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This invention relates to filter systems, and more par 
ticularly to a filter system for an electric musical instru 
ment such as an electronic organ. 

It is an object of this invention to provide an improved 
. and simplified filter for insuring the substantial elimina 
tion of harmonics from complex tones, in order to ob 
tain substantially pure sine waves for use in certain stops 
of the organ, such as the iiute stop. 

It is a further object of this invention to provide such 
a filter which may be made from a minimum number of 
components while still achieving effective filtering. 

It is a further object of this invention to provide a filter 
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Output from the semi-octave bus 28 is applied to the 

input terminal 43 through a coupling or isolating resistor 
46; output from the bus 29 is applied to the terminal 44 
through a resistor 47 and so on up the filter. 

It is a characteristic of the tones produced or delivered 
by the generators 11-26 that they are complex in character, 
and may depart widely from pure sine waves in harmonic 
composition.v The principal purpose of the filter 31 is 
to reject harmonics from the outputs of each generator 
11-26, so that a substantially pure fiute tone may be 
derived for application to the voice switching of the organ. 

' The complex components 'of the generators 11-26 are 
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particularly adapted rfor an electric key board instrument „ 
such as an electronic organ. ~ f 

It is another object of this invention to provide a filter 
so designed that adjacent successive notes on the key 
board may be grouped together and applied to a common 
input terminal of the filter to produce, at the output of 
the filter, substantially pure fundamental or fiute tones. 

» In accordance with the foregoing objects, a preferred 
form of the present invention is shown in the attached 
drawings, wherein: 

FIG. 1 is a diagram of the filter; and 
FIG. 2 is a schematic diagram explaining the function 

ing of the invention. 
Referring to FIG. 1, the numerals 11, 12, 13, 14, 16 and 

17 represent successive tone generators delivering suc 
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used in other formant circuits taken also from the gen 
erators. . , ' 

To employ a separate filter for each generator 11, 12, 
13, etc., which would eliminate all but the sine wave from 
the respective tone generator, would be extremely expen 
sive and bulky. Past practice has been to group adjacent 
or successive tone generators into groups,.each spanning 
less than one octave and supply the common output of 
the group to an individual filter. If the filter had perfect 
cut-off characteristics, one could group 12 successive 
notes, representing a full octave, because even the second 
harmonic of the lowest tone would be just above the 
fundamental of the highest tone, and therefore outside the 

, range of the filter. However, it has been found in practice 
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cessive half tones on the chromatic music scale. Genera- ~ « 
tor 11, for example, may put out the note C1, 12 puts out 
Clit, and so on up to 17, which generates the note F1. 
A complete piano type key board of notes is represented, 
in that succeeding generators 18,’19, 21, 22, 23 and 24 
generate the ’notes F1# through B1, respectively. This 
represents one complete octave on the key board. The 
succeeding generators` 26 continue successively up the 
chromatic scale. v 

The octave 11-24 is divided in two, in that the first 
group of six generators 1117 is fed through isolating 
resistors 27 to a common semi-octave collecting bus 28, 
while the upper half of the octave 18-24 is fed to another 
semi-octave bus 29. Switches 30, which may be closed 
by depression of a key, selectively connect the tone' genera 
tors to the respective buses 28, 29. 

In accordance ̀ with the present invention, a filter 31 is 
provided consisting solely of non-dissipative elements. By 
this is meant elements which are predominately' reactive 
and non-resistive. The filter 31 consists of a plurality of 
series-connected inductors 32, 33, 34 . . . 36, to the 
respective junction points of which are connected corre 
sponding capacitors 37, 3S, 39 . . . 41. The bottom ter 
minals of the capacitors are connected to a common 
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that this does not give sufficient factor of safety, in that 
filters do not have perfect, vertical cut-off slopes. There 
fore it has been the practice to group notes into semi 
octaves (6 tones) as shownin FIG. 2. However, the 
vprovision of separate filters for even each semi-octave 
group is also bulky and costly, and requires that when the 
outputs of the several filters are combined yto a common 
amplifier and transducer, or loud speaker, there must be 
coupling or isolating impedances which cause further loss 
of power. . ' , 

It will be noted in FIG. l that the semi-octave group 
filtering ofthe present invention is achieved’in a single 
filter 31 having essentially no dissipative elements, so that 
minimum loss is suffered between the several input ter 
minals 43, 44 and the single output` terminal 48,'which 
is applied to an amplifier 49 and thence to a loud speaker 
51, or other utilizing circuit. ` 
>The functioning or operation of FIG. 1 may be ex 

plained with reference to FIG. 2, wherein the action of 
' the semi-octave 18-24 applied to theinput terminal 44, 
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ground .connection 42. The connection point between f 
the inductors 32, 33 and the capacitor 37 constitutes a first 
input terminal 43 of the filter 31. Similarly the connec 
tion point of the inductors 33, 34 and capacitor 38 con 
stitutesy a second input terminal 44, and so on up to filter. 
The left hand side of the inductor 32 is connected to the 
ground lead 42 as shown. 
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throughthe resistor 47, will be discussed. The signaly 
One is essentially a, applied at 44 looks into two filters. 

resonant filter represented by block 52 and yconsisting es 
sentially of the elements 37, 33 and 38; and the other is 
a low pass filter represented schematically by the block`53 
and consisting essentially of the elements 34 and 39. The 
resonant filter 52 is designed to peak at approximately the 
frequency of the lowest note in the group of tones applied 
to the busr29, i.e., the generator 18. The characteristic 
of the low pass filter 53 is thatit passes all frequencies 
substantially uniformly up to a value just below the fre 
quency of the highesty tone generatorZfi‘., at which point it 
peaks slightly and then cuts off sharply just above the 
frequency of the tone generator 24. . Thus, all frequencies 
above B1 are cut off. The composite or aggregate char 
acteristics of theV two filters 52 is a generally horizontal 
pass curve rising rather gradually with increase in fre 
quency, having a slight peak at F1#, dropping off slightly, 

' then rising slightly at B1, and finally dropping to cut-off 



quite sharply. This leaves a slight saddle in the center 
of the response curve, but this is not serious. 
The combined action of the resonant filter 52 and the 

low pass filter 53 serves to give the high frequency cut 
off a very sharp vertical slope, which insures that even 
the lowest possible harmonics of the tone generators 18 
24 will not emerge from the filters 52, 53. Thus the filters 
52, 53 insure that only the fundamental components of 
the tone generators 18-24 pass rightward through the 
filter system and emerge at the output terminal 48. 
The present invention makes unique and elegant multi 

ple use of the non-dissipative components. As noted, 
the resonant filter 52 for the input terminal 44 consists 
of the elements 37, 33 and 38, and the low pass filter 53 
consists of the elements 34, 39. ' The elements 33 and 38 
also constitute the low pass filter for the input terminal 
43 next below the input terminal 44, and the capacitor 
37 also constitutes a portion of the resonant filter for the 
terminal 43. The remainder of the resonant filter for ter 
minal 43 consists of the inductor 32. Since the input ter 
minal 43 is the lowest terminal in the filter 31, the left 
hand capacitor which would otherwise be necessary may 
be eliminated, and the left hand terminal of the inductor 
32 may be directly grounded, as shown. This is because 
the effect of the two capacitors in the resonant filter oper 
ation is that of two series-connected capacitors, and the 
same effect may be achieved by eliminating one of the 
capacitors and cutting the value of the inductor 32 to half 
of what it would have otherwise been. This `leaves the 
resonant frequency the same value. 

In a similar way, the third input terminal 54 employs 
the elements 38, 34 and 39 as its resonant filter, and em 
ploys additional elements to the right (not shown) as its 
low pass filter. These low pass filter elements in turn 
become part of the resonant filter circuit for the input 
terminal (not shown) that is next above 54. 

ln the above description, the effect of the inductor 32, 
lying to the left of the capacitor 37, has been omitted. 
As far as terminal 44 is concerned, the inductor 32 and 
capacitor 37 comprise in effect a series resonant circuit 
tuned to a discretely lower frequency than that of the 
resonant filter 52 and connected in parallel therewith. 
This has the effect of appearing as a parallel connected 
capacitor, which slightly lowers the resonant frequency 
of the filter 52. At the same time it has the effect of 
decoupling the filter 52 from the sections of the master 
filter 31 which lie still further to the left (if in fact there 
are such sections). The remarks made immediately above 
concerning terminal 44 and elements 32 and 37 in series 
apply equally to terminal 54 and elements 33, 37 and 38 
in series; and so on up the master filter 31. That is, 
when considering terminal 54, for example, the inductor 
33 and all elements to the left of it may be ignored in a 
first order calculation. 
As far as terminal 44 is concerned, the filter elements 

to the right of the capacitor 39 may be substantially dis 
counted, because such elements represent either resonant 
filters which peak at frequencies discretely and markedly 
above the frequencies of 18-24 or are low pass filters 
which freely pass all the 18-24 frequencies Without sub 
stantial attenuation or peaking. 
As noted hereinbefore, while theoretically each discrete 

filter input bus 28 could accommodate a full 12-note 
octave, theoretically, for a factor of safety it has been 
found advisable to divide the tones into semi-octave 
groups, thereby to insure that no overtone will get past 
the blocking action of the filter and come out at the out 
put terminal 48. In this way substantially pure sine waves 
are delivered as flute tones to the output terminal 48. 

There may also be derived from the filter 31 simultane 
ously with the fiute tones at 48, any number of modified 
complex tones. This may be done by injecting and/or 
removing signals or tones at any desired terminals 43, 44, 
54. . . . Such tones are then employed in other stops or 

formant circuits. 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

l 

An excellent circuit embodying this invention has been 
constructed employing a value of 0.068 microfarad for 
cach capacitor 37, 38, 39, . . ., 41. Each section of the 
filter is tuned one-half octave higher than the one below. 
Therefore the value of the inductance is halved with each 
step upward. Inductor 33 is 64 henries, 32 is 32 henries, 
the next is 16 henries and so on up. Inductor 32 would 
be 128 henries if there were a capacitor at its left ter 
minal, but since it is grounded, and has only 37 in its 
resonant circuit, its value is halved, to 64 henries, giving 
the same resonant frequency. The input impedance of 
amplifier 49 is 10,000-20,000 ohms, and each input re 
sistor 46, 47, etc. is about 100,000 ohms. 
While the instant invention has been shown and de 

scribed herein in what vis conceived to be the most prac 
tical and preferred embodiment, it is recognized that 
departures may be made therefrom Within the scope of 
the invention which is therefore not to be limited to the 
details disclosed herein but is to be afforded the full 
scope of the claims. 
What is claimed is: 
1. Filter system comprising a- plurality of series con 

nected, reactive elements, a plurality of input terminals 
connected respectively' to the junctions of said reactive 
elements, a single output terminal reactive circuit means 
connecting said output terminal to said reactive elements, 
a plurality of successive signal generating sources each 
effective to deliver a signal of complex wave shape, said 
sources generating signals having fundamentals of suc 
cessively increasing frequency, and circuit means connect 
ing said successive signal generating sources selectively _to 
corresponding ones of said input terminals. 

2. System in accordance with claim 1 wherein the 
fundamental frequencies of each group of successive, ad 
jacent, signal generating sources span less than one 
octave. 

3. Filter system comprising a plurality of input termi 
nals, inductive elements connected between adjacent said 
input terminals, a single output terminal, an inductive 
element connected between the last succeeding input ter 
minal and said output terminal, a common input-output 
terminal, a plurality of capacitive elements corresponding 
to said input terminals and connected between the re 
spective input terminals and said common input-output 
terminal, a plurality of successive signal generating sources 
each effective to deliver a signal of complex wave shape, 
said sources generating signals having fundamentals of 
successively increasing frequency, and circuit means con 
necting said successive signal generating sources selectively 
to corresponding ones of said input terminals. 

4. Filter system comprising a plurality of tone produc 
ing means of successively increasing fundamental fre 
quencies, said tone producing means being grouped into 
series of tones, each group spanning less than one octave, 
circuit means interconnecting the outputs from the tone 
producing means of each given group and to a common 
output terminal for said given group, a filter comprising 
a plurality of series-connected, inductors, circuit means 
connecting the several outputs of said groups to respective 
interconnection points between said inductors, one elec 
trical end of said series-connected inductors constituting 
an output terminal of the filter, a plurality of capacitors 
each having one terminal connected to a respective one of 
said interconnection points, the other terminals of said 
capacitors being connected together, and another output 
terminal for said filter connected to said last named ter 
minals of said capacitors. 

5. Filter system comprising a plurality of intercon 
nected filter elements, a plurality of input terminals con 
nected at different points to said interconnected elements, 
a plurality of successive signal generating sources each 
effective to deliver frequencies, the fundamentals of which 
span less than an octave, means connecting the outputs 
of said several signal generating sources to the respective 
said input terminals, said elements constituting, for each 
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of said input terminals, a resonant ñlter section peaked 
approximately at the lowest fundamental frequency ap 
plied to the respective terminals, and a 10W pass ñlter 
rsection cutting oñf just above the highest fundamental fre 
quency applied to the respective terminal, elements of 
the íilter sections for any given terminal also constituting 
elements of the ñlter sections for the terminals immedi 
ately above and below said given terminal. 
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