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The present invention relates to electrical musical in-
struments, and more particularly to electrical organs.

It is an object of the present invention to reduce the
number of switching contacts required for the electrical
musical instruments or an organ according to the iaven-
tion.

It is another object of the present invention to imitate
sound spectra in all stop positions of an electric organ.

It is a further object of the present invention to imitate
the natural sound of the tones produced by an organ
including the transient phenomena thereof.

Other objects and advantages of the present invention
will become apparent from the following detailed descrip-
tion thereof in connection with the accompanying draw-
ings showing, by way of example, an embodiment of the
present invention. In the drawings: '

Fig. 1 is a graphical representation of the sound spec-
trum of the principal stop belonging to the pipe C of
. a Silbermann organ which has to be synthetically imi-
tated,

Figs. 2a-2f are graphical representations showing the
operation of the switching arrangement according to the
invention with respect to the building up periods, the
dying down or decay periods, or the transient periods,

Figs. 3a-3d show time diagrams of the building up of
transients, of all partial tones from the various stop
positions,

Figs. 4a—4d show similar diagrams for the decay
periods,

Fig. 5 is a wiring diagram of an electric organ accord-
ing to the present invention, and

Figs. 6a, b, ¢, and Figs. 7a, b, c, are graphical repre-
sentations of two differentiating cases of the building up
tansients of the partial note c@.

Before describing the drawings in detail it is advisable
to insert.some preliminary remarks. . .

The first scientific investigation relating to the analysis
of instrumental sounds was carried out on the basis of
the accoustical resonance. With the sound analyzers
designed for this purpose it was found that the sounds
contain partial tones of a definite structure.
~ The only musical instrument which produces, particu-
larly in deeper tone positions, an almost pure tone with-
out any appreciable components of harmonics is the
flute having a sharp edge over which the air current gen-
erated during blowing moves at a constant speed. By
the resonance of the air column the air current inside
the flute is compelled to change from a pressure minimum
to a pressure maximum without attaining the zero value.
The sound consists mainly of the fundamental tone.
Since the air current changes approximately according to
a sinusoidal law, only a few harmonics are present. This
specific behavior of the flute is aided by the fact that the
boring of the flute is cylindrical with the same diameter
over the entire length thereof. In consequence thereof
the air column has at all places the same resonant fre-
quency. The subdivision of the flute or its air column
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into equal distances is not arbitrarily chosen since a
resonance is generated not only by an air column having
the length corresponding to one wave length but also by
air columns having a length corresponding to one half,
a quarter or even a smaller fraction of a wave length.
In this respect the air column in a flute behaves like
an electric resonance line. In an organ flute these con-
ditions are changed somewhat because the air current
generates a periodical separation of eddies at the sharply
defined edge of the upper lip which takes a course which
has the form more of a saw-tooth than a sine wave so
that the sound has a higher content of harmonics.

In flutes with a conical boring or in Boehm flutes and
particularly in reed flutes these conditions change funda-
mentally. The air current takes a completely saw-toothed
course having a slow ascent and a suddent descent.
Since a saw-tooth contains a large number of harmonics
and the amplitude of the vibration decreases propor-
tionally to the ordinal number thereof, the content in
harmonics has to be larger in this case. The number of
generated harmonics and the ratios between the same de-
pend on the form and size of the organ flute and on the
material thereof,

Recent investigations have led to the realization that
the sound character of a musical instrument depends on
a number of other factors than the type and the number
of present harmonics of a fundamental. Only after
developing the so-called formant theory was it possible
to discern all the influences determining the sound char-
acter of a musical instrument. This shall be illustrated
further with respect to a reed type of the ciariret stop of
an organ. Under the influence of the tongue of the pipe
the air current has practically a saw-tooth shaped course
whereas the length of the air column determines the
fundamental resonance and therefore the fundamental
tone. Due to the conicity of the pipe boring the indi-
vidual sections of the air column show different resonance
points, so that the air column is subdivided into different
parts for the higher frequencies being the harmonics of
a fundamental. Thus certain harmonics find resonance
points and are more or less emphasized. The material
from which the pipe is made has an influence which may
be characterized by an underscoring factor g which de-
termines the strength of the emphasis of the resomant
harmonics. The amount of the underscoring and the
absorption is different at the various frequencies.

From this follows that each pipe body has a resonant
frequency of its own which depends on the mass and
the design of the body. If the air column is excited by
an air shock a damped periodic wave train is obtained
which is determined by its own resonant frequencies.
These resonant frequencies are as a rule higher than the
fundamental of the pipe.

According to this formant theory the natural resonant
frequency of the pipe body denoted as formant frequency
is not in a harmonic ratio to the fundamental of the
pipe. The resonance of the body emphasizes the har-
monics in addition to the small dampened wave train
generated by the sudden excitation of the air column,
the harmonics having frequencies corresponding to the
resonant frequencies of the pipe body or being close to
the same. Thus it is seen that in this case it is the ques-
tion of fixed formant frequencies.

In electrical or electronic musical instruments, par-
ticularly corgans, two different methods are used for pro-
ducing the numerous tone colors. One of these methods
is well known as the additive scund formation or syn-
thetic method. It also may be called a synthesis of the
harmonics and produces predetermined tone colors which
are generated by admixing sine waves corresponding to
a fundamental, the desired harmonics belonging to the
fundamental. The second method is also synthetic and
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is based on the formant theory and may be characterlzed
as a subtractive method or reduction principle. This
method consists in that by means of electrical compo-
nents the acoustical conditions of a musical instrument,
for instance an organ pipe are imitated. - The fundamen-
tal may be taken from a saw-tooth generator. Cne or
more resonant circuits imitate the natural Tesonance of
the body of the instrument or pipe. " A filter arrangement
weakens or strengthens various portions of the frequency
spectrum according to the rescnant points of the body.
By means of differential connections the wave may- be
transformed into series of well defined impulses in order
to obtain certain sound effects.

Thus it is seen that a fundamental difference between
the two miethods consists in that according to the first
method the sound s synthesized from the components
thereof whereas according to the second method a wave
containing all 'possible componerts, is- generated, those
frequencies which are not needed being suppressed. Prac-
tically another difference exists: in the subtractive sound
formation fundamentals may pass a simple filter arrange-
ment for a certain tone color. .Since the formant fre-
quencies and the accentuation or attenuation do not
change, no matter which fundamental pitch is adjusted,
each final tone has its characteristic wave form.. Thus it
is seen that the wave forms of, for instance, three funda-
mentals of the same stop differ from each other. The
same ‘is the case with most types of acoustical organs
except the pipes of the principal register and the octave
shifts thereof (open cylindrical flue pipes).

In the additive tone formation, however, each funda-
mental of a stop of the organ has ths same components
of harmonics which are adjusted once and for all. For
instance, at a given adjustment the sound may have
the following components: 50% fundamental (first har-
monic), 25% second harmonic, 25% third harmonic. Tn
this case every tone of the key-board has the same wave
form. As mentioned hereinabove, this is approximately
correct for the principal register and the octaves there-
of.  An electrical or electronic organ may thus according
tfo the additive sound synthesis imitate only a few stops
of the acoustic organ approximately whereas this is ac-
complished in so complete a way by the subtractive meth-
od that all sounds may be imitated without difficulty.

In order to imitate the transients of an acoustic organ
in an ‘electrical organ it should be taken into consider-
ation that the partial tones reach their final amplitudes at
different times. This feature may be electrically imita-
ted without difficulty in the additive sound formation
since the partial tones are generated individually in dif-
* ferent tone gemerators. Therefore it may be achieved
without difficulty to impart the desired course with re-
spect to time to each of the generated part1a1 tones by
means of control members before the mixing stage. How-
ever, for the reasons set forth hereinabove the additive
tone formation does not allow a perfect imitation of the
stops except the principal stop and the octaves thereof.

It would be possible-to do in the additive tone forma-
tion without an adjustment depending on the-end ampli-
tude of the individual partial tones for producing the
spectrum, and instead to impart an equal amplitude to ail
partial tones, or to adapt the synthesis of the harmonics
to a saw-tooth oscillation. These partial tones added by
means of the mixing transformer which correspond al-
ready to the time .course of the building up transent
might then be sent additionally through formant filters
in order to obtain stable formant frequencies. However,
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The subtractlve tone formation imitates all sounds of
an organ completely, however, it is impossible to pro-
duce individually partial tones, on the countrary the fun-
damental is generated simultanecously with all partial
tones.

The present invention solves the problem to imitate
sound spectra in the most perfect manner at all stop
positions of ‘an organ under combination of the advan-
tages of the additive and subtractive tone formations
without incurring ‘thereby the defects described herein-
above or the necessity of putting up with a considerable
expense for switching contacts. This object is attained

-according to the present invention by preforming from an

oscillation rich in harmonics, for instance a saw-tooth os-
cillation, by means of subtractive tone formation into
sound spectra poor in harmonics, in at least two or more
stop positions, and combining subsequently these sound
spectra by means of additive tone formation staggered in
time to ‘a perfect sound spectrum with indication of the
transients. “In this way a natural imitation of the sounds
of an organ is obtained uader inclusion of all transients,
namely building-up transients, decaying transients and
transitions between stationary sounds.

Referring now to the drawings in detail, Fig. 1 shows
a sound spectrum of a principal stop of the pipe C of a
Silbermann organ which is to be imitated by an electrical
or electronic organ.

In Fig. 2a this sound spectrum is represented on a
smaller scale for the principal stop of the pipe C. The
spectra shown in Figs. 2b-2f arranged above the spectrum
shown in Fig. 24 represent, respectively, the fundamental
stop 8 having a building-up transient périod #=0.4 sec-
ond and a decay period £,—0.2-second, the octave 4’ with
a building-up period #==0.3 second and a decay period
t;==0.15 second, the fifth 22/3" with a building-up period
7;=0.2 second and a decay period f,=0.1, the double
octave 2" with a building-up period #,==0.15 second and a
decay period #,==0.075 second, and the third 13/5 with a
building-up period of #,=9.1 second and a decay period
1,=0.05 second. The building-up and decay periods are
controlled for each:tone in the respective adjusting mem-
bers by the time constant members thereof.

The final spectrum ‘according to Fig. 2a is composed
additively from ‘the spectra shown in Figs. 25-2f. -Ac-
cording to Fig. 2a the first partial tone C (fundamentsl)
comprises only a single component of the tone C'in the
fundamental stop 8’ according to Fig. 2b. The second
partial tone ¢? is composed of the second partial tone
¢® of the fundamental stop 8’ shown in Fig. 2b and the
first-partial tone ¢? of the octave 4’ according to Fig. 2c.
In an analogous manner the composition of all. remain-
ing partial tones g% cl, &%, g%, b flat 1, c2, 42, and €% may
be read from Fig. 2 in connection with Figs. 26-2f. For
instance, the partial tone ¢! is the sum of three partial
tones, namely the fourth partial tone according to Fig.
2b, the second partial tone according to Fig. 2¢, and the
first partial ‘tone according to ‘Fig. 2e.

It would be possible to-derive from the tone generators
the fundamentals of the fifth-and third stops according to
Figs. 2d and 2f, these fundamentals being present in tem-
pered pitch. Howeveér, this would lead to strong beats
between the harmonics which would have a most -ad-
verse effect on the sound. Therefore ‘it is preferable to
generate these ‘harmonic stops (fifth and third) in pure
pitch by separate tone generators according to the pat-
tern of a pipe‘organ. ‘Cnaly if the fifths and thirds are
pure a.genuine change of timbre of ‘the primary sound
is- obtained.

The addition of the partial. tones from the ‘spectra of
Figs. 2b-2f is carried out over a period of time, that is,
for instance, the thirds e!' ¢2°have reached the final valie
of the amplitude 0.1 second after..the depression of the
key-(Fig. 2f), whereas all other partial ‘tones are still in
the process of being built up.. - Thus after 0.1 second the
partial tones g9 g%, :and 42 of :the fifth stop 22/3’ (Fig.

-y
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2b) have only reached 50% of their final amplitudes
since the building-up period is #,=0.2 second. At the
same time the partial tone g? of the fundamental stop 8’
(Fig. 2b) being identical with the partial tone g of the
fifth stop (Fig. 2d) has reached only 25% of its final
amplitude since the building-up period of the fundamental
stop 8’ amounts to 0.4 second as mentioned herein-
above. The values correspond to the actual synthesis of
the sound as derived for the individual partial tones in a
pipe organ.

The build-up time and the summation of the amplitudes
of the building-up phenomenon of all partial tones from
the different stop positions is graphically shown in Figs.
3a-3d, respectively, for the times 0.1, 0.2, 0.3, and 0.4
- second and the tone C of the principal stop 8’. Al other
tones of this stop show different times which yield also
a different time curve of the sound synthesis. The cor-
responding graphical representations which would include
for the principal stop 8’ alone altogether sixty-one tones
for a key-board from C to ct has not been shown for
simplifying the drawing. The different times needed for
this purpose are generated by time constant members of
the corresponding adjusting members of these sixty-one
tones. By a corresponding addition of the available
seven stop positions 16°, 8’, 4’, 22/3’, 2/, 13/5’, and 1’
and the various time pericds, practically all character-
istic phenomena of all stops may be imitated synthetically.
The full lines represent the envelopes x of the stationary
state, which is reached after finishing the building-up
process whereas the dotted lines are the envelopes y of
the building-up process at the intermediate times: given
on top of Figs. 3a-3d. In Fig. 3d the two envelopes
x, y coincide because the building-up process is finished as
to time, the stationary state of the sound having been
reached,

From Fig. 3a to 3d it may be seen that in building-up
the sound spectrum the higher partial tones reach earlier
the final amplitudes thereof than the fundamentals and
the deeper partial tones.

Referring now to Figs, 4a-4d of the drawings the
curves denoted by x and shown in full lines are the same
as the corresponding curves shown in Figs. 3a-3d, for
the tone C of the principal stop 8’. However, the curves
denoted by y and shown in dotted lines correspond to
the transition periods occurring at depressions of the
same key taking place shortly after each other. As
shown in Fig. 4a only 0.025 second have lapsed after
the release of the key whereas according to Figs. 4h and
4d the intervals amount, respectively, to 0.05 second, 0.1
second, and 0.15 second. The final value is assumed to
have been reached after 0.2 second, at which moment
the sound has definitely decayed. The period of decay
is longest for the deeper partial tones and the funda-
menial as will be clear from a comparison of the en-
velopes shown in dotted lines in Figs. 4a-4d. This cor-
responds exactly to the conditions prevailing in a pipe
organ. The absolute decaying time is of course largely
dependent on the acoustical conditions of the auditorium
and on the reverberation time of the same.

The sound tramsients are subjected to the following
conditions: at the releasing of a key the decay period with
its transient starts. When before the lapse of the decay
period the same key is depressed once more the decay
transient is discontinued prematurely and at the same
time a building-up transient begins which is shortened
in time and characterized in that it does not begin with
the amplitude zero but with that amplitude at which the
decay transient of the preceding depression of the same
key has been broken off.

Referring now to Fig. 5 an embodiment of an electric
circuit is shown which allows to realize the sound spec-
trum analyzed in Figs. 1-4 with the transients thereof. It
should be noted again that this embodiment is limited to
the spectrum of the principal stop 8’ of the pipe C in
order to simplify the drawing. For each tone of the stop
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-an adjusting member is provided which regunlates as to

time the transients associated with the tones. ,

As shown in Fig. 5 seven octaves of tones in tempered
pitch are arranged with the tone generators 1-7. As
it is well known twelve semitones belong to each octave
so that-eighty-four tone gemerators are required alto-
gether. An aditional tone generator 8 is provided for the
C-octave. Five octaves with the tone generators 9-13
represent the fifth stop 22/3’ which is purely tuned where-
as the octaves having the tone generators 1-7 are tuned
in tempered pitch. For the fifth octave again an addi-
tional tone generator 14 is provided. Four octaves with
the tone generators 15-18 represent the third stop 13/5,
an additional tone generator 19 being provided for the
third stop which is also purely tuned.

For each of the twelve tone generators of each octave
a control member is provided. In Fig. 5 only one tone
generator is shown for each octave and correspondingly
only one control member is shown for each octave.

The key board of each manual of the organ extends
over sixty-one keys from C to ¢4, To the corresponding
tone generators 1-6 control members 20-25 are assigned,
respectively, in order to control the tones in the 16’ stop
positions. The control members 26-31 are assigned to the
8’ stop whereas the control members 32-37 belong to the
4’ stop. The contro! members 38-42 belong to the 2’
stop and the control members 43 to 46 to the 1’ stop. It
should be noted that in the 2’ stop one octave of tone
generators and in the 1’ stop position two cctaves of tone
generators are missing which would generate the tones
of these stops in the last octaves of the manual. The
missing octaves of tone generators are replaced according
to the pattern of pipe organs by allowing the uppermost
octave to repeat itself once or several times.

The control members 47-52 belong to the fifth stop
2%/3' and the control members 53-57 to the third stop
13/5’.  All control members are associated in corre-
spondence with the stop position thereof with the bus
bars 58--64, for instance, the control members 20-25 with
the bus bar 16’, the control members 26-31 with the bus
bar &, etc.

The keying is shown in Fig. 5 only for the tone C in
order to simplify the drawing. In the blueprint for a
manual sixty-one keying switches 65 would appear and
each keying switch has seven make contacts A and seven
rest contacts R.  When the keying switch 65 is actuated
the corresponding control members of the key C are con-
trolled in seven stop positions by means of the make con-
tacts A. In this case the following tone frequencies ap-
pear on the bus bars 38 to 64: on the bus bar 58 appears
the tone ¢% on the bus bar 59 the one ci, on the bus
bar 69 the tone ¢% on the bus bar 61 the tone C, on the
bus bar 62 the tone ¢!, on the bus bar 63 the fifth g% and
on the bus bar 64 the third . By means of the rest
contacts R the back keying is controlled for determining
the decay and transition transients.

The tone generators 1-19 produce a saw-tooth shaped
voltage having a high proportion of harmonics. The
saw-tooth shaped voltages keyed by means of the con-
trol members and supplied to the bus bars 58-64 are
guided over filters effecting the tone formation. The fil-
ters are partly formant filters and include singly or in
combination low pass filters, high pass filters, band pass
fitters, and resonance members. Formant filters are
resonance members having stationary tuning frequencies.
In Fig. 5 only low pass filters are shown which are re-
quired for generating the sound spectrum shown in Fig.
1. Thus only one filter chain 66-79¢ is shown for each
of the stops 8’, 4’ 22/3’, 2’ and 13/5' in correspondence
with the sound spectra shown in Figs. 2b-2f. The at-
tenuation curve of each filter chain is chosen so as to
generate amplitude distributions of the harmonics in the
single stop positions according to Figs. 26-2f. The pro-
portions of the amplitudes of the spectra according to
Figs. 2b-2f are controlled or dosed wiih respect to one
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‘another by means -of resistors 71-75 so that the addition
of these amplitude proportions result in the principal stop
synthetically to be ‘imitated and shown in Figs. 1 and 2q;
whereas the time addition effected according to Figs. 3a
40 3d corresponding to the building-up process shown in
Figs. 4a to 4d represents the decay transients or the sound
‘transitions. Thus first a subtractive tone formation -ac-
cording to the analysmg principle is effected and then the
individual stop positions having different building-up and
deciy periods are -additively mixed to the desired pattern
‘of the total sound.

The filter chain 66-7¢ may be employed -at the same
time for representing other sounds. This is effected by
‘heans-of tappings 76-79 arranged in the various sections
of the multi-section filter chain. By these tappings the
‘harmonic -content of ‘the formed tome is changed. The
tappings may be prov1ded at any point of the filter chains
and ‘used either directly in combination with one or sev-
eral stops 80-83 or indirectly in combination of stops
similar to the ‘principal stop 85. A collecting line 84
leads from the stops to the preamplifier (not shown) of
the loud speaker (not shown). .

The connection -according to the invention enables a
‘natural limitation of the organ sounds to be made by tae
application of the subtractive tone formation, whereas
by the subsequent additive tone formation staggered as to
time the transients, that is the building-up transients, the
decay transients and the sound transients are imitated in
‘a completely natural manner.

Since the ratio of the building-up transients, for in-

stance of the partial tone ¢ of the 8 stop -according to
Fig. 2b and the partial tone c? of the 4’ stop shown in
Fxg 2c is fixed by the building-up periods thereof amount-
ing to #;=0.4 second and #==0.3 second, respectively,
fine differentiations between the buﬂdmg-up penods 4
cannot be made. However, this is just what is needed
in -order to -obtain certain sound effects. For instance,
in a certain ‘sound spectrum a building-up period #;==0.35
second is required for the partial tone ¢® of the com-
plete sound spectrum according to Fig. 2a although for
the additive synthesis of this perfect partial tone an
imperfect partial tone ¢ is used which is taken from
the 8’ stop having a building-up period of 0.4 second.
Thus the mentioned requirement of a differentiation can-
not be ‘met since the building-up period is fixed un-
changeably to 0.4 second.
" Ta order to obtain all the same a differentiation of the
building-up period of, for instance, 0.4 for the complete
partial tone ¢® according to Fig. 2« the present invention
provides that the ratio of the amplitude of the partial
tones 1mperfect1y preformed in the individual stop posi-
tions. is changeable without changing the fixed building-
up periods for the individual stop positions and without
influencing the fundamental if any, of the stop position
concerned.

The differentiation of the fixed building-up. period
according to the invention shall be explained with
reference .to the diagram shown in Figs. 6a, 65, 6¢, and
7a, 7b, 7c, showing two examples of differentiating the
building-up transient periods of the partial tones c9.
According to Fig. 6c the imperfect part1a1 tone ¢? reaches
the amplitude value x -after a period of 0.3 second at
a time at which the amplitude y of the imperfect partial
tone ¢® according to Fig. 6b has only reached 34 or 75%
of its final value because for completely building-up this
amplitude y the time #=0.4 second is needed. The
amplitude of the partial tone ¢® shown in Fig. 6a has
thus the partial value z after 0.3 second. The amplitude
of the ‘partial tone c? of the perfect final sound spectrum
according to Fig. 6a is composed after 0.3 second of the
sum of x and z whereas the final amplitude has the value
x4y after 0.4 second.

The ‘ratio x:y is changed according ‘to the invention
without changing the - ‘building-up periods of the imper-
fect partial tones.” The ‘partial tone ¢® in the 4’ stop
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{(Fig. Tc) reaches its end amplitude x* after 7,=0.3 sec-
ond. At this moment the amplitude of the partial toné
¥ in the 8 stop (F1g 7b) has only reached 34=75%
of its final value ¥’ because for a compiete ‘building-up of
this amplitude the time #,=0.4 second is required. In
order to be able to build up the perfect final tone in
the principal stop 8" according to Fig. 7a ‘this final
value y’ is smaller than y by the -diffefence of x’ ‘and
x. Thus the partial amplitude y” has the value z°
after the lapse of 0.3 second. In the differentiating
case of Figs. 7a, 7b, 7c, the amplitude x’ is larger
than the amplitude x whereas the amplitude 'y’ is
smaller than the amplitude y, the relation x<-y=x"-}y’
being satisfied. The amplitude of the partial tone ¢® of
the perfect final sound spectrum according to Fig. 7a
as composed after 0.3 second again of the sum of x’ and
z' which is substantially larger than the sum of x and z
of the first differentiating case according to Fig.-6a. ‘Thus
it is seen that the additive building-up of the final tone
in-the principal stop 8 according to Fig. 7a is already
further advanced after 0.3 second and is complete to such
a percentage that the human ear cannot perceive any dif-
ference from the 100% build-up which is accomplished
after 0.4 second. Thus the aim given as an example is
reached of complf:tmc7 already in 0.3 second the build-up
of the partial tone ¢? in the perfect final sound spectrum
notwithstanding the fixed building-up pericd of 0 4 second
for the partial tone c? in the 8 stop.

By the choice of the ratio x:y at a given final amplitude
in the additively composed perfect sound spectrum and
at fixed building-up periods in the several-tone positions
according to Figs. 2bto 2f any desired differentiation of
the time may be effected which is needed by a ‘perfect
partial tone uatil the building-up -period in the perfect
sound spectrum is completed, When the ratio x:y is
equal to 1:0, the building-up is completed in the perfect
sound spectrum within 0.3 second with relation to the
partial tone stops according to Figs. 6¢ and 65. Between
the values 0.3 second and 0.4 second any desired value
may be realized.

To all other partial tones g0 to e? according to Figs.
2a-2f the same rule applies in an analogous manner.
The differentiation of the building-up period may be
applied, if desired, also to the decay period f,.

The differentiation according to the invention may ‘be
effected either by changing the dosing resistors, thus with
respect to the partial tone ¢® by changing the resistors 74,
75 shown in Fig. 3, or by a corresponding proportioning
of the limiting frequencies of the single filter section of
the low pass members 67, 68. In the choice of one or

" the other of these two means it has to be taken into

consideration that only the harmonic content of the par-
tial tone stop may be changed but not of the fundamental
being present in this stop. As shown in Fig. 2b the 8’
partial tone stop contains alsc the fundamental C of the
perfect sound spectrum according to Fig: 2a. In chang-
ing the dosing resistor 74 the amplitude of the funda-
mental C in the partial tone stop according to Fig. 2b
would be changed. In such case the amplitude of the
partial tones in the 8’ stop has to be changed by means
of the low pass members 68 by a corresponding choice
of the limiting frequencies of the single filter sections of
these members. For all other partial tone stops in which
the fundamental C of the perfect sound spectrum is not
present, for instance the stops shown in Figs. 2¢-2f, the
dosing resistors may be changed for differentiating the
building-up periods.

I have described hereinafter a pref=rred embodiment
of an electric organ. However, it should be understood
that numerous changes, alterations, and substitutions of
equivalents may be made in the embodiment shown in
the drawngs, my invention bemo defined by the- accom-
panying claims. ’

I claim:

1. In an electromnic organ havmg a plurahty of muItt—

oy
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position stops each provided with tone generator means;
a plurality of parallel switches one for each stop posi-
tion, a plurality of dosing resistors connected, respec-
tively, to said switches, a plurality of R-C type formant
filters connected, respectively, in series with said dosing
resistors, a plurality of bus bars connecting the respec-
tive tone generator means to the associated formant
filters; a plurality of time constant circuits connected, re-
spectively, to said tone generator means for imparting
to the individual tones within each stop position respec-
tive attack and decay periods; respective circuit means
connected to said tome generator means of the upper
stops only for ensuring pure tuning of said last-named
tone generator means; said formant filters each compris-
ing a plurality of serially connected resistances and a
plurality of grounded capacitors connected in parailel
with said resistances, a plurality of taps each connected
to the junction between two adjacent ones of said re-
sistances of a respective formant filter, additional re-
sistances connected, respectively, to said taps, and addi-
tional switches connected, respectively, to said additional
resistances for placing the same into or out of parallel
connection with said dosing resistors, whereby forma-
tion of further tone colors with their transients in the
various stop positions is rendered possible.

2. In an electronic organ or like electrical musical
instrument having a plurality of multi-position stops each
provided with tone generator means for providing har-
monic-rich oscillations; means for synthetically imitating
a sound of a pipe organ or like mechanical musical in-
strument, comprising a plurality of time constant con-
trolling means connected, respectively, to said tone gen-
erator means for fixing the overall attack periods of said
harmonic-rich oscillations, a plurality of formant filters
each provided with low pass filter elements and con-
nected, respectively, to said time constant controlling
means for preforming said harmonic-rich oscillations,
by means of subtractive tone formation, into a plurality
of tone spectra each poor in harmomics, a plurality of
dosing resistors connected to said formant filters, respec-
tively, whereby the ratios between the amplitudes of corre-
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sponding upper tones of different ones of said tone
spectra may be varied by selective adjustment of said
dosing resistors and low pass filter elements without any
change of said overall attack periods, and additional cir-
cuit means connected to said dosing resistors for synthe-
sizing said tone spectra, by means of a time-staggered
additive tone formation, into a final sound spectrum hav-
ing transient characteristics exactly simulating the transient
characteristics of the corresponding sound spectrum of
said mechanical musical instrument.

3. In an electrical musical instrument designed for
synthetically imitating a sound of a similar mechanical
musical instrument and having a plurality of multi-
position stops each provided with tone generator means
for providing harmonic-rich oscillations; a plurality of
time constant controlling means connected, respectively,
to said tome generator means for fixing the overall at-
tack periods of said harmonic-rich oscillations, a plu-
rality of formant filters each provided with low pass
filter elements and connected, respectively, to said time
constant controlling means for preforming said har-
monic-rich oscillations, by means of subtractive tone
formation, into a plurality of tone spectra each poor in
harmonics, and a plurality of dosing resistors connected
to said formant filters, respectively, whereby the ratios
between the amplitudes of corresponding upper tones of
different ones of said tone spectra may be varied by
selective adjustment of said dosing resistors and low pass
filter elements without any change in said overall at-
tack periods.
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