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This invention generally relates to electrical musical 
instruments, and it relates particularly to a synchroniz 
ing arrangement for an electrical musical instrument 
of the type wherein grid-controlled gas discharge tubes 
are utilized for developing electrical oscillations having 
a continuously variable frequency. 
The pitch of the tone of a musical instrument of the 

type to which the present invention relates is determined 
by the frequency of a saw-tooth voltage wave devel 
oped by a gas discharge tube or thyratron. The fre 
quency of this voltage wave, in turn, is determined by 
the grid bias voltage of the thyratron. This grid bias 
voltage may be controlled by the player of the musical 
instrument by actuating a frequency-determining ele 
ment such as a variable resistor functioning as a key 
board or manual. 
The synchronizing arrangement or system serves the 

purpose of deriving simultaneously several tones or elec 
trical frequencies having a Subharmonic relationship. 
These subharmonic tones or frequencies are synchro 
nized by a given or predetermined tone and are also de 
veloped by relaxation oscillators including gas discharge 
tubes. The subharmonic relationships must be main 
tained constant when the frequency of the given or pre 
determined tone is varied within a large frequency range. 
Ratios between the predetermined tone and the sub 
harmonic tone of the order to to 20 must be obtain 
able. It is necessary to adjust or vary easily the desired 
ratios and to change them readily at will. 

it is accordingly an object of the present invention to 
provide an electric network or system suitable for an 
electrical musical instrument by means of which two 
tones having a predetermined subharmonic relationship 
may be developed simultaneously. 
A further object of the invention is to provide an 

electric system of the character defined where the pitch 
of the predetermined tone may be varied at will within 
wide limits without changing the predetermined sub 
harmonic relation with the other tone or tones which 
are produced simultaneously with the predetermined tone. 
An electrical system in accordance with the present 

invention includes a relaxation oscillator or generator 
for developing a saw-tooth voltage wave corresponding 
to the predetermined tone. Only the frequency of the 
wave developed by the relaxation generator serving as 
a synchronizing generator. is variable by varying the 
negative grid bias voltage by means of a frequency-de 
termining element. Another relaxation generator is syn 
chronized by the first generator and develops the sub 
harmonic frequency or tone and is biased by a fixed 
negative grid bias voltage. The voltage wave developed 
by the synchronizing generator has a variable frequency 
and is fed to the grid of the synchronized generator by 
way of a grid-controlled high-vacuum tube which reverses 
the phase of the wave. The control grid of the vacuum 
tube is also coupled to the frequency determining ele 
ment and hence its grid voltage is also varied or modi 
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fied by the frequency-determining element or manual. 
This phase reversing vacuum tube is operated along the 
lower curved portion of its grid voltage-anode current 
characteristic. Consequently, a voltage wave is devel 
oped at the grid of the synchronized relaxation genera 
tor, which has an amplitude that increases with fre 
quency and which causes the synchronized generator to 
be locked-in in a very stable manner up to a very high 
Subharmonic ratio and over a wide frequency range of the Synchronizing generator. 
The invention will now be described with reference 

to the accompanying drawings, in which 
Fig. 1 is a circuit diagram of a synchronizing system 

embodying the present invention; 
Fig. 1a is a circuit diagram of a portion of the system 

of Fig. 1 modified in accordance with the invention; 
Fig. 2 is a graph illustrating wave shapes derived from 

the circuit of Fig. 1; and 
Figs. 3 to 6 are circuit diagrams of further embodi 

ments of the invention. 
Referring now to the drawings wherein the same ele 

ments are designated by the same reference characters 
and particularly to Fig. 1, there is shown a systern for de 
veloping two saw-tooth waves having a predetermined 
subharmonic relationship. The system of Fig. 1 in 
cludes a relaxation generator for developing a saw 
tooth voltage wave which synchronizes another relax 
ation generator 20; hence, generator 22 is synchronized 
by generator 1. The saw-tooth waves are developed 
in a manner, well known by the anode resistors 5 or 19 
and by the capacitors 6 or 21, respectively. Generators 
and 20 are gas tubes or thyratrons. In the grid cir 

cuit of generator i there is connected a frequency-de 
termining element which may consist of a variable re 
sistor 4 consisting of a stretched resistance wire. The 
two terminals of resistor 4 are secured to an insulator 
4 so that one terminal of the resistor 4 is floating. A 
grounded metallic rod or plate 4' is disposed below the 
resistance wire 4 so that any desired portion of the re 
sistance wire 4 may be connected between the control 
grid of tube. 1 and ground through resistor 3 by touch 
ing a desired point of the wire 4 to the grounded plate 
4''. A negative grid bias voltage is applied to the grid 
of tube 1 from a negative source through potentiometer 
resistors 9 and 8, the latter being grounded. A variable 
point of resistor 8 is connected through a tap and vari 
able resistor 2 to the control grid of tube 1. Resistor 3 
and that portion of resistor 4 connected between ground 
and resistor 3 form a shunt circuit or bleeder which de 
termines the grid bias voltage. The control grid of the 
synchronized generator 20 is supplied with a predeter 
mined negative bias voltage through the resistors 16, 17 

60 

70 

and 18 which is adjustable by the tap on resistor 17 
and which must remain constant during synchronizing of the generator. 
The synchronizing saw-tooth wave developed by gen 

erator 1 is fed to the control grid of the vacuum tube 
12 through a de-coupling network including capacitor 
10 and resistor 11. The control grid of the vacuuin 
tube 12 is further coupled with the grid of the synchro 
nizing generator through resistor 13. 
The capacitor 7 connected between the control grid 

of thyratron 1 and ground serves for equalizing or level 
ing sudden jumps of the direct current grid voltage which 
may occur at resistor 4 during the step-wise variation of 
the resistance connected in the grid circuit. Furthermore, 
capacitor 7 suppresses the grid pulses of the generator 
which may occur in the grid circuit when the tube fires. 
Preferably, the filament of the gas tube is heated with 
direct current, to improve the stability of the circuit, 
while the filaments of tubes 12 and 20 may be fed with 
alternating current. 
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The Synchronizing saw-tooth wave developed in the 
a node circuit of the vacuum tube 12 has its phase re 
versed and at the same time its amplitude is modulated in 
accordance with the frequency of the synchronizing wave, 
as will be more fully explained hereinafter. This is due 
to the fact that the operating point of the phase reversing 
tube 2 is shifted into the lower curved portion of its 
grid voltage-anode current characteristic. The syn 
chronizing saw-tooth wave derived from the phase re 
versing tube i2 is impressed on the grid cf the synchro 
nized relaxation generator 29 by means of direct cur 
rent of the blocking and coupling capacitor 5. The 
various Subharmonic relationships between the frequen 
cies of the waves are developed by generators and 28, 
adjusted by means of the variable anode resistor 9. 
The operation of the circuit of Fig. I will now be 

explained by reference to Fig. 2. The graphs a, b, c 
are obtained from an oscilloscope and illustrate saw-tooth 
waves of different frequencies of the synchronizing gen 
erator as impressed on the grid of the phase reversing 
tube i2. The particular frequencies F shown at a, 2F 
shown at b and 4F shown at c have been selected from 
a continuously variable sequence of saw-tooth wave fre 
quencies. The amplitude of the saw-tooth wave de 
creases, as is well known, with its frequency. The os 
cillographs d, e, f, illustrating waves of frequencies which 
correspond respectively to the same frequencies F, 2F, 
4F of the synchronizing saw-tocth wave are taken from 
the grid of the synchronized relaxation generator 20. 
The phase reversing tube reverses the direction of the 
voltage jumps P1 in curve a to P3 in curved, and there 
fore, the jumps P3 are in the same direction as the pulses 
P2 of the synchronized generator shown at d. This 
effect is believed to have an important stabilizing in 
fluence on the synchronizing arrangement. 

Furthermore, the phase reversing tube 12 causes the 
amplitude of the synchronizing saw-tooth wave to in 
crease with frequency at the grid of the synchronized gen 
erator 20. This is achieved due to the fact that a nega 
tive bias voltage is applied to the grid of the phase re 
versing tube 12 which is developed by the variable re 
sistor 4; this bias voltage decreases with increasing fre 
quency. When the operating point of the phase reversing 
tube 2 is in the region of the lower bend of the grid 
voltage-anode current characteristic, changes of the grid 
bias voltage caused by the resistor 4 cause a large change 
of the slope of the characteristic of the phase reversing 
tube 2. In this manner the slope of the characteristic 
of the phase reversing tube 12 can be increased with 
increasing frequency to such an extent that the decrease 
of the amplitude of the saw-tooth wave with frequency 
at the grid of the phase reversing tube 12, shown at a, 
b, c, is transformed into an increase of the amplitude of 
the waves d, e, f with frequency in the anode circuit of 
the phase reversing tube 12. 
As soon as this over-compensated state is achieved 

it is possible to obtain an optimum synchronized lock-in 
condition by a fine adjustment of the anode resistor 4, 
grid resistor 17 and coupling resistor 13. This optimum 
lock-in condition extends over the entire control range 
provided by the resistor 4 and may amount to a maxi 
mum of three and one half octaves and is independent 
of the order number of the manual up to divisional ratios 
of 1 to 16. 
The result of the synchronization proceses, that is, the 

synchronized wave is illustrated in Fig. 2 at g, h, i as 
obtained from the coupling network 22, 23. While the 
frequency ratios correspond to those of the curves a to 
C and d to f, the actual values of the frequencies are 
divided by seven in this case. Although the relaxation 
generator 28 has only one firing voltage which is ad 
justed once and for all it is still possible to force syn 
chronization of the generator, that is to lock-in the gen 
erator within a continuous frequency range in the re 
quired Subharmonic relationship because the missing por 
tion of the predetermined firing voltage is supplied by the 
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4. 
synchronizing wave, the amplitude of which increases 
with frequency. 

With the circuit of Fig. 1 it has been possible to force 
Subharmonic relationships up to about 1 to 20 over 
annost the entire range of the manual. In this connec 
tion the following interesting and important phenomenon 
has been established. 

Every Subharmonic relation of the synchronized re 
laxation generator which is smaller than the maximum 
obtainable divisional ratio can only be adjusted by vary 
ing the resistance of resistor 9 or the capacitance of ca 
pacitor 21; in that case the stability as well as the range 
of the relative frequency change which may be effected 
by the manual increases with decreasing divisional ratio 5. 
When the thus obtained values of the resistance of 

resistor 9 and the capacitance of capacitor 2i are de 
termined for the different Subharmonic divisional ratios 
and when these fixed values are changed in accordance 
with Fig. 1a by stepping or sequence switches 36 or 37, 
it is found that these values do not vary during adjust 
ment of the synchronized generator after it has been con 
nected in circuit, as well as when the thyratron of the 
synchronized generator or the vacuum tube of the phase 
reversing tube are replaced. In all these cases, all that 
is necessary is to readjust the largest divisional ratio 
of the stepping switch 36 or 37 by means of the resistors 
13, 14 and 17 when the tubes are replaced or to re 
adjust the resistors 14 and 17 for a further fine adjustment 
which may be necessary after the circuit is connected 
again to obtain the desired tone range. After such ad 
justment the smaller values of the divisional or Subhar 
monic ratios are also exactly correct and correspond to 
the desired and required tone range. In case several 
relaxation generators have to be synchronized simulta 
neously, it is possible to utilize for all the synchro 
nized generators the same fixed values of the resistors 19 
and of the capacitors 21 connected in a circuit which is 
otherwise the same. This exact determination of these 
fixed values needs only be effected for a single relaxa 
tion generator. These values may then be utilized, with 
out further adjustment, for the remaining synchronized 
generators. 

This type of adjustment provides a considerable simpli 
fication for the player. For example, if four synchronized 
relaxation generators are controlled by one synchronizing 
generator, each synchronized generator being adjustable 
by means of a stepping switch for a divisional ratio of 
between 1 to 2 and 1 to 16, the player is enabled to 
adjust completely and accurately these sixty selectively 
adjustable subharmonic ratios by a simple checking and 
readjustment, if necessary, of the four lowest subharmonic 
ratios (in the present case a ratio of 1 to 16) of each 
synchronized relaxation generator without the necessity 
to adjust or check the remaining fifty six values. 
The circuit of Fig. 1 may be modified in various ways 

to provide synchronization of a plurality of synchronized 
generators. Some embodiments of such circuits will now 
be discussed by way of example. Fig. 3 is a circuit dia 
gram for providing synchronization of a plurality of gen 
erators in parallel. The synchronizing saw-tooth wave 
derived from the phase reversing tube 2 is impressed on 
several synchronized relaxation generators 20, 20' and so 
on by way of decoupling tubes 25, 25' and so on, which 
latter serve the purpose to prevent feedback or reaction 
of the grid pulses between the various synchronized gen 
erators. The elements 24 to 29, 24' to 29' and so on 
should be selected and chosen in such a manner that an 
undistorted transfer of the synchronizing saw-tooth wave 
takes place. The decoupling tubes operate in the normal 
range of the characteristic in the conventional manner of 
a triode circuit. By means of resistors 19, 19 and so on 
various subharmonic intervals may be adjusted independ 
ently from each other. 

Figs. 4 and 5 are circuit diagrams of systems for effect 
ing synchronization of the synchronized generator in 
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parallel or in series. The synchronized generators 20, 
20 and so on are each coupled to a phase reversing tube 
12, 12' and so on, the grids of which are coupled by 
separate resistors 13, 13' and so on with the grid of 
the synchronizing generator 1. The grids of the phase 
reversing tubes 12, 12' are supplied with the synchronizing 
saw-tooth wave by means of individual coupling networks 
16, 1, 10", 1" and so on. 

In accordance with Fig. 4 the saw-tooth wave of the 
relaxation generator 1 is applied by means of each coll 
pling network 10, 11, 10", 11’ and so on to each phase 
reversing tube 12, 12' and so on and is utilized as Syn 
chronizing wave and is impressed on the synchronized 
generators 29, 20' and so on to provide synchronization 
in parallel. 

In accordance with Fig. 5 there is utilized not only the 
saw-tooth wave of the relaxation generator as a Syn 
chronizing wave but each synchronized saw-tooth wave 
of different frequency is used to synchronize, in turn, a 
further relaxation generator; thus a series synchroniza 
tion system is obtained. By means of the coupling net 
works 31, 31; 22, 23; 22, 23' and so on the various 
saw-tooth waves may be derived either individually or 
simultaneously and may be rendered audible, for example, 
by means of elements which determine the timbre and 
of the amplifiers. Of course there is no free choice of 
the subharmonic frequencies for this series synchroniza 
tion system so that the required equipment for numerous 
desired subharmonic frequencies may become too great. 
Therefore, it is of considerable practical importance that 
a stable synchronization is possible even for large sub 
harmonic intervais because with such a system a rela 
tively small expenditure of relaxation generators and coul 
pling tubes provides very different and numerous com 
binations. In this connection it is very important that 
the subharmonic frequencies may be changed by means 
of a single knob or by unicontrol means. 

In order to explain the possibilities which may be ob 
tained with the synchronizing arrangement of the inven 
tion an interesting modification of the circuits described 
so far will now be explained in connection with Fig. 6. 
This system makes it possible to derive very peculiar 
wave forms which produce quite surprising sounds. As 
shown in Fig. 6 several Synchronizing saw-tooth waves of 
different frequencies are impressed on a synchronized 
relaxation generator 32 by means of a phase reversing 
tube 35. These waves may be developed either by any 
of the previously described circuits or in any other known 
manner. These waves are impressed on tube 35 by means 
of coupling networks 33, 34; 33, 34' and so on. By 
way of example these synchronizing saw-tooth waves of 
different frequencies may be obtained from the relaxation 
generators 20, 20' of Figs. 3 to 5. If these waves with 
frequencies having harmonic relationship between each 
other are impressed simultaneously on the phase revers 
ing tube 35, the non-linear operation of the tube 35 causes 
the development of difference or beat frequency waves 
of very large amplitudes, which of course, must bear a 
harmonic relationship to the impressed saw-tooth waves. 
These differences of the heat frequency waves are also 
developed as component of the synchronized saw-tooth 
wave derived from the generator 32 so that a subjective 
sound is produced which may roughly be compared to 
that of an organ mixture. The lowest fundamental tone 
is heard predominantly and besides the frequencies of the 
saw-tooth waves developed by the generators 20, 20' and 
so on as well as further, weaker harmonic components 
which produce a many-sided timbre. It is very remark 
able that even in this multiple synchronization system 
the lock-in range remains invariably the same even if 
the impressed synchronized saw-tooth waves of the genera 
tors 20, 20' and so on have high subharmonic ratios with 
respect to the applied synchronizing saw-tooth wave. By 
means of adjustable coupling resistors 34, 34' and so on 
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6 
the mixing ratios of the audible timbre may be further 
controlled in many ways. 

Since certain changes may be made in the above de 
scribed arrangement and different embodiments of the 
invention could be made without departing from the scope 
thereof, it is intended that all matter contained in the 
above description or shown in the accompanying drawing 
shall be interpreted as illustrative and not in a limiting 
Sense. 
What is claimed is: 
1. A synchronized arrangement for electrical musical 

instruments comprising a first and at least one further 
relaxation generator, each including a grid-controlled gas 
discharge tube, said first generator developing a syn 
chronizing saw-tooth wave, said further generator being 
Synchronized by said synchronizing wave, means for 
impressing a predetermined negative bias voltage on the 
grid of said first geenrator, means including a frequency 
determining resistor connected to the grid of said first 
generator and operable to vary and to decrease said bias 
voltage with increasing frequency of said synchronizing 
wave, a phase reversing vacuum tube having a grid and 
a plate, means for impressing said synchronizing wave on 
the grid of said tube, a first connection between said 
frequency-determining resistor and said grid of said tube, 
said vacuum tube having a grid voltage-plate current 
characteristic characterized by a slope decreasing with 
increasing negative grid voltage, the direct current voltage 
of said plate being so arranged that the operating point 
of said tube is within the range of change of slope of 
said characteristic, whereby the negative grid voltage of 
said tube will decrease with an increase in frequency of 
said synchronizing wave of said first generator, and si 
multaneously the slope of said characteristic will in 
crease and the amplitude of the synchronizing wave will 
increase on said plate, and a second connection between 
said plate and the grid of said further generator. 

2. An arrangement as defined in claim 1 wherein a 
further variable resistor is included in said first connec 
tion between said frequency determining resistor and 
said grid of said tube. 

3. An arrangement as defined in claim 2 wherein the 
gas discharge tube of said further generator includes an 
anode, and wherein a plurality of anode resistors is pro 
vided which are selectively connectible to the anode cir 
cuit of said further generator. 

4. An arrangement as defined in claim 2 wherein the 
gas discharge tube of said further generator includes an 
anode and a cathode, and wherein a plurality of dis 
charge capacitors is provided which are selectively con 
nectible across said anode and cathode. 

5. An arrangement as defined in claim2 wherein a 
plurality of further generators is provided, each being 
coupled to said vacuum tube by an individual decoupling 
tube, the grids of said decoupling tubes being coupled to 
Said vacuum tube by individual coupling capacitors. 

6. An arrangement as defined in claim 2 wherein a 
plurality of further generators and a plurality of phase 
reversing vacuum tubes is provided, each further gen 
erator being coupled to one of said vacuum tubes, the 
control grids of said vacuum tubes being coupled to said 
frequency-determining resistor by an individual further 
resistor. 

7. An arrangement as defined in claim 6 wherein in 
dividual coupling elements are provided for coupling the 
control grids of each of said vacuum tubes to said first 
generator, thereby to impress said synchronizing wave on 
each of said vacuum tubes. 

8. An arrangement as defined in claim 2 wherein a 
plurality of further generators is provided and a plurality 
of phase reversing vacuum tubes, each of said further 
generators being coupled to a preceding further generator 
through one of said vacuum tubes, whereby each of said 
further generators is synchronized by the preceding 
further generator. 



2,740,892 
7 

9. An arrangement as defined in claim 2 wherein two 
further generators are provided and a further phase re 
versing vacuum tube, said further tube being coupled 
between said further generators connected in cascade, 
whereby the first one of said further generators syn 
chronizes the other one of said further generators. 

10. A synchronizing arrangement for electrical musical 
instruments comprising a plurality of relaxation gen 
erators, each developing a saw-tooth wave, said waves 
having frequencies harmonically related to each other, 
means for synchronizing said relaxation generators, a 
further synchronized relaxation generator, and a com 
mon phase reversing vacuum tube coupling said plurality 
of generators to said further generator for simultaneously 

O 

8 
synchronizing said further generator by means of said 
WaWes. 

11. An arrangement as defined in claim 10 wherein a 
coupling network including a variable resistor is pro 
vided for coupling each of said plurality of generators 
to said tube. 
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