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The invention relates to electromechanical filters and
particularly to electromechanical filters operating in a tor-
sional mode.

One type of torsional electromechanical filter uses
magnetostrictive end resonators as a means for coupling
the filter to electrical circuits. When the radio frequency
(R. F.) coils are wound around cylindrical magneto-
strictive resonators, a circular magnetic bias is required to
operate the resonmators in a torsional mode. One way
of obtaining this magnetic bias is to use a permanent
or residual circular magnetic field that is induced by
passing a fairly heavy current axially through the reso-
nators. However, the coercive force in currently used
magnetostrictive materials is weak, with the result that
the demagnetizing effect of the R. F. input field perma-
nently reduces the magnetic bias when the R. F. input
field exceeds a certain critical value. Further, optimum
bias cannot always be obtained with residual circular
magnetic bias. Thus, operating limitations are imposed
which are not acceptable in many cases.

Accordingly, it is an object of the invention to provide
a torsional electromechanical filter that does not have
the limitations imposed by torsional filters which utilize
magnetostrictive end resonators and a circular magnetic
bias.

Another object of the invention is to provide an im-
proved torsional electromechanical filter.

The invention provides an electromechanical filter hav-
ing a plurality of interconnected resomators designed to
operate in a torsional mode. Magnetostrictive trans-
ducers designed to operate in a longitudinal mode are
tangentially fastened on the end resonators, so that lon-
gitudinal vibrations of the transducers are converted to
torsional vibrations of the resonators, and vice versa,
Magnetic bias for the transducers is provided by small
external permanent magnets, and radio frequency energy
is applied to and derived from coils wound around the
transducers. The input and output transducers are re-
spectively positioned in spaced planes that form angles
of substantially 90 degrees with the longitudinal axis of
the filter. The respective transducers may be positioned
in parallel relation, or they may be in some relation
other than parallel. Since the magnetic bias provided
by an external magnet is not affected by excessive radio
frequency energy applied to the coils, the limitations
imposed by transducers that operate in the torsional mode
and that use residual circular magnetic bias are elimi-
nated.

The invention is explained in detail in the following
specification with reference to the accompanying drawing,
in which like reference numerals in the figures refer to
the same parts. Inthe drawing:

Figure 1 illustrates a torsional clectromechanical filter
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having longitudinal transducers and associated circuitry
constructed in accordance with the invention;

Figures 2 and 3 show other embodiments of torsional
electromechanical filters constructed in accordance with
the invention; and

Figure 4 shows a practical method of fastening ferrite
transducers on the resonators.

Referring first to Figure 1, the basic elements of a
torsional electromechanical filter are shown. Such a fil-
ter comprises a plurality of cylindrical resonators 10,
11, 12 coupled together or interconnected along their
longitudinal axes by coupling necks 13, 14. Although
the drawing shows only electromechanical filters having
resonators that are interconnected by coupling necks, the
invention is equally applicable to filters having resonators
that are interconnected by coupling slugs, that is, cou-
pling elements whose diameter is greater than the diam-
eter of the resonators. Rod-shaped magnetostrictive
transducers 15, 16 are tangentially fastened on the cir-
cumferential surfaces of the end resonators 10, 12 re-
spectively. The transducers 15, 16 operate in the longi-
tudinal mode and have substantially the same resonant
frequency as the resonators 10, 11, 12 which operate
in the torsional mode. These transducers 15, 16 are
each substantially a half-wave long or some multiple of
a half-wave long at the mid-band frequency of the filter.
The ends of the transducers 15, 16 are maximum motion
points, and it is preferred that they be fastened to maxi-
mum motion points of the end resonators 10, 12 respec-
tively. When operating in the torsional mode, the reso-
nators 10, 11, 12 are each a half-wave long or some
multiple of a half-wave long at the mid-band frequency
of the filter, and have maximum motion at their ends,
which rotate in opposite directions. The coupling necks
13, 14 arc a quarter-wave long at the mid-band frequency
of the filter.

Magnetic bias for the transducers 15, 16 is provided
by permanent magnets 17, 18 respectively. The use of
such external bias magnets provides a permanent bias
which is not reduced by excessive signal input. While
shown beside the transducers, these magnets may be
moved closer or farther from the transducer, rotated,
or placed at the free end of the transducer, to give any
desired magnetic bias in the transducer. The R. F. input
signal is applied to one transducer 15 through a tuned
circuit comprising a capacitor 19 connected in parallel
with a coil 20. A damping resistor 21 may also be
added to the input circuit if desired. The coil 20 is
wound and positioned to give the desired electromechani-
cal coefficient of coupling Ki between the coil 20 and
the transducer 15. When an input signal is applied to
the input circuit, a longitudinal vibration is set up in the
input transducer 15, and this vibration causes a torsional
vibration in the resonators 10, 11, 12. The torsional
vibration in the end resonator 12 causes a longitudinal
vibration in the output transducer 16. An output coil
22, wound and positioned to give the desired electro-
mechanical coefficient of coupling K2 between the coil
22 and the output transducer 16, is connected in parallel
with a capacitor 23 to form an output tuned circuit.
A damping resistor 24 may also be connected in the cir-
cuit if desired. The output is derived across the terminals
of the capacitor 23.

As shown in Figure 1, the input and output trans-
ducers 15, 16 are positioned in a single plane that is
tangential to the end resonators 10, 12. The transducers
15, 16 extend in parallel but opposite directions from
their points of fastening on the end resonators 10, 12
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respectively. From the standpoint of convenience and
efficient use of space, it may be desirable that the trans-
ducers be positioned in a single tangential plane but ex-
tend in the same parallel direction from their points of
fastening. In either case, the maximum conversion of
longitudinal to torsional vibrations occurs when the
transducers 15, 16 lie in planes that form an angle of sub-
stantially ninety degrees with the longitudinal axis of the
filter. When a single transducer is employed to drive a
torsion resonator, as shown in Figure 1, the unbalanced
driving force applied to the resonator may set up unde-
sired bending modes of vibration in addition to the de-
sired torsional vibration. To reduce the fransmission in
such undesired modes, the transducers may be tangentially
fastened at circumferential points on their respective
resonator radii, one of which lies in a plane that forms
an angle of substantially ninety degrees with respect to
the other radius. In this way, a minimum of such
spurious vibrations caused by one transducer would be
set up in the other transducer. Such spurious vibrations
may also be reduced to some extent by a lossy mechanical
terminating line and by the use of rigid or damping sup-
ports, including mounting means, placed at points of
minimum motion of the filter. These vibrations may also
be reduced by using resonators having different dimen-
sional proportions with appropriate changes in the di-
mensions of the coupling means between the resonators.
And, these vibrations may be reduced by using a com-
bination of two or more of the above mentioned ways
of reducing such vibrations,

Another embodiment of a torsional electromechanical
filter having longitudinal transducers is shown in Figure
2. Instead of one magnetostrictive transducer being fas-
tened to each of the end resonators 10, 12 as shown in
Figure 1, two transducers 30, 31 are tangentially fas-
tened at diametrically opposite points on the circumfer-
ence of one end resonator 19 to extend in parallel and
opposite directions, and two transducers 32, 33 are tan-
gentially fastened at diametrically opposite points on the
circumference of the other end resonator 12 to extend
in parallel and opposite directions. It is preferred that
the transducers be fastened on each of the end resonators
at diametrically opposite points on the resonators so that
the transducers balance each other. And although the
transducers 30, 31 on one end resonator 10 and the
transducers 32, 33 on the other end resonator 12 are
tangentially fastened at circumferential points on their
respective resomator diameters, one of which lies in a
plane that forms an angle of substantially ninety degrees
with respect to the other diameter, they may be tan-
gentially fastened at circumferential points on diameters
that are parallel. In either embodiment, all the trans-
ducers should lie in planes that form an angle of sub-
stantially ninety degrees with the longitudinal axis of the
filter.

Magnetic bias for the transducers 30, 31, 32, 33 is pro-
vided by four permanent magnets 34, 35, 36, 37. The
R. F. input signal is applied to the input transducers 30,
31 through an input tuned circuit comprising a capacitor
38 connected in parallel with two serially connected coils
39, 40 coupled to the two input transducers 30, 31 re-
spectively. A damping resistor 41 may be connected
into the circnit. The coils 39, 40 are wound and posi-
tioned with respect to the input transducers 30, 31 to give
the desired electromechanical coefficient of coupling be-
tween each coil and its respective transducer. The input
coils 39, 40 and the associated bias magnets 34, 35 have
polarities so related to each other that the ends of the
transducers 30, 31 fastened to the resonator 10 move in
opposite directions, thus producing a couple on the
input end resonator 19. This couple produces a tor-
sional vibration in the resonators 19, 11, 12, which in
turn produces longitudinal vibrations in the output trans-
ducers 32, 33. Two serially connected output coils 42,
43 are wound and positioned with respect to the output
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transducers 32, 33 to give the desired electromechanical
coefficient of coupling between each coil and its respec-
tive transducer. The output coils 42, 43 and the asso-
ciated bias magnets 36, 37 have polarities so related to
each other that the longitudinal vibrations of the output
transducers 32, 33 induce voltages of adding polarities
in the output coils 42, 43. A capacitor 44 is connected
in parallel with the coils 42, 43 to form a tuned circuit
from which the output is derived. A damping resistor
45 may be serially connected into the circuit as shown.

While the filter shown in Fipure 2 operates satisfac-
torily, it may be inconvenient to assemble because the
transducers at respaciive ends of the filter extend in oppo-
site directions. This inconvenience is eliminated by the
embodiment shown in Figure 3. In Figure 3, a torsional
electromechanizal filter is shown mounted by quarter-
wave long necks 50, 51 which are fastened in some man-
ner as by the supports 52, 53, The input transducers 54,
55 are tangentially fastened at diametrically opposite
points on the circumference of the interior end of one
end resonator 10, The input transducers 54, 55 arc po-
sitioned so that they are parallel with each other and
so that they extend in the same direction from their points
of fastening. For this reason, only one bias magnet 58
is needed for the input transducers. Further, by plac-
ing the transducers on the interior ends of the end
resonators, final tuning checks are easily made by plac-
ing test coils over the end resonators. In some cases,
this may be more convenient than utilizing the longitudi-
nal transducers to make the final tuning check. The
R. F. input signal is applied to the input transducers 54,
55 through a tuned circuit comprising a capacitor 59 con-
nected in parallel with two serially connected coils 56,
57 coupled to the two input transducers 54, 55 respec-
tively. A damping resistor 69 may be connected into
the circuit as shown. The coils 56, 57 are wound and
positioned with respect to the input transducers 54, 55
to give the desired electromechanical coeflicient of cou-
pling between each coil and its respective transducer. The
input coils 56, 57 and the associated bias magnet 58 have
polarities so related to each other that the ends of the
transducers 54, 55 fastened to the resonator 10 move in
opposite directions, thus preducing a couple on the in-
put end resonator 10, This couple produces a torsional
vibration in the resonators 10, 11, 12 which in turn pro-
duces longitudinal vibrations in the output transducers
61, 62.

The output transducers 61, 62 are tangentially fas-
tened at diametrically opposite points on the circumfer-
ence of the interior end of the other end resonator 12.
The output transducers 61, 62 are positioned so that
they are parallel with ecach other and with the input
transducers 54, 55, and so that they extend in the same
direction from their points of fastening as do the input
transducers 54, 55. Two serially connected output coils
63, 64 are wound and positioned with respect to the out-
put transducers 61, 62 to give the desired electrome-
chanical coefficient of coupling between each coil and
its respective transducer. The output coils 63, 64 and the
associated bias magnet 65 have polarities so related to
each other that the longitudinal vibrations of the output
transducers 61, 62 induce voltages of adding polarities
in the output coils 63, 64. A capacitor 66 is connected
in parallel with the coils 63, 64 to form a tuned circuit
from which the output is derived. A damping resistor
67 may be serially connected in the circuit as shown. As
in the input circuit, only one bias magnet 65 is needed.

While the input transducers 54, 55 and the output trans-
ducers 61, 62 may be tangentially fastened at circum-
ferential points on their respective resonator diameters,
one of which lies in a plane that forms an angle of sub-
stantially ninety degrees with respect to the other di-
ameter, the filter arrangement shown in Figure 3 is pref-
erable from the standpoint of convenience and ease of
assembly. Once the input coils 56, 57 and output coils
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63, 64 have been wound and assembled, the resonators
with the transducers previously attached are easily placed
in position. The arrangement shown in Figure 3 also re-
duces the stray R. F, field and improves the electrome-
chanical coefficient of coupling between the transducers
and the associated coils. In the embodiments shown or
mentioned in connection with Figure 3, all the trans-
ducers should lie in planes that form an angle of substan-
tially ninety degrees with the longitudinal axis of the
filter.

Figure 4 shows a practical method of fastening rod-
shaped ferrite transducers on the resonators to give some
flexibility between the transducers and the resonators. Fer-
rite transducers are easily broken in handling, especially
when rigidly cemented or saldered to the resonator. To
eliminate this difficulty, a short piece of small diameter
wire 70 is soldered or cemented to one end of the trans-
ducer 71. The dimensions of the transducer 71 with the
attached wire 70 are adjusted so that the assembled unit
is mechanically resonant at the desired frequency. The
free end of the wire 70 is then spot-welded to the reso-
nator 72. The solder and wire have little effect on the
behavior of ferrite transducers because they are located
near a point of high motion or very low stress in the
trapsducer. Small changes in the resonant frequency of
the resonator resulting from attaching the assembled trans-
ducer 71 and wire 70 may occur. These changes may
be compensated for by re-tuning either the resonator 72
or the transducer 71,

When a mechanical filter is constructed, the end reso-
pators have a certain value of mechanical Q or damp-
ing which is required for the resonator to terminate the
filter. Mechanical damping can be obtained, for ex-
ample, by the use of a long mechanically lossy line of
the proper motional impedance which imparts the re-
quired damping to the end resonator.

Part or all of the required damping can also be ob-
tained from electrical circuits, such as the input and out-
put circuits shown in Figure 1, to which there is suit-
able electromechanical coupling, Ki and Kz in Figure
1. Such circuits are preferably tuned and relatively
broad-band. Such an electrical circuit from which all
of the required mechanical damping is obtained is usu-
ally desirable. It results in mnegligible electrical inser-
tion loss because the mechanical losses in the filter are
usually insignificant. When damping obtained only and
directly from mechanical means is used, the transducers
must have relatively small electromechanical coupling so
as to introduce negligible damping from electrical cir-
cuits, with the result that the electrical insertion loss is
quite appreciable. Damping obtained from a combina-
tion of both electrical and mechanical means can be used
to obtain reasonable values of insertion loss, and a means
of adjusting the final terminations of the filter elec-
trically.

Broad-band electrical terminations require that the
electromechanical coefficient of coupling be large com-
pared with the fractional bandwidth of the filter. The
electromechanical coefficient of coupling obtainable with
Ni-Span-C at radio frequencies is very small because of
its high eddy current fosses, so that electrical termina-
tion is possible only with very narrow band filters. Eddy
current losses may be reduced by using transducers of
thin wall-tubing or very thin wire.

Relatively large electromechanical coupling coefficients
in the order of 10% to 20% can be realized by the use
of magnetostrictive ferrites which have negligible eddy cur-
rent losses. It is also possible to reduce the effects of
mis-tuning and frequency-temperature characteristics of
the transducer by keeping the physical size of the trans-
ducers small in comparison with the resomators. Even
though the transducers are made relatively small as shown
in the drawing, it is possible to obtain broad-band elec-
trical terminations for filters having a fractional band-
width as high as 3% or more.
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An example of a filter having nine neck-coupled reso-
nators constructed as shown in Figures 3 and 4 follows:

Mechanical filters:

Material —comeeememe e Ni-Span-C, one piece.
ReSONALOrS - mmm e 0.240" diameter, 0.558"
length.
Coupling necks (end) —..-- Tuned to 101.540 ke.
0.103' diameter,
0.279" length.
Coupling necks (interior) - 0.095’" diameter, 0.279"
length.
Transducers:
Material —cccmmmmmm Nickel ferrite.
Diameter ——ce—ee——————— 0.036"".
Length ——cccmcmcmeemmm 31/32".
Length with attaching
WIM€ o mmc e m——— 148",
Attaching wire:
Material oo Nickel or Ni-Span-C.
Diameter ——w-—mammme———— 0.015".
Length e 3/327.,
Coils:
Inside diameter— e -—~ 0.1,
Winding length o= 172",
Turns No. 36 enamel____ 850 each.
Approximate tuning capacity
for 2 coilSe mmmmm e 1200 mmfd.

A filter with the above characteristics has a band-
width of about 3% with a mid-band frequency of
101.540 kc. The termination is adjusted by tuning the
electrical circuits, moving the bias magnets, and adding
resistance damping to the electrical circuits.  Proper
termination will give as little as one-half db variation of
response in the passband and an output voltage that is
about 90% of the input voltage in the passband.

The invention claimed is:

1. An electromechanical filter, comprising an elongated
resonator having a substantially uniform cross-section
throughout, having a curved outer surface and being
adapted to operate in the torsional mode, and a rod-like
magnetostrictive transducer adapted to operate in the lon-
gitudinal mode fastened to said curved surface of said
resonator along a line forming a tangent with said sur-
face, said transducer being positioned so that it lies in
a plane which forms an angle of substantially ninety de-
grees with the longitudinal axis of said resonator.

2. An electromechanical filter, comprising at least one
substantially cylindrical resonator of substantially uni-
form cross-section throughout and being adapted to op-
erate in the torsional mode, and a rod-shaped magneto-
strictive transducer adapted to operate in the longi-
tudinal mode fastened to and effectively terminating at a
point on the circumferential surface of said resonator
along a line forming a tangent with said surface, said
transducer being positioned so that it lies in a plane that
forms an angle of substantially ninety degrees with the
longitudinal axis of said resonator.

3. An electromechanical filter, comprising at least one
cylindrical resonator adapted to operate in the torsional
mode, a first rod-shaped magnetostrictive transducer
adapted to operate in the longitudinal mode tangentially
fastened to said filter near one end thereof for converting
longitudinal motion of said transducer to torsional mo-
tion of said filter, and a second rod-shaped magneto-
strictive transducer adapted to operate in the longitudinal
mode tangentially fastened to said filter near the other
end thereof for converting torsional motion of said filter
to longitudinal motion of said second transducer, said
transducers being positioned so that they lie in planes
that form an angle of substantially ninety degrees with
the longitudinal axis of said resonator.

4. An electromechanical filter, comprising a plurality
of cylindrical resonators interconnected along a longi-
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tudinal axis and adapted to vibrate in the torsional mode,
a first rod-shaped magnetostrictive transducer adapted to
vibrate in the longitudinal mode tangentially fastened on
the circumfzrential surface of one of said resonators
for converting longitudinal vibrations of said transducer
to torsional vibrations of said resonators, and a second
rod-shaped magnetostrictive transducer adapted to vi-
brate in the longitudinal mede tangentially fastened on
the circumferential surface of another of said resonators
for converting torsional vibrations of said resonators to
longitudinal vibrations of said second transducer, said
first and second transducers being positioned so that they
lie in planes that form an angle of substantially ninety
degrees with said longitudinal axis.

5. An electromechanical fiiter, comprising a plurality
of cylindrizal resonators interconnected along a longi-
tudinal axis and adapted to vibrate in the torsional mode,
a first rod-shaped magnetostrictive transducer adapted to
vibrate in the Iengitudinal mode tangentially fastened on
the circumferential surface of one of said resonators for
converting fongitudinal vibrations of said transducer to
torsional vibraticns of said resonators, first means cou-
pled to said first transducer for causing said first trans-
ducer to vibrate in sajd longitudinal mode, a second rod-
shaped magnetostrictive transducer adapted to vibrate in
the longitudinal maode tangentially fastened on the cir-
cumferential surfoce of another of said resonators for
converting torsional vibrations of said resonators to lon-
gitudinal vibrations of said second transducer, said first
and second transducers being positioned so that they lie
in planes that form an angle of substantially ninety de.
grees with said longitudinal axis, and second means cou-
pled to said second transducer for producing an electrical
signal in response to longitudinal vibrations of said sec-
ond transducer.,

6. An clectromechanical filter, comprising a plurality
of cviindrical resonators interconnected along a longi-
tedinal axis and adapted to operate in the torsional mode,
a first pair of rud-shaped magnetostrictive transducers
adapted to operate in the lengitudinal mode tangentially
fastened at diametrically Ofposite points on the circum-
ferential surface of one of said resonators for convert-
ing longitudinal motion of said transducers to torsional
metion of said resonators, said transducers being posi-
tioned s¢ that they are substantially paralle] with each
other and so that they fie in a plane that forms an angle
of substantially ninety degrees with said longitudinal
axis, and a secoad pair of rod-shaped magnetostrictive
transducers adapted to operate in the longitudinal mode
tangentially fastened at diametrically opposite points on
the circumferentia] surface of another of said resonators
for converting torsional motion of said resonators to
longitudinal motion of said second pair of transducers,
said second pair of transducers being positioned so that
they are substantially parallel] with each other and 50
that they lie in a plane that forms an angle of sub-
stantially rinety degrees with said lengitudinal axis,

7. An electromechanical filter, comprising a plurality
of cylindrical resenators interconnected along a longi-
tudinal axis and adapted to operate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to operate in the longitudinal mode tangentially
fastened at points on the circamferential surface and
on a first diameter of one of said resonators for convert-
ing longitudinal motion of sajd transducers to torsional
metion of said resonators and being positioned so that
they are substantially paralle with each other and so that
they lie in a plane that forms an angle of substantially
ninety degrees with said longitudinal axis, and a second
pair of rod-shaped magnetostrictive transducers adapted
to operate in the longitudinal mode tangentially fastened
at points on the circumferential surface and on a second
diameter of another of said resonators for converting tor-
sional motion of said resonators to longitudinal motion
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8

of said second pair of transducers and being positioned
sO that they are substantially parallel with each other
and so that they lie in a plane that forms an angle of
substantially ninety degrees with said longitudinal axis,
sz2id second diameter lying in a plane that forms an
angle of substantially ninety degrees with respect to
said first diameter.

8. An electromechanical filter, comprising & piurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to operate in the torsional mode,
a fivst pair of rod-shaped magnetostrictive transducers
adapted to operate in the longitudinal mode tangentially
fastened at diametrically opposite points on the circum-
ferential surface of one of said resonators for converting
longitudinal motion of said transducers to torsional mo-
tion of said resonators, said transducers being positioned
sc that they extend in opposite and substantially parallel
directions from their points of fastening and so that they
lic in a plane that forms an angle of substantially ninety
degrees with said longitudinal axis, and a second pair of
rod-shaped magnetostrictive transducers adapted to oper-
ate in the longitudinal mode tangentially fastened at
diametrically opposite points on the circumferential sur-
face of another of said resonators for coenverting tor-
sional motion of said resonators to longitudinal motion
of said second pair of transducers, said sccond pair of
transducers being positioned so that they extend in op-
posite and substantially parallel directions from their
points of fastening and so that they lie in a plane that
forms an angle of substantially ninety degrees with said
longitudinal axis.

9. An electromechanical filter, comprising a plurality
of cylindrical resonators interconnected aleng a longi-
tudinal axis and adapted to operate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to operate in the longitudinal mods tangentially
fastened at diametrically opposite points on the circum-
ferential surface of one of said resonators for converting
longitudinal motion of said transducers to torsional mo-
tion of said resonators, said transducers being positioned
so that they extend in the same and substantially parallel
directions from their points of fastening and so that they
lie in a plane that forms an angle of substantially ninety
degrees with said longitudinal axis, and a second pair
of rod-shaped magnetostrictive transducers adapted to
operate in the longitudinal mode tangentially fastened at
diametrically opposite points on the circumferential sur-
face of another of said resonators for converting tor-
sional motion of said resonators to longitudinal motion
of said second pair of transducers, said second pair of
transducers being positioned so that they extend in the
same and substantially parallel directions from their
points of fastening and so that they lic in a plane that
forms an angle of substantially ninety degrees with said
longitudinal axis.

10. An electromechanical filter, comprising a plurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to operate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to operate in the longitudinal mode tangentially
fastened at first diametrically opposite points on the cir-
cumferential surface of one of said resonators for con-
verting longitudinal motion of said transducers to tor-
sional motion of said resonators and being positioned so
that they are substantially parallel with each other and
so that they lie in a plane that forms an angle of sub-
stantially ninety degrees with said longitudinal axis, and
a second pair of rod-shaped magnetostrictive transducers
adapted to operate in the longitudinal made tangentially
fastened at second diametrically opposite points on the
circumferential surface of another of said resonators for
converting torsional motion of sajd resonators to longi-
tudinal motion of said second pair of transducers and
being positioned so that they are substantjally parallel
with each other and so that they lie in a plane that forms
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an angle of substantially ninety degrees with said lon-
gitudinal axis, said first and second diametrically op-
posite points lying on respective diameters that are sub-
stantially parallel with each other.

11. An electromechanical filter, comprising a plurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to operate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to operate in the longitudinal mode tangentially
fastened at diametrically opposite points on the circum-
ferential surface near one end of one end resonator for
converting longitudinal motion of said transducers to
torsional motion of said resonators, said transducers being
positioned so that they extend in the same and substan-
tially parallel directions from their points of fastening
and so that they lie in a plane that forms an angle of
substantially ninety degrees with said longitudinal axis,
and a second pair of rod-shaped magnetostrictive tramns-
ducers adapted to operate in the longitudinal mode
tangentially fastened at diametrically opposite points on
the circumferential surface near one end of the other
end resonator for converting torsional motion of said
resonators to longitudinal motion of said second pair of
transducers, said second pair of transducers being posi-
tioned so that they extend in the same and substantially
parallel directions from their points of fastening as said
first pair of transducers.

12. An electromechanical filter, comprising a plurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to vibrate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to vibrate in the longitudinal mode tangentiaily
fastened at diametrically opposite points on the circum-
ferential surface near one end of one end resonator for
converting longitudinal vibrations of said transducers 10
torsional vibrations of said resonators, said transducers
being positioned so that they extend in the same and sub-
stantially parallel directions from their points of fasten-
ing and so that they lie in a plane that forms an angle
of substantially ninety degrees with said longitudinal axis,
first means coupled to said first pair of transducers for
exciting said longitudinal vibrations therein, a second pair
of tod-shaped magnetostrictive transducers adapted to
vibrate in the longitudinal mode tangentially fastened at
diametrically opposite points on the circumferential sur-
face near one end of the other end resonator for con-
verting torsional vibrations of said resonators to longi-
tudinal vibrations of said second pair of transducers, said
second pair of transducers being positioned so that they
extend in the same and substantially parallel directions
from their points of fastening as said first pair of trans-
ducers, and second means coupled to said second pair of
transducers for detecting said longitudinal vibrations
therein.

13. An electromechanical filter, comprising a plu-
rality of cylindrical resonators interconnected along a
longitudinal axis and adapted to operate in the torsional
mode, a first pair of rod-shaped magnetostrictive trans-
ducers each having a short, small diameter attaching
wire fastened to one end thereof tangentially fastened
by their respective attaching wires at diametrically op-
posite points on the circumferential surface near one end
of one end resonator for converting longitudinal motion
of said transducers to torsional motion of said resona-
tors, said transducers being adapted to operate in the
longitudinal mode and being positioned so that they ex-
tend in the same and substantially parallel directions
from their points of fastening and so that they lie in a
plane that forms an angle of substantially ninety degrees
with said longitudinal axis, and a second pair of rod-
shaped magnetostrictive transducers each having a short,
small diameter attaching wire fastened to one end thereof
tangentially fastened by their respective attaching wires
at diametrically opposite points on the circumferential
surface near one end of the other end resonator for con-
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verting totsional motion of said resonators to longitu-
dinal meotion of said second pair of transducers, said sec-
ond pair of transducers adapted to operate in the longi-
tudinal mode and being positioned so that they extend
in the same and substantially parallel directions from
their points of fastening as said first pair of transducers.

14. An electromechanical filter, comprising a plurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to vibrate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to vibrate in the Tongitudinal mode tangentially
fastened at diametrically opposite points on the circum-
ferential surface near one end of one end resonator for
converting longitudinal vibrations of said transducers to
torsional vibrations of said resonators, said transducers
being positioned so that they extend in the same and
substantially parallel directions from their point of fas-
tening and so that they lie in a plane that forms an angle
of substantially ninety degrees with said longitudinal
axis, a pair of serially connected input coils coupled to
said first pair of transducers, a first capacitor connected
in parallel with said pair of input coils, magnetic biasing
means coupled to said first pair of transducers, means
coupled to said first capacitor and said input coils for ap-
plying a varying electrical signal thereto and causing said
first pair of transducers to vibrate in said longitudinal
mode, a second pair of rod-shaped magnetostrictive trans-
ducers adapted to vibrate in the longitudinal mode tan-
gentially fastened at diametrically opposite points on the
circumferential surface near one end of the other end
resonator for converting torsional vibrations of said
resonators to longitudinal vibrations of said second pair
of transducers, said second pair of transducers being po-
sitioned so that they extend in the same and substantially
parallel directions from their points of fastening as said
first pair of transducers, a pair of serially connected out-
put coils coupled to said second pair of transducers, a
second capacitor connected in parallel with said pair of
output coils, magnetic biasing means coupled to said sec-
ond pair of transducers, and means coupled to said sec-
ond capacitor and said output coils for deriving an elec-
trical signal therefrom.

15. An electromechanical filter comprising a plurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to vibrate in the torsional mode,
a first rod-shaped magnetostrictive transducer adapted to
vibrate in the longitudinal mode tangentially fastened
on the circumferential surface on one radius of one of
said resonators for converting longitudinal vibrations of
said transducer to torsional vibrations of said resona-
tors, and a second rod-shaped magnetostrictive trans-
ducer adapted to vibrate in the longitudinal mode tan-
gentially fastened on the circumferential surface on a
second radius of another of said resonators for convert-

5 ing torsional vibrations of said resonators to longitu-

dinal vibrations of said second transducer, said second
radius lying in a plane that forms an angle of substan-
tially ninety degrees with respect to said first radius,
and said first and second transducers being positioned so
that they lie in planes that form an angle of substantially
ninety degrees with said longitudinal axis.

16. An electromechanical filter comprising a plurality
of cylindrical resonators interconnected along a longi-
tudinal axis and adapted to vibrate in the torsional
mode, a first pair of rod-shaped magnetostrictive trans-
ducers adapted to vibrate in the longitudinal mode tan-
gentially fastened on the circumferential surface at op-
posite ends of one diameter of one end resonator for
converting longitudinal motion of said transducers to
torsional moticn of said resonators, said transducers
being positioned so that they extend in opposite and
substantially parallel directions from their points of fas-
tening and so that they lie in a plane that forms an angle
of substantially ninety degrees with said longitudinal
axis, and a second pair of rod-shaped magnetostrictive
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transducers adapted to vibrate in the longitudinal mode
tangentially fastened on the circumferential surface at
opposite ends of a second diameter of the other end
resonator for converting torsional motion of said reso-
nators to longitudinal motion of said second pair of
transducers, said second pair of transducers being posi-
tioned so that they extend in opposite and substantially
parallel directions from their points of fastening and so
that they lie in a plane that forms an angle of substan-
tially ninety degrees with said longitudinal axis, and said
second diameter lying in a plane that forms an angle of
substantially ninety degrees with respect to said first di-
ameter,

17. An electromechanical filter comprising a plurality
of cylindrical resonators interconnected along a longitu-
dinal oxis and adapted to vibrate in the torsional mode,
a first pair of rod-shaped magnetostrictive transducers
adapted to vibrate in the longitudinal mode tangentially
fastened on the circumferential surface at opposite ends
of one diameter of one end resonator for converting lon-
gitudinal motion of said transducers to torsional motion
of said resonators, said transducers being positioned so
that they extend in opposite and substantially parallel
directions from their points of mounting and so that they
lie in a plane that forms an angle of substantially ninety
degrees with said longitudinal axis, and a second pair of
rod-shaped magnetostrictive transducers adapted to vibrate
in the longitudinal mode tangentially fastened on the cir-
cumfercntial surface at opposite ends of a second diam-
eter of the other end resonator for converting torsional
motion of said resonators to longitudinal motion of said
second pair of transducers, said second pair of transducers
being positioned so that they lie in a plane that forms an
angle of substantially ninety degrees with said longitudinal
axis and so that they extend in opposite and substantially
parallel directions from their points of fastening as said
first pair of transducers.

18. An electromechanical fiter comprising a plurality
of elongated rescnators each having a curved outer sur-
face and being adapted to vibrate in the torsional mode,
means connecting said resonators end-to-end along a
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longitudinal axis, a first rod-shaped magnetostrictive trans-
ducer adapted to operate in the longitudinal made fastened
to said curved surface of one of said rescnators along a
line forming a tangent with said surface, said transducer
being positioned so that it lies in a plane which forms an
angle of substantially ninety degrees with said longitudi-
nal axis, and a pair of rod-like magnetostrictive trans-
ducers adapted to operate in the longitudinal mode fas-
tened to said curved surface of another of said resonators
at oppesite points on said curved surface along lines form-
in2 iengents with said surface, said pair ¢f transducers
being positioned so that they lie in a plane which forms
an angle at substantially ninety degrees with said longi-
tudinal axis.

12. An electromechanical filter comprising a plurality
of torsional resonators coupled end-to-end in 1 straight
line by one or more torsional coupling elements, said
resonators and said elements being symmetrically posi-
tioned about a common lengitudinal axis, and an electro-
mechanical resonant transducer adapted to operate in the
longitudinal mode fastened to a point on oue of said
resonators along a line forming a tangent with the sur-
face of said one resonaior for converting longitudinal
motion of said transducer to torsional motion of said
resonators or for converting torsional motion of sxid res-
onators to longitudinal motion of said transducer, said
transducer being positioned so that it lies in a plane which
forms an angle of substantially ninety degrees with said
longitudinal axis.
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