Oct. 25, 1949. . G. R. CLARK 2,485,567
' o MULTIPLE FREQUENCY FILTER '
" Filed Feb. 20, 1946

INVENTOR.
GHLBERT A CLAKRA

A 1 ' K

AT TORNEY



Patented Oct. 25, 1949

UNITED STATES PATENT OFFICE

2,485,567

2,485,567
MULTIPLE FREQUENCY FILTER

Gilbert R. Clark, Nutley, N. J., assignor to Federal
Telephone and Radio Corporation, New York,

N. Y., a corporation of Delaware
Application February 20, 1946, Serial No. 649,064

1

This invention relates to electrical wave filter
systems and more particularly to filter systems
capable of providing relatively sharp filtering for
g, plurality of 1ow 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 1s
delivered to the system at a given frequency and
ot 2 constant phase. The filter as embodied 1is
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
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
off cyclically and in & predetermined order en-
erey 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-oit being the de-

with the frequency to be selected
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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 obiect of the present invention to pro-
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vide g 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.

Tt is a still further object to provide a rotary'

wave filter of the type defined which provides &
separate alternating current output for each of
o number of selected frequencies.
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Tn accordance with certain features ol the in-

vention,ﬁl_ 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 1is
comprised of submultiple unifs is associated with

energy distributors the number of which is equal
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to the number of frequencies it is desired to
select. Each of the distributors in turn, includes
a distributing section and 2 series of segments
whose number 1S divisible exactly by the number
of storage means submultiple units. A number of
energy distributing arms 1s 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 coOmimon 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
o, substantially sinusoidal form quite readily.

While my invention is defined in the appended
claims, and other features and cbhjects 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 outpur wave forms of
various frequencies is indicated at | which may
ve 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 fes, energy is applied over respective input
resistances 5 and §, connected, in parallel In re-
spect to the input terminal 2, to distributing
sectors T and 8. Similarly, although not shown,
energy is applied to the remaining four distribut-
ing sectors 9, 10, {{ and 12 which are arranged
in g circle about a driving shaft §3. The energy
applied to the sectors 1 through 12 is cyeclically
stored on a number of condensers suich as the
three condensers 14, 15 and |8 associated with
the sector 1, and on the condensers 11, 18 and
{9, associated with the sector 8. FEach of the
six sectors has a series of segments 20 and 21
associated therewith whose number is exactly di-

 vigible by the number of condensers provided
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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,
case the segments
should be divisible by the particular numbers re-
spectively; also each Irequency section may use
ally number of condensers without regard to the

number of condensers used for the other sec-
tions. The number of distributing segments for
ally 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 13- 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 21, and with a
take-off brush 25 which “reads” or takes-off en-
€rgy from the segments 20, 21 and transfers it
to take-off or output sectors 26. The take-off
sectors 26 are each connected to a separate out-
rut circuit 27 as illustrated for the frequency fs.
1The output circuit includes in each case a high
value grounded resistance 28, the voltage avai]-
able across the resistance being applied to g
control grid 28 of a triode ampilifier 30. 'The
output from the triode may be obtained over gz
coupling transformer as at 3f. Since the filter
Hlustrated comprises three condensers for storing
energy ior each of the frequencies, the distributor
segments 28, 21 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 «a, a sine wave 18 shown divided
-Into three portions of 120° each corresponding to
the three condensers which have been provided
In the filter of Fig. 1 for each of the frequency
waves that are to be selected. Fach of the three
condensers acts as 5 synchronous rectifier for
the respective component of the wave, to which
1t is periodically subjected through the brush
system as by means of the Input distributing brush
8. The segments ¢0, 21 which are interconnected
80 as to form three successive groups separated
By 120 electrical degrees are contacted by the
input brushes at a cyelic repetition rate which is
governed by the speed of rotation of the brush
system. Since, as illustrated in Fig. 1 the seg-
ments Ifor each frequency differ in width that
15, In arcuate extent according to the ratio of
the various frecuencies to gne another, a single
speed being used for ali the six brushes, the durg-
tion of contact is a different Oone for each of
the frequencies. The condensers for each of the
frequencies therefore will be charged in SyIl-
chronism with the frequency to be selected.
When, for instance, the proper frequency, fa,
1s present at the input terminals 2, 3, the rate
of charge of the condensers (4, 15 and 16 vig 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 9, hence the
pand-width of the filter around frequency fs is
mversely proportional to the value of resistor 5.
3ince a low impedance signal source 1S always
connected across the input terminals whether
f2 1s present or not, when f» ceases to exist the
energy stored in condensers 4, 15 and | b 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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15 said segments being

Independent of the number used for the

4
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 g “reading” of the respective con-

denser voltages which 18 transmitted to the utiliz-

ation circuit. 'Thus the wanted component fre-
quency will continue to build upP charge in the

condensers while unwanted components will not
cumulatively build up therein.

The resulting take-off wave form as obtained
in the coupling transformer 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 g description of the pPrin-
ciples of this invention in conuection with specific
apparatus, it is t0 be clearly understood that this
description is made Oy by way of eXample and
not as a limitaticn on the SCODPe of this invention.

I claim:

1. A rotary wave filter for the selection of g
plurality of different irequencies from a source
of oscillatory energy including at least said plu-
rality of frequencies, comprising for each fre-
quency ox said plurality that is to be selected
ENErgy storage means having separate sub-
mulitiple portions, means for applying energy
cyclicaily from a given source to each of said
storage portions in synchronism with the recur-
ring portions of the waves of the respective fre-
quencies to be selected, and means for successively
obtaining signals from each 01 said storage por-
tions for each of said selected frequencies, said
slgnals 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 g, source of
oscillatory energy including at least said plu-
rallty of frequencies, comprising energy distribut-

Ing means having component portions equal in

number to that of the frequencies to be selected,
separate energy SLOTagZe means 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 irequencies to bhe Selected, and
an output circuit for each of the selected fre-
quencles associated with said take-off means por-
tions.

3. A filter according to claim 2 in which the
number of frequencies to he selected is six and
the number of said component portions of said dis-
tributing and said talke-off means comprises six.

4. A filter according to claim 2 in which the

number of saig Submuitiples of said storage

means for any one of said given frequencies is
other
frequencies.

0. A filter according to claim 2 In which the
numbper 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 €nergy storage means,
conductively interconnected
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to form cyeclically 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 sald
distributing means includes for each frequency
to be selected an energy input distributing por-
tion, a series of conductive segments of & number
which is exactly divisible by the number of sub-
multiple portions of said energy storage means
connected thereto, and conductive means for
brideging 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 ciaim 2 in which said
energy take-off means includes for each Ire-
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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clical groups spaced apart electrically 120° for
the respective frequencies, energy storage means
comprising three condensers each of which is
connected to one of said contact segment groups,
ann energy take-off portion, an output circuit
including g relatively high resistance connected
t0 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
respect to all of said portions and segments at a
speed which is synchronous with the respective
frequencies.

11. 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
numper of which is divisible exactly by N/2 and
which are interconnected so as to form cyelical
groups spaced apart electrically for the respective
frequencies, energy storage means comprising
N/2 condensers each of which is connected to
cnie of said contact segment groups, and an elec-
trical bridge between said input circuit and said
contact segments.

GILBERT R. CLARK.
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