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M ODERN electronics can make op
erating a power boat a safer, more 

pleasurable experience. Various sen
sors , distributed around your boat , per
mit monitoring a number of things from a 
single. strategically located display pan
el. Among the things you can keep a 
check on are engine rpm and tempera
ture, fuel level and flow , battery and al
ternator (or generator) status, stern
drive/ rudder position . gas and fume 
build-up below decks , fluid levels, etc. 

In this two-part article , we will be de
scribing several projects particularly 
suitable for marine monitoring tasks. 
Each project is independent of the oth
ers , which allows you to select the ar
rangement that best suits your needs. 
All projects utilize a conventional 10-volt 
de regulator to provide power from the 
boat's 12-to-14-volt unregulated genera
tor / alternator output. 

Voltage Monitor. The circuit shown 
in Fig. 1 employs 11 LEDs to display 
battery and alternator /generator charg
er voltage. The display indicates battery 
failure , operating status of the genera
tor/ alternator charging system, and bat

tery overcharge. (If undetected , an over
charge condition can cause the battery 
to "cook," damaging the plates and pro
ducing potentially explosive hydrogen 
gas. Excessive voltage from the charg
ing system can also damage other elec
trical / electronic equipment connected to 
the power line.) 

The circuit is built around National 
Semiconductor's LM3914 dot/bar driver 
IC as a basic expanded-scale voltmeter. 
It has a range of 4.4 to 5.6 volts . Adjust
ment of R3 produces a displayed range 
of from 11.35 to 14.5 volts on the 10 
LEDs associated with IC 1. Most manu
facturers recommend a " normal" output 
of 14.5 volts for a properly charging gen
erator/alternator. 

The overvoltage warning indicator 
uses an 18-volt zener diode. 01 , to trig
ger 01 into conduction if this potential is 
exceeded on the unregulated power 
line. When 01 conducts, OVERVOLTAGE 

LED11 comes on. If desired, LED11 can 
be replaced by a flasher circuit such as 
that shown in Fig . 2 , or 01 can be used 
to drive a Sonalert No. SC628 or similar 
audible alarm . 

The unregulated de voltage from the 
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boat's electrical system is maintained at 
10 volts by IC2. This potential was se
lected so that regulation occurs whether 
the boat's engine is runni~g or stopped. 
The regulator can be used as the 10-volt 
source for all circuits described in this 
article. A GE-MOV V27ZA60 or similar 
suppressor can be installed between the 
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regulator's input and ground for voltage
spike protection. 

A color-coding scheme should be 
used for LED1 through LED10 to simpli
fy interpreting· the display. Therefore , 
LED1 , LED2, LED3, and LED11 shouid 
be red to gain your immediate attention. 
Since LED4, LEDS, and LED6 indicate 
"caution" conditions , they should be yei
low. Safe voltage levels are indicated by 
LED7 through LED10; hence, these 
LEDs should be green . 

Circuit construction is neither critical 
nor complicated. Except for the LEDs, 
all components can be mounted on per
forated board or on a printed-circuit 
board of your own design. In either case , 
it is a good idea to use sockets for the 
ICs. The 11 LEDs should be mounted on 
a separate panel, with each LED identi
fied according to the voltage it repre
sents. (LED11 should be identified by 
the legend OVER or ov for overvoltage.) 
The display panel itself should be hood
ed and faced with a neutrai-density filter 
to permit seeing it in daylight. Incidental
ly, since IC1 can deliver up to 30 mA, 
small incandescent lamps can replace 
the LEDs for better visiblilty. 

PARTS LIST (Fig. 1) 
D 1- 18-Y . 1-W zener (I N3026B or similar) 
IC 1- LM39 I 4 dot/bar driver (National ) 
IC2- IO-V , I-A posi ti ve voltage regulator 

(LM340TI O or simil ar) 
LEDi . LED2. LED3. LEDi I- Discrete red 

LED 
LED4.LED5. LED6-Discrete ye llow LED 
LED7 .LED8.LED9 .LEDi 0-Discrete gree n 

LED 
Q l-2N2222 trans istor 
R 1-200-ohm . pc multiturn trimmer pot 
R2-1200-ohm. Vz- W resis tor 
R3. RS-1000-ohm , pc multiturn tri mmer pot 
R4--3400-ohm, Vz-W res istor 
R6-470-ohm . V2-W res istor 
R7- IOO-ohm . V2-W res istor 
R8- IO.OOO-oh1i1 . Vz-W res istor 
Misc .-Perfo rated or printed-c ircuit board ; 

suit ab le encloso,i re; IC sockets (op tional): 
li ght hood; red fi lter; etc . 

PARTS LIST (Fig. 2) 
Cl-4 .7-µF. 15-V elec tro lyti c 
C2-0.0 l -µ F disc capaci tor 
ICJ- 555 timer 
R9- IOOO-ohm. V2-W resistor 
R 10-100.000-ohm . Vz-W res istor 
R6. R7. RS. D I . LED i I. Q I- Same as Fig. 

PARTS LIST (Fig. 3) 
C 1-0.00 1-µF d isc capac itor 
C2-0.0S- µ F disc capac itor 
IC 1- LM 1830 fluid de tec tor (National) 
LED I - Bright red LED 
R 1-470-ohm. Vz- W resistor 
Misc .-Suita ble stai nl ess probe; cab le; 10-V 

regulated de source; e tc. 

Lead dress is not critical, but to avoid 
any possibility of oscillation, all ground 
leads should go to pin 2 of /C1 . 

Once the project is assembled , con 
nect a precision de voltmeter between 
pins 4 and 6 of IC1 and adjust R1 for a 
reading of 1.20 volts . Then connect the 
voltmeter between pin 5 and ground and 
adjust R3 for a reading of 4.94 volts . Ad
just RS until LEDS comes on. 
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METAL TANK 

F ig. 3. L ow-level detector fi as hes 
LED w hen pro be in tank is exposed. 
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Now, using an adjustable de power 
supply, set its output voltage to 14.5 
volts and make sure that /C2 is deliver
ing 10 volts at its output. Adjust R3 until 
LED10 (14.5 volts) comes on. As the in
put to the project is varied from 11 to 
14.5 volts , the LEDs should progressive
ly light. Set the input to 18 volts and veri
fy that LED11 (or optional flasher) 
comes on or the audible alarm sounds. 

Fluid-Level Indicator. Fluid level 
monitoring is important in a boat. You 
should always know, for example , the 
water level in the expansion tank of the 
engine's .heat exchanger , the level in the 
galley's fresh-water tank and in the 
bilges, etc. The circuit shown in Fig . 3 is 
suitable for low-water-level monitoring . 
The IC contains a voltage regulator, os
cillator, detector, and an output transis
tor capable of driving a LED, audible 
alarm, or low-current relay . 

Conventional water tanks are usually 
metal-cased and grounded to the electri
cal system, which simplifies the job of 
sensing water levels. As shown in Fig . 3, 
when the probe tip is immersed in the 
water, the circuit is in a static state. How
ever, when the water level drops and ex
poses the probe tip, the probe-to-ground 
circuit opens. This couples IC1 's internal 
oscillator signal to its internal detector 
via C2, presenting an output at pin 12. 
Frequency of oscillation is determined 
by the value of C 1, which with the value 
shown is about 6000 Hz. 

If the water tank is metal, only one 
probe is required , since the metal tank 
serves as the other element of the 
probe. This circuit can be used with the 
expansion tank of a closed system as il
lustrated in Fig . 4. As long as the water 
system is full , the output remains off. If 
the water level drops below the probe 
tip, the alarm turns on. (Note: glycol-type 
coolant is not electrically conductive, 
which precludes the use of this device 
where antifreeze is used.) 

Four detectors can be used to keep 
tabs on the level in the galley's fresh

. water tank as shown in Fig. 5. The probe 
is fabricated from a length of plastic U 

· channel , with the probe elements them
selves made from stainless-steel screws 
that protrude through the channel at 
suitable intervals. The wiring is laid flat 
in the U channel and secured in place 
with epoxy cement or silicone-rubber 
adhesive. 

The actual detector used for the multi
ple probes is illustrated in Fig. 6. In this 
circuit, when each probe tip is covered 
by the water, its associated detector out-
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put goes high and sends its transistor 
into conduction to cause its LED to light. ~--------+IOV 

Hence, with a full tank of water, all the 
LEDs are lit. As the water level drops , 
the probe tips are successively exposed 
and extinguish each LED in turn . The 
EMPTY LED is optional. Its probe should 
be located in the plastic U channel so 

PARTS LIST (Fig. 6) 
C 1-0.002-µ. F d isc capac il or 

C2-0.05- µ. F d isc capaci1o r 

C3- IO-µ.F . 15-V e lcc1ro ly1ic 

IC 1- LM,1830 fluid dc1ec1o r (N al io nal ) 

LEDi - Br ighi red LED 

Q l - 2N2222 1ransis1o r 

R 1- 2200-ohm . Y:!-W resis tor 

R2-470-ohm . Y:!-W resisto r 

Misc.- 10-V de regul a tor ; in1e rconnec1ing ca
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F i g. 6. H i gh-water detector 
f or gr ounded m etal tank. 
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Fig. 7. Full sewage holding tank warning sy stem. Alarm 
sounds when sewage touches stainless steel probes. 
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Fig. 9. Diagram showing how to make mechanical 
connection between rudder a1·m and slide potentiometer. 

PARTS LIST (Fig. 7) 
A 1-Sonalerl Model SC268 (or similar) alarm 
Cl---0 .002-µF . disc capacilor 
C2---0.05-µF disc capacilor 
C3-10-µF. 15-V e lec1roly1ic 
IC 1-LM I 830 fluid deleclor (National) 
R 1-2200-ohm, \12-W resistor 
QI -2N2222 transislor 
Misc .-Slainless probe lips; interconnecling 

cable; 10-V regulated de source; elc . 

PARTS LIST (Fig. 8) 
IC 1-LM39 14 dol/bar driver (Nal ional) 
R1-5000-ohm. pc muhilurn lrimmer pol 
R2-IOOO-ohm. pc muhiturn lrimmer pot 
R3- I 000-ohm , linear-la(ler. slider-lype pol 
Misc.-LEDs (see Fig. I); 10-V regulaleddc 

source; three-conductor ":'aterproof inler
connec ling cable; elc . 

that the LED comes on when there is a 
small safety reserve of water left. 

The probes are designed to be remov
able . This permits you to periodically re
move built-up mineral deposits that can 
produce a conductive path and lead to 
false indications. 

Sewage-Tank Indicator. If you do 
your boating in an area where the law 
requires a sewage holding tank, the cir
cuit shown in Fig. 7 will prove to be a 
handy liquid-level indicator. It employs 
an audible alarm instead of a LED. 

Rudder-Position Indicator. The 
circuit in Fig. 8 can be a valuable asset 
to any stern-drive or inboard-engine 
boat. It allows the person at the wheel to 
always know the angular position of the 
rudder or stern drive. The LED display is 
basically the same as that shown in Fig. 
1, except that there is no LED connec
tion to pin 10 of the IC. The LEDs are 
best arranged in an arc, as shown in Fig. 
8. The arc originates at the stern post of 
the rudder/stern drive that is painted on 
the enclosure . 

The IC is wired as a basic O-to-5-volt 
meter and is calibrated by R1 . Before in
stallation, R1 must be set so that there is 
about 1300 ohms of resistance between 
the terminal that connects to pin 7 of the 
IC and the wiper, with the remaining 
3700 ohms between wiper and ground. 
The slide-type potentiometer used for 
R3 is installed near the rudder and con
nected to the IC via a length of water
proof three-conductor cable. Its control 
tab is mechanically connected to the 
rudder through a short length of stiff rod, 
as shown in Fig. 9. Because the rudder 
arm moves in an arc, the rod must be 
able to pivot slightly where it connects to 
the rudder and potentiometer. 
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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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