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My present invention relates to an improved 
electronic musical instrument, and more particu 
larly, to an electronic organ. 
A Wide variety of electronic musical instruments 

is already well-known, using either the direct 
emission of the notes, or beating Waves. The 
Sounds produced by such instruments, however, 
are often poor in timbre and particularly in the 
case of conventional electronic organs, the timbre 
lacks of the Specific copiousness and softness 
which may be appreciated in the sounds produced 
by Wind instruments. This is noticeable particu 
larly with organs in which the sounds are ob 
tained by means of phonic wheels securedly fixed 
for rotation to a common driving shaft. Further, 
the tuning of Such instruments is erratic, due to 
the particular phase shift occurring in the ele 
Inentary OScillators of the instrument or in a 
polyphonic instrument, for instance, which is 
Subjected to the same requirements which are 
found in a pipe organ concerning the repeated 
tuning thereof by the player. 
One object of the present invention is to pro 

Vide means affording in an electronic musical 
instrument that the instantaneous frequency cor 
responding to any note constantly varies with re 
Spect to the true frequency of said note, thus pro 
ducing Sounds which are very similar to those 
obtained from a pipe Organ. 
Another object of the present invention is to 

provide means facilitating in an electronic musi 
cal instrument the obtainment of a wide variety 
of Organ stops. 
A further object of this invention is to provide 

Imeans contributing in an electronic musical in 
Strument, to the progressive increase in volume 
of the Sound, when produced, while a progressive 
decrease thereof is achieved when the particular 
key COrresponding to said sound is no longer de 
pressed. 
Yet another object of this invention is to pro 

Vide an improved electronic musical instrument 
enabling a Wide variety of timbres to be obtained 
at Will. 
A Still further object of this invention is to 

provide an electronic musical instrument present 
ing a high Stability for the mean frequency of any 
note, while enabling the instantaneous frequency 
of Said note to vary slightly with respect to said 
nean frequency. 
A further object of the present invention is to 

provide an improved electronic musical instru 
ment in which a “moving harmony' effect is 
produced, that has a slight instability of the 
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Other objects of the invention will be apparent 

from the following description of a Specific dia 
grammatic embodiment of an electronic musical 
instrument in accordance with the invention. 
According to the invention, the “moving har 

mony' effect is provided through the use of pilot 
OScillators from which voltages are derived hav 
ing the various harmonic frequencies relating to 
the respective frequencies generated by Said par 
ticular Oscillators; said harmonic frequencies are 
caused to beat With the corresponding pilot fre 
quency, thus generating the complete Series of 
the notes to be obtained; the basic or pilot fre 
quency oscillators further being associated with a 
follow-up or automatic tuning set whereby an 
accurate nean turning is maintained. 
According to another feature of this invention, 

the beat frequency generators react on the pilot 
Oscillators through a follow-up or automatic tun 
ing Set which enables the mean Stability thereof 
to be maintained while permitting said generators 
to present some independence with respect to each 
Other. 
An improved electronic musical instrument in 

accordance with this invention also presents a 
very high copiousness in timbres, due to the use 
of amplifiers operating according to the so-called 
'class C'principle. 
On the other hand, the playing of the notes 

produces sounds which progressively increase in 
volume and the Suppression of the notes causes 
a progressive decrease in Said volume, thus pro 
ducing an effect similar to that heard when play 
ing a note on a pipe organ. This is obtained by 
controlling the unblocking of an electronic block 
ing tube through a circuit presenting a Suitable 
time constant and made operative whenever the 
corresponding key is depressed and is also Opera 
tive to modify the time of flow of the output volt 
age from the associated class C amplifier in each 
frequency cycle, said time thus varying from a 
Zero value to a maximum value as determined 
when initially setting-up the instrument. 
In accordance with still another feature of this 

invention, twelve independent pilot frequencies 
are used, each of which individually controls One 
or a plurality of beating wave generators; the 
frequencies of said beating waves are compared 
with said pilot frequencies, and Said beating 
waves, in each octave, provide the fundamental 
frequencies for the related notes; on the other 
hand, the desired timbre is obtained by using 
specific amplifying means operating according to 
the 'class C’ principle, a relatively slow increase 

emitted frequency or frequencies with respect to in the note volume being provided when starting 
through the use of a convenient time constant the mean frequency of the notes, 
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circuit which enables the control electrode in the 
related coupling tube to be brought under poten 
tial; the flow of the current is controlled, for in 
stance, by the depression of the corresponding 
organ key in a manual and/or in a pedal-board. 
My invention will be best understood from the 
following exemplary description of specific em 
bodiments thereof, taken in conjunction. With the 
annexed sheets of drawings, wherein. Some chair 
acteristic portions of the instrument are illus 
trated in a diagrammatic way. In the drawings: 

Fig. 1 is a general basic block-diagram of an 
electronic musical instrument according to the 
invention embodied in the for of an Organ, 

Fig. 2 diagrammatically illustrates the elements 
through which the various sound frequencies are 
obtained; 

Fig. 3 is a block-diagram showing a variation 
of the arrangement of Fig. 2; and 

Fig. 4 illustrates in a more detailed manner the 
wiring diagram for the control circuit of One 
specific note and clearly shows the time constant 
means used to set up the exponential variation of 
te Sound WÒlturnê. 

In order that the invention be understood more 
clearly, the manner in which the notes are ob 
tained from one fundamental frequency Will be 
disclosed first. The limitation to twelve in the 
number of the fundamental frequency genera 
tors results from the distribution of the notes in 
the commonly used scale, that is the equally 
tempered scale; said scale comprises Seven notes, 
plus five sharp or flat tones. It Will be appre 
ciated, however, that a different number and/or 
a different distribution of the basic or pilot fre 
quencies could be considered when using Scales of 
any other well-known character. - 
In the following disclosure, the term "stop' is 

intended to comprise the basic frequency of the 
most heavy note having a given rank in the Scale. 
On the other hand, the term “fundamental' will 
be applied to frequencies having the general form 
(f-2.fi), where f is the pilot frequency, i an in 
dex comprised in the range 1 to 12 inclusive; 
and defining the rank of any given note in the 
Octave, if the frequency of the lowermost Octave 
in the considered organ stop, and in the rank of 
a given octave. Thus the frequencies for the 
Various notes are represented generally by the ex 
pression 2.fi and are obtained by beating the 
prefundamental frequency with the pilot fre 
quency if, and the harmonics of Said notes having 
a rank p are obtained in turn by beating the fre 
quency pf With frequencies having the form 
p (f--2'.fi). This is true also where a prefunda 
mental frequency is expressed by a difference in 
stead of a Sun, as is well-known in the art. 

Referring now to Fig. 1, a basic or pilot oscilla 
tOr generating a frequency f has been shown at 
f; the oscillator also generates the harmonics 
of Said frequency f; the generators for the pre 
fundamental frequencies are designated f; the 
Various notes in the scale are derived from said 
oscillators which are illustrated in a block-sche 
matic manner in the form of rectangles each 
bearing the Symbol for the related note. In Fig. 
1, only the generators for the notes C, F and B, 
respectively, have been shown for the sake of 
clarity in the drawing. Each such oscillator 
gives the Various octaves by generating currents 
having the frequencies Co-- ; C1--f; . . . Fo-f; 
F1-+-f; F2-+-f; . . . Bo-+-f; . . . „respectively. The 
coupling grids in the electronic tubes associated 
With the Various note circuits, respectively, have 
been diagrammatized in the drawing at 2, 2’. . . . 
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4. 
and it has been assumed that the spots at the 
Crossings of the lines in Fig. 1 correspond to a 
contact with a related coupling tube, and that all 
coupling tubes positioned along a Same Vertical 
line are fed from a Sane prefundamental fre 
quency OScillator, whereas all coupling tubes rep 
resented diagrammatically a long a same hori 
ZOntal line have the anode circuits thereof con 
nected in parallel, 
The distribution of the organ stops is made 

in accordance With the fundamental frequencies. 
Thus an instrument has been shown having a 
16-feet Stop 3 at the pedal-board, an 8-feet stop 
4 and a 4-feet stop 6 for the “full organ,' and 
finally an 8-feet stop 5 for the solo-Organ. Each 
One of Said stop units or key boards in turn is 
fed from a related device adapted to enrich the 
harmonic content of the sound frequency pro 
duced, which only has been illustrated at 7 for 
the 16-feet stop, for the sake of clarity of the 
dra,Wing. 
The Stops 4 and 6 for the 'full organ' are con 

trolled in Volume by a volume-adjusting device 8 
adapted to control the sound volume and usually 
called “expression pedal' as in the case of con 
Ventional pipe Organs, whereas the solo organ 
Stop 5 Separately is controlled by another expres 
Sion pedal 9. It has been assumed that the stops 
Controlled from the pedal-board are not provided 
With Volume-adjusting devices, and therefore the 
16-feet stop 3 in the pedal-board has its output 

connected directly to a mixer in parallel 
With the signals from the expression pedals 8 
and 9 for the "full organ' and for the 'solo 
Organ' respectively, and the output of the mixer 

in turn feeds a volume amplifier 2 which Sup 
plies the loud-Speakers 3 replacing the sound 
pipes of a conventional organ. 
In order that true sinusoidal voltages be ob 

tained, the voltage which corresponds to the 
frequency f and to the various harmonics there 
of is fed to beating tubes with a great amplitude. 
For this purpose the oscillator generating the 
frequency f is followed by a suitable filter of 
Well-known type providing a very pure oscilla. 
tion, and then by a class C amplifier Operating 
in a very narrow range; due to the well-known 
characteristics of the class C amplifiers, this aim 
plifier provides signals containing a considerable 
number of harmonics, particularly the harmonics 
of lower rank, with a constant percentage. This 
feature of the invention provides for the ob 
tention of a predetermined constant harmonics 
percentage from a conventional oscillator, in 
Which the percentage in harmonics could not be 
defined with accuracy, should not be described 
arrangement be present. 
In the anode circuit of said class C amplifier 

Coupled circuits are inserted which are tuned to 
the various voltage components respectively and 
therefore provide on the one hand the funda 
mental frequency f. and on the other hand the 
complete range of the harmonics thereof, which 
thus are separated prefectly; said various voltage 
COmponents are used to feed the related harmonic 
aimplifierS, thereby insuring an accurate separa 
tion of the harmonics, even those having a rela 
tively high rank. S. 

Thus, in a Specific embodiment of the inven 
tion, wherein the frequency f was in the order of 
50 kc., attenuations amounting to more than 40 
db have been observed for the harmonics 5 and 
7 respectively in a circuit tuned to the frequency 

of the harmonic of rank 6 (800 kc.), by using 
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coils coupled at the critical value whose Q did 
not exceed 100. 
The transfer of such relatively high frequencies 

is provided by applying a conventional technique, 
that is by means of cathode loaded separator 
tubes, whereby said frequencies may be distri 
buted with low impedances. 
The oscillators which generate the frequencies 

(f-fi) (Fig.2) are of a design similar to that of 
the oscillator for the frequency f; however, the 
LC circuit thereof comprises an automatic tuning 
Or follow-up Set designed to control the fre 
quencies in the oscillators so as to produce a con 
staint frequency difference with respect to the 
pilot frequency f. 
- Such am oscillator has been illustrated dia - 
grammatically at 4 in Fig. 2 and the control 
means therefor is designated as the automatic 
tuning unit 5. Following the oscillator 4, a 
frequency multiplier 6 is provided which sup 
plies the frequency 2 (f--fi). The frequency 
multiplier 6 is followed by a modulator T fed 
from the pilot oscillator generating the pilot 
frequency f and this modulator it supplies a 
voltage at the frequency (f--2f;). This latter 
frequency in turn is doubled in a second fre 
quency multiplier 8, thus producing the fre 
quency (2f--4f), and a further frequency change 
provided by a subsequent modulator 9 provides 
the frequency (f--4f), and a further frequency 
change provided by a subsequent modulator 9 
provides the frequency (f--4f). This proceeding 
is repeated successively through a desired number 
of Stages and at the output 20 of the arrange 
ment a voltage having a frequency N.fi is obtained 
which is fed to a frequency discriminator 2 of 
well-known type and controls therethrough the 
follow-up unit or tuning set 5 which in turn 
controls the frequency f in the pilot oscillator i, 
aS previously stated. 

In a variation of the above-described arrange 
ment illustrated diagrammatically in Fig. 3 the 
reference numeral again designates the pilot 
oscillator generating the pilot frequency f; 4 is 
one of the oscillators providing the frequencies 
of the form (f--f), 5 is the follow-up unit con 
trolled from a frequency discriminator 2 fed by 
the frequency N.fi from the output 20 of the 
arrangement. Following the pilot oscillator , 
a class C amplifier 22 is provided supplying the 
prefundamental frequency f together with the 
harmonics thereof, as previously disclosed. 
Starting now from the oscillator 4, there are 
provided successively a class C amplifier 24 and 
a series of frequency changers such as 25 which 
finally provide the above-mentioned output fre 
quency N.fi on the output voltage 20. 
Due to that frequency N.fi on the output volt 

age 2 applied to the frequency discriminator 2, 
an efficient frequency control is provided, al 
though actually the pilot oscillator generating 
the frequency f is not perfectly stable, as is also 
the case for the oscillator 4 generating the fre 
quency (f-fi). The discriminator 2, however, 
is tuned to the frequency N.fi and is stable by its 
nature and the possibility for the oscillator 4 of 
a tendency to variation in the frequency gen 
erated therefrom becomes compensated through 
the follow-up unit 5. The Small oscillations 
which yet may be present with respect to the 
mean frequency will cause the elimination of 
the poor character presented by sounds which 
would be perfectly stable as to frequency; on the 
other hand, the follow-up set of automatic tuning 
units arrangements 5 for the various oscillators 
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6 
enable stops to be obtained the Sounds of which 
are produced separately, as hereinabove stated, 
while constantly providing a predetermined mean 
frequency. This proceeding which is specific of 
this invention enables supplementarily a tremolo 
effect by frequency variation to be obtained 
merely be periodically causing Some out-of 
tuning of the related discriminator or discrim 
inatorS. 
The harmonic amplifiers in accordance with 

this invention using electronic tubes connected 
according to the class C principle finally produce 
a series of peaks of sinusoides which, when devel 
oped in a Fourrier series as a function of the 
operative angle 6 of the amplifier provides broadly 
the value 

40 

for the amplitude of the harmonics, whatever 
rank they may have, which value does not depend 
upon n, if n and 9 are maintained sufficiently 
small. Consequently variations in the voltages 
of the prefundamental frequencies do not affect 
the sound timber, and the various harmonics may 
be added easily to each other while providing a 
constant amplitude. 
As a result of this manner of obtaining the 

harmonic frequencies, any predetermined timber 
may be conserved throughout the complete musi 
cal range of the instrument; a Suitable adjust 
ment made at will by the player, in a Well-known 
manner, enables said player, either to cause the 
instrument to produce specific timbers, or to use 
preset timbers which for instance will correspond 
to the conventional timbers in an organ, Such as 
salicional, oboe, flute, etc. 

Fig. 4 illustrates the arrangement in accord 
ance with this invention whereby the sound vol 
ume is caused to increase progressively and to 
decrease progressively without the timber being 
changed when a key is depressed in the manual 
or in the pedal-board. This arrangement fur 
ther provides for the Suppression of any knockS 

5 which often are heard when a sound or note is 
emitted or Suppressed. 
In this Fig. 4, the coupling tube 26 has been 

shown in the form of a pentode, by way of exam 
ple only, without any limitative intention of the 
invention, since any other electronic tube may 
be used provided said tube comprises an electrode 
whose potential is adapted to control the duration 
of flow of the output potential in any period. 
The grid circuit 27 for the coupling tube 26 is 

5 tuned to one of the fundamental frequencies, that 
frequency obviously being chosen which corre 
sponds to the rank of the related note in the 
cale, and the grid electrode is returned at 28 to 

a negative potential of high value thereby caus 
ing the tube 26 to operate well beyond cut-off, 
so as to provide for the operation as class C 
amplifier with narrow range of operation in any 
cycle. 
The screen grid 29 of the electronic tube 26 

is brought to a suitable potential from the H. T. 
supply source 30 for the apparatus through a 
resistance 3 associated With a condenser 32 
which is connected to the ground through con 
tacts 33-34, the contact 33 being attached to 
the key 35 for the corresponding note, and an 
impedance coupling 36-37 is inserted between 
the contact 3A and the ground. The resistance 
37 of said coupling is provided to adjust the time 
constant of the just described circuit to the 

5 desired value. Under these conditions, the Screen 
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grid. 29 is brought to ground potential through 
the contacts 33-34 and the aforesaid coupling 
36-37, which can be assumed to have a negligible 
resistance; thus the tube 26 normally is blocked. 
Whenever the key 35 is depressed, however, the 
potential applied to the screen grid 29 exponen 
tially increases according to a law which is a 
function of the Values for the resistance 3 and 
the condenser 32 respectively, as is well-known 
in the art, and thus the operative range of the 
tube 26 also varies from zero to the maximum 
value which has been preset at the initial adjust 
ment of the assembly. When the player releases 
the key 35, then the condenser 32 slowly is dis 
charged into the impedance coupling 36-3. The 
characteristics of the tine constant circuit are 
Set from the resistance 3 of the impedance cou 
ping in Order to prevent, the formation of Spu 
rious Oscillations. As a result of this arrange 
ment, the Sound volume decreases and no knock 
is heard when the particular key is operated. 

Furthermore, the arrangement is Such that the 
key has a Zero potential and that a contact inust 
be broken in order that the note ice played. Of 
course, a plurality of such contacts may be con 
nected in Series in an obvious manner to provide 
for the various combinations of Stops which are 
characteristic of an organ. 
While the present invention has been described 

in connection with the specific application 
thereof, to an electronic organ, it is to be clearly 
understood, however, that it could be applied to 
any other musical instrument, Such as for 
instance an instrument producing continuous 
Sounds, Without Such applications departing from 
the general Scope of the invention, which, there 
fore, I do not intend to be limited more than 
comprised within the Scope of the appended 
claims. 
Having thus described the invention, what is 

claimed as new and desired to be Secured by Let 
ters Patent, is: 
What I claim is: 
1. Electronic musical instrument provided with 

operating keys, comprising: a first oscillator gen 
erating a predetermined fixed pilot frequency, a 
Series of frequency generators in a number of 
equal to the number of notes in the Scale and 
each generating a related prefundamental fre 
quency; a plurality of Series of frequency chang 
ing means each aSSociated With a corresponding 
One of Said prefundamental frequency genera 
tors, each Series generating respectively second 
frequencies equal to the Sun of a corresponding 
even harmonic of the related frequency for the 
related note in the lowermost octave and of said 
pilot frequency; first means for causing Said 
prefundamental and Said Second frequencies to 
beat with said pilot frequency; a plurality of key 
operated means for operating corresponding OneS 
of said first means; a series of discriminators 
each connected to a related One. Of Said frequency 
changing means generating an harmonic of high 
rank of the corresponding note and each tuned 
to said pilot frequency; and means for apply 
ing the output of said discriminators to the re 
lated one of Said prefundamental frequency gen 
erators, respectively. 

2. Electronic musica instrument p’OWided With 
operating keys, comprising: a first OScillator gen 
erating a fixed pilot frequency; a Series of fre 
quency generators in a number equal to the nu Em 
ber of notes in a scale and each generating a 
second frequency which includes the frequency 
for the related note in the lowermost octave in 
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the instrumenti plus said pilot, frequency; a, plu-e... " 
rality of series of frequency changing means, 
each Series being aSSociated with a correspond 
ing One of Said frequency generators and gener 
ating respectively third frequencies equal to the 
Sum of a corresponding even harmonic of Said 
frequency for the related note and of said pilot 
frequency; first means for causing Said second 
and Said third frequencies to beat with Said pilot 
frequency; a plurality of key-operated means for 
Operating desired ones of said first means; a 
Series of frequency discriminators each connect 
ed to a related one of said frequency changing 
neans generating an harmonic of high rank of 
the corresponding note and each tuned to said 
pilot frequency; and means for applying the out 
put of Said discriminators to the related one of 
said Second frequency generators, respectively. 

3. In an electronic musical instrument accord 
ing to claim 1, said frequency changing means 
in each Series comprising in cascade: a fre 
quency doubler fed from the related prefunda 
mental frequency generator; a modulator fed both 
by Said frequency doubler and said pilot oscilla 
tor; and series of frequency doublers and modul 
lators in Series, each frequency doubler being fed 
by the next preceding modulator and each mod 
ulator being fed both by the next preceding fre 
quency doubler and Said pilot oscillator. 

4. In an electronic musical instrument accord 
ing to claim 1, Said frequency changing means in 
each Series comprising: a first class C amplifier 
fed by said pilot oscillator; a second class C am 
plifier fed by the related prefundamental fre 
quency generator; and a plurality of amplifiers 
and frequency multipliers connected together rest 
spectively, said amplifiers being fed in parallel 
from Said first class C amplifier, and Said fre 
quency multipliers being fed in parallel from said 
Second class C amplifier. 

5. Electronic musical instrument provided With 
Operating keys, comprising: a first oscillator gen 
erating a fixed pilot frequency; a series of fre 
quency generators in a number equal to the num 
ber of notes in the Scale and each generating a 
related prefundamental frequency; a plurality of 
Series of frequency changing means, each series. 
being aSSociated With One of Said prefundamen 
tal frequency generators and generating respec 
tively second frequencies equal to the Sun of a 
corresponding even harmonic of the related fre 
quency for the corresponding note in the heaviest 
Octave in said instrument and of Said pilot fre 
quency; first means for causing Said prefunda 
mental and said Second frequencies to beat With 
said pilot frequency; a plurality of key-operated 
means for Operating corresponding ones of Said 
first means; a plurality of class C amplifiers Op 
erating in a narrow amplitude range; second 
means controlled from the player for connecting 
a desired number of said class C amplifiers to the 
output of Said first means; mixing means; and 
third means responsive both to the operation of 
said key-operated means and to said second 
means, for feeding to said mixing means, in de 
sired manners and amounts, the output of said 
first means and the output of desired ones of 
said class C amplifiers. 

6. In an electronic musical instrument accord 
ing to claim 1, including a coupling tube aSSo 
ciated with each key, for each. One of Said tubeS: 
a grid in Said tube adapted to control the Opera 
tion thereof; means for applying a positive po 
tential to said grid; a time constant circuit in 
serted in said last-mentioned means; means for 



connecting said grid to ground potential; a self 
inserted in said connecting means; and normally 
closed contact means in said connecting means, 
responsive to the operation of the related key. 

7. In an electronic musical instrument accord 
ing to claim 1, including a coupling tube associ 
ated with each key, respectively, for each one of 
said tubes: a grid in said tube adapted to con 
trol the operation thereof; means for applying 
a positive potential to said grid; a resistance in 
serted in said last-mentioned means; a con 
denser connected across said grid and ground; 
first contact means attached to said key and con 
nected to said grid; Second contact means nor 
mally engaging said first contact means; means 5 
for connecting said Second contact means to 
ground; and a self inserted in said last-men 
tioned connecting means. 

8. In an electronic musical instrument accord 
ing to claim 1, including a coupling tube associ 
ated with each key, respectively, for each one 
of said tubes: a grid in said tube adapted to con 
trol the operation thereof; means for applying a 

10 
positive potential to said grid; a resistance in 
serted in said last-mentioned means; a con 
denser connected across said grid and ground; 
first contact means attached to Said key and con 
nected to said grid; second contact means nor 
mally engaging electrically said first contact 
means; means for connecting said contact means 
with ground; a self inserted in said last-men 
tioned connecting means; and an adjustable re 

to sistance connected across said self. 
DON PIERRE LOUIS JEAN 

EMILE COLOMBANI. 
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