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UNITED STATES PATENT OFFICE 
2,254,284 

ELECTRICA, MUSICAL INSTRUMENT 
John M. Hanert, Wilmette, Ill., assignor to Ham 
mond Instrument Company, Chicago, Ill., a cor 
poration of Delaware 
Application May 18, 1939, Serial No. 274,325 

(C. 84-1.19) 31 Claims. 

My invention relates generally to electrical 
musical instruments, and more particularly to 
instruments of this type in which the tone sig 
nal is electrically generated and its transmission 
to an electroacoustic translating means con 
trolled by means of keys and the like. 

It is the primary object of my invention to 
provide an electrical musical instrument which 
is capable of producing a wide variety of tone 
colors and effects, but which is nevertheless of 
very simple construction, and may be econom 
ically manufactured for sale at a relatively low 
price. 
A further object is to provide an improved 

electrical tone signal generating system employ 
ing interlocked oscillators for frequency stabili 
zation, and having means whereby the frequency 
of oscillation of the oscillators may be readily 
and accurately controlled so as to make it pos 
sible for each of the oscillators to generate sig 
nal frequencies corresponding to the semitones 
of one octave. 
A further object is to provide an electrical mu 

sical instrument of multioctave range, in which 
an oscillator is provided for the generation of 
the tone signals of the twelve semitones of each 
octave, and in which key operated means are 
provided to tune the oscillators to the particular 
semitone frequency selected by the keys. 
A further object is to provide an electrical mu 

sical instrument having two keyboards playable 
respectively by the right. and left hands of the 
musician, in which one keyboard is utilized to 
select the octave of the note to be sounded, while 
the other keyboard is utilized to select the par 
ticular semitone of the selected octave. 
A further object is to provide an improved 

means for suppressing transients introduced 
upon closure of key operated switches. 
A further object is to provide an improved 

electrical musical instrument in which arpeggio 
and glissando-like effects may be produced with 
great facility. 
A further object is to provide an improved 

electrical musical instrument in which the tone 
may be varied readily from the bright quality of 
orchestral strings to the mellow qualities of the 
Wood-Winds and flutes. 
A further object is to provide an improved vi 

brato mechanism for electrical musical instru 
ments in which the rate and amount of vibrato 
may readily be controlled. . 
A further object is to provide an electrical mu 
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means of a single tuning element, and in which 
the tuning is very stable. 
A further object is to provide an improved 

electrical musical instrument of the melody type 
in which the volume and expression ranges are 
greater than those of most conventional musi 
cal instruments. 
A further object is to proivode an electrical mu 

Sical instrument having an improved intensity 
envelope control means whereby percussive as 
well as Sustained tones may be produced. 
A further object is to provide an electrical mu 

Sical instrument requiring limited playing tech 

25 

nique on the part of the musician, and which can 
thus be played with satisfaction by the novice, 
but which nevertheless provides for a sufficient 
variety of musical results to attract the expert 
IllS1Cla. 
A further object is to provide an electrical mu 

sical instrument in which the depression of a key 
results in the Sounding of a tone including a 
fundamental and a plurality of harmonics, and 
in which the pitch of the fundamental is deter 
mined by control means other than said key. 
A further object is to provide an improved 

electrical musical instrument having a plurality 
of signal generators for providing musical fre 
quencies at octave intervals, and in which clo 
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Sure of one switch selects the generator, or gen 
erators, from which the signal is to be derived, 
While the other switch determines the semitone 
pitch of the Selected generator or generators. 
A further object is to provide an improved 

electrical musical instrument of the melody type 
in which a plurality of notes in octave relation 
ship may be played simultaneously. 
Other objects will appear from the following 

description, reference being had to the accom 
panying drawings in which: 

Figure 1 is a perspective view of the complete 
instrument; 

Figures 2, 2a, 3 and 4 together constitute a 
wiring diagram of the complete instrument; and 
t Figure 5 shows a modified form of volume con 
rol. - 

General description 
As shown in Figure 1, the instrument may con 

prise a cabinet 0 in which is contained the loud 
Speaker 2, as well as the various tubes, switches, 
and Wiring of the instrument, although if de 
sired, the Speaker f2 may be mounted in a uni 
Separate from the cabinet fo, 
The cabinet, which in effect constitutes the sical instrument which Ilay be tuned readily by 55 console of the instrument, has two keyboards. 
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The left hand keyboard consists of keys I, II, 
III, IV, V and VI, while the right hand keyboard 
consists of twelve keys of the pianoforte type 
which are marked with reference characters Cit 
to C in accordance with the usual system of note 
designation. 

Various manually operable control keys and 
knobs are located adjacent the key manuals. 
Their functions are briefly as follows: Knob KI4 
adjusts the extent or width of the vibrato; key 
KS45 controls the line switch; knob KL3 is used 
for tuning the complete instrument; KS55 con 
trols a low pass filter to provide a mute effect; 
keys KSI to KS6 control resonant filters in the 
output circuit for controlling the tone quality; 
key KP2 controls the potentiometer for adjusting 
the over-all volume; key KS36 controls the in 
tensity envelope or attack of the tone; KS39 
controls the vibrato; and lever KP is adapted 
to be operated by the knee of the player and 
controls the volume or expression, 
The cabinet O is provided with a music rack 

4 and has an extension cord 6 connected 
thereto and provided with a plug, for connection 
to a source of power. 

It will be understood that the instrument is 
played by depressing one or more of the six oc 
tave keys I to VI, and simultaneously therewith, 
or immediately thereafter, depressing one of the 
semitone selector keys C# to C, whereupon the 
selected semitone of the selective octave will be 
sounded, the tone quality, the intensity envelope 
of the tone, and the volume thereof being con 
trolled by the various controlling keys which have 
been mentioned. 

Power supply system 
Any suitable form of power Supply system may 

be utilized which will provide the required Wolt 
ages for the operation of the various circuits. 
The power supply system shown by way of ill-, 
lustration in Fig. 2a comprises a transformer T, 
the primary of which is adapted to be connected 
to a source of current by a Switch S45 controlled 
by key KS45. The secondary winding of the 
transformer is connected in the usual manner 
to the plates of a rectifier tube W2. The output 
of the tube V2 is connected through a filtering 
mesh consisting of inductances L and L2 and 
condensers Cl, C2 and C3 with a voltage di 
vider resistance R. 
The resistance R is tapped at various points 

to provide the desired voltages on terminals RA, 
RB, RC, RD and RE. As illustrative, the volt 
age of the terminal RA may be --250, that of 
terminal RB --200, and those of terminals RC, 
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RD and RE of increasing negative value suit 
able for providing grid bias. 
The transformer T is provided with tertiary 

windings 8 and 20 for the heaters of tube W2 
and the remaining tubes respectively. 

The controlling oscillator 
The controlling oscillator shown in Fig. 2 may 

be any suitable design capable of generating 
audio frequencies throughout the range of the 
highest octave of the instrument, and is illustrat 
ed as comprising a twin triode W, which may be 
of the '53 type (illustrated as two triodes Wid. 
and Wf b for the sake of clarity), in which the 
cathodes are interconnected and biased by re 
sistor R6 having a by-pass condenser C6. The 
plate voltages for the tube W are provided 
through a resistor R9, one end of which is con 
nected to the terminal RA, and the other end 
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of which is connected to ground through a con 
denser C. R.9 and CT serve as a filter to pre 
vent reflection into the power supply system of 
changes in potential in the plate circuits of the 
tube W. The plate of the triode Vb is con 
nected to the resistance R.9 by a load resistor 
RT, while the plate of the triode Via is connected 
to the resistor R9 through load resistors R4 and 
R5. The grid of the triode Vb is connected 
through a condenser C5 to a terminal between 
the resistors R4 and R5, and is connected to 
ground through a high resistance R3. The plate 
of the triode W b is connected through condenser 
C4 and resistance R2 with the grid of triode W a 
to provide the necessary feedback. 
There are a number of means provided for tun 

ing the controlling oscillator. The tuning 
means comprises generally an inductive-re 
active mesh connected between the grid and 
cathode of the triode Va. This tuning 
means comprises variable inductances L3 and 
Ll, and capacitances C8 to C3 inclusive. The 
condenser C20 to C3 inclusive are respectively 
in shunt with the condensers C8 to C9 inclusive, 
and may therefore be considered in the nature . 
of trimmer condensers for the purpose of sim 
plifying the selection of proper capacitances. 
Thus, the condensers C8 to C9 may be standard 
condensers of approximately the correct capaci 
tance, while condensers C20 to C3 may be 
considered as relatively smaller condensers pro 
vided for the purpose of regulating the capaci 
tance between successive condensers C8 to C9 
to the exact values required. The condensers 
Cl9 and C3 being the last of the series of 
condensers in shunt, are connected to ground. 
Either the whole of the variable inductance L4, 
or a portion thereof, is connected in series with 
the inductance L3, and since the inductance L4 
has one terminal grounded, the inductances L3, 
I4 and condensers C8 to C3 form a tuned res 
onant circuit controlling the frequency of the 
OScillator W. 
To vary the tuning of the instrument, as a 

whole, the control knob KL3 is operated to ad 
just the reactance of the inductance L3. To vary 
the frequency of the oscillator in semitone steps, 
Switches Sf9 to S29 are provided, these switches 
being operated respectively by the keys C# to 
B respectively. For the sake of simplicity, there 
is no switch corresponding to the switches Sf9 
to S29 for key C, and the controlling oscillator 
will thus oscillate at the frequency of the note C 
when none of the keys C# to B are depressed. 
Each of the switches Sf9 to S29 is operative 

effectively to shunt to ground all of the conden 
sers C8 to C3 which are located to the right 
(Fig. 2), of the switch, so that only those to the 
left of the Switch are effective in providing the 
tuning capacitances. The resistors R? 5 to R.25 
which are respectively in shunt with the con 
densers C2 to C3 are of high value so as to 
have a negligible effect upon the tuning of the 
oscillator. These resistances are provided for 
varying the grid bias on the controlled oscilla 
tor tubes as will be pointed out hereinafter. 

The librato mechanism. 
The vibrato mechanism comprises a vibratory 

Spring reed 22 of magnetic material, one end 
of which is attached to a rigid support 24, and 
the other end of which carries a weight 26. The 
position of the weight 26 on the reed 22 may 
be adjusted since the weight is clamped to the 
reed by means of a bolt 28 which extends through 
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a longitudinal slot in the reed, thus permitting 
adjustment of its frequency of vibration. The 
reed is maintained in vibration by an electro 
magnet 30, one end of which is connected to 
the terminal RA through a resistance Rif, and 
to ground through a condenser C33. R. and 
C38 serve as a filter to prevent reflection into 
the power supply system of fluctuating voltages 
appearing in the winding of the electromagnet 
30. The other terminal of the winding of elec 
tromagnet 30 is connected to a contact switch 
S44 which is connected to ground through a 
high resistance R.O. 
Assuming that the reed has been manually 

vibrated, it will, upon its upward swing, close 
the switch S44, thus energizing the electromag 
net 30, causing the latter to attract the reed 22 
and pulling the reed downwardly to break the 
contact S44. The resistance RO serves merely 
as a means to prevent undue sparking across 
the contacts of interrupter switch S44, the switch 
S44 and electromagnet 30 thus serving to main 
tain the reed 22 in vibration. A second contact 
switch S43 is adapted to make contact with the 
reed during approximately one half the vibratory 
cycle thereof, the switch S43 being adapted to 
be connected through conductor 32 with either 
switch contacts 4f or 42, as determined by the 
setting of the switch key KS39. This switch key 
also controls a pair of switches S39 and S40 by 
which the inductance L3 is connected respective 
ly, either in series with the inductive winding 
L4 or in series with only approximately one half 
the inductance of the inductance L4. 
In normal operation when the vibrato is not to 

be utilized, the key KS39 is in such position that 
switches S39, S4 and S42 are open and S40 is 
closed. It will be noted that under these cir 
cumstances, the vibrato mechanism is ineffec 
tive, and only a part of the inductance IA is 
connected in series with the inductance L3. 
When, however, it is desired to use the vibrato 
device periodically to vary the frequency of the 
oscillator through a wide range at vibrato peri 
odicity (which may be in the order of 7 c. p. S.), 
the key KS39 is operated in a manner to close 
switches S39 and S4, under which conditions 
it will appear that the inductance L4 is in series 
with the inductance L3 whenever the vibrato 
switch S43 is opened, and that the inductance 
L3 is connected directly to ground (shunting the 
inductance L4) whenever the vibrato switch S43 
is closed. The variation in frequency of the con 
trolling oscillator effected by the periodic open 
ing and closing of the switch S43 under these 
circumstances may be varied by means of the 
control knob KL4, which varies the effective re 
actance of the inductance I.4, preferably by 
changing the amount of iron in the core thereof. 

It will be noted that this variation in frequency 
caused by the periodic closure of the vibrato 
switch S43 causes a periodic shift in frequency 
above and below that of the normal frequency at 
which the controlling oscillator operates, be 
cause under, such normal conditions only ap 
proximately one half of the inductance L4 is in 
the tuned circuit, whereas when the vibrato de 
vice is rendered operative, the whole of the in 
ductance L4 is either connected in series with 

: the inductance L3 or is shunted. By virtue of 
the fact that the vibrato device operates upon 
the inductance branch of the tuning mesh, the 
variation in the negative reactance of the mesh 
controlled by keys. C# to B is not affected, and 
the condensers C8 to C3 are effective to raise 

3 
or lower the frequency of the oscillator in semi 
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tone steps irrespective of whether all, one half, 
or none of the inductance L4 is connected in the 
resonant tuning mesh. 
When a narrow vibrato. is desired, the key 

KS39 is shifted to a position such that the 
switches S4 and S42 are open, and switches 
S39 and S42 are closed. Under these circum 
stances the vibrato switch 43 will be effective 
periodically to shunt the lower portion of the in 
ductance L4. . Thus, when the switch S43 is 
closed, only the upper portion of the inductance 
L4 will be in series with the inductance L3 to 
provide the inductive reactance for the tuning 
mesh, whereas when the Switch S43 is open, all 
of the inductance L4 will be in series with the in 
ductance L3 to provide such inductive reactance. 
Under these conditions of operation, it will be 
apparent that the vibrato shift will be between 
the normal frequency of the controlling Oscil 
lator, and a frequency slightly above the normal 
frequency. Thus, the mean frequency of the 
Oscillator will be shifted slightly, but this shift 
in frequency will not be sufficiently great to be 
noticeable to the Ordinary listener, 

Controlled oscillators 
There is provided for each octave of the instru 

ment an oscillator which may Oscillate at any 
one of the twelve semitone frequencies of its par 
ticular octave. Since the instrument herein de 
scribed has a compass of six octaves, there are six 
Such controlled or slave oscillators, each con 
prising a gaseous discharge tube of the three elec 
trode type. Tubes such as the type 885 are Satis 
factory for this purpose and are illustrated in 
Fig. 3 as tubes W.2 to W inclusive. 
A signal from the output plate circuit of the 

triode Wib is impressed upon the grid of tube W2 
through a blocking condenser C32 and protective 
resistor R28. Grid bias on the tube W2 is pro 
vided through resistances R.32 and R38 and 
through a varying bias mesh connected to a con 
ductor 34 which, as will hereinafter be pointed 
out, provides an additional variable grid bias 
voltage for the tubes W.2 to W7. The cathodes of 
the tubes V2 to W are connected to ground 
through resistors R.32 to R39 and R38 to R43 re 
spectively in series. Current limiting resistors 
R68 to R13 are provided in the plate circuits of 
each of the tubes V2 to V, the oscillators being 
coupled in cascade by transformers T2 to T6 in 
clusive, the plate circuit of the tube W having a 
choke coil T7 in its plate circuit. The plate 
voltage for the tubes W.2 to W is provided through 
a conductor 36 which is connected to the termi 
nal RA through a resistor R50 and grounded 
through a condenser C45. C45 and R50 serve as 
a means to prevent reflection into the power sup 
ply System of voltage variations resultant from 
the variations in the load provided by the tubes 
W2 to W. Condenser C33 to C38 are connected 
between the cathodes of the tubes V2 to W and 
their respective B supply line. 
The values of resistors R.32 and R38 are such 

with respect to the capacity of condenser C33 
that the tube V2 normally oscillates at a fre 
quency close to that of the frequency of the con 
trolling oscillator Vf, its frequency of oscillation 
being stabilized to be exactly that of the oscilla 
tor W by the controlling signal impressed on the 
grid of the tube V2 through C32 and R26. In a 
similar manner, the tube W3 will oscillate at a 
frequency one half that of the tube W2, and simi 
larly, the oscillators comprising the tubes V4, W5, 
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WB and WT will successively halve the frequency 
of the preceding oscillator. For example, aSSun 
ing the controlling oscillator to be oscillating at 
a frequency of 4000 c. p. S., the tube W.2 will 
oscillate at 4000 cycles, V3 at 2000 cycles, W4 at 
1000 cycles, V5 at 500 cycles, V6 at 250 cycles and 
WT at 15 cycles. Thus, all the controlled oscilla 
tors will operate at frequencies which are exact 
sub-multiples of the frequency of the controlling 
oscillator (by a factor which is the reciprocal of 
a power of 2), and thus be in octave relationship. 
Each positive voltage peak of the signal Supplied 
by the controlling oscillator, and each alternate 
positive voltage peak of the signals of the plate 
circuits of the controlled Oscillators SerWe as a 
means to trip the next succeeding oscillator. 

It was previously stated that the values of the 
elements of each of the relaxation oscillations 
were so chosen that it would oscillate at substan 
tially the required frequency and that the con 
trolling signal on its grid would be effective to 
regulate its frequency of oscillation. Since the 
frequency of the controlling oscillator Vf neces 
sarily shifts through the range of an Octave (as 
the keys C# to C are depressed), it is necessary 
that the relaxation oscillators V2 to WT likewise 
be capable of oscillating at frequencies through 
out the range of an Octave. In order to insure 
that the frequency controlling signals impressed 
upon the grids of the relaxation oscillator should 
not lose their exact octave controlling function, 
means are provided to vary the grid bias on the 
tubes V2 to V with the variation in frequency 
of oscillation of the controlling Oscillator Wi. 
This purpose is accomplished by virtue of the fact : 
that all of the grids return circuits of the tubes 
V2 to W are connected to a common conductor 
34 which, as appears in Fig. 1, is connected to 
terminal RA through series resistors R3 and 
R3a, and is connected to ground through re 
sistors R. 4 and R. 4a, as well as through a series 
of resistances including resistor R2 and One Or 
more of the resistances R. 5 to R.25 previously 
described. 
The resistances of Rf4 and R? 4a are Small 

relative to R3 and R3a so that there is a Sub 
stantial voltage drop across R3 and R3a. The 
voltage drop across R. 3 is determined by the 
number of resistances R. 5 to R25 which are 
connected in series with R2, and this voltage 
drop determines the voltage drop across R3a, 
and hence the potential of conductor 34. Of 
course the potential of the conductor 34 will 
always be positive with respect to ground, but it 
will be more or less negative with respect to the 
cathodes of tubes V2 to Will because of the fact 
that these cathodes are connected to ground 
through relatively high biasing resistances R.32 
to R37, which are in series with R38 to R43 re 
spectively. The variation in positive potential 
applied to the grid circuits results in a reduction 
in negative bias to the oscillator grids as other 
wise determined chiefly by resistances R.32 to 
R3. 

Since resistances R? 5 to R.25 are successively 
shunted out of the circuit upon closure of 
switches S 9 to S29 inclusive respectively, the 
bias voltage appearing across the resistance Rf4 
is lowered as the frequency of the controlling 
oscillator W is lowered. R3a is of Sufficiently 
high value that voltage fluctuations in the con 
ductor 34 at the sub-octave frequencies will not 
be impressed with any substantial strength upon 
the grid of the triode Vla. It will be apparent 
from the above description that Whenever any of 
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the keys Ci to C are depressed and the fre 
quency of the controlling oscillator Wil thereby 
changed, the grid bias, and all of the controlled 
oscillators W2 to WT will simultaneously be 
changed to condition the controlled oscillators 
for safe operation at the changed frequency. By 
Safe operation is meant that the controlling Sig 
nals on the grids of each of the controllied oscilla 
tors will be effective to control the frequency of 
oscillation of the tube Without possible danger of 
the controlled oscillator operating at a frequency 
other than the octave lower than that impressed 
upon its grid. 

Signal switching and volume control 
Signals to be keyed to the amplifier are de 

rived from the voltage drop occurring across re 
Sistors R38 to R43. These resistors are of low 
value compared with their associated resistors 
R32 to R3 inclusive respectively, which latter 
are one of the principal factors in determining 
the frequency of oscillation of the oscillators 
W2 to W and may, therefore, be referred to as 
the "timing resistors.' For this reason, the sig 
nal voltage for each octave may be adjusted 
conveniently by varying the values of resistors 
R38 to R43 without materially affecting the oscil 
lators with which they are associated. 
Non-robbing resistors R44 to R49, which are 

of high value with respect to the resistors R.38 
to R43 inclusive respectively, are connected in 
Series with transient suppressing condensers C39 
to C4 inclusive respectively, and ocative con 
trolling Switches S30 to S35 inclusive respectively. 
Resistors R44 to R49 prevent short-circuiting of 
one octave generator by the other, when several 
of them are used simultaneously. 
The condensers C39 to C44 function in two 

Ways to prevent keying transients. The waves 
developed across the resistors R44 to R47 are 
pulsating direct currents and as such have rela 
tively large direct current components. If these 
condensers are made critically small, the low 
order transient components are attenuated more 
than the high frequencies, and as a result the 
Only part of the transient to pass unattenuated 
is the high frequency spectrum which lies in the 
range of the note signal frequency and is there 
fore effectively masked by the latter, and thus 
is not noticeable. 

It will also be noted that after any of the 
Switches S30 to S35 have been closed for the 
first time (thus charging their associated con 
densers C39 to C44), most of the direct current 
transients will be absent upon subsequent clo 
Sure of the Switches, providing that the time 
interval between successive operations of the 
Switches is not long enough for the charge to 
leak from the condensers. As a practical mat 
ter, during normal playing of the instrument, 
there is not sufficient time between successive 
closures of the Switches for the charges on the 
condensers C39 to C44 to be reduced appreciably 
by leakage. 
The Switches S30 to S35 are operated respec 

tively by the octave selecting keys VI, V, IV, III, 
II and I. A conductor 38 is connected to one 
pole of each of the switches S30 to S35, and 
transmits the signal derived from the controlled 
Oscillators upon the selective operations of the 
keys I to VI to an output transformer T8 (Fig. 
4). A low pass filter comprising a mesh con 
sisting of inductances L? 0, Lll and L2, con 
densers C55 and C66, and resistances R68 and 
R69, is adapted to be rendered effectively in cir 
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cuit with the primary of the transformer T 
upon opening a switch S55 and closing a switch 
S56. The SWitches S55 and S56 are controle 
by the key KS55. 

Inductances L.f. and L2 may each have a 5 
value of approximately one half that of the in 
ductance LO, and the remaining elements of the 
filter mesh have such values as to attenuate fre 
quencies above approximately 5000 cycles. It 
will be understood that the controlled oscillators 10 
W2 to WT provide a signal wave which is of gene 
erally saw-toothed shape, and which thus con 
tains high harmonics of appreciable amplitude. 
By eliminating some of these higher harmonics 
by means of the low pass filter, the tones may 15 
be made more mellow, and thus serve better for 
providing certain musical effects, such, for ex 
ample, as the simulation of the piano tone, in 
which instrument the harmonic development de 
creases with increases in the pitch of the funda- 20 
mental. ...' 

The secondary of the output transformer T8. 
has its end terminals connected to the grids of, 
tubes V8 and V9 respectively, which form a push 
pull amplifier. The cathodes of the tubes V8 25 
and W9 are connected to ground and the plate 
current is supplied from terminal RA through 
resistors R52 and R53, the output of the tubes 
W8 and W9 being coupled to the next stage of 
amplification by a transformer T9. 
The push-pull arrangement of the keying sys 

tem serves substantially to eliminate the direct 
current component in the plate currents of the 
tubes W8 and W9, which otherwise would give rise 
to an undesirable transient when the keying 35 
Switches are closed. - 
The operation of the keys controls the grid 

bias on the tubes W8 and W9 and thus, by chang 
ing the grid bias at different rates, the intensity 
envelope of the tones may readily be controlled. 40 
The grids of the tubes W8 and W9 are normally 
biased beyond cutoff. Such bias is applied to 
these grids through a conductor.40 which is con 
nected to a center tap on the secondary of trans 
former T8, and is connected to the negative ter 
minal RE of the power supply through resistors 
R54 and R55, the resistance R55 being adapted 
to be shunted upon closure of a switch S3. 
When the grids of the tubes W8 and W9 are thus 
maintained at the potential of the terminal RE, 
they are sufficiently beyond cutoff so that no 
signal can appear across the primary of trans 
former T9 even though one or more of the 
switches S30 to S35 is closed. The bias on the 
grids of tubes V8 and W9 is adapted to be changed 
to a value to render these tubes capable of con 
ducting the signal to the transformer T9 by the 
closure of switches S. to S8, which are con 
nected in parallel, and are operable by the keys 
C# to C inclusive respectively, as indicated in 
Fig. 4. The Switches S. to S8 are in series 
with a group of switches S46 to S5 in parallel, 
the latter being operated by the keys I to WI 
inclusive respectively. Thus, upon closure of any 
one of the switches I to VI, and the closure of 
any one of the switches S1 to S18, the conductor 
40 is connected to ground through resistors R66 
and R67, and a condenser C52. A switch S38 
is adapted when closed to shunt the resistor R66 
and condenser C52. 
The switches ST to ST are so adjusted as to 

close after their associated Switches Sf9 to S29 
have closed. Switches S46 to SS are arranged 
to close after the switches S30 to S35 respec 
tively have been closed. Thus, the sequence of 75 
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operations is first to tune the instrument to the 
desired note frequency, and select the desired 
Octave, and then to key the grid bias. On the 
tubes W8 and W9 to permit the selected signal 
to be transmitted to the transformer T9. 
The conductor 40 is connected to ground 

through condenser C47 which may, upon closure 
of a switch S36, be shunted by a resistor R5 and 
condenser C6 in parallel. 

For a Sustained note having organ-like attack 
and decay, switches S36 and S3 are closed. 
Then, when one of the octave switches S46 to SS 
and one of the switches S. to S 8 is closed, the 
potential on condensers C47 and C6 will change 
from beyond cutoff to a potential providing an 
operating bias for. tubes W8 and W9. The rate 
at which this change in bias occurs, depends 
principally upon the capacitance of C46 and 
C4 and the resistance of R67. Upon release of 
either one of the keys controlling the switches 
S46 to S5, or S to St 8, the tone will commence 
to decay at a rate determined by the value of re 
sistance R54 with respect to the capacitance of 
C46 and C. By making these circuit elements 
of appropriate values, organ-like attack and 
decay rates may readily be obtained. 

For the production of percussion or piano-like 
tones, Switches S36, S3 and S38 are opened by 
the operation of the key KS36. Under these con 
ditions, condenser C52 will be at ground poten 
tial before the completion of a circuit between it 
and the conductor 40 by the closure of one of 
the switches S46 to S5 and one of the switches 
S. to S8, but upon depression of the keys to 
close one switch in each of said groups of 
switches, the potential of C46 and C57 are imme 
diately put at ground potential, and tubes V8 and 
We rendered fully operative. However, shortly 
after this circuit has been completed, a voltage 
division occurs between the combined resistance 
of R64 and R55, and the combined resistance of 
R66 and R6 which causes the biasing potential 
on the grids of tubes V8 and W9 to change grad 
ually toward cutoff potential, with resultant de 
crease in the amplitude of the signal in the pri 
nary of transformer T9. 
By propers selection of the constants in the 

latter circuit, a tone having banjo-like attack 
and decay characteristics may be obtained. 
When this effect is desired, the musician should play in a non-legato manner so that the percus 
Sion effect may occur with each note as it is 
played. Many types of tone envelopes are ob-, 
tainable by proper selection of the values of the 
condensers C6, C47 and C52, and of resistors 
R5, R54, R55, R66 and R67. While in a given 
instrument it may be preferable to use fixed re 
sistors and fixed condensers for these elements, 
the fact that variations in their values will result 
in varying the attack and decay characteristics - 
of the tone is illustrated by showing the resistors 
R, R54, R86 and R67 and the condensers C46, 
C, and C52 as being of the variable type. In 
actual practice, the variation in the values of 
these elements will usually be accomplished by 
switching corresponding elements in shunt, 

Volume control 
A preamplifier tube WO has its grid connected 

to the secondary of transformer T9 through a re 
sistance R56, and the amplitude of the signal is 
controlled by variable resistance P connected 
between the grid of the tube WO and the ter 
ninal RC of the power supply system, the other 
terminal of the secondary winding of the trans 
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former T8 being likewise connected to the ter 
minal RC. The resistance R56 is of Sufficient 
value to prevent appreciable changes in the al 
ternating current load of the tubes V8 and W9 
upon changes in the volume control resistance 
P. If this resistance R56 were not provided, 
changes in the setting of Pi would be reflected 
into the plate circuits of tubes V8 and W9 as a 
change in load which of course would be unde 
sirable since the tubes V8 and W9 should have a 
constant plate load impedance to alternating 
currents to insure operation as a class A ampli 
fer. The variable resistance may be of the type 
shown in the application of Laurens Hammond, 
Serial No. 91,284, filed July 18, 1936, and be nine 
chanically connected for operation by the lever 
KP which is positioned for convenient actua 
tion by the knee of the player. 
The plate of the tube WO is connected 

through the primary of a transformer To to the 
terminal RA for the B voltage supply. The sec- - 
ondary winding of transformer TO is connected 
in series with a resistance R80 forming a poten 
tiometer P2, the adjustable contact of which is 
connected through a resistance R58 to the con 
trol grid of a pentode power amplifying tube W. 
The potentiometer P2 is adapted to be operated 
by the key KP2 and may serve as a pre-set vol 
ume control to adjust the tone volume to the 
size and acoustic properties of the room in which 
the instrument is played, and to the character 
of the selection being rendered. 
The adjacent terminals of the secondary Wind 

ing of the transformer T0 and resistance R80 
are connected to the biasing potential terminal 
RD of the power supply System. Also connected 
between the grid of tube WO and the terminal 
RD are a series of filtering and resonant meshes 
by means of which the quality of the tone signal 
impressed upon the grid of the tube Will may be 
Warded. 
The first of these meshes consists of a resist 

ance R59 which, by the operation of a three-way 
switch St, may be shunted by a conductor 46 or 
a resistor R60, and constitutes an adjustable 
volume control. V 

The second mesh which may be connected in 
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series with the first, comprises an inductance L5 
which may be shunted either by a resistance R6 
or a conductor 48, depending upon the position 
of a switch S2. This mesh attenuates low fre 
quencies, relative to the higher frequencies, and 
results in a bright tone. 
The third mesh consists of an inductance L6 

which is in parallel with a condenser C48, L6 and 
C48 being adapted to be shunted either by a 
resistance R62 or a conductor 50, depending upon 
the position of a switch S3. This mesh may be 
resonant at a relatively high pitch. 
The fourth and fifth meshes may be similar 

to the third mesh, and are shown as comprising 
inductances L7 and L8, condensers C49 and C50, 
resistances R.63 and R64, conductors 52 and 54 
and three-way switches S4 and S5. These meshes 
may be resonant at intermediate and low pitches 
respectively. The inductances L6, IT and L8 and 
condensers C48, C49 and C50 will of course be 
of different values so as to form filters effective 
to pass the aforesaid different bands of fre 
quencies. - 

The last mesh of the series comprises a con 
denser C5 which may be shunted by a resistor 
RB5 or a conductor 56, depending upon the posi 
tion of switch S6. This mesh emphasizes the 
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lower pitch frequencies in the output of the 
speaker. 

It will be understood that the switches S to 
S6 are operable by the keys KS to KSS inclusive 
respectively. 
The output circuit of the tube Will includes the 

speaker 2 and is connected to the terminal RA 
of the power supply system. The resistor R58 
prevents appreciable reflection of changes in im 
pedance of the tone control circuits from being 
reflected back into the output circuit of tube 
W 0. 
As illustrative, the tubes W8, W9 and WO may be 

triodes of the '56 type, while the tube Wii may 
be a power pentode of the '2A5 type. 
In Figure 5, I have shown a modified form of 

volume control for the instrument, in which the 
output circuit of the last stage of the amplifier, 
tube Wil, includes the primary of a transformer 
T, the secondary of which is in series with the 
voice coil 58 of a dynamic speaker 60. The field 
coil 62 of the speaker 60 is energized by being 
connected to the terminal RA through a poten 
tiometer P3, the movable contact of which is 
adapted to be operated through a flexible Bowden 
control wire, by means of a pedal 64 pivoted to 
a heavy block 66, which may rest upon the floor. 
The potentiometer P3 could of course be Oper 
ated by other suitable means, such as a knee 
operated lever. 

Because of the relatively great inductance of 
the field winding 62, changes in the resistance of 
variable resistance P3 will not cause rapid 
changes in the sound output of the Speaker. 
Thus, noise due to the transients incidental to 
rapid changes in the exciting voltage for the field 
coil, will be avoided. By utilizing this method, a 
swell control for an electrical musical instrument 
may be made in which the variable resistance 
consisting of a small number of fired resistors 
may be effective smoothly to control the volume 
over a wide intensity range. 

Operation 
Having closed the line switch S45 and started 

the vibration of the vibrato reed 22, and having 
set the desired combination of controls, the in 
strument will be in condition for the rendition 
of any melodic selection which lies within tha 
compass of the instrument. It will be understood 
that the instrument will be used ordinarily to 
play but one note at a time, although it is possible 
to play chords consisting of unison or octave 
notes. 
In playing the melody, the musician selects 

the octave range of the note to be played by de 
pressing the desired one of the keys I to WI and 
immediately thereafter, or simultaneously there 
with, depressing the selected key C# to C. Upon 
depressing one of the keys I to WI, a signal from 
one of the relaxation oscillators, which are of 
course not necessarily gas tube oscillators but 
may be of any other suitable type, is transmitted 
through the conductor 38 to the grids of the 
amplifier tubes V8 and W9. These tubes are, 
however, normally biased beyond cutoff and thus 
do not transmit the signal to their output cir 
cuits. Depression of one of the octave keys I 
to WI also closes one of the switches S46 to S5, 
but such switches are ineffective to change the 
bias upon the grids W8, W9 unless one of the 
note selecting keys CF to C is also depressed to 
close its associated Switch S7 to S8. 

Until one of the keying switches C# to C is 
closed, the controlling oscillator will be tuned to 
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the frequency of the note C of the highest oc 
tave, and the controlled oscillators will of course 
each be oscillating at the frequency of the note 
C of their respective octaves. However, upon 
depression of one of the note selecting keys C# 
to C, one of the switches S 9 to S29 will be 
closed. (The key C does not operate a switch 
corresponding to switches Sf9 to S29, since these 
Switches are for the purpose of tuning the OS 
cillator to the particular semitone frequency de 

2,254,884, 7 
N. lecting keys I to WI. The musical effect may be 

0. 
sired, and the circuit is so arranged that the . 
oscillator normally Oscillates at the frequency of 
the note C.) In addition to closing one of the 
switches S 9 to S29, the operation of a note se 
lecting key will close one of the switches S7 to 
S8, and thus complete a circuit from ground 
to the grids of the tubes W8, W9. It has been 
previously explained how the rate at which the 
bias potential upon the grids of the tubes W8 and 
W9 may be controlled in a wide variety of ways, to 
produce different intensity envelopes correspond 
ing to sustained notes of the Organ type, percus 
sive notes of the piano and banjo type. The play 
er changes the volume for expression purposes by 
operation of the lever KPI which results in 
changing the effective gain of the amplifier tube 
Wf 0. The quality of the tone is controlled by 
the Switches S to S6 which are operated in any 
desired combinations to attenuate certain bands 
of frequencies and thus effectively vary the qual 
ity of the tones produced. 
Upon closure of any of the note selecting key 

switches S 9 to S29, the frequency of Oscillation of 
the controlling oscillator is immediately shifted 
due to the change in a negative reactance of its 
tuning circuit. At the same time, the grid bias 
on all of the controlled oscillators is changed 
slightly so as to assure that all of these oscillators 
will continue to oscillate at an octave frequency 
which is a sub-multiple of the controlling oscil 
lator frequency, with the exception of the re 
laxation oscillator W2 which of course is main 
tained in oscillation at the same frequency as the 
controlling oscillator. 
AS previously intimated, it is not essential that 

gas tube relaxation oscillators be utilized, but any 
other suitable oscillators such as multivibrators 
or oscillators employing vacuum tubes, such as 
shown in the patent to Gilbert Smiley Reissue 
No. 20,831, may be employed. 
While one of the stated objects of the inven 
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enhanced if, during the execution of such arpeg 
gio, two or more of the octave selecting keys are 
simultaneously pressed. Under these circum 
stances the notes in the different octaves corre 
sponding to the keys depressed will be sounded 
simultaneously. 
While I have disclosed herein particular em 

bodiments of my invention, it will be apparent to 
those skilled in the art that numerous variations 
and alterations may be made without departing 
from the underlying principles thereof. I there 
fore desire by the following claims to include 
within the scope of my invention, all such modi 
fications and variations of the invention shown 
herein, by which substantially the results of the 
invention are obtained in substantially the same 
Way, by the same or equivalent means, 

I claim: 
1. For use in an electrical musical instrument 

of multi-octave range having a plurality of keys, 
and an output circuit including electroacoustic 
translating means; the combination of a variable 
frequency generator of electrical impulses for 
each octave of the range of the instrument, cir 
cuits controlled by said keys simultaneously to 
vary the frequencies of said generators through 
out their respective octave ranges, so that corre 
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tion was to provide a simple instrument which 
could be manufactured at a low cost (and for 
this reason the keyboard is limited to twelve keys 
in addition to the octave selecting keys), it will 
be apparent that the keyboard range could read 
ily be extended to any desired length. In this 
event, some or all of the octave keys could be 
eliminated since the switches operated thereby 
could be operated by the note selecting keys for 
the corresponding octaves. 
. The instrument as shown, however, presents a 
number of advantages because of its simplicity 
and because runs and arpeggios may be played 
with great facility. This is due to the fact that 
the note selecting keys may be played with One 
hand without the necessity of shifting the posi 
tion of the hand or employing complicated fin 
gering technique. For example, an arpeggio con 
sisting of the notes C, E, G repeated in succes 
sive octaves may be rendered with great facility 
by the player, since the position of his right hand 
is not changed and he merely repeats the opera 
tion of pressing the keys C, E, G, and for each 
repetition presses a different one of the Octavese 
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sponding notes in their respective octaves will be 
generated thereby, and means connected between 
Said generators and said output circuit for con 
trolling the transmission of impulses from se 
lected generators to said output circuit. 

2. The combination set forth in claim 1 in 
Which each of Said generators includes an elec 
tron discharge device, and in which means are 
provided to interconnect said devices in cascade 
So as to operate at frequencies such that each 
device controls the frequency of operation of the 
device for the next lower octave. 

3. The combination set forth in claim 1, in 
which a master frequency controller is provided 
having means for controlling the frequency of 
the generator for the highest octave, and in 
which means are provided to interconnect said 
generators for the remaining octaves in cascade 
and to said highest octave generator. 

4. The combination set forth in claim 1 in 
Which each of said generators includes an elec 
tron discharge device having a control grid, and 
in which the key controlled means for varying 
the frequencies of said generators includes a 
circuit for changing the bias on the grids of said 
devices. 

5. The combination set forth in claim 1 in 
which there is provided an oscillator for stabiliz 
ing the frequencies of said generators, and in 
which the key controll means for varying the fre 
quencies of Said generators includes reactances 
rendered effective by operation of said keys for 
tuning said oscillator to the various notes of an 
Octave. 

6. In an electrical musical instrument, the 
combination of a controlling oscillator, a plu 
rality of controlled oscillators having their fre 
quencies stabilized by said controlling osciliator, 
Said controlling and controlled oscillators being 
adjustable to supply frequencies throughout 
ranges of octave extent, selectively actuated keys, 
means. Operated thereby for tuning all of said 
Oscillators to cause them to oscillate at the fre 
quencies of corresponding semitone notes in dif 
ferent octaves of the musical scale, a normally 
ineffective signal transmission circuit for con 
veying the signal to means for utilizing it, and 
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means operated by said keys to render said trans 
mission circuit operative. 

7. For use in an electrical musical instrument 
having keys and an output circuit including elec 
troacoustic translating means; the combination 
of a plurality of frequency locked generators for 
generating electrical impulses of frequencies 
bearing octave relationship to one another, each 
of said generators being capable of supplying fre 
quencies throughout the range of its octave, Se 
lective key switch controlled means for causing 
said generators to generate frequencies of any 
selected octave interval notes of their respective 
octaves, and selectively operated Switch means 
for controlling the transmission of signals from 
said generators to said output circuit. 

8. For use in an electrical musical instrument, 
the combination of a plurality of electrical signal 
generators, each capable of generating frequen 
cies throughout the range of at least one octave, 
means for coupling said generators for operation 
at frequencies bearing octave relationship to one 
another, means connected to said generators for 
simultaneously changing the frequencies of op 
eration of all of said generators to the frequen 
cies of selected corresponding semitone notes in 
their respective octave ranges, an output circuit, 
and selectively operated key switch means for 
connecting a selected generator to said output 
circuit. 

9. In an electrical musical instrument having 
a master oscillator and a plurality of controlled 
oscillators each including an electrical discharge 
device having a control grid, a tuning circuit for 
said master oscillator including a plurality of 
condensers connected in series, a plurality of 
keys, switches operated by said keys for Selec 
tively shunting one or more of said condensers 
from said tuning circuit, a common circuit for 
controlling the biasing potentials on the grids of 
said controlled oscillators, and means controlled 
by said keys for changing the potential on said 
last-named circuit. 

10. The combination set forth in claim 9 in 
which the means controlled by Said keys for 
changing the biasing potential on the grids of the 
controlled oscillators comprises voltage divider 
resistances including a series of resistance ele 
ments connected in parallel respectively with 
said condenSerS. 

11. In an electrical musical instrument, the 
combination of a master oscillator, a plurality of 
generators of musical frequencies bearing octave 
relationship to the frequency of said master 
oscillator and having their frequencies stabilized 
by said master oscillator, keys, means controlled 
by said keys for tuning said master oscillator to 
the frequency of any selected note of an octave, 
and means controlled by said keys for condition 
ing said generators to cause them readily to 
change their frequencies of operation simultane 
ously with changes in the frequency of Said mas 
ter oscillator. 

12. For use in an electrical musical instrument 
having a plurality of tone signal sources, an out 
put circuit including a push-pull amplifier and 
electroacoustic translating means, and a plu 
rality of keys; the combination of a source of bias 
controlling potential for said push-pull amplifier, 
a condenser and resistance network, and Switches 
controlled by said keys for connecting Said bias 
controlling potential source to said push-pull am 
plifier through said network. 

13. An electrical musical instrument compris 
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erators of electrical signals of frequencies bearing 
octave relationships to one another, each of said 
generators being tunable throughout the range 
of an octave, key controlled means for Simultane 
ously and Substantially instantaneously tuning 
said generators to the frequencies of selected 
corresponding notes in their respective octaves, 
and means for selectively utilizing the signals 
supplied by said generators. 

14. In an electrical musical instrument in 
which a master oscillator is provided to control 
the frequencies of operation of a plurality of con 
trolled generators of electrical signals, and in 
which the master Oscillator is provided with a 
tuning circuit including a plurality of induct 
ances, the combination of a circuit interrupter 
operating continuously at a vibrato periodicity, 
and selectively closed switch controlled circuits, 
each including said interrupter, for shunting one 
or both of said inductances from said tuning cir 
cuit during the intervals that the interrupter is in 
closed circuit condition. 

15. In an over-all expression control appara 
tus for use in an electrical musical instrument 
having a generating System and an output Sys 
tem for receiving signals from said generating 
system, the combination of a reactive element in 
Said output System, the direct current potential 
on the terminals of Said element determining the 
intensity of the sound produced by the instru 
ment, a source of direct current, and means to 
vary the voltage supplied from said source to said 
reactive element, whereby changes in the direct 
Current flow through said reactive element will 
be gradual due to the reactance of said element. 

16. For use in an electrical musical instrument 
having a generating System and an output system 
for receiving signals from said generating system, 
an Over-all expression control apparatus com 
prising a reactive element in said output system, 
the direct current flow to which determines the 
Over-all sound output of the instrument, a Source 
of direct current potential, and a variable means 
for regulating the flow of direct current to said 
reactive element. 

17. In an electrical musical instrument, appa 
ratus for over-all expression control comprising a 
dynamic speaker having a field coil, and manually 
Operable means for controlling the current flow 
through said coil whereby the rate of change of 
current flow through said coil will be limited by 
the inductance thereof, and changes in volume 
will be correspondingly gradual, said last named 
means being constructed and arranged to in 
crease current flow through said field coil for 
increased volume of output of said speaker. 

18. In an electrical musical instrument, in 
combination, a first circuit, a master oscillator 
included in said first circuit, a plurality of re 
actances connected for selective operation in said 
circuit for the purpose of rapidly tuning said 
master oscillator to different frequencies cover 
ing a range as large as one octave, a second cir 
cuit, a slave generator connected in said second 
circuit for producing frequencies one octave lower 
than the frequencies of said master oscillator, a 
connection for impressing various direct current 
voltages on said slave generator to condition said 
generator to operate at a frequency approxi 
mately one octave below that of said master 
oscillator, and a connection for impressing an 
alternating current signal from said master os 
cillator on said slave generator accurately to con 
trol the frequency of said generator to the exact 
Octave relationship, 
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19. In an electrical musical instrument, in come 

bination, a master oscillator, a plurality of re 
actances arranged for connection to said master 
oscillator to tune the latter to the frequency of a 
note of the musical scale, a controlled generator 
for supplying a frequency one octave lower than 
that of said master oscillator, a plurality of keys, 
circuits completed by switches operated by said 
keys respectively to render a predetermined num 
ber of said reactances effective to tune said mas 
ter oscillator, circuits completed by switches Oper 
ated by said keys to condition said controlled 
generator for operation at a frequency an octave 
lower than that of said master oscillator, and 
means deriving a stabilizing signal from Said 
master oscillator and impressing it upon said 
controlled oscillator, thereby to cause the latter 
to operate at a frequency exactly an Octave lower 
than that of said master oscillator. 

20. In an electrical musical instrument, in 
combination, a master oscillator, a plurality of 
reactances arranged for connection to said mas 
ter oscillator to tune the latter to the frequency 
of a note of the musical scale, a controlled gen 
erator for supplying a frequency one octave 
lower than that of said master Oscillator, a plu 
rality of key operated switches, circuits com 
pleted by said switches respectively to render a 
predetermined number of said reactances effec 
tive to tune said master Oscillator, means to 
condition said controlled generator for operation 
at a frequency approximately an Octave lower 
than that of said master oscillator, and means 
deriving a stabilizing signal from said master 
oscillator and impressing it upon said controlled 
generator, thereby to cause the latter to operate 
at a frequency exactly an octave lower than that 
to which said master oscillator is tuned. 

21. For use in an electrical musical instru 
ment including an amplifying and electroacous 
tic translating system, a plurality of Sources of 
electrical impulses of musical frequency and of 
different octave ranges, each variable through 
out its range, key controlled means for tuning 
all of said, sources simultaneously to the fre 
quencies of corresponding notes in their respec 
tive ranges, and key controlled means for select 
ing one of said sources and causing transmission 
of the impulses therefrom to the amplifying and 
electroacoustic translating System. 

22. For use in an electrical musical instru 
ment including an amplifying and electroacous 
tic translating system, a plurality of electron 
discharge devices and associated circuits con 
stituting generators of electrical impulses of 
musical frequency and of different octave ranges, 
each variable throughout its range, key Con 
trolled means for tuning all of said generators 
simultaneously to the frequeneies of correspond 
ing notes in their respective ranges, and key 
controlled means for selecting one of said gen 
erators and causing transmission of impulses 
therefrom to the amplifying and electroacoustic 
translating System. 

23. For use in an electrical musical instru 
ment, the combination of a plurality of gener 
ators of controllable musical frequencies in Oc 
tave relationship, key operated switch means for 
regulating the frequencies of said generators 
each throughout the range of an octave, a key 
operated switch connected to one of said gen 
erators for selecting that particular generator, 
and an output circuit receiving the electrical 
impulses from the generator Selected by said 
Switch. 

9 
24. For use in an electrical musical instrument 

of the melody type having many keys and hav 
ing an Output circuit, the combination of a mas 
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ter generator, a plurality of slave generators 
having their frequencies stabilized by said mas 
ter generator, means for tuning said master 
generator to any one of a plurality of musical 
note frequencies, and key operated means for 
playing successively every note of a musical scale 
throughout a range of a plurality of octaves from . 
Said generators, said key operated means in 
cluding key controlled switch completed circuits 
Selectively connecting said generators to the out 
put circuit of the instrument and connecting said 
tuning means to said master generator, said cir 
cuits being Sequentially arranged in such order 
that in playing a musical scale from a high 
pitch note to a low pitch note the frequency of 
said master generator decreases by steps of one 
note for a range of one octave less one note and 
repeats said procedure for the production of 
Succeeding notes. 

25. For use in an electrical musical instrument 
of the melody type having thany keys and an 
output circuit, in combination, one master gen 
erator, tuning means connected to said master 
generator for controlling the frequency thereof, 
a second generator, locking means connected be 
tween said master generator and said second 
generator for locking the frequency of said sec 
ond generator to that of said master generator 
in exact octave relationship, key controlled cir 
cuits for selectively connecting said master gen 
erator and said second generator to said output 
circuit, and circuits controlled by said keys to 
render said tuning means effective. 

26. In an electrical musical instrument, the 
combination of an oscillator having a resonant 
tuning circuit determining the frequency of os 
cillation thereof, said tuning circuit including a 
plurality of capacitances, playing key operated 
means for selectively connecting said capac 
itances in said tuning circuit, a relatively fixed 
inductance, a second inductance, a switch for 
effectively connecting said second inductance in 
Said tuning circuit, and means for operating said 
Switch at a vibrato periodicity. 

27. In an electrical musical instrument hav 
ing a plurality of generators of electrical im 
pulses, each generator being adapted to sup 
ply musical frequencies throughout the range 
of substantially an octave, key operated means 
for selecting the outputs of said generators, and 
a transient filter mesh in the output circuit of 
each of Said generators to greatly attenuate fre 
quencies lower than the lowest frequency which 
the generator is adapted to supply. 

28. In an electrical musical instrument hav 
ing a plurality of octave selecting keys, a plu 
rality of keys for determining the note of the 
Octave to be played, an amplifier, and switches 
Operated respectively by said keys, and circuits 
including said switches and effective to render 
Said amplifier operative only when at least one 
key of each group of keys is operated. 

29. For use in an electrical musical instrument 
having an output circuit including an amplifier 
with a terminal the potential of which deter. 
mines the degree of amplification of the ampli 
fler, the combination of a point of fixed direct 
Current potential, a key operated switch, and a 
mesh including said switch and connecting said 
point of fixed direct current potential to said 
terminal, said mesh comprising: a resistor, a 
capacity, and said Switch connected in series be 
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tween said point of fixed potential and said ter 
minal; a second resistor shunting said capacity, 
a second capacity and a third resistor shunting 
said second capacity, said second capacity and 
third resistor being connected between said ter 
minal and said point of fixed potential. 

30. For use in an electrical musical instrument 
having an output circuit including an amplifier 
with a terminal the potential of which deter 
mines the degree of amplification of the ampli 
fier, the combination of a point of fixed direct 
current potential, a key operated switch, a mesh 
including Said switch and connecting said point 
of fixed direct current potential to said terminal, 
said mesh comprising: a resistor, a capacity, and 
said Switch connected in series between said 
point of fixed potential and said terminal; a sec 
ond resistor shunting said capacity, and a second 
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capacity connected between said terminal and 
said point of fixed potential, 

31. In an electrical musical instrument com 
prising an oscillator having means for tuning it 
to any One of a plurality of musical note fre 
quencies, an amplifier, a plurality of keys, a plu 
rality of switches operated successively by each 
of said keys, and connections between said 
Switches and Said tuning means and amplifier, 
respectively, arranged to be effective upon de 
pression of one of said keys, first, to cause said 
tuning means to tune said Oscillator to the note 
frequency represented by the depressed key and 
to make a connection between said oscillator and 

5 said amplifier, and thereafter to render said am 
plifier effective. 

JOHN M. HANERT. 


