
After assembling the electronics pack­
age, connect everything but pin 5 of the 
IC. Connect a 12-to-14-volt de source to 
the unregulated input (before the regula­
tor IC in Fig. 1) and a 5-volt de source 
between pin 5 of the IC and ground, with 
+ 5 volts going to pin 5. Carefully adjust 
R1 until LED9 just lights . The brightness 
of the LED will change slightly as this 
adjustment is made because R1 con­
trols LED current. This is why R1 had to 
be adjusted before applying power. An 
incorrect setting could pump more than 
30 mA into the LEDs, possibly damaging 
them. Once Rt had been calibrated , 
complete the connection from pin 5 of 
the IC to R2 and temporarily connect R3 
into the circuit. Set R3 to its center posi­
tion and adjust R2 until LEDS comes on. 
This point represents dead center for the 
rudder during final installation. 

As the slider of R3 is moved to its pos­
itive end , LED6 through LED9 come on 
progressively. Moving the slider toward 
the grounded end of R3 causes the 
LEDs to come on in descending order. 

Referring to Fig . 9, the pivot point for 
the drive rod must be carefully chosen . 
When the rudder arm is hard right or 
hard left, it must not place mechanical 
stress on the potentiometer's slider. The 
range of slider movement should be 
slightly less than that of the pickup point 
on the rudder arm. 

Care must be taken to prevent the 
slider of R3 from going all the way to its 
stop at either end. If the arm pushed the 
slider all the way to the ground end of 
R3, LED1 would extinguish because a 
small voltage is required to operate the 
first comparator in IC1 . This can be 
accomplished by making distance Dy in 
Fig . 9, traversed by the rudder arm pivot 
point , slightly less than distance Dx. If 
this is done, when the rudder arm tra­
verses the full swing from hard left to 
hard right, R3's slider will move only dis­
tance Dz, which is the working range of 
the potentiometer. 

Distance Dz can be found during cali­
bration. Move the slider toward the 
ground end and note the point just be­
fore LED1 extinguishes. Repeat the 
procedure to locate the point at which 
LED9 just extinguishes at the other end 
of R3. Some minor trimming might be re­
quired to produce a guard band at both 
ends of the potentiometer. 

Coming Up. This completes Part I of 
this article. Next month, we will cover a 
novel engine tachometer, a bilge-water 
alarm. and protection for your equip­
ment frorri transient voltage spikes. O 
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How to 
DETERMINE 
ANTENNA GAIN 
Gain figures must have a common reference. 

CONFUSION often arises when an­
tenna gain is being discussed . This 

happens because gain is dependent on 
a reference-a given antenna will have 
varying amounts of gain, depending on 
what it is being compared to . Normally, 
the gain of an hf antenna is measured by 
comparing it to a horizontal , half-wave 
dipole . In vhf and uhf FM communica­
tions , the reference for antenna gain is a 
vertical half-wave dipole. However, 
many manufacturers advertise gain fig­
ures for their products referenced to an 
isotropic source (a theoretical antenna 
that radiates equally well in all direc­
tions) . To add to the confusion, some 
manufacturers rate their antennas refer­
enced to a quarter-wave ground plane . 

The ground plane antenna comprises 

tions. It has 1.2 dB of gain over a half­
wave dipole, 3.0 dB over a quarter-wave 
ground plane, or 3.3 dB gain referenced 
to an isotropic antenna. 

Higher omnidirectional gain can be 
obtained by using collinear arrays or a 
group of stacked half-wave dipoles. For 
example. four stacked vertical dipoles 
will provide approximately 6 dB of gain 
and an omnidirectional polar pattern. 
The gain is referenced to isotropic. 

When comparing two or more anten­
nas, be sure that all gain figures share a 
common reference. This can be done by 
adding or subtracting corrective factors . 
For example, two antennas are being 
considered for a fi xed station. One has 
4.0 dB gain referenced to an isotropic 
source (sometimes denoted 4.0 dBi) 

ANTENNA GAINS 

Antenna Type Gain Over Gain Over Gain Over 
Isotropic Ground Plane Dipole 

0 dB 
Ground plane 
Isotropic 

0.3dB 
Dipole 2.1 dB 
5 >. 18 Vertical 3.3dB 
4 Stacked A/ 2 6.0 dB 

dipoles 

8 Stacked A/2 
 9.0 dB 

dipoles 

2-Element Yagi 
 7.1 dB 
3-Element Yagi 10.1 dB 
4-Element Yagi 12.1 dB 
5-Element Yagi 14.1 dB 
2-Element quad 9.1 dB 
3-Element quad 12.1 dB 
4-Element quad 14.1 dB 

a quarter-wavelength vertical radiator 
positioned over a metallic ground 
plane-either solid sheet metal or an ar­
ray of radial wires . This antenna has 0.3 
dB gain over an isotropic radiator. A 
half-wave dipole has 2.1 dB of gain 
referenced to an isotropic source, or 1.8 
dB over a quarter-wave ground plane 
antenna. The %-wave vertical , which 
also requires a metallic ground plane, is 
commonly used in FM mobile installa­

- 2.1 dB 
OdB 

- 0.3 dB 
- 1.8 dB 

0 dB 
3.0dB 
1.8 dB 

1.2dB 
5.7dB 3.9 dB 

6.9 dB8.7 dB 

5.0 dB 
9.8dB 
6.8 dB 

8.0dB 
10.0 dB11 .8 dB 
12.0 dB 

8.8dB 
13.8 dB 

7.0dB 
10.0dB11.8 dB 
12.0 dB13.8 dB 

and the other has 2.0 dB over a dipole 
(sometimes denoted 2.0 dBd) . Which 
has more gain? Add 2.1 dB to the gain of 
the antenna referenced to the dipole and 
note the antenna has a gain of 4.1 dBi, 
slightly better than that of the isotropic­
referenced antenna. 

The accompaning table compares an­
tenna gains for some common antennas 
referenced to isotropic, ground plane , 
and dipole antennas. 0 
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