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- Preface

The history of electroaic music is pobably as old as the modeen
popular music. One: of the earliest pioneers in the field was Dr. Hagey
Olson of RCA Labosatories who probably developed the carliesk
laboratory prototype of the present day electromusic wizard ‘The
Sound Synthesizer'. Such effects like tremolo or vibrato were present
even before the coming of present myriads of clectronic devices.
Later on they were substituted with their mcre reliable
electronic counterparts, Other =flects like fuzz, waa-waa phasing
reverberation etc. came into wide practice with the popularity of
guitars, which the teenagers could ‘play with little practice, Ekatronic
music suddcnly caught up in the sixties with its introduction by the
then current rebel groups like *The Beatles” and ‘The Rolling Stones',
Others just followed the way.

This book is not intended to be a formal course in elctronic
music but is just intended to introduce you, a casual experimentes.
audiophile. musician or whatever your status be, to the fascinating
world of electronic music. So far any mention of this word
“electronic music”’ would draw only little response from amatucr
musicians scattered theoughout our country, for it would conjure up
in their minds an idea of a necessarily complex and expensive gad«
getry, probably supported” by the wonder of the late seventies “The
Microprocessor’. Obviously most of the musicians being empty-
pocketud as they are, did not go far beyond taking up demonstrations
only of little variety of such commercial equipment available here.

This book should be a welcome relief to ali such interested people.
This book shows how you can construct many types of devices with
common components that are presently available in India. The book
progresses logically lhrough different projects and aksumes a prior-

ledge of and contruction tethniques.
Readers feedback is invited on Ihns book as itis a relatively new
topic for most of you, All for impr should

be sent to the author through -the publishers and would be
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Tegeaerative switch turns on as Q, goes fmo conduction.
Qurient is then conducted through C, to the base of Q, which
alsd wwme om, switching Q, on; which i3 ia series with the
&peaker producing a Youd click. When the charge on C, increases,
the etaitret of Q, becomes more positive, turns off the regenerativé
switch comprising of Q, and Q, and stops the fow of current to
Q.. Whee this occurs C, must discharge through R, and the
combinatfon of R, with Q.. As thc charge on C, lessens, the
emitter of Q, becomes less positive, the regemerative switch is
triggered §nto conduction and Q, receives another pulse which is
beard in the loudspeaker through the switching action of Q,.

Potentiometer R, controls the discharging rate of capacitor C;
and hence the number of beats per minute. It should be calibrated
usinga stop watch, if desired. §ince the citcuit draws 25 mA
<utrent typically. no special power supply is required; any 9 volts
sonree would do.

PROJECT 2

Drum Beat Simulator Metronome

Although the simple metronome described in project one would
vuffice in most cases, it might be necessary'in some cases for a
wore real lifelike beat like that of a bass drum to be essential.
The circuit given here achieves just that but needs an additional
amplifier to make its signal useful

The complete diagram is given m ﬁgure 2. Unl)unc(lon transistor
Q, has’ becn wired asa This
Particular UJT is not critical and any UJT may be used so far as
the connectiors for the particular UJT used should be cheeked.
Potentiometer R, isa pre-set control for controlling the maximum
and minimum beat rates of the Panel control R,. These resistors
slong with R, control the charging rate of capacitor C and hence
the pulse repeiition rate at the emitter of UJT.

Pulses produced at E are passed through a pulse shaping
mtwork R. C;, C; and - R, to achieve the desired transient
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characteristics of a typical bass drum. The shaped pulse is applicd
through R, to a bass drum simulating circvit built around Q, wired o3
a Twin-T oscillator. The output is taken vie C, to an sudio

acplier.
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The setting procedure for this is very simple. With power applied
to the cirevit adjust Ry until an oscillation starts appearing at the
dmplifier output. Then back up the preset till the the ocillation just
ceases to oscillate on itsell. Preset R, should be adjusted pext tc
achieve fhe minimum desired beat rate with potentiometer Ry fully
Open (30 that it gives its maximum resistance). An optional foot-
awilch may be added by breaking the coanection between point E of
UIT a0d the juactioa of R;, Ry and C,. The circuit will operat:
only whea these two points are connected




. PROIECT 3

Audio Visual IC Metronome
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that hes cither an LED with curreat limiting resistor as a load or
LED with loudspesker.

Time petiod between these is depeadent on the values of R,, Ry,
Ry Ry aud C. This time is adjustable between 278 milliseconds and
1.5 seconds (Corresponding o 210 to 40 beats per minute).
Resistor R, controls the meximum number of beats per miaute “and
is adjusted on test to compensate for variations in the value of C,.
The purpose of Ry in parallel with R, is 10 reduce the resistance of
R, in parallel from 250 kilo-obms to 3 nominal 185 kilo-ohms to
obtain the correct range. Resistor included 1o prevent a latch
up of IC in the discharged state when the power is first applisd to
10 the circuit

A high impedance loudspeaker is used against a standard 8 ohros.q
loudspeaker keeping in mind the limited current capability of the
output transistor. If 2 high power silicon transistor is available with
the hobbyist, he may use a standard impedance loudspeaker. Other-
wise 8 35 obrus to 8 obms matching transformer may be used. The
current limiting resistor in series with light emitting diode limits the
diode current 1o about 20 mA taking iato account the saturation
voltage drop

The integrated glrctit must be carefully soldered on to a suiteble
<circuit verobard Por those who are not very much famifiar with
these devioes, use of good Quality IC sockets is strongly recommended.
‘Make doubly sure that there is a proper contact between correspon-
ing pins of 1C and its sqeket. The cathods side of light emitting
dioow’bas a potch on @ and it may be tested 0n 2 standard volt-
ohm-meter when it mill glow on the lowest resistaoce messuning
egrah of your mulneter with the positive red prode of the multi-
meter (which i $tually iaternally connected 10 the negativeof the
battery) conneeted 10 the notch or cathode side.




PROJECT 4
Accented Beat Metronome

The simplc metronomes described so far only provide a variable
fate beat and as suchare useful for only simple musical lessons,
Most of the music is composed on so many beats per bar scale.
Audibly one out of a number of beats, selected by the operatar
sounds louder than the others to put cmphasis on thur particular
beat. The complete circuit diagram that uses five travsistors and two

diodes is given in Figure 3.

Viewed from
30 e
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nijunchon transistor UJT Q, is wired as a conventiona! RC
Relaxation Osciliator whose basic repetition rate is detesmioed by
the components R, Ry and c, Every time C, discharges through the

nof Q, a

base emitter jun

ve yoiog pulse is produced by R,

in the base B, of Q. These bln( beats are coupled through C, 10 the
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direct coupled amplifier consisting of Q,, Q, s0d Qy. In Addmon to
providing basic pulses the positive gaing section of the pulse availadle
a1 the basc B, of Q,, also charges capacitor C, 'hwu‘h diode Dy,
Diode D, shorts any negative goiog portioa of the pu

Capacitor C, therefore accumulates a charge over a number of
cycles and eventually reaches the firing voltage of Qs. whereupon
8 teinforcing pulse is produced. The charge required 10 fire Qy
depends on the voltage at which the bias across the junction goes far-
ward which is controlled by reducing the potential on By, 5o that the
junction potentia) must also drop R was chosen 3o that in the
prototype ot maximuma_resistance it lowered the junction poteatial
£0 far that the unit wriggzred on every input pulsc while at minimum.
The preset R limited accentuation to no bigher than one in six. This
raoge would encompass aey musical scale in use today. These
accentuation pulses are fed to the base of fitst audio ampliber
transistor Q, where it is mixed with the main pulses coming through

-

PROJECT §

Guitar Practice Accompaniment
Drummer

A close look at this circuit would show its apparent similarity with
the last project. In fact it is a mixture of the project number fout
and three. It should b: a wclcome reliel 1o all those amatuer
guitarists who have 5o far been a1 the mercy of their drummer for
their practice This low cost device Joes many tricks that its expensive
big brother aufomatic drummer does. It produces a bass drum sound
on any every beatand can provide a woodblock sound on any of the
1wo different beals in a bar. These beats may be adjusted to be
simultancous or separated depending upon the positions of poteatio-
meters R, R, and Ry,

The circuit diagram is given in figure 5. Here transistac Q,
provices the basic timing pulses which are_coupled tbrough Ry» and
Cyto m base of a two transistor Twin-T Oscillator whose feedback
components are 30 chosen as 1o give the sound of a bass drum, when
hocked mto oscladons. The pulse on R, is also utiliced as io last
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project to deposit charges cn capacitors C: and C; through isolating
diodes D, and D,. When available, capacitors C, and C, should be
of the low leakage tantalum type.
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The amplitudes of charges across C; and C, increase with
every successive pulie from the clock generator. At some point
during the voltage build up Qqand Q, fre, citber simultanously
ot independently and rapidly discharges C, and C, respectively.
The resulting pulses that appear across R, and Ry, are then
ccupled fo the base - of the woodblock osciliator through isolating
diodes D, end D, Potegtiometers R, and R, can be varied
independently so that frequency dividers Q, snd Q, fire at




iffeesnt rates to produce a wide variety of syacopated rhsthms.

he two Twio-T oscillators are almost identical in operation
consisting of one common emitter ond one emuter follower
circuits. Presets Rip and Ry, are so adjusted that with no pulse
applied to these transistors there is no continuous oscillation. A
Aight shock like that given from a pulse should be sufficient 1o
cause its oscillation which should then decay naturally, By varying
the values of componeats in Twin-T oscillators shown below each
transistor pair other instruments may be imitated. The baiance
potentiometer adjusts the balance between the sounds of the bass
drum any the woodblock. The output should be fed into the
auxilary 1nput of 3 good quality amplifer

PROJECT 6
Bass Booster For Electric Guitar

Electric guitar has been a very popular instrument with
modern teenagers. s uscfulness and variety of sound is greatly
enhanced with ute cf electronic efect units, The simplest and
most economical in the list of such devices are the various units
that ahter the tonal quality of sound cmanated from the guitar
The bass booster described here, when used in conjunction with
a good quality medium impzdance pick up and medium priced
guitar would produce the bassy sound often found on huge bass
guitars

The circuit diagram given in Figure 6 shows that it is o
straight forward direct coupled amplifier with feedback applied
(rom collector to base of each trantistor. This feedback applied
through capacitors C, and C: is frequency selectize by naturc
The impedance of the capacitors decreases vith increasing frequency
which means that a higher feedback is available at high frequency
Mote feedback means less amplifice gain. As a result high:r
frequencies are atlenuated more 10 this amplifier as . compared to
low frequencies. The velce of eapacitors C, and C; ean be 7ay
thiog- belween 001 MId 10 05 Mfd but both of these should be of
Ihe same value. Usipg a larger capacitor for these would gve




B153 B00S1ER FOR ELeeTE CUTAR

matygar
Ehbior v
B thv ot
I3 1 l LLER ALY (‘ YJLNd v

as

o en-uuyunm urpose us oovxensum

germanum diode. €61 30mfd 2V

more of baw boost. 1f desired, diffccent capacitors may be
witched in for varying degrees of dass boost. Resistor Rl is o
simple level control.

PRIETCT 7
Treble Boost Preamplifier

This circurt does exactly opposite of the previous onme. As
such it is more wseful for rhythm or lead guitarists to empbasize
melody in music. The principle cmployed here may also be
employed to get extra treble boost from an existing guitar amplifier
because most of the modemn day silicon solid state guitar amplifiers
will have an input citcuitry identical to the circuit given here.
However, such an alteration should oaly be attempted by the
technically astute person who is familiar with the iotetiors of
his amplifier.

Typical passive treble controls ‘often found on some guitar
often provido as little as 6db. of gain at 3KHz. as compared to
its gain at 300Hz This figure Iransformed into numbers would
mean that with full treble boost a doubling of the voltage would
only result. However, due to our cars logarithmic response to




increased stimuli, a 10db. change is necessary to make a muM
twice louder. The circuit gives 20 db. of boost at 3 KHz
300 Hz and as sueh subjectively souad: four times louder at IK":
with full 1seble boost,
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The amount of treble boost necessary can be adjusted witk
potentiometer R, which i in the emittet of Q,. At low frequencies
this potentiometer introduces a large degencrative feedback and. the
stage vollage gein is only slightly greater than unity. However,
as the frequency increases the R, impedance is progresively shunted
by the series combination of C: and R.. to a point at about 3 KHz
where the gain is 20 db. and limited only by the 560 obm resistor.
Output from the guitar pickup should be connected to the units

input while its output to the actual input of the amplifers (mai).

PROJECT &

Presence Boost For Musical
Instrument

This ciccuit is identical to the earliest circuit except that due to the
larger values employed for input and output coupling capacitors slight-
ly more geia s availeble in the mid-frequency region of guitar sound
specteum. Also due 10 the absence of R, in this circuit another Adb,
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ifferent tonal charecter A typical arrangement of volume and
the controls for a single pickup guitar s shown in Figure 10 C.
Switch S, is connected to give a fxed sitennuation thereby reducing
the output automatically for rbythm or chord playing. All these
conteols are generally provided on the guitar body. Two different
artangements are given for conpecting two pickups to achicve wide
effects from these Relalive settings of two level controls deter-
mice _the output level and tonal quality. While the circuit in
Figure 10 A uses a_ special tapped potentiometer for reversing the
phase of one remote pick up, the circuitio Figure 10 B uses a
more conventional- potentiometer with a phase reversing switch.

~Linger Board

0t i to
amgiifie”

Fisoicei

Physical appeareoce™ of 8 modern three pickup clectric guitar
s given in Figure 9 while typical circuitry connecting sl these is
given infigure 10 D. The dotted lines show where shielded
nd these must be grounded at one end coly to
lity of bum picking. Finally the cirevit ground
must be conaceted to 3 metallic plate on the guit

y.



PROJECT 10

Simple Preamplifier for Electric
Guitar

N
12 would not be long belor: you ars asked for assistunce by a
Nbouring teenager. if you happen 1o he famous as an electro
nuss wizard in your tocality, fo build 3 guitar matching preamplifier
that should give adequate signui from low cost clectric guitars to
enable them to be used on czramic or ceyital pickup amplifiers
generally availadle in every house. This projzct dozs just fiat and
is one of the mosi sought after proj:cts. The circult given ir.
Figure 11 s u single transistor common cmitter amplifier - with

2
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degeacrative feedback in the emitter and a boot strapped biay
divider 1o secure increassd input impedance Input impedance is
grester than SO Kilo-ohins whils vollage gain is about 18 which
can be increased by reducing 1he value of R.. However, this should
be necessary with only peor sensitivity pickups  With the compo
neat values given, the mavimum RMS oulput voltage is 2V
2ud the required input for this level fo be feached 15 just
a little mere tham 10U mV. If the ampldfier is driven beyond this
distortion would start to accor Level contrel R 6 skould be




adjusted for minimum distoriion, However! the amplifier couid
be over driven for a fuzzy effect.

PROJECT 11

Multi Control Tone for Guitarists

Most of the guitar amplifiers have only two 1OnC coaleSls,
Therefore it is very difficult for a musician to uchieve 3 proper tony
Salance  An ideal arcangement could be 1o have 3 control for each
string.  The circuit ziven in Figure 12 achieves this with 2 minimum
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of componcmts The vait should be inserted herween the geitar
preamplificr such as describcd in previous pioject and mein powcr
ampliicr such s given i project No 13 On its own it provides
little voltge gain 3 the first iransistor is wired as 2 simple caitice
follower with 3 stage gain litile Righer than voity. This sign.t i
then passed on 102 number of wien-nctworks Ry, C. Cov R P Co
Cy R, ctc. connected between gcints A and B Different valu.~ for
these componen.s would place the centre frequencies at diifcrcnt




8

points e.g. with
C4.Cs = ¥

Where fcet stands for centre ftequency :

Any intermediate value for desired frequency may be interpo-
ated kecping in mind that with all resistor values constant the
capacitor values should be balved for every doubling of the central
frequeacies. Any number of desired cootrols may be used by
inserting the proper nctwork between A and B. Wica-network is
a passive flter and attenuates the signal by about three times To
overcome this loss the transistor pair of Q, and Qs used which
bas & gain of three,

PROJECT 12
Complete Guitar Preamplifier

Here s a modern circuit for & complete guitar preamplifier
which would aecommodate any guitar pickup and has three tone
cantrols for versatility. [t uses a modern low aoisc fairchild
operational amplifict 1C but a0y ofher operational amp. may be
used if low noise i not of paramount importance 3ad proper care
is taken about the vatious inputs, outputs, (e, compensation and
supply pins of IC Instead of a continuously variable level controi
itias @ switched level control giviog—10 db, Odb asd + 10 db.
g3, a5 the pickup used is likely to have a level control with

—10db position is to be used with high sensitivity high output
pickups giving an altenuation of 316 times. 0db position is to be
used on medium price pickups and does not give any appreciable
giin. A gain of }16 times is available on the 10 db. position,
potentiometers Ry, Ry, Ry, are respectively the bass; midrange
or prescnce and treble controls  While layout s Important in this
circuit and standard practice used in audio amplifiers must be
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adbered to. However, it is important that RF bypdss and supply
decoopling capacitors Cyy 88d C,, sbould bde installed as mear as
possible to IC supply pins.  The complete circuit- diagram is given in
Figore 13.

PROFECT 13
Guitar Practice Power Amplifier

No book oo the electronic music would be complete without 2
musically sounding power amplifier, This circuit which complements
the previous project and is compatible with most guitar pre-amplifiers
gives 20 wants of continuous sine wave power at less than 3% distor-
tion ia a speaker load of 8 ohms. The same figure when quoted in
tervas of mosical power and peak music power would be 30 and 60
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watts e2spectivaly,  The citcuit i@ straight forwacd quasi-comple-
mentary power amplifier. Transistor Q, acts s a pre-amplifiee for the
pre-driver transistor Qq. Q, 2¢ls as @ quitcent curcent stabiliser
against temperature 10 provide standing curreat for OUIPUL 1rAESISIOr..
The presct R,q in the bese of R, hould be adjusted 10 give a no load
current of 40 ™A with a miliammeter connected in series with supply
positive and callector of Q.. Transistors Q and Q, should be mouat-
ed on a hsat sink.

PROJECT 14
Guitar Envelope Control

Instrument envelops is 2 very imporiant factor in the characleri-
stic sound emitted by a particular instroment. It relates to the way
2 musical aote rises to its peak amplitud: with respect to time and
thea retains its value. The beginning peciod is called attack and the
Latter period is called sustain, When the sound producing stimula
is temoved the sound decays o its mioimum in_a finite time called
Gecay time. Different insiruments have their characteristic attack,
decay and sustain times. By altering the envelope of musical wave-
forms it i rasy to imitate different instruments. Wbile still on the
topic of scund processors, Lot s examine a typical circuit giving such
control. Refecring to figure No, 158 FET. Q, is used as a voltage

Amplitude

controlled amplifier whose gain is inversely proportional 10 its bias.
voltage. This bias voltage is dependent oo the cbarge applied to capa-
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citor C,. To some readers capacitor C, would appear to be coanected
the wrong way out. But this hes been deliberately done and is essemtial
for the fonctioning of the circuit. A scparate negative voltage bas
been supplicd to charge C,. The imanval trigser for the cnvelope
generator s built around transistor Q. while UITQ, wired a3 a
conventional relaxation oscillator is wsed in the autcmatic mode.
Wih switch S, in_maaual mode and foot switch FS momestarily
pressed, capacitor C, in the base of transistor Q, is charged to a
Positive voltage. This charge cuts off Q, pulling the relay on. Initially
capacitor C, is kept charged (o 3 megative voltage with respect 10
citcuit ground through normally connected contacts of relay RL.  As
& tesult any signal applied 10 the gate of Qs through C, would aot
pass though. Waen the footswilch FS is momentarily depressed
capacitor Cyis shorted through resistor R, through the normally open
contacts of relay due 10 circuit action deseribed above. Asa result
the negative bias voltage at fe t. gate begins to diminish progressively
allowing the gradual build up of input signal  This resistor
fore controls the attack tine.

After the footswitch Bss been released, capacitor C; would
hold its charge for a very short period depending upon the setting
of potcrtiometer R;. Hence this potentiometer determines the
sustain time of the unit and this would be typically between 10 to
20 seconds. Once the charge is lost 0 Gy, the relay would be
released and eapacitor C, would once again get charged to the
negative voltege through Ry, This potentiometer therefore, deter-
mines the devay time.  Ooce the capacitor is fuily charged, no signal
would pass through.

Ta the auto mode, the trigger produces pulses periodically over a
wide range of frequeacies. These pulses close and open relay RL as
periodizally 25 a pulse accurs. Pulse rate is determined with poten-
tiometer R,. For very low speeds an additional capeaitor C; may be
swilehed in addition to C, in the UJT relaxation oscillator.




PROJECT 15

Guitar Fuzz Box

e of the must commonly used black boxes in cenjunction with
an elestric guitar is fuzz unit. This particular it deliberztely iatro-
duces distotion in the guitar svund ard drovides a spiky sound with
over abundanc: of harmonics. A footswiteh S, normally by-passes
the unit. However when it is pressed with foot. signal gets processed
1brouzh a bigh gain two trausister amplier, Itis distorted in the
process und the amount of fuzz or distorticn introduced is depeadent
upon the setting cof potentiometer R,. This potentiometer in fact
changes the working point for t.ansistor Qs. Overall volume in fuzr
mode is determined with R.. Ry should be so adjusted that thers is
no apparent loss of volume when the unit is in the sigoal path 2s
compared 10 ‘vhen 1t 15 bypassed. The complete circeit diagtam
is given in Figure 16, .

-
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PROJECT 16

Simple Waa-Waa Unit

Waa-Waa units that produce the famous crying and weepiog
woan-woan sound from musical instruments are very popular. Act-
ually the unit i€ an active bandpass filter whose pass band frequeacy
fatge is varied up and down the audio spectrum by means of
poteatiometer coupled 10 the foot pedal. The complete circuit is
8iven in Figure 17 and it could be fed directly from 2 high sensitivity
pickup. However, while using low sensitivity pickups, it must be
preceded with a single stage preamplificr.

Components R, Re. C; and C,, C;. R, for a Twin-T net work are
incorporated in a pbase shift oscillator buit around QI. Negative
feedback is oblained by feediog part of the signal back 10 the base
via C;. The wae-waa effeci is achieved a3 certain frequencies are
emplified more than others. The values of C. C, and C, ere chosen
€0 85 t0 emphasize waa-waa effect on the higher audio frequencies.
‘This gives the desired brilliance. These values can be toyed with by
the experimenter 10 achieve the desired effect.

For setting up the unit ioitially R, is turacd to its miniaum
value. Ry is now adjusted to and fro 1ifl a point is found at which
80 audible whistle appears indicating oscillation. R is then adjusted
till the oscillation just disappears. R, is turned ower its whole range
21d if at aoy point oscillation occurs again Ry is agaln advanced
tilliv ceases. It should be possible to sct R, 1o any value over its
range of adjustment without eny oscillation being apparent. This
should also be acbieved with the minimum possible value of RVI.

S4R5, 5% 55 on g3 sowtegy
84D RS: 282 Cacs 22
e, ce arnt
R7.R6: 36K 33 00K Lin C7- -a7fd
€Lc2: wia 2y o1 8C1asc



PROJECT 17

Electromechanical Echo and
Reverberation

Beho and reverberation are two distinct effects. Reverberation
is the effect tha is achizved due to multiple reflections caused in 3
elosed space like that of an auditorium The audible effect is that
of the sound decaying slowly in & finite time depending upon the

ume of the An echo
is produced when the same sound reaches a receiver efter an
interval of time from different directions wraversing different path
lengths. Professional echo producing gadgetry is quite complex and
employs a special tape-recorder which has a number of playback
beads placed in the path of tape head at certain regular distances
Al the signals ace then summed up.

. There are many imported reverberation units available that use
eléciromagnetic spring drivers Ducto the limited availability and
expense of such assemblies. use is made here of an inexpensive home
brew crystal pick-up driver assembly

The delay unit consists of two crystal pick up units with &
stries of metal springs between them. If 20 audio sigoal it fed into
ooe crysal unit the crystal itsell vidrates and this vibration is
coupled (o the spring. The spring begins 1o vibrate in sympatby
and due to its mechanical inettia, the vibration takes a short time
1o reach the far end where the 1ignsi is reconverted into an electricaF
wave form by the otber crystal unit. Thus the sigal eatering the
firmt or driver crystal and Ihe signsl taken from second pick.
up crystal have o time delay berween them, the length of tbe time
delay depending entirely on the characteristics of the spring. If
these two signals are fod simultancously to an amplifier the eficct
heard would be similar (o the one where an instrument is pleyed in
u tarze ball addiog to its reverberation. If this delayed nignal is
interrupted at o pre-determined rate, ao effect similar to the echo
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woxld be obrained Referring to Fig I18A the rate of repatitive
echo is determined by the setting of potentiometce Vr |

Three valves of the 1win triode type. ECC &3 ufe used in the
circuit. Valves are used because of relative complexity of the
unit. - In addition many guitarists 1end 1o favour the use of vaive
type_guitar amplifiers. The unit may be incorporatcd in the exiiting
amplifier if 250V H.T. a0d 6.3V, 1A heater supplics are available in
the maid amplifier circuit. Otherwise a simple supply such as
shown in Fig 18C may be built

The twin input jacks are matched for either high impedance
microphones or guitar pickup  First valve V, is wired a3a cascade
R-Camplificr. AUits first grid the signal is spiit by a- volage divider
net-work consisting of resistor R, .. A proportion oF it is fed into
Vi (a), the remaimder 10 the grid cf V, b (the dircet signal ampliber).
The two stagss of V, Ering (he <ignal uplo a bigh level where it is
fed to the drive crystal on the delay unit The resulting
mzchanical vibration is recovered in electrical impulses by the pick
up crystal and fed into the pick up amplifier V, The output of this
stage is taken via 3 capicitor network 3x 005 M(d 10 @ gain control
VR, which determinzs the overall proportion of delayed signal
present in tbe final output. The nerwork is to remove any low fre-
Quency componzal present when the echo repatition oscillator 15 in
use ; further, the output of the network tends (0 rise with
frequzncy and so removes any low (requency noise due to cateraal
vibration of the d<lay uni. Capacitor C across this nctwok and
chassis it a_tone compznsating dvice and may be of any valuc
between 005 M4 and 05 Mfd depeuding upon the output fone
required.

Section V, (b) is @ cathode follower used to modulate the cathode
cireunt of 1his amplifier with the outaut of the low frequency phase
sbift oscillator built ascund V, (a). If desired the unit may be by—
passed for only dirsct signal by shorting 1he foot switeh S, The
reptition oxciliator output s coupled to the zgd of v, (3). A 2
MId capacitor has becn used as 2 decouplir® cagaeitor for the two
cathodes of V, tied together.  This has a fow impedance at the signal
frequency but allows sufbcient low frequency componeat 1o appear
a1.3he cathodet ‘Pom the oOscillacor. As this swines the cathode
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voltage the gain of the pick up amplifier is varied in sympothy ‘with
the oscillator giving a repetitive effect to the signal. Switch S, enadles
raightor repetitive echo o be obtained at will by interrupting the
oscillator feed 1o V,b. Potentiometer Vr. 2 determines the overall
proportion of direct signal present at output.
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The complete construction of the delay unit is shown in Fig. 18B.

First of all two small squares of aluminium are cut which are
just larger than the area of pick up covers. Each pick up is attached
1o the metal base by cementing its metal base 10 the aluminium plate
with araldite. The pickups used should be of the Ronnette type.
‘When thoroughly dry two pieces of 3,8 in, thick foam plastic the same
4ize 83 the aluminium plates are cemented lightly to the under side of
€ach CAPS. Then the entire pick wp unit is cemented 10 the three ply



base 50 that they reston the foam plastic supports  Allow approsi-
mately & in. clearance between the end of the plynvod base and each
pickup unit.

The height between the wood and the top of the stylus couplers
on each pick up should be noted and two aluminium brackets made
for the springs, each with two 116 in, holes drilied in them st the
height where the spring leaves the stylus coupler and attaches to the
bracket. Before mounting the brackets to the base remove the stylus.
on cach pick up by gently pulling the ncedlc towards the rear of the
pick ups with & pair of long nosed pliers or tweezers, The two
small brackets are made ia a similar method t0 the end ones except
they are half the height of the former type and they mount approxi-
mately in the centre of 1h¢ wood base, one near each edge as showa
in Fig. 188 Connect two lengths of thin single core screened cable
1o the pick up 1ags 03 in Fig. 188 and clip this cable 10 the wnod
base by meaos of 2 small metal U clip or staple, Ithmg some stack
between this and the tags. The springs c2n now be fire

To make the main spring first unwind about } in. ol one end
ot the spring and pull it straight. Make a small hook on this straight
piece and carefully insert through the holes in the bracket at the
pick up erystal end  Pall the sring gently straight over the pick up
(without stretching it (00 much) 20d note where the spring meets the
rear of the pick up  Leaving about 3 i of coled spring between
the bracket and the rear of the pick up unwiad suficient wire so
ihat o straight length appears over the length of the pick up over
the stylus coupler.  Allow enough 10 clear the pick up at each end
by about | inch.

Now hold the spring (still attached 10 the bracket) over the drive
crystal and a gain mote the position on it about } in. from the edge of
the drive crystal. From this position to past the other bracket,
straighten out the coil s0 that another straight length of wire appears
over this pick up and stylas coupler  Insert Ihis straight end into
the bracket holes a1d after pulling just enough to keep the spring
from sageing teo much in its centre, make fast on the bracket.

The (wo small springs are made in a similar way. leaving enough
stiaight wire where they join the main spring so that the small
£prings o not touch the ain one along their lengih. The tension
an these springs should be very dow in £33t just encvgh to hook




them over the main one 50 that they don't pull oa the small § in.
ooil at the pick up crystal end and cause it 1o foul the end of this pick
up. Makiog sure the main spring lics in each stylus coupler : a small
dab of clear cement will hold them in place. Another dab of cement
keeps the small springs i place on the main oae. To reduce bum it
ia advised that one spring bracket and the plate under the pick up
erystal be returaed to chassis via screening on the pickup lead.
Small solder tags are bolted 3 these and comnections mads with
thin flex will suffice. Type of spring material used can be obtained
from a heater element, The lightest gauge of wire that is available:
for this should be used. The more highly tempered the spring the
better will be its eharacteristics arcangement

PROJECT 18
Guitar Tremolo Unit

When sub-audible low frequency amplitude moduiation is epplied
to musical waveform, the resulting waveform produced is said 1o
bave undergone tremolo. Th audible cffect is that of instantaneous.
amplitade wavering high and low at the sub-sonic frequency. It is
important that (o prevent damage 10 the speakers, the low  (requency
signal itself should not appear at the outpur. Inifislly people used a
lamp whose intensity was modulated by the low frequency signal to
confrol the resistance of a light dependent resistor. This tystem
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was not popular due 1o the hish current consumption of the dial
1amp.

In the present circuit figure 19,2 UJT is wired a5 & relaxation
oscillator with frequencies variable fron1 1 10 12 HZ. The geoerator
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drives an NPN transistor with one LED in its emitter. This LED it
coupled 10 a Jight dependent resistor ina light proof small housing
peinted black on the inside. Alternatively ready buift opto-coupler:
having a LED and photocell or LDR may be purchased. The light
intensity of ihe LED varies in sympathy with the modulating signal
Which affects the LDR resistance which is opricaliy coupled o it.
Since the LDR is inserted in series with the signal path. it modulates
the signal o create the tremolo effect. Tremolo rate is governed with
potentiometer R, and if desired the effect may he by-passed by
closing the footswitch S, whereby the LED D; is permanently
iltumyinated



PROJECT 19
Simple Sustain for Guitar

The importance of musizal envelope control has been high-lighted
in project fouricen where a suilable circuit for controlling
ths important paramsters of envelope was given However, many
interesting sounds can be produzed from an elcctric guitar simply
by controlliog its sustain time. The circuit given in fg. 20
achieves just that and a vatiable sustain time is ovalable using
potentiomster RS. The circuit cn bz directly fed from a guitar
pickup while its output should go to a suitable amplier
Transistors Tr. 1 and Tr. 2 form a high gain self-stabilising pair
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The output is rectified by D,. D,. smoothed by C, nd applied
10 TR; which controfs the brighiness of the LED D, The light
from the LED, falls on the light dependear tesistor, varying its
resistaoce and 0 controlling the level of the inpur signal by
voltage divider action via Re Tbe LED used should bs of the
high intensity type and it sbould bz tightly coupled to the LDR







PROJECT 21
A Professional Mini Phaser

The single stage phaser described o the previcus project is
Iimited in applications as ns total phase shift range of 0° 1o 180°
is not enough for all applications However several of these stages
may be cascaded to achicve a larger phase shift range. A profes
sional mini phaser that gives 0° 10 360" of control is preseribed in
£3. 22. It can be driven directly from a guitar pick up.

at i1
a gt 28%

AU MR a2 aox  cikzdcece cmrg e
' 39%  RGAT Ok M6 COL €586 -OismId GOV
RARBAO,AINAIE ax7 A7 €8x C7oaMfd 9 100MId 12V
R dox . AAs

1213 68E 219 100K
RIG; 108 Lin  RIZRIG. 47K LD Qi: 8Cla9c 023 BCxet
Stereo tandem petentametar. Qa BC1%e

Transistor Q, is used as a wimple preamplifier. Since the
phase shifting circuitry does not provide any gain, all of it is
supplied by Qu, R, acts s a gain control and if this control is
advanced then depending on the signal fevel, clipping may occur
This increases the harmonic content of the input signal and
enhances the phasing effect, which can be desirable on the oocesion.

Atthe output from Q, the signal is split. A poruon is fed
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direct to R, and a portion to Ry, through the phase shifter The
phase shifter comprises twa phase sphiters Q, and Q.. These have
cqual enutter and collector resistors, 30 that the signals appesring
atthz emitters and  colleciors have th: same amplitude but are
inveried with respect to one another. The phase of the signal at
the Junciion of C:iR;gand Cr'R, May be varied by adjusting
“the tandem potentiomster R ‘K. Eich stog: can introduce o
phase shift from a few dgrees to 180 or 360 in all

Transistor Q, is connected a5 an_emiter follower, providing
a very high input impdance 1o buller the output of the second
phase shilt network and a very low odtpul impe.ance. The output
signal_is fed from the emitter of Q, via C,to one end of R
The Cirect (n6a-phus shifted) signal is fed 10 the other end. R,
actsas o balance conirol between these two signals ahd varying
Ry, alters the proportion of durect to phuse shifung signal. It
miy be adjusted so that when (%0 phase shifi occurs the
direct and phase shifted signal cancel cach other. In  practice
potentiomster Ry, R,y is coupled to a foot pedal and the frequency
range 0% which the phiser acts is swept up and down s desired

PROJECT 22

Four Piece Electronic Bongo

Sofur we have primarily dealt with cireuits that generally celied
upen some external source of tone eenerator.  From there oawards
we march forvard 10 eiectroric circuits that generate sound which
are imitations of musical instraments  Deseribed in fig. 23 is one
such cirevit that geaerates a familiar bongo drum sound when one
of its touey plates is mementarily touched. There m’rowmmr
oucillztors buit around ransistors Q46 Q, end a mixer stage O
All oscillarers are idzntical cxcept for the values of twin—T filter




componeats. Using bigher values of capacitors results in a thicker
sound. The instrument sustain can be controlled with one of potca:
tiometers .Vr. 1 to Vr. 4. Vr. S sels the over all volume. To set up
the bongo all presets Vr. | to Vr. 4 are turned for muximum resis-
tance. Each of these 1s then slowly turned back towards its minimum
resistance tiil a point is reached where continuous oscillations starc
10 oppear. The control is then just backed up So that when any
external stimulus or pulse is applied to the touch plate associated
with that oxcillator, & bongo type sound is heard.
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Since the buman body accumulates a definite electric charge the
oxcillators are triggercd by merely touching the touch plates with
your fingers. In case any difficully is experienced in getting the
strument work in this fashion as might happen in cercain environ-
ments, 8 15k resistor should be connceted o the battery positive at
one end and o your thumb of wrist at the other end. Capacitor Cuu
is made by paralleling ore €22 MIJ. and one 018 MId. capacitor.
The output of the unit it fed inlo the auailiary input of an audio
smplifier.
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PROJECT 2)
Electronic Percussion Box

An electronic percussion box is one of the most sought after
items. Percussion instruments are thase which have a relatively
small attack time compared to the sustain or decay (imes. Some of
the instruments that fall in the this category are bass drums, bongas,
cymbals etc. Fig. 24 is a complete electronic percustion box
which can simulate any of the following sounds : (1) bass drum
(2) low bongo (3) high tongo (8) short cymbal () loog cymbal
a0d (6) Marccass. Push button PBI gives the sound of Marccass
when pressed while PB3, PR), PB4, PBS, PB6, give the sounds of
short cymbal, long cymbal, low bongo, high boogo and bass drum
respectively.

The tircuit operation for the short cymbal, long cymbal and
marcass sound is identical as all these instruments use filtered white
noise at_the output. They only differ in their atiack, decay and
sustain times which are dependent upon RC networks connected
immediately after the respective push buttons. Transistor Qy is used
832 zenet diode in the avalanche mode and as such generates white
noise whose amplitude 15 controlled by preset V 110 give a most
natural imitation of traditional instruments (15 output is fed i
10 the base of teamsistor Q' This transistor is used as a switch
whose on/off time is controlled by the RC network associated witb
various push buttons. Supposing PB2 (short cymbal) is pressed.
This charges up capacitor C, through R, and the voltage actass the
capacitor turns Qs on allowing the white noise signal from Q, 0
pass through. The collector load for Q, contains an inducter whose
impedance increases with increasing frequency. As 3 Tesult the
amplifier gain of Qg increases with rising frequency as a result of
which more of high frequency signal of the white noise it passed.
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Wheo the push button is released the charge on capacitor decays
exponentially. The long cymbal operates in more of less the same
manner but C, is Jarger than G, 50 the decay and turn offis relatively
slower

The amplitude of the Maraceas sound builds up relatively siowly
3nd then decays. The reason for this is that C, is charged up fairly
slowly via D; and Re. When the push button is released Cy dis-

_charges through R, into the base of Q, and Q, gradually turns off as

the voltage on C, falls

The circuits for low bongo, high bongo and bass drum have
been discussed previously. Al of these are simple Twin-T feed back
¢omponents. These are larger for low frequency instruments and
viceversa.  All of these outputs are connected via presets and
isolating capacitors o an output buss line tbat goes to the input of &
transistor buffer mixer amplificr.

Potentiometer Vr. 6 is used to set the overall volume in conjunc-
tion with an externsl amplifier. Individual presets Vr.3 to Ve § should
be used to maintsin he desited sound balance between various
instruments if any combination is simultaneously used. Similarly
©wo Vr. 2 sets the level of white noise istruments.

PROJECT 24
Electronic Steam Whistle

Before proceeding with aay electronic circuitry we muel uuder-
stand or analyze the nature of sound 10 be imitated, The familiar
electzonic steam whistle produces a tone when driven by the escaping
steam- The electronic ¢quivalent would be 3 tene producing oscilla-
101 with a proportion of white noisc added which sounds like hiss.
Since the bruts force excitition of the original team whistle gives
rise 10 strorg overtones, the oscillator will have to be some kind of
multivibrator producing a fairly sharp edged waveform. Referring to
to Fig 25, 797 05 amp is s:lected a3 a square wave oscillator. Tbe
noise-generator is a reverse biased base-emitter junction of en NPN
wransistor
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At the supply voltage of 15V this junction operates in the break-
down region (zener) producing plenty of noise. Resistor R, limits the
current to protect Q. Since the noise is directly injected into the
oscillator feedvack path, it causes an irregulat jittering of the wave.
form causing the output tu sound piercingly shrill very much ike the
steam whistle,
The puch of the notes can be changed by altering the values of
capacitors. The influence of noise generator is largely determined by
R, and varying it adjusts the shrillness of the notz.

PROJECT 25
Marine Diesel Sound Simulator

Radio control hodbyists who ate having model ships can add
more tealism to their ships by adding this ship siren. The circui
is very much alike tbe previous one. ln an actual ship the norse
produced by.a diesel driven ship is made by the thump of tbe enginc
and the regular puffing of escaping gases is imitated by a small poise
genecator. The thump efiect is achieved by using an IC in a trape-
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zium generator circuit, with the noise added on the leadiog 20d trail-
ing edges. The complete circuitis given in Fig. 26.
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The noisc generated by Q, is fed into the non-inverting inpul of
the 0p. amp. The feedback network, formed by Ry, Ry, R, and C,
then determines the form of the trapezium voltage. As long as
the IC has oot reached saturation, the output produces a voltage
ramp with superimposed noise. The noisc is suppressed as soon as
the IC reaches saturation. A conventionsl cheaper op. amp. 741 may
be used by deleting the frequency compensation components sod
taking care of pin conanections.

If it is desired to experiment with the values of different compo-
nents t> cbtain varying sounds then C | would affect tbe noise, C,,
R, R, determine the repetition rate. Outut of this unit sbonld be
connected to the input of a suitable ampiiter through an isclating
resistor and capacitor in case the anpliier input does aol have oae



PROJECT 26

Rain Effects Synthesiser

How would you like to have the soothing sound of rain i your
100m without the associsted water? Many people seem 1o r=lax
beter when in the background the sound of rain pouring it playing,
Some people even improve their concentration because the pink noise
emitted by this circuit shields them from surroundiog distutbances. [t
caa also be used for a stage~—rain eflects by guitarists etc
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The complete circuit i3 given in Fig. 27. The internal noise
produced by diode D, is amplifed by the single stage transistor
amplifier builc around Q,. The passive ilter composirg of Vr. 1 and
€, acts a3 a tone flter which mey be adjusted to obtain the effect of
5 light rain 1o 2 heavy storm.




PROJECT 27
Wind Sound Generator

The circuit in figure 28 generates a life like imitation of wind
soend. Transistor Q, is connected as a zeaer diode and supplics Qg

PARTS Lig
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with 2 nois: signal  This signal amplificd by Qs is fed to a selective
amplifier built around a 741 op amp, The ngative feedback circuit
of 741 contains & double-T filter. Toe cenwve frequency of this filter
and thus tae wind timbre is adjusted with the three section poteaio-
meter Vr2. Ve3 and V4. Potentiometer Ve 1 is for the wind force
adjustment, Potentionmeter Vr 2 0 V1 4 are in fact three vertical
presets of the philips type which are arranged parallel 1o each otber
50 that 4 r0d passing through the slot in one preset does so through
the Foles of all the three presets. If desited other values may be
substitoed for the twin T components aecmding 1o the following
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Rupply.cail which is deliberately not decoupled and the inctusion of
the resistor R, in the linc enables the multivibrators to be coupled
together, A transistor owtput transformer and speaker are coupled
in the collector circuit of Q, and it is from this point that the sounds
are heard. I a0 amplifer is available then a louder aod more
versatile signal may be generated by replacing the primacy of T, with
2 2K2 resistor and a level output is then taken from the collector of
Qu via 3 1 mfd. isolating capacitor

As all the multivibrators are working together at the same time
they can all bave their frequency of operation aitered over a”mide
1a0ge by the scutings of VR,-VR, Q,and Q, are producing a bigh
frequency ; Q; and Q. a very low frequeney which does ot repeat
for-several seconds while Q, and Q, are producirg an intermediate
frequency.

What may at first appear to happen is that due 1o leck of decaupl-
ing the combined frequencies would appear at 1he loudspeaker at a
rate approximately equal to the rate of the third multivibrator. Io
fact the results are much more interesting. What actually happens
is that the stages each have an effect on the others and they synchro-
nise each other in an exira-ordinary way. Due to the theee controls
an almost infinits varicty of sounds can be produced

Resistor R, should be selected for maximum eflect. its value will
depend on the characteristics and values of the componeats used and
50 it is not possible to give a single best value but 47 isa
good one 10 start with.  The supply lines are all joined (0 ope ot
and the addition of furthe resistors here will also affect the output.
Here again their values will depeod very much on the component
used and once again a value of 47 ohms is a good one to stamt with.
There is no need 2o limit the tot:! number of muliivibrators 10 three,
four would ive still more varied range.

.




PROIJECT 29
Wailing Siren Circuit

Mot of Yhe electronic sirens of the automatic type use two
uniganction transistors. Here is # circuit (Fig, 20) which uses stao-
dacd discrete travsistors and generates & high level output which
can Be used 10 drive 2 15 obms loudspeaker. The siten produces aa
audio frequency which rises and falls in pitch at a fixed rate, Sirens
vary in their actual sound but the circuit bas plenty of room for
upenmemmg 10 enable the constructor's own interpretation to be
prod desited the output can be coupled through an wolatiog
=pamor after replacing tbe loudspeaker with a 22 obms fized
resistor. 10 achieve greater output
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The circuit makes use of two oscilletors. The fiest, comprising Qc
a0d Q, workiog st & very low (requency produces @ voltage across
the load resistor R, This oscillator controls the rate &t which the
siren repeats itself which is between one and (o seconds The
adjustment of Vr. } gives much wider control than this. If this
8 set a1 two secands thea at that interval for quite a bort time Qy s
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switched fully on and a voltage very nearly equal to that of the supply
voltage is produced across the load. This is passed on o ths second
par: of the curcuit which comprises Q, Q.. These teansistors, with the
associated components foim an audio oscillztor whose frequency
depends both on the setting of Vi 2 and the applied vohage, the
lowet the voltage, the Jower the frequeacy aod vice versa

When Q, 15 off there 15 virtually full supply valtegeat the collcctor
of Q, and since this line in conjunction with the diode forms the
negative line of the sccoad oxcillator. there is very linle vokiage for
this to produce an output. When the voltage ucross R, iccreases
this s sufficient for the audio oscillator 1o operate und aa oulput is
preduczd At the same time C, 15 charged up. Whee Q is switched
off again the inclusion of diode prevents tbe large capacitor C, ftom
discharging through R and this will provide suficient voltage for the
circuit £o operatz until the next pulse  The voltage acrass iz wil fall
2s the curzent 1s drawn 1o operate the oscilletor  This will produce a
falling frequency output which is devzloped In the load i< loud-
speaker

The risiog of the frequency takes place as follows : when the
Voltage is applizd fram the first oscillator it 1s applied to & partially
discharged capacitor and 25 this charges, it produccs the reverse effect
of gadually building the voluze wp aad 50 ©ho the frequency.
Depending upon the tokirance of the component vsed it may be
found that the rise tine 15 not balanced by the fall time : this can
be corrccted by inscrting 2 low value sesistor Ry in senes with the
diode. The actual valuc will have 10 be found by experiment but it
would lie in the vicmity of 100 ohms ~ The value of C, controis 1be
fall time and once aguin experimeatition”is celled for here. The
value of Ry also has an wilect on the circuit and alihough valsies
lower than that given wiil only reduc: the hfe of the battery, hizher
values may inprove the efect.
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PROJECT 20

Build This Opto Electronic Organ
With Tremolo

As prodably the last project 1 this book, the insteurment
described here 15 umiqye and novel Before the adsent of moders
electronic music synthesizers and organs. the niost widely used
clectronic music producing cquipment with stuge performists was
a theremin. This gadsct could alter the frequency and amplitude
of sweet fones emitted by it by the mere movcrient of hands 10 and
Tro about 1we simply placed metallic rods. What baffled people initi-
ally was that the performer did not nced (o touch any parts of the
instrument yet he had all th control over the musical parameters
defined and known then, Ssienc: fistion, movie makers would con
monly iotroduce such music in their creatian of space fantasy and
the music was nicknamed “th spac: musi® Th: underlying prunciple
behind the gadget that bxcame o'solete with ihe development of
synthesizer was that the movement of hands around metal rods
altered the effective capazitance of an 1C wned circurt 10 whiich the
metal rod was connected  The oscillator would then be allow:d to
beat against an oxcitlator of fixed frequency. the resultant frequency
difference intentionally keptin the audio range would then bs fed
10 an amplifier

The insteument to e describzd here differs in principie from a
simple theremin in that it relies upon the change in frequency on the
change in resistance of 3 light dspendent resistor (LDR), the light
falling en which is controlled by shielding it from ambient light
and exposing it to a low pawer lamp with movment of hands coa-
tewiling the gaantum of light incident 0a it. By this yardstick, 12 may
bz called an Optomia Bt it Joes more than (s as it llows cac 1o
add termolo effect alsc while its fr zuency is cortrolied By the
movement of hands. _.
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‘The Circuit Disgram

For undersianding in detail the operation of this instrument refer
to figure 31 Transistons Ty, Ty, To, Ty a5 well as traasistors Ty, Ty,
To #0d T, form two vollage controlled oscillators which are similai

oscillation (requency dependent on the current fiowing through each
fower pair of transistors. This current is controlled by the voltage
applied 10 the junction of bases of T, and T, The osdillator built
2round T. Ty, T, and T, is used as a tremolo oscillator and value of
C) i chosen to get the desired effect and range for tremolo sound.

On th: input side resistors R.,. potentiometers Vr. 4 (fine termolo
‘speed) Ve S (conrse termolo speed) and LDR form a voltage divider.
The voltage across LDR is fed to the control input of the VCO
through & low pass filter composed of Ry, 15, 16 and Cu, C, to Cyy
which rejects the SO Hz. hum frequencics when the instrument is used
in fluorescent light illumirated auditoriums. Varying the LDR resis-
1ors alters the voltage across it which in turn changes the oscillator
frequency tremolo speed in this cuse. Tremolo depth may either be
replaced by a panel potentiometer

The operation of main tone producing oscillator is ideatical to
1e termolo oscillator except that it has a very wide audio frequency
range. In addition it bas one additional traosistor T, that controls
the voltage fed to the bascs of T, and T,. By applying tbe tremolo
oscillator output to the base input of T, which acts as an emitter
follower, the voltage applied 10 the hases of T, and T, varies as the
ioput voliage. Preset potentiometer Vr. 3 controls the ratio of 1remolo
oscillatos output voliage 1o the input control voltage across LDR.,
Ve lis the toning and Vr. 2 is the coarse tuning control for the
instrument sound,

Coostruction

The simplicity of the cirvuit makes it ideal for .comstruction on a
veroboard.  However, 10 get the maximum benefit” of the scheme
devised, the arrangement of light source and LDR is critical. The
“details sbowa in-fig. 32 must be followed in this respect. The LDR
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is mounted in @ suitable sized opaque tube, sealed 50 that light can
only £nter from the open top end. This is mounted in a transparent
plastic support and positionsd in the ccotre of a purailel beam
When 2 hand is placed above the LDR. light is refiected back down
into it,

The amount of tight reaching the LDR is Jependent op the
positioning of the hand More light i roficeted as the hand is
lower2d until 2 point is reached where the hand starts 1o shieid
the LDR

In terms of the resistance of the LDR. this means that when
the hand is well above the LDR, the resistance is quite high. The
actual value will depend on ambicat light. As the hand is lowered,
the resistance decrenses, 1ill the poirt is feched at which
maximum light is being reflected o the tube. The actua)
mumimum resistance will depend ona number of faciors, includiag
the reflectivity of the hand and the intensity of light

After the completion of wiriag. cbeck the proper functioniog
of all the oscillators 0 e you camnot et any sousd then
check your wiring, Ifitis working then adjust the setting of ibe
paientiometers 10 achieve the sound you desire Wub fiule
praciise, you ¢hould be sble to compose your own music.
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