corner-reflector is actually
equivalent to a complete loop driven in the zeroth phase sequence.

Assuming a zeroth-order current distribution, the far-zone radiation
field was obtained for a square loop (Prasad 1959). Figs. 6a, b, ¢, d, e
show the horizontal patterns obtained for the corner-reflector with horizontal
polarization when Boh = 3#/2, 6v/4, =, 3n[4, n/2. The two vertical ground
planes, with the horizontal linear element forming the corner-reflector antenna,
are shown in all of the diagrams. The zeroth-order current distributions
along the antenna are indicated by broken lines.

13
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It was mentioned earlier that the reactive load is adjusted so that there is
always a current maximum at the centre of the antenna, that is, in the ® =0
direction. The ground planes bounding the antenna are in the directions
¢ = 45° and @ = —45° respectively. It is interesting to note that although
the ourrent is always a maximum at & = 0, regardless of the size of the
loop, there is not always a maximum of radiation in this direction. Fig. 6a
shows the radiation patterns for a corner-reflector antenna when Byh = 3x/2.
The current distribupions (in broken lines) show that there are two half-
wavelengths with current to the right, one half-wavelength with current to
the left. Although only one element of the square loop is present in the
corner-reflector antenna, the infinite reflecting planes are equivalent to the
image sides and contribute to the pattern. In the & = 0 direction, the
only contributions to the radiation field are from the currents in the two
paralle] sides of the equivalent square loop that are perpendicular to the
radial line ¢ = 0 along which there is a major lobe. It is also seen that there
are minor lobes along the 45-degree directions, that is, alorg the ground
plane. This is due to currents in all sides of the loop. As the size of the
antenna becomes smaller, there is no longer a broad major lobe in the & = 0
direction and for Byh = 57/4, maximum radiation is along the 43-degree
directions and there is & minimum in the @ = 0 direction, as seen in Fig.
6b. When Byh = =, there are exactly equal currents in two opposite direc-
tions in the linear element and hence there is a null in the @ = 0 direction.
As the linear element gets smaller, the current is largely in one direction
on the linear element and the radiation pattern is less and less directive (Figs.
6d, e) until for Boh = =2, the current distribution approaches the uniform
ourrent distribution and the radiation pattern approaches that predicted by
assuming such a uniform current distribution, namely, a circle.

Figs. 6a, b, ¢, d, e show the theoretica.?i patterns for corner-reflector
antennas. No experimental results were obtained for corner-reflector antennas
but radiation patterns were obtained experimentally for square loops driven
in the zeroth phase sequence. The experimental technique and the discussion
of the results are given in detail by Prasad (1959). Two such patterns
are included here for clarification of the discussion. Figs. 7a, b and 8a, b
show the experimental and theoretical radiation patterns for foh = 3x/2 and =
when the loop is driven in the zeroth phase sequence. Since the detecting
system obeyed the square law, the experimental curves were compared with
the theoretical curves for the square of the electric field. The two ground
planes of the corner reflector have been shown in each case. Tig. 7 shows
the absence of any minor lobes along the ground plane. Since the complete
square loop was used in the experiment, it was equivalent to having infinite
ground planes. If the size of the ground plane were finite, additional minor
lobes due to standing waves on the ground planes would be expected. Fig. 8
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shows the theoretical and experimental patterns for foh = #. In this case,
there is a maximum radiation along the ground planes and a null at @ = 0.
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Fic. 8. Theoretical and experimental patterns.

From the above discussion it is seen that for antennas of size Soh = 3n/2
the corner reflector may be used as a good directional device with major radia-
tion in the @ = 0 direction. There will necessarily be smaller lobes along the
ground plane. For smaller loops, most of the radiation is along the ground
planes. It may be concluded that the horizontally polarized corner-reflector
antenna presents many possibilities for practical usefulness since a variety of
radiation patterns may be obtained depending on the size of the antenna.
The reactive load may be adjusted to vary the current distribution along the
antenna but the most useful is probably that in which there is maximum

14
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current at the centre. The case of a current minimum at the centré is approxi- -
mately the same as driving the square loop in the second phase sequence
and it is seen that the horizontal patterns for such a loop always give radiation
along the ground planes (Prasad 1959). '
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