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The present invention relates to electric wave
filters, and more particularly to electric wave
filters comprising electro-mechanical vibrating
elements such as piezo-electric crystals.

The invention relates morespecifically to piezq-
electric crystals arranged to be used in radio
broadcasting reecivers.

In the usuzal type of radio broadcasting re-
ceivers in effect for example in receivers of the
super-heterodyne type, ther are one or more mean
frequency stages which are always tuned to a par-
ticular frequency, as a rule 472 kilocycles. This
means frequency transformers at present used
snd having a2 variable selectivity permit in the
position of high selectivity of the elimination
of emissions ‘which are neighbouring on those
which it is desired to isolate. As a rule, in this
position of high selectivity the receiver has a
band which is too narrow, and the rhusical tone
of the whole is poor. In the second position, or
position of low selectivity the tone is adequate, but
the selectivity disappesdrs, and it is only possibie
in this ‘case to receive powerful stations to the
exclusion of others.

It is, therefore, desirable to obtain a mean -~

frequency filter with a very clear cut-off which
will permit reception with low variations in the
attenuation of a frequency band of approximately
8to 9 kilocycles, whilst reaching outside thisband,
and as near as possible at its limits an attenuation
which is sufficient to eliminate the following
neighbouring receptions.

The invention has in particular the object of
the embodiment of a mean frequency filter cor-
responding to the gbove conditions, that is to-say,
having sufficient passband width with clear limits
and a reduced attenuation which is substantially
constant in the transmission band.

Tt should, moreover, be possible to insert such
a filter in a radio receiver with its input termi-
nals in‘the output or anode cireuit of a'valve, for
example, pentode, and its output terminals in
the input circuit, or grid, of the following valve.
This filter would then appear as a quadripole
without direct electric connection between its in-
put terminals and its output terminals so as-to
permit of such a -connection, the input.termi-
nals being connected conductively between them-
selves and the output terminals, which makes it
possible to maintain at their respective normal
potentials electrodes to which these terminals
are connected.

This filter also has-input impedance -and very
high output impedances so as to permit the
stage to have an output of a high value.
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A filter in accordance with the invention, will
consequently, consist-of a mean frequency trans-
former consisting of two similar eircuits coupled
by mutual induction and placed respectively in
anti-resonators in the output or anode cireuit or
anode of a valve, and in the input or grid circuit
of the following valve, associated with twe piezo-
electric elements in the form of piezo-electric
resonance transformers as will be explained in
detail later on, one of these piezo-electric ele-
ments having g resonance which is slightly less
at the first resonance frequency, or lowest
resonance frequency of the mean frequency trans-
former, -and the other a resonance frequency
whichis slightly higher than the second resonance
frequency or the highest resonance frequency of

- the mean frequency transformer.
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In a first embodiment in accordance with the
invention a circuit oscillating in anti-resonance
is ‘placed in series with a resistance of a high
value in the output or anode circuit of a valve
and another anti-resonant oscillating circuit in
series with a resistance of an identical high value
are placed in the grid or input circuit of the valve
following. ‘The two oscillating circuits are in-
ductively coupled-one to the other and two piezo-
electric elements arranged in resonance trans-
formers are connected respectively in parallel at
the inputb side at the terminals of the first re-
sistance of high value, and in parailel with their
respective inverse connections at the terminals
o_fdthe other high value resistance on the output
side.

In g second embodiment in accordance with the
invention, the arrangement of the oscillating
circuits which are inductively coupled is the saine,
but the piezo-electric transformers are associated
to the said oscillating circuits by connecting
respectively their ‘inputs and their outputs in
shunt to ‘the ‘said oscillating circuits, the same
inversion ‘of ‘the piezo-slectric transformer con-
nections being provided for on the output side
of the whole of the transformer.

The invention will be explained in greater de-
tail in the following description in relation to
the attached drawings in which:

Figure 1 represents an embodiment of the piezo-
electric transformer employed in the circuits of
the invention; :

Figure 2 represenis a method of electric rep-
resentation equivalent to the piezo-electric trans-
former of Figure 1;

AF"1gure,3 represents. an example of the coupling
device according to the invention :

‘Figures ¢ and’5 represents respectively the po-
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tentials at the terminals of the secondary for
the electro-magnetic transformer assumed alone,
and the piezo-electric transformers and for the
whole of the coupling in Figure 3 in absolute
values;

Figure 6 represents another embodiment of the
coupling device according to the invention;

Figure 7 represents an attenuation curve as a
function of the frequency obtained experimen-
tally with the mounting in Figure 6.

Figure 8 represents an electric circuit diagram -

which may be taken as an equivalent to the cir-
cuit in Figure 6.

Figures 9 and 10 represent curves relative to
the diagram of Figure 8.

An example of the piezo-electric transformer
as used in the present invention is diagrammati-
cally shown in Figure 1. In this figure | repre-
sents a layer of piezo-electric crystal covered at
either end with metallic'layers 2 and 3 of even
surface and in the nodal points of which are
fixed the lead-in electrodes 4, 5 and the lead-
out electrodes 6, T by any suitable means, for
example, by means of clamping pins or conduct-
ing lozenges to this on the surface of the crys-
tal and soldered to electric connecting wires.

For the particular use considered of a crystal
of this kind the sheet may be thin, for exam-
ple 0.5 mm. in thickness approximately, cut in
a plate of erystal of a section termed X, that is
to say, with the electric axis X perpendicular
to the sheet. The direction of the greater length
of the crystal forms an angle of 18° with the
electrical axis in a straight crystal. This makes
is possible to have a simple type of vibration in
the crystal which comprises straight nodal lines
which are parallel to the small sides of the crys-
tal. The length of the crystals may be in the
neighbourhood of 16.5 mm., and their width 5
mm. In these conditions the actual frequency
of the crystal is in the neighbourhood of 158 kilo-
cycles and the vibration frequency on the har-
monic three is 472 kilocycles approximately,
which corresponds to the usual mean frequency
of broadcast receiver sets of the superheterodyne
type. It is, therefore, possible to determine with
precision the nodal lines corresponding to the
partial 3 and the electrodes 4, 5 and 6, T are
fixed at these points. The whole is then metal-
lised. Then the metal is stripped off at the edges
of the crystal and from the middle section 8
of the length of the crystal.

In this way a piezo-electric resonance trans-
former is thus made. This quadripole in effect
presents the characteristics of a transformer in
this sense that the primary and secondary are
electrically insulated. Any current in the pri-
mary circuit 4, 5 having for its origin changes
liberated by the piezo-electric effect is accom-
plished by the phenomenon of an electro-motive
force between 5 and 6 at the secondary end of
the passage of a current if the connections 6
and 7 are connected to any impedance.

If between the input connections 5 and 6 an
alternative electro-motive force of a constant am-
plitude is applied, and in this way the frequency
is varied progressively and if the potential at the
terminals is measured a curve of a hyperbolic
nature is generally obtained which has a change
in direction in the sign of the electro-motive
force collected at the secondary for the frequency
where the resonance of the piezo-electric trans-
former takes place. At this frequency as the
crystal is very slightly damped it may be found
that the potential at the terminals of the sec-
ondary which is in phase: with the primary po-

10

15

20

25

35

W
@

45

50

60

70

4
tential in front of this resonance frequeney sud-
denly changes phase, a change which persists
throughout all the frequencies which are greater
than the resonance frequency of the crystal.

The piezo-electric transformer in Figure 1 may,
moreover, be electrically represented as indicated
in the diagram in Figure 2. Assuming the erys-
tal of Figure 1 to be divided into two equal parts
following the line 9 in this figure the electrical
properties of each half crystal may be repre-
sented by those of two identical circuits incapa-
ble of reacting on one another. Nevertheless,
in assuming now that a mechanical contact is
created between two points where they are cut,
a part of the kinetic energy of each crystal can
pass into the other end and there would, there-
fore, be an exchange of mechanical energy sim-
ilar to the exchange of electro-magnetic energy
hetween two circuits by mutual induction. 'The
existence of this mechanical coupling modifies
the period of each circuit. When the two half
crystals are joined up completely again in such
a way as to reconstitute the original crystal
everything happens as though the coefficient
of mutual coupling of the two equivalent circuits
became equal to a whole,

In this case, however, the distribution of the
elongations is not the same as in the initial case
and the action is as though the equivalent self-
inductances of each half were changed. The
new natural period of resonance of the system
ti;s the period of resonance of the mechanical sys-

em.

The result of this is that an electric transformer
such as that of Figure 1, may be effectively con-
sidered as equivalent to the circuit diagram in
Figure 2, that is to say to the diagram consist-
ing of equivalent electric circuits of two quartz
crystals coupled by the mutual induction of their
self-inductances. As known, the equivalent cir-
cuit diagram of a piezo-electric element consists
in a capacity v in series with a resistance p and
a self-inductance A, the whole being shunted by
a capacity C.

Having thus defined the nature and electric
action of a piezo electric transformer the coupled
circuits of the invention appear more clearly.
A first example of a coupling device under the
invention in the case of a coupling of a pentode
stage, for example, to a mean frequency stage
according to a superheterodyne broadcast radio
receiver, is given in Figure 3.

In this Figure 3, 10 represents a pentode valve
and Il a triode valve of the mean frequency
stage following the superheterodyne. The pen-
tode valve 10 is shown in the usual way with its
cathode directly connected to the suppression
grid, and an alternating supply source (2 be-
tween its cathode and its control grid. A bat-
tery (3 supplies the necessary continuous po-
tentials for its screen grid and its plate. The
valve I1 is represented with its plate battery
14 feeding its plate across a suitable operating
circuit 15.

A resistance {6 of high value and an oscillat-
ing circuit consisting of an inductance 1T and
capacity 18 are inserted in series in the plate
circuit of the pentode 10. A resistance 19 of the
same value as the resistance 16 and the oscil-
lating circuit 20—21 identical with the oscillat-
ing circuit 17—I8 are also introduced into the
control circuit of the valve (1.

The two oscillating anti-resonant circuits
11—I18 and 20—21 are coupled by a mutual in-
duction unit as shown in- 22. : ‘
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" Two piezo-electric transformers of the type
described above 28 and 33 are connected to the
terminals of the resistances {6 and 19 in the
manner shown. These two piezo-electrie trans-
formers have their input terminals or primaries
2825 and 38—-35 connecied respectively and in
the same direction to the terminals of the resist-
ance 19, whilst their input or secondary terminals
2527, 36—37 are crossed and connected at. the
terminals of the resistance {9.

If it is assumed that the voltage V has been
measured separately af the terminals of the see-
ondary of the electromagnetic transformer con-
stituted by the two oscillating cireuits coupled
in the absence of the crystal, and that it has been
possible to make the attenuation of the wind-
ings very low, the curve which will give this
potential at the terminals of the secondaries will
be such as shown by a dotied line at 40 in Fig-
ure 4 of the drawings, assuming that the elec-
tromotive force applied Ly the source {2 is main-
tained constant, whilst its frequency is varied.

It will be seen that on this curve where the
frequencies are shown in the abscissae of the
frequency § to the frequency fi the phase .of
the secondary potential is substantially con-
stant, and this potential follows a law which is
approximately indicated by the first branch of
the curve. At fl a first resonance is produced
where the phase changes by 188° the potential at
the terminals of the secondary change in sign
and passes by a minimum, and then for a second
resonance frequency f2 changes in sign again on
a new inversion of phase of 180°,

By re-adding these piezo-gleciric tlansformers
22 and 33 into the circuit, each of these trans-
formers will have its own resonance frequency,
one of these crystals will be adjusted in such a
manner as to have a resonance frequency 9
lower than f{ and the other a resonance ire-
quency f8 higher than f2. The curve of these
transformers is indicated by a continuous line
41 in PFigure 4.

The direction of the mutual induction is select-
ed in such a way that for frequencies comprised
between § and 70 the potential given hy the cir-
cuit and that given by the crystals is in opposite
direcion.

In these conditions for a frequency f8 which

is less than the frequency f8 of the resonance j

of the first transformer 23, the two differences
of potential given by the eircuit and by the crys-
tal 28 will be annulled between § and 71, but the
potential given by the circuit is greater than that
given by the crystal so that the resulting poten-
tial is not zero in all the other points but is in-
ferior to the potential given by the circuit.

Between f8 and fi the crystal being very
slightly damped the resulting potential climbs
very quiekly to the neighbourheood of f3. Be-
tween f8 and fi the two potentials are of the
same sign, the increase in the potential of a cir-
cuit compensates the lowering of the potential of
the erystal. The left-hand side of the mean fre-
quency curve is thus corrected by the crystal
up to the frequency f4. As from the freguency
74 the crystal 33 comes into play. In the central
region of the band-pass in the neighbourhocod of
74 the potentials given by the crystal may more-
aover be neglected with relation to the potential
given by the circuits.

Once f2 is passed at the moment where the
curve of the cireuit re-descends the second erys-

tal enters into vibration and its potential com=.

pensates the drop in potential of the cireuit as
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6.

from 72, where it is no longer negligible on con-
dition that the crystal 33 be connected in the
suitahle direction. It will be seen that the sec-
ond crystal should bhefore its resonance give a
positive potential since the first should give a
negabive potential. The two pairs of electrodes
of the crystals af the side of the secondary
should, therefore, be crossed or more particu-
larly inverted in relation to the connections of
the clectrades of the crystals on the primary side.
The pairs of electrodes on the secondary side
should, therefore be crossed as shown in Figure
3 if the pairs of corresponding electrodes of the
primary cide are in the same direction.

At 73 .the sum of the potentials given by the
eireuit and by the ecrystal drops very suddenly
and at f§ the potentials being equal and of oppo-
site direction eancel one another out. Never-
theless, beyond 76 the resulting potential is not
zera, the potential given by the circuit being
greater than that given by the crystal, but is
less than the potential given by the circuit.

The aspect of the curve of the resulting po-
tentials given at the secondary by the circuit and

5 the crystals is shown in Figure 5. These re-

sultant potentials being shown in absolute values
in the ordinates as a function of the freguency
in the abscissae. It wili be clearly seen from
this figure that the response curve of the mean
frequency at the input and output of the pass
band has been corrected by the use of these crys-
tals.

In practice, if the piezo electric transformers
had a very low attenuation like the circuit, the
four roaxima of the curve of the Figure 5 at
frequencies 70, f1, 2, 3 would be very high and
the attenuation would be infinite at the points
5 and f6. As this does not as a rule occur it
is necessary to choose the rate of the atienua-
tion of the crystals and of the circuit suitably in
order that the maxima and minima should be
sufficiently adjacent in the pass band and that
the attenuation should be still sufficiently great
in the regions above for 5 and f8 on either side
of the pass band. This can be done in a known
manner and, consegquently, will not be described
in detail in the present. description..

The device shown in Figure 3, nevertheless
in some cases has the disadvantage of having no
symmetry with relation 1o the whele unit.
When such symmetry is desired it can be en-
sured by modifying this device in the manner
shown by Figure 6.

In this figure the elemesnts cqrrespondmg to-
those in Figure 3 have besn designated by the
same numerical reference. Nevertheless, the
high valve resistances 16 and {8 have been sup-
pressed .and the primary and secondary wpiezo
electric transiormer eonnections 23 and &3 have
been conunected directly in shunt on the oscillat-
ing circuit {1-—18 and 20—21.

Experience obtained by the applicant has
shown that with a ecircuit, of this kind not only
does everything happen from the standpoint of
the curve of the resulting variations on the sec-
ondary side, in the same way as for the diagram
in Figure 3, but also the best practical results
can be obtained as will be seen by comparing the
curves of Figures 7 and 12 the attenuation curve
as a function of the frequency of Figure 7 being
a curve obtained experimentslly with the mount-
ing of the Figure 6 and the curve in Figure 10
being a curve calculated in an embodiment cho-
sen according to a process of the invention which
will be explained in greater detail.
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In order to determine the component elements
of the circuit of Figure 6 in effect whilst verify-
ing that this circuit gives results qualitatively
equivalent to the circuit in Figure 3, considera-
tion may be given to the plan of the electric cir-
cuit in Figure 8. This diagram is equivalent
from the electrical standpoint to the circuit in
Figure 6, the primary voltage of the source 12 be-
ing indicated at U, the capacity of the circuit
f1—18 being represented by the impedance Zi
of the primary side, itself and its resistance by
Z2, and the piezo-electric impedance of each half
of a crystal by Z3. The same notations are re-
produced on the secondary side where Zi repre-
sents the capacity of the circuit 20—21, Z2 the
self-inductance and the resistance of the cir-
cuit and Z3 the piezo-electric impedance of the
other half of the erystal. The outgoing poten-
tial is called V. The impedances Z2 are assumed
to be coupled with a coupling coefficient a, and
the impedances Z3 equally coupled with a co-
efficient of coupling b, the two circuits being as-
sumed to be identical. The laws of Kirchhoff
make it possible to write the relations between
the currents and the potentials. These equa-
tions are the following, the currents and nodes
being shown at Figure 8.

At node A:

(D) I=i1—i'1—i'"1

At node G:

) fa=1’'g-i""y
The equation of the value is

3 I=g U

g being the slope therefore

@ V=—21i"s
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however depends upon a large number of vari-
ables, the problem to be solved is to obtain a band
filter, and to determine for that the relative
values of the different quantities which intervene
in the problem in order that the attenuation in
the band should be more or less constant, and
that the infinite points of the attenuation should
he close to the border lines of the filter.

The complete numerical characters being very
long and complicated they may be amplified, al-
lowing for the real order of magnitude of the
quantities which come into the problem and neg-
lecting the small quantities in respect of the
broad principles.

(10) Zi=R+joL

b=jwr
It will be admitted that the electro-magnetic
coupling is very weak and the piezo electric cou-
pling tight, therefore joM will be negligible with
regard to the smallest value which Z: can take,
that is to say R.

(11) Hence (Z14+2Z2+4-a) ==
(Z1+22) =
(Z14-Z2—a)
The symbol == signifies “slightly different” as
known.
The second form of

i<

is, therefore

[ab(a+b) —aZ?—bZ2

v_
U2 =9 = T 20 (Tt Zat V2 (7 + ) (BT 7o)

In the closed circuit ABCD there is obtained:
(5) Zoi1+Z11"14+-ai2=0
In the circuit A EF.D.:
(6) 231’ "1 —2Z11"1+-bi’ 'a=0
In the circuit GHIJ:
¢ Zois+Zni’ 2 air=0
In the circuit GKLJ:
8) Z31’ ' 3—2Z1i"94-bi’ '1=0

The solving of a system of eight equations of
this kind will not be given in detail since such
calculations are well known. Finally, the fol-
lowing relationship between the primary poten-

45

55

with
=2t Zotb=p+i(20— 1 L
yo Cuw

Calling w2 the resonance pulsation of the piezo-
electric transfromer

a3) (Z14-Z34-B) =20\ (n2-+Fagz)

It will be assumed here that the crystal is very
little damped and 4z will be neglected, hence:

(14) (Z1+Z34-b) =2jwodaz
and

(15) <zl+zs-b)=—(yi;+g;),i—zjwzx

tial U and the secondary potential V is obtained: ¢ All this analysis is made on the supposition that

[ab(a+b)—aZ—bZ,?)

K=gZ12

® 5

[Z2—(Z1+Zot aX Zit Zst D) 20~ (Zi 4 Za—a) (Z1 F Zo—B)]

and it will be seen by giving the constants of the 65 a single crystal is in shunt on the circuit. Ac-

circuit and those of the crystal it is possible to
find the ratio

14
U
in amplitude and in phase in respect to each fre-
quency.
The function
Y
U

70

tually, as crystals are very little damped and as
they vibrate in a narrow frequency field each of
them only operates in a half-band, and it is
therefore necessary to show them both simulta-
neously in the calculations, an examination
should be made as to what happens in the half of
a band and equal values taken for the symmetri-
cal values of the other half and the direction of
the electrodes will be assumed as having been

75 suitably chosen, as mentioned above,
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The third form of the.expression
U

7
‘i, therefore:

ab(a-b) —aZi—bZs?

10
A,M and I, will‘be:chosen in such a way that the
infinite -gttenuation oceurs ‘for -a value fixed by
the distance in frequency as from the resonance

(16) L9z b (a4 .
YU [Z1— w1 L (o +jer) Zjwnhan] [ 212+ o1l (ma -+ o) 2cosN]
but of the quartz crystal, this quantity being called
Z1=_'67:,$jw1L 10 '“j{ .
(18) 25) nAHM_1
V- g ab(a-+b) —aZ@—bZs @ W=
TU T e is obtained, accordingly a-ﬁrst numerieal rela-

L [1+2j%(n1+ja1)za][1—2j%(ﬂ1+ja1)]

In order that the resonance of the crystal may
operate it is necessary that the quantity

A .
2]z(ﬂ1-!‘1a1)az

should have a modulus which is not negligible
with relation to the unit, as a2 is of the order of
magnitude of 1/100, and therefore the modulus
of the guantity

A .
2]3(7114‘]061)

is ‘of the order of magnitude of 100 and, conse-
quently, in the second parenthesis of the denom-
inator it is possible to neglect the unit-in ‘front
‘of this quantity.

The fourth simplified form will be:

ab(a+b) —aZP—bZ7? ,
23 (nickgen)| 14217 ea(mi-+jen) |

But in the numerator it will be 1'emembe.red
‘that in the binomial ¢-4b where joM is negligible
in respect of jwi accordingly:

ot —Zi) bz
2 (m-tied) | 142 anCmiden) |

g
(19) U =i

V__4g
(20) _lj_w12L2

jwM[2jw)\—c%:|[;]c—o]—jw?\(Rl-l—ij1)2
(m+ja1)[(1—2%ala2)+2j%am]

But as C is‘considerable with regard to «:
21)

=2w1Lw17\

950
YWz
therefore,
2]'(.0)\—'3—@:,2]'&)2)\(12

On the other hand, in the numerator the
quantity ®: may he neglected with regard to
w Iy and it finally becomes:

(?2) —jq JoM4&johasjor+jortwl?
. A A
U™ 2wl (17+.1041)[(1_2Za1a2>+2‘7fazm]

1 —_ —'4I\M0h

I«
(rirten)| (1—2p e ) 42 eum |

in amplitude, and there is obtained
(24)

Vqsoé

(23) =25

INM
12

\/(?71 'ra12)|:(1——‘a1a2> +—a2 11 ]

1—

g @2

V gwlL
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tion :is found here between -the four fundamen-
tal-guantities n, M and L and 51 which define the
filter.

The expression becomes:

(26)
12

\/(ﬂ12+a12)[(1"—a10¢2> +4L)\:az 11

The curve which gives
v

u

as a function of the frequency shows the maxima
in the neighbourhood of the values which corre~
spond to the resonances of the ecircuit a1=0 or of
crystal a2=0. The size of the band is obtained,
that is to .say, the numerical value of the quan-
tity o, @ value ‘which takes a1, for example for
a2=0, that is o say at the resonance of the
quartz crystal. .It will be seen-on the other hand
at the moment of fhe ecircuit resonance when
a1==0, a2=—aq,

Taking the amplitudes as being equal at -this
moment the following -relationship may be de-
duced:

V ng

]

1+°‘"
(27) : 1

hence:

A second relation between these fundamental
quantities which define the filter is, therefore,
obtained. Itis equally possible to obtain two. sup-
plementary relations which entirely determine

‘the four orders of magnitude by writing that the

amplitude is still equal at two other points of
the band; unfortunately, in this case equations
of too high a degree are obtained which cannot,
thereiore, be solved algebraically.

In these circumstances in order completely to
determine the different elements of the circuit
in Figure 6 the invention provides for their cal-
culation by a successive approximation which is

5 always possible. In-other words, having arrived

at this point in calculation values of L. .and
are arbitrarily fixed which correspond to an ordi-

nary mean frequency coil and the curves of the

ratio -between the potentials V/U and the filter
attenuation may be plotted. Under these con-
ditions, as a rule they show maxima and minima,
which are very marked and, conseguently, the
values will not be correct. Accordingly, the
value of 7 will be changed in order to see in what
direction this difference between the maxima and
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minima develops and then it is possible to always
be able to determine an adequate value of 71 fair-
1y quickly.

In actual practice it is obvious that the values
of I. and of 1 will be directly selected which are
capable of giving the satisfactory characteristics
almost immediately, that is to say, that it will be
remembered when making the first choice of
values that the coefficient of overcharge of a cir-
cuit of this kind should be very low.

In order to make this method of determining
a filter according to the invention clearer a
numerical example is given below, but the first
approximations are not given in order not to
complicate the description. Only the values of
L and o1 are given which have been obtained in
order to effect a satisfactory filter in practice for
a superheterodyne set whose mean frequency is

472 cycles. Figures 9 and 10 give respectively
curves for the ratio of potential

14

U

as a function of the relative differences in the
frequency in thousandths, and the calculated at-
tenuation of the filter in decibels in the pass band
as a function of the frequency. These curves are
calculated for the values:

(29)

m=3.10%, 0=33.3; 2>

;—L—=1, 17 . 10%; A=10 henries

L=1.7 millihenries; ‘-’—“’2-5‘—_—12.5; M=18 . 10-¢

It will be seen that the curves are relatively
good, but if the attenuation curve of the Figure
10 is compared with the experimental attenua-
tion eurve in Figure 7 which has been drawn for
a circuit realized with the given values in the
numerical example, it will be seen that this lat-
ter curve is even better. This result is natural,
since the calculation does not allow for the co-
efficients of real coupling and these are in fact
better in practice than might be assumed from
the calculation.

It will, in fact, be seen that the invention
supplies methods for the embodiment of a mean
frequency filter, which presents clear cuts for a
band width which is relatively large, and a re-
duced attenuation which is substantially con-
stant throughout the width of the transmission
band of the filter.

It is clear that the invention is not limited
to the examples of the embodiments shown and
described, but may be subjected to numerous
modifications and adaptations without going be-
yond its scope. It is, for example, clear that
the method of the realisation of the piezo-elec-
trie transformers indicated with regard to Fig-
ures 1 and 2 is only given by way of example,
and that any type of piezo-electric transformer
which may be thought of is capable of being em-
ployed in coupling devices as per the invention.
It is, further clear that the invention is not lim-
ited to coupling circuits for radio-broadcast-
ing superheterodyne receiver sets, using a mean
frequency of 472 kilocycles per second, and that
this numerical value has only been given by way
of example as also the details of the radio cir-
cuit stages under consideration. Other modi-
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fications and applications will be evident to the
expert.
I claim:

1. A band-pass filter having input and output
terminals and comprising a pair of inductively
coupled anti-resonant circuits and a pair of
piezo-electric transformers each having input
and output terminals, said transformer input ter-
minals being connected in parallel with each
other and in series with one of said circuits to
the input terminals of said filter and said trans-
former output terminals being connected in par-
allel with each other and in series with the
other of said circuits to the output terminals of
said filter.

2. A band-pass filter having input and out-
put terminals and comprising a pair of similar
induetively coupled anti-resonant circuits and a
pair of piezo-electric transformers each having
input aand output terminals, said transformer
input terminals being connected in parallel with
each other and in series with one of said cir-
cuits to the input terminals of said filter and
said transformer output terminals being con-
nected in parallel with each other and in series
with the other of said circuits to the output ter-
minals of said filter and one of said transformers
having a resonance frequency lower than the
lower resonance frequency of said circuits and
the other of said transformers having a reso-
nance frequency higher than the higher reso-
nance frequency of said circuits.

3. A band-pass filter having input and out-
put terminals and comprising a pair of similar
inductively coupled anti-resonant circuits, a pair
of piezo-electric transformers each having input
and output terminals, said transformer input
terminals being connected in parallel with each
other in the same phase sense and in series with
one of said circuits to the input terminals of
said filter and said transformer output termi-
nals being connected in parallel with each other
in an opposite phase sense with respect to each
other and in series with the other of said cir-
cuits to the output terminals of said filter and
one of said transformers having a resonance fre-
quency lower than the lower resonance frequency
of said circuits and the other of said trans-
formers having a resonance frequency higher
than the higher resonance frequency of said
circuits, and a pair of impedances adapted to
conduct direct current, one of said impedances
being connected in parallel with the transformer
input terminals and the other of said imped-
ances being connected in parallel with the trans-
former output terminals.

MARCEL CHARLES TOURNIER.
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