40 METER BEACON ANTENNA
By

Ted Hart

This document presents a 40 meter antenna that was designed for general Ham use, but the forcing function was the need for a beacon antenna to demonstrate that the antenna is an antenna, not a blob on the end of a feed line. The schematic diagram of the antenna is presented in Figure 1. 

The parameters are presented below. The tuning cap is actually the parallel capacity primarily composed of the shunt capacity of the tuning coil. The antenna has two cylinders made of thin sheet copper wrapped around a 2” diameter white plastic pipe. The Outside diameter of the pipe is 2.375 inches. The cylinders have a length 6 times the diameter and are spaced one diameter. The calculated capacity is 12.6 pFd. 

	RESONANT FREQUENCY
	7.1
	MHz

	tuning cap
	9.50
	pFd

	Antenna Diameter
	2.375
	inches

	Total Inductance
	22.76
	uHy

	Tuning Capacitor
	9.5
	pFd

	Antenna Capacity
	12.6
	pFd

	tap Inductance
	5.6E-07
	

	Radiation Resistance
	38
	ohms

	N
	40
	

	Source C
	820.0
	pFd

	Resonance 
	7.100
	

	.+/- 3 dB BANDWIDTH
	170
	KHz

	2:1 VSWR
	67
	KHz


The inductance was measured (accurately) which allowed calculation of the 9.5 pFd shunt capacity based on the resonant frequency of the antenna. The tuning coil is located between the cylinders and made of 24 turns of #24 enamel covered wire. It was tapped at two turns for the feed. Note that N is 40, meaning that the ratio of the tuning coil to the feed tap is 40:1. Actually, by spreading the turns below the feed tap a good match was found. This is evident by the fact that the 2:1 VSWR bandwidth is 67 KHz. 


Why #24 wire? Because that is what I had on hand and is readily available through Radio Shack. The actual wire size is not critical. The loss in the coil is small. For example, it may have a Q of 200; therefore the loss is about 5 ohms. The effective efficiency of the antenna is approximately = (38+5)/38= 88% for a loss of about 0.5 dB. Larger wire could give higher Q thus less loss, but that is not important in this application. If the antenna is to be used for 100 watt transmitters the wire size should be increased to #14. 

. 
The source capacitor is important to allow maximum radiation resistance to occur at the same frequency as zero reactance.  

The feed line for the antenna is comprised of two small wires twisted together and run from the center of the antenna to below the lower cylinder. It was convenient to use about 3 feet between the antenna and the Network Analyzer. 


The calculated values of the antenna impedance and VSWR are presented below. Measured values on the network analyzer are virtually identical. The analyzer is an Agilent N5230A and covers 300 KHz to 13.5 GHz. 
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The impedance of the twisted pair line is 41 ohms with a velocity factor of 0.63.  It is recommended that a 3 to 6 foot length of that line be used with a current balun to transition to coax. The total length of the line + the coax should be ¼ wavelengths for the “radiating line” antenna to ensure maximum radiation from the coax (Although it will be negligible). For the antenna without coax, only enough line should be used to allow the beacon to be located at least 1 foot below the lower cylinder. 


After the antennas are built and tuned, once connected to the beacon they should again be checked for best tuning. This is readily done by watching a field strength meter and moving a hand close to the antenna. If the meter peaks then the tuning is too high and should be adjusted so that the peak value is maintained. The antenna should initially be tuned just above the operating frequency to facilitate this measurement and adjustment. A piece of small wire just long enough to reach between the cylinders from the top of the antenna can act as a variable capacitor and cause the antenna frequency to drop more than ½ MHz. 
FIGURE 1 – COMPLETE EH ANTENNA








