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* Complements the Syntom and Synwave projects.
* Makes a metallic chiming sound, similar to bells, gongs etc.

* Delay variable from 50ms to 5s.

by Robert Penfold
The popular Maplin "Syntom" and
"Synwave" projects are capable of
synthesising a wide range of per-

cussive sounds, such as drum and
hand -clap sounds. The only obvious
gap in their "repertoire" is metallic
chiming sounds similar to bells, gongs,
etc. The "Synchime" unit has been
designed to fill this gap, and it has also
been designed to match the "Syntom"
and "Synwave" units. It can be triggered
by tapping the case (or striking a drum
on which the unit is mounted) or using a
5 volt positive trigger signal. The en-
velope shaper has a fast attack time
and a decay time which can be varied
from about 50 milliseconds to approx-
imately 5 seconds. The other three
controls are a straight forward com-
bined volume and on/off type, plus
separate frequency controls for the two
oscillators. The latter give a wide oper-
ating range of about 100Hz to 7kHz so
that a wide range of effects can be
obtained. The output signal level is up
to about 5 volts peak to peak from a low
impedance source, which is more than
adequate to drive any normal power
amplifier.

Block Diagram
A ring modulator and two audio

oscillators are used to generate the
basic sound signal, as can be seen from
the block diagram of Figure 1. A ring
modulator is a form of mixer, but it is
more like the mixer circuits used in
superhet radio receivers than a normal
audio mixer. In other words, it heter-
odynes the two sets of input fre-
quencies to produce sum and diff-
erence frequencies at the output. For
example, a 1kHz signal at one input
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Figure 1. Synchime block diagram.

would combine with a 5kHz signal at
the other input to give output fre-
quancies of 4kHz (5kHz - 1kHz) and
6kHz (5kHz+ 1kHz).

A ring modulator is a double
balanced mixer, which simply means
that both of the input signals are
balanced or phased out at the output so
that only the sum and difference fre-
quencies appear at the output. In
practice there is some breakthrough of
the input signals at the output, but this
is not really of any great significance.
The important thing is that the new
frequencies generated by the mixing
action should be the dominant part of
the output signal.

With most instruments the pitch of
the sound produced is determined
largely by a single dimension, such as
the length of a string or a tube. This
gives an output spectrum which con-
sists of a fundamental signal plus
harmonics of this signal. Instruments
which use metal resonators are often
two dimensional (plate -like) or three
dimensional (bell -like) objects which
consequently have more than one
fundamental frequency, and mech-
anically produce a sort of heterodyne
effect. A ring modulator fed by two
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oscillators therefore gives a good
electrical analogy of a metallic instru-
ment, and this system generates the
desired types of sound.

In order to obtain a realistic per-
cussive sound it is essential to have
suitable envelope shaping. A simple
fast attack, plus relatively slow decay
time is adequate, and this is obtained
using an amplifier driving a rectifier
and smoothing circuit. When the amp-
lifier receives either a trigger pulse or
pulses from the microphone, due to its
low output impedance it rapidly
charges the capacitor in the smoothing
circuit. The discharge rate is controlled
by a variable resistor, and this has a
value which enables a very long dis-
charge time to be achieved if desired.
The output of smoothing circuit is fed to
the control input of a V.C.A. which is
used to process the output of the ring
modulator before it is fed to the output
socket.

The Circuit
Figure 2 shows the complete circuit

diagram of the "Synchime" unit.
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Figure 2. Synchime circuit diagram.

The two audio oscillators are based
on the two sections of IC3, and a well
known oscillator configuration is used
here. The output is a roughly square
waveform, and this seems to give good
results in the present application due to
the strong harmonics which produce a
complex signal at the output of the ring
modulator.

IC2b is one section of an LM13700N
dual transconductance amplifier, and
this is the main component of the ring
modulator. The output of IC3b is
coupled to the amplifier bias input
of IC2b via R15. The latter is needed
because it is the bias current fed to
IC2b that determines its gain, and not

the control voltage. Adding R15 in
series with the amplifier bias input
gives a bias current that is roughly
proportional to the applied voltage, and
gives the required voltage controlled
operation.
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Figure 3. PCB layout.

The output of IC3a is fed to the non -
inverting input of IC2b, and it is ampli-

tude modulated by the signal from
IC3b to give the heterodyne action and
generate the new frequencies at the
output. There is little breakthrough of
the signal fed to the amplifier bias input
and there is no need to add any
components to phase out this signal.
The same is not true of the signal fed to
the inverting input of the modulator,
and this does need to be balanced out.
This is achieved by including R14
which feeds some of the input signal to
the output of the transconductance
amplifier. As the signal is inverted
through the amplifier this gives the
required cancelling, and the value of
R14 is chosen to give a high degree of
attenuation with the input to R15 at its
average level.

Of course, the signal from IC3a is
not totally blocked from the output.
When the signal to the amplifier bias
input is higher than its average level the
gain of the transconductance amplifier
increases and its output impedance
reduces. This increases the signal from
the amplifier and decreases the signal
obtained via R14 so that the circuit is
unbalanced. Similarly, if the signal to
the amplifier bias input falls below its
average level, the gain of the amplifier
reduces, its output impedance rises
and the signal obtained by way of R14
increases so that the circuit is again
unbalanced. This provides a proper
ring modulator action with a signal
applied to just one input producing no
significant output, but the mixed signal
being produced if both inputs are fed
with a signal.

R16 is the discrete load resistor for
the emitter follower buffer stage at the
output of IC2b. From here the signal is
coupled by R13 to the input of the V.C.A.
This uses the other section of IC2 as a
straight forward V.C.A. which has its
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output coupled to output socket SK2
through volume control RV2.

ICla is used as the input amplifier
and it has Micl directly coupled to its
inverting input. This is acceptable as
the microphone is a crystal type, and it
is actually a crystal earphone which is
inexpensive but adequate for this appli-
cation. R2 has been made quite high in
value to give good sensitivity, but if
necessary the value of this component
could be changed to match the sensi-
tivity of the unit to that of a Syntom or
Synwave unit.

R1 biases the non -inverting input of
ICla to the negative supply rail so that
the output also assumes this level
under quiescent conditions. Negative
input half cycles from the microphone
drive the output of ICla positive, but
negative half cycles have no effect. The
trigger signal is applied to the non -
inverting input via Cl, and a positive
input pulse therefore gives the required
positive output from ICla. Cl is in-
cluded so that long input pulses are
effectively shortened and dr not hold
the envelope shaper 'open".

D2 enables IC1A to charge smooth-
ing capacitor C2, but prevents C2 from
discharging into ICla. It can only dis-
charge through R3 and RV1, and RV1
therefore controls the discharge (decay)
time of the circuit. R4 and C3 prevent
the circuit from having an excessively
fast attack time which would cause a
loud "click" each time the unit was
triggered. IC1b is the buffer amplifier
which ensures that the smoothing cir-
cuit feeds into a suitably high input
impedance. Note that the CA3240E
device used in the ICI position has a
class A output stage which enables its
output to go within a few millivolts of the
negative supply rail so that the V.C.A. is
cut off under quiescent conditions.

Other dual operational amplifiers such
as the 1458C and LF353 cannot pro-
duce a low enough output voltage and
will not operate properly in this circuit.

Construction'
Details of the printed circuit and

wiring are shown in Figure 3. The layout
of the board is such that crowding of the
components occurs in several places,
but this is inevitable given the number
of components and the size of the
board. However, construction of the
board is not difficult provided the
specified types of capacitor are used
and the small components are fitted
into place first. ICI has a PMOS input
stage and it should therefore be fitted in
an 8 pin DIL socket. The normal MOS
handling precautions should be
observed when dealing with this device.
Veropins are fitted to the board at points
where connections to the microphone,
battery, and other off -board com-

ponents will be made. When the board
is installed in the case there is in-
sufficient room to take wires over or
under the board, and connections from
the off -board components have to be
made to the underside of the board.
Either double sided pins must be used,
or single sided pins inserted from the
component side of the board must be
fitted.

There is only just enough space for
all the components inside the case, and
the layout is very critical. Figure 4
shows the correct positions for the
controls, sockets, and microphone, and
it is advisable to follow this as closely
and accurately as possible. The micro-
phone, as explained earlier, is actually a
crystal earphone. The transparent sec-
tion of this is unscrewed from the main
section and discarded. The screw at the
rear of the u nit is removed together with
the rear cover which will come away
with this screw. This screw is then used

Continued on page 11
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contrary to popular belief, are not statutory,
and an electricity board has no powers to
refuse connection to its mains of an instal-
lation, or parts of it, which do not strictly
conform to the current IEE wiring regula-
tions, but a board can and will refuse
connection to its mains of any installation
which is dangerous and as such does not
conform to the Electricity Supply Regula-
tions. These are statutory and are quoted in
the application form signed by a consumer
when requiring a supply of electricity.

An installation conforming to IEE Wiring
Regulations is deemed to satisfy the re-
quirements of the Electricity Supply Re-
gulations and the electricity board must
connect it to the mains. In these circum-
stances the board must connect the instal-
lation, whether carried out by a recognised
contractor or by the householder himself.

From a contractor the board requires a
test certificate, and may waive its own test
and inspection. The householder who is
unable to complete a test certificate can
expect the board to test the installation
through they are not obliged to do so. The
test is at the option of the electricity board
and is mainly to satisfy them that the
installation will not adversely affect the
supply to other consumers. It is importantto
note that good workmanship using correct
material is necessary to conform to the
regulations.

Electricity tariffs
A tariff is the means by which an

electricity board calculate the amount to
charge a consumer for electricity and the
service provided. Basically, all tariffs consist

REWIRING YOUR HOUSE
of a fixed quarterly charge plus a charge for
each unit of electricity consumed. Most
domestic tariffs are of this type, though
where a lot of electricity is consumed during
off-peak times the charge for the electricity
may be reduced, or even halved. A popular
off-peak domestic tariff is the Economy 7
which provides electricity over a 7 -hour
night period at a cheaper rate.

Electricity consumed is registered on a 2 -
rate meter, and all electricity consumed
during the 7 -hour period is cheaper, where-
as in some former off-peak tariffs only the
electricity consumed by storage heaters
qualified for the cheaper rate.

Even though the cheap rate now applies
to all electricity consumed during the off
peak period it is not usually financially
beneficial to adopt the tariff, because the
day time rate is higher than the standard
rate per unit on the ordinary tariff. It is
therefore advisable to have the tariff temp-
orarily for at least two quarters (one summer

Cable size Current rating*
mm2 amps

1.0
1.5

2.5

the other winter) so that a comparison may
be made.

*These current ratings apply where the
cables are clipped direct to the surface.
Ratings are lower for enclosed cables and
some other situations, but are all suitable for
the circuits specified.

Circuits
Lighting

Ring
Immersion heater
Storage heater and
20A Radial Circuit

Fuses Colours
5A White
30A Red
15A Blue
20A Yellow

Current ratings of house
wiring cables

The various cables used in house wiring
with their sizes, current ratings, and the
principal circuits in which they are used are
as follows:

circuits

16 lighting
20 lighting and 15A

single socket circuits
28 ring circuits and 20A

radial circuits
4.0 36 radial circuits (30A)

6.0 46 cooker circuits, shower
unit circuits

10 64 cooker circuits
16 85 meter leads

25 108 meter leads

SYNCHIME Continued from page 4
to mount the microphone inside the
case.

The printed circuit board fits into the
top set of horizontal mounting rails in
the case with the component side
facing upwards. it will probably be
necessary to angle C7 slightly inwards
so that it fits under one of the corner
mounting pillars of the case. Before
finally fitting the board in place com-
plete all the point-to-point style wiring.
There is space for the PP3 size battery
to fit between the sockets and the
microphone, and a piece of foam mat-
erial can be used to wedge this firmly in
place.

Testing
With SK2 coupled toanamplifierand

the volume control advanced, tapping
the unit should give an output, and
using RV1 it should be possible to
control the duration of each burst of
output signal. The two pitch controls
can be a little confusing at first, and it
has to be remembered that the main
output signals are the sum and dif-
ference signals produced by the
fundamental frequencies of the two
oscillators. The fundamental fre-
quencies themselves appear at the
output at a very low level, and might not
be apparent at all.

In practice this means that quite a
low pitch can be obtained if both pitch
controls are set for a high output
frequency, since the difference fre-

quency might then be just a few tens
of Hertz. With a little experimentation
you should soon discover the types of
sound that are produced at various
control settings. At most settings of the
pitch controls the output sounds quite
discordant, but with the two oscillators
set some musical interval apart, normal
chime type sounds will be obtained.
Good effects can be obtained with the
two oscillators just fractionally off -tune,
so that a low frequency beat not is
obtained. At most settings of the fre-
quency controls the output signal
contains a wide range of frequencies,
and filtering the output signal can
expand the range of effects that can be
obtained.

SYNCHIME PARTS LIST
Resistors - All 0.4W 1`>, Metal Film

C6,7
C8

Semiconductors

lOnF mylar 2 off
10uF 25V axial elect

(WWI8U)
(FB22Y)

R1.14 10k 2 off (M10K) ICI CA3240E (WQ21X)

R2,4 1M 2 off (MIM) IC2 LM13700N (YH64U)

R3 22k (M22K) IC3 1458C (QH46A)

R5,8 15k 2 off (MI5K) Dl.2 I N4148 2 off (QL8OB)

R6,16 5k6 2 off (M5K6) Miscellaneous
R7 220R (M220R) JK1.2 Std Open Jacks 2 off (HF91Y)

R9,10 4k7 2 off (M4K7) S1 Part of RV2

R11 1k (MIK) 131 9 volt PP3 size
R12 27k (M27K) Mic 1 Crystal earpiece (LB25C)

R13 18k (M18K) Case type M82 (LH21X)

R15 6k8 (M6K8) Synchime PCB (GB38R)

R17,21 120k 2 off (M120K) 8 pin OIL socket (8117T)

R18,22 12k 2 off (M12K) Control knobs 4 off (YG40T)

R19,20 56k 2 off (M56K) Blue cap (QYO1B)

RV1 2M2 lin pot (FWO9K) Green cap (QYO2C)

RV2 10k switched log pot (FW63T) Red cap (QYO4E)

RV3,4 1M lin pot 2 oft (FWO8J) Yellow cap (QYO6G)
Battery connector (HF28F)

Capacitors Wire 1 Pkt (BLOOA)

C1,3
C2
C4
C5

4n7 ceramic
luF 63V axial elect
4u7 63V P.C. elect
100uF 10V axial elect

2 off (WX76H)
(FBI2N)
(FFO3D)
(FB48C)

Synchime Front Panel (8K77J)

A complete kit of all parts is available.
Order As LK15R (Synchime Kit) Price £10.90
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