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1. 

This invention relates generally to apparatus 
for Smoothly varying the tonal output of an elec 
trical musical instrument with adequate com 
pensation for variations in the response of the 
human ear to tones of different frequencies and 
different intensities. 
This application is a continuation in part of 

my application for patent Serial No. 592,099 en 
titled Volume Control. Apparatus: filed in the 
United States Patent. Office on May 5, 1945. 
This application has been abandoned. 
A Volume or expression control for an elec 

trical musical instrument should meet a num 
ber of requirements. It should be capable of 
SFnoothly and continuously changing the tonal 
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output of the instrument over a wide dynamic 
range. It should be rugged enough to withstand 
hard use and even abuse throughout the life of 
the instrument without requiring replacement or 
Servicing, other than routine-maintenance. The 
control should be completely quiet in operation, 
both mechanically and electrically, throughout 
the life of the instrument. The control should 
compensate for the nonuniform frequency re 
Sponse characteristics of the human ear. 

It is well-known that sounds having inten 
Sities less than a certain level, known as the 
threshold of audibility, are inaudible to the hu 
man ear. Moreover, sounds having intensities 
greater than a level, known as the threshold of 
pain, produce a sensation of pain in the eat in 
addition to sound. In an electrical musical in 
Strument all useful variations of sound volume 
must be confined between the upper limit of 
the threshold of pain and the lower limit of the 
threshold of audibility. 

It is also Well-known that the threshold of 
audibility is at its lowest level for sounds hav 
ing intermediate frequencies within the normal 
range of the human voice and that the level of 
the threshold increases for sounds of both high 
er and lower frequencies. Of course, very low 
frequency Sounds such as those below about 16 
C. P. S., and sounds of very high frequencies, such 
as those above about 20,000 C. P. S. are inaudible 
to nost people. Furthermore, the level of the 
threshold of pain is somewhat higher for voice 
range frequencies than it is for relatively higher 
treble and lower bass frequencies. 
The tones which may be produced by an elec 

trical musical instrument, such as an electric 
organ, may extend over a very wide frequency 
range, from about 30 C. P. S. to about 10,000 
C. P.S. for example. Such range includes, in ad 
dition to all the normal voice or intermediate fre 
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quencies, a wide range of lower bass and higher 
treble frequencies. As generated, tone signals 
of all frequencies: usually have approximately 
equal amplitudes. For moderately great volume . 
levels it is musically satisfactory to sound tones 
of all frequencies at approximately equal inten 
sities, and thus the volume control apparatus 
and the output. System of the organ may have a 
flat frequency response. for such volume levels. 
It is: desirable, by means of the volume control, 
to reduce the tonal output of the instrument to 
the threshold of audibility without Seriously 
disturbing: the apparent balance among tones of 
various: frequencies. Because of the relative in 
sensitivity of the human ear to very low and very 
high frequency tones, the response of the volume 
control together with the output. System should 
be considerably greater for such low and high 
frequencies: than for intermediate, or voice fre 
quencies when the control is adjusted to provide 
a barely audible tonal output. It is especially 
important.that even at Very low Volume levels the 
low frequency or basstones be maintained at an 
audible level, because the bass tones, to an im 
portant extent, determine: the over-all musical 
character of the tonal output of the instrument. 

Since the human ear will tolerate greater in 
tensities of intermediate or voice frequencies 
than of very low and very high frequencies, the 
highest possible useful volume may be obtained 
only if the volume: control apparatus, together 
with the output. System attenuates very low bass 
and very high treble frequencies somewhat, so 
that the intensities of such frequencies do not 
exceed the threshold of pain. When the control 
is adjusted for maximum volume. Therefore, 
the high treble and low bass responses of the 
volume control together with the output system 
should be. Somewhat Smaller than the intermedir 
ate, or voice:frequency response when the volume 
control is adjusted for maximum volume. 
Consequently an adequate volume control for 

an electrical musical instrument must have fre 
quency response characteristics which change 
radically as the volume; adjustment is changed. 
The bass response, and to a lesser extent the 
treble response, relative to the intermediate fre 
quency response, should be boosted as the volume 
is reduced. Such volume control compensation 
is variously known as ear response compensation, 
bass Compensation or basS. boosting. 
None of the known volume, controls for elec 

trical musical instruments satisfy all the above 
requirements. The principal object of this, in 
vention is to provide volume control apparatus. 
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for an electrical musical instrument which satis 
fies these requirements. 

Specifically, an object of this invention is to 
provide Wourine Control apparatus which Will pro 
duce Smooth, continuous and step-free variation 
Of the tonal output of an electrical musical in 
Strument rather than Volume variation in finite 
Steps which has characterized many prior art 
volume controls. 
A further object is to provide a Volume control 

which Will withstand long and hard Service With 
Out requiring attention. 
A further object is to provide a volume con 

trol which will operate quietly without produc 
ing electrical transients throughout the life of 
the instrument. 
A further object is to provide volume control 

apparatus which has frequency response chair 
acteristics which change as the Volume is Varied 
in order to compensate for the nonuniform fre 
quency and intensity response characteristics of 
the ear. 
A further object of this invention is to provide 

Such voluime control apparatus which may readily 
be manufactured at OW cost. 
Other objects and advantages together with 

an understanding of the basic principles of this 
invention may be derived from the following de 
Scription together with the drawings in which: 

Figure 1 is a Wiring diagram of an illustrative 
embodiment of this invention. 
- Figure 2 is an elevational sectional view, taken 
on the plane 2-2 of Fig. 3, of a variable capaci 
to forming a part of the illustrative embodi 
Yent. 
Figure 3 is an elevational Sectional view of the 

capacitor taken on the plane 3-3 of Fig. 2. 
Figure 4 illustrates suitable apparatus for op 

eration of the Variable capacitor by means of 
an Organ expression pedal. 

Referring to Fig. 1, volume control apparatus 
is illustrated which is adapted to provide musical 
tone signals of Variable amplitude from its out 
put terminals and f2 for transmission to the 
output System 5 of an electrical musical instru 
nent in response to constant amplitude tone 
signals in pressed upon input terminals 8 and 
2 of the control apparatus by the musical tone 
signal generating Systern 22 of the instrument. 
The input terminal 2 is grounded while the 
input terminal 8 is connected with the control 
grid of a coupling pentode 24 by means of a radio 
frequency filtering resistor R26. The input ter 
ninals 8 and 2 are shunted by a grid resistor 
R28. The plate of the pentode 24 is connected 
with an anode voltage supply terminal --285 v. 
by means of a parallel mesh comprising a load 
resistor R30 and a small high frequency by-pass 
capacitor C32. An adjustable amount of nega 
tive feedback is provided by a small adjustable 
capacitor C3A connected between the plate of 
the pentode 2 and the input terminal 8. Fur 
ther degenerative action is provided by an un 
bypassed cathode resistor R36 connected between 
the cathode of the pentode 24 and ground. The 
Screen grid of the pentode 24 is connected with 
the -285 v. terminal by a resistor R38 and is 
by-passed to the cathode by a capacitor C4. 
The pentode 24 serves as an amplifier and cou 

pling tube and provides amplified tone signals 
corresponding with those supplied by the gen 
erating system 22. The anode of the pentode 
24 is connected by a conductor 42 with a set of 
stationary plates 34 of a variable capacitor C46, 
A second set of stationary plates 48 is connected 
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4. 
with the anode of the pentode 24 by means of 
an ear response compensated attenuating mesh 
5. The attenuator 50 may comprise a resistOl' 
R52 shunted by a capacitor C54 connected be 
tween the anode of the pentode 24 and a terni 
nai. 56, a capacitor C58 in series with a resistor 
R60 connected between the terminal 56 and 
ground, a resistor R62 in parallel. With a capaci 
tor C64 connected between the terminal 5 and 
the set of capacitor plates 48, a resistor R.65 
shunted from the Set of capacitor plates 48 to 
ground and a capacitor C63 in series with a re 
sistor R0 likewise shunted from the plates 48 to 
grOnd. 
The mesh 50 attenuates high and low fre 

quencies less than a middle range of frequencies. 
For middle range frequencies the mesh 50 pro 
vides two cascaded frequency Selective Voltage 
divide Sections individually including a Series 
arm and a shunt airn. The first Series arm 
comprises R.52 in parallel with CS4 and the first 
shunt arm comprises C58 in Series with R68. A 
signal voltage from the pentode 24 divides be 
tween the first Series arm and the first Shunt 
arm, and only the portion which develops across 
the shunt arm is transmitted to the Second volt 
age divider. The Series an of the Second Wolt 
age divider Section comprises R62 in parallel 
with C64 and the Second shunt arm comprises 
RSS in pairallel. With the Series combination of 
C68 and R. O. The signal voltage received from 
the first voltage divider Section divides between 
the Second Series arm and the Second shunt arm, 
and only the portion of the voltage across the 
Second shunt arm is transmitted to the Station 
ary plates 48 of C46. 

For ioW bass frequencies the capacitive react 
ance of C58 is much larger than the resistance 
of R52 because the capacitive reactance of C58 
increases as the frequency decreases. There 
fore the attenuation of the first voltage divider 
Section is very small for such low bass frequen 
cies. Moreover the capacitive reactance of C98 
is much greater than the resistance of R62 for 
low bass frequencies, and so the second voltage 
divider Section attenuates low frequency signals 
much less than middle frequency signals. How 
ever, the shunting effect of R66 together with 
the series impedances of R52 and RS2 provides 
Some attenuation at low frequencies. 
The capacitive reactance of C54 decreases as 

the frequency increases and becomes much less 
than the individual resistances of R52 and RS 
to high treble frequency signals. Therefore the 
first Voltage divider Section attenuates high fre 
Cuency signals relatively very little. Likewise 
the capacitive reactance of C64 for high fre 
gency Signals is much leSS than the individual 
resistances of RS2, RTC and R66, and attenua 
tion of high frequency signals by the Second volt 
age divider section consequently is relatively 
Small. 
For the reasons explained above the mesh 5 

attenuates low bass frequencies signals and high 
treble frequencies signals relatively much less 
than middle frequency range Signals. C5 and 
C6, permit high frequency Signals to pass to the 
capacitor plates 48 of the C43 with little attenu 
ation. For low bass frequencies the impedances 
of the shunt arms of the mesh 5 are relatively 
very high because of the high reactances of C5. 
and C58, and low bass freguency signals conse 
quently pass to the plates 48 through R52 and 
R62. With little attenuation. 
The variable capacitor C46 includes a set of 
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Scanner plates 4 which is movable into capacitive 
pickup relation with either of the sets 44 and 48 
of stationary plates or partially in any Selected 
ratio into capacitative relation with said Sets of 
plates. The scanner plates 14 are connected with 
the grid of a phase inverter triode 6. Which may 
be one unit of a double triode tube as illustrated. 
A capacitor C82 shunted by a grid return resistor 
R84 connects the scanner plates 4 with a termi 
nal 8 which is by-passed to ground by a large 
bias filter capacitor C80. The terminal 8 is 
connected directly to the grid of a second phase 
invester triode 86 and is connected by a resistor 
R88 with a positively charged grid bias Source 
termina. --20 v. The cathodes of the triodes 6 
and 86 are connected to ground by a high re 
sistance common cathode biasing resistor R90. 
The anodes of the triodes 6 and 80 are connected 
with an anode supply terminal --290 V. by indi 
vidual anode load resistors R92 and R94 respec 
tively, and with the output terminals and 2 
by individual coupling capacitors C96 and C98 
respectively. The output terminals 0, 2 are 
connected with the output System 6 Which may 
include, for example, a power amplifier and a 
Speaker (not ShoWn). 
According to their position, the scanner plates 
4 pick up signals from either the stationary 

piates 44 or 48 or from both sets of plates 
and 48 jointly in any selected proportion, and 
the signals are impressed upon the grid of the 
triode 76. EResistor R84 provides a direct current 
path from the grid of the triode 6 to ground 
through R88 and the grid bias Source and also 
may slightly modify the low frequency response . 
of the volume control apparatus together with 
the amplifiers and the output system 6. C82 
may have a capacitance such that its capacitive 
reactance at the lowest frequency which is to be 
transmitted by the apparatus is of the same Crder 
as the resistance of R84, and so for interriediate 
and high frequencies the capacitive reactance of 
C82 is much less than the resistance of Re4. 
Thus for intermediate and high frequencies the 
shunting effect of R8 is negligible and the ca 
pactive voltage divider comprising C46 and C82 
has a uniform frequency response for such inter 
mediate and high frequencies. At the lowest fre 
quencies to be transmitted, however, the ShUnt 
ing effect of R84 may produce some attenuation. 
The capacitance of C80 is great so that even at : 
the lowest frequency to be transmitted its car 
pacitive reactance is negligible relative to the 
resistances of R84 and R88, and So the terminal 
F8 is maintained nearly at ground potential for 
Siginal Voltages. 
out any ripple components present in the --20 v. 
bias supply Voltage. 
The triodes 76 and 86 provide phase inversion 

and amplification. Signals develop across the 
high resistance common cathode resistor R9 
which have amplitudes about One-half the am 
plitudes of the signals impressed upon the grid 
of the triode 76 by the scanner plates 74. Since 
the grids of both triodes 76 and 86 are returned 
to the terminal 78 which is at ground potential 
for signal voltages, the signals across R90 appear 
in the grid-cathode circuits of both triodes 76 
and 86, providing negative feedback for the tri 
Ode 6 and reversely phased input signals for the 
triode 86. The grids of the triodies 6 and 86 are 
returned to the positive grid bias Source termi 
nal --20 v. in order to counteract part of the ex 
cessively great negative grid bias provided by the 
Voltage drop across R90 and thus to provide a, 
suitably small negative grid-cathode bias, for the 

C8) is provided primarily to filter i 
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6 
triodes 6 and 85. Output voltages which are 
approximately balanced With respect to ground 
are provided by R92 and R94 and are coupled 
to the output System 6 through C36 and C93. 
The mechanical details of the Variable capacil 

tor C46 are illustrated in FigS. 2 and 3. The 
scanner plates 4 are mounted on a biacket 09 
Secured to an insulating plate 2 Which is 
mounted on a rotatable shaft 4 by neans of 
a U-shaped arm S Secured to a hub 8. A 
set Screw : C which engages the shaft 4 per 
nits longitudinal adjustment of the hub 3 
along the shaft 4 over a limited range. A con 
trol arm 2 is Secured to the end of Shaft, 4. 
by means of a bushing 4. Suitable bearings 

and 3 mounted on a housing 5 Support 
the Shaft 4. Longitudinal movement of the 
shaft is prevented by a set Screw collar . 
The stationary plates 44 and 48 are secured 

by brackets 8 and 2 respectively to an insu 
lating base plate 22 secured to the housing 5. 
The adjustable capacitor C34 is mounted on a 

partition 24 Within the housing 5. An elec 
trical connection is made to the Scanner plate 
74 by means of a flexible wire (not shown) con 
nected with a soldering lug. 26. Connections 
With the stationary plates 44 and 8 are made 
to soldering lugs 28 and 3 respectively. The 
hOUSing is is normally grounded to provide 
Shielding for the Variable capacitor CA3 and the 
adjustable capacitor C34. 
The full line position of the scanner plates 74 

and the control an 2 is the minimum volume 
Setting With the Scanner plates 74 meshed with 
the Stationally plates 48, while the dotted line 
position of the Scanner plates 74 and the control 
airn 2 is the maximum volume setting with 
the plates it meshed with the stationary plates 
4. The Scanner plates 4, together with the 
control an 2, are continuously movable be 
tWeen these extreme positions so as to mesh par 
tially With both sets of Stationary plates 44 and 
i8 in any desired proportion. 
In Fig. 4. the Variable capacitor C6 is mount 

ed. Within a console 34 of an electrical musical 
instrument having an expression pedal 36 piv 
Otally mounted at the front of the console 34. 
A linkage rod 38 pivotally connected with the 
control arrin f2 and with a bracket 40 mounted 
On the pedal 36 provides an operating connec 
tion between the pedal 36 and the control arm 

2. The pedal 36 may be tilted between limits 
defined by a front stop A2 and a rear stop 44. 
When the pedal 36 is in its full line position 
against the front stop 42 the linkage rod 38 
InOWes the control arm f 2 so that the variable 
capacitor C4S is in its minimum volume posi 
tion, and when the pedal 3S is in its dotted line 
position against the rear stop 44 the control 
arm 2 is noved to its maximum volume posi 
tion by the linkage rod 38. 
When full Volume is desired the musician tilts 

the expression pedal 36 to its dotted line posi 
tion against the rear stop 44, thus moving the 
Scanner plates 4 into the dotted line position 
(Fig. 3) in capacitative pickup relation with the 
Stationary plates 44. Referring to Fig. 1, tone 
SigElals Will then be transmitted through the cou 
pling pentode 24 and the conductor 42 to the 
Stationary plates 44 and thence by capacity cou 
pling to the Scanner plates 74, the grid of the 
triode 6 and finally to the output system 6. 
The coinponents of the apparatus in Fig. 1, in 
cluding the generating system 22 and the out 
put System f6, are so proportioned that a direct 
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connection by the conductor 42 from the plate 
of the pentode 24 to the stationary plates 44 pro 
wides frequency response characteristics suitable 
for a high volume level. Wery low frequencies 
i?ay be attenuated somewhat by the shunting 
effect of R84 while very high frequencies may 
be attenuated by the shunting effect of C32, and 
the response fol intermediate frequency signals 
:liay be SOIneWhat greater than for high and low 
frequency signals. Ii. Some cases it may be desir 
able to modify the frequency response charac 
teristics at high Volumes by providing a Suitable 
filter, which may be in Series with the conductor 
A2. 
When a musician desires a minimum volume 

level he tits the expression pedal 36 to its full 
line position against the front stop 42 So that 
the Scanner plates 4 are moved into capacitative 
pickup relation. With the stationary plates 48. 
Tone signals then are transmitted through the 
attenuating mesh 55 to the stationary plates 48 
and thence capacitively coupled to the scanner 
plates iii. The attenuator 5 has signal trans 
i:ission frequency characteristics Suitable for 
maintaining a proper balance among tones of 
different frequencies at a low voluniae level. For 
example, the attenuating nesh. 5) may attenuate 
Signals of intermediate or voice frequencies by 
about 3G decibels (db), while attenuating very 
low frequencies only about 6 db and very high 
frequencies only about 10 db. Such an attenu 
atoir 50 together with the other components of 
Fig. 1 compensates approximately for the non 
uniform frequency response characteristics of 
the human ear by boosting the high treble and 
loW bass responses of the voluine control appa 
latus to relatively higher levels than the inter 
mediate frequency response at low volume levels. 
Consequently, bass tones and high treble tones 
are maintained at audible levels even when the 4. 
overall volume of the tontal output of the instru 
inent is at a minimum. 
Whein intermediate Volume levels are desired 

the expression pedal 35 is tilted to Some suit 
able position between its full and dotted line 
positions in Fig. 4, thus moving the Scannel plates 
it into capacitative pickup relation with both 
sets of stationary plates 54 and 68 jointly in any 
Selected proportion. One such position of the 
Scanner piates is illustrated in Fig. 1. Tone Sig 
inals then are capacitively coupled to the Scan 
iner plate 73 from both sets of stationary plates 
44 and 43, and the volume control has interme 
diate frequency response characteristics. If the 
scanner plates 4 are moved smoothly from their 
dotted line nosition in Fig. 3 to their full line 
pOSition the Signal transmission characteristics 
change Srinoothly as the volume decreases Smooth 
ly from maximum to riniinimun. 

Since there are no sliding ol' rolling contacts 
ii) the volume control apparatus, coin plete free 
dom from noisy operation is assured for the life 
of the instrument. The Volume control appara 
tus is simple, trouble-free, rugged and inexpen 
sive. It will be apparent to those skilled in the 
art that volume control apparatus according to 
this invention meets all the requirements for 
Service as an expression control in an electrical 
musical instrument. 
In order to facilitate the practice of this inven 

tion, illustrative values of the components en 
ployed in the embodiment illustrated in Fig. 1 
are tabulated below. ithese illustrative compo 
nent Values are given in order that the disclosure 
of this invention may be complete and specific. 

0 

3. 
The specific illustrative values set forth should 
not be construed to limit the scope of this in 
Vention because those skilled in the art will un 
derstand that the values of the components may 
be varied over a considerable range without de 
parting from the basic principles of this inven 
tion. A complete statement of the true scope 
of this invention Will be found in the appended 
claims. 
The capacitance between the plates 34 and 74, 

as well as between plates 48 and 76, when the 
plate 4 is in registry with either of these plates, 
may be exceedingly low, in the order of 25 micro 
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microfarads. Thus the scanner plate 4 is ef 
fective solely as a means for smoothly varying 
the Over-all dynamic response, as well as the 
Over-all frequency response, from a point of high 
Volume when plate 74 is in registry with plate 
44, to an extreme of low volume when plate 4 
is in registry With plate 48. It is to be noted that 
When 4 is partially in registry with both 44 and 
88 an intermediate over-all intensity and fre 
quency response curve results. 
In the following table the values of resistors 

are given in ohins, thousands of ohms (K), or 
negohms (neg.). Values of capacitors are given 
in microfarads. 

F------------------------------ .33 meg. 
R2------------------------------ 5.6 meg. 
R30------------------------------ .27 meg. 
C8------------------------------ .0002 
C8------------------------------ 000015 
R8------------------------------ 1500 ohns 
R38------------------------------ 1.5 meg, 
C9------------------------------ .25 
F52------------------------------ 1.8 neg. 
Cé------------------------------ .0002 
CS8------------------------------ .002 
R------------------------------ 68K. 
R3------------------------------ 1.8 neg. 
C6------------------------------ .0002 
R66------------------------------ 5.6 meg, 
C6------------------------------ .00. 
R------------------------------ 68K 
C8------------------------------ .25 
C82------------------------------ .0005 
R8------------------------------ 5.6 meg. 
R88------------------------------ .8 meg. 
R90------------------------------ 39K 
R92------------------------------. 47 neg. 
R8------------------------------ .47 neg 
C86------------------------------ .05 
C98------------------------------ 05 

A Specific illustrative embodiment of this in 
Vention has been described in order that those 
skilled in the art may readily understand the 
fundamental principles of this invention. How 
ever, those skilled in the art will be able to apply 
the principles disclosed herein to provide struc 
tures Which may differ in their details from the 
Specific embodiment described herein. There 
fore the Scope of this invention should not be 
limited by the deteails of the above disclosure 
except as Set forth in the appended claims which 
are intended to include such modifications and 
equivalents which are within the true scope of 
this invention. 

I claim: 
l, In an electrical musical instrument includ 

ing a tone signal generating system having an 
output and an output System having an input; 
Volume control apparatus, including first and 
Second adjacent capacitor plates, a scanner plate 
relatively movable to be in capacitative pickup 
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relation with either of said first or second plates, 
or partially in any selected ratio in capacitative 
relation with said plates, means coupling Said 
first plate with the output of said generating 
system, said means having frequency response 
characteristics Suitable for a maximum Volume 
by attenuating the low bass frequencies to a 
greater extent than the medium treble frequen 
cies, attenuating means coupling Said Second 
capacitor plate with the output of the generat 
ing system, said attenuating means having fre 
quency response characteristics Suitable for a 
minimum volume by attenuating intermediate 
voice frequencies to a much greater extent than 
the bass and higher treble frequencies, and 
means coupling said Scanner plate With the in 
put of the output system, whereby compensation 
is made for the nonuniform frequency response 
characteristics of the ear. 

2. An ear response contpensating Volume COn 
trol for an electrical musical instrument, com 
prising an input terminal, first and Second ad 
jacent stationary capacitor plates, a scanner plate 
relatively novable into capacitative pickup relar 
tion with either of said plates or partially in 2ny 
selected ratio into capacitative pickup relation 
with both of said plates, signal transmission 
means coupling said first capacitor plate With 
said input terminal, attenuating means coupling 
said second capacitor plate with Said input ter 
minal, said attenuating means providing Sub 
stantially greater attenuation of Signals in the 
voice frequency range than of low frequency 
signals, an output terminal, and means coupling 
said scanner plate with said output terminai. 

3. In an electrical musical instrument, a Source 
of tone signals, first and second capacitor plates, 
signal transmission means coupling Said first 
plate with said source, an attenuator mesh pro 
viding substantially greater attenuation in the 
intermediate voice frequency range than said 
signal is attenuated by the transmission means 
coupling said second plate With Said source, a 
Scanner plate relatively movable into capacita 
tive coupling relation with either of said first 
and second plates or partially in any Selected 
ratio with both of said first and Second plates, 
Substantially capacitive load inapedance means 
connected with said scanner plate, an output 
system, and a means coupling said Scanner plate 
with said output System. 

4. In an electrical musical instrument, a pair 
of output terminals of a source of a plurality of 
tone siginals including voice frequency range 
Signals as Well as lower bass frequency. Signals 
and higher treble frequency signals, first and 
Second capacitor plates, signal transmission 
means connecting said first plate With one term 
inal of said source, an attenuator mesh having 
substantially greater attenuation than said Sig 
nal transmission means coupling said second plate 
with the same terminal of said source, the dif 
ference in signal attenuating characteristics be 
tween said signal transmission means and said 
attenuator mesh being greater for said voice fre 
quency range signals than for Said lower bass 
frequency and higher treble frequency Signals, 
a scanner plate relatively movable into capacita 
tive coupling relation with either of said first 
and second plates or partially in any Selected 
ratio with both of Said first and Second plates, 
an output System including an electron discharge 
device having a control grid and cathode, means 
connecting said Scanner plate With Said control 
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grid, means connecting said cathode to the other 
terminal of the source, and a low Value capaci 
tor connected between the control grid and cath 
ode, whereby the balance among tone signals of 
Various frequencies is changed as the output 
Volune is changed by moving Said Scanner plate, 
to compensate for the nonuniform frequency re 
Sponse characteristics of the human ear. 

5. In an electrical musical instrument, a Source 
of a plurality of tone signals including Voice fre 
quency range Signals aS Well as lower bass fre 
(quency signals and higher treble frequency Sig 
nals, first and Second capacitor plates, signal 
transmission means coupling said first plate with 
Said Source, an attenuator mesh having Substan 
tially greater attenuation than said signal trans 
mission ineans coupling Said second plate With 
Said Source, the difference in the signal attenuat 
ing characteristics of said signal transmission 
means and said attenuator mesh being substan 
tially leSS for Said bass frequency signals than 
for Said Voice frequency range signals, a scanner 
plate relatively movable into capacitative cou 
pling relation. With either of Said first and sec 
Ond plates or partially in any selected ratio with 
both of Said first and second plates, an output 
Systein, and means coupling said scanner plate 
with Said output System, whereby the balance 
annong tone signals of various frequencies is 
changed as the output volume is changed by 
InoVing Said Scanner plate to compensate for the 
nonuniform frequency response characteristics 
Of the human ear. 

6. In an electrical musical instrument, a source 
of a plurality of tone signals including voice fre 
quency range signals as Well as lower bass fre 
Cuency Signals and higher treble frequency sig 
inals, first and Second capacitor plates, signal 
transmission means coupling said first plate With 
Said Source, an attenuator mesh having substan 
tially greater attenuation than said signal trans 
mission means coupling said second plate with 
Said Source, the difference in signal attenuating 
characteristics between said signal transmission 
means and Said attenuator mesh being less for 
Said treble frequency signals than for said voice 
frequency range signals, a scanner plate rela 
tively movable into capacitative coupling rela 
tion With either of said first and second plates 
Or partially in any selected ratio with both of 
Said first and Second plates, an output system, 
neans coupling Said Scanner plate with said out 
put System, and additional means for attenuating 
the higher treble frequencies and the lower bass 
frequencies in the signals transmitted from the 
Source to the output System irrespective of the 
position of the scanning plate, Whereby the bal 
ance among tone signals of various frequencies 
is changed as the output volume is changed by 
moving Said Scanner plate, to compensate for the 
nonuniform frequency response characteristics 
of the human ear. 

7. In an electrical musical instrument, a source 
of a plurality of tone signals including voice fre 
Quency range signals as well as lower bass re 
Cluency Signals and higher treble frequency sig 
nals, an output System, a high volume path Cou 
pling Said Source With said output system, a low 
Volume path coupling said source with said out 
put System, an ear response compensated at 
tenuator forming a part of said low volume path 
for Compensating for the nonuniform reSponse 
characteristics of the ear by attenuating medium 
Voice frequencies to a greater extent than the 
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higher treble and lower bass frequencies are at- References Cited in the fille of this patent 
tenuated, and a Variable capacitor forming a TEN 
part of said high volume path to vary the trans- UNITED STATES PA TS 
mission of signals through Said high Volume path Number Name Date 
relative to said low volume path, whereby the 1893 Stevenson ---------- Jan. 6, 1931 
balance among tone signals of various frequencies 1862,458 Barstow ------------ June 7, 1932 
is changed as the output Volume is changed by 2,115,141 Eckberg ------------ Apr. 26, 1938 
adjusting said capacitor in order to compensate 2,265,042 Lundry ----------- Dec. 2, 1941 
for the nonuniform response characteristics of FOREIGN PATENTS 
the human ear. 10 Number Country Date 

JOHN MI, HANERT. 333,972 Great Britain ------- Aug. 28, 1930 


