Review of “Propagation of Electromagnetic Waves at MHz Frequencies Through Seawater”, by Ahmed I. Al-Shamma’a, Andrew Shaw, and Saher Saman IEEE Transactions on Antennas and Propagation, Vol 52, No. 11, November 2004 with an eye toward duplication of results.

The authors evaluated various configurations for antennas (transmit and receive) in conjunction with seawater.  They defined the configurations as (A) transmitter and receiver in direct contact with seawater, (B) seawater in an insulating container placed inside a wave guide, (C) both antenna coated with an insulator and immersed in sea water with a horizontal transmission path, and finally (D) both antenna coated with an insulator and immersed in sea water with a vertical transmission path.  They then decided that the literature provided sufficient evidence that configuration (A) was characterized by a large attenuation and chose not to investigate this configuration.  Configurations (B), (C), and (D) were all investigated by the authors.

Configuration (B) seawater in an insulating container placed inside a wave-guide.  

The authors accomplished this by coating the inside of a wave guide with Perspex and then measuring transmission with 1) air, 2) distilled water, 3) seawater stimulant and 4) enhanced seawater stimulant.  Their data indicates that transmission was possible at under all conditions.  Their experimental set up used an S band transmitter, wave-guide and spectrum analyzer in addition to the Perspex and sea water simulants.  Additionally to test that the water volume was the transmission path, the authors inflated a balloon in the water volume and noted a decrease in transmitted signal

Materials / equipment required to duplicate this:

· Spectrum Analyzer

· S band Transmitter

· S band wave guide (300 mm x 86 mm x 43 mm)

· Perspex 6mm thick of sufficient quantity to coat interior of waveguide

· Sea water stimulant (I would rather use water from the bay…)

· Balloon

The spectrum analyzer should not be difficult to from one of the other labs here on site, if one is not available purchasing one is a definite option given their usefulness.  The S-band transmitter and wave guide will be a puzzle.  Finding an old S-band radar to cannibalize would be the easiest thing to do.  Perhaps the DMO folks have an old one lying around.  If not, it would be an interesting task to build/acquire one.

Configuration (C) both antenna coated with an insulator and immersed in seawater with a horizontal transmission path.

The authors used stand alone battery operated transmitters and receivers for both tank and “dock” tests.  The circuitry of the transmitter was set up to transmit at several fixed frequencies between 1 and 66 MHz (1, 5, 10, 25, 50 and 66 MHz).  The test rigs also allowed for changing various antenna configurations (dipole, loop, double loop and folded dipole).  Test data indicates that the antennas were tuned for 25 MHz.  Tank tests were performed to a distance of 1 meter (apparent end of near field effects) for all frequencies while dock testing (water depth of 6 meters, antenna 2 to 3 meters deep) was performed out to 85 meters (?) for 1 MHz frequency.

Materials / equipment required to duplicate this:

· Authors used the spectrum analyzer again but we can used a frequency tuned detector circuit or an O’scope also.

· Manufacture of the various antenna configurations is not beyond our capability and should be considered.

· Tank testing can be done easily from “tank side” and with minimal additional difficulty from the gantry.  Using the gantry in a judicious fashion would allow us to move away from the concrete / rebar tank wall interaction with near field effects .

· Increasing our frequency range up above 1 MHz would be desirable if we intend to duplicate their results.  Will need to discuss with Mike G.

· “Open” water testing can be done off the pier in the harbor but would probably be more valuable if done out in the bay to avoid any anomalies on the harbor bottom.

(D) Both antenna coated with an insulator and immersed in sea water with a vertical transmission path.

The authors were limited to the depth at their pier (6 meters) for this paper but indicate in their summary that they are continuing testing at a site that allows 30 meters of water.

Materials / equipment to duplicate this:

· We have everything needed to put a 1 MHz transmitter on the bottom in varying water depths and listen to a received signal at the surface.

· Additional effort may be required to make sure we don’t contaminate data with the presence of an ROV or it’s tether.

