The New Arecibo HF Facility Dual Array
Cassegrain Antenna

The next HF facility at Arecibo was located off-site near the seaside
village of Islote east of the town of Arecibo. The antenna design
consisted of a crossed-pyramidal log periodic array with 32 inverted
elements feeding energy backfiring into the very salty highly
conductive ground. The frequency range of the array was 3 to 12 MHz
and had an almost constant gain of 23 dBi over this band and was fed
with an input power of 600 kW [2]. A computer antenna simulation
model and photo of the author at this facility are shown in Figure 2.
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A new HF facility is now being completed at Arecibo that will replace
the prior Islote heater that was destroyed by Hurricane Georges in 1998.
It was decided to use the 1000 foot dish for this new heater antenna
instead of rebuilding the previous installation. This will make it
possible to have all research activities with ionospheric modification
including the 430 MHz incoherent scatter radar (ISR) to be located at
the Observatory. This will be perfect to provide the ability to study the
upper atmosphere, study plasma effects, and other future experiments.
Historically, ionospheric modification has been carried out before at
Arecibo using originally a Yagi and later a crossed-log periodic antenna
hanging from the platform. These both had logistic and electrical arcing
problems, and that was what led to the construction of the Islote facility
on the north coast of Puerto Rico. The Islote facility also had logistic
and arcing problems from both the wires in the antenna and the wire
cage pseudo-coaxial transmission lines. The transmission lines were
upgraded, and this improved performance and reliability greatly just
before the hurricane destroyed the facility. The first feasible concept to
be considered for the current design was a dual-band crossed-Yagi that
would hang with cables from pulleys and winches on the three support
towers. The total power for each polarization would then travel up a 4wire open transmission line from below. A combining and phasing
system design was formulated for the six 100 kilowatt transmitters in
this concept. It was later decided to use another design based on a
Cassegrain concept of a phased-array at the bottom of the dish feeding
energy to a sub-reflector mesh hanging from cables and winches from
the three support towers. This paper will describe some of the history
and the present antenna design that is currently under construction.

Introduction: One of the first HF heating antennas that was used for
some years at Arecibo was a crossed-log periodic antenna suspended
from the platform above the dish. Some photos of this antenna are
shown in Figure 1. It was driven from a single 100kW transmitter in
the control building through a long run of solid large diameter pipe
coaxial cable. The antenna had a frequency range of 3 to 10 MHz and
was put in place on the platform only during heating campaigns.
During other times, it was stored away in a nested fashion next to one of
the support towers. The design suffered from arcing and corona
problems due to the thin wires and sharp corners and was eventually put
out of operation in the 1970s [1].

Fig. 2 Islote 32 log periodic array antenna simulation model and photo
of author standing with array in background.
This array had a constant physical spacing for all frequencies which
resulted in an excellent pattern at the lowest frequency of 3 MHz.
However, as frequency was increased, then grating lobes appeared at
non-zenith angles, even though the main on-axis gain at zenith stayed at
an almost constant 23 dBi. This phenomenon is show in Figure 3 for
frequencies of 3, 5, 8, and 10 MHz, respectively.

Fig. 1 TCI Log-Periodic (3 to 10 MHz) Feed from the 1970s
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Fig. 3 Grating lobes from Islote 32 log periodic array

Fig. 4 Dual-band crossed-Yagi design layout and antenna simulation
models

The facility was hit by the devastating Hurricane Georges in September,
1998, and it was not rebuilt due to government restrictions on land use
and other reasons [4].

The Yagi design had it supported by pulleys and winches from the three
platform support towers and it could be raised and lowered to allow
optimum focusing. Originally, it was to have been fed from one
powerful 1 to 2 MW transmitter with the power fed to the Yagi through
a 4-wire open-transmission line from the bottom of the dish. Huge
corona balls were placed at the ends of the Yagi dipole elements to
prevent arcing from electric field air breakdown. Later, it was decided
to design a system of combing six 100 kW of the OTH transmitters
when they were made available at a much lower cost than one powerful
new transmitter [1-3]. Much work was done at Penn State to study the
characteristics on a full-size physical model of the dipole element used
in the Yagi. The biggest concern was to determine how to mitigate any
possible electric field air breakdown. Some photos of these
experimental measurements and research are shown in Figure 5.

It was then decided to replace the Islote facility with a design back at
the Arecibo Observatory making use of the 1000 foot dish at HF as was
done previously. The first concept was a dual-band crossed-Yagi fed
from a single feedpoint. It was designed to only work at 5.1 and 8.175
MHz since the transmitters obtained through a government transfer
from closed down Over-the-Horizon (OTH) radar facilities could not
operate below 5 MHz. Representations of this design are shown in
Figure 4.
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the procedure to roll up the 4-wire transmission line, etc., it was
decided to formulate another design concept.
Current Design: The design currently being built is based on a
Cassegrain configuration with a mesh subreflector suspended between
the bottom of the dish and platform. Two triangular arrays of three
crossed-dipoles each located at the bottom of the dish feed the
subreflector at frequencies of 5.1 and 8.175 MHz, respectively [4-5].
The concept of this mesh subreflector is based on how a circus net of
similar size would hang if suspended from three points, in this case
from cables from the three platform support towers. The layout and
antenna simulation model for this design are shown in Figure 6.

Fig. 6 Current triangular array and subreflector design layout and
antenna simulation model
A study was made to determine the optimum largest size of hole
openings in the mesh subreflector to achieve an equivalent of a solid
reflecting surface. It was found that 5 foot holes would provide an
adequate spacing to appear as a solid reflective surface at the
frequencies of interest. These 5 foot openings correspond to
approximately λ/24 at 8.175 MHz. This frequency selective surface
(FSS) also is transparent at the 430 MHz incoherent scatter radar (ISR)
frequency and higher.
The original shape for the subreflector was triangular which seemed to
be the best shape to be supported from 3 corners. The surface currents
were determined from antenna modeling and simulation, and the shape
and currents are showing in Figure 7.
Fig. 5 Full-size Yagi dipole element experimental measurements at
Penn State to determine electric fields and other characteristics
With mechanical and logistical concerns with this antenna, the
complicated combining and phasing system located under the dish, and
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Conclusions: The final new design will be fed by one of two triangular
arrays of 3 crossed-dipoles each operating at either 5.1 MHz or 8.175
MHz. Each of the six transmitters will feed each of the dipoles through
12 coaxial cable lines running to the bottom of the dish. The dipoles are
supported on cylindrical towers that emerge through the surface of the
dish. Simulation and modeling results show that both arrays have
VSWRs less than 2:1 over a 100 kHz bandwidth no matter what the
state of the other passive array’s feed is (shorted, open, or terminated).
The gain at 5.1 MHz was 22.2 dBi. When fed with 600 kW of power,
this corresponds to an ERP of 99.6 MW. At 8.175 MHz, the gain was
25.5 dBi corresponding to an ERP of 212.9 MW. If the array is phased
to achieve circular polarization of either RHC or LHC, the crosspolarization from the opposite mode was above 27 dB for both
frequencies.
The near electric and magnetic field values were examined at several
locations at the Observatory and also on the antenna for safety and the
prevention of arcing. The dipole antennas with 1 foot corona balls at
their ends did not present a risk for arcing or corona since the field
levels were below a safe value of 300 kV/m (air breakdown is 3MV/m).
The locations open to the public such as the Visitor Center and also in
the Control Room area showed field levels that posed no threat based on
IEEE standards for Maximum Permissible Exposure Level (MPEL).
The controlled areas showed no concern at 5.1 MHz and 8.175 MHz,
but MPEL levels at both frequencies were exceeded on the platform
walkway. It is strongly recommended that personnel should not be on
the platform while the HF facility is in use.
The facility is presently under construction as this paper is being
written. A photo of both the 5.1 MHz and 8.175 MHz crossed-dipoles
erected above the dish surface on towers is shown in Figure 9.

Fig. 7 Original subreflector shape and resulting currents on the surface
As can be seen, the corners do not have substantial current and can be
cut off to create a hexagonal shaped subreflector with insignificant
effect on performance. Additionally, this reduced shape helps
substantially with size, lower weight, and the cost of fabrication. The
final shape is shown in Figure 8.

Fig. 9 The 5.1 MHz and 8.175 MHz crossed-dipoles as shown mounted
on towers above the dish surface.
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Fig. 8 Hexagonal mesh subreflector and final model with dish,
platform, Gregorian dome, and linefeed.
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One of the highlights for two of the early Penn State graduate students,
Jon Arent and James Turner, was to meet Dr. Bill Gordon at the 40th
anniversary at the Observatory as shown in Figure 10.

Fig. 10 James Turner (left), Dr. Bill Gordon (middle), and Jon Arent
(right) at the 40th Arecibo Observatory Anniversary
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