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An Audible ac /dc Voltmeter 
Sounds a tone whose frequency is proportional to the 
voltage being measured 

By Jan Axelson & Jim Hughes 

rin he "Voltone" audible volt- 
meter presented here can ex- 
tend your voltage -measuring 

capabilities. It enables you to listen 
to a tone whose frequency is propor- 
tional to the measured voltage in- 

stead of viewing a display. 
This feature is very useful when you 

wish to monitor a circuit device to 
learn if it's the cause of an intermit- 
tent problem. It's also an efficient in- 

strument for tuning a resonant cir- 
cuit to maximum or minimum out- 
put, checking voltages quickly on a 

crowded circuit board, and other in- 
stances where it's not necessary to 
observe a meter's display. 

Both ac and dc measurements can 
be made, and a tricolor light -emit- 
ting diode tells you whether the volt- 
age being measured is positive, nega- 
tive or ac. You can use the project by 
itself or connect it in parallel with a 
digital voltmeter or multimeter for 
visual as well as audible indications. 
For convenience, the project is pow- 
ered by a battery. 

Four input ranges are provided: 
200 millivolts and 2, 20 and 200 
volts. Input impedance is a constant 
10 megohms. The audio output 
ranges from around 800 Hz at 0 volt 
to around 1,800 Hz at full -scale. 
With most users being able to dis- 
tinguish a just few Hertz difference 
in frequency, "resolution" can be 
less than 1 millivolt on the project's 
lowest range. 

About the Circuit 
As shown in the schematic diagram 

in Fig. 1, the Voltone is built around 
just three integrated circuits: an 
LF411 operational amplifier (ICi), 
which serves as an input amplifier; 
an LM324 quad operational ampli- 
fier (IC2), which provides a polarity 
indicator, rectifier, biasing circuit 
and power amplifier; and a 556 func- 
tion generator (IC3), which gener- 
ates a tone that can be heard through 
the speaker. 

Batteries BI and B2 provide separ- 
ate + 9 volts and 9 volts to power 
the circuitry. The voltage being mea- 
sured connects to the circuit across 
jacks J1 and J2. Plugs PI and P2 
provide a means for connecting the 
Voltone in parallel with a digital 
voltmeter or multimeter (DVM or 
DMM). The contacts of switch S2A 

must be open when making ac mea- 
surements to allow capacitor CI to 
filter out any dc offset voltage that 
might be present in the input signal. 

RANGE SELECT Switch S3 allows 
you to select an input signal from the 
voltage divider made up of resistors 
R1 through R4. With S3 set to posi- 
tion 1 -the 200- millivolt range -the 
entire input voltage is fed to ICI. Po- 
sitions 2, 3 and 4 (2 -volt, 20 -volt and 
200 -volt ranges) provide successive 
division so that ' %0th, %00th and 
', ,000th of the input signal voltage is 

fed into ICI. With S3 selecting the 
appropriate range, the voltage at RS 
is always 200 millivolts or less. 

Resistor RS and diodes D1 and D2 
help to protect the Voltone from 
damage due to user error. The diodes 
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Fig. I. Complete schematic diagram of the Audible Voltmeter. 
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PARTS LIST 

Semiconductors 
DI,D2- 1N4004 or similar 400 -PIV 

rectifier diode 
D3,D4 -1N914 or similar signal 

diode 
LED1- Tricolor light- emitting di- 

ode with two leads (see text) 
IC 1 -LF411 JFET -input operational 

amplifier 
IC2 -LM324 quad operational 

amplifier 
IC3 -566 function generator 
Capacitors 
C1- 0.1 -µF, 250 -volt polyester film 

C2,C4,C6,C7,C 10,C 11,C 12 -0. I -µF, 
25 -volt ceramic 

C3,C5,C8 -1 -SF, 25 -volt electrolytic 
C9- 0.001 -µF, 25 -volt ceramic 
Resistors '/4 -watt, 10% tolerance) 
R1 -9.1 megohms 
R2- 910,000 ohms 
R3- 91,000 ohms 
R4,R8,R15,R16- 10,000 ohms 
R5,R11,R13- 100,000 ohms 
R6 -1,000 ohms 
R7- 15,000 ohms 
R9- 10,000 -ohm potentiometer 
R l 0 -560 ohms 

R12- 130,000 ohms 
R14 -3,300 ohms 
R17- 180,000 ohms 
R 18 -5,000 -ohm, audio -taper, panel - 

mount potentiometer 
Miscellaneous 
BI,B2 -9 -volt battery 
JI,J2- banana jack 
P1,P2- banana plug 
S1- Miniature dpst toggle or slide 

switch 
S2- Miniature dpdt toggle or slide 

switch 
S3- Miniature 4pst panel -mount 

rotary switch 
S4- Miniature spst toggle or slide switch 

SPKR -8 -ohm speaker 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable soldering or Wire Wrap 
hardware; sockets for ICs; suitable 
enclosure; 9 -volt battery holders (2); 

battery snaps (2); panel -mount LED 
holder: pointer -type control knobs 
(2); 8 -inch length of shielded cable; 
labeling kit and clear acrylic spray; 

-inch spacers; machine hardware; 
hookup wire; solder; etc. 

clamp pin 3 of ¡Cl to 9 volts if a 
large, overrange input is applied, 
and RS limits the input current to a 
safe value. 

An LF411 op amp was chosen for 
ICI because of its high- impedance 
JFET inputs. Resistors R6 and R7 
set the gain of ICI to 15, giving an 
output at pin 6 of 3 volts for a 200 - 
millivolt (full -scale) input. Figure 2 

shows several signals measured at 
different points in the Voltone. (A) 

and (B) show the response of ICI to 
an ac input. 

Since the output tone gives no in- 

dication of the polarity of the mea- 
sured signal, a visual indicator is pro- 
vided. Operational amplifier IC2A is 

configured as a comparator whose 
output drives tricolor LEDI, which 
consists of red and green LEDs con- 
nected in reverse parallel inside the 
same package. 

The control input of IC2A at pin 

13 is proportional to the Voltone's 
input, and the reference input at pin 
12 is grounded. If pin 13 goes posi- 
tive, the output at pin 14 goes nega- 
tive and lights the green element in- 

side LEDI. If pin 13 is negative, pin 
14 goes positive and the red LED ele- 

ment lights. With ac signals, both 
LEDs are on alternately, resulting in 

a yellow glow, which accounts for 
the third color in the "tricolor" LED. 

Resistor RIO limits LED current to 
a safe value. Switch S4 allows the 
LED to be turned off, to save on bat- 
tery power. 

Op amp IC2B functions as a full - 
wave rectifier to produce a positive 
voltage that is proportional to inputs 
of either polarity. Gain of the circuit 
is set at 0.7 by adjusting potentiome- 
ter R9 so that 70 percent of its resis- 
tance lies between its wiper and pin 2 

of IC2B. 
Operation of the circuit varies for 

positive and negative inputs. When 
the input at R8 is positive, D4 pro- 
vides a feedback path for the op amp 
and D3 is off. The output of the rec- 
tifier, which is controlled by the set- 
ting of R9, equals 0.7V1,,. 

For negative inputs, D4 is off and 
feedback current flows through D3 

and part of R9 (between D3 and pin 2 

of IC2B). Now the output of the rec- 

tifier is 0.7Vin. 
For both positive and negative in- 

puts, the cathode of D3 is at a posi- 
tive voltage that is directly propor- 
tional to the input. Figure 2(C) illus- 
trates this. 

Op amp IC2C adds a bias voltage 
to the rectifier's output, to provide 
the proper control voltages for volt- 
age- controlled oscillator (vco) IC3. 
The frequency of the vco's output 
signal at pin 3 varies with the magni- 
tude of the voltage at its pin 5 con- 
trol input. For proper operation, this 
potential must be between 75 percent 
of the total supply voltage and V + , 

or in this case, between + 6.75 and 
+ 9 volts. 

To provide the control voltage, op 
amp IC2C is configured to operate as 
an inverting summing amplifier. The 
current through R13 is the sum of 
R12's current (which generates the 
bias voltage) and R11's current 
(which varies according to the mea- 
sured voltage). The result is that the 
output at pin 7 varies from + 7 to + 5 

volts as the rectifier's output varies 
from 0 to 2 volts. These levels are 
safely within the range required. 

For ac measurements, switch S2B 
is closed to connect capacitor C8 in 

parallel with resistor R13. This 
causes the signal on pin 7 of IC2C to 
be a dc voltage that is proportional to 
the ac input. 

At 1C3, the values of R14 and C/O 
determine the frequency range of the 
output. With the values specified, 
the output at pin 3 oscillates at 
around 800 Hz with an input of 5 

volts and at around 1,800 Hz with an 
input of 7 volts. Figures 2(D) and 
2(E) show a control input to 1C3 and 
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(D) 

Fig. 2(E) shows the output that re- 
sults. Capacitor C9 prevents un- 
wanted high- frequency oscillations. 

Power- amplifier stage IC2D 
drives speaker SPKR. Resistor R17 
and potentiometer R18 divide the in- 

put to IC2D, with R18 serving as the 
project's VOLUME control. Resistors 
RIS and R16 give the amplifier a gain 
of one. Finally, C2 through C7, C// 
and C12 serve as bypass capacitors. 

Construction 
Component values for the Voltone 
are not super -critical, though changes 
in values from those specified in the 
Parts List may alter the exact re- 

sponse of the circuitry. If necessary, 
you can change the value of R7 to 
match the input ranges of your DVM 
or DMM. For instance, for a meter 
that uses 300 -mV and 3 -, 30- and 
300 -volt scales, change R7's value to 
10,000 ohms. Sockets are recom- 
mended for all ICs. Also, when se- 

lecting the LEDI device use the two - 
lead tricolor variety that contains 
two LEDs that are wired in reverse 

(E) 

parallel, rather than the three -lead 
type in which the cathodes of two 
LEDs are wired together. 

Shown in Fig. 3 is the actual -size 

etching- and -drilling guide to use for 
fabricating the printed- circuit board 
on which you will mount and wire to- 
gether the project's components. 
While drilling the component -lead 
holes in the board, also drill %2 -inch 
mounting holes in the corners near 
where C12 and R/2 will mount and 
below where C2 and C3 will mount 
(see Fig. 4). Alternatively, you can 
wire the circuit on perforated board 
that has holes on 0.1 -inch centers us- 
ing suitable Wire Wrap or soldering 
hardware and a point -to -point wir- 
ing technique. 

Refer to Fig. 4 for wiring details 
for the pc -board version of the proj- 
ect. (Note: Use Fig. 4 as a rough 
guide to component layout if you are 
using perforated board, but refer 
back to Fig. 1 for wiring details.) Be- 

gin wiring the board by installing and 
soldering into place the IC sockets 
and resistors. 

Before installing trimmer potentio- 

(C) 

Fig. 2. Oscilloscope traces illustrate 
operation of the Project. Settings are 
the same for all photos (2 V /div, 
with center graticule at 0 V, and 0.1 

ms /div): (A) shows an input to the 
project; (B) is the response of the in- 
put amplifier at pin 6 of ICI; (C) is 

the rectified signal at the cathode of 
D3; (D) shows the vco's control volt- 
age at pin 5 of IC3; and (E) is the out- 

put that results at pin 3 of IC3. 

meter R9, connect an ohmmeter be- 
tween its center and either outer lugs 
and adjust it for a 7,000/3,000 -ohm 
split. Without disturbing the setting, 
install the trimmer so that the 7,000 - 
ohm section is between pin 2 of /C2 
and D3. Next, install and solder into 
place the capacitors and diodes, ob- 
serving proper orientation for DI 
through D4, C3, CS and C8. Do not 
install the ICs in the sockets until af- 
ter preliminary voltage checks have 
been made and you are sure the cir- 
cuit has been correctly wired. 

Strip 1/, inch of insulation from 
both ends of nine 6- inch -long hook- 
up wires. If you are using stranded 
hookup wire, tightly twist together 
the fine conductors at both ends of 
all wires and sparingly tin with sol- 
der. Plug one end of these wires into 
all unoccupied holes in the board and 
solder into place. The other ends will 

be connected later, after the circuit - 
board assembly has been mounted in 

place inside its enclosure. 
You can use any type of enclosure 

that will accommodate all elements 
of the project without interference 
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Fig. 3. Use this actual -size etching - 
and- drilling guide to fabricate a 
printed -circuit board for the project. 

with each other and has adequate 
panel space on which to mount the 
LED, switches, potentiometer, 
speaker and connectors. A suitable 
enclosure is the all- plastic project 
box shown in the lead photo. 

Prepare the enclosure by drilling 
mounting holes for Si through S4, 
R18, Jl, J2 and the holders for 
LEDI and the batteries. You can 
mount the speaker either with ma- 
chine hardware or a bead of silicone 
adhesive. If you do the former, drill 
three holes spaced in the front panel 
equidistant from each other for 
mounting screws around the the 
speaker (see Fig. 5). Whichever 
mounting method you choose, make 
a pattern of small holes in the panel 
where the speaker will be mounted to 
permit the sound to escape. 

Temporarily mount the controls 
on the front panel and place on the 
shaft of the potentiometer a pointer - 
type control knob to determine where 
to put the identifying legends. Mark 
the panel as needed. Then remove 
and set aside the controls. Use a dry- 

Fig. 4. Wire the printed -circuit board 
as shown here. 

transfer lettering kit to label the 
panel. Spray over the entire surface 
of the panel two or more light coats 
of clear acrylic to protect the legends 
from abrasion. Allow each coat to 
dry before spraying on the next. If 
you use a tape labeler, you can fore- 
go the protective acrylic spray. 

With the front panel machined, 
machine the remainder of the project 
box. Drill holes in the floor for 
mounting the circuit -board assembly 
and the two holders for the batteries. 
Then drill mounting holes for bana- 
na jacks PI and P2. Figure 5 shows a 
suggested layout for the components 
inside the enclosure. If possible, 
space the holes for PI and P2 so the 
Voltone accessory can plug directly 
into your DVM or DMM, as shown 
in the photo on the cover. Otherwise, 
use a pair of test leads that exit the 
project box and are terminated in ba- 
nana plugs. If you have more than 
one meter with which you wish to use 
the accessory and their jack spacings 
are different, you might want to go 
the latter route. 

Trim to length and crimp the leads 
of resistors R/ through R4 directly to 
the lugs on rotary switch S3. Then to 
minimize noise pickup by the high - 
impedance input, make the connec- 
tion from S3 to R5 with shielded ca- 
ble. Carefully cut and remove about 

inch of the outer plastic jacket 
from one end of a length of shielded 
cable, trim away the exposed shield 
(only one end of the shield will be 
grounded), and remove ''h inch of in- 
sulation from the center conductor. 
Tightly twist together the fine wires 
in this conductor and sparingly tin 
with solder. 

Remove from the other end of this 
coaxial cable % inch of outer plastic 
jacket. If the shield is made of braided 
wire, separate it back to what re- 
mains of the outer jacket, tightly 
twist together all conductors and 
sparingly tin with solder. Strip'''/ inch 
of insulation from the center con- 
ductor at this end of the cable, twist 
together the exposed wires and tin 
them with solder. 

Plug the center conductor at the 
end of the cable from which you 
trimmed the shield into the hole 
labeled S3 on the circuit -board as- 
sembly and solder into place. Loop 
the shield at the other end of the ca- 
ble around the lead of R4 that is not 
connected to any lug on S3 and sol- 
der the connection. Trim off any ex- 
cess shield wire. Arrange things so 
that the shield cannot touch any 
other parts of the circuit when S3 is 

installed on the panel. If necessary, 
insulate it with electrical tape. Crimp 
and solder this conductor to the lug 
on S3 that goes to the rotor contact. 

Mount the circuit -board assembly 
on the floor of the enclosure with 
three % -inch spacers and 4 -40 x 
Y4 -inch machine hardware. Mount 
the battery clips in place with 
suitable hardware. Twist together 
the red -insulated wire from one bat- 
tery snap connector and the black - 
insulated wire from the other battery 
connector. 

Mount the speaker, LED, switches, 
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potentiometer and banana jacks in 

their respective locations on the 
front panel of the enclosure. If you 
are using silicone adhesive to secure 
the speaker in place, wait until the 
project has been completely assem- 
bled to mount the speaker. 

Crimp and solder the red /black- 
insulated pair of battery connector 
leads to the solder lug on banana 
jack J2. Do not solder the connec- 
tion. Next, crimp and solder the re- 
maining red -and black -insulated 
battt y connector leads to contact of 
SIA . nd SIB, respectively. Refer- 
ring to Fig. 4, identify the wire com- 
ing from the hole in the circuit board 
labeled SIA (lower right); crimp the 
free end of this wire to the other SIA 
lug and solder the connection. Do 
the same with the SIB wire and lug. 

Now, referring to Fig. 1 and Fig. 
4, crimp and solder the free ends of 
the remaining wires coming from the 
circuit -board assembly to the lugs of 
the potentiometer and switches. 
Then wire into the circuit the LED 
and banana jacks. Make all ground 
(GND) connections at J2, soldering 
this multiple connect on only after 
all wires have beer connected to it. 
Use Fig. 1 as a wiring guide. 

Wire S2 so that for dc inputs, S2A 
is closed and S2B is open, while for 
ac inputs the reverse is true. Mount 
CI on S2A. Before wiring LEDI, de- 
termine which end is which by con- 
necting it across a 9 -volt battery in 
series with a 560 -ohm resistor. If it 

lights red, plug the positive lead of 
the LED into specified hole near R10 
on the circuit board and solder the 
connection. If it glows green, solder 
the negative lead into the specified 
hole. In either case, crimp and solder 
the remaining LED lead to one lug of 
S4, and connect a hookup wire from 
the other S4 lug to the J2 lug. Simi- 
larly, use hookup wires to connect 
the speaker into the circuit, as speci- 
fied in Fig. 1. 

With all wiring complete and the 
ICs still not installed in their sockets, 
double -check your work to ascertain 

Fig. 5. Circuit board, batteries and plugs for connecting to a DVM or DMM 
mount on the floor of the enclosure. Front -panel controls and the speaker 

mount on the enclosure's cover panel. 

that all components are installed in 
the right places and in the correct or- 
ientation where required and that all 
wiring is properly executed. 

A few plastic cable ties or some 
waxed lacing cord will help keep 
things neat. Use electrical tape or 
pieces of non -conductive foam to in- 
sulate any parts that may short to- 
gether when the cover is put on. 

Checkout & Use 

Before conducting an operational 
check, perform voltage checks to 
make sure the battery supply has 
been wired into the circuit properly. 
Clip the common lead of a dc volt- 
meter or multimeter set to the dc 
volts function to the lug on J2. Snap 
fresh 9 -volt batteries into the connec- 
tors and set POWER switch SI to ON. 

Touch the meter's "hot" probe to 
pin 7 of the ICI, pin 4 of the IC2 and 
pin 8 of the /C3 sockets. In all three 
cases, you should obtain a reading of 
approximately + 9 volts. Then touch 

the probe to pin 4 of the ICI, pin 11 

of the lC2 and pin 7of the lC3sock- 
ets. This time, the reading should be 
-9 volts in all three cases. 

If you do not obtain the correct 
reading at any one of the points spe- 
cified above, set SI to OFF and remove 
the batteries from the circuit. Rectify 
the problem before proceeding. 

Once the proper readings have 
been obtained, plug the ICs into their 
respective sockets. Observe proper 
orientation and make sure that no 
pins overhang the sockets or fold 
under between the ICs and sockets. 

Operation of the project can most 
easily be checked with it connected in 

parallel with a DVM or DMM, the 
latter set to dc volts, via PI and P2. 
Push these banana plugs into the in- 

put jacks on your DVM or DMM 
and plug the meter's test leads into JI 
and J2 on the project. You'll also 
need a variable voltage source, which 
can be as simple as a potentiometer 
connected across a battery and the 
"output" taken between the wiper 
and either of the other two lugs on 
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the potentiometer. 
This project is used in much the 

same manner as you would use any 
other voltmeter. That is, set the in- 
put scale to a value greater than the 
voltage you expect to measure, and 
connect the signal to be measured to 
the input jacks via the meter's test 
leads. A low- frequency tone indi- 
cates a low voltage, while a high -fre- 
quency tone indicates a higher volt- 
age. So, when using the instrument 
for peaking or nulling purposes, a 
rising tone tells you that the input 
voltage is increasing, and a falling 
tone means it's decreasing. 

To begin operational checkout, set 
both your DVM or DMM and the 
project to the 200- millivolt scale for 
dc volts. Set the project's VOLUME 

control to minimum, and turn on 
both units. 

Adjust the variable voltage source 

you're using for a 0 -volt output and 
connect your meter probes to mea- 
sure it. Turn up the volume, and you 
should hear a tone -at a frequency 
of about 800 Hz. 

Slowly increasing the output of the 
voltage source should make the proj- 
ect emit a tone that rises in frequency 
until the input reaches approximate- 
ly 200 millivolts, at which point it 

will hold constant at a frequency of 
around 1,800 Hz. The exact frequen- 
cies heard aren't critical, and the cut- 
off voltage may be somewhat higher 
than 200 millivolts. What's important 
is that the frequency varies through- 
out the full input range. 

On the 2 -volt range, you should 
hear the same frequency range as you 
adjust the variable voltage source for 
an input that ranges from 0 to 2 

volts. The 20 -volt and 200 -volt 
ranges operate similarly. With S2 set 

to AC, you can measure ac signals in- 
dependently of any dc offset. 

Using the project in parallel with a 
DVM or DMM increases the loading 
effect on the circuit being measured 
(compared to using just one meter). 
In most cases, however, the effect 
will still be negligible. 

For audible -only measurements, 
unplug the DVM or DMM and use 
the project by itself. The LED polari- 
ty indicator tells you if JI is more 
positive (red), more negative (green), 
or ac (yellow) with respect to J2. 

If the frequency remains constant 
as you adjust the measured voltage, 
either the voltage being measured is 

constant, or the magnitude of the in- 
put voltage is too large for the range 
selected. You'll soon learn to recog- 
nize your meter's maximum frequen- 
cy, which lets you know it's time to 
change ranges. AE 

CHEMICAL 
SOLUTIONS 

FREE CHEMTRONICS CATALOG! 
Comprehensive new source for over 
200 products used in electronic man- 
ufacturing and field service. Precision 
cleaning agents, flux removers, bulk 
solvents, circuit refrigerants, precision 
dusters, non -residual wipers, foam 
swabs, premoistened pads swabs. 
antistatic compounds. conformal coat- 
ings, lubricants, adhesives, desolder- 
ing braids, rosin core solder and solder 
masking agents. Complete with tech- 
nical specifications and application 
guide. 

ChenlW et Inc 
681 Old WI uels Path 
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Say You Saw It In Modern Electronics 

They're Here! 
You'll want these two exciting proj- 
ect books, packed with complete 
plans for building a wide variety of 
useful electronic devices. 
Look at what you can build & take pride In: 

Digital voltmeter accessories -high- 
frequency ac probe, true -rms adapter, 
temperature probe 

'Car projects -anti -theft alarms, engine 
tachometer 
Life- saving detectors -gases & micro- 
wave leaks 

FUN PROJECTS 
The Fun Projects are capped by introduc- 
tory information on building projects and 
kits (tools needed, parts sources, etc.) 
and advanced design techniques that il- 

lustrate how a designer thinks and plans 
when putting together a practical end 
product. 

From beginning to end, MODERN ELEC- 
TRONICS FUN PROJECT BOOKS are for 
you! Order them today for a fast start in 

the world of electronics. 

MODERN ELECTRONICS 
78 N. Broadway, 

Name 

Hicksville, NY 11801 Order 

OTY 

Date: 

11t1. Price Total 

Address 
First Book 
of Modem 

$12.95 ea. 

Electronics 
City Fun Projects 

State Zip Second Book 
of Modem 

$1295 k 
( ) Check ( ) MasterCard ( ) VISA Electronics 

Card No. 
Fun Projects 

Total 
Expires 

'Shipping 

Signature Orad Total 

(Signature required on all charge orders) ' wing clews S2 per order. Orders processed dry 
received, but please slow 30 days tor dahsry. 
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