
The first thing you are likely to notice when
approaching a large HF broadcast transmitter
site is the array of masts or towers and the many
wire antennas strung between them. The story of
how these beautiful arrays of wire and steel
evolved and came to be built is a fascinating one,
and what follows can only be a brief introduction
to a lengthy and intriguing story. 
By the late 1920s engineers were experiment-

ing with various techniques for transmitting radio
signals over long distances. It was clear that
using a vertical dipole to radiate the signal from a
transmitter was effective for non-directional
broadcasting but they wanted to add directionality
in order to target specific areas. They found that
an omni-directional signal could be made
stronger in one direction at the expense of others
by placing a reflector at the rear of the dipole.
This also increased signal strength and hence
produced gain. This arrangement is the founda-
tion of what later became known as a Yagi array
and can be considered the basis of the curtain
array. These can take various forms (the ‘Bruce’
and the ‘Sterba curtain’ being amongst the earli-
est, both dating from 1929) but in essence a num-

ber of dipoles and reflectors are placed on top of
each other and side by side, created from lengths
of wire strung from tall masts. 
Initial tests at Daventry in the UK took place

with masts only 80ft (24m) high, but results were
not impressive so more tests were conducted
and by 1934 the support towers had reached a
height of up to 350ft (106m). This increased the
field strength of the signal by a factor of about 10
and allowed tests to be made on 12MHz with
both vertical and horizontal dipoles. The conclu-
sions reached by 1935 were that horizontal polar-
isation was better than vertical; it was unneces-
sary to have more than four horizontal dipoles
stacked vertically at intervals of half a wavelength
(λ/2); and that the lowest element should be not
more than one wavelength (1λ) above the
ground. The towers could then be sited so that
the antennas ‘beamed’ in specific directions. A
bearing of 80° from the UK, for example, allowed
broadcasts to be beamed to Malaysia, India and
Sri Lanka. For other bearings more masts were
erected to support more curtain arrays, thus cre-
ating an HF system with the capability to direct
broadcasts to any region in the world.
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HF Curtain Arrays
Former BBC Senior Transmitter Engineer Dave Porter G4OYX outlines the history and

development of a classic HF broadcast antenna.

THE CLASSIC SINGLE-BAND END-FED 
CURTAIN MULTI-DIPOLE ARRAY
The single-band end-fed curtain multi-dipole
array, in which the stack of dipoles was fed with
power from the bottom of the stack upwards, was
ideally suited to this task. The arrangement of
such an array is shown below. Incidentally, the
diagram also illustrates the 1960s development
of a wire-mesh (aperiodic) reflector screen.

Originally another set of identical dipoles was
placed to act as the reflector. By manually switch-
ing the transmitter feed from the front set of
dipoles to the rear set, it was possible to use the
reverse bearing of the antenna. In the example
given above, the reverse bearing of the 80°

antenna (260°) could be used to send signals to
the West Indies, Central America, and on the long
path to Australia. This was the classic HRR 4/4/1
array. This means that the array is Horizontally
polarised, it has a Reflector, it can be Reversed,
it is four full-wave dipoles wide, four dipoles high
and the lowest dipole is 1λ above the ground.
This produces a concentrated beam with a take-
off angle (TOA) of 7-8° and was a DX array which
produced the best coverage at long distances. 
If a very large area, such as a continent,

needed to be covered then only half the array
(one stack of four dipoles) could be powered and
the beam significantly widened at the expense of
slightly lower signal strength. This technology
advanced to the extent that by the mid-1960s it
was possible to produce an effective radiated
power (erp) of just over 30MW from a single
250kW transmitter. By using two 250kW transmit-
ters and two side-by-side identical arrays, 500kW
of transmitter power produced 60MW of erp.

CURTAIN ANTENNA DEVELOPMENTS
To broadcast to nearer countries the standard
HRR 4/4/1 array was still used but with two impor-
tant alterations. By reducing the distance from the
ground of the lowest dipole from 1λ to λ/2, the
TOA was altered to be much steeper, often up to
20-30°. This meant, for example, that broadcasts
to the Baltic states from the UK during World War
II could be covered directly by one short hop. In
addition, by altering the input power feed point
from the usual centre fed position between the
vertical stacks to an off-set position, a change in
the bearing, or slew, of up to ±12° could be
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The array at Saipan used by Radio Free Asia

A curtain array at Ascension used on the west beam for South America and east beam for North Africa

Fig. 1 End fed dipole array with aperiodic screen 
(from ITU-R BS.705-1, courtesy of the ITU)



and split to the upper and lower pair of the four
and then again to each individual dipole, this is
called branch feeding. Those designs operating
on the popular 41 and 49 metre bands were
some of the most sought-after, as many Western
Countries were broadcasting to the Soviet Bloc
via one hop. A classic example of this was Playa
de Pals in Spain for Radio Free Europe and
Radio Liberty to the Soviet Union for the peak-
time breakfast and evening programmes.

MULTI-BAND CURTAIN ANTENNAS
With the introduction of computer-aided design in
the mid-1970s it was possible to design multi-
band arrays. Typical models covered a 2:1 fre-
quency ratio with, for example, a low frequency of
6MHz and a high frequency of 12MHz. Common
designs were for 6, 7, 9 and 11MHz; 9, 11, 13, 15
and 17MHz; and 13, 15, 17, 21 and 26MHz. The
US company TCI pioneered the development of
these antennas with its famous Type 611 design,
followed by Marconi Antennas and Thomcast.
Folded dipoles are employed in these designs

rather than the earlier regular or fan dipoles. A
folded dipole is a λ/2 dipole with an additional
wire connecting its two ends. If the additional wire
has the same diameter and cross-section as the
dipole, two nearly identical radiating currents are
generated. The folded dipole has a wider band-
width than a single dipole as again like the fan
dipole there is more metal in its construction, so
it is a broad, radiating element.
Figure 2 shows how this was accomplished.

This typical design has 16 folded dipoles.
Because the RF feed to each of the four stacks of
centre-fed folded dipoles can be controlled at the

near ground level feeder runs by the addition of
switches that add a length of feeder into the cir-
cuit, slewing is achieved by advancing the relative
phase to each stack in equal pre-determined
steps as the extra lengths of groundwork feeder
are switched progressively into or out of circuit.
By this method slews of up to ±30° are possible
before unwanted sidelobes are produced. For
even more versatility intermediate slews of ±15°
are possible. Now, from the UK for example, St
Petersburg on 45°, Moscow on 75° and the
Balkans on 105° could be targeted over four or
five bands on one array making this a cost effec-
tive solution for international broadcasting.
Further modifications took place over the

years but curtain arrays had now evolved into
effective and versatile HF transmitting antennas.

effected. This meant that it was possible to target
multiple countries as well as regions, and the
same array could be used to broadcast to, say,
Morocco, Algeria and Libya. The designation then
became HRRS 4/4/1 with the S indicating that the
array was slewable.

DUAL-BAND CURTAIN ARRAYS
The antennas we have been discussing were typ-
ically manufactured by the broadcasters but the
advent of the Cold War led to the need for many
more transmitters, with specialist antenna manu-
facturers offering their own antenna versions. The

Cold War also led to an increase in the number of
HF stations which did not always have access to
the large areas of land needed for single-band
arrays. By the early 1960s this led the develop-
ment of dual-band curtain arrays which by
employing sets of dipoles in a fan-arrangement
gave a broader bandwidth to cover two adjacent
bands. The dipoles themselves were ‘fattened
up’; that is, they were made of multi-wire
(sausage) elements rather than just a couple of
wires as for the single band types. Instead of end-
feeding two stacks of dipoles the energy was
brought in to a central point half way up the array
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A TCI Type 611 array at the BBC/VOA site at Woofferton for 9, 11, 13, 15 and 17MHz (Jeff Cant)

Fig. 2 Multi-band array with centre-fed dipoles and aperi-
odic screen (from ITU-R BS.705-1 with permission)

Some arrays and groundworks at the now dismantled Sackville site (Thomas Witherspoon)

Some of the spectacular arrays at the Edward R Murrow site at Greenville, North Carolina (Thomas Witherspoon)
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