RADIO-ELECTRONICS

Concerned about acid rain?
This inexpensive monitor

will keep you informed.

WALTER D. SCOTT

AGID RAIN MONITOR

THE EFFECTS OF ACID RAIN HAVE BEEN
widely debated, often with little hard evi-
dence to back up either side’s point of
view. Actually, it’s not difficult to provide
hard evidence. A simple one-transistor
circuit can be used to sense the acidity of
local rainfall (and other liquids). Ac-
curacy is as good as the source used to
calibrate the meter. The project can be
built for about $30 using all new parts;
many of the parts are of the junkbox vari-
ety, so with just a little bit of luck the cost
could be even less.

The sensor can be mounted in a remote
location; it has a built-in solenoid-oper-
ated drain valve. The meter indicates acid-
ity in terms of pH, which refers to the
concentration of hydrogen ions in a solu-
tion. The meter’s range is from 7 (neutral)
to 2.5 (highly acidic).

How it works

The schematic diagram of the circuit is
shown in Fig. 1. A simple bridge rectifier
and 12-volt regulator powers the
MOSEFET sensing circuit. The unregu-
lated output of the bridge rectifier oper-
ates the drain solenoid via switch S1. The
sensor itself is built from two electrodes,
one made of copper, the other of lead. In
combination with the liquid trapped by
the sensor, they form a miniature lead-
acid cell whose output is amplified by
MOSFET Q1. The maximum output pro-
duced by our prototype cell was about 50
RA.
MOSFET QI serves as the fourth leg of
a Wheatstone bridge. When sensed acid-
ity causes the sensor to generate a voltage,
QI turns on slightly, so its drain-to-source
resistance decreases. That resistance vari-
ation causes an imbalance in the bridge,
and that imbalance is indicated by meter
MI.

Construction

The circuit is simple, but the sensor
must be built exactly as shown for calibra-
tion to be accurate. As shown in Fig. 2 and
Fig. 3, the electrodes must have a diame-
ter of ¥ inch, and they must be spaced %
inch apart in a plastic funnel with a handle
to ensure accurate calibration. The
positive electrode is a 1%" length of 14"
copper tubing. The negative electrode is a
strip of lead that is formed to the same size
and shape as the copper electrode. You
should be able to get lead strip from a
sporting-goods store; it’s used to make
fishing sinkers. Otherwise, try a
junkyard.

Use flux-less solid-core solder to make
connections to the electrodes, and water-
proof all exposed joints and wiring. Seal
the electrodes in the bottom of the funnel
by melting the plastic with a soldering

iron, or plug the funnel with epoxy putty.
Use a good-quality waterproof cable to
connect the electrodes and solenoid to the
control box.

The solenoid assembly must be water-
proof, otherwise, water may leak into the
solenoid housing and cause a short. But
first, remove the valve and coat the plun-
ger with grease, preferably silicone, for
temperature resistance. Also, coat all
metal solenoid parts with acrylic spray or
clear lacquer. Then epoxy the solenoid’s
valve to the funnel stem through a 1” wash-
er with a drain hole. Mount the solenoid
in a 35mm film canister or other water-
proof container. It may be necessary to
trim off some of the valve’s exit tube in
order to fit it inside the 35mm film can-
ister.

The method of fitting the solenoid to
the cap of the film canister and the mount-
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FIG. 1—THE DRAIN-TO-SOURCE RESISTANCE of Q1 varies depending n the acidity of the sample
presented to Q1's gate circuit. That variable resistance varies the current flowing through the bridge;

that current is proportional to pH.
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FIG. 2—TWO vs-INCH ELECTRODES, made of copper and lead, are mounted inside the funnel, spaced
3e-inch apart. A solenoid valve attached to the mouth of the funnel is used to drain it as necessary.

FIG. 3—CLOSE-UP OF THE FUNNEL assembly:
the screen keeps foreign matter, which could
affect pH, out of the funnel.

ing bracket will depend on the type of
solenoid you have. Use epoxy, screws, or
both.

As shown in Fig. 4, a swing-away filter
cut from perforated sheet aluminum is
bolted to the funnel’s handle. In addition
to preventing drain-clogging or electrode-
shorting by air-borne particles, the screen
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prevents false pH readings that might be
caused by pine needles, oak leaves, or
other acidic contaminants. You should

PARTS LIST

All resistors are Y:-watt, 5% unless oth-
erwise noted.

R1—50,000 ohms, pc-mount, linear po-
tentiometer

R2, R3—470 ohms

R4—5000 ohms, PC-mount, linear poten-
tiometer

R5—220,000 ohms

Capacitors

C1—470 uF, 35 volts, electrolytic

Semiconductors

IC1—7812, 12-volt regulator

Q1—3N187 MOSFET transistor

BR1—50-volt 1-amp bridge rectifier

Other components

M1—100-p.A panel meter

NE1—Neon lamp

S1—DPDT, 117-volt, toggle, center off

SOL1—12-volt DC solenoid valve

T1—12-volt 450-mA power transformer

~ TABLE 1—CALIBRATION

FIG. 4—A 35mm FILM CANISTER provides a
water-tight enclosure for the solenoid valve.

also coat the filter with lacquer to prevent
aluminum-oxide contamination. Plastic
screening is also available and may be
used.

All parts were mounted and wired
point-to-point on a piece of perfboard; the
perfboard was then mounted in a case, as
shown in Fig. 5.

Calibration

Our prototype was calibrated against a
professional pH meter using precisely-di-
luted sulphuric acid (which is, by the way,
a major ingredient of industrial pollu-
tion.) After setting the zero and full-scale
points, you can calibrate the meter using
Table 1. Otherwise, you can, as we did,
measure known solutions with your meter
and a professional meter, and mark your
meter’s scale accordingly.

The first step is to null the meter; 0 A
represents neutrality, a pH of 7. With the
sensor connected through the same cable
that will be used for the final installation,
set R1 for lowest resistance and fill the
receptor funnel with distilled water. Ad-
just R4 until the meter reads exactly zero.

You'll need to connect a 1.5-volt bat-
tery in series with a 5,000-ohm linear
potentiometer to calibrate the remaining

continued on page 73
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ACID RAIN

continued from page 49

points. Connect the circuit to a VOM, and
adjust the potentiometer for a reading of
94 pA. Then disconnect the sensor as-
sembly from the main circuit and connect
the battery-potentiometer combination in
its place. Adjust R1 until the meter reads
exactly 100 pA, which corresponds to a
pH of 2.5.

The other pH points are established by
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FIG. 5—THE ELECTRONIC COMPONENTS
mount on a piece of perfboard; they are con-
nected by point-to-point wiring. The terminal
strip provides connections to the remote-
mounted sensor and solenoid.

feeding a known current to the circuit and
noting the position of the needle. Those
positions correspond to the pH’s shown in
Table 1. If you want to interpolate in-
between values, keep in mind the fact that
the scale is not linear.

Installation and use

The best location for the sensor assem-
bly is on a post, as shown in Fig. 6, away
from trees and buildings. If it’s mounted
on the side of a house, be sure that the
bracket you use is long enough to place
the funnel beyond roof or eave run-off.

Don’t be alarmed if the meter indicates
some acidity. A pH of 6.0 to 6.5 is normal
and unharmful. However, environmen-
talists warn of dire consequences for con-
tinuously higher readings.

For example, at continuous pH levels of
5.0 to 5.5, lawns and garden plants will

FIG. 6—THE SENSOR ASSEMBLY should be
mounted on a long bracket that is screwed to a
post. The post should be mounted away from
overhanging eaves; and don't mount it under a
tree.

begin to turn brown, and soil will need
added lime. A pH of 4.5 in ponds and
lakes will start killing fish, and, when pH
reaches a level of 4.0, a clear blue ap-
pearance, although beautiful, will indi-
cate a “‘dead”” body of water. A pH of 3.5
will cause rapid deterioration of painted
surfaces. A continuous pH of 3.0 will
result in erosion of structural limestone,
and entire forests will die. Last, if the
meter indicates 2.5 or less, you may be
living near an active volcano!

After taking readings from accumu-
lated rainfall, the funnel should be

drained, leaving S1 in the DRAIN position
only long enough to drain the funnel, as
most inexpensive solenoid valves are not
designed for continuous duty. Inspect the
electrodes several times a year, and if any
corrosion forms, swab it off with a weak
ammonia-water solution, and then flush
the electrodes with distilled water.

For studying the long-term effects of
acidity, the output of the meter could be
connected to a chart recorder. And the
meter may also be used to test your local
tap, pond, and stream water by pouring a
sample into the funnel. R-E

ELENCO PRODUCTS AT DISCOUNT PRICES!

20 MHz DUAL TRACE OSCILLOSCOPE

$349 MO-1251

WO

100 MHZ
SWITCHABLE
PROBES
INCLUDED

35 MHz DUAL TRACE OSCILLOSCOPE

$498 MO-1252

Top quality scopes at a very reasonable price. Contains all the desirable features. Elenco's 2 year guarantee
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write for specifications.

BYls MULTI METER with

TRUE RMS 414

CAPACITANCE and DIGIT MULTIMETER plus
- transistor tester — MANUAL RANG | NG
| $ Model = 3 1/2 DIGIT METER
365 Model 135 M-7000 g_ 28 FUNCTIONS
CM-1500 £ FULLY PROTECTED
.05% DC Accuracy
Reads Volts, Ohms, .1 % Resistance e W -1180 ,T% ACY $36,985
& Current, Capacitors with Freq. Counter M-1182 .25% ACY $39.95
= Transistdrs & Diodes & Deluxe Case L fu.nau . 1% ACY $42.95

GF-8016 Function Generator
=: with Freq, Counter

219

* Sine, Square, Triangle,
*Pulse, Ramp, .2 to 2 MHz
*Frequency .1 thru 10 MHz

Triple Power Supply XP-660

$14950
0-20V @ 1A
0-20V @ 1A
5V @ 5A
me Regulated, Short Circuit Protected with 2
Cont. 3 Separate Supplies.

3 Amp Power Supply XP-650

eE==3] 119

::‘? moﬁ, short :rnn protected current

CA&S SALES, 8744 W. North Ter. Niles, IL 60648 (ae
800-292-7711 (312) 458-9040 m
2 Year Limited Guarantee! Add 5% for Postage ($10 max.), IL Res., 7% Tax

$23
== LP-700

10 MHz DC or AC
Triggered Sweep
Calibrated Vert & Hor
Reads Voits & Freq

9430 1,100 pins  $15
9434 2,170 pins $25
9436 2,860 pins §35

50 MHz LOGIC PROBE LOGIC PULSER

oo
T
LP-600

2us pulse @ 1A

20 nec with memory

DIGITAL LCR METER
Model LC-1800
Nessures: nuctors 594 4.8
Inductors .1 tozDOH
s D1Qm Q

Cl.pacilor 1Pf
ﬂnngu 6ind, 7 cap, 7 res

15 DAY MONEY
BACK GUARANTEE  ASK FOR CATALOG
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