FlightDopp DF 

Antenna Comprimise Guidelines

 NOTE : There are several references in the text below to “signal wavelength”, ( referring to the “free space” wavelength )  which has the following values, at different frequencies :

100 MHz : 120 inches

  500 MHz : 24 inches

120 MHz : 100 inches

  600 MHz : 20 inches

150 MHz :   80 inches

  700 MHz : 17.1 inches

200 MHz :   60 inches

  800 MHz : 15 inches

250 MHz :   48 inches

  900 MHz : 13.3 inches

300 MHz :   40 inches

1000 MHz : 12 inches

400 MHz :   30 inches

 The “Ideal”  DF Antenna Installation

 The “ideal” antenna installation would employ square ( baseline ) geometry for the 4 antennas ( one antenna at each corner of the square ) with each side of the square NO LONGER THAN 1/3 WAVELENGTH, and 1/4 wavelength is reccomended. The axis of the antenna elements should all be parallel, and orthogonal to the geometric plane containing the square. The antenna elements should each be 1/4 wavelength long, and threaded at the end ( 1 inch of threads ) with 4-40 threads. ( yields a 1/2 wavelength dipole at each antenna board )

 Each ANTENNA board has a small arrow "printed" onto it, to indicate the direction of relative RF phase for that antenna. This arrow MUST be oriented IDENTICALLY on all 4 antennas... all 4 must point up or all 4 must point down... it doesn't matter which is used, but all 4 antenna boards MUST be oriented the same way.

 The 4 co-axial cables for the ANTENNA boards must be cut to proper lengths and "hard-soldered" directly to the ANTENNA boards, at one end. The opposite end will have SMA-type RF connectors, to allow disconnect of the DF unit. The length of these 4 cables can be any value, but a specific relationship BETWEEN the cable lengths exists, and MUST BE OBSERVED. 

 The cable lengths for the NORTH and WEST antennas must be EQUAL, within 1/4 inch. The cables for the EAST and SOUTH antennas must be 1 INCH GREATER than the length for the NORTH and WEST antennas, also within 1/4 inch. ( It would be wise to provide a few "extra" inches in these cables, i.e. “slack”, to simplify the install / removal of the DF unit. ( a convenience )

 The SMA connectors should NOT be over-tightened when installed... they are anchored directly onto a thin PC board, and excessive SMA torque will cause damage to the board. Perhaps 15 to 20 degrees of nut rotation beyond "finger tight" is plenty... just enough to ensure the connectors will not "vibrate loose" during flight.

 The image on the following page illustrates these “ideal antenna” principles.
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Comprimising the Ideal Antenna Installation

 Acceptable tolerances exist for all the "rules" that describe a “perfect” DF antenna installation, and some significant comprimises can be employed, if necessary. In EVERY case, it is STRONGLY reccomended that the host computer employ some kind of correction factor “lookup table” for DF bearing errors, because such a table can compensate for a LOT of problems with less-than-ideal antenna installations. A more detailed explanation of the allowable comprimises ( and their consequences ) follows : 

 The antenna spacing MUST be limited to 1/3 wavelength or less, and 1/4 wavelength is the reccomended spacing. ( no comprimise here... )  

 The polarization "arrow" printed onto the antenna PC boards MUST be oriented IDENTICALLY for all 4 antennas. This should not pose a problem, the antenna boards are highly symmetric. ( no comprimise here either... )

 The antenna spacing can actually be reduced a good deal BELOW 1/4 wavelength, down to perhaps 1/10 wavelength, if necessary. If this is done, the resulting DF tone will be considerably weaker in the FM-detected audio, and changes of the FlightDopp software might be required to assure reliable tone detection. ( the detection threshold value might require change )

 If a very small square geometry is employed, the user should also consider the use of antenna elements with less than 1/4 wavelength height, to reduce the parasitic interaction between adjacent antennas. This will reduce receiver sensitivity, ( and therefore reduce the maximum detection range ) but range probably won't be a big issue, for most users. Antenna elements probably should not be reduce below 2 inches in height. ( 4 inches total for 2 elements per antenna ) In all cases, the antenna elements for all 4 antennas should be identical in length, within 5%.

 The ideal “square geometry” can be comprimised also, provided that the separation distance between adjacent antennas ( again ) NEVER exceeds 1/3 wavelength. A rectangle with an aspect ratio of perhaps as great as 2:1 can probably be used, which will yield non-linear bearing errors that can ( indeed, MUST ) be corrected in the user's software lookup table.

The axis of the antenna elements should all be parallel, but mis-alignments as great as 15 degrees probably will not have a significant effect, especially for smaller elements. Similarly, orthogonal geometry between each antenna's axis and the ( baseline ) square can be comprimised probably by the same amount, ( 15 degrees ) without too much adverse effect.

 The precision of the length of the 4 antenna feedlines ( co-axial cables ) can be comprimised to some degree, mostly based on the reciever frequency, or more precisely, the wavelength of the signals. Recievers operating at lower frequencies ( = longer wavelengths, i.e. below 200 MHz ) can tolerate less precision in the length of the feedlines, due to the larger wavelength. A technical explanation follows :

 The "travel time" for signals in these 4 cables should be identical, within 5 degrees of RF phase, 10 degrees being barely acceptable. The “velocity factor” of the cable must also be taken into account, typically being only 0.66 x speed of light. ( signals travel slower inside cables than they do in free space ) 

 For example, at 150 MHz, signal wavelegth ( in free space ) is 2 meters = 80 inches. Five degrees of RF phase therefore translates to ( 5/360 ) x 80 inches = 1.1 inches. In a co-axial cable, this distance is further reduced by 0.66, to 0.75 inches, so all 4 signal paths should have equal lengths within 3/4 inch. At 450 Mhz, this value is 1/4 inch, and at 900 MHz it is 1/8 inch. In reality, additional factors can ( and will ) also distort the RF phase values, ( parasitic antenna interaction with fuselage, wings, etc. ) so probably 1/4 inch is a reasonable number, in all cases.

 Inside the DF unit, signals from all 4 antennas are "summed" at a common point, before they are fed to the reciever input. The signal paths INSIDE the DF unit are 1 inch greater for the NORTH and WEST antennas than the signal paths for the SOUTH and EAST antennas. Therefore, the antenna cables  for the NORTH and WEST antennas must be 1 inch shorter ( outside the DF unit ) to compensate for the “extra” 1 inch of path length INSIDE the DF.

 Finally, It is not necessary to strictly observe the cardinal orientation of the antennas ( with respect to aircraft centerline ) either... again, a software correction table will allow compensation for any misalignment between the NORTH/SOUTH antenna baseline axis, and the aircraft longitudinal axis, which might greatly simplify the antenna installation. Some possible antenna geometries ( with examples of this ) are shown below :
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