








layout the appearance would be as shown in Fig. 2b.
The strips can be cut with a special spot-face cutter,

a Jin drill, or a sharp knife.

Before cutting any strips, study the project circuit

layout in the practical article to see how many breaks
are really necessary. If only one half of the T-Dec is

used none of the centre breaks will be necessary.
However, if at a later stage you decide to assemble
another circuit on the same board, the copper around
the centre columns of holes, between column H on the
left and A on the right, will need to be cut. Before
doing so, check to see if any links are needed between
left and right, in which case leave the appropriate
strips uncut.

Next look at the project layout to see if any con-
nections are needed between column D and column E.
Having established those required cut all the other
copper strips between D and E to form the groups of
four holes (Fig. 3a).

Now the columns and rows of holes can be numbered
exactly as for T-Dec. You can do this by laying the
board on a sheet of paper and marking through each
required hole in the board with a pencil. Remember
that the T-Dec numbering follows that for Veroboard
that has the copper side face down.

Carry out the assembly and soldering making sUre
that no solder bridges two or more adjacent strips.

Good clean soldering is the keynote to success; dry
joints will not do. Fig. 3b shows the finished project.

PERFORATED S.R.B.P. AND WIRE
The next system is simple and follows the same lines

as with Veroboard, except that plain perforated board
has no copper face. All connections are carried out
using soldering pins and tinned copper wire ; see Fig. 4a.

However, do not fit wires that are unlikely to be used;
this is a waste of materials and effort.

The pins can be dispensed with if the copper wire is

hooked through the end holes of each row and secured
with solder. An example of a typical layout is shown
in Fig. 4b.

STICK ON WIRING
The third system is a development of the previous

one except that the wires are replaced by self-adhesive

copper strips called "Cir-kit", The method is other-
wise exactly the same (Fig. 5). The narrow strip will

just fit between adjacent rows of holes on plain per-

forated board.

PRINTED CIRCUIT
There is no reason why printed circuit board should

not be used. This will require more patience by
following the instructions given with the printed
circuit kit. Not all kits carry instructions, so if you are
unfamiliar with printed circuit techniques try and obtain
a kit that has.

It will probably be necessary to sketch out a layout of
the copper pattern corresponding to the project actually

being built. It is recommended that an experienced
friend helps you with this as mistakes can be expensive.

This short introductory article is not intended to
provide comprehensive details of using these alter-

native methods. Full details and instructions can be
obtained from manufacturers of these and other
proprietary items which are advertised in this magazine.
The project which follows can be built very easily

using one of the methods described here. Future
projects in the same series are to be dealt with in a
similar manner.

To study a musical instrument, one' of the most
important requirements is strict attention to

playing speed. To assist in the correct interpretation

of the music's tempo the composer conveniently heads
his composition with a rough guide to the rate at which
it should be played like Andante or Allegro, this usually
being followed by the number of crotchets, quavers,
etc. that should be played per minute.

Whilst the accomplished musician has little difficulty

in interpreting these tempo marks, the beginner does
need some sort of aid to assist in establishing a sense of
time.

More than a hundred years ago Maelzel provided
such an aid in his invention of the mechanical metro-
nome which produced loud ticks with the movement of
a weighted pendulum. With the simple electronic

metronome to be described, we can reproduce these

ticks just as effectively without the labour of winding up
springs.

RELAXATION OSCILLATOR
To simulate the sound of its mechanical counterpart

the circuit of Fig. 1 was designed to produce asymmetric
pulses of short width and rapid rise and fall times. The
pulse generated across the loudspeaker LSI is shown in

this diagram, and it ensures a very rapid cone move-
ment.
The frequency range extends from 40 to 220 beats per

minute, which is adequate.
As this little device is very precise in its counting, it

can also be used as an audible "darkroom" timer when
set to 60 beats/minute.
The circuit itself is a simple relaxation oscillator

where two complementary npn and pnp transistors are
made to switch on and off at a rate determined by the

resistance chain VR1, Rl and capacitor CI. With SI
closed, CI charges until it reaches about 650mV when
TR1 is switched on and immediately discharges the
capacitor.

The current pulse produced by TR1 in turn switches
on TR2 with the result that almost the whole of the
supply voltage is made to appear across the loudspeaker.
The actual discharge time of the capacitor depends on

the base-emitter impedance of TR1, the loudspeaker
impedance and the output impedance of TR2 which
collectively account for the exponential hump on the
output pulse waveform.
With the completion of the pulse the capacitor again

charges to the conduction potential of TR1, when the
pulse cycle starts again.
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2NZ«6 mfia
Transfttor connidicm looking at wrttndi

Fig. I . Circuit diagram of the metronome showing the

T-Dec hole connections, transistor wire Identification

and output waveform

COMPONENTS . .

.

Resistors
R I 22kn 10% i watt carbon

Potentiometers
VRI lOOkO linear carbon

Capacitor
CI 22fiF tantalum elect, 16V

Transistors
TRI ZTX300 (Ferranti) or 2N2926

orange spot

TR2 NKT223 (Newmarket) or
GET 1 02.(Milliard)

Switch
SI on/off toggle switch

Loudspeaker
LS I 3 £1 Sin permanent

moving coif unit

Battery
BY I 6V type 996

Miscellaneous
T-Dec.
Single strand connecting wire
Battery connectors or clips

magnet To&tt

LOW LEAKAGE
In the application of this unit timing precision is

important. The simple factor most likely to give

trouble in this aspect is leakage current. The choice of

a silicon transistor for TRI and a tantalum electrolytic

capacitor for CI virtually eliminates the problem.

In the choice of speaker it will be found that sound
output is a function of cone diameter. In practice, a

5in speaker proved very satisfactory.

CONSTRUCTION
Construction of the unit merely involves plugging the

components into the T-Dec as shown in the photo-

graph. For the holes employed refer to Fig. t , which
shows the hole numbers for each junction.

If it is intended to make a permanent unit of this, the

wiring configuration will readily translate to any of the

board constructional methods outlined in the intro- ,

ductory article.

If such construction is undertaken the potentiometer

setting must be calibrated in terms of the number of

beats produced per minute. Using a wrist watch with

seconds sweep or preferably, a stop watch, the potentio-

meter should be advanced at 20 beat intervals.

These positions can be recorded on a piece of white

card. A pointer knob attached to the potentiometer

shaft will simplify this operation.

TfiZ si CI Rt

• b c

\

Fig. 2. The layout of components on T-Dec, Make sure the

battery is correctly connected
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lectronic Metronome Has 

eon -Lamp Time Indicator 

By O. A. COPPENS 

i 
The complete metronome is built in an aircraft radio jack box. The original switch is used. 

ATI have appeared in mag- 
azines in the past few years 
on the construction of several 
types of metronomes, the ma- 

jority ranging from complicated tube 
assemblies to special relays and un- 
wieldy capacitors. Following the old 
pattern of mechanical metronomes, the 
audible beat seems to be almost a requi- 
site for any device described. 

An audible beat interferes with the 
music, so a metronome of this type is 
generally used for rehearsal or timing 
practice only. On the other hand, an in- 
conspicuous visual metronome provides 
a check on timing, may be used at any 
time, and in no way interferes with the 
music. 

A simple, inexpensive, and fairly 
accurate visual metronome may be con- 
structed from a selenium -rectifier power 
supply and a neon -bulb relaxation os- 
cillator. Inconspicuous but usable flashes 
covering a wide frequency range may be 
obtained from small standard radio 
components. 

A glance at the schematic (Fig. 1) 
shows the selenium -rectifier power sup- 
ply to be conventional. RI is the recti- 
fier protective resistor; R2 and R3 with 
the filter capacitors form the filter and 
voltage -divider network. Approximately 
140 volts is applied to the oscillator 
circuit. The power consumption is small, 
so heating effects are negligible. 

Operation of the neon -bulb relaxation 
oscillator is as follows: When the device 
is plugged into a 117 -volt supply socket 
and the switch moved from OFF posi- 
tion, current from the d.c. power supply 
flows through R4 and R5 to charge 
gradually any capacitor combination 
switched across the neon bulb. When 
the capacitor voltage builds up to a 
certain definite value (90 volts, approx- 
imately), the neon bulb ionizes and con- 
ducts. This action discharges the 
capacitance, and the neon bulb stops 
conducting. The capacitance then slowly 
recharges through R4 and R5, and the 
cycle repeats. 

The frequency of the neon flashes is 

117V AC 

RI 75MA SEL RECT IOMEG 10 EG 7 

240/I1V + R2 3.6K 

20 20 
150V is0v 

Rd .25 
R3 

75K/1W 

approximately proportional to the sup- 
ply voltage and inversely proportional 
to the values of the R -C combinations. 
Rough frequency control is obtained by 
switching the various capacitor com- 
binations across the neon bulb. This 
permits four rough steps of overlapping 
frequencies with only four small capaci- 
tors. The fine control of each step is 
provided by the high -resistance poten- 
tiometer R5 and R4. The high -resistance 
values of R4 and R5 are also a factor 
in permitting the use of small capacitor. 

A continuous frequency range of ap- 
proximately 30 to 350 flashes per minute 
may be obtained. Some alteration in the 
fixed resistor values may help to obtain 
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Fig. I -The circuit diagram. Fig. 2 -The switch contact numbers refer to those in the diagram. 
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Construction 

correct overlapping of ranges. Due to 
the high resistances used, well- insulated 
components and good -quality capacitors 
are of prime importance for stability 
and proper operation. 

Changes in supply voltage will have 
some effect on frequency. However, this 
effect is so small that it is not important 
in a metronome. 

Construction 
The metronome was constructed 

around a war surplus BC -366 jack box, 
available for a few cents. The box pro- 
vides an excellent case 121/4 X 31/4 X41/2 
inches) together with the required 
switch, 3- circuit jack, and the control 
xnobs. 

Photographs show the original jack 
box, the complete metronome, and the 
internal assembly of the metronome. 
All components except the neon exten- 
sion are mounted and wired on the box 
cover for ease of construction and in- 
spection. The box is completely isolated 
from the electrical circuit to avoid pos- 
sible shock. 

Remove the jack box cover and strip 
all the wiring. Also remove the banana 
jack and plug assemblies from the cover 
and base, as they will not be needed. 
Replace the original potentiometer with 

To get into jack box, remove two top screws. 

a 10- megohm unit, cutting the shaft to 
fit the original knob. The single- circuit 
PHONE jack may next be removed and a 
rubber grommet inserted in the hole to 
accommodate the line cord. 

Construct a small metal angle bracket 
for rectifier support, and bolt the recti- 
fier assembly near one corner of the 
box cover as shown in Fig. 2 and the 
inside photo. A two -lug terminal strip 
is also bolted to the cover near the line - 
cord opening for cord connection and 
support. A few small holes may be 
drilled in the cover and base for venti- 
lation. 

Remove the rotary switch from the 
box cover and pry out the spring re- 
tention which makes the fifth (CALL) 
position momentary. This will provide 
for five switch positions. The switch 
may then be remounted, using the origi- 
nal knob. The banana -plug insulating 
strip (not the plug assembly) is re- 
mounted in position above the switch, 
using the original assembly screws, to 
provide a barrier between switch and 
capacitors. 
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After wiring the switch, the fiber banana -plug strip is placed over contacts to insulate them. 

A 1/4 -watt neon bulb is connected to 
an insulated two -wire extension cord 
terminating in a three -circuit PL -68 
plug. If no plug is available, the neon 
extension may be connected directly to 
the metronome circuit by removing the 
three -circuit MIC jack and inserting a 
rubber grommet, similar to the line - 
cord hole. The value of the neon resistor 
R6 will depend upon the type of neon 
bulb used. It could be located in the box 
instead of the extension. A tubular fiber 
shield with hole, as shown in the photo- 
graphs, slipped over the neon bulb, will 
direct and intensify the flashes. 

Connect the rectifier power supply, 
all resistors, and the neon jack accord- 
ing to the schematic. To simplify con- 
nections to the switch terminals, an 
arbitrary numbering system correspond- 
ing to numbers shown on the schematic 
is shown in Fig. 2. 

With the power supply on and the 
neon extension plugged in, temporarily 

REGENERATIVE SUPERN 

The 6K8 in this receiver converts the 
incoming broadcast -band signal to the 
456 -kc i.f. The regenerative triode sec- 
tion of the 6AD7 is the second detector, 
and the pentode section the audio 
amplifier. 

The tickler coil is added to an ordi- 

±.005 

ANT 

IF 

ft 
I 

II 

.02 

connect various capacitor combinations 
until the desired ranges and overlaps 
are obtained by operation of the switch 
and R5. After the capacitors have been 
selected, mount and wire them perma- 
nently. Ample space is available for 
400 -volt capacitors. During construc- 
tion, one 600 -volt unit was used merely 
because it happened to be of correct 
value, sufficient mounting space being 
available near the side. 

When the metronome is assembled 
and tested, a paper dial plate may be 
glued on the cover indicating the OFF 

position and each frequency range. 

MATERIALS FOR METRONOME 

Resistors: I -3,600 ohms, V2 waft; 1 -240, I- 75,000 
ohms, I -10 megohms, 1 waft; 1 -IO megohm po- 
tentiometer. 
Capacitors: 2 -20 uf, I50 volts, electrolytic; 1 -02, 
2 -0 1, 1-0.25 1st 400 volts, paper. 
Miscall I -75 -ma selenium rectifier; 1 -3- 
circuit microphone plug (PL -60): 1 -1/4-watt neon 
lamp; I -OC -366 lock bon; necessary hardware. 

ETERODYNE RECEIVER 

nary slug -tuned i.f. transformer. Close - 
wind 15 turns of No. 20 d.c.c. wire s/3e 

inch below the transformer secondary. 
The antenna and oscillator coils are 
standard commercial broadcast units 
available at any parts store -Manolis 
Sam drakis. 
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SEE 
TEXT 
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TUNING CORDS 365uµí EACH 
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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 800 Hz), these components now give an oscillation
frequency of around 1.25 Hz, 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 9 V and back again.

Figure 1 The metronome
circuit is rather like the
Morse oscillator
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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 × 40 mm 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 × 100 × 50 mm 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

Figure 2 The component
wires are pushed through
holes in the circuit board
and joined together
underneath
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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 (k�) linear potentiometer

Capacitor
C1 33 microfarads (�F) 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 × 100 × 50 mm
Matrix board (plain), 40 × 40 mm












