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1. 
This invention relates to electrical wave filter 

Systems and more particularly to filter Systems 
capable of providing relatively sharp filtering for 
a plurality of low frequencies with separate out 
puts. 
In my copending application, Serial Number 

664,483, filed April 24, 1946, I have disclosed a 
filtering System which is based on the accumula 
tive effect of stored oscillating energy which is 
delivered to the system at a given frequency and 
at a constant phase. The filter as embodied is 
of the rotary type in its operation and is basically 
Synchronous in that the storage of oscillating 
energy though in static condition takes place in 
Synchronism. With the frequency to be selected 
and that the SWitching rate through the rotary 
Operation is related to that frequency. In the 
filter System of the above-identified application, 
I have disclosed a System which is adapted for 
the Selection of a single frequency by providing 
a plurality of like storage means with which 
there is associated means for applying and taking 
of cyclically and in a predetermined order en 
ergy at a given rate with respect to these stor 
age means. The number of Such storage means 
is Such as to make them responsive to a wave 
of a single frequency only, the speed of the cycle 
of energy application and take-off being the de 
terminate of the respective selected frequency. 
The effect of this filter is to operate as a syn- : 
chronous rectifier for respective portions of the 
Selected wave which are then combined into a 
resulting alternating current type wave. The wave 
in that instance is divided into preferably three 
equal portions of 120°. However, in certain cases, 
the need arises for the effective selection of more 
than one frequency. 

It is an object of the present invention to pro 
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vide a filter system which is highly selective in 
respect to a plurality of frequencies in the audio 
band. 

It is a further object of the invention to pro 
vide an electro-mechanical rotary filter for the 
Selection of a number of given frequencies. 

It is a still further object to provide a rotary 
Wave filter of the type defined which provides a 
separate alternating current output for each of 
a number of Selected frequencies. 

In accordance with certain features of the in 
vention, I provide in a unitary assembly a plu 
rality of storage means corresponding in number 
to the number of frequencies it is desired to 
select. Each of the storage means, which is 
comprised of submultiple units is associated with 
energy distributors the number of which is equal 
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2 
to the number of frequencies it is desired to 
Select. Each of the distributors in turn, includes 
a distributing Section and a series of segments 
whose number is divisible exactly by the number 
of Storage means Submultiple units. A number of 
energy distributing arms is provided correspond 
ing to the number of frequencies to be selected 
to distribute the incoming energy to the storage 
means over the distributing elements. The arms 
are rotated from a common shaft at a speed 
Which is related to the number of segments and 
the frequencies to be selected. Take-off brushes 
are provided on the distributing arms to provide 
take-off energy for Suitable output circuits. The 
effect Will be similar to the system referred to 
above in that a Synchronous rectification takes 
place for successive wave portions of a plurality 
of frequencies, Separate Square-shaped outputs 
being obtained which may be filtered back into 
a Substantially sinusoidal form quite readily. 
While my invention is defined in the appended 

claims, and other features and objects of the in 
vention the foregoing will become more apparent 
upon consideration of the following detailed de 
Scription to be read in connection with the ac 
companying drawings in Which: 

Fig. 1 represents in diagrammatic form an 
electro-mechanical filter System in accordance 
with one embodiment of the invention; and 

Fig. 2 illustrates the input and output wave 
forms of the system of Fig. 1. 

Referring to Fig. 1, a Source of oscillating elec 
trical energy having in its output wave forms of 
Various frequencies is indicated at which may 
be connected to input terminals 2 and 3 of a 
rotary multiple frequency filter 4 in accordance 
with the invention. As indicated for frequencies 
f2 and fis, energy is applied over respective input 
resistances 5 and 6, connected, in parallel in re 
Spect to the input terminal 2, to distributing 
Sectors 7 and 8. Similarly, although not shown, 
energy is applied to the remaining four distribut 
ing Sectors 9, ), and 2 which are arranged 
in a circle about a driving shaft 3. The energy 
applied to the sectors 7 through 2 is cyclically 
Stored on a number of condensers such as the 
three condensers 4, 5 and 6 associated With 
the sector 7, and on the condensers 7, 18 and 
9, associated with the sector 8. Each of the 

Six SectorS has a series of segments 20 and 2 
aSSociated therewith whose number is exactly di 
visible by the number of condensers provided 
for that sector. Three condensers are shown 
here for illustrative purposes. In this case the 
number of segments should be divisible exactly 
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by three. However, other numbers of condensers 
may be used instead, in which case the Segments 
should be divisible by the particular numbers re 
spectively; also each frequency Section may use 
any number of condensers without regard to the 
number of condensers used for the other Sec 
tions. The number of distributing segments for 
any one of the sectors is determined in accord 
ance with the ratio of the various frequencies 
which are to be selected as will be explained 
at a later point. In order to transfer energy from 
the sectors to the storage condensers, Six dis 
tributor arms 22 are provided at equally Spaced 
points about the shaft 3. Arms 22 are each 
provided with an input distributing brush 24 
which transfers energy from the Sectors to the 
distributing segments as from 8 to 2, and With a 
take-off brush 25 which "reads' or takes-off en 
ergy from the segments 20, 2 and transfers it 
to take-off or output sectors 26. The take-off 
sectors 26 are each connected to a separate out 
put circuit 2 as illustrated for the frequency f6. 
The output circuit includes in each case a high 
value grounded resistance 28, the Voltage avail 
able across the resistance being applied to a 
control grid 29 of a triode amplifier 30. The 
output from the triode may be obtained over a 
coupling transformer as at 3f. Since the filter 
illustrated comprises three condensers for storing 
energy for each of the frequencies, the distributor 
segments 28, 2i are interconnected in Such a man 
ner as to provide contact thru the brushes to the 
same condenser every 120 electrical degrees, the 
interconnections between the Segments being in 
dicated at 32. 
In Fig. 2, graph d, a sine Wave is shown divided 

into three portions of 120° each corresponding to 
the three condensers which have been provided 
in the filter of Fig. for each of the frequency 
waves that are to be Selected. Each of the three 
condensei's acts as a Synchronous rectifier for 
the respective component of the wave, to which 
it is periodically Subjected through the brush 
system as by means of the input distributing brush 
24. The segments 20, 2i which are interconnected 
so as to form three Successive groupS Separated 
by 120 electrical degrees are contacted by the 
input brushes at a cyclic repetition rate which is 
governed by the Speed of rotation of the brush 
System. Since, as illustrated in Fig. 1 the Seg 
ments for each frequency differ in width that 
is, in arcuate extent according to the ratio of 
the various frequencies to one another, a single 
speed being used for all the six brushes, the dura 
tion of contact is a different one for each of 
the frequencies. The condensers for each of the 
frequencies therefore will be charged in Syn 
chronism with the frequency to be selected. 
When, for instance, the proper frequency, f2, 

is present at the input terminals 2, 3, the rate 
of charge of the condensers 4, 5 and 6 via the 
bridging brush 24 is governed by the resistor 5. 
The time of build-up of stored energy is directly 
proportional to the value of resistor 5, hence the 
band-Width of the filter around frequency f2 is 
inversely proportional to the value of resistor 5. 
Since a low impedance Signal Source is always 

connected across the input terminals whether 
f2 is present or not, when f2 ceases to exist the 
energy stored in condensers f4, 5 and 6 proceeds 
to discharge (via, the bridging brush 24) through 
resistor 5 and the low impedance Signal Source 
to ground. The decay of the filtered Signal, thus, 
is at the same rate as the earlier build-up (like 
Wise governed by resistor 5), 
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Since the output resistance 28 in the take-off 

circuit, is relatively high, the condensers will 
not be appreciably discharged, the effect rather 
being that of a "reading' of the respective con 
denser voltages which is transmitted to the utiliz 
ation circuit. Thus the wanted component fre 
quency will continue to build up charge in the 
condensers while unWanted components will not 
Cumulatively build up therein. 
The resulting take-off wave form as obtained 

in the coupling transfol'iter is shown in graph 
b of Fig. 2, if an in-phase relation is maintained 
between the rotating brush system and the de 
Sired frequency. 

Ordinarily, when only the frequency of the 
resulting alternations is desired, rather than a 
Specific Wave form, the resulting rectangular 
Shape of the wave form as suggested in graphs b 
of Fig. 2 is Satisfactory. This wave form, however, 
may be easily filtered back into a sinusoidal form 
if desired. 
While the above is a description of the prin 

ciples of this invention in connection with specific 
apparatus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitaticin on the Scope of this invention. 
I claim: 
1. A rotary wave filter for the selection of a 

plurality of different frequencies from a source 
of Oscillatory energy including at least said plu 
rality of frequencies, comprising for each fre 
quency of Said plurality that is to be selected 
energy Storage means having separate sub 
multiple portions, means for applying energy 
cyclically from a given Source to each of said 
Storage portions in Synchronism. With the recur 
1ring portions of the waves of the respective fre 
quencies to be Selected, and neans for Successively 
obtaining Siginals from each of Said storage por 
tions for each of Said Selected frequencies, said 
Signals being proportional to the energy stored 
in Said energy Storage portions and in Synchro 
nism with the respective Selected frequencies. 

2. A rotary wave filter for the Selection of 
a given plurality of frequencies from a source of 
OScillatory energy including at least Said plu 
rality of frequencies, conprising energy distribut 
ing means having component portions equal in 
number to that of the frequencies to be selected, 
Separate energy Stoltage ineans associated re 
Spectively with said distributing means having 
Separate Submultiple portions, energy take-off 
means having component portions equal in num 
ber to that of the frequencies to be selected, and 
an output circuit for each of the selected fre 
quencies aSSociated with Said take-off means por 
tions. 

3. A filter according to claim 2 in which the 
nuimber of frequencies to be Selected is six and 
the number of Said component portions of Said dis 
tributing and Said take-off means comprises Six. 

4. A filter according to claim 2 in which the 
number of Said Submultiples of Said storage 
means for any one of said given frequencies is 
independent of the number used for the other frequencies. 

5. A filter according to claim 2 in which the 
number of Said Submultiples of Said storage 
means comprises three. 

6. A filter according to claim 2 in which said 
distributing means includes for each frequency 
a Series of conductive segments of a number 
which is exactly divisible by the number of Sub 
multiple portions of said energy storage means, 

75 said segments being conductively interconnected 
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to form cyclically recurring groups effectively 
spaced a number of electrical degrees apart which 
is equal to the fraction of the wave of the partic 
ular frequency the denominator of which is given 
by the number of Submultiple Storage means por 
tions, the width of Said Segments being deter 
mined by the ratio of Said frequencies, 

7. A filter according to claim 2 in which said 
distributing means includes for each frequency 
to be selected an energy input distributing por 
tion, a series of conductive segments of a number 
which is exactly divisible by the number of Sub 
multiple portions of Said energy Storage means 
connected thereto, and conductive means for 
bridging said portions and said segments ar 
ranged for movement with respect thereto at a 
speed related to the frequency to be selected. 

8. A filter according to claim 2 in Which Said 
energy take-off means includes for each fre 
quency to be selected an energy take-off por 
tion, a series of conductive Segments conductively 
associated with said storage means, and con 
ductive means for bridging said portions and Said 
segments arranged for movement with respect 
thereto at a speed related to the frequency to 
be selected. 

9. A filter according to claim 2 in which the 
component portions of Said distributing means, 
the component portions of Said take-off means 
are arranged in concentric circles, and Said dis 
tributing and take-off means each include a 
rotary contact element for each of Said plurality 
of frequencies. 

10. A rotary wave filter for the Selection of six 
given frequencies from a source of Oscillatory 
energy including at least Said Six frequencies, 
comprising for each of said six frequencies to be 
Selected: an input circuit including a Series re 
sistor, an energy distributing portion connected 
to said input circuit, a Series of contact Segments 
the number of which is divisible exactly by three 
and which are interconnected So as to form cy 
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6 
clical groups Spaced apart electrically i20° for 
the respective frequencies, energy storage means 
comprising three condensers each of which is 
Connected to one of Said contact segment groups, 
an energy take-off portion, an output circuit 
including a relatively high resistance connected 
to Said take-off portion, and an electrical contact 
brush each for providing a bridge between said 
distributing portion and said contact segments 
and a bridge between Said segments and said 
take-off portion respectively; said distributing 
portion, Said take-off portion and said segments 
being arranged in concentric circles respectively; 
and Said brushes for each frequency being 
mounted on a Supporting arm for rotation in 
Tespect to all of Said portions and segments at a 
Speed Which is Synchronous with the respective 
frequencies. 

li. A rotary Wave filter for the selection of N 
given frequencies from a source of oscillatory 
energy including at least said N frequencies, com 
prising for each of Said frequencies to be selected: 
an input circuit, a Series of contact segments the 
number of which is divisible exactly by N/2 and 
which are interconnected so as to form cyclical 
groups Spaced apart electrically for the respective 
frequencies, energy Storage means comprising 
N/2 Condensers each of which is connected to 
One of Said contact Segment groups, and an elec 
trical bridge between said input circuit and said 
contact Segments. 

GLBERT R. CLARK, 
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