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ELECTRICALMUSICAL INSTRUMENT 
John M. Hainert; Park Ridge, Ill., assignior to 
Ha ond Instrument Company, Chicago, Ill., 
a corporation of Delaware 
Application May 5, 1945, Serial No. 592,098 

16 Claims. (Cl. 84-1.19) 

My invention relates generally to electrical 
musical instruments and more particularly to 
improvements in the tone generating and con 
trolling apparatus of melody type instruments. 
In some types of melody instruments, that is, 

instruments which produce but one tone at a 
time, there has been employed a master oscil 
lator supplying signals to a series of cascaded fre 
quency dividers, such as shown, for example, in 
my copending application, Serial No. 519,838, it 
filed January 27, 1944, and since abandoned. The 
master oscillator has customarily been of the in 
ductance-capacitance tuned type. In this meth 
od of tuning an oscillator it becomes a matter of 
considerable expense to provide the necessary 5 
large number of capacitors which must be care 
fully selected and some of which must be very large. 

It is therefore one of the primary objects of 
my invention to provide a melody instrument tone 20 
generating system having a master oscillator 
which is tuned by changing the amount of re 
sistance' in its tuning circuit. 
A further object is to provide an improved 

apparatus for 'changing the frequency of a Wien 25 
bridge oscillator to a preselected frequency by 
successively changing the effective impedances 
in the circuits of the oscillator. 
A further object is to provide a master' oscil 

lator tuning system which is tuned by the del 30 
pression of playing keys, and in which the tun 
ing circuits are arranged such that when the 
playing, keys: are depressed in a legato' man 
ner the oscillator will generate a frequency in 
termediate the frequencies to which it is tuned 35 
by the two keys, as an incident to changing to . 
the frequency of the last depressed key. 
A further object is to provide frequency gen 

erating apparatus. for a musical instrument of 
the melody type in which relatively smooth glis- 40 
sando effects may be obtained. 
A further. object is to provide a secondary tun 

ing circuit for smoothly and dependably obtain 
ing a quarter-tone scale with but twelve keys to 
the octave. 
Another object is to provide a keyboard musi 

cal instrument of the melody type in which simul 
taneous depression of two adjacent keys produces 
a tone whose frequency is related to one of the 
keys but detuned by a factor of a quarter tone. 
A further object is to provide a tuning mech 

anism for an oscillator requiring changes in two 
circuits thereof, which will change the imped 
ances in these two circuits in a predetermined 
sequence such that the oscillator does not stop 5.5 
Oseillation during the tuning process, 

45 

50 

2, 
A further object is to provide an improved 

means for tuning an oscillator of the Wien bridge. 
type in which the oscillator doe ". a . 
lating as its frequency is changed but inste 
shifts gradually from oine frequency to another to: 
which it is being tuned: 

Other, objects will appear from the following. 
description, reference: being had to thesaceom 
panying drawings in which: - . 

Figs. 1a, 1b and 1d together constitute’: a wif: 
ing diagram; 

Fig. 2 is a diagrammatic representation of the: 
key operated Switches showing their seque . 
operation; 

Fig. 3 is a longitudinal sectional view of the 
manually, operated dynamic volume controli 
Switch mechanism; and 

Fig. 4 is an end elevational view thereof with a?: 
portion of the casing broken away to reveal the 
operating parts. 

General description. 

example as is shown in the Hewlett Pate 
2263,872. The master oscillator output i 
pled to a series of pulse-sharpening pentode 
change the generally sinusoidal oscillator o 
put wave intoirectangular waves and thereafter 
through a rectifier triode to convert the rectans' 
gular waves into sharply peaked unidirectio 
pulses. These pulses are impressed upon the 
input circuits of the first of a series of alternate: 
pulse responsive frequency divider stages. Sigi 
nals representing different musical tone quali 
ties are derived froin different portions of the cirii 
cuits of each of these divider'stages and aire'se 
lectively impressed upon the input of a pre 
amplifier, the output of which is provided wit 
a plurality of selectively operable tone cont 
filters. The signals of the quality thus pres 
lected and predetermined are supplied to an out 
put and power amplifying circuit and translated 
into sound. 
The Wien bridge oscillator is tuned by suc. - 

cessively changing the effective "impedance of 
each of its frequency controlling circuits in a 
predetermined sequence. In addition the oper 
tion of the keys under certain circumstancesmay. 
cause the oscillator to be tuned to the frequency: 
intermediate the adjacent semitone frequencies 
So as to make it possible to play a quarter-tone 
chromatic scale. Furthermore; the operation: 
of each of the keys is effective to render the output amplifier capable of transmitting the sigs." 
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nal, the rate of attack and decay of the tone be 
ing automatically controlled. 
The oscillator is provided with a vibrato mech 

anism whereby its frequency may be continuously 
varied through a given range, Such as 3%, at a 
periodicity in the order of 7 C. P. S. In addi 
tion the oscillator tuning means is provided with 
an optionaliy operable SWitch for Opening one 
branch of the turning circuit when no key is des 
pressed. Through the time delay action of a 
thernistor impedance element, the approach to 
the steady state frequency of the oscillator is 
delayed, to produce an interesting musical effect 
When piaying in a non-legato manner. 

Oscillator and tuning means 
The Oscillator comprises a pair of beam power 

pentodes O and , each supplied With plate Cur 
rent from a suitable power Supply, indicated aS 
a --300 W. terminal, through load resistors Rf4 
and R5. The Screen grids 6 and 7 of these 
pentodes are connected to the --300 v. termi 
nals through voltage dropping resistorS R8 and 
R9 and are by-passed to ground through car 
pacitors C2 and C2 respectively. The grid 
bias for the pentode 0 is provided by a ther 
mistor 22 connected between its cathode 26 and 
ground. The cathode 27 of the pentode is 
connected to ground through a Self-bias resistor 
R23. The output of the pentode 0 is coupled to 
the input of the pentode through a blocking 
capacitor C28 connected between the plate 30 of 
pentode ) and grid 33 of pentode . The plate 
3 of pentode if is connected, through a rela 
tively large blocking condenser C34 and a de 
generative feedback resistor R36, to the cathode 
26 of the pentode 0. The plate 3 is also con 
nected to grid 39 through a regenerative circuit 
including the capacitor C34, a conductor 4, one 
or more of a plurality of tuning resistors R42, 
conductor 44, and phase shift capacitor C45 ha V 
ing a parallel tuning capacitor C4. The grid 
39, is also connected to ground through a phaSe 
shift network comprising a capacitor C50, ha, W 
ing a tuning capacitor C52 in parallel therewith, 
and one or more of a plurality of resistors R54, 
depending upon which of the playing keys is de 
pressed. The over-all tuning capacitors C4 and 
C52 preferably have a common operating means. 
The circuit including the resistors R.42, and C6, 
C47 may be considered as the series feedback 
circuit, while the circuit including resistors R54, 
and C59, C52 may be termed the shunt feed 
back circuit. 
The keyboard for playing the instrument is 

diagrammatically illustrated as comprising three 
octaves of keys bearing their customary note des 
ignations C to B. Each key operates four 
switches 60, 6, 62 and 63. As illustrated in Fig. 
2, these switches are operated in a predetermined 
sequence by an actuator 67 which, upon depres 
sion of the key, will first cause closing of SWitch 
60 and then switch 6. The Switch 62 may close 
substantially simultaneously with the Switch 6. 
but the switch 63 should not close until a Short 
time after Switches 60, 6 and 62 have been 
closed. 
The switch. 69, as previously indicated, makes 

contact with a bus conductor 45, while the 
switches 6, 62 and 63 respectively make Con 
tact with grounded bus bars 64, 65 and 66. 

Alternate ones of the movable arms of Switches 
62 are connected to conductors 68 and 69 re 
spectively. . The conductor 68 is connected to 
the grid 39 of pentode through a quarter-tone 
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4. 
interval tuning capacitor CTO while the conductor 
69 is connected to said grid through a Second 
quarter-tone tuning capacitor C whose value 
may be the same as that of the capacitor C70. 
A vibrato apparatus is adapted to be connect 

ed to the grid 39 of pentode it to slightly vary 
the frequency of oscillation thereof upon closure 
of a single-pole double-throW Switch 2... A vibra 
tory grounded reed 74 is adapted to be main 
tained in vibration by an electromagnet 6 ha War 
ing one end of its winding connected to a Suit 
able energizing Source Such as a terminal --50 V. 
of the power supply system, while its other ter 
nina is connected to a contact 8 which coin 
pletes a circuit through the winding When the 
reed is in the upper portion of its OScillatory 
SWing. During approximately one half of the 
period of oscillation of the reed T4 it engages a 
contact 80 Which is connected through a turning 
capacitor C82 and switch 2 to the grid 33. When 
the vibrato is not desired, the Switch 72 is turned 
to the off position in which event a capacitor 
C84 is connected between the grid 39 and ground, 
the value of the capacitor C84 being approxi 
mately one half that of the capacitor C82, thus 
compensating for the change in median capacity 
produced when the Switch T2 is in its full line 
position and the vibrato in operation. An anti 
spark resistor R86 is connected between the con 
tact 78 and ground. 
The output of the Wien bridge oscillator, con 

prising the pentodes it and and their aSSO 
ciated circuits, is in the form of a sinusoidal 
Wave which may vary Somewhat in amplitude 
during the interval that its frequency is being 
changed. In order that such transient changes 
in amplitude shall not be present in the tone 
signal ultimately produced, the Output of the OS 
Cillator is transmitted through a Series of psen 
todes 90, 92 which are biased. So as to be ampli 
tude limiting and thus convert the Sile Wave 
output of the oscillator into equal amplitude sub 
Stantially vertical front rectangular Waves. Since 
Such amplitude limiting tubes and circuits are 
known, it is believed that no further descrip 
tion of the pentodes 9 and 92 is necessary, 
The output circuit of the pentode 92 is coupled 

to the input circuit of a triode 94 which is biased 
to operate as a rectifier. 

Frequency dividers 
The output of the rectifier 94 is impressed upon 

the grids 98, 99 of alternate pulse responsive fre 
quency divider triodes 00 and Cl. The triodes 
O) and of and their associated circuit elements 

are disclosed in greater detail in my copending 
applications, Serial Nos. 569,567 and 569,568, 
filed December 23, 1944. Application No. 569,56 
matured into Patent No. 2,514,490 on July 11, 
1950. Application No. 569,568 has since become 
Patent No. 2,468,062, issued April 26, 1949. In 
general, it may be stated that these triodes ité 
and C operate to supply a rectangular wave at 
an output terminal 2 which has a frequency 
exactly one half that of the input frequency 
supplied from the rectifier triode 94. The signal 
appearing at the output terminal O2 is impressed 
upon the input circuit of a pulse sharpening 
and rectifying triode 94 which supplies a sig 
nal suitable for the operation of the next alter 
nate plus responsive frequency divider stage. 
The signal appearing at the terminal O2 is 

also impressed upon the input circuit of a triode 
i06 which operates as a rectifier and pulse gener 
ator. The pulses appearing in the output of the 
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trilode 6 are:not as: sharp and are: of greater 
duration than the pulses produced by the triode 
04. The second, third and fourth divider stages 
are generally similar to: the first divider stage 
and operate. Successively to halve the frequency 
-supplied by the preceding stage. Similar refer 
cence-characters have therefore been applied to 
:the corresponding parts. 
The signals produced in these various stages 

are adapted to be selectively transmitted to buS 
bar:0; upon closure of one or more of a plu 
.rality of switches: 2, 3 and f4 to control the 
transmission of tone signals of the qualities in 
dicated by the legends adjacent the SWitches. 
It will be noted that the Switches 2 controlling 
'te:transmission to the bus bar f0. Of the tones 
; of the woodwind family, namely, tones contain 
ing predominantly; the odd harmonic Series, are 
derived from the output of the triode through 
-a suitable: mesh comprising resistors R.: 6,...R. 
and capacitors Clf 9 and Cf20. This mesh is ef 
fective to attenuate undesirable high harmonics 
gas. Well as to attenuate the lower order annon 
sics and thereby to produce a tone signal of rich 
(clarinet-like quality. 

Upon closure of the SWtich - 3 a Signal from 
ither output of the triode 6 is impressed upon 
icollector bus through a mesh comprising re 
isistors Ri22, R23 and a capacitor C26. This 
mesh: together with the plate load resistor R. 23 
sand a shunt capacitor C3 is effective to pro 
:duce a generally Sawtooth Wave closely simulat 
ing intone quality the tones of bowed string or 
:Chestral instruments, The odd harmonic family 
present at the terminal 2 is effectively changed 
tdue to the provision of a capacitor C24 of size 
to be substantially current limiting. With respect 
to grid resistor R.E.25 at the frequency produced 
‘when the highest key B of the keyboard is de 
pressed, and due the rectifying action of triode 
O6. 
The closure of the SWitch 4 results in Sup 

plying the signal from the output of triode 94 
-through a mesh comprising resistors R32, R. 33 
and capacitor CA34. The triode 04, due to the 
.relative Values of its current limiting blocking 
:capacitor.;C36 and grid resistor R38, and due 
to its rectifying. action, eliminates the odd har 
noticS present in the signal appearing at the 
terminal -02, with the result that the signal 
appearings at the SWitch 4 is of exceedingly 
bright tone quality closely simulating the effects 

; of brass instruments such as the trumpet, 

Oattput circuits 
The signals thus Supplied to the collector bus 
O. are impressed upon the input circuit of a 

preamplifier triode 40 through a blocking ca 
pacitor C42. The output of the preamplifier 
itriode 40 may have its effective tone quality 
ivaried by means of a Suitable tone controlling 
filter 44 rendered selectively operative by open 
ing One Or more Switches S. The Signal as thus 
-modified by one or more of these filters is cou 
pled by a transformer Tf A8 to the grids of a pair 
of push-pull triodes 50, 5. The cathodes 52 
of these triodes are connected to ground and 
coupled to the center tap 53 of the secondary 
Winding of transformer T48 through an attack 
and decay capacitor C-54. Normally, the tri 
Odes: 50 and 5 are biased beyond cutoff through 
a resistor R. 56 connected between the center tap 
53 and a suitable source of biasing potential 

indicated as terminal -50 v. The center tap 
if 53 is connected through an attack resistor R158 
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6 
itoia, conductor 60 which it will be noted (Fig...i.a.) 
is connected to all of the playing keys operated 
SWitches 63; and may be connected through any 
One of...these Switches to the grounded bus; 68. 
When this connected the resistors R. 56 and 
R58: act as a voltage divider to decrease: the bias 
On the triodes f5); and 5 fat a rate determined 
by the capacitor C 54 so as to obtain a rela 
tively fast, but transientless attack when a key 
is depressed, as Well as a relatively fast train 
SientleSS decay when the depressed key is released. 
Triodies 50 and 5f may be of the 6J5, typehav 
ing a relatively sharp cutoff. The signal applied 
to their grids is, in general, of amplitude just 
sufficient to avoid producing distortion. Under 
these conditions, the signal amplitude. WilliScan 
iOver Substantially the entire linear portion of the 
grid. Voltage plate current characteristic, and Will 
thus be effective to modulate the plate current to 
a very considerable extent and thereby minimize 
the transient due to the direct Ennodulated plate 
current Which will occur because of the unayoid 
able" slight dissimilarities in the two portions of 
the push-pull transmission system. Under these 
Conditions, the tubes f5); and 25 will catsea, 
Very considerable degree of distortion during the 
attack and decay portions of the tonesignals, but 
inasmuch as these portions of the signals oc 
Cupy a Very Still period of time the Sunnation 
and difference distortion terms resulting from 
the non-linearity of the grid voltage-plate cur 
rent characteristics are not perceptible to the 
ear, and the overall result is that of a transient 
leSS attack and decay. This has the advantage 
that the exact similarity of the two sides of the 
plish-pull Systern are not of great importance. 
The Similarity of the two sides of the push-pull 
System are made practically identicallinsofar...as 
the plate loading is concerned by using an out 
put transformer T62 in which the number of 
turns between the center tap (which is connected 
to the high Voltage terminal indicated as -300 
v.) and the extremities are kept equal. This 
equality is relatively easy to maintain, since the 
Commercial tolerance on the number of turns on 
a transformer may be held to a part in several 
thousand. 
The secondary winding of transformer T62 is 

COLpled to the input circuits of remote cutoff 
pentodes f4, 165. A volume adjusting resistor 
R66 is connected between the control grids of 
pentodes. 64 and 65. The center tap 67 of 
the Secondary of transformer T62 is connected 
to a bus conductor 68 through a decoupling re 
sistor. R. and is connected to ground through 
a time constant capacitor CT2. The conductor 
68 is connected to ground through a voltage di 

Viding resistor. Rf74. A source of negative bias 
ing Voltage, indicated as a terminal -50 v., is 
normally connected to the conductor. 68 through 
a plurality. of resistors R. T6 of logarithmically 
'graded Values. Such that successive opening of 
these Switches Will cause the output of pentodes 
64, fé5 to increase in equal db steps of approxi 
mately 2 db. 
AS Shown in Figs. 3 and 4 this dynamic volume 

control includes the resistors RT6, which are 
adapted to be successively disconnected and con 
nected to the conductor 68 upon manual opera 
tion of a key 89. The key. 480 is mounted on a 
pair of channels 8 which are secured to leaf 
Springs 84 by brackets 83. Secured to one of 
the channels 8 is an actuator. 88 of insulating 
material, which is adapted, as the key 80 is 
depressed, Successively to move:"contactor switch 

  



7 
arms 90 from contact with the bus 68. As best 
shown in Fig. 3, the key 80 is so mounted that 
the player may conveniently rest the ends of his 
fingers upon the lower part 92 of the top of the 
casing 93, while the palm of the hand is rested 
upon the key 80 and the wrist or forearm rests 
upon the elevated portion S4 of the top of the 
casing. By utilizing this mechanical structure 
for successively opening and closing the SWitches 
for the resistors R 6, the player has a Very a C 
curate and sensitive control of the dynamic out 
put of the instrument. For purposes of comfort 
and to avoid fatigue the springs 83 should be 
relatively light so that a minimum amount of 
energy is required for the operation of the key. 
Inasmuch as the fingers and Wrist or forearm of 
the player are adequately supported it will be 
clear that the movement of the key 80 will be 
controllable with a high degree of ala crity so that 
musically interesting intensity envelopes may be 
imparted to successive notes in the musical Com 
position being rendered. 
The output of the pentodes 64, 65 is resist 

ance capacity coupled to power amplifying pen 
todes 96, 9 and the output of the latter coupled 
by a transformer Ti98 to a speaker (0. 

It has been previously pointed out that the at 
tack and decay portions of the tonal envelopes 
produced due to the changes in grid bias on tri 
odes 50, 5 as a result of depression of one of 
the keys and connection of the conductor 
(Fig. 1b) to ground produces very rapid attack 
and decay characteristics. These attack and de 
cay rates correspond to the most rapid attack 
and decay which would ever be conceivably useful 
in the musical rendition. As explained before, 
this is carried out in a transientless manner de 
void of any electrical clicks or "thungs.' When 
ever a, SOW attack or decay is desired, as for in 
stance, to produce an attack of a slowly bOWed 
string or the decay of a pianolike tone, the key 
8 is operated simultaneously With the depres 

Sion of the appropriate playing key C to B (Fig. 
d). To produce a Slow decay the playing key 

Will be held down and the dynamic Volume Conr 
trol key 3 gradually released. 

Operation of the oscillator 
The Wien bridge Oscillator shown in Fig. 1d, is 

of Well known type in its general circuit arrange 
ment, but, as modified for use in a musical in 
strument, there are a number of novel features 
asSociated therewith. In turning an oscillator of 
this type Successively to different frequencies, 
by Varying a pair of resistors Or a pair of capaci 
tors in the conventional rehanner it is found that 
undesirable transients may be produced, 

in using the means disclosed in this applica 
tion for tuning the oscillator, novel and musically 
interesting effects are obtaired because the tran 
sient produced by the Oscillator when successive 
keys are played in a legato Inanner is of undin 
minished amplitude, that is, the oscillator never 
ceases oscillation. In addition the osciliator gen 
erates an intermediate frequency for each pair 
of legato notes that are played. For instance, 
When playing fron a C key to an E key in a 
legato manner an intermediate frequency will be 
generated upon the depression of the Ekey, and 
the pitch of such intern ediate tone will be ap 
proximately that of the intermediate D note. The 
sounding of this D note is very pleasing to the ear. 
in a fusical Sense it is perceived as a form of 
Smooth glissando between C, D and E. To ac 
complish this result it is necessary that the os 
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cillator shall not cease oscillating, and, in addi 
tion, shall successively generate two discreet fre 
quencies as the second of a pair of playing keys 
is depressed in a legato manner. 
By reference to Fig. 10, it will be seen that 

When a plurality of playing keys are simulta 
neously depressed, the resistors R.42 associated 
with keys below the highest depressed key are 
not effective in the tuning circuit. Similarly, it 
Will be noted that upon closure of tWO key switches 
6, the switch of the lower key does not have any 
effect in the tuning circuit since such lower re 
sistances are effectively connected to ground. 
Therefore, when two or more keys are simul 
taneously depressed the highest of Such depressed 
keys will determine the steady state frequency 
of oscillation. However, when two keys are Suc 
Cessively depressed in a legato manner (assuming 
the last depressed key is higher than the first 
depressed key), there will be a certain time in 
terval during which both Switches 60 respec 
tively associated with these two keys are closed, 
while only the switch 6 associated with the 
loWer of the depressed keys is closed. During this 
limited time interval, the oscillator bridge circuit 
Will be unbalanced and the frequency at which 
it OScillates Will be intermediate the frequencies 
of the notes of the two depressed keys. It is also 
apparent that the oscillator cannot possibly stop 
Oscillating during this interval because the in 
pedance between the plate 3 and the grid 39 has 
been reduced from that value Which corresponds 
to the balanced bridge condition. Therefore, the 
oScillator departs in operation from the usual 
Concept of the Wien bridge oscillator and be 
comes a form of multivibrator in which the new 
frequency is deterinined by a large number of 
parameters. However, in this condition of suc 
cessive feedback energization, the frequency of 
OScillation Will always lie approximately midway 
between those of the two depressed keys when 
the intervals are relatively small, as is usual in 
music. If an oscilloScope were connected to the 
plate 3 it would be observed that the oscillator 
never ceases OScillation. When the above described 
tuning sequence is employed. Thus the transient 
COntains very little low frequency, its energy being 
concentrated mainly at the frequencies corre 
Sponding to the first Of Said keys, the frequencies 
of the interval between the two depressed keys, 
and, as the steady state is reached, the frequency. 
of the Second depressed key. There is no oppor 
tunity for a low frequency thump which might 
occur, for instance, if the switches 6, 6? were 
operated in the reverse Sequence. In the latter 
case an undesirable thump would occur because 
the feedback froin the plate Si to the grid 39 
Would be insufficient during the time that both 
SWitches 60 and only one of the Switches 6 are 
closed. The Osciliator Will likewise be tuned to 
an intermediate frequency when notes are played 
in a legato manner down the Scale as Well as up 
the Scale. 
The SWitches 62 and the circuit elements asso 

ciated thereWith are provided to enable the player 
to obtain tWice as many tones as playing keys, 
the arrangement being Such that whenever two 
adjacent semitone keys are simultaneously de 
preSSed both capacitors C. and Clf will be 
connected in the circuit between grid 39 and 
ground. Thus the reactance of the circuit in 
cluding these capacitors is doubled when both 
keys are depressed. The values of C and CT 
are Such that this change in reactance in this 
circuit Will be sufficient to decrease the frequency 
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of oscillation by: one-quarter of a full tone-in 
terval. Thus, for example, when the key. C. is: 
depressed and held depressed while the key CF 
is depressed, the oscillator will generater a fre 
quency which is the mean between the frequen 
cies of the notes C and Ci and, as Soon as the 
key; C is released, the oscillator will generate the 
frequency of the note C#. It will thus be seen 
that the number of discrete frequencies avail 
able: to the player of the instrument is Substan 
tially: twice: the number of keys. Since a quarter 
tone interval is a relatively slight pitch change, 
if the: player will play-the-chromatic scale in the 
customary:legato. manner, the musical effect. Will 
be that of a Snooth glissando. The quarter-tone 
steps: are: So Small that . When the glissando is, 
taken at a musical rate, the ear is unable to 
resolve... the effect into its discrete, quarter-tone 
increments: but rather perceives the overall effect 
asia; perfectly Smooth glissando transition from 
one note to the other. 
tained is a great improvement. Over the ordinary 
glissando effect... produced by, keyboard instrum 
meats. Such as; the piano, and organ in which 
pitch accuity of the ear is sufficient to resolve...it 
into the chonaatic: Steps. 
When switch202 is closed, the oscillator is nor 

mally, operating. at its lowest-frequency but no. 
Sounds is heard . for the Speaker because the. 
control. Switches. S3 are not closed. When SWitch 
202 is open, it will be...seen that.there is no energy. 
feedback-connection between the plate 3- and the 
grid.39;. Therefore, there is...no. energy feedback 
and: no. Oscillations, occur. When any playing 
key is, depressed, the oscillator must start from 
Zero frequency, and arrive at the desired fre 
quency...of steady, oscillation. The rate at which 
it, arrives is controlled by the thermo-resistance 
properties of the... thernistor. 22. When, this 
thermistors is in the form of a 6. Watt 115, volt 
tungsten...incandescent lamp, the time required 
for the oscillator to reach its steady state fre 
quency may be approximately, 50 milliseconds. 
When a playing key, is depressed the amplifying 
and-output. System Will be effective to transmit 
the tone...signal diring at least a portion of this 
50 millisecond. interval. Ordinarily the listener 
Will be aware of the rise in frequency during ap 
proximately 40 of this 50. millisecond time in 
terval. The effect produced is comparable to that 
of Some mechanical musical instruments, such as 
the trumpet and saxophone. 
key is depressed repeatedly with rapidity, the os 
cillator may never attain the final steady fre 
quency corresponding to the actuated key, but 
will always be in the transient condition of 
changing its frequencv, increasing in frequency 
while the switches 60, 6 are closed and decreasing 
in frequency while the switches 60, 6- are open. 

Similarly, many novel and entertaining effects 
may be produced by playing a melody rapidly 
in the form of short staccato notes. Under these 
circumstances, the oscillator may be in the con 
dition of changing its frequency most of the. 
tirne, and only attain its steady state when anote 
is aecented by holding it depressed for 50 milli. 
Seconds. 
viding an entertaining variation in contrast to 
the normal organlike tones. 

It will be understood that an oscillator. of the 
Wien bridge type such as disclosed herein may 
be tuned by simultaneously changing the ca 
pacitance of the two regenerative feedback cir 
cuits or simultaneously-changing the resistances 
in these two circuits: This will be evident from 
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10 
a consideration of the formula for the frequency 
of OScillation of a Well balanced and properly des. 
signed OScillator.Which is: 

2ry RCC 
in which R1 and C1 are the total resistance and 
capacitance, of the Series, feedback circuit, and 
ER2. and C2 are the total resistance and capacitance 
of the shunt feedback circuit. Thus, in Fig. a 
the resistors R.42. and R54 could be replaced by 
capacitors if the capacitors, C46, C47 and C50, C52 
Were replaced by resistors. Under these circula 
stances the capacitors Cland. CT in the quarter, 
tOne Scale Would have resistors of Suitable values 
Substituted therefor, and the capacitors C82 and 
C84 of the vibrato, merhanism would likewise be 
replaced by resistors. If these capacitors and re 
Sistors are thus interchanged, the relationship. of 
the keyboard shown in Fig. 1d. With respect to the 
circuit.S. would have to be reversed, that is, the 
lowest key would : operate the switches 60. to 63. 
at the right-hand end of the diagram and the 
highest key would operate the switches 60 to S3 
at the lowermost end of the diagram, etc. Unter 
these conditions, the instrument. Would operate 
to Select the frequency corresponding to... the 
lower, or lowest of two or more depressed. keys. 
The Sequence...of Operation of the switches 6- to. 
63. Would be...the same as heretofore described. 
The Oscillator shown in Fig. 1a is of Well known 

construction and the values of, the various con 
ponents. Will therefore: be known or readily avail 
able-to, those.skilled in the art. However repre 
sentative values may be given, assuming... the 
pentodes and are of the 6W6 type. 

C20 ----------------------microfarads-- . .3. 
C? -------------------------- do------. 3. 
C22 -------------------------- do------ 3 
C -------------------------- do------ 006. 
C -------------------------- do------ .0006 
C50 -------------------------- do------ 006 
C52 -------------------------- do------- O006 
CTO -------------------------- do------ 0008 
C -------------------------- do------ OOO8. 
R -------------------------- OnS. 5,000 
F--------------------------- do------ 10,000 
R9.--------------------------- do------ 10,000 
RB---------------------------do------ 3,500. 

The total resistance of the series of R42 re. 
sistors may be approximately 50,000 ohms, and 
Similarly, the total resistance of the series R54 
resistors may likewise be 50,000 ohms. The re 
sistor R42 which is connected to the conductor 
R44 may have a resistance in the order of 6,250 
ohms whereas the next adjacent resistor R42 may 
have a value 6% of that of the highest resistor 
R42, each resistor R42 having a value of about 
6% of the total resistance of the preceding series 
of resistors R42. The values of R54 may be con 
puted in a similar manner. 
The operation of the various components and 

Seetions of the instrument have been included 
With the detailed description thereof. In gen 
eral, the instrument is designed for use as an 
Orchestral instrument. Normally, the player will 
manipulate the playing keys with his right hand 
and operate the dynamic volume control key i8O 
with his left hand. In most uses of the instru 
ment the player will play legato-wise on the key 
board and appropriate phrasing for both legato 
and non-legato playing-will be obtained by ther. 
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depression of the dynamic control key 80. For 
rapid staccato playing however, the player will 
reverse the operation and maintain his left hand 
control stationary while playing the right hand 
pitch determining keys in a detached non-legato 
male. 
The volume adjustment resistor R66 will usu 

ally be adjusted initially to suit the output of 
the instrument to the size and acoustic chair 
acteristics of the room in which the instrument 
is to be played. 
Due to the possibility of selecting one or more 

of three different tone families by the selective 
operation of Switches 2, 3 and 4 and the 
possibility of further modifying the tone quali 
ties by operation of switches 46, the range in 
variation of tone qualities available is very great. 
These quality controls are disclosed in greater 
detail and are claimed in my copending applica 
tion Serial No. 87,913, filed April 16, 1949, and 
the apparatus shown particularly in Figs. 2, 3, 
and 4 is disclosed and claimed in my copending 
application Serial No. 169,891, filed June 23, 1950. 
While I have shown and described a par 

ticular embodiment of the invention, it will 
be apparent to those skilled in the art that nu 
merous modifications and variations may be 
made in the form and construction thereof, with 
out departing from the more fundamental prin 
ciples of the invention. I therefore desire, by 
the following claims, to include within the scope 
of my invention all such similar and modified 
forms of the apparatus disclosed, by which sub 
stantially the results of the invention may be 
obtained by substantially the same or equivalent, 
leans. 
I claim: 
1. In an electrical musical instrument having 

a group of playing keys, the combination of a 
Wien bridge oscillator having a series feedback 
circuit and a shunt feedback circuit, each of said 
circuits including resistances determinative of 
the frequency of oscillation; means operated by 
the playing keys effectively to vary the values of 
the resistances in both of said circuits; a pair of 
capacitors, switches operable by alternate playing 
keys to connect one of said capacitors in the 
shunt circuit; and switches operated by the inter 
mediate playing keys to connect the other of the 
capacitors in the shunt circuit, said capacitors 
having such values that when two adjacent keys 
are depressed at the same time both of said ca 
pacitors will be effective in the shunt circuit and 
will cause the oscillator to operate at a frequency 
intermediate the frequencies at which it would 
Oscillate upon the separate depression of said 
adjacent keys. 

2. In an electrical musical instrument having 
a group of playing keys, the combination of a 
frequency generator of the Wien bridge type hav 
ing a series feedback circuit and a shunt feed 
back circuit respectively provided with adjustable 
resistances, the values of which determine the 
frequency of oscillation of the oscillator; a plu 
rality of switches operated by each of the playing" 
keys, said Switches being effective successively 
upon ascending the musical scale to decrease the 
effective values of corresponding tuning resist 
ances in each of said circuits; and means asso 
ciated with said switches and keys effective upon 
depression of a key to cause a change in the re 
sistance in the series circuit prior to a change in 
the resistance of the shunt circuit, and upon re 
lease of a key to change the resistance in the 
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2 
shunt circuit prior to changing the resistance in 
the series circuit. 

3. In an electrical musical instrument having 
a group of playing keys, the combination of a 
frequency generator of the Wien bridge type hav 
ing a series feedback circuit and a shunt feed 
back circuit respectively provided with tuning 
impedances, the values of which determine the 
frequency of oscillation of the Oscillator; a plu 
rality of Switches operated by each of the playing 
keys, said switches being effective successively 
upon ascending the musical scale to decrease the 
effective values of corresponding tuning imped 
ances in each of said circuits; and means aSSO 
ciated with said switches and keys effective upon 
depression of a key to cause a change in the 
impedance in the series circuit prior to a change 
in the impedance of the shunt circuit, and upon 
release of a key to change the impedance in the 
shunt circuit prior to changing the impedance 
in the series circuit. 

4. In an electrical musical instrument having 
a group of playing keys, the combination of a 
Wien bridge oscillator having a series feedback 
circuit and a shunt feedback circuit, each of said 
circuits including resistive and capacitative in 
pedances determinative of the frequency of oscil 
lation, means operated by the playing keys effec 
tively to vary the values of the impedances of 
one character in both of said circuits; a pair of 
impedances of the other character, switches oper 
able by alternate playing keys to connect one of 
said last-named impedances in the shunt circuits; 
and switches operated by the intermediate keys. 
to connect the other of said last-named imped 
ances in the shunt circuit, said last-named im 
pedances having such values that when two adja 
cent keys are depressed at the same time both of 
said impedances will be effective in the shunt. 
circuit and will cause the oscillator to operate 
at a frequency intermediate the frequencies at 
which it would oscillate upon the separate de 
pression of said adjacent keys. 

5. In an electrical musical instrument having 
a group of playing keys, the combination of a 
Wien bridge oscillator having a series feedback 
circuit and a shunt feedback circuit, each of Said 
circuits including resistances determinative of 
the frequency of oscillation; means operated by 
the playing keys effectively to vary the values of 
the resistances in both of said circuits; a pair of 
capacitors of equal value; switches operable by. 
alternate playing keys to connect one of Said 
capacitors in the shunt circuit; and Switches. 
operated by the intermediate playing keys to 
connect, the other of the capacitors in the shunt 
circuit; said capacitors having such values that 
when two adjacent keys are depressed at the 
same time both of said capacitors will be effec 
tive in the shunt circuit and will cause the oscil 
lator to operate at a frequency intermediate the 
frequencies at which it would oscillate upon the 
separate depression of said adjacent keys, where 
by upon playing a chromatic scale in a legato 
manner the oscillator will successively generate 
frequencies at quarter-tone intervals. 

6. In an electrical musical instrument having 
a group of playing keys, the combination of a 
frequency generator of the Wien bridge type 
having a series feedback circuit and a shunt 
feedback circuit respectively provided with ad 
justable tuning resistances, the values of which 
determine the frequency of oscillation of the os 
cillator; a plurality of switches operated by each 
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of said keys; said switches being effective succes 
sively, upon ascending the musical Scale...to - de 
crease the effective values of corresponding tin 
ing, resistances in each of said circuits; means 
associated with said switches, and keys: effective 
upon depression of a key to... cause a change in 
the resistance in the series... circuit prior, to a 
change in the resistance of the shunt circuit, and 
upora release of a key to change; the resistance 
in the shunt circuit prior to changing the imped 
ance in the series circuit; a vibrato capacitor; 
and cyclically operating means alternately to 
connect and disconnect the vibrato capacitor in 
the shunt feedback circuit at a rate in the Order 
of 7 cycles per second, thereby to raise and lower 
the frequency of the oscillator in a manner to 
produce a vibrato effect. 

7. In an electrical musical instrument having 
a group of playing keys, the combination of a 
frequency generator of the Wien bridge type hav 
ing a series feedback circuit and a shunt feedback 
circuit respectively provided with adjustable tun 
ing resistances, the values of which determine 
the frequency of oscillation of the oscillator; a 
plurality of switches operated by each of the 
playing keys, said switches being effective suc 
cessively upon ascending the musical scale to 
decrease the effective values of the tuning resist 
ances in each of said circuits; means associated 
with Said Switches and keys effective upon de 
pression of a key to cause a change in the resist 
ance in the series circuit prior to a change in the 
resistance of the shunt circuit, and upon release 
of a key to change the resistance in the shunt cir 
cuit prior to changing the resistance in the series 
circuit; and a switch operable, when all the key 
operated Switches are open, upon closure to con 
nect the maximum tuning resistance in the Series 
feedback circuit and upon opening to open the 
series feed-back circuit. 

8. In an electrical musical instrument having 
a group of playing keys, the combination of a 
frequency generator of the Wien bridge type hav 
ing a series feedback circuit and a shunt feedback 
circuit respectively provided with adjustable tun 
ing impedances, the values of which determine 
the frequency of oscillation of the oscillator; a 
plurality of switches controlled by each of the 
playing keys, said switches being effective suc 
cessively upon ascending the musical Scale to 
change the effective values of corresponding tun 
ing impedances in each of said circuits; and 
means associated with said switches and keys 
effective upon depression of a key to cause a 
change in the impedance in the series circuit and 
thereafter a change in the impedance of the 
Shunt circuit, and upon release of a key to cause a 
change in the impedance in the shunt circuit 
and thereafter a change in the impedance in the 
series circuit. 

9. Tuning means for a Wien bridge oscillator 
having a pair of electron discharge devices pro 
vided with two frequency determining circuits, 
each of said circuits including resistance and 
capacitance impedance elements, and key oper 
ated means operative to change the effective 
values of corresponding in pedances in both of 
said circuits in a predetermined Sequence, One 
after the other. 

10. In an electrical musical instrument having 
a tone signal generating system including a 
bridge type oscillator having shunt and Series 
regenerative feedback circuits the impedances of 
which determine its frequency of oscillation, the 
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combination of a. plurality of playing keys, a: 
pair of Switches operated sequentially, by each of 
said keys; and means:controlled by said Switches: 
to... change corresponding tuning impedances of 
each of the: circuits, the: first... operated. Switch 
being in the series feedback circuit. 

11. Tuning means for a Wien bridge oscillator 
having a pair of electrora discharge devices pro 
vided with two- frequency..." determining circuits, 
each of said circuits, including resistance, and 
capacitance-limpedance elements, and key oper 
ated means operative to change the effective 
values of the resistance impedance elements in 
both of Said circuits in a predetermined Sequence, 
one after the other. 

12. In an electrical musical instrument having 
an Oscillator and a plurality of playing keys, an 
OScillator tuning circuit having means for chang 
ing its impedance in accordance with the opera 
tion of the keys to generate the frequencies of 
the semitone musical scale, and additional tuning 
means rendered effective upon the concurrent de 
pression of two adjacent keys to change the fre 
quency of OScillation of the oscillator to a fre 
quency intermediate the frequencies to which the 
Oscillator would be tuned by the separate depres 
Sion of the two adjacent keys, 

13. In an electrical musical instrument having 
an oscillator and a plurality of playing keys, an 
Oscillator turning circuit having means for chang 
ing its impedance in accordance with the opera 
tion of the keys to generate the frequencies of 
the senitone musical scale, and additional tuning 
means to change the frequency of oscillation of 
the oscillator to frequencies intermediate the 
semitone frequencies of the musical scale upon 
concurrent depression of the keys for adjacent 
Semi-tones. 

14. In an electrical musical instrument having 
a plurality of playing keys, an oscillator for de 
termining the frequency of the electrical tone 
signals produced, said oscillator having a tuning 
circuit including impedances of different chair 
acter, means operated by the playing keys pro 
gressively to change the effective values of in 
pedances of one character so as to tune the oscil 
lator to the frequencies of the Senitone intervals 
of the tempered musical scale upon successive 
depression of the keys, and additional tuning 
impedances of different character rendered effec 
tive by the keys to change the frequency of oscil 
lation of the oscillator by a quarter-tone interval 
when two adjacent keys are depressed concur 
rently. 

15. In an electrical musical instrument having 
a, plurality of playing keys, and an oscillator for 
determining the frequency of the electrical tone 
signals produced, said oscillator having a tuning 
circuit including resistive and capacitative im 
pedances, means operated by the playing keys 
progressively to change the effective values of 
impedances of one character so as to tune the 
Oscillator to the frequencies of the Semitone 
intervals of the tempered musical scale upon 
Successive depression of the keys, and additional 
tuning impedances of the other character ren 
dered effective by the keys to change the fre 
quency of oscillation of the oscillator by a 
quarter-tone interval when two adjacent keys are 
depressed concurrently. 

16. In an electrical musical instrument having 
a plurality of playing keys, an oscillator for deter 
mining the frequency of the electrical tone sig 
nals produced, said OScillator having a tuning 
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circuit including impedances, means operated by 
the playing keys progressively to change the 
effective values of the impedances so as to tune 
the oscillator to the frequencies of the semi-tone 
intervals of the tempered musical Scale upon suc 
cessive depression of the keys, and additional 
tuning impedances rendered effective by the keys 
to change the frequency of oscillation of the 
oscillator by a quarter tone interval when two 
adjacent keys are depressed concurrently. 

JOHN MI, HANERT. 
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