The Square-Gorner Reflector Beam Antenna
for Ultra High Frequencies

BY JOHN D. KRAUS,* W8JK

Here is an antenna system particu-
larly suited to u.h.f. work that combines
considerable gain with no necessity for
critical adjustment and tuning. It has a
gain approaching 10 db over a single half-
wave antenna, can be either horizontally
or vertically polarized, and can be folded
for transportation when used for port-
able work.

Tue small physical size of ultra-high-
frequency antennas makes many designs practical
which are not feasible to build on lower frequen-
cies. The sheet reflector is an antenna of this
type. Sheets in the shape of a section of a para-
bolic cylinder have often been used. Fig. 1-A
shows such a reflector with a driven radiator
situated at the focus, one of the first directive
types of antennas ever tried.

The parabolic reflector antennas are analogous
to the parabolic reflectorsor mirrors used in optical
systems. If the parabolic reflector is sufficiently
large, so that the distance from the focus to the
reflector is many wavelengths, optical conditions
are approached. However, if the reflector is of
the same order of dimensions as the operating
wavelength, or less, the analogy to optics is not
complete, since the driven radiator is appreciably
coupled to the reflecting sheet.

Another type of reflector, which forms a very
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practical and effective system, consists of two
flat conducting sheets which intersect at an angle
so as to form a corner. This system has been
termed a ““corner” reflector antenna.l, 2

Fig. 1-B is a perspective view of a typical
corner reflector antenna. The same antenna is
shown in cross-section in Fig. 1-C. If the driven
radiator is situated on the line bisecting the
corner angle, as shown, the maximum radiation
is also in the direction of this line. There is no
focus point for the driven radiator as with a
parabolic reflector, and the radiator can be
placed at a variety of positions along the bisecting
line. Because of the shape of the reflector, it might
also be appropriately referred to as a “V”’ reflec-
tor or a “‘sphenoidal” (wedge-shaped) reflector.

An advantage of the sheet reflector is that, if
the sheet is sufficiently large, its dimensions are
not critical as to frequency. Hence, the reflector
can be put into operation without the need for
any tuning adjustments.

The corner reflector antenna is particularly
suitable for use on the higher frequencies where
structures one or two wavelengths in maximum
dimensions are practical to build. Tests indicate
that parabolic-reflectors of this size have no
particular advantage in performance over the
corner type. On the other hand, the corner type
has the advantage of being simpler to construct.

1J D. Kraus, “The Square-Corner Reflector,” Radqo,
March, 1939.

2J. D. Kraus, “The Corner Reflector,” Proc. I.R.E.,
Sept., 1939, p. 613 (abstract of paper given at N. Y. C.
Convention of I. R. E., Sept., 1939
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Fig. 2— Horizontal square-corner reflector antenna
with grid-type reflector.

The reflecting sides are flat and are readily
adapted to a folding structure for portable work.
The corner reflector antenna constitutes a dis-
tinct type of antenna system having unique
properties "and characteristics which make it
especially suitable for use as a beam antenna on
the ultra-high-frequencies.

The two sheet reflectors of the corner antenna
may be arranged to intersect at a variety of
angles. When the sheets intersect at right-angles,
the system is referred to as a ‘‘square-corner”
reflector.’

Corner angles larger than 90° can be used, with
some decrease in gain. A 180° ““corner” is equiva-
lent to a single flat sheet reflector, and thismay
be regarded as a limiting case of the corner type
of reflector. The application of a single flat sheet
reflector to a directional system has been dis-
cussed by George H. Brown.?

Corner reflectors with angles smaller than 90°
are also practical. Theoretically, the gain in-
creases as the corner angle is decreased. However,
to fully realize this gain it is necessary that the
size of the reflecting sheets also be increased.
For a structure of the smallest size consistent with
a substantial power gain and high directivity,
the 90° corner offers a practical compromise.
Accordingly a square-corner reflector will be de-
scribed which is especially suitable for amateur
use on the ultra-high-frequencies.

Instead of employing solid sheets, a very
practical arrangement is to use a number of
parallel wires or conductors to simulate the re-
flecting sheet. Fig. 2 is a perspective drawing of a
square-corner antenna with a grid-type reflector.
The parallel conductor arrangement is cheaper,
more effective, and presents relatively little wind
resistance as compared to solid sheet or many
screen-type reflectors. For these reasons, the grid-
type reflector is recommended.

Construction and Dimensions

Fig. 3 shows the construction for a square-
corner reflector with dimensions for the 224- to

3 @G. H. Brown, “Directional Antennas,”” Proc. I.R.E.,
Jan., 1937, p. 122.
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230-Mec. band (1}4-meter band). The dimensions
for this band are also listed in Table I, which, in
addition, gives dimensions for the 112- and 56-Me.
bands. The dimensions for the 112-Mec. antenna
are twice, and the 56-Mc. antenna four times those
for the 224-Mec. antenna.

Furthermore, alternative dimensions are given
for 112-Mec. and 56-Mec. square-corner reflectors
of somewhat smaller overall dimensions. These
are suitable where the bigger reflectors would be
inconveniently large. The decrease in size causes
only a slight reduction in performance.

As shown in Fig. 8, the main supporting struc-
ture for the reflector is an A-shaped frame. The
two sides of this ‘A’ frame are about one wave-
length long and are joined at right angles at the
vertex. These side members carry the reflector
elements. A cross-member joins the two side
members and carries the driven element or radia-
tor. The distance between the driven radiator and
the vertex, or corner, is not critical and can be
varied over rather wide limits with little change in
the directivity of the antenna. Especially suitable
values are between 0.35 and 0.5 wavelength. A
value of 0.5 wavelength is recommended for the
antenna described. This amounts to 26 inches for
the 224-Mec. antenna.

At a spacing of 0.5 wavelength from the driven
dipole to the vertex, the radiation resistance of
the driven dipole is a maximum. It is, in fact,
almost twice the radiation resistance of the same
driven dipole when alone in free space. Under
these conditions the effect of losses in both the
driven dipole and the reflector is minimized, mak-
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Fig. 3— Construction of a square-corner reflector
antenna with grid-type reflector. With the antenna
vertical, A is the top view and B the side view. With the
antenna horizontal, A is the side view and B the top.
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ing for maximum radiation efficiency. In order
to realize the full benefit of this high radiation
resistance, the use of a closely-spaced director
with a corner reflector system is not recommended.
However, a few directors spaced at intervals of
34 wavelength can be used to advantage. This
high radiation resistance is an important advan-
tage of the corner reflector over the close-spaced
3- or 4-element beam in which the low feed point
resistance is a limiting factor to the efficiency.

Smaller spacings of driven dipole and vertex
are entirely practical, but at a slight sacrifice in
efficiency. The alternative design for the 112-
and 56-Mec. square-corner reflector in Table I
has a dipole-to-vertex spacing of 0.4 wavelength.
At this spacing the driven dipole radiation re-
sistance is still somewhat higher than its free
space value, but is considerably less than when
the spacing is 0.5 wavelength.

The driven dipole is situated at the mid-point
of the cross-member so that it is equidistant from
the two planes of reflector elements. The side
member, which supports the reflector elements
may be of either wood or metal, there being no
appreciable difference in operation whether the
mid-points of the reflector elements are electri-
cally connected or not. The reflector wires should
be No. 12, No. 10, or larger diameter. For the
224-Me. reflector, No. 12 or 10 wire is sufficiently
stiff to be self-supporting. For the 112- or 56-Mec.
bands, heavier wire or tubing may be required.
A satisfactory method of securing the reflector
conductors to the supporting structure is shown

TABLE I
Number . Spacing
Frequency | Length LI::ﬁmtOOf of %Rp:ém%:f of Driven
Band | of Side | o itg | Beflector | T €CtOr | Dipole
ements | ploments | E1emeNts | 4, Vertex
iii/f?‘?exs' 4’ 2/’ 2’ 7" 20 5// 2/ 2//
l(léz};l:nsethei:;' 8/ 4// 5’ 2[' 20 101/ 4/ 4//
= *
ltgéllenxecr') 61 8/[ 5[ 2’/ 16 10// 3/ 6/[
ey |we | wer | 0 | v |y
56-60 Mec.* | 1374”7 | 10/ 4" 16 1 8 6’ 117
(5 meter)

Table I. — Dimensions of square-corner reflector for
the 224-, 112-, and 56-Mc. bands. Alternative designs
are listed for the 112- and 56-Mc. bands. These designs,
marked (*), have fewer reflector elements and shorter
sides, but the effectiveness is only slightly reduced.
There is no reflector element at the vertex in any of the
designs. The construction is shown in Fig. 3.
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Fig. 4— Method of mounting a square-corner re-
flector for horizontal operation (A), and for vertical
operation (B).

in Fig. 3-C. Holes are drilled for the reflector ele-
ments along the wooden supporting member.
After the conductors are in place they are fastened
by a tie wire.

If portable operation is contemplated, a hinge
may be installed at the corner to join the side
members as in Fig. 3-A. The cross-member carry-
ing the driven dipole is held in place by clamps so
that this member can then be removed and the
reflector folded flat. Additional hinges can be
located mid-way along the side members so that
the reflector can be folded into a still more com-
pact form. Instead of fastening the reflector ele-
ments in place as indicated in Fig. 3-C, they can
be held by fuse clips mounted on the “ A’ frame.
With this construction, all of the reflector ele-
ments are easily removed and can be tied in a
bundle for transport.

The reflector elements are about 0.6 wavelength
long. Their length is not at all critical, slight in-
creases or decreases in length producing no
noticeable difference in performance. This means
that the performance of the reflector is substan-
tially uniform over a wide frequency band.

Multi-Band Operation

Not only is the reflector effective on the band
for which it is designed but also on all higher
frequencies as well. The reflector is, thus, suitable
for multi-band operation. A square-corner reflec-
tor designed for the 56-Mec. band can be used
effectively on both the 112- and 224-Mec. bands
with no change required in the reflector. Some
improvement may, however, be obtained on the
higher frequency bands by adding morereflector
elements between those already in use so that the
spacing does not exceed about 0.1 wavelength
between elements on the highest frequency used.
On the lower frequencies, the closer spacing of
the reflector elements produce very little differ-
ence in performance. If anything it results in a
slight improvement. In multi-band operation with
the same reflector, different driven dipoles are
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employed for each band, with the spacing to the
vertex adjusted to approximately 0.5 wavelength
on the band being used.

Frame Construction

A style of construction different than the one
gescribed for the corner reflector is to support
the ends rather than the mid-points of the re-

Fig. 6 — Possible ways of
leading the feed line from the
driven dipole to the transmitter
with - antenna  horizontal (A)
or vertical (B).

A

flector elements. This type of construction re-
quires two rectangular wooden frames, one for
each reflecting plane. These frames can be similar
in construction to the frames for ordinary window
screens. The length of the frame is made equal to
the side length given in Table I, and the width
equal to the reflector element length. Although
somewhat heavier and bulkier, this construction
is an entirely practical one. The first tests on a
corner reflector at W8JK were made with a re-
flector supported on a wooden frame of this
type.! No. 12 or No. 10 wire can be used for the
reflector elements. The wires are secured to the
frame by means of nails or screws. Painting or
varnishing of the frame is desirable. The wires
of the reflector curtain are not electrically con-
nected at any point.

Polarization

The corner reflector antenna is suited for the
transmission or reception of either vertically or
horizontally polarized waves. For vertical polari-
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Fig. 5 — Driven dipoles for use with a square-corner
reflector.
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zation Fig. 3-A represents the top view of the
antenna, and Fig. 3-B, the side view. For hori-
zontal polarization, the driven dipole and reflector
are turned horizontal, and Fig. 3-A then repre-
sents the side view and Fig. 3-B the top view of
the antenna. -
Whether horizontal or vertical polarization is
used is largely a matter of individual preference.

Driven
element
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However, it is generally desirable to use the same
type of polarization for both transmitting and
receiving unless, due to reflections over some
particular path, tests indicate that different
polarization at the transmitter and receiver is
preferable.

For horizontal operation a practical method for
supporting the entire antenna is shown in Fig.
4-A. An extension of the cross-member of the
antenna frame is fastened to a mast. In the case
of vertical polarization, the mast can be fastened
to an additional member placed between the cross-
member of the frame and the corner, as shown in
Fig. 4-B.

Another method of support, suitable for either
vertical or horizontal operation, is by means of
rope bridles tied to the reflector structure, so
that the entire system can be pulled up alongside
a tower or supported between two towers.

As regards the height of the antenna, it is in
general true that to transmit the maximum dis-
tance on the ultra-high-frequencies, the antenna
should be placed as far above the ground as pos-
sible.

Driven Dipole

Once constructed, no adjustments are neces-
sary on the corner reflector. This is an important
advantage over antennas which require tune-up
adjustments before maximum performance can
be realized. With the corner reflector, it is only
necessary that adjustments be made on the
driven dipole to obtain maximum input to this
radiator.

The type of driven radiator used with a corner
reflector is largely a matter of individual prefer-
ence. A wide variety of driven dipoles having
coaxial or open-wire feed can be used successfully.
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Two systems using open-wire feed are shown in
Fig. 5. If the distance between the antenna and
transmitter is relatively short, such as 1 or 2
wavelengths, a tuned line is satisfactory for feed-
ing the center of a single conductor half-wave
dipole as shown in Fig. 5-A. The dipole length is
computed in the usual manner, being 5 or 6 per
cent less than a free-space half-wave.

If the distance from the antenna to the trans-
mitter is somewhat greater, such as two or more
wavelengths, a matched impedance feed is more
satisfactory. An arrangement of this type is
shown in Fig. 5-B, the driven radiator being a
2-wire half-wave dipole.® % ¢ Carter® refers to
a radiator of this type as a ‘“folded dipole.”
Dimensions for a 224-Me. 2-wire dipole are:

length (L) = 25 inches
spacing (S) = 1 inch.

For the 112-Mec. band, these dimensions (both
length and spacing) are doubled and for the
56-Me. band, the dimensions are multiplied by
four. Both wires are the same diameter. No. 12
or 10 wire is satisfactory for a 224-Me. dipole.
Larger wire or tubing can be used on 112 and
56 Mec. A transmission line of 450 to 500 ohms
characteristic impedance (No. 12 wire spaced 2
inches) is used to feed the dipole. This line can be
coupled to the transmitter tank circuit by a coil
of one or more turns. The coil should be arranged
symmetrically with respect to the transmitter
tank.

Several possible locations for the transmission
line are shown in Fig. 6. The locations in Fig.
6-A are suitable when the antenna is horizontal
and the paths in Fig. 6-B when the antenna is
vertical. Inside of the reflector, the transmission
line should be kept substantially in the plane of

4(A) J. D. Kraus, ‘Multi-wire Doublet Antennas,”
Radio, May,1939, p. 24; (B) ‘“ Multi-wire Type Antennas,”
Radio, June, 1939, p. 21; and (C) ‘‘Multi-wire Dipole
Antennas,” Electronics, Jan., 1940, p. 26.

5P. S. Carter, “Simple Television Antennas,” RCA
Review, Oct., 1939, p. 177.

6J. D. Kraus and S. 8. Sturgeon,
Antenna,” QST, Sept., 1940, p. 25.
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Fig. 8 — Measure horizontal directional pattern for
a vertical 224-Mec. square-corner reflector antenna of
the type described.

the supporting members, or ‘A’ frame. The
line should be supported as symmetrically as
possible and sharp bends should be avoided.

If the distance between the antenna and the
transmitting equipment is many wavelengths, it
may be advantageous to locate the transmitter
at the antenna with filament and modulated plate
voltages supplied by a 3- or 4-wire cable. This
arrangement is well suited for use with low-power
equipment on 112 and 224 Mec. where simple
oscillator transmitters are permitted. The oscilla-
tor tube and associated circuits are placed in a
weatherproof box with the antenna protruding.
An antenna especially suited for use with this kind
of an installation is the 3-wire half-wave di-
pole.2(B: €) The terminal resistance is relatively
high and the antenna can be directly connected
to the oscillator circuit, no transmission line being
used. A 3-wire dipole is illustrated in Fig. 7-A,
while Fig. 7-B shows a tuned-line oscillator with
the terminals of a 3-wire dipole connected by clips
to the line. The point of attachment may be
adjusted for maximum power transfer to the
antenna. A pair of condensers (mica 0.002 ufd.)
between the antenna terminals and the clips
keeps d.c. voltages from reaching the antenna.,
The same size wire is used for each of the 3 wires
of the dipole. A 224-Mec. 3-wire dipole has a length,
L, of 24 inches and a spacing, S, between adjacent
wires of 0.5 inch. For the 112-Mec. band these
dimensions are doubled. The power cable supply-
ing the transmitter should be arranged to follow
a path similar to one of those suggested for the
transmission line in Fig. 6.

There is no appreciable difference in the direc-
tivity of a 2- or 3-wire half-wave dipole. When
used with a square-corner reflector, the 2-wire
is better suited for use with a transmission line
and the 3-wire with the transmitter at the
antenna.

In addition to the systems described, in which
the antenna is fed at the center, end-fed antennas
can also be used. End feed is best adapted to
vertical antennas, the feed point being the lower
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end. Any of the common types of end feed, such
as the “J” stub type, can be used.

Performance

Tests have been made on many types of corner
reflector antennas at W8JK. The measured direc-
tional pattern of a 224-Mec. square-corner reflec-
tor is shown in Fig. 8. The antenna is vertical and
the pattern is in the horizontal plane. The con-
struction is as shown in Fig. 3. The dimensions
are approximately the same as given in Table 1.
A 3-wire half-wave driven dipole is used with the
transmitter located at the dipole as in Fig. 7-B.

The measured front-to-side and front-to-back

ratios are high, 25 db for the front-to-side and 35
db for the front-to-back ratio. At an angle of
10° from the center line of the beam, the signal
is 1 db down; at 20° 3 db, 30° 6 db, 40° 10 db,
50° 16 db, 90° 25 db and 180° 35 db down. The
directional pattern is very smooth, being free
from minor lobes of any appreciable size. The
power gain of the antenna approaches 10 db over a
comparison half-wave dipole in free space with
the same power input.

In conclusion, it may be said that the square-
corner reflector gives a large power gain, high
directivity, and is capable of excellent perform-
ance as a beam antenna on the ultra-high-fre-
quencies.

1940 Field Day Ncores

Tue Eighth A.R.R.L. Field Day, June
1940, not only was the most successful F.D. of
all time, but it also enjoyed a participation
greater than any previous operating contest of
any kind! At least 2041 individuals participated
in the mass-testing of portable-emergency gear;
141 amateur radio clubs entered stations in the
activity and reports also were received from 88
non-club stations.

We have completed the checking of logs and
tabulation of scores just in time to make the dead-
line for this issue of QST. However, the complete
analysis of results, the photos and write-ups of
the various F.D. stations, which customarily
accompany the scores, must be held over until the
December issue. We will then give you more com-
plete data on many of the set-ups as we have
done in the case of past F.D.’s. Rather than with-
hold the scores another month, we present them
now.

Scores are listed under three major headings:
(1) Club Stations, (2) Individuals and Non-Club
Groups, and (3) Home Stations. Under the first
two headings participating stations are grouped
according to the number of simultaneously oper-
ated transmitters used at any time during the
activity. F. D. leaders this year are considered to
be the leaders in each such grouping. Watch for
the additional details in December QST'.

CLUB STATIONS
One Transmitter QS0’'s-Power-Score *
W1DMD/1 Merrimack Valley Amateur Radio

7 221-A -3366
WI1AQ/1 Associated Radio Amateurs of So.
B2 132-A -2322

* The ‘‘power classification’” used in computing the score is
indicated by A, B, or C after the number of QSO’s shown. A
indicates power up to and including 30 watts (multiplier of 3);
B indicates power over 30, up to and including 100 watts (multi-
plier of 2); C indicates over 100 watts (multiplier of 1). More
than one letter means that at different times power inputs fell
within different classifications. An R or T after the score indi-
cates that receiver or transmitter was supplied from the public
mains; no indication after scores where work was entirely inde-
pendent of mains. r or t is used where only part of operations
used mains supply.
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W8CHU/8 Elmira Amateur Radio Assn3....... 118-A -2007
W8SBV/8 Elmira Amateur Radio Assnd....... 101-A -1953
WIRFT/9 Waterloo Field Day Assns. . .. . 96-A -1773
WILWA/1 Narragansett Assn. of Ama. Radio

Oprs®....ooviiiiiiiin 133-B -1632

W8MGQ/8 Key Klix Klub of Detroit? ... . 89-A -1602
WITA/1  Nashua Mike and Key Clubs.. ..... 91-AB-1272
WILVK/1 Manchester (N. H.) Radio Club?... 77-A -1215
W5FBI/5 Ponca City Key Klickers Club and

Unit 5, Sec. 8, N.C.R., 8th Naval

Distlo. . ....ooiiiiii i 68-A -1196
WIINM/1 Providence Radio Assn.11... . 62-A -1143
W5DPA/5 Houston Amateur Radio Clubt2.. ... 62-A -1089
W5MH/5 Baton Rouge Amateur Radio Club1. 70-A -1035
WSDEC/8 Susquehanna Valley Amateur Radio

ClubM. .. i 97-B -1014
W8QLU/8 Mike & Key ClubofIthacals........ 75-A - 981
W5RU/5  Muskogee Amateur Radio Club16 .. 77-B - 882
W4KZ/4  Greenville Amateur Radio Club'7... 76-B - 858
WI1IGO/1 Merrimack Valley Amateur Radio

Club18 (Mass.)...... . 38-A - 819
WILXT/1 Recreation Radio Club®........... 68-B - 801
W2MUB/2 Delaware Valley Brass Pounders

Assn0. ... ... 40-A - 783
WS8RNG/8 Finger Lakes Transmitting Soc.2.... 77-AB- 780
W9IMG/9 Freeport Amateur Radio Club..... 37-A - 778.5
W1JRQ/1 Tri-State Amateur Radio Club®. ... 44-A - 774
WI1CBA/1 Conn. Brass Pounders Assn....... 32-A - 765
WIOKY/9 Pikes Peak Amateur Radio Assn.... 43-A - 747
W3GIW/3 The Ether Agitators®............. 64-A - 684 T
W6YU/6 ~ San Mateo Junior College Radio

Club2.........ooiiiiiii 44-A - 612
W8SWS/8 Piqua Radio Club28............... 26-A - 612
W6KMM/6 Radio Club of Arizona®. .. 43-A - 576
W7HWZ/7 Butte Amateur Radio Club30. .. 28-A - 519
W5HTK/5 Enid Amateur Radio Club3l........ 54-AB- 517.5
WIMRP/1 Norwalk Amateur Radio Assn.®.. ... 39-A - 540
W4GTG/4 Chattahoochee Amateur Radio Assn.® 36-A - 513
W7DK/7  Radio Club of Tacoma34........... 42-A - 513
WS8HXT/8 Ludington Amateur Radio Club%... 18-A - 513
W8UMJ/8 Rubber City Radio Club%......... 35-A - 501
WS8NLG/8 Detroit Amateur Radio Assn3”...... 34-A - 491
W7CAM/7 Yakima Amateur Radio Club3. .. .. 27-A - 441
W2BMW/2 Tuboro Radio Club®.............. 23-A - 333
WIMCS/9 L.M.AR.R.(New Munster, Wis.) 9. 14-A - 324
WI1HOB/1 Parkway Radio Assn4l............ 103-C - 306 T

WS8RVM/8 Ogdensburg Amateur Radio Club#2.. 4-A - 297

WSTEW/8 Sidney Amateur Radio Club#. . . ... 55-A - 240 RT
WS8APJ/8 Bluffton Radio Club#............. 11-A - 180
W9KXE/9 Chicago Amateur Radio Club%. .. .. 7-A - 84T

(Continued an page 92)
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