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This invention relates to mechanical ?lters which are 
used in intermediate frequency circuits of radio receivers 
and other various communication devices and circuits. 

Generally, electro-mechanical ?lters comprise essential 
ly a chain of resonating elements having a con?guration 
of circular discs or rectangular plates and coupling ele 
ments interconnecting the resonating elements and are 
characterized by having sharp ?ltering properties. On 
the other hand, however, especially when a rectangular 
plate is employed, there is a large proportion of spurious 
responses generated. 7 i ‘ 

It is an object of this invention to minimize said spuri 
ous responses in a ?at plate type resonating element sys 
tem comprising resonating elements having the same size 
and resonating at the same frequency and coupling ele 
ments interconnecting said resonating elements and 
formed integrally therewith from a single plate thereby 
providing narrow band ?lters of the higher order having 
sharp cut-off characteristics. 
The invention comprehends selecting predetermined 

longitudinal lengths for the resonating elements with re 
spect to the transverse widths, namely 2.5 to 2.9 and 3.1 
to 3.7 times, whereby the generation of spurious responses, 
notably the second harmonic and possibly the third har 
monic, are avoided. If such lengths exceed four times 
the width, there is the possibility of an accompanying 
bending oscillation. 
The invention together with additional objects and ad 

vantages thereof will be best understood from the follow 
ing description of a speci?c embodiment, when read in 
connection with the accompanying drawings, in which: 
FIG. 1 is a perspective view of one embodiment of this 

invention, and 
FIGS. 2 and 3 show plots of the response character 

istics of the ?lter of this invention. 
Referring now to FIG. 1 there is shown a plate reso 

nating element of the shape of the letter H, block style, 
comprising a pair of spaced rectangular resonating ele 
ments 1 and 2 having identical dimensions and coupling 
element 3 integral with and interconnecting said resonat 
ing elements, with said elements being formed by cutting 
or stamping out a flat metal plate. On one side of said 
resonating elements 1 and 2 are bonded thin ceramic 
plates 4 and 5 possessing electrostrictive or piezoelectric 
properties (for the sake of brevity, hereinafter referred to 
as ceramic plates). These ceramic plates are silvered 
on their two ?at surfaces, and respectively sandwiched 
between pairs of electrode plates 1 and 6 and 2 and 7. 
In the embodiment shown in FIG. 1, the resonating ele 
ments 1 and 2 also serve as the electrode plates. While 
the electrical connections are not shown, it will be under 
stood that one side (1, 2, 3) forms a common electrode 
which can be grounded, and electrode plates 6 and 7 are 
utilized as the output and input terminals for the electro 
strictive drive and pickup for the ceramic plates 4 and 5, 
respectively. It will further be understood that the out 
put or input connections can be made directly to the un 
grounded silvered electrode on the ceramic plates in lieu 
of the electrode plates 6 and 7 in FIG. 1. 

It is an object of the invention to provide a mechanical 
?lter of predetermined characteristics and high e?iciency 
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by properly selecting the ratio between the longitudinal 
length and the transverse width of the resonating ele 
ment. As illustrated in FIG. 1, the following symbols 
are used for the dimensions: 
a denotes the longitudinal length of the resonating ele 

ment, b the transverse width of the resonating element, 0 
the width of the coupling element, d the length of the 
coupling element, and t the thickness of the metal plate. 

It was determined that of these various dimensions, 
the relation between a and b has the greatest e?‘ect on the 
spurious response characteristics. The center frequency 
of the ?lter is ascertained almost solely by the longitudi 
nal length a of the resonating elements. It was found 
for a con?guration with constant dimensions for a, c, d 
and t, the degree of the effective coupling between the 
resonating elements 1 and 2 has a tendency to increase 
with the increase in width b so that is an increase in the 
spacing between the two peaks in the response character 
istics which results in the broadening of the pass band and 
the impairing of the ?ltering properties. 
The amplitude characteristics are shown in FIG. 2 

wherein curve M is that for a ?lter with high Q having 
‘excellent pass band response, and curve N for a low Q 
?lter having a broad band response and poor selectivity. 

Furthermore, the results of experiments show that as 
the value of the transverse width b of the resonating ele 
ment approaches a/2 or one-half of the longitudinal 
‘length or exceeds this value, then, in addition to the nor 
mal fundamental oscillation, the undesirable spurious 
responses are generated. It has also been found that as 
the value of b decreases below a/Z such spurious response 
gradually decreases to substantially zero at about 

(1 

3 
These relations are clearly indicated by characteristic 
curves shown in FIG. 3. On the upper portion of FIG. 3 
there are shown three ?lter elements A, B and Ba having 
different dimensions as indicated, and curves A, B and 
Ba represent corresponding ?ltering characteristics. The 
curve A is that for the following conditions. 

Dimensions of element A: 

a=5.3 mm. 
c=0.5 mm. 
t=0.6 mm. 
b=1.9 mm. 
d:1.2 mm. 

Dimensions of ceramic plates 4 and 5: 5.1 mm. x 1.9 x 0.2 
mm. 

Metal plate: a ultra-high-strength duralumin plate 
Input voltage=l00 mv. 
Output voltage=38.8 mv. (at 19° C.) 
Load=1K 

In this case, the ratio a/b=2.8, and no spurious response 
was noted. On the other hand, when 

a=5.3 mm. 
b=2.65 mm. 
a/b=2.0 

a certain amount of spurious response was noted as indi 
cated in curves B and Ba. 
With respect to the dimension of coupling element 3, 

its length d is suitably determined from the standpoint 
of machining, but it was found that it is advantageous to 
make this length d smaller than the resonator width b 
and to select its width 0 in the range from a/ 8 to a/ 12 by 
experiment. 

It has been learned by experiment that there are de?nite 
relationships between the product of the resonating fre 
quency and the length of the resonating element, that is, 
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the e?ective frequency constant, the ratio between the 
thicknesses of the metal plate and the ceramic plate and 
the width 0 of the coupling element for achieving the de 
sired response characteristics. The thickness t of the 
metal plate is preferably selected to be smaller than the 
width c of the coupling element for obtaining sharpness 
in the ?lter characteristics. 

While in the foregoing disclosures one embodiment of 
this invention has been described wherein the mechanical 
?lter comprises two resonating elements and one coupling 
element, with ceramic plates bonded to the resonating 
elements, it will be obvious that the same elfect can be 
provided by a ?lter of higher order formed by the con 
necting in a chain N resonating elements and (N—-l) 
coupling elements where N represents an integer above 2, 
and ceramic plates bonded only to the resonating ele 
ments at both ends of the chain. 

In summary, the present invention resides in a plate 
type tuning element system wherein identical rectangular 
resonating elements resonating at the same frequency and 
a coupling element interconnecting said resonating ele 
ments are formed from a single plate, with identical rec 
tangular shaped ceramic plates bonded along the longi 
tudinal lengths, the longitudinal length a of said resonat 
ing elements being selected to be larger than twice, pref 
erably between 2.5 to 2.9 or 3.1 to 3.7 times their trans 
verse width b, whereby a mechanical ?lter having ex 
tremely small spurious response, sharp cut-off character 
istics with respect to the longitudinal oscillations and nar- ' 
row band characteristics is provided. 

In accordance with the provisions of the patent statutes, 
I have explained the principle and operation of my inven 
tion and have illustrated and described what I consider 
to represent the best embodiment thereof. However, I 

1% 
desire to have it understood that within the scope of the 
appended claim, the invention may be practiced otherwise 
than speci?cally illustrated and described. 
What is claimed is: 
An electromechanical ?lter comprising a plate resonat 

ing element system including a plurality of spaced identi 
cal rectangular resonating elements and coupling ele 
ments interconnecting adjacent resonating elements to pro 
vide a chain, said resonating elements and coupling ele 

10 merits being formed from a single duralumin plate, an 
individual thin plate of a material selected from the group 
consisting of electrostrictive and piezoelectric materials 
bonded onto one surface of each of the resonating ele 
ments located at the respective ends of the chain, elec 

15 trode plates respectively bonded on the outer surface of 
the individual thin plates, said resonating elements, indi 
vidual thin plates and electrode plates being coextensive 
in length and width, and the ratio of the longitudinal 
length to the transverse width of the resonating elements 

20 being greater than 3. 
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