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With the installation of the dual polarization spectrograph (DPS), the need arose for an antenna array that could discriminate between left and right circular polarization. Conical log spiral antennas were considered, but ultimately rejected due to space limitations and complexity of construction. A suitably designed array of terminated folded dipoles (TFD’s) would be a better fit. The resulting eight element TFD array consists of two square arrays of TFD’s along a north-south line (see diagrams below). The spacing between the two square arrays is the same as the size of one square, 32 feet.
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Figure 1 – TFD array configuration A (currently in use at the observatory).
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Figure 2 – TFD array configuration B (proposed).
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Figure 3 – TFD array antenna to receiver connections.

In configuration A, all the N-S elements are combined with no phasing and all the E-W elements are combined with no phasing. In this scheme, a 10.7 MHz hybrid ring between the DPS IF strips and the detectors is employed to produce RCP and LCP spectrograms.

In configuration B, several wideband 90 degree hybrids produce RCP and LCP at the array. This has the advantage of allowing two Jove receivers to be hung off the array’s multicoupler outputs, but is as yet untested. 
According to the EZNEC+ model, each square array of zenith-beamed TFD’s has a circularly polarized directivity gain of 4.6 dBi in a roughly hemispherical pattern. 
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Figure 4 – Square TFD array wires in EZNEC+ model.
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Figure 5 – EZNEC elevation plot
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Figure 6 – EZNEC azimuth plot

Combining two square arrays theoretically increases the gain by slightly less than 3 dB, to perhaps 7.5 dBi total. Comparison of spectrograms produces using the TFD array and a standard Jove array show that the real world gain may be somewhat higher. Unfortunately, EZNEC+ does not support enough antenna wire segments to model the full eight element array (there are 1,342 segments in one square array model; the max in EZNEC+ is 1,500). 

Each TFD element is 30 feet wide with an eight inch vertical separation between the element wires. An 800  terminator resistor is located at the middle of the top wire and a 16:1 balun transformer is used as a match to 50  coax at the feedpoint in the middle of the bottom wire.
Below is a photo essay of the construction of the elements and installation of the array that took place in October, 2013. 
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Antenna wire spool jig for wire antenna construction and first TFD spacer clamp. Spool jig used here for TFD’s, but will work for any wire antenna. The TFD clamps hold ¼” fiberglass rods cross drilled at the ends for the antenna wires; a set of six clamps attached to two pallet rack beams allows construction of one TFD arm (15’ wide) at a time. The spool was turned upside down after half the arms were made; that way the whole element (both arms) will coil in the same direction after they’re joined together. The wire is 16 ga Copperweld. Visible is the Budwig center insulator which is the connection point for an 800 ohm resistor soldered inside a screw-on type PL-259 connector. The little gray box is a 16:1 balun with binding posts on the top and a BNC on the bottom. With this jig, each TFD took just under an hour to build. In contrast, the prototype XTFD elements took the better part of 4 hours apiece stringing the wires through the spacer rods one by one.

[IMG_2104.jpg]
[IMG_2103.jpg]
TFD construction jig spacer clamps. Wee toggle clamps hold cross-drilled fiberglass spacers in position while Copperweld is strung. At the most outboard spacer (#6, shown above) the top wire is bent down and soldered to the bottom wire. Spacer rods are placed every three feet along the antenna wires.
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Bungee cords pull the assembly taut...

[IMG_2108a.jpg]

...for installation of 22 gauge copper wire wraps soldered around the Copperweld & spacer rods to keep the rods from sliding along the wire after assembly. Superglue was tried, but it took as long to dry at is did to wrap and solder the tiny wires. Soldered copper loops are nuke proof and, infinitely more important, making them is a far less boring than standing around waiting for glue to dry.
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Eight TFD antennas + baluns ready for hoisting into the air.
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New masts (PT 4x4x16’s, 4’ deep, 12’ above grade) for dual square TFD array (8 TFD’s in two square arrays on N-S line); view looking south. A theodolite was used to mark a level plane so all the antenna elements could be installed in the same horizontal plane. There is a 2’6” variance from the lowest to highest point along the grade. The average antenna height is 9’2” from grade level to the top element wire, same as the XTFD prototype. Green fiberglass poles are masts for the SuperJove array which was removed during installation of the TFD array. Silver tarps cover pallets of ceramic tile that don’t need to be kept inside.
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Eight TFD antennas installed on masts, views looking north.
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Quarter inch stainless steel screw eyes serve as attachment points for the antenna halyards (3/16” polyester rope) and center support rope.  Halyards attached to the TFD ends with bowline knots. 
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Cleats keep tension on the halyards.
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Center of one TFD element showing the center support rope, terminating resistor (top wire) and 16:1 balun transformer (gray box on bottom wire). Supporting the center of the element from above allows less tension to be placed on the element itself, thereby reducing the amount of stress on the balun’s binding posts. Center support rope is attached to the Budwig insulator with a one inch diameter stainless key ring.
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A typical arrangement of a junction box.  Coax is color coded with zip ties to slightly reduce your author’s chances of messing things up.

Configuration A (see diagram above) allows the DPS to provide much more detail in its spectrograms compared to either the standard Jove array or the prototype XTFD array (two orthogonal TFD elements). Examples of some spectra From the Io-A storm on 06 Nov 2013 produced with the DPS using the TFD array versus the FS-200 on a Jove array are shown below.
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It should be noted that while the individual TFD element design is fairly established at this point, the eight element array is still an experimental endeavor. There may be better ways of phasing the elements together; and, beam steering methods have yet to be explored.

