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10 Claims. (Cl. 250-3ó) 

This invention relates to musical instruments and 
more particularly to a combined vibrato-tremolo system 
for use in an electronic musical instrument. 

It is desirable in electronic musical instruments to 
provide means for varying, at the will of the player, the 
pitch of musical tones emitted by the instrument at a 
low frequency or natural vibrato rate. In the past, in 
all-electronic instruments of the type which utilize vac 
uum tube oscillators for generating the musical tones, 
it has been the practice to vary the voltage applied to at 
east one of the electrodes of each of the master oscil 
lator tone generators at a vibrato rate to produce the 
necessary vibrato. However, adding vibrato to the tones 
by such means is not generally satisfactory. An oscil 
lator whose frequency can be varied in such a manner 
is inherently unstable, with the result that the instru 
ment is subject to drifting out of tune over a period of 
time. Furtherfore, it is advantageous to apply vibrato 
only to selected tone frequencies of the instrument since 
it is not musically pleasing to the ear that the lower or 
bass tone frequencies exhibit the same degree of vibrato 
as is found in the higher tone frequencies. When vibrato 
is applied directly to master oscillators of electronic 
musical instruments, the application of vibrato to only 
selected numbers of the tones is impossible, because all 
of the tone frequencies, including the bass tones, are 
merely submultiples of the fundamental tone frequen 
cies generated by the master oscillators, and would ac 
cordingly contain any vibrato frequency component ap 
plied to the master oscillators. 

Applying a natural vibrato frequency to all of the 
master oscillator tone generators has the additional dis 
advantage that the vibrato cannot be applied selectively 
to one or more of the manuals of an organ, as one set 
of tone generators supplies toes for all manuals. Thus 
a “chorus' effect cannot be obtained with such a Sys 
tel. 

In some instances, it is difficult if not impossible to 
apply a vibrato signal directly to the tone generators, par 
ticularly when the tone generators are vibraiing reeds ; 
with electrostatic pickups, or of the rotating metallic 
disc, electro-magnetic type. Heretofore, when electronic 
instruments have used Such tone generators, the vibrato 
systems have been cumbersome and complex, and usually 
a combination of mechanical and electrical devices are 
resorted to, such as delay lines with selected tapped con 
nections, mechanically commutated at vibrato frequency 
rate to supply a varying phase shift to the output of the 
electronic instrument. 

Additionally, it is particularly desirable that the vibrato 
system be an electronic integrated unit which can be 
easily adapted to any electrical musical instrument and 
need not necessarily be incorporated into the instrument 
during manufacture thereof. Where vibrato systems are 
supplied as an additional packaged unit to an electronic ty 
musical instrument, the units may be cascaded at the 
will of the player to provide greater degrees of vibrates 
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if desired, or, on the other hand, removed entirely with 
out disrupting the internal circuitry of the instrument. 
Some musicians prefer tremolo or amplitude variation 

of the instrument tones in addition to or an lieu of 
vibrato or frequency variation of the tones. It is there 
fore preferable that any vibrato system have means for 
providing tremolo alone or in conjunction with the Wi 
brato, and that tremolo be similarly available when the 
vibrato system is supplied as an additive extra to an ex 
isting instrument. If a vibrato signal is applied directly 
to the tone generators of the instrument, it is difficult 
to apply such vibrato without securing tremolo at the 
same time since, as mentioned above, signals of vibrato 
frequency are usually applied to a grid of the master 
oscillators of the tone generating system and vary the 
bias thereof. Any variation in the bias not only pro 
duces frequency variation, but also amplitude variation 
of the outputs of the master oscillators. Conversely, at 
tempts to apply only tremolo to other electrodes of the 
tone generating oscillators invariably result in some form 
of frequency shift of the center frequency of the oscil 
lators. 

It is therefore an object of the present invention to 
provide a combination vibrato and tremolo system for 
electronic instruments which is low in cost to manu 
facture and which is easily adaptable as a separate 
unit to all types of musical devices. 

It is another object of the invention to provide a 
combination vibrato and tremolo system having means 
for selectively actuating either vibrato, tremolo, or both, 
at will. 

It is a further object of the invention to provide a 
vibrato system which is instantaneous in starting and 
completely variable in frequency and depth over the 
natural vibrato range. 

It is yet another object of the invention to provide a 
combination vibrato and tremolo system for electrical 
musical instruments in which the vibrato may be sup 
plied only to selected portions of the musical tone fre 
quencies in the instrument, or to Selected manuals of 
an electronic organ. 

It is a still further object of the invention to provide 
a vibrato system which may be easily cascaded with like 
units. 

For a better understanding of the invention, together 
with other and further objects thereof, reference is made 
to the following detailed description taken in connection 
with the accompanying drawings, in which: 

Fig. 1 is a block diagram of the present invention. 
Fig. 2 is a schematic circuit diagram of the tremolo 

vibrato system. 
In Fig. 1 the general block schematic of the is wei 

tremolo-vibrato system is shown as used, by way of ex 
ample, in conjunction with a conventional electronic 
organ type of musical instrument. Such an organ ge:- 
erally has a plurality of tone generators 8 willici Finay 
be a number of electronic oscillators, or vibrating reeds 
with electrostatic pickups, or any of the other well known 
types of tone generators. Electronic organs generally 
have one or more manuals of keys which are adapted to 
selectively apply the desired pitches generated by the 
tone generators to selected filters for tone coloring gar 
poses. These key switches and filters are indicated by 
reference character 12 in Fig. 1. 

in the present embodiment, the vibrato system generally 
indicated as i4 is connected between the outputs of tone 
filters 12 and the input of the usual power amplifier (5 
which in turn energizes a loudspeaker system 18. It 
should be understood, however, that the tremolo-vibrato 
system of the present invention is shown only by way 
of example as being connected to an electronic organ, 

  



?? 
and particularly interposed between the outputs of the 
tone filters and the input of the amplifying system. The 
thermolo-vibrato system may be connected to any por 
tion of an electronic organ arrangement where there is 
a source of audio voltage. Furthermore, the vibrato sys 
term generally indicated as 14 may be attached to any 
electronic musical instrument, and is not limited in ap 
plications to electronic organs. For example, the source 
of tones to which it is desired to add a pleasing vibrato 
may be electronic instruments, such as an electric guitar, 
electric piano, or a tape recorder. 
The vibrato system includes an input amplifier 20 to 

which is connected a phase shifter 22 and a subaudible 
tone generator 24. Tone generator 24 is preferably an 
electronic oscillator having an output frequency adjust 
able over the entire natural vibrato frequency rate, that 
is, between 2 and 12 cycles per second. Subaudible tone 
generator 24 is also connected to phase shifter 22. Thus, 
tone signals from amplifier 20 are shifted in phase at a 
natural vibrato frequency rate by means of phase shifter 
22, at a rate determined by subaudible tone generator 24. 

In most musical instruments where a vibrato is used, 
it is also generally desirable to provide a source of 
trernulant or variation in the amplitude of the tone sig 
nals at a natural vibrato frequency rate. In accordance 
there with, the output of the subaudible tone generator 
2:3 is also connected to the input of amplifier 20 in such 
a manner that the tones received thereby are modulated 
at a natural vibrato rate, 

?onnected to the output of phase shifter 22 is a high 
pass filter 26 which may have any desired low frequency 
cut-off. Filter 26 is desirable as most musicians do not 
wish to have vibrato on tones of the lower pitches. Fur 
thermore, high pass filter 26 insures that no signal com 
ponents having a fundamental vibrato frequency, such 
as may be passed directly to the speaker system 18 from 
tone generator 24 to create an objectionable rumble in 
the output, are passed to power amplifier 16. Low pass 
filter 23 is connected between the input of preamplifier 
23 and power annplifier 6 in order to allow tones of 
lower pitches to be amplified by the main amplifier 16 
without any vibrato application thereto. 
The combined vibrato-tremolo system is shown in 

schematic detail in Fig. 2. The vibrato preamplifier 20 
has a pair of input terminals 30 which may be connected 
to any source of electronic musical tone as mentioned 
heretofore. The input grid of a suitable electronic valve 
32 is connected to one of terminals 30 through a cou 
pling capacitor 34. Valve 32 has a cathode biasing re 
sistor 36 and associated by-pass capacitor 38. The anode 
circuit of valve 32 is connected to the input or primary 
winding 43 of transformer 39. The output winding 40 
of tranformer 39 has center tap connected to a ter 
minal 42 and ends connected to terminals 44 and 46 
respectively. A capacitor 48 is connected between ter 
jminal 46 and ground. The anode circuit of valve 50 is 
connected to terminal 44 while the cathode circuit of 
valve 56 comprises a bias resistor 52 with an associated 
by-pass capacitor 54 connected between the cathode of 
valve 53 and ground. A suitable positive voltage is 
applied to the anode of valve 50 through a plate load 
resistor 55. 
A signal from generator 24 having a natural vibrato 

frequency is applied to the input grid of valve 50 through 
a Switch 36 which is adapted to shunt the grid to ground 
when no vibrato is desired, 

Transformer 39, capacitor 48, valve 50 and associated 
circuitry comprise a means for providing wide phase 
excursions in the tone signal appearing between terminal 
42 and ground as compared with the signal applied to 
the input winding 4 of transformer 39. Since phase 
Stift is synonymous with frequency shift, then as the 
phase of the instant tone signal is shifted at a natural 
vibrato rate by means of vibrato signals from generator 
36, the output from phase shifter 22 as seen between ter 
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4 
minal 42 and ground is shifted in frequency at the same 
vibrato rate. vn 
The principles of operation of the phase shifter may 

be more easily understood if valve 50 is considered as 
a variable resistor connected between terminal 44 and 
ground. As capacitor 48 is connected between terminal 
46 and ground, it comprises, when taken in connection 
with valve 58, a resistance-capacitance circuit connected 
in series between the end terminals 44, 46 of transformer 
33, with the midpoint between the resistor-capacitor 

es combination at ground potential. Due to the con 
ventional electrical action of a center tapped transformer, 
the signal voltage appearing between terminal 42 and 
44 is 180° out of phase with respect to the signal voltage 
apiearing between terminal 42 and 46. Furthermore, 
as the transformer output winding 40 is center tapped, 
these two out of phase voltages are equal in magnitude. 
The tone signal voltage output is developed between 

thc midpoint 42 of two 180° out of phase voltages and 
the junction point between two complex impedances, 
namely capacitor 48 and variable resistance valve 50, 
which have the two out of phase voltages impressed 
thereacross. Therefore, it will be seen that the resultant 
output signal is always equal in magnitude to one-half 
the Voltage developed between terminals 44 and 46, but 
varying in phase with respect to the input voltage of 
transformer 39, depending upon the magnitude of the 
'RC' impedances with respect to one another. Accord 
ingly, if R, the plate resistance of valve 50, is varied 
while the value of C48 is held constant, the phase of 
the output signal voltage developed between terminal 
42 and ground will vary accordingly, and will approach 
180. The action of the circuit can be better understood 
with the aid of the theory of extremes. If the plate 
resistance value of valve 50 is reduced to zero, the out 
put terminals become terminals 42, 44 of transformer 
39, and the output signal has the amplitude and phase 
of that half of the transformer. If the capacitor is at 
Zero reactance, the output signal has the phase and 
amplitude of the signal appearing across terminals 42, 
46 of transformer 39. It follows that at intermediate 
values of resistance and reactance the phase of the out 
put is somewhere between these two 180° extremes, but 
the amplitude of the output signal is always constant, 
namely one half of the signal voltage developed between 
terminals 44, 46 of transformer 39. 

it has been found that a value of .001 microfarad for 
capacitor 48 provides a suitable degree of phase shift 
when used with most conventional valves. 

Plate resistor 55 serves to isolate end 44 of transformer 
winding 40 from ground so as to allow valve 50 to be 
the principal resistance therebetween. It has been found 
in actual practice that phase shifts as high as 175° may 
bo obtained. 
Vibrato frequency generator 24 may be any conven 

tional type, low frequency oscillator which is adapted to 
oscillate between 2 and 12 cycles per second. For pur 
poses of illustration, a phase shift oscillator is shown 
which employs resistance-capacitance combinations to 
Supply the necessary phase shift to cause valve 74 to 
oscillate. The phase shift components comprise capaci 
tors 58, 60 and 62 and resistors 64, 66, 68, 70, 72 and 
76. Resistor 66 is a variable or potentiometer type which 
adjusts the "depth” of the vibrato. It is connected to 
one pole of Switch 56 and provides a terminal from which 
the output voltage of the oscillator 24 is taken and ap 
plied through switch 56 to the input grid electrode of 
valve 50. Switch 56 has a pole connected to ground. 
By manipulating the Switch, the vibrato signal may be 
removed from the output of the instrument. 

Resistor 72 is also adjustable, and provides a means 
for varying the frequency rate of the oscillator so that the 
vibrato rate may be adjusted. It is preferable that the 
rate be set between 4 and 6 cycles per second as this 
range is the most pleasing vibrato rate to the human ear. 

SK 
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Yet the oscillator should be capable of adjustment over 
the wholie natural vibrato frequency range. 
The phase shift network is connected to a valve 74 

which is caused to oscillate in a well known manner. 
Valve 74 has a grid to ground return resistor 76 and a 
cathode to ground resistor 78 with an associated by-pass 
capacitor 8. A plate load resistor 81 is connected to 
a source of positive voltage and the anode of valve 74. 

In some instances, it is desirable to provide tremolo as 
well as vibrato, that is, a variation in amplitude of the 
instrument output tones as well as a variation in fre 
quency. Accordingly, vibrato frequency generator 24 
may also serve as a source of tremolo signal. This fea 
ture is provided by injecting a portion of the output volt 
age of oscillator 24 into the input circuit of pre-amplifier 
20, thereby modulating the signal amplified by pre-ampli 
fier 20 in accordance with the frequency of the subaudible 
tone oscillator 24. Connections between vibrato oscil 
lator 24 and the input circuit of preamplifier 20 are pro 
vided by means of isolating resistor 82, potentiometer 
84 and resistors 87 and 88. Potentiometer 84 and re 
sistors 87 and 88 provide a control grid to ground return 
path for valve 32. The “depth' of the tremolo may be 
adjusted by varying the amount of signal voltage fed 
from oscillator 24 to the control grid of valve 32 by 
means of potentiometer 84. If desired, potentiometers 
6S and 34 may be of the ganged type, so that the depth 
of the vibrato and tremolo may be varied simultaneously. 
The rate or frequency of the tremolo is a function of 
the frequency of oscillator 24 and is accordingly the 
same as the vibrato frequency. Therefore, manipulation 
of rate control 72 varies both the vibrato and tremolo 
rate simultaneously. A switch 86 is connected in series 
etween the input contact of potentiometer 84 and re 

sistor 82 to remove the tremolo signal from preamplifier 
26 when the tremolo feature is not desired. 
As mentioned heretofore, it is desirable to prevent sig 

nal components having the fundamental frequency of the 
vibrato oscillator from appearing in the output of ampli 
fier 6 where an objectionable "rumble' would be heard, 4 
and it is further desirable that the lower frequency tones 
be vibrato free. A high pass filter 26 provides both of 
these functions. Since it is preferable to have a gentle 
roll-off characteristic rather than a sharp knee in the 
characteristic curve of the filter, a simple RC filter may 
be used. Such a filter is shown by way of illustration 
as comprising resistances 90, 92 and a suitably chosen 
capacitor 94. To allow the low tone frequencies to ap 
pear in the output of amplifier 16 without having any 
vibrato frequency components superimposed thereupon, a 
low pass filter 28 is provided. Such a filter may also 
be of the simple RC type, consisting of suitably chosen 
resistors 96, 98 and a capacitor 100. 

In electronic musical instruments, the general tone 
output should have a constant amplitude for all tone fre 
quencies. This feature is easily provided by the present 
invention because the output from the phase shifter is 
always constant in amplitude due to its unique design. 
By applying conventional filter design techniques, the 

roll-off characteristic of the filters 26, 28 may be suitably 
shaped to intersect at a point of magnitude substantially 
equal to that of the respective pass bands of each filter, 
and the filters may also be designed to have substantially 
identical transmission efficiencies. As a result, to the 
listener there is no apparent decrease of amplitude in 
either the high or the low frequency tone signals, but only 
a gentle decrease in vibrato as the tone frequencies be 
come lower. 

Since the signal fed to transformer 39 is amplified by 
valve 32, it has a greater magnitude than the signal fed 
to low pass filter 28. However, gain equalization between 
these tone signals may be provided in any conventional 
Way. For example, a resistor attenuating network may 
be inserted in series in the line between terminal 42 and 
high pass filter 26, or the turns ratio of the transformer 
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may be adjusted to compensate for the voltage amplifica 
tion provided by valve 32. The latter means is prefer 
able as it has been found that the phase shifter functions 
better if winding 40 presents a comparatively low imped 
ance to the phase shifting components. 

Each tremoio-vibrato system & is a completely inte 
grated unit, and may be cascaded with like units to pro 
vide a very great degree of vibrato, tremolo, or both. 
Furthermore, the systems need not be connected to the 
output stage of an electronic organ but may be con 
nected to preceding stages, for example, to the output 
connections of one or more manuals in a multi-manual 
organ. For example, in a two manual organ, the inven 
tion may be connected to the Sweil mantial only to pro 
vide tremolo-vibrato for the solo stops of the “swell.” In 
this manner the "great' manual and pedal clavier would 
be free of vibrato or tremolo as is often preferred, 
On the other hand, a separate tremolo-vibrato system 
4 may be connected to each of the manuals So that a 
"chorus' effect will be obtained when both manuals are 
played together. 
While the present invention has been disclosed by 

means of specific illustrative embodiments thereof, it 
would be obvious to those skilled in the art that various 
changes and modifications in the means of operation de 
scribed or in the apparatus, may be made without depart 
ing from the spirit of the invention as defined in the ap 
pended claims. 

claim: 
1. in an electrical musical instrument, means for pro 

ducing audio frequency tone signals, an amplifier for 
amplifying said signals, said amplifier having input and 
output circuits, means connected to said output circuit 
for shifting the phase of signals amplified by said ampli 
fier, means connected to the input circuit of said amplifier 
for modulating Said audio signals, a subaudible frequency 
Source in connection with said phase shifting means and 
said modulating means operative to modulate arid simul 
taneously shift the phase of said audio signals at a sub 
audible rate, whereby said signals exhibit both tremolo 
and vibrato simultaneously, a high pass filter connected 
to said output circuit to filter out the subaudible fre 
quencies introduced in said signals by said source of sub 
audible frequency, and a low pass filter connected be 
tween the input of said amplifier and output of said high 
pass filter to by-pass low frequency tone signals around 
said amplifier circuits. 

2. The apparatus defined in claim 1, wherein said low 
pass filter and said high pass filter have substantially 
equal roll-off frequencies and transmission efficiencies. 

3. In an electrical musical instrument, the combination 
including two sources of audio tone signals having a sub 
stantially 180 degrees out of phase relationship, ineans 
including a plurality of impedances serially connected 
across Said signal sources for combining said sources of 
signals, means for varying at least one of said impedances 
at a selected vibrato rate independently of said other in 
pedance, and output paths connected to said sources and 
said serially connected impedances for providing a third 
audio signal having a constant amplitude and varying in 
frequency at said vibrato rate with respect to said first 
and second audio signals. 

4. In an electrical musical instrument, the combination 
including two sources of audio tone signals having a sub 
stantially 180 degrees out of phase relationship, means 
including a plurality of impedances serially connected 
acroSS Said signal Sources for combining said sources 
of signals, means for varying at least one of said im 
pedances at a selected vibrato rate independentiy of said 
other impedances, and output paths connected to said 
Sources and said serially connected impedances for pro 
viding a third audio signal having a constant amplitude 
and varying in frequency at said vibrato rate with respect 
to Said first and Second audio signals, one of said output 
paths including a filter for filtering out the subaudible 
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frequencies introduced into the audio output signals by 
Said impedance varying means. 

5. In an electrical musical instrument including an 
electrical device having an output for distributing elec 
trical signals whose frequencies correspond to that of 
Souzids to be produced, means for dividing said signals 
into components of equal magnitude and opposite phase 
relationship, means including a plurality of impedances 
serially connected across said dividing means for com 
bining said signal components of equal magnitude in 
opposite phase relationship, means for varying at a se 
lected vibrato rate at least one of said impedances in 
(dependently of Said other impedances, and output paths 
coninected to said dividing means and said serially con 
jected impedances for providing an audio signal having 
a coastant amplitude and varying in frequency at said 
vibrato rate with respect to the output signal from said 
electricai device. 

6. in an electrical musical instrument including an 
ciectrical device having electrical output signals whose 
frequencies correspond to that of sounds to be produced, 
Fileans for dividing said signals into components of equal 
magnitude and opposite phase relationship, said dividing 
means having output terminals, a serially connected reac 
tive element and a variable impedance element connected 
in shunt across said output terminals, means for varying 
Said variable impedance element at a selected vibrato 
Faie independently of said reactive element, a first out 
put path from said dividing means, a second output path 
from the junction point of said serially connected reac 
tive element and said impedance element whereby sai 
paths provide output signals therebetween varying in 
frequency at said vibrato rate, with respect to the output 
signals of said electrical device. 

7. A musical instrument including an electrical device 
having electrical output signals whose frequencies cor 
respond to that of sounds to be produced, means for 
dividing said signals into components of equal magni 
tude and opposite phase relationship, said means includ 
ing a connection effective to establish for said corn 
ponents a point of common phase reference, means in 
cluding a plurality of impedances for combining said 
signals, means for varying the magnitude of at least one 
of said impedances at a selected vibrato rate independ 
ently of Said other inpedance, and output paths connected 
to Said point of common phase reference and said com 
bining means respectively for providing output signals 
therebetween varying in frequency at said vibrato rate, 
with respect to the output signals of said electrical device. 

8. in an electrical musical instrument including an 
electrical device having an output for distributing elec 
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trical signals whose frequencies correspond to that of 
Sounds, to be produced, means for dividing said signals 
into components of equal magnitude and opposite phase 
relationship, means including a plurality of impedances 
for combining said signals, means for varying at least 
one of said impedances at a selected vibrato rate, output 
paths fronn said dividing and said combining means re 
Spectively for providing output signals varying in fre 
quency at said vibrato rate, one of said output paths 
including a high pass filter for fiitering out the subaudible 
frequencies introduced into the output signals by said 
impedance varying means, and a low pass filter connected 
between the output of said device and the output of said 
high pass filter to by-pass low frequency signals around 
Said dividing and combining means. 

9, in an electrical musical instrument, including means 
for producing audio frequency tone signals, an amplifier 
for amplifying said tone signals, said amplifier having 
an output circuit, a transformer connected to said out 
put circuit, said transformer having a center-iapped 
Secondary winding, an electronic valve having at least 
an anode circuit and a signal input electrode, a capacitor 
connected to a terminal of said secondary winding, the 
anode circuit of said valve being connected in Series be 
tween a second terminal of Said secondary winding and 
Said capacitor, a generator of Subaudible frequency 
oscillations connected to said input electrode and opera 
tive to shift the phase of said audio signals at a sub 
audible rate whereby said signals exhibit a vibrato fre 
quency shift at said subaudible rate, output terminals 
for said frequency shifted signais connected to said center 
taip and said series connection between said capacitor 
and said anode circuit, and a filter connected to said 
output terminals for filtering out the subaudible fre 
tlencies introduced into the output signals by said gen 

erator of Subaudible frequency oscillations. 
10. Electrical musical apparatus according to claim 9 

wherein said amplifier has an input circuit, and said gen 
erator of Subaudible frequency oscillations has a switch 
able connection to said input circuit, whereby said signals 
are selectively amplitude modulated to provide tremolo 
concurrently with said vibrato frequency shift. 
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