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12.1 Broadside Arrays

Broadside and  
End-Fire Arrays

Chapter  12

Broadside arrays can be made up of collinear or paral-
lel elements or combinations of the two. They can provide 
performance comparable to rotatable beams at very low cost 
if the amateur has the necessary supports. This chapter was 
originally contributed by Rudy Severns, N6LF, and is written 

from the perspective of using these antennas at HF. Much of 
the material translates easily to VHF and higher frequencies 
as well. The reader will find a number of projects for design-
ing and constructing these antennas in the Bibliography and 
on the CD-ROM included with this book.

12.1.1 COLLINEAR ARRAYS
Collinear arrays are always operated with the elements 

in-phase. (If alternate elements in such an array are out-of-
phase, the system simply becomes a harmonic type of an-
tenna.) A collinear array is a broadside radiator, the direction 
of maximum radiation being at right angles to the line of the 
antenna.

Power Gain
Because of the nature of the mutual impedance between 

collinear elements, the feed point resistance (compared to a 
single element, which is ≈73 W) is increased as shown in the 
Multielement Arrays chapter. For this reason the power gain 
does not increase in direct proportion to the number of ele-
ments. The gain with two elements, as the spacing between 
them is varied, is shown by Figure 12.1. Although the gain 
is greatest when the end-to-end spacing is in the region of 0.4 
to 0.6 l, the use of spacings of this order is inconvenient to 
build and introduces problems in feeding the two elements. 
As a result, collinear elements are almost always operated 
with their ends quite close together — in wire antennas, usu-
ally with just a strain insulator between.

With very small spacing between the ends of adjacent 
elements the theoretical power gain of collinear arrays, as-
suming the use of #12 AWG copper wire, is approximately 
as follows over a dipole in free space:

Figure 12.1 — Gain of two collinear l/2 elements as a func-
tion of spacing between the adjacent ends.

2 collinear elements — 1.6 dB
3 collinear elements — 3.1 dB
4 collinear elements — 3.9 dB

More than four elements are rarely used.

Directivity
The directivity of a collinear array, in a plane containing 

the axis of the array, increases with its length. Small second-
ary lobes appear in the pattern when more than two elements 
are used, but the amplitudes of these lobes are low enough so 
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that they are usually not important. In a plane at right angles to 
the array the directive diagram is a circle, no matter what the 
number of elements. Collinear operation, therefore, affects 
only E-plane directivity, the plane containing the antenna.

When a collinear array is mounted with the elements 
vertical, the antenna radiates equally well in all geographical 
directions. An array of such stacked collinear elements tends 
to confine the radiation to low vertical angles. This configura-
tion is common in base station antennas for VHF and UHF 
and is discussed in the VHF and UHF Antenna Systems 
chapter.

If a collinear array is mounted horizontally, the directive 
pattern in the vertical plane at right angles to the array is the 
same as the vertical pattern of a simple l/2 antenna at the 
same height as discussed in the chapter Effects of Ground.

12.1.2 TWO-ELEMENT ARRAYS
The simplest and most popular collinear array is one us-

ing two elements, as shown in Figure 12.2. This system is 
commonly known as two half-waves in phase. The directive 
pattern in a plane containing the wire axis is shown in Fig-
ure 12.3, which shows superimposed patterns for a dipole 
and 2, 3 and 4-element collinear arrays. Depending on the 
conductor size, height, and similar factors, the impedance at 
the feed point can be expected to be in the range of 4 to 6 kW, 
for wire antennas. If the elements are made of tubing having 
a low l/dia (wavelength to diameter) ratio, values as low as 
1 kW are representative. The system can be fed through an 
open-wire tuned line with negligible loss for ordinary line 
lengths, or a matching section may be used if desired.

A number of arrangements for matching the feed line to 
this antenna are described in the chapter Transmission Line 
Coupling and Impedance Matching. If elements somewhat 
shorter than l/2 are used, then additional matching schemes 
can be employed at the expense of a slight reduction in gain. 

Figure 12.2 — At A, two-element collinear array (two half-
waves in phase). The transmission line shown would oper-
ate as a tuned line. A matching section can be substituted 
and a nonresonant line used if desired, as shown at B, 
where the matching section is two series capacitors.

Figure 12.3 — Free-space E-plane directive diagram for 
dipole, 2, 3 and 4-element collinear arrays. The solid line  
is a 4-element collinear; the dashed line is for a 3-element 
collinear; the dotted line is for a 2-element collinear and the 
dashed-dotted line is for a l/2 dipole.

When the elements are shortened two things happen — the 
impedance at the feed point drops and the impedance has 
inductive reactance that can be tuned out with simple series 
capacitors, as shown in Figure 12.2B.

Note that these capacitors must be suitable for the power 
level. Small doorknob capacitors, such as those frequently 
used in power amplifiers, are suitable. By way of an example, 
if each side of a 40 meter 2-element array is shortened from 
67 to 58 feet, the feed point impedance drops from nearly 
6000 W to about 1012 W with an inductive reactance of 
1800 W. The reactance can be tuned out by inserting 25 pF 
capacitors at the feed point. The 1012 W resistance can be 
transformed to 200 W using a l/4 matching section made 
of 450-W ladder line and then transformed to 50 W with a 
4:1 balun. Shortening the array as suggested reduces the gain 
by about 0.5 dB.

Another scheme that preserves the gain is to use a 450-W 
l/4 matching section and shorten the antenna only slightly to 
have a resistance of 4 kW. The impedance at the input of the 
matching section is then near 50 W and a simple 1:1 balun can 
be used. Many other schemes are possible. The free-space 
E-plane response for a 2-element collinear array is shown in 
Figure 12.3, compared with the responses for more elaborate 
collinear arrays described below.

12.1.3 THREE- AND FOUR-ELEMENT 
ARRAYS

In a long wire the direction of current flow reverses in 
each l/2 section. Consequently, collinear elements cannot 
simply be connected end to end; there must be some means 
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for making the current flow in the same direction in all ele-
ments. When more than two collinear elements are used it 
is necessary to connect phasing stubs between adjacent ele-
ments in order to bring the currents in all elements in-phase. 
In Figure 12.4A the direction of current flow is correct in 
the two left-hand elements because the shorted l/4 transmis-
sion line (stub) is connected between them. This stub may 
be looked upon simply as the alternate l/2 section of a long-
wire antenna folded back on itself to cancel its radiation. In 
Figure 12.4A the part to the right of the transmission line 
has a total length of three half wavelengths, the center half 
wave being folded back to form a l/4 phase-reversing stub. 
No data are available on the impedance at the feed point in 
this arrangement, but various considerations indicate that it 
should be over 1 kW.

An alternative method of feeding three collinear ele-
ments is shown in Figure 12.4B. In this case power is 
applied at the center of the middle element and phase- 
reversing stubs are used between this element and both of  
the outer elements. The impedance at the feed point in this  
case is somewhat over 300 W and provides a close match 

to 300 W line. The SWR will be less than 2:1 when 600-W 
line is used. Center feed of this type is somewhat preferable 
to the arrangement in Figure 12.4A because the system as a 
whole is balanced. This assures more uniform power distri-
bution among the elements. In Figure 12.4A, the right-hand 
element is likely to receive somewhat less power than the 
other two because a portion of the input power is radiated by 
the middle element before it can reach the element located 
at the extreme right.

A four-element array is shown in Figure 12.4C. The 
system is symmetrical when fed between the two center ele-
ments as shown. As in the three-element case, no data are 
available on the impedance at the feed point. However, the 
SWR with a 600 W line should not be much over 2:1.

Figure 12.3 compares the directive patterns of 2, 3 and 
4-element arrays. Collinear arrays can be extended to more 
than four elements. However, the simple 2-element collinear 
array is the type most frequently used, as it lends itself well 
to multiband operation. More than two collinear elements are 
seldom used because more gain can be obtained from other 
types of arrays.

Figure 12.4 — Layouts for 3- and 4-element collinear arrays. Alternative methods of feeding a 3-element array are shown  
at A and B. These drawings also show the current distribution on the antenna elements and phasing stubs. A matched  
transmission line can be substituted for the tuned line by using a suitable matching section.
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12.1.4 ADJUSTMENT
In any of the collinear systems described, the lengths of 

the radiating elements are the same as for l/2 dipoles. The 
lengths of the phasing stubs can be found from the equa-
tions given in the chapter Transmission Line Coupling and 
Impedance Matching for the type of line used. If the stub is 
open-wire line (500 to 600 W impedance) you may assume 
a velocity factor of 0.975 in the formula for a l/4 line. On-
site adjustment is, in general, an unnecessary refinement. If 
desired, however, the following procedure may be used when 
the system has more than two elements.

Disconnect all stubs and all elements except those di-
rectly connected to the transmission line (in the case of a feed 
such as is shown in Figure 12.4B leave only the center ele-
ment connected to the line). Adjust the elements to resonance, 
using the still-connected element. When the proper length is 
determined, cut all other elements to the same length. Make 
the phasing stubs slightly long and use a shorting bar to adjust 
their length. Connect the elements to the stubs and adjust the 
stubs to resonance, as indicated by maximum current in the 
shorting bars or by the SWR on the transmission line. If more 
than three or four elements are used it is best to add elements 
two at a time (one at each end of the array), resonating the 
system each time before a new pair is added.

12.1.5 THE EXTENDED DOUBLE ZEPP
One method to obtain higher gain that goes with wider 

spacing in a simple system of two collinear elements is to 
make the elements somewhat longer than l/2. As shown in 
Figure 12.5, this increases the spacing between the two in-
phase l/2 sections at the ends of the wires. The section in the 
center carries a current of opposite phase, but if this section 
is short the current will be small; it represents only the outer 
ends of a l/2 antenna section. Because of the small current 
and short length, the radiation from the center is small. The 
optimum length for each element is 0.64 l. At greater lengths 
the system tends to act as a long-wire antenna, and the gain 
decreases.

This system is known as the extended double Zepp or 
EDZ, first described in QST in 1938 by Hugo Romander, 
W2NB. (See the Bibliography.) The gain over a l/2 dipole 
is approximately 3 dB, as compared with about 1.6 dB for 
two collinear l/2 dipoles. The directional pattern in the plane 

Figure 12.7 — Resistive and reactive feed point impedance 
of a 40 meter extended double Zepp in free space.

Figure 12.6 — E-plane pattern for the extended double Zepp 
of Figure 12.5. This is also the horizontal directional pattern 
when the elements are horizontal. The axis of the elements 
lies along the 90°-270° line. The free-space array gain is 
approximately 4.95 dBi. 

Figure 12.5 — The extended double Zepp. This system gives 
somewhat more gain than two l-sized collinear elements.

containing the axis of the antenna is shown in Figure 12.6. 
As in the case of all other collinear arrays, the free-space 
pattern in the plane at right angles to the antenna elements 
is the same as that of a l/2 antenna — circular. The article 
“The Extended Double Zepp Revisited” by Jerry Haigwood, 
W5JH from September 2006 QST provides dimensions for 
the EDZ on 40 through 10 meters, along with building tips. 
(The article is also included on this book’s CD-ROM. An 
analysis of the EDZ and related designs by Zavrel is listed in 
the Bibliography.)

This antenna is not resonant at the operating frequency 
so that the feed point impedance is complex (R ± jX). A typi-
cal example of the variation of the feed point impedance over 
the band for a 40 meter double-extended Zepp is shown in 
Figure 12.7. This antenna is normally fed with open-wire 



Broadside and End-Fire Arrays    12-5

transmission line to an antenna tuner. Other matching ar-
rangements are, of course, possible. A method for transform-
ing the feed point impedance to 450 W and eliminating the 
minor lobes is given in the following section.

A Modified Extended Double Zepp
If the distance between the available supports is greater 

than l/2 then a very simple form of a single wire collinear 
array can be used to achieve significant gain. The extended 
double Zepp antenna has long been used by amateurs and a 
simple variation of this antenna with substantially improved 
bandwidth can be very useful on 3.5 and 7.0 MHz. The 
following material has been taken from an article by Rudy 
Severns, N6LF, in The ARRL Antenna Compendium Vol 4.

The key to improving the characteristics of a standard 
double-extended Zepp is to modify the current distribution. 
One of the simplest ways to do this is to insert a reactance(s) 
in series with the wire. This could either be an inductor(s) or 
a capacitor(s). In general, a series capacitor will have a higher 
Q and therefore less loss. With either choice it is desirable to 
use as few components as possible.

As an initial trial at 7 MHz, only two capacitors, one 
on each side of the antenna, were used. The value and posi-
tion of the capacitors was varied to see what would happen. 
It quickly became clear that the reactance at the feed point 
could be tuned out by adjusting the capacitor value, mak-
ing the antenna look essentially like a resistor over the entire 
band. The value of the feed point resistance could be varied 
from less than 150 W to more than 1500 W by changing the 
location of the capacitors and adjusting their values to reso-
nate the antenna. 

A number of interesting combinations were created. The 
one ultimately selected is shown in Figure 12.8. The antenna 
is 170 feet in length. Two 9.1 pF capacitors are located 25 feet 
out each side of the center. The antenna is fed with 450-W 
transmission line and a 9:1 three-core Guanella balun used 
at the transmitter to convert to 50 W. The transmission line 
can be any convenient length and it operates with a very low 
SWR. 

That’s all there is to it. The radiation pattern, overlaid 
with that for a standard EDZ for comparison, is shown in 

Figure 12.8 — Schematic for modified N6LF Double 
Extended Zepp. Overall length is 170 feet, with 9.1 pF  
capacitors placed 25 feet each side of center. 

Figure 12.9 — Azimuth pattern for N6LF Double Extended 
Zepp (solid line), compared to classic Double Extended 
Zepp (dashed line). The main lobe for the modified antenna 
is slightly broader than that of the classic model, and the 
sidelobes are suppressed better. 

Figure 12.10 — Construction details for series capacitor 
made from RG-213 coaxial cable. At A, the method used by 
N6LF is illustrated. At B, a suggested method to seal the 
capacitor better against weather is shown, using a section 
of PVC pipe with end caps. 

Figure 12.9. The sidelobes are now reduced to below 20 dB. 
The main lobe is now 43° wide at the 3-dB points, as opposed 
to 35° for the original EDZ. The antenna has gain over a di-
pole for >50° now and the gain of the main lobe has dropped 
only 0.2 dB below the original EDZ.

Experimental Results
The antenna was made from #14 AWG wire and the ca-

pacitors were made from 3.5-inch sections of RG-213, shown 
in Figure 12.10A. Note that great care should be taken to 
seal out moisture in these capacitors. The voltage across the 
capacitor for 1.5 kW will be about 2000 V so any corona will 
quickly destroy the capacitor. 
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A silicone sealant was used and then both ends covered 
with coax seal, finally wrapping it with plastic tape. The sol-
der balls indicated on the drawing are to prevent wicking of 
moisture through the braid and the stranded center conductor. 
This is a small but important point if long service out in the 
weather is expected. An even better way to protect the capaci-
tor would be to enclose it in a short piece of PVC pipe with 
end caps, as shown in Figure 12.10B. 

Note that all RG-8 type cables do not have exactly the 
same capacitance per foot and there will also be some end 
effect adding to the capacitance. If possible the capacitor 
should be trimmed with a capacitance meter. It isn’t neces-
sary to be too exact — the effect of varying the capacitance 
±10% was checked and the antenna still worked fine.

The results proved to be close to those predicted by the 
computer model. Figure 12.11 shows the measured value for 
SWR across the band. These measurements were made with 

a Bird directional wattmeter. The worst 
SWR is 1.35:1 at the low end of the band. 

Dick Ives, W7ISV, erected an  
80 meter version of the antenna, shown in 
Figure 12.12A. The series capacitors are 
17 pF. Since he isn’t interested in CW, Dick 
adjusted the length for the lowest SWR at 
the high end of the band, as shown in the 
SWR curve (Figure 12.12B). The antenna 
could have been tuned somewhat lower 
in frequency and would then provide an 
SWR less than 2:1 over the entire band, as 
indicated by the dashed line.

This antenna provides wide band-
width and moderate gain over the entire 
75/80 meter band. Not many antennas will 
give you that with a simple wire structure.

12.1.6 THE STERBA CURTAIN
Two collinear arrays can be combined 

to form the Sterba array, often called the 
Sterba curtain. An 8-element example of 
a Sterba array is shown in Figure 12.13. 
The four l/4 elements joined on the ends 
are equivalent to two l/2 elements. The 
two collinear arrays are spaced l/2 and 
the l/4 phasing lines connected together 
to provide l/2 phasing lines. This arrange-
ment has the advantage of increasing the 
gain for a given length and also increasing 
the E-plane directivity, which is no longer 
circular. An additional advantage of this 
array is that the wire forms a closed loop. 
For installations where icing is a problem 
a low voltage dc or low frequency (50 or 
60 Hz) ac current can be passed through 
the wire to heat it for deicing. The heating 
current is isolated from RF by decoupling 
chokes. This is standard practice in com-
mercial installations.

Figure 12.11 — Measured SWR curve across the 40 meter 
band for the N6LF Double Extended Zepp. 

Figure 12.12 — 75/80 meter modified Double Extended Zepp, designed using 
NEC Wires. At A, a schematic is shown for the antenna. At B, an SWR curve is 
shown across the 75/80 meter band. The solid line shows the measured curve 
for the W7ISV antenna, which was pruned to place the SWR minimum higher  
in the band. The dashed curve shows the computed response when the SWR 
minimum is set to 3.8 MHz. 

Figure 12.13 — Typical Sterba array, an 8-element version.



Broadside and End-Fire Arrays    12-7

The number of sections in a Sterba array can be ex-
tended as far as desired but more than four or five are rarely 
used because of the slow increase in gain with extra ele-
ments, the narrow H-plane directivity and the appearance  
of multiple sidelobes. When fed at the point indicated the 
impedance is about 600 W. The antenna can also be fed 

at the point marked X. The impedance at this point will  
be about 1 kW. The gain of the 8-element array in Fig-
ure 12.13 will be between 7 to 8 dB over a single element.  
A 10 meter Sterba curtain is described in the article, 
“Curtains for You,” by Jim Cain, K1TN, that is included on 
this book’s CD-ROM.

12.2 Parallel Broadside Arrays
To obtain broadside directivity with parallel elements 

the currents in the elements must all be in-phase. At a dis-
tant point lying on a line perpendicular to the axis of the 
array and also perpendicular to the plane containing the 
elements, the fields from all elements add up in phase. The 
situation is similar to four parallel l/2 dipoles fed together 
as a broadside array.

Broadside arrays of this type theoretically can have 
any number of elements. However, practical limitations of 
construction and available space usually limit the number 
of broadside parallel elements. These practical aspects of 
building a dipole curtain are illustrated in the article “A 
Dipole Curtain for 15 and 10 Meters” by Mike Loukides, 

W1JQ, in the Aug 2003 QST article on this book’s CD-ROM.

12.2.1 POWER GAIN
The power gain of a parallel-element broadside array 

depends on the spacing between elements as well as on the 
number of elements. The way in which the gain of a two-
element array varies with spacing is shown in Figure 12.14. 
The greatest gain is obtained when the spacing is in the vicin-
ity of 0.67 l.

The theoretical gains of broadside arrays having more 
than two elements are approximately as follows:

No. of	 dB Gain	 dB Gain 
Parallel	 with l/2	 with 3l/4
Elements	 Spacing	 Spacing
3	 5.7	   7.2
4	 7.1	   8.5
5	 8.1	   9.4
6	 8.9	 10.4

The elements must, of course, all lie in the same plane 
and all must be fed in-phase.

12.2.2 DIRECTIVITY
The sharpness of the directive pattern depends on spac-

ing between elements and number of elements. Larger ele-
ment spacing will sharpen the main lobe, for a given number 
of elements, up to a point as was shown in Figure 12.1. The 
two-element array has no minor lobes when the spacing is 
l/2, but small minor lobes appear at greater spacings. When 
three or more elements are used the pattern always has minor 
lobes.

Figure 12.14 — Gain as a function of the spacing between 
two parallel elements operated in-phase (broadside).
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12.3 Other Forms of Broadside Arrays
For those who have the available room, multielement ar-

rays based on the broadside concept have something to offer. 
The antennas are large but of simple design and non-critical 
dimensions; they are also very economical in terms of gain 
per unit of cost.

Large arrays can often be fed at several different points. 
However, the pattern symmetry may be sensitive to the choice 
of feed point within the array. Nonsymmetrical feed points 
will result in small asymmetries in the pattern but these are 
not usually of great concern.

Arrays of three and four elements are shown in  
Figure 12.15. In the 3-element array with l/2 spacing at 
A, the array is fed at the center. This is the most desirable 
point in that it tends to keep the power distribution among 
the elements uniform. However, the transmission line could 
alternatively be connected at either point B or C of Fig- 

Figure 12.16 — Free-space E-plane pattern of a 4-element 
broadside array using parallel elements (Figure 12.15). This 
corresponds to the horizontal directive pattern at low wave 
angles for a vertically polarized array over ground. The axis 
of the elements lies along the 90°-270° line.

Figure 12.15 — Methods of feeding 3- and 4-element broad-
side arrays with parallel elements.

ure 12.15A, with only slight skewing of the radiation pattern.
When the spacing is greater than l/2, the phasing lines 

must be 1 l long and are not transposed between elements. 
This is shown Figure 12.15B. With this arrangement, any ele-
ment spacing up to 1 l can be used, if the phasing lines can 
be folded as suggested in the drawing.

The 2-element array at C is fed at the center of the system 
to make the power distribution among elements as uniform as 
possible. However, the transmission line could be connected 
at either point B, C, D or E. In this case the section of phasing 
line between B and D must be transposed to make the cur-
rents flow in the same direction in all elements. The 4-element 
array at C and the 3-element array at B have approximately 
the same gain when the element spacing in the array at B is 
3l/4.

An alternative feeding method is shown in Figure 12.15D. 
This system can also be applied to the 3-element arrays,  
and will result in better symmetry in any case. It is necessary 
only to move the phasing line to the center of each element, 
making connection to both sides of the line instead of one 
only.

The free-space pattern for a 4-element array with l/2 
spacing is shown in Figure 12.16. This is also approximately 
the pattern for a 3-element array with 3l/4 spacing.

Larger arrays can be designed and constructed by fol-
lowing the phasing principles shown in the drawings. No ac-
curate figures are available for the impedances at the various 
feed points indicated in Figure 12.15. You can estimate it to 
be in the vicinity of 1 kW when the feed point is at a junc-
tion between the phasing line and a l/2 element, becoming 
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smaller as the number of elements in the array is increased. 
When the feed point is midway between end-fed elements as 
in Figure 12.15C, the feed point impedance of a 4-element 
array is in the vicinity of 200 to 300 W, with 600-W open-
wire phasing lines. The impedance at the feed point with the 
antenna shown at D should be about 1.5 kW.

12.3.1 NON-UNIFORM ELEMENT CURRENTS
The pattern for a 4-element broadside array shown in 

Figure 12.16 has substantial sidelobes. This is typical for 
arrays more than l/2 wide when equal currents flow in 
each element. Sidelobe amplitude can be reduced by us-
ing non-uniform current distribution among the elements. 
Many possible current amplitude distributions have been 
suggested. All of them have reduced current in the outer 
elements and greater current in the inner elements. This 
reduces the gain somewhat but can produce a more desir-
able pattern. One of the common current distributions is 
called binomial current grading. In this scheme the ratio of 
element currents is set equal to the coefficients of a polyno-
mial. For example:

2 2

3 3 2

4 4 3 2

1 x 1, 1, 1

(x 1) 1x 2x 1, 1, 2, 1

(x 1) 1x 3x 3x 1, 1, 3, 3, 1

(x 1) 1x 4x 6x 6x 1, 1, 4, 6, 4, 1

+ ⇒

+ = + + ⇒

+ = + + + ⇒

+ = + + + + ⇒

In a 2-element array the currents are equal, in a 3-ele-
ment array the current in the center element is twice that in 
the outer elements, and so on.

12.3.2 HALF-SQUARE ANTENNA
On the low-frequency bands (40, 80 and 160 meters) it 

becomes increasingly difficult to use l/2 elements because 
of their size. The half-square antenna is a 2-element broad-
side array with l/4-high vertical elements and l/2 horizontal 
spacing. See Figure 12.17. The free-space H-plane pattern 
for this array is shown in Figure 12.18. The antenna gives 
modest (4.2 dBi) but useful gain and has the advantage of 
only l/4 height. Like all vertically polarized antennas, real-
world performance depends directly on the characteristics of 
the ground surrounding it.

The half-square can be fed either at the point indicated 
or at the bottom end of one of the vertical elements using 
a voltage-feed scheme, such as for the Bobtail curtain de-
scribed below. The feed point impedance is in the region of 
50 W when fed at a corner as shown in Figure 12.17. The 
SWR bandwidth is typically quite narrow as shown in the 
following design examples. 

Variations on the Half-Square Antenna
The following section was originally presented in The 

ARRL Antenna Compendium Vol 5, by Rudy Severns, N6LF.
A simple modification to a standard dipole is to add two 

l/4 vertical wires, one at each end, as shown in Figure 12.19. 
This makes a half-square antenna. The antenna can be fed at 
one corner (low-impedance, current fed) or at the lower end 

Figure 12.18 — Free-space E-plane directive pattern for the 
half-square antenna. 

Figure 12.17 — Layout for the half-square antenna.

Figure 12.19 — Typical 80 meter half-square, with l/4-high 
vertical legs and a l/2-long horizontal leg. The antenna may 
be fed at the bottom or at a corner. When fed at a corner, the 
feed point is a low-impedance, current-feed. When fed at the 
bottom of one of the wires against a small ground counter-
poise, the feed point is a high-impedance, voltage-feed. 

of one of the vertical wires (high-impedance, voltage fed). 
Other feed arrangements are also possible.

The “classical” dimensions for this antenna are l/2 
(131 feet at 3.75 MHz) for the top wire and l/4 (65.5 feet) 
for the vertical wires. However, there is nothing sacred  
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about these dimensions! They can vary over a wide range and 
still obtain nearly the same performance. 

This antenna is two l/4 verticals, spaced l/2, fed in-
phase by the top wire. The current maximums are at the top 
corners. The theoretical gain over a single vertical is 3.8 dB. 
An important advantage of this antenna is that it does not 
require the extensive ground system and feed arrangements 
that a conventional pair of phased l/4 verticals would.

Comparison to a Dipole
In the past, one of the things that has turned off potential 

users of the half-square on 80 and 160 meters is the perceived 
need for l/4 vertical sections. This forces the height to be >65 
feet on 80 meters and >130 feet on 160 meters. That’s not 
really a problem. If you don’t have the height there are sev-
eral things you can do. For example, just fold the ends in, as 
shown in Figure 12.20. This compromises the performance 
surprisingly little.

It is helpful to compare the examples given in Fig- 
ures 12.19 and 12.20 to dipoles at the same height. Two 
heights, 40 and 80 feet, and average, very good and sea water 
grounds, were used for this comparison. It is also assumed 

that the lower end of the vertical wires had to be a minimum 
of 5 feet above ground.

At 40 feet the half-square is really mangled, with only 
35-foot long (≈ l/8) vertical sections. The elevation-plane 
comparison between this antenna and a dipole of the same 
height is shown in Figure 12.21. Over average ground the 
half-square is superior below 32° and at 15° is almost 5 dB 
better. That is a worthwhile improvement. If you have very 
good soil conductivity, like parts of the lower Midwest and 
South, then the half-square will be superior below 38° and at 
15° will be nearly 8 dB better. For those fortunate few with 
saltwater frontal property the advantage at 15° is 11 dB! 
Notice also that above 35°, the response drops off rapidly. 
This is great for DX but is not good for local work.

Figure 12.22 shows the azimuthal-plane pattern for the 
80 meter half-square antenna in Figure 12.20, but this time 
compared with the response of a flattop horizontal dipole that 
is 100 feet high. These comparisons are for average ground 
and are for an elevation angle of 5°. The message here is that 
the lower your dipole and the better your ground, the more 
you have to gain by switching from a dipole to a half-square. 
The half-square antenna looks like a good bet for DXing.

Changing the Shape of the Half Square
Just how flexible is the shape? There are several com-

mon distortions of practical importance. Some have very 
little effect but a few are fatal to the gain. Suppose you 
have either more height and less width than called for in the 
standard version or more width and less height, as shown in 
Figure 12.23A.

The effect on gain from this type of dimensional varia-
tion is given in Table 12-1. For a top length (LT) varying 
between 110 and 150 feet, where the vertical wire lengths 

Figure 12.20 — An 80 meter half-square configured for  
40-foot high supports. The ends have been bent inward to 
reresonate the antenna. The performance is compromised 
surprisingly little. 

Figure 12.21 — Comparison of 80 meter elevation response 
of 40-foot high, horizontally polarized dipole over average 
ground and a 40-foot high, vertically polarized half-square, 
over three types of ground: average (conductivity s = 
5 mS/m, dielectric constant e = 13), very good (s = 30 mS/m, 
e = 20) and salt water (s = 5000 mS/m, e = 80). The quality of 
the ground clearly has a profound effect on the low-angle 
performance of the half-square. Even over average ground, 
the half-square outperforms the low dipole below about 32°.

Figure 12.22 — 80 meter azimuth patterns for shortened 
half-square antenna (solid line) compared with flattop di-
pole (dashed line) at 100 feet height. Average ground is as-
sumed for these cases. 
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Table 12-1
Variation in Gain with 
Change in Horizontal 
Length, with Vertical 
Height Readjusted 
for Resonance (see 
Figure 12.23A)
LT 	 LV	 Gain
(feet)	 (feet)	 (dBi)
100	 85.4	 2.65
110	 79.5	 3.15
120	 73.7	 3.55
130	 67.8	 3.75
140	 61.8	 3.65
150	 56	 3.05
155	 53	 2.65 

Table 12-2
Variation in Gain with 
Change in Horizontal 
Length, with Vertical 
Length Readjusted 
for Resonance, but 
Horizontal Wire Kept at 
Constant Height (see 
Figure 12.23B)
LT 	 LV	 Gain
(feet)	 (feet)	 (dBi)
110	 78.7	 3.15
120	 73.9	 3.55
130	 68	 3.75
140	 63	 3.35
145	 60.7	 3.05

Figure 12.23 — Varying the horizontal and vertical lengths 
of a half-square. At A, both the horizontal and vertical legs 
are varied, while keeping the antenna resonant. At B, the 
height of the horizontal wire is kept constant, while its 
length and that of the vertical legs is varied to keep the an-
tenna resonant. At C, the length of the horizontal wire is var-
ied and the legs are bent inwards in the shape of “vees.” At 
D, the ends are sloped outward and the length of the flattop 
portion is varied. All these symmetrical forms of distortion 
of the basic half-square shape result in small performance 
losses.  

Table 12-3
Gain for Half-Square Antenna, Where Ends Are Bent 
Into V-Shape (see Figure 12.23C)
Height ⇒	 H=40 feet	 H=40 feet	 H=60 feet	 H=60 feet
LT	 LV	 Gain	 Le	 Gain
(feet)	 (feet)	 (dBi)	 (feet)	 (dBi)
  40	 57.6	 3.25	 52.0	 2.75
  60	 51.4	 3.75	 45.4	 3.35
  80	 45.2	 3.95	 76.4	 3.65
100	 38.6	 3.75	 61.4	 3.85
120	 31.7	 3.05	 44.4	 3.65
140	  — 	  — 	 23	 3.05

(LV) readjusted to resonate the antenna, the gain changes only 
by 0.6 dB. For a 1-dB change the range of LT is 100 to 155 
feet, a pretty wide range.

Another variation results if we vary the length of the 
horizontal top wire and readjust the vertical wires for reso-
nance, while keeping the top at a constant height. See Figure 
12.23B. Table 12-2 shows the effect of this variation on 
the peak gain. For a range of LT = 110 to 145 feet, the gain 
changes only 0.65 dB.

The effect of bending the ends into a V shape, as shown 
in Figure 12.23C, is given in Table 12-3. The bottom of the 
antenna is kept at a height of 5 feet and the top height (H) is 
either 40 or 60 feet. Even this gross deformation has only a 
relatively small effect on the gain. Sloping the ends outward 
as shown in Figure 12.23D and varying the top length also 
has only a small effect on the gain. While this is good news 
because it allows you dimension the antenna to fit different 
QTHs, not all distortions are so benign.

Suppose the two ends are not of the same height, as il-
lustrated in Figure 12.24, where one end of the half-square 
is 20 feet higher than the other. The elevation-plane radiation 
pattern for this antenna is shown in Figure 12.25 compared to 
a dipole at 50 feet. This type of distortion does affect the pat-
tern. The gain drops somewhat and the zenith null goes away. 
The nulls off the end of the antenna also go away, so that there 
is some end-fire radiation. In this example the difference  
in height is fairly extreme at 20 feet. Small differences of 1 to 
5 feet do not affect the pattern seriously.

If the top height is the same at both ends but the length 
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of the vertical wires is not the same, then a similar pattern 
distortion can occur. The antenna is very tolerant of sym-
metrical distortions but it is much less accepting of asym-
metrical distortion.

What if the length of the wires is such that the antenna 
is not resonant? Depending on the feed arrangement, that 
may or may not matter. We will look at that issue later on, 
in the section on patterns versus frequency. The half-square 
antenna, like the dipole, is very flexible in its proportions.

Half-Square Feed Point Impedance
There are many different ways to feed the half-square. 

Traditionally the antenna has been fed either at the end of one 
of the vertical sections, against ground, or at one of the upper 
corners as shown in Figure 12.19.

For voltage feed at the bottom against ground, the im-
pedance is very high, on the order of several thousand ohms. 
For current feed at a corner, the impedance is much lower and 
is usually close to 50 W. This is very convenient for direct 
feed with coax.

The half-square is a relatively high-Q antenna (Q ≈ 17). 
Figure 12.26 shows the SWR variation with frequency for 
this feed arrangement. An 80 meter dipole is not particularly 
wideband either, but a dipole will have less extreme variation 
in SWR than the half-square.

Patterns Versus Frequency
Impedance is not the only issue when defining the band-

width of an antenna. The effect on the radiation pattern of 
changing frequency is also a concern. For a voltage-fed half-
square, the current distribution changes with frequency. For 
an antenna resonant near 3.75 MHz, the current distribution 
is nearly symmetrical. However, above and below resonance 
the current distribution increasingly becomes asymmetrical. 
In effect, the open end of the antenna is constrained to be 
a voltage maximum but the feed point can behave less as a 
voltage point and more like a current maximum. This allows 
the current distribution to become asymmetrical.

The effect is to reduce the gain by  
-0.4 dB at 3.5 MHz and by -0.6 dB at 
4 MHz. The depth of the zenith null is re-
duced from -20 dB to -10 dB. The side 
nulls are also reduced. Note that this is ex-
actly what happened when the antenna was 
made physically asymmetrical. Whether 
the asymmetry is due to current distribu-
tion or mechanical arrangements, the an-
tenna pattern will suffer.

When current feed at a corner is used, 
the asymmetry introduced by off-reso-
nance operation is much less, since both 
ends of the antenna are open circuits and 
constrained to be voltage maximums. The 
resulting gain reduction is only -0.1 dB. 
It is interesting that the sensitivity of the 
pattern to changing frequency depends on 
the feed scheme used.

Figure 12.25 — Elevation pattern for the asymmetrical half-
square compared with pattern for a 50-foot high dipole. This 
is over average ground, with a conductivity of 5 mS/m and a 
dielectric constant of 13. Note that the zenith-angle null has 
filled in and the peak gain is lower compared to convention-
al half-square over the same kind of ground.

Figure 12.24 — An asymmetrical distortion of the half-
square antenna, where the bottom of one leg is purposely 
made 20 feet higher than the other. This type of distortion 
does affect the pattern! 

Figure 12.26 — Variation of SWR with frequency for current-fed half-square 
antenna. The SWR band- width is quite narrow. 
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Of more concern for corner feed is the effect of the 
transmission line. The usual instruction is to simply feed 
the antenna using coax, with the shield connected to verti-
cal wire and the center conductor to the top wire. Since the 
shield of the coax is a conductor, more or less parallel with 
the radiator, and is in the immediate field of the antenna, 
you might expect the pattern to be seriously distorted by this 
practice. This arrangement seems to have very little effect on 
the pattern. The greatest effect is when the feed line length 
was near a multiple of l/2. Such lengths should be avoided.

Of course, you may use a choke balun at the feed 
point if you desire. This might reduce the coupling to the 
feed line even further but it doesn’t appear to be worth the 
trouble. In fact, if you use an antenna tuner in the shack to 
operate away from resonance with a very high SWR on 
the transmission line, a balun at the feed point would take 
a beating.

Voltage-Feed at One End of Antenna:  
Matching Schemes

Several straightforward means are available for narrow-
band matching. However, broadband matching over the full 
80 meter band is much more challenging. Voltage feed with a 
parallel-resonant circuit and a modest local ground, as shown 
in Figure 12.27, is the traditional matching scheme for this 
antenna. Matching is achieved by resonating the circuit at 
the desired frequency and tapping down on the inductor in 
Figure 12.27A or using a capacitive divider (Figure 12.27B). 
It is also possible to use a l/4 transmission-line matching 
scheme, as shown in Figure 12.27C.

If the matching network shown in Figure 12.27B is used, 

typical values for the components would be: L = 15 µH, C1 = 
125 pF and C2 = 855 pF. At any single point the SWR can be 
made very close to 1:1 but the bandwidth for SWR < 2:1 will 
be very narrow at <100 kHz. Altering the L-C ratio doesn’t 
make very much difference. The half-square antenna has a 
well-earned reputation for being narrowband.

12.3.3 BOBTAIL CURTAIN
The antenna system in Figure 12.28, called a Bobtail 

curtain, was originally described by Woodrow Smith, 
W6BCX, in 1948 (see Bibliography for this and other articles 
on the Bobtail.) It uses the principles of co-phased verticals 
to produce a broadside, bidirectional pattern providing ap-
proximately 5.1 dB of gain over a single l/4 element. The 
antenna performs as three in-phase, top-fed vertical radiators 
approximately l/4 in height and spaced approximately l/2. It 
is most effective for low-angle signals and makes an excellent 
long-distance antenna for 1.8, 3.5 or 7 MHz.

The three vertical sections are the actual radiating com-
ponents, but only the center element is fed directly. The two 
horizontal parts, A, act as phasing lines and contribute very 
little to the radiation pattern. Because the current in the cen-
ter element must be divided between the end sections, the 
current distribution approaches a binomial 1:2:1 ratio. The 
radiation pattern is shown in Figure 12.29.

The vertical elements should be as vertical as possible. 
The height for the horizontal portion should be slightly 
greater than B, as shown in Figure 12.28. The tuning network 
is resonant at the operating frequency. The L/C ratio should 
be fairly low to provide good loading characteristics. As a 
starting point, a maximum capacitor value of 75 to 150 pF is 
recommended, and the inductor value is determined by C and 
the operating frequency. The network is first tuned to reso-
nance and then the tap point is adjusted for the best match. 

Figure 12.28 — The Bobtail curtain is an excellent low-angle 
radiator having broadside bidirectional characteristics. 
Current distribution is represented by the arrows. 
Dimensions A and B (in feet, for wire antennas) can be  
determined from the equations.

Figure 12.27 — 
Typical match-
ing networks 
used for voltage-
feeding a half-
square antenna. 
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A slight readjustment of C may be necessary. A link coil 
consisting of a few turns can also be used to feed the antenna.

A feeling for the matching bandwidth of this antenna 
can be obtained by looking at a feed point located at the 
top end of the center element. The impedance at this point 
will be approximately 32 W. An SWR plot (for Z0 = 32 W) 
for an 80 meter Bobtail curtain at this feed point is shown 
in Figure 12.30. However, it is not advisable to actually 
connect a feed line at this point since it would detune the 
array and alter the pattern. This antenna is relatively nar-
row band. When fed at the bottom of the center element as 
shown in Figure 12.28, the SWR can be adjusted to be 1:1 
at one frequency but the operating bandwidth for SWR less 

Figure 12.30 — Typical SWR plot for an 80 meter Bobtail 
curtain in free space. This is a narrow-band antenna. 

Figure 12.29 — Calculated free-space E-plane directive dia-
gram of the Bobtail curtain shown in Figure 12.28. The array 
lies along the 90°-270° axis.

than 2:1 may be even narrower than Figure 12.30 shows. For  
80 meters, where operation is often desired in the CW DX 
portion (3.510 MHz) and in the phone DX portion (3.790 
MHz), it will be necessary to retune the matching network 
as you change frequency. This can be done by switching a 
capacitor in or out, manually or remotely with a relay.

While the match bandwidth is quite narrow, the radiation 
pattern changes more slowly with frequency. Figure 12.31 
shows the variation in the pattern over the entire band (3.5 to 
4.0 MHz). As would be expected, the gain increases with fre-
quency because the antenna is larger in terms of wavelengths. 
The general shape of the pattern, however, is quite stable.

A variation of the Bobtail for multiple bands, the N4GG 
Array, is described in a July 2002 QST article that is included 
on this book’s CD-ROM. The antenna covers multiple bands 
using parallel wires similarly to a fan dipole and with vertical 
wires acting as they do in the Bobtail curtain.

12.3.4 THE BRUCE ARRAY
Four variations of the Bruce array are shown in Fig-

ure 12.32. The Bruce is simply a wire folded so that the verti-
cal sections carry large in-phase currents, while the horizontal 
sections carry small currents flowing in opposite directions 
with respect to the center of a section (indicated by dots). The 
radiation is vertically polarized. The gain is proportional to 
the length of the array but is somewhat smaller than you can 
obtain from a broadside array of l/2 elements of the same 
length. This is because the radiating portion of the elements 
is only l/4.

The Bruce array has a number of advantages:
1) The array is only l/4 high. This is especially help-

ful on 80 and 160 meters, where the height of l/2 supports 
becomes impractical for most amateurs.

Figure 12.31 — 80 meter Bobtail curtain’s free-space 
E-plane pattern variation over the 80 meter band.
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Figure 12.32 — Various Bruce arrays: 2, 3, 4 and 5-element versions. 

2) The array is very simple. It is just a single piece of 
wire folded to form the array.

3) The dimensions of the array are very flexible. 
Depending on the available distance between supports, any 
number of elements can be used. The longer the array, the 
greater the gain.

4) The shape of the array does not have to be exactly 
1.05 l/4 squares. If the available height is short but the ar-
ray can be made longer, then shorter vertical sections and 
longer horizontal sections can be used to maintain gain and 
resonance. Conversely, if more height is available but width 

is restricted then longer vertical sections can be used with 
shorter horizontal sections.

5) The array can be fed at other points more convenient 
for a particular installation.

6) The antenna is relatively low Q, so that the feed point 
impedance changes slowly with frequency. This is very help-
ful on 80 meters, for example, where the antenna can be 
relatively broadband.

7) The radiation pattern and gain is stable over the width 
of an amateur band.

Note that the nominal dimensions of the array in  
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Table 12-4
Bruce Array Length, Impedance and Gain as a Function of Number of Elements
Number 	 Gain Over l/2	 Gain over l/4	 Array Length 	 Approx. Feed
Elements	 Vertical Dipole	 Ground-Plane 	 Wavelengths 	  Z, W
2	 1.2 dB	 1.9 dB	 1⁄4		  130
3	 2.8 dB	 3.6 dB	 1⁄2 		  200
4	 4.3 dB	 5.1 dB	 3⁄4 		  250
5	 5.3 dB	 6.1 dB	 1		  300

Figure 12.32 call for section lengths = 1.05 l/4. The need 
to use slightly longer elements to achieve resonance is com-
mon in large wire arrays. A quad loop behaves in the same 
manner. This is quite different from wire dipoles, which are 
typically shortened by 2-5% to achieve resonance.

Figure 12.33 shows the variations in gain and pattern 
for 2 to 5-element 80 meter Bruce arrays. Table 12-4 lists 
the gain over a vertical l/2 dipole, a 4-radial ground-plane 
vertical and the size of the array. The gain and impedance 
parameters listed are for free space. Over real ground the 
patterns and gain will depend on the height above ground 
and the ground characteristics. Copper loss using #12 AWG 
conductors is included.

Worthwhile gain can be obtained from these arrays, es-
pecially on 80 and 160 meters, where any gain is hard to 
come by. The feed point impedance is for the center of a 
vertical section. From the patterns in Figure 12.33 you can 
see that sidelobes start to appear as the length of the array is 
increased beyond 3l/4. This is typical for arrays using equal 

Figure 12.33 — 80 meter free-space E-plane directive pat-
terns for the Bruce arrays shown in Figure 12.32. The  
5-element’s pattern is a solid line; the 4-element is a  
dashed line; the 3-element is a dotted line, and the  
2-element version is a dashed-dotted line.

Figure 12.34 — Comparison of free space patterns of a  
4-element Bruce array (solid line) and a 3-element Bobtail 
curtain (dashed line). 

Figure 12.35 — Typical SWR curve for a 4-element 80 meter 
Bruce array. 
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currents in the elements.
It is interesting to compare the Bobtail curtain (Figure 

12.28) with a 4-element Bruce array. Figure 12.34 compares 
the radiation patterns for these two antennas. Even though 
the Bruce is shorter (3l/4) than the Bobtail (1 l), it has 
slightly more gain. The matching bandwidth is illustrated 
by the SWR curve in Figure 12.35. The 4-element Bruce 
has over twice the match bandwidth (200 kHz) than does 
the Bobtail (75 kHz in Figure 12.30). Part of the gain differ-
ence is due to the binomial current distribution — the center 
element has twice the current as the outer elements in the 
Bobtail. This reduces the gain slightly so that the 4-element 
Bruce becomes competitive. This is a good example of us-
ing more than the minimum number of elements to improve 
performance or to reduce size. On 160 meters the 4-element 
Bruce will be 140 feet shorter than the Bobtail, a significant 
reduction. If additional space is available for the Bobtail  
(1 l) then a 5-element Bruce could be used, with a small 
increase in gain but also introducing some sidelobes.

The 2-element Bruce and the half-square antennas are 
both 2-element arrays. However, since the spacing between 
radiators is greater in the half-square (l/2) the gain of the 
half-square is about 1 dB greater. If space is available, the 
half-square would be a better choice. If there is not room for 
a half-square then the Bruce, which is only half as long (l/4), 
may be a good alternative. The 3-element Bruce, which has 
the same length (l/2) as the half-square, has about 0.6 dB 

Figure 12.36 — Alternate feed arrangements for the Bruce 
array. At A, the antenna is driven against a ground system 
and at B, it uses a two-wire counterpoise. 

more gain than the half-square and will have a wider match 
bandwidth.

The Bruce antenna can be fed at many different points 
and in different ways. In addition to the feed points indicated 
in Figure 12.32, you may connect the feed line at the center of 
any of the vertical sections. In longer Bruce arrays, feeding at 
one end will result in some current imbalance among the ele-
ments but the resulting pattern distortion is small. Actually, 
the feed point can be anywhere along a vertical section. One 
very convenient point is at an outside corner. The feed point 
impedance will be higher (about 600 W). A good match for 
450-W ladder-line can usually be found somewhere on the 
vertical section. It is important to recognize that feeding the 
antenna at a voltage node (dots in Figure 12.32) by breaking 
the wire and inserting an insulator, completely changes the 
current distribution. This will be discussed in the section on 
end-fire arrays.

A Bruce can be fed unbalanced against ground or against 
a counterpoise as shown in Figure 12.36. Because it is a ver-
tically polarized antenna, the better the ground system, the 
better the performance. As few as two elevated radials can be 
used as shown in Figure 12.36B, but more radials can also be 
used to improve the performance, depending on local ground 
constants. The original development of the Bruce array in the 
late 1920s used this feed arrangement.

12.3.5 FOUR-ELEMENT BROADSIDE ARRAY
The 4-element array shown in Figure 12.37 is common-

ly known as the Lazy H. It consists of a set of two collinear 
elements and a set of two parallel elements, all operated in-
phase to give broadside directivity. The gain and directivity 
will depend on the spacing, as in the case of a simple parallel-
element broadside array. The spacing may be chosen between 
the limits shown on the drawing, but spacings below 3l/8 are 

Figure 12.37 — Four-element broadside array (“lazy H”) 
using collinear and parallel elements.
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not worthwhile because the gain is small. Estimated gains 
compared to a single element are:

3l/8 spacing — 4.2 dB
l/2 spacing — 5.8 dB
5l/8 spacing — 6.7 dB
3l/4 spacing — 6.3 dB

Half-wave spacing is generally used. Directive patterns 
for this spacing are given in Figures 12.38 and 12.39. With 
l/2 spacing between parallel elements, the impedance at the 
junction of the phasing line and transmission line is resistive 
and in the vicinity of 100 W. With larger or smaller spacing 

Figure 12.39 — Vertical pattern of the 4-element broadside 
antenna of Figure 12.37, when mounted with the elements 
horizontal and the lower set l/4 above flat ground. Stacked 
arrays of this type give best results when the lowest ele-
ments are at least l/2 high. The gain is reduced and the wave 
angle raised if the lowest elements are too close to ground.

Figure 12.38 — Free-space directive diagrams of the 4-ele-
ment antenna shown in Figure 12.37. At A is the E-plane pat-
tern. The axis of the elements lies along the 90°-270° line. At 
B is the free-space H-plane pattern, viewed as if one set of 
elements is above the other from the ends of the elements. 

the impedance at this junction will be reactive as well as re-
sistive. Matching stubs are recommended in cases where a 
non-resonant line is to be used. They may be calculated and 
adjusted as described in the Transmission Line Coupling 
and Impedance Matching chapter.

The system shown in Figure 12.37 may be used on two 
bands having a 2-to-1 frequency relationship. It should be 
designed for the higher of the two frequencies, using 3l/4 
spacing between parallel elements. It will then operate on 
the lower frequency as a simple broadside array with 3l/8 
spacing.

An alternative method of feeding is shown in the small 
diagram in Figure 12.37. In this case the elements and the 
phasing line must be adjusted exactly to an electrical half 
wavelength. The impedance at the feed point will be resistive 
and on the order of 2 kW.

A variation of this antenna called the “extended Lazy H” 
makes an effective broadside antenna on its fundamental and 
several higher bands. It is a good Field Day antenna if the 
supports are available for the lower elements to be at least 
l/4 above the ground. It can be used with a tuner on all HF 
bands and as a top-loaded vertical by connecting the feed line 
conductors together and driving it against a ground system. A 
version for 7, 14, and 21 MHz is described in “The Extended 
Lazy H Antenna,” by Walter Salmon in Oct 1955 QST and 
included on this book’s CD-ROM.

12.3.6 THE BI-SQUARE ANTENNA
A development of the lazy H, known as the bi-square 

antenna, is shown in Figure 12.40. The gain of the bi-square 
is somewhat less than that of the lazy-H, but this array is 
attractive because it can be supported from a single pole. It 
has a circumference of 2 l at the operating frequency, and is 
horizontally polarized.

The bi-square antenna consists of two 1 l radiators, fed 
180° out-of-phase at the bottom of the array. The radiation 
resistance is 300 W, so it can be fed with either 300- or 
600-W line. The free space gain of the antenna is about 
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Figure 12.40 — The bi-square array. It has the appearance of 
a loop, but is not a true loop because the conductor is open 
at the top. The length of each side, in feet, is 480/f (MHz). 

5.8 dBi, which is 3.7 dB more than a single dipole element. 
Gain may be increased by adding a parasitic reflector or di-
rector. Two bi-square arrays can be mounted at right angles 
and switched to provide omnidirectional coverage. In this 
way, the antenna wires may be used as part of the guying 
system for the pole.

Although it resembles a loop antenna, the bi-square is not 
a true loop because the ends opposite the feed point are open. 
However, identical construction techniques can be used for the 
two antenna types. Indeed, with a means of remotely closing 
the connection at the top for lower frequency operation, the 
antenna can be operated on two harmonically related bands. 
As an example, an array with 17 feet per side can be operated 
as a bi-square at 28 MHz and as a full-wave loop at 14 MHz. 
For two-band operation in this manner, the side length should 
favor the higher frequency. The length of a closed loop is not 
as critical.

12.4 End-Fire Arrays
The term end-fire covers a number of different methods 

of operation, all having in common the fact that the maxi-
mum radiation takes place along the array axis, and that the 
array consists of a number of parallel elements in one plane. 
End-fire arrays can be either bidirectional or unidirectional. 
In the bidirectional type commonly used by amateurs there 
are only two elements, and these are operated with currents 
180° out-of-phase. Even though adjustment tends to be 
complicated, unidirectional end-fire driven arrays have also 
seen amateur use, primarily as a pair of phased, ground-
mounted l/4 vertical elements. Extensive discussion of this 
array is contained in the Multielement Arrays chapter.

Horizontally polarized unidirectional end-fire arrays see 
little amateur use except in log-periodic arrays (described in 
the Log-Periodic Dipole Arrays chapter). Instead, horizon-
tally polarized unidirectional arrays usually have parasitic 
elements (described in the HF Yagi and Quad Antennas 
chapter) and are called Yagis.

12.4.1 TWO-ELEMENT END-FIRE ARRAY
In a 2-element array with equal currents out-of-phase, 

the gain varies with the spacing between elements as shown 
in Figure 12.41. The maximum gain occurs in the neighbor-
hood of 0.1 l spacing. Below that the gain drops rapidly due 
to conductor loss resistance.

The feed point resistance for either element is very 
low at the spacings giving greatest gain, as shown in the 
Multielement Arrays chapter. The spacings most frequently 

Figure 12.41 — Gain of an end-fire array consisting of two 
elements fed 180° out-of-phase, as a function of the spacing 
between elements. Maximum radiation is in the plane of the 
elements and at right angles to them at spacings up to l/2, 
but the direction changes at greater spacings.

used are l/8 and l/4, at which the resistances of center-fed 
l/2 elements are about 9 and 32 W, respectively.

The effect of conductor resistance on gain for various 
spacings is shown in Figure 12.42. Because current along the 
element is not constant (it is approximately sinusoidal), the 
resistance shown is the equivalent resistance (Req) inserted at 
the center of the element to account for the loss distributed 
along the element.

The equivalent resistance of a l/2 element is one half the 
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Figure 12.42 — Gain over a single element of two out-of-
phase elements in free space as a function of spacing for 
various loss resistances.

ac resistance (Rac) of the complete element. Rac is usually 
>> Rdc due to skin effect. For example, a 1.84 MHz dipole 
using #12 AWG copper wire will have the following Req: 

Wire length = 267 feet

Rdc = 0.00159 [W/foot] × 267 [feet] = 0.42 W

Fr = Rac/Rdc = 10.8

Req =(Rdc/2) × Fr = 2.29 W

For a 3.75 MHz dipole made with #12 AWG wire, Req 
= 1.59 W. In Figure 12.42, it is clear that end-fire antennas 
made with #12 AWG or smaller wire will limit the attainable 
gain because of losses. There is no point in using spacings 
much less than l/4 if you use wire elements. If instead you 
use elements made of aluminum tubing then smaller spacings 
can be used to increase gain. However, as the spacing is re-
duced below l/4 the increase in gain is quite small even with 
good conductors. Closer spacings give little gain increase but 
can drastically reduce the operating bandwidth due to the 
rapidly increasing Q of the array.

Unidirectional End-Fire Arrays
Two parallel elements spaced l/4 apart and fed equal 

currents 90° out-of-phase will have a directional pattern 
in the plane at right angles to the plane of the array. See 
Figure 12.43. The maximum radiation is in the direction of 
the element in which the current lags. In the opposite direc-
tion the fields from the two elements cancel.

When the currents in the elements are neither in-phase 
nor 180° out-of-phase, the feed point resistances of the 
elements are not equal. This complicates the problem of 
feeding equal currents to the elements, as discussed in the 
Multielement Arrays chapter.

More than two elements can be used in a unidirectional 
end-fire array. The requirement for unidirectivity is that there 
must be a progressive phase shift in the element currents equal 

Figure 12.43 — Representative H-plane pattern for a 2-element 
end-fire array with 90° spacing and phasing. The elements lie
along the vertical axis, with the uppermost element the one of
lagging phase. Dissimilar current distributions are taken into 
account. 

Figure 12.44 — H-plane pattern for a 3-element end-fire array 
with binomial current distribution (the current in the center 
element is twice that in each end element). The elements are 
spaced l/4 apart along the 0°-180° axis. The center element 
lags the lower element by 90°, while the upper element lags 
the lower element by 180° in phase. Dissimilar current distri-
butions are taken into account. 

to the spacing, in electrical degrees, between the elements. 
The amplitudes of the currents in the various elements also 
must be properly related. This requires binomial current dis-
tribution. In the case of three elements, this requires that the 
current in the center element be twice that in the two outside 
elements, for 90° (l/4) spacing and element current phasing. 
This antenna has an overall length of l/2. The directive dia-
gram is shown in Figure 12.44. The pattern is similar to that 
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of Figure 12.43, but the 3-element binomial array has greater 
directivity, evidenced by the narrower half-power beamwidth 
(146° versus 176°). Its gain is 1.0 dB greater.

12.4.2 THE W8JK ARRAY
John Kraus, W8JK (SK), described his bidirectional 

flat-top W8JK beam antenna in 1940. See Figure 12.45. 
(His June 1982 QST article “The W8JK Recap and Update” 
is included on the CD-ROM for this book.) Two l/2 ele-
ments are spaced l/8 to l/4 and driven 180° out-of-phase. 
The free-space radiation pattern for this antenna, using  
#12 AWG copper wire, is given in Figure 12.46. The pat-
tern is representative of spacings between l/8 and l/4 where 
the gain varies less than 0.5 dB. The gain over a dipole is 
about 3.3 dB (5.4 dBi referenced to an isotropic radiator), 

Figure 12.45 — A 2-element W8JK array. 
Figure 12.46 — Free-space E-plane pattern for the 2-element 
W8JK array.

Figure 12.47 — Six other variations of W8JK “flat-top beam” antennas.

a worthwhile improvement. The feed point impedance (in-
cluding wire resistance) of each element is about 11 W for 
l/8 spacing and 33 W for l/4 spacing. The feed point imped-
ance at the center connection will depend on the length and 
Z0 of the connecting transmission line.

Kraus gave a number of other variations for end-fire ar-
rays, some of which are shown in Figure 12.47. The ones fed 
at the center (A, C and E) are usually horizontally polarized 
flat-top beams. The end-fed versions (B, D and F) are usually 
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vertically polarized, where the feed point can be conveniently 
near ground.

A practical variation of Figure 12.47B is given in  
Figure 12.48. In this example, the height is limited to l/4 so 
the ends can be bent over as shown, producing a 2-element 
Bruce array. This reduces the gain somewhat but allows 
much shorter supports, an important consideration on the 
low bands. If additional height is available, then you can 
achieve some additional gain. The upper ends can be bent 
over to fit the available height. The feed point impedance 
will greater than 1 kW. 

The article “Building the W8JK” by Suggs (see 
Bibliography) shows how to build a W8JK beam that covers 
20 through 6 meters. 

12.4.3 FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAYS

The array shown in Figure 12.49 combines collinear in-
phase elements with parallel out-of-phase elements to give 

Figure 12.48 — A 2-element end-fire array with reduced 
height.

Figure 12.49 — A 4-element array combining collinear 
broadside elements and parallel end-fire elements, popu-
larly known as a two-section W8JK array.

both broadside and end-fire directivity. It is a two-section 
W8JK. The approximate free-space gain using #12 AWG 
copper wire is 4.9 dBi with l/8 spacing and 5.4 dBi with l/4 
spacing. Directive patterns are given in Figure 12.50 for free 
space, and in Figure 12.51 for heights of 1 l and l/2 above 
flat ground.

The impedance between elements at the point where the 
phasing line is connected is of the order of several thousand 
ohms. The SWR with an unmatched line consequently is 
quite high, and this system should be constructed with open-
wire line (500 or 600 W) if the line is to be resonant. With l/4 
element spacing the SWR on a 600 W line is estimated to be 
in the vicinity of 3 or 4:1.

To use a matched line, you could connect a closed 

Figure 12.50 — Free-space E-plane pattern for the antenna 
shown in Figure 12.49, with l/8 spacing. The elements are 
parallel to the 90°-270° line in this diagram. Less than a 1° 
change in half-power beamwidth results when the spacing 
is changed from l/8 to l/4.

Figure 12.51 — Elevation-plane pattern for the 4-element 
antenna of Figure 12.49 when mounted horizontally at two 
heights over flat ground. Solid line = 1 l high; dashed line = 
l/2 high.
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stub 3l/16 long at the transmission-line junction shown in 
Figure 12.49. The transmission line itself can then be tapped 
on this matching section at the point resulting in the lowest 
line SWR. This point can be determined by trial.

This type of antenna can be operated on two bands hav-
ing a frequency ratio of 2 to 1, if a resonant feed line is used. 
For example, if you design for 28 MHz with l/4 spacing be-
tween elements, you can also operate on 14 MHz as a simple 
2-element end-fire array having l/8 spacing.

Combination Driven Arrays
You can readily combine broadside, end-fire and col-

linear elements to increase gain and directivity, and this is in 
fact usually done when more than two elements are used in 
an array. Combinations of this type give more gain, in a given 
amount of space, than plain arrays of the types just described. 
Since the combinations that can be worked out are almost 
endless, this section describes only a few of the simpler types.

The accurate calculation of the power gain of a multi-
element array requires a knowledge of the mutual imped-
ances between all elements, as discussed in earlier sections. 
For approximate purposes it is sufficient to assume that each 
set (collinear, broadside, end-fire) will have the gains as given 
earlier, and then simply add up the gains for the combination. 
This neglects the effects of cross-coupling between sets of 
elements. However, the array configurations are such that the 
mutual impedances from cross-coupling should be relatively 
small, particularly when the spacings are l/4 or more, so the 
estimated gain should be reasonably close to the actual gain. 
Alternatively, an antenna modeling program, such as EZNEC, 
can give good estimates of all parameters for a real-world 
antenna, providing that you take care to model all applicable 
parameters.

12.4.4 FOUR-ELEMENT DRIVEN ARRAYS
The array shown in Figure 12.52 combines parallel ele-

ments with broadside and end-fire directivity. The smallest 
array (physically) — 3l/8 spacing between broadside and 
l/8 spacing between end-fire elements — has an estimated 
gain of 6.5 dBi and the largest — 3l/4 and l/4 spacing, re-
spectively — about 8.4 dBi. Typical directive patterns for a 
l/4 × l/2 array are given in Figures 12.53 and 12.54.

The impedance at the feed point will not be purely resis-
tive unless the element lengths are correct and the phasing 
lines are exactly l/2 long. (This requires somewhat less than 
l/2 spacing between broadside elements.) In this case the im-
pedance at the junction is estimated to be over 10 kW. With 
other element spacings the impedance at the junction will be 
reactive as well as resistive, but in any event the SWR will 
be quite large. An open-wire line can be used as a resonant 
line, or a matching section may be used for non-resonant 
operation.

12.4.5 EIGHT-ELEMENT DRIVEN ARRAYS
The array shown in Figure 12.55 is a combination of 

collinear and parallel elements in broadside and end-fire di-
rectivity. Common practice in a wire antenna is to use l/2 

Figure 12.52 — Four-element array combining both broad-
side and end-fire elements.

Figure 12.54 — Vertical pattern of the antenna shown in 
Figure 12.52 at a mean height of 3l/4 (lowest elements l/2 
above flat ground) when the antenna is horizontally polar-
ized. For optimum gain and low wave angle the mean height 
should be at least 3l/4.

Figure 12.53 — Free-space H-plane pattern of the 4-element 
antenna shown in Figure 12.52.
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spacing for the parallel broadside elements and l/4 spac-
ing for the end-fire elements. This gives a free-space gain 
of about 9.1 dBi. Directive patterns for an array using these 
spacings are similar to those of Figures 12.53 and 12.54, but 
are somewhat sharper.

The SWR with this arrangement will be high. Matching 
stubs are recommended for making the lines non-resonant. 
Their position and length can be determined as described in 
the chapter Transmission Line Coupling and Impedance 
Matching.

This system can be used on two bands related in frequen-
cy by a 2-to-1 ratio, providing it is designed for the higher of 
the two, with 3l/4 spacing between the parallel broadside 
elements and l/4 spacing between the end-fire elements. On 
the lower frequency it will then operate as a 4-element an-
tenna of the type shown in Figure 12.52, with 3l/8 broadside 
spacing and l/8 end-fire spacing. For two-band operation a 
resonant transmission line must be used.

12.4.6 PHASING ARROWS IN  
ARRAY ELEMENTS

In the antenna diagrams of preceding sections, the rela-
tive direction of current flow in the various antenna elements 
and connecting lines was shown by arrows. In laying out any 
antenna system it is necessary to know that the phasing lines 
are properly connected; otherwise the antenna may have en-
tirely different characteristics than anticipated. The phasing 
may be checked either on the basis of current direction or 
polarity of voltages. There are two rules to remember:

1) In every l/2 section of wire, starting from an open 
end, the current directions reverse. In terms of voltage, the 
polarity reverses at each l/2 point, starting from an open end.

2) Currents in transmission lines always must flow in 
opposite directions in adjacent wires. In terms of voltage, 
polarities always must be opposite.

Examples of the use of current direction and voltage 

Figure 12.55 — Eight-element driven array combining col-
linear and parallel elements for broadside and end-fire 
directivity.

Figure 12.56 — Methods of checking the phase of currents 
in elements and phasing lines.

polarity are given at A and B, respectively, in Figure 12.56. 
The l/2 points in the system are marked by small circles. 
When current in one section flows toward a circle, the current 
in the next section must also flow toward it, and vice versa. 
In the 4-element antenna shown at A, the current in the up-
per right-hand element cannot flow toward the transmission 
line because then the current in the right-hand section of the 
phasing line would have to flow upward and thus would be 
flowing in the same direction as the current in the left-hand 
wire. The phasing line would simply act like two wires in 
parallel in such a case. Of course, all arrows in the drawing 
could be reversed, and the net effect would be unchanged.

C shows the effect of transposing the phasing line. This 
transposition reverses the direction of current flow in the 
lower pair of elements, as compared with A, and thus changes 
the array from a combination collinear and end-fire arrange-
ment into a collinear-broadside array.

The drawing at D shows what happens when the trans-
mission line is connected at the center of a section of phas-
ing line. Viewed from the main transmission line, the two 
parts of the phasing line are simply in parallel, so the half 
wavelength is measured from the antenna element along  
the upper section of phasing line and thence along the 
transmission line. The distance from the lower elements is 
measured in the same way. Obviously, the two sections of 
phasing line should be the same length. If they are not, the 
current distribution becomes quite complicated; the element 
currents are neither in-phase nor 180° out-of-phase, and the 
elements at opposite ends of the lines do not receive the 
same current. To change the element current phasing at D 
into the phasing at A, simply transpose the wires in one sec-
tion of the phasing line. This reverses the direction of cur-
rent flow in the antenna elements connected to that section 
of phasing line.
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