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FIG. 1

ELECTRONIC METRONOMES HAVE LONG
been popular with both elec-
tronics experimenters and musi-
cians with a practical bent. All
metronomes provide a steady
stream of pulses, but few accent
the first beat of the measure—the
downbeat. The metronome pre-
sented here does, and it allows
you to vary the counting rate from
about 1to 200 beats per minute. A
rotary switch allows you to select
an emphasized beat every other
beat, every third beat, etc., all the
way to once every nine beats.

As shown in Fig. 1-a, IC1-a and
IC1-b form an astable multivibrator

whose period of oscillation is ap-
proximately equal to 1/(2.2 x C1
(R1+R2)). The astable’s signal is
fed to IC1-c, which buffers the sig-
nal for further amplification. The
astable’s output is also fed to the
cLockinputof IC2, a 40178 (a 4017A
is also suitable) decade counter.
That IC’s Qo through Q9 outputs go
high one at a time for each suc-
cessive clock pulse received at pin
14. Switch $1 feeds one of those
outputs to the 4017B's reseT input;
whenever the selected output
goes high, the 4017B restarts its
counting cycle. That is what deter-

continued on page 111




Accenting Metronome
P. Hill

The circuit consists of a clock generator
determining the beat and a monostable
producing the accent.

The clock is formed by 1C1a,b con-
figured as an astable. The frequency or
tempo is adjusted by RV1. C1 must be
a non-polarised type. The clock pulses
are fed to 1C2. This divides and decodes
the clock to produce a high at each out-
put in succession. By feeding one of the

outputs via monostable ICic,d to the
reset input, division by one, two, three
or four is possible, thus selecting the
beat.

IC3 is a CMOS 555 timer, forming a
monostable. The on time is determined
by C2, R2 and R3. Since R2 only has
effect once during the beat cycle, the
accent is produced by increasing the on
time,

5-18V

R4
22k

NOTE:

1C115 4011

1C2 15 4017

1C3 1S 7555

Q118 8C184

D1-4 ARE 1N4148




Reader’s Circuit. In the majority of metronome circuits
using simple R-C timing networks, the tempo (frequency)
adjustment has most of its control “squeezed’ near one
end of the operating range. Seeking to minimize this prob-
lem, reader Richard K. Brush (1965 East 3375 South, Salt
Lake City, UT 84106) decided to develop his own designfor
a metronome. His circuit (Fig. 2) features a nearly linear
tempo control, loudspeaker output, and, interestingly, dis-
crete devices rather than an IC.

Richard's major improvement is a shift from a voltage
variable to a current-controlled charging source for the
timing capacitor. Transistor Q1A provides temperature
compensation for a voltage divider network consisting of
R2, tempo control R3 and R4. The tempo control's adjust-
ment determines the base bias applied to Q78 which, in
conjunction with limiting resistor R1, serves as a current
source for timing capacitor C7 in the UJT relaxation oscil-
lator. The pulse oscillator's output, developed across base
load RS6, drives the power amplifier, Q2, which, in turn,
delivers an output signal to a PM ‘loudspeaker. The
loudspeaker's voice coil is shunted by D7, to dissipate
transient voltage peaks developed by sharp current pulses.

To keep costs low, inexpensive components are used.
Dual transistor Q7 is a Poly Paks type 14A 653 or type
2N1132, the UJT is type TIS43, and the output amplifieris a
general-purpose npn power transistor, (Radio Shack No.
276-636 or similar). The damping diode, D7, is a general-
purpose rectifier with a 1-A rating. Timing capacitorClisa
15- or 20-volt electrolytic. An 8-ohm, 3" PM loudspeaker
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Fig. 2. Metrowome clreuit has a nearly
linear tempo control and londspeaker output.

was used in the original model, butlarger units can be used
if preferred. Finally, B7 and B2 are standard 9-volt transis-
tor batteries.

Any construction technique can be used for duplicating
the circuit. The completed unit, after check-out, can be
calibrated using another metronome or a stopwatch.

Richard writes that his original model has a range of 30
to 220 beats per minute, but this may vary with component
tolerances. The range can be shifted by using different
values for R7 and R2. Current limiting resistor R7’s value
determines the overall tempo, while R2’s value establishes
the minimum-to-maximum ratio. The use of a UJT type

other than the one specified may require different values
for R5 and R6.
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HS | metronome ...«

Those of our readers who have f N
experienced the pleasures of piano
lessons during their childhood, will
doubtless be all too familiar with oy
the sound of a metronome,. This is
a clockwork instrument with an ’ .
inverted pendulum, which can be set 4
to beat a specific number of times '
per minute, the loud ticking thereby
indicating the correct speed at which
the passage of music should be
played. Although mechanical
metronomes are still used almost ' i

universally, it is, of course, also ' s

possible to achieve the desired o

effect electronically. : ) . h

The circuit for an electronic 3 | ™
metronome described here is N ' ’

distinguished, not by any revol- N ' b
utionary new features, but by its i ‘

extreme simplicity and excellent _ 1

stability. NI to N3 form an

astable multivibrator. By means of
P1, the frequency of its output
signal can be varied between 0.6

and 4 Hz, whilst the pulse width can
be adjusted be means of P2. The
latter control modifies the sound

of the beat between a short ‘dry’
tick and a longer, fuller tone. The
volume control is provided by P3,
which varies the peak current
through the loudspeaker between f;=06Hz

0.5 A and 50 mA. At low fo= 4Hz
resistance values of P3, the resultant 78014 N1 NBoIC1-4049
large current places fairly heavy

demands upon the transistor, and

hence a Darlington pair was chosen.

Thanks to the tow duty cycle, the ordinary 4.5 V battery will suffice how the characteristic shape of the
average current drawn by the circuit for the power supply. metronome can still be conserved in
is extremely small, so that an The accompanying photo shows the electronic model.
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THE FAMILIAR spring-wound, pyramid-

shaped metronomes used by musicians
since the time of Beethoven are giving way
to the clicking of electronic timers. The
transistorized electronic metronome (seen
above, with remote speaker) is a compact,
battery-operated unit that can be adjusted
for any musical tempo. Clicks produced at
the miniature speaker are of sufficient
amplitude to override the sounds of most
musical instruments.

You can construct the metronome to suit
your own particular needs. In the photo

Audio amplifier with added feedback circuit (C1)
produces ‘'motor-boating’’ clicks for timing beats.
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above, the speaker is mounted in a small
but attractive case, sitting on top of the
organ, while the remainder of the unit is
housed in an aluminum chassis box under
the keyboard. Pianists may want the elec-
tronic metronome mounted all in one case,
with rubber feet, to rest on top of the piano.
How you do it is up to you.

Follow the schematic diagram carefully
as you wire the circuit. Resistor R2 is a
22,000-ohm, ¥%-watt unit, and C1 is a 15-uf.
electrolytic rated at 5 to 10 w.v.d.c. Be sure
C1's negative (unmarked) lead connects to
the collector of transistor @2. Then con-
nect the 4.5-volt battery, B1, making cer-
tain that the polarity is correct.

Now check the number of clicks with
potentiometer Ri fully clockwise, and then
fully counterclockwise. The metronome
should cover a range of 40 to 210 beats per
minute or better. If it cannot go down to
40 beats, increase the value of C1. If it's
necessary to increase the upper limit, lower
the value of C1. But vary the capacitor's
value by no more than 109, at a time until
the desired limit is reached.

The author used a Burgess Type N3 bat-
tery with snap-in terminals to power his
unit. - When the battery is snapped out of
the circuit, the metronome stops clicking,
and the removed battery serves as a ‘key”
to prevent unauthorized use of the device.

—John J. Borzner
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BY FRED BLECHMAN
AND DAVID McDONALD

A LED

PENDULUM

An electronic replacement

for the old mechanical
music timer

he mechanical metronome, re-
putedly invented by Maezel in
the 19th century, has been a familiar
sight around musicians and music stu-
dents for many years. It uses a wind-
up clock mechanism to swing a
weighted arm, generating a series of
clicks as the escapement gears make
contact. The clicking rate is conven-
tionally adjustable from 40 to 210
beats per minute by positioning the
weight on the calibrated oscillating
arm to change the moment of inertia
and the rate of the swing.
Redoubtable though it may be,
Maezel’s brainchild suffers from de-
fects common to all mechanical de-
vices: wear, drift of calibration, and
the need for fairly frequent mainte-
nance. In addition, it must be wound
often. A battery-operated, solid-state

METRONOME

electronic design, such as the LED
Pendulum  Metronome  described
here, circumvents or alleviates the
problems of the mechanical metro-
nome. It is stable in calibration and
reliable.

Partly for nostalgic reasons, the
pendulum movement of the mechani-
cal metronome is simulated in the
project as a flashing sequence of
LEDs arranged in an arc. (A click
from a loudspeaker occurs as the LED
at cither end of the string fires.) How-
ever, the LEDs offer the user the
option of “reading” the metronome
signal visually in circumstances where
a click might be inaudible or objec-
tionable to the user.

Circuit Operation. The “beats” are
generated by /CI, which is used as an
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oscillator (Fig. 1). Resistors R1, R3,
and capacitor C/ limit the frequency
of operation that can be set by means
of potentiometer R2. Capacitor C2
decouples the /C! modulation input.
Each cycle of operation of ICI results
in a positive-going pulse at pin 3,
which is fed to the clock input of up-
down counter IC4. This counter can
be set to count from 0 to 9 (10 counts)
or 0 to 15 (16 counts), depending on
the status of pin 9. With pin 9 positive
(as shown), IC4 counts from O to 15.
Counting up or down is controlled by
pin 10; positive for up-counting,
ground for down-counting. The A, B,
C, and D outputs of IC4 (pins 6, 11,
14, and 2) go positive in a 4-bit binary
sequence with the D output (pin 2)
low during counts 0 to 7 and high dur-
ing counts 8 to 15.

Both IC2 and IC3 are identical 1-
of-8 switches. Depending on the 3-bit
binary input, one of eight outputs is
connected to pin 3 through a low
resistance (typically 120 ohms). This
is called the “on” condition for this
pin. The A, B, and C inputs to IC2
and IC3 (pins 11, 10, and 9) are
addressed by the output pins (6, 11
and 14, respectively) of IC4. Howev-
er, IC2 or IC3 must be enabled by a
low on pin 6. For counts 0 to 7, pin 2
of IC4 is low, enabling IC2. Notice,
however, that pin 6 of IC3 is high
because of IC5A4, one section of a
quad 2-input NAND gate, wired as
an inverter. This disables IC3 while
IC2? is enabled.

As IC4 counts from 0 to 7, the out-
puts of IC2 are turned “on” in
sequence. In this case, on is not
ground, but is an internal low resist-
ance to pin 3, which is grounded. This
low resistance to ground allows the
LED connected to an on pin to glow.

Only five LEDs are connected to
the eight outputs, with LED/ connect-
ed to three outputs, LED2 to two out-
puts, and LED3, LED4, and LEDS to
one output each. This is done to simu-
late the swinging motion of a pendu-
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metronpome

lum, which is fastest near the center
but slows down near each end of its
swing as it finally stops and reverses.
By using multiple counts for the
LEDs farthest from the center, the
apparent motion of the pendulum
seems to slow down, stop, and reverse
at each end of its swing. This same
technique is used for the five LEDs
connected to /C3.

As 1C4 counts from O to 7, only IC2
is enabled, with /C3 cut off. When
IC4 reaches the count of 8, the D out-
put at pin 2 goes high. This turns off
[C2, but, via the inversion by IC5A4,
IC3 is enabled, lighting LEDs 6 to 10
in sequence. Therefore, the first eight
counts of IC4 are used to command
the IC2 outputs, and the next eight
counts command /C3 outputs.

Up to this point, /C4 was counting
up since its pin 10 was high. This is

—+V

controlled by the output of a flip-flop
formed by NAND gates IC5B and
IC5C. When power is first turned on
by closing switch S1, pin 9 of IC5B is
pulled high through R6, and pin 5 of
IC5C is pulled low by pin 13 of IC2.
Pin 4 of IC5C is therefore high since it
has a low on at least one input. Pin 4 is
connected to IC4 pin 10, so IC4
counts up. The flip-flop holds this
high on pin 4 of IC5C, even though
the first count changes pin 5 of IC5C
to a high. On count number 15 (ac-
tually the sixteenth count, if you start
at 1 instead of zero), pin 4 of IC3 is
switched on (low resistance to
ground). This pin is directly connect-
ed to pin 9 of /C5B, pulling it low, so
output pin 10 of /C5B goes high. This
provides a high input to pin 6 of IC5C.
Since pin 5 is already high, pin 4 of
IC5C goes low to switch IC4 to the

down-counting mode. Even though
IC5B pin 9 goes high on the next
count, the flip-flop logic keeps pin 4 of
ICS low.

When IC4 gets down to the zero
count, pin 13 is turned on, and pin 5 of
IC5C is pulled low, making pin 4 of
IC5C high, and thus putting /C4 in
the up-counting mode. The top count
of IC4 then causes the flip-flop to
again change the output at pin 4 of
IC5C. This flip-flop action keeps oc-
curring at each end of the pendulum,
causing it to “swing” back and forth.
Capacitors C4 and C5 prevent noise
from accidentally changing the up/
down mode of IC4.

The clicking sound occurs at each
end of the pendulum swing (as counts
0 and 15 are reached) by changing the
state of IC5D. Pins 12 and 13 of IC5D
are normally high, so pin 11 isin a low
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PARTS LIST

B1—6-to-9-volt battery (see text)
C1,C3—0.1-uF disc capacitor
C2,C4,C5—0.01-uF disc capacitor

D1 through D4— 1N914 diode
IC1—555 timer

IC2,1IC3— 4081 1-0f-8 switch
IC4—4029 up down counter
IC5—4011 quad 2-input NAND

LED1 through LED 10— Jumbo red LED

Q2
2N3304

Ribia

IC5=401

Fig. 1. Basic schematic diagram of the metronome circuit.

-L The “beats” are generated in IC1, a standard 555 timer.

Q1,Q2—2N3904 or similar transistor

R1,R4,R6— 10-k(2, V4-W, 10% resistor

R2—1.5-MQ, liner-taper potentiometer

R3—120-kQ}, V4-W, 10% resistor

R5—220-Q, Va-W, 10% resistor

S1-—Spst switch

SPKR—Miniature 8-} speaker

Misc.—IC socksets (optional), battery hold-
er, knob, suitable enclosure, mounting
hardware, etc.

Note: The following is available from
PPG Electronics Co., Inc., Dept. B,
14663 Lanark St.,, Van Nuys, CA
91402 (213-988-3525): complete kit
of parts including pc board (PM-K) at
$14.95. Also available separately:
plastic ‘“‘cabinet” (PM-C) at $9.95;
etched and drilled pc board (PM-B) at
$5.95. Add $2 shipping and handling.
Calitornla residents, add 6% sales tax.
No toreign orders.

POPULAR ELECTRONICS ‘
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state. When /C2 pin 13 or IC3 pin 4 is
pulled low, on counts 0 or 15 respec-
tively, pin 12 or 13 of IC5D is made
low, and pin 11 of IC5D, following
NAND logic, goes high. This positive
voltage swing charges C3, causing a
small positive pulse to forward-bias
transistors @/ and @2, which are
arranged in a Darlington circuit. The
small current pulse through the se-
ries-connected base-emitter circuits of
Q1 and Q2 enables a larger current
flow from the power source, through
the speaker and the collector-emitter
circuit of QI. This is heard as a click.
When pin 13 of IC2 or pin 4 of IC3
goes high on the next count, a high is
put back on pin 12 or 13 of IC3D. Pin
11 goes low again, and capacitor C3 is
discharged through diode D4. Since
transistor Q2 is now reverse-biased,
there is no sound from the speaker

until the pendulum “swings” to the
other end.

Diodes D2 and D3 block the low
voltage from pins 14 and 15 of IC2
and pins S and 2 of /C3 so the count is
not prematurely reversed. Diode DI
prevents damage to the circuit from
reversed power leads, or from insert-
ing the battery backwards.

Construction. The LED Pendulum
Metronome circuit can be built on a
perforated board with point-to-point
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Fig. 2. An actual-size foil pattern
for a printed-circuit board is shown
below. Above is the component layout
diagram. Install jumpers first.

wiring. However, there are 120 termi-
nations for the ICs, resistors, capaci-

doesn’t count the external speaker,
potentiometer, switch, and battery
wiring. Thus, it is more convenient to
use the printed-circuit pattern and
parts layout shown in Fig. 2.

If you use the pc board, assembly is
straightforward. A small 25-watt sol-
dering iron and resin-core solder
should be used. First, install the 15
jumpers shown in Fig. 2, cutting wires

to the appropriate length and trim-
ming about Y4 of insulation from
each end. Insert through the top of the
board and solder on the foil side.
Next, install and solder the resistors
and diodes, making certain the bands
(cathodes) on the diodes are properly
oriented. Next, solder in the five sock-
ets, but do not install the ICs yet.
Now, solder in the three capacitors.
The LEDs must be installed in the
proper orientation. The cathode (bar
of arrow symbol) is identified by a
flat-spot or notch at the base of the
LED, and the cathodes of all LEDs
face the main portion of the circuit
board. Next, solder in the transistors,
with the flat side facing as shown, so
the E, B, and C leads are properly
placed. Solder two leads each for the
speaker, switch, battery, and potenti-
ometer, and your circuit board wiring
is completed.

Your final packaging will dictate
the placement of the external parts
and the lengths of the leads. Double-
sided tape can be used to mount the
speaker to the foil side of the board.
Potentiometer R2 should be located
below the circuit board to allow room
for a calibrated scale and knob on
whatever front panel you use. The
switch and battery leads can be
located wherever convenient.

A unique, modern package is pro-
vided by using two sheets of Plexiglas
with spacers and screws used to
mount the circuit board sandwich-
fashion, as shown in the photo.

Since all the ICs have a broad volt-
age operating range (roughly 3 to 15
volts), you have a choice of what bat-
tery configuration to use. At 9 volts,
the circuit draws an average of 30
mA, so it’s practical to use a standard
9-volt transistor radio battery. Used 4
hours daily, a standard 9-volt zinc-
carbon battery (such as Burgess 2V6)
should last about 5 hours; an alkaline
9-volt cell should run at least 20
hours. For long, hard use, it would be
less expensive to use four “AA’ pen
cells, “C” or “D” cells wired in series
to provide 6 volts initially. Although
the LEDs will not be quite as bright
and the clicking not as loud, the aver-
age current drain is only about 20
mA. Four regular zinc-carbon pen
cells should run the metronome for
almost 50 hours, used 4 hours a day.
Using zinc-carbon “C” cells under the
same conditions you can expect 125
hours of use. Alkaline batteries will
provide from 4 to 10 times as much
useful life. Actually, the circuit will
operate with as little as 3 volts, and
only uses an average of 4 mA at that

POPULAR ELECTRONICS



=

voltage—but it’s not very loud or
bright, so not as effective!

Testing & Calibration. It’s a good
idea to test and calibrate the unit
before final installation in whatever
cabinet you’re using. Install the ICs
carefully in their sockets, making sure
they are oriented properly and that no
pins are bent out or under. Since all
the ICs except ICI are CMOS de-
vices, take precautions to avoid static
electricity when handling them. Solder
the speaker, switch, potentiometer,
and battery connector (if used) to the
leads from the circuit board and don’t
forget the jumper across two of the
potentiometer terminals.

Connect the battery power and turn
on switch S/. If nothing happens,
make sure that DI is not connected
“backwards” and that battery polari-
ty is correct. If any individual LED
does not light, it may be soldered to
the board backwards. If only one LED
lights, the 555 (/CI) may not be oper-
ating. Check for the presence of posi-
tive voltage on pins 4 and 8, and see
that pin 1 is grounded. Also make sure
the values for resistors R/ and R3 and
capacitor CI are correct. As always,
solder connections should be checked.
If the LEDs swing properly, but you
hear no sound, check transistor instal-
lation and diode D4 polarity. If you
encounter problems beyond that, an
ohmmeter, logic probe, and the circuit
description should allow you to pin-
point the problem.

Calibration ideally requires a stop-
watch, but a sweep-second watch or
seconds-counting digital watch will
do. You’ll also need patience. The
major calibration points are 60, 120,
and 180 beats per minute (bpm),
since these are 1, 2, and 3 beats per
second. You can tell pretty closely in a
15-second timing period what the
minute-rate will be for a particular
pointer setting by just multiplying the
number of beats by four. By trial and
error, mark the pointer scale at these
points. Next find the 90, 150, and 210
bpm points. Once you’ve found these
points, space the other points equally
between the calibrated points and
you’ll be close enough for all but pre-
cision use. If the clicking sound is too
loud, add a resistor (up to 100 ohms)
in series with either speaker lead. (A
100-ohm potentiometer or variable re-
sistor can be used as a volume control
if desired.)

The LED Pendulum Metronome is
not intended to be used in precision-
timing applications, but is a modern
version of an established musical
teaching aid. &
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A simple metronome

6 A simple metronome

Introduction

A metronome is a device used by musicians to indicate the tempo of a piece
of music. Until electronics came on the scene, this ‘beating of time’ was
achieved in much the same way as a clock keeps time, i.e. with a pendulum
device, the clicking of the escapement indicating the beats of the music.

Those of you who have already built the Morse Key and Buzzer from the
designs in this book, will recognise the circuit of this metronome — it is
exactly the same as was used to produce the note of the buzzer. This circuit
is shown in Figure 1.

The circuit

Three components determine the speed at which the circuit oscillates — the
speaker (LS), the resistors (VR1 + R1) and the capacitor (C1). VR1 is a
variable resistor, so that the speed at which the oscillator operates can be
varied. Compared with the component values of the Morse Buzzer (which
operated at around 800Hz), these components now give an oscillation
frequency of around 1.25Hz, which is far too low to be heard as a note.
What we do hear, however, is a series of clicks, as the voltage across the
speaker changes quickly from 0 to 9V and back again.

Figure 1 The metronome
circuit is rather like the
Morse oscillator

21
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Figure 2 The component
wires are pushed through
holes in the circuit board
and joined together
underneath

22

Variation of speed could be achieved by varying resistance or capacitance.
However, as you may already know, variable capacitors have values in the
picofarad range, not the tens of microfarads used here, so it is very simple
to employ a variable resistor (potentiometer) to control the oscillator. You
could use a multi-way switch to switch in one of several capacitors, as well
as having the variable resistor, but this was found to be an unnecessary
complication. This design operates between about 100 clicks per minute
and 200 clicks per minute.

Making the prototype

A single piece of plain matrix board (no copper strips) measuring about
40 x 40mm is sufficient to hold all the components except the potenti-
ometer and switch (see later). The case can be plastic or aluminium, and
one measuring 65 x 100 x 50mm is about right. Make sure there are
holes in the case beside the speaker cone to let the sound out, and larger
holes for the potentiometer and switch. If a potentiometer is used with a
combined ON/OFF switch, then the extra hole for the switch is not
necessary! It is advisable to construct the circuit before putting it in the
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box, so that it can be tested to ensure that everything is working. If it is,
then you can exercise your ingenuity in mounting the speaker, battery
and board inside the box. A final test can be made before starting the
calibration process.

Calibration

There is no ‘easy’ way to do this. The frequencies involved are too low to be
measured with the average frequency counter, so you will need to resort to
using a stopwatch and counting the number of clicks per minute.

Parts list

Resistors: 0.25 watt, 5% tolerance
R1 10 kilohms (k)
VR1 47 kilohms (kQ) linear potentiometer

Capacitor
C1 33 microfarads (uF) electrolytic
Transistors
TR1 2N3053 npn
TR2 2N2905 pnp
Additional items
S1 SPST ON/OFF switch
LS 3 ohms () loudspeaker

Knob with pointer for VR1

PP3 battery and connector
Aluminium case, 65 x 100 x 50 mm
Matrix board (plain), 40 x 40 mm
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