
Fig. 41 Complcr-weve oscilletorg

Produaiot oJ O scillations

Generally speaking the inductances for such cir-
cuits are wound to give a near approximation to
the required frequency with some standard value
of capacitor, then the fine tuning to obtain exact
pitch is done by moving part of the iron core of the
coil assembly. This is done in one of the ways

* i-r shown in Fig. 43 (or if a pot core, by the screwed
slug). The foregoing represent the really usefrrl
valve orillators for organs, but since the valve is
now almost obsolete as a prime tone source, we do
not show the many other possible circuits; that of
Fig. 42 is the most useful and stable of those
described.

o------o +185 V

2 nd NOTE

Fig, 42 Multiple wave-form oscillator
l:sine wave; 8: square r eve; C: sxwtooth wave;

D : modided safiooth wave; .E, = trian(uler {'ev€
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Notwithstanding these precautions, a good deal
of anificial ageing ofcheap neon tubes is necessary
to stabilize their performance. Thereafter their
behaviour depends to a great extent on how often
they are used. Long periods of dis-use frequendy
result in inability to start and means must b€
provided to adjust the free-running frequency of
such oscillators,

To equal the long-term stability of valve os-
cillators, it is really necessary to use highnuality
gas tubeg which increase the cost. Even so, there
remain certain difficulties which can be overcome
by replacing the lower gas tube by a silicon diode,
e.g. Philips type BA 100.' This provides a very low
resistance path when the gas tube is conducting, so
that the capacitor dischalges extremely rapidly.
But when the tube isnot conducting, tiere will be a
very high resistance path so that with the small
coupling capacitors a high synchronizing voltage
can be injected to the cathode of the gas tube. Ger-
manium diodes are unsuitable because of their
high leakage. This causes a reduction of the pulse
duration so that synchlonization may be lost due
to 'jitter', that is, fluctuation of the discharge
voltage.

Despite the preva.lence of otler forms of saw-
tooth oscillator or frequency divider, the gas tube
remains an inexpensive and accurate method of
generating this form of wave, which is so useful for
synthesizing imitative tone qualities in organ
generators. We will note one or two features of the
tube itself which determine whether or not the
result will be effective.

_ , - _.. voltage divider (C, and C, in series) and the low-u/-'tou i^p"d"n"e shunt iivider Cr. Very great attenua-
tion of the fed-back sisnal is achieved.

l2 FO8(oN€ H^!F)

+300v
Fig. 66 Wurlitzer frequmcy divider end percussion circuit

does not affect the frequency, The two tubeshave a
high impedance to earth. Capacitors Q and Co iu
another divid€r are 1/l00th of the values of C, and
C' As their midpoint is connected to that of 4
and I/0, the proportion of the output of the first
stage at the second stage is neady proportional to
the values of th€ two capacitors.

Assuming that the negative flyback pulse of the
first stage appears before the charge on C, and Cu
is high enough to ionize V, atd. Vn andis applied to
thejunction of I/, and Zo, the lower electrode of %
then becomes sufficiendy negative to ignite it. A
higher positive potential then appears on the upper
electrode of trzn and that tube ignites. Capacitors C,
and Cu quickly discharge and extinguish Z, and
Zn. Capacitors C, and Cu begin to recharge to
produce the rising portion of the second stage out-
put wave. So the first stage triggers the second.
Any divided signal fed back to the output of the
first stage (a common failing with single tube
dividers) must pass through the high-impedance

Fig. 67 Gas tubes in serics with capacitive voltage dividers

' H. van de Kerckhofr, N. V. Philips cloeilempenfabrieten.

r



When the supply voltage to the tube is raised to

,h;';;i"; or lgniiion, the gas is ionized and a

"r"'Jti 
nt*t. trt" 

"oltage 
then drops to the main-

,"Jirn t"f,"t., which is less than the voltage

t".I"i," 
"",i* 

t"ition ln this condition the tube

tt"t 
" 

n"g"ait. ,""ri,t"n"" and thanks to t}tis prop-

."" 
".|ft"ti". 

.* take place when a caPacitor is

connected in parallel with the diode'
"'f.. 

tt-" ti""l tncrease in current now' the dis-

"h.t;; 
*ill spread fanher over the cathode whilst

.i.it""rr*. 
'* r remain nearly constant; the

,"rira-".i, u..y tow' If this process contirues' so

,i"iii. *n"r" 
"",rtode 

is covered by the glow' the

uol,"g. 
".ror, 

,h. .lectrodes will rise' The correct

-"irriainirrg 
voltage is of the utmost imPortance

because thJ frequency depends on it'
"-al.o. 

tn" igniiion d'elay must be short in relation

. ,i.l.rioa"oftn" .awtooth; a high value ofdelay

wui.ia ,oji""t, so that the amPlitude of the saw-

,roth- *tff vary statistically with time' The delay

""n 
b" 

-"d" 
short by treatment of the electrode

and gas filling or by applying a strong syn-

"r,t""iri"g 
pj*nt exceeding the ignition

uotiXt""n 
,n" nr*n"r, frequency of which the tube is

"";;;i;;;;.'?. 
on th; de-i;nization time of the

"i'".n" 
."*i.* in the gas' It is difficult to provide

*u"i- ."ao-Uin"tion times over a very wide

llou.t"u range, so the gas is further ueated to

n"il" Jl* ,ii. 
" 

low frequencies' thus avoiding

ii * ef*, there must b€ a relationship between
'J. 

"uoptv 
voltage and timing resistor for various

;;;i 
""p""'i.o'' 

Some of these points are

shown in Fig. 68 (l), (B) and (C)'*^il;;, 
*[t. good-quality gas tubes are uwd'

,n"r" *iffi" 
" 

itigft percentage of tttbes which will

noi' ,un.tt oni"""ot wi.tl fall out of synchronism

*iit'i'i... ett', gi".n tubes with suitable gas frlling

"ttJ "l""nod". 
-of good purity' this circuit is an

l*J.u.n,.*"-pt" oi a sawtooth frequency divider'

Another deuice, the silicon unilateral switch' can

t"'or"Jio ptoau"" 
" 

good sawtooth wave as inFig'

is.ii;"" ir".""" require a stabilized supply line'

but Eive excell€nt wave forms with no int€rt€rence'

l"* Tt"i 
",ot 

is of course required to drive the

chain; here we show one consisting of a field effect

ir".r"irto., *tti"tt It very simple; but any other cir-

cuit would do as well'
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Fis. 68 (l) The Phenomenon ofjitter in which the amplitude

"i" i . '**." i1 
signal f luctuates regularly: (8) The

r.'"t'"".i* between the minimum. resisrance R- and the

;;;l; ;"i ,e. t,, at a ceftain value of. the caPAcirence:

f ' l-ioo oeltct ir'. avnamic ignition voltage lz' as a f'nc-

tion of frequencY

If, however, a true square wave is required' then

,o fo.rn 
^"a-"," 

tone colours there must be sharp

edges to the wave: this is also true of square waves

"tilnn.ttt 
to ensure that there is no loss of time'

,i. 
"3'"ori.g 

resistors must be shunted by small

";;;;t 
; shown in Fig 71, where the effect is

illustrated.
ii *ilt u" 

"t"". 
ttom the Previous few Pages that

,o io.- 
" 

gooa square wave by frequency division

ir 
""w 

*i; u* io form a good sawtooth' there is
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harmonics are generated, usually third and

oossiblv other odd-numbered ones; tierefore tones

ln"togou, to stoPPed pipes can be produced by

ou.r-E iuing a dioie, of course with a sinusoidal

input wave torm.
'The nonJinea. e*ponential characteristic of the

base-emitter diode of a Eansistor can be Put to

e-a ..,.. 
"" 

t ai"p"son synthesizer' The principal

iat"n,"n" is thai whilst many harmonics can be

induced in suitable circuits (Fig' 116)' their posF

ilo., in tit. frequency range is favourable for this

uoic" b""aor. th" higher terms fall ofr very quickly ;

so we are left with a dense band of lower-order par-

iials as in Fig. 116. The amPlitude' Phase and im-

0.a"""" f*.i oftft. base input circuit are selected

[o 
-oUt"it 

the required harmonic content' The

ibo t ana o ot s af feedback circuit (Fig' 116) can

ie adiuste,l to control the amount of fundamental

;;";""y' It will be realized that one such circuit

as aboue'is required for €ach note to be so treat€d'

and this is perhaps mote of experimental than

practical value. It does underline that the distort-

inq prop.rti." of diodes and transistors could be

-ici 
further exPloited'

These circuiti a[ use transistors, but exactly the

same networks can be employed with valves' We

have not included any in this edition becaus€ there

are now so few all-valve organs being built; many

references to such circuits can be found in past

iswes of Electronic Engineering (see Appendix

rx).
ilarning now obtained an insight into.the way

tone colirrs are formed, we have to consid€r how

to bring the frequencies required to these

networki; this problem is called keying and today

can be performed in a great many ways; but again'

*-. of ,t.r" methods are related to a certain

design or class of organ, and are not therefore

suitible for the experimenter' Two approaches are

oossible. In the 6rst, it is assumed that all the tone

aou."", 
"r" 

independent oscillators which are out

of circuit until a key is pressed to energize oneor a

eroup of ttt.t . fltis kind of organ is called a free-

ih"* on., but since nearly all oscillators of what-

iver kind are in random phase relationship' it is far

better to call them independent oscillator orgaos'

This being the case, it is the supply line which has

to be closei and in most cases this can be done by a
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Tone Forming, Keyhg and Viban Citcuits

DOLCE CORNET

SALICET 4

FLUTE 4

6RID OF PREAMPLIFIER

FRENCH HORN A

CLARINET g

TROMPETTE A

AEOLINE 8

STOPPED
OIAPASON A

vtoLlN
DIAPASO As

t6

PHASE-REVERSEO INPUI

Fig. 113 Completc tonc-forming circuits, Bsldwir Mod€l 5
otgall

(8)

Fig. I 15 Wwe.form rdodidcrr

simple contact of sufficient cross-8€ction to carry
the current. In any normal design this current will
not exceed 2 mA per oscillator, often much less; the
wire which has become almost a universal stan-
dard is hard silver. This contains 4 per cent copper,
which makes it springy and the uzual gauge is
0.016 in. We will not at the moment look at the
m€chanical aspects of consEuction but in any case,
standard contact blocks can be bought with from 2
to 20 $'ires in each.

Both valves and transistors start oscillating very
quickly, with the result that a click or some other
objectionable transient can be heard at the stsrt of
the tone. This will be of very short duretion and
therefore of high frequency, and is quite easily

@
@
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Tone Fmming, Keying and Vibrato Circaits

TO ORGAN
GENERATORS

an illusion of both frequency and amplitude
modulation; though on examination by an oscillo-
scope the change in level is nearly all amplitude.
The_shap_e of the side ofthecup has a great bearing
on the effect of the tremulant, also on wind noise
and the power required to drive the device. One ad_
vantage is that owing to the length of the sound
waves at low frequencies, they leak round the sides
of the rotor and are cut off; thus there is an
automatic cancellation of the vibrato at low
frequencies, e.g. on pedal notes, which is a musical
advantage. The total depth is not very great, but is
quite adequate for all but extreme effects.

Some further reference to €xperimental methods
of vibrato or tremolo will be found in the last two
chapters of this book.

This s€ction is concluded with some references
to reverberation circuits and devices, Evervone

Fig. 129 Multivibrator modulator
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Fig. 131 Leslie TremutanrFig. 130 Simple exteroel modulator
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reader may be unable to lay his hands on a suitable
power supply unit, eo one is shown in Fig. 138.
There is no need for any stabilization, but it is
desirable to fit the interference suppression

11

120pF

v2. EF 37A, EFA6.6BR7
6V6. 68W6.

+ H_t.

1 1dB '1O Hz - 20 kHz

+ 3dB 4Hz -  lOOkHz

capacitors across the primary of the meins
transformer. Twisting the a.c. leads to the heaters
will reduce picLup from these to adacent equip
ment. Be sure to use the msker's recommended

+ 3OOV

L.S.

M x E No:75A.

L.S.

dB VOLTAGE GAIN

+30

FREOUENCY Hz

Fig. 137 Amplitrcr dcsigncd for thc Poet Oficc

+20
100,ooo



Amptifer, Loudspeakets and Pouei SuP?l! Units

3OOV t50o

91

lO hY 2OO mA
50O mA

o ol
240 V

ool
16 pF

350 V524 G

400v
32 pF

+ la5/210v

H
H.O^A

k .!--------.--OO^

-o o-
Y1 NY2

cv2179

8pF

limitinE resistors in series with each anode of the

rectifiei valve; if in doubt, this ir-

4:R"+z'?Ro

wh€re R" : resistance of half secondary
R- : resistance of total Primary winding

'z : ratio ofnumber oftumson halfsecond-
ary to numb€r of turns on whole
primarY.

In qeneral, these values lie between 100 and

200 oims, a little higher with cheap trandormers'

Filtering should be good if pre-amplifiers are dso

to be fe-d from the same power supply, and this

means thorough decoupling (see page 35)' Finally

*" .trou, 
" 

.t"f,Ur"d power supply unit (Fig' 139)'

oerhaps for oscillators etc.; it will not give more

itr* 
"Uou, 

l 0O mA at 1 85 V ; of courc the supply

of 350 V should be well smoothed, butjust es with

o
KO

o

oo

o
o

asA2

Fi{. 138 Power suPPly unit for Fi8 137

Fis. 139 Circuit for H.T. stebilizcr
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tion in Germany, and a number of investigators
had adopted them in preference to vacuum ialves
for oscillation generators. Apert from the greater
circuit simplicity, the wave form ie always rich in
harmonics, and thus the sound is readily modified
to give musical tonalities which are not, perhapg
tlle same ae thor of conventional instrumentg but
which are quite pleashg. With this object in vi€w,
a simple single keyboard instrument wae evolved
in which one neon tube was coupled with a resistor
and tuning capacitor so as to oscillete con-
tinuously.

This performed very satisfactorily but sirce
such a tube must work into a very high impedance
as any appreciable load will alter the action of the
circuit, the modern instrument msles use of a qas
riode (Fig. 165). This is more stable, easier to dn-
trol, and can deliver appreciable power,

The vadable rcsistor marked ,manual' in Fig,
165, together with capacitor C, adjusts the
frequency range as required over about tluee oc-
taves To facilitate playing, the manual resistor is
in flexible form, so proponioned that the frequency
of oscillation is proportional to the length of strip
in use. Dummy keys are mounted above the strip
to indicate the approximate position of the main
intervals, but it will be realized that the frequency
can be made cmttinuorsly oariable and thus
gliding tones may be played. Manipulation of the
'keyboard' simply consists of pressing the tubular

cover enclosing the resistance contact strip at the
point selected to produce tle correct pitch note.

The generator oscillates instantly; to control
the attack or rate of build-up for the sound, an
auxiliary resistance element is placed below the
manual resistor and is so contriv€d that oressure
on the playing srip also compresses the attack
resistor, so causing the note to round. Thus
varioue modes of attack are possible, depending on
the rate at which contect is made, and the pressure
exerted at that time.

In simple modelg there are formant circuits of
an elementary nature, from which sounds ao-
proximating to re€d (Fig. 166(l)), sting (Fig. t;6
(8)) and flute tones (Fig. 166 (C)) can be obtained.
The sounds are eomewhat arbitrary, but the
extreme simplicity of the device led to its wide
adoption in rhools abroad, where many pupils
could practice simultaneously by wearing
headphones, without interference. The circuit
strown was ueed for this purpose, but by firrther
amplification the usefiiness was extended.

More recent models have grown up somewhat,
and are fitted with two teyboards. The con-
siderable length of wire required to develop enough
resistance for variation of the grid bias over a rang€
of tlree octaves made the physical intervels too
la[ge to be comfortably manipulated on the model
described above. By winding thc wire round a
drum it hae bean possible to bring the iatenals

+ H.I-

Fig. 165 Circuit of Tr.utoniuo with frcqucncy divider
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FiE. 235 Harmonic content of rectified gine wave

is uninteresting, if it is rectified we getFig. 235' th€

harmonic content of which is given below; so this

wave is more suitable for flutes etc. which lre near

to sine waves, but certainly not exactly 8o.

Eadier it was said that generators having a

mechanicd origin (i.e. tone wheels, reeds etc') are

not suscePtible to electronic vibrato circuits; in

such cases there must be a modulator of some

other form. An early circuit is shown in Fig. 236

and is for valves only. The small trandormer is any

step-up tyPe' the primary being the lowest im-

pedance winding. There i8 Provision her€ to reduce

the vibrato towards the bass end of the compass'

for it is a generd rule that when the vibrato

frequency approaches that of th€ tone frequency it

PERCENTAGE OF FUNOAi\,4ENTAL

o.o5 o.o5

180
k

Fiq. 236 Phes€-shift vibreto ckcuit
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+BL

Fig. 242 Mechanical re€d susteio dcvicc

it is possible to have a mechanical sustain as in Fig.

242i 1t is orl.1ry applicable to organs having an in-

dependent oscillator for each note. The small steel

reed is tuned to the oscillator frequency and when

tlrc anode current flows through the coil, the reed is

caused to oscillate at that frequency. When the key
is released, the inertia of the tongue allows it to

vibrate for a time, so that if a Pickup coil is placed

near to it, the tone can be heard. It can either be

added to the main tone or used on its own with

s€parate ton€-forming networks; this Permits
reeds of different harmonic content to b€ tried.

Since there is no soundboard or cavity there is no

acoustic output and the reed drive causes no

audible sound. The reeds can be made from clock

spring and carefully filed until they are in tune with

the oscillator; though they will pull in if close to

that frequency. It has also been suggested that they
might be of twice the designed frequency so that

when the valve is sileDced they tend to revert to

Fig. 243 Phas€-leversing circuit

their true frequency; this could give an 'Hawaiian
guitar' effect,

It is in the field of experiment that we find people
still using valves to some extent, so we give a
phase-reversing circuit here which operates in the

same way as the transistor dwice on page 50. Fig.
243 has the correct values of resistor to attenuate
the *.ft signd and the best valves for tlis circuit
are 12AX7 as shown. Applied sawtooth waves
appear as 8-ft square wares.

A method evolved some years ago to control

overloading of amplifiers in a simple way is

reproduced again in Fig. 244; of course it can be

applied equally well to transistor circuits' The

small lamp is connected, through a regulating
resistor, across a loudspeaker speech coil, It is

associated with a cadmium sulphide photo-cell

6rn

Fig. 2+4 Method to control overloading of amplficts
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piston with the switch it is to control. This is
because this switch sets the operating states for tlle
circuit; for instance, if the stop switch is 'off', C4
will not be charged. When the stop is 'on', C4 will
be charged to -17V. These are the reference
parameters which must be set up before the circuit
can operate.

In the quiescent state p23 is not conducting and
the emitters of p21 and Q22 are at approximately
-17 V. None of the transistors now conduct and
C4 is at 0 Y. p23 is cut off, and until the piston is
pressed we assume C4 to be discharged. On closing
tlrc contact, the base of p23 is grounded through
C5 and RIQ causing p23 to conduct. This places
the emitters of Q21 atd 922 near ground poten-
tial. As C5 charges, a point is reached where p23
will stop conducting, allowing the emitters of Q2l
and Q22 to retum to -17 V. When the piston is
released, C5 discharges through R6 and R9.

For the short time that the emitters of 921 and

Q22 are ne8r ground potential, one of these two
transistors will conduct. If C4 has -17V on it
(stop switch 'on'), p21 will conduct, holding 922
off because of the low collector pot€ntial of 921.
This low potential also goes through R13 to th€
ba* of Q25, turning it on; the current from this
passes through the 'ofr' coil .L2, causing the tab to
rise to the offposition. This makes the switch con-
tact of this coil position clos€ and so cut off the
-17V supply to C4. Before C4 becomes dis-
charged to the point where p21 would stop con-
ducting, and cau*, Q22 to come on, p23 cuts off
and this prevents Q2+ or Q25 from becoming
actlve.

So with the tab switch up (off), C4 discharges to
zero. Now if the piston is closed and p23 conducts,
p21 will remain cut ofr. Q22,however,is biased on
through R5, R7 and the - 17 Vnrpply. p24 is next
biased on through R 12 afi Q22, with Q24 culrent
flowing through the 'on' coil,11, so moving the tab
to the 'on' position, The switchbacL contact openg
and C4 is again allowed to discharge through R2,
R3 and D3, and the system is now ready for the
next reversal pulse from the toe piston switch.
Perhaps we might note in passing that by using
thyristors in place of small current transistors, the
large action magnets found in pipe organs are con-
trolled by transistor keying nowadays and small

primary chest magnets can be controUed with th€
kind of transistor shown above, So the trend
affects design in many fields and sirnplifies ser-
vicing, apart from the advantages of silence and
long life.

A very simple little instrument from which a
great deal of satisfaction can be obtained is shown
below. Many may also want to mate a similar
device if only as an introduction to the techniques
of organ building. Accordingly a useful circuit is
given in Fig. 270, and this produces a square wave
just like many frequency dividers ; therefore, any of
th€ tone-forming circuits described for these can
be applied. In this particular circuit, some three oc-
taves can easily be covered. It would be possible to
add a frequency divider if desired. The circuit is a
simple multivibrator, tuned by variation of the
resistance chain. The initial pitch is s€t by the
rheostat Rr and each subsequent semitone down-
wards is adjusted in value until correct, The next
interval is then tackled, and so on to the end of the
range. The resistor values follow a logarithmic law,
being small for high notes and large for low notes.
Unfortunately, there is no accurate way of predict-
ing their exact values-and they must be exact;
tlle values must be found by experiment. The pitch
can be shifted up or down an octave with the sarne
key resistors by switching the fixed capacitors
shown; these will of course have to be trimmed
exactly by means of smdl variables of about
500-1000 pF.

Keying transients are reduced by the simple bias
circuit shown. This requires no additional
supplies, A continuously variable vibrato is
supplied by the second multivibrator. The os-
cillator must worl into a buffer valve, such as the
l2AU7 or ECC82.

Of cours€, transistors have proved very suitable
for this kind of instrument and indeed are much
easier to use as multivibratore than valves. In Fig.
271 a useful circuit is slpwn; this is divided into
two parts, the vibrato oscillator on the left and the
tone circuits next, Just as with the valve circuits,
initial tuning is set by the 25 LO variable resistor,
and other variables are connected as shown to form
lower notes, The circuit is suitable for three oc-
taves. It is best to make up a. Zener stabilized
power supply as suggested on page 91.
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Fig. 270 Simpl€ melodic irstrum€nt
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As an altemative to the multivibrator, one can with this circuit. Howwer, it can be made so small

o." 
".irnpt" 

Uto"ti"g oscillator with a single ran- that it could be contained in a toy piano' for

sistor, as; Fig.2?i.Here we show not only the aample' Fine tuning isby the 2kQ variableresistor

tunable oscillator, but two stages of frequency shown, and the pitch isnot soliable todrift asamul-

division. All tt"r,.irtom may be of the same tyPe tivibrator, so that it could be run from a dry

and an emitter-follower stage isolates the second battery'

iiuia", fro.,' the first to pre-vent intermodulation. A usefu.l way to obtain harmonically rich wave

The transformer can be wound on a core $ in' by forms of more than one kind from an oscillator is

I ir., .i-pf" stalloy or 3 4 to 3 9 per ceni silicon shown in Fig' 273' Because the base of the tran-

i-". f;-t y 500 iums of 38 swg, secondary 800 sistor-is- supplied from a fixed source' it can be so

t.rms of the same wire. It may le necessary to biased that it can be somewhat overdriven. In this

"a;".t 
tft" value of the 0 01pF tuning capacitor case' a squar-e wave aPPears at the collector..an9.if

-l 
i i. diffi"ul to cover more than 

-2| 
octaves we then apply a network as previously described in

Chapter 4 for conversion to a Eawt@th, we can

have both types available from the one circuit' so

enabling many more experirnents in tone forming.

It should be pointed out that any bias applied in

the manner shown must be stabilized, sinc.e

variations in the voltage would result in variations

in the frequency; this is made us€ of in Conn

organs, where some of the base resistors are 80

connected (whan this efrect is required) that alter-

nate notes become slighdy sharpened' the others

being slightly flattened. This improves the chorus

effect when maoy notes are played at t}te same

time.
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