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My invention relates to coupling devices and
more particularly to coupling devices adapted for
use in the intermediate frequency -circuits of
radio receivers of the superheterodyne type.

It has for one of its objects to provide improved
coupling means of the type referred to, by
which currents of undesired frequency, such as
currents in adjacent frequency channels, may be
attenuated. :

In the broadcast frequency bands the utilized
channels are spaced apart by ten kilocycles.
Modern superheterodyne receivers have sufficient
sensitivity, when ftuned to the frequency of one
channel, to respond to some extent to current in
an adjacent channel. It is accordingly desir-
able to provide in the receiver means to attenuate
currents of the adjacent channel frequency. This
is best done in the intermediate frequency cir-
cuits since there the currents to be transmitted
are of the same frequency for all signal channels,
and the currents corresponding to adjacent chan-
nels to be attenuated are also of fixed frequency
of ten kilocycles above, and ten kilocycles below,
the intermediate frequency respectively.

One of the objects of my invention is to pro- :

vide improved coupling means for use in these
circuits for attenuating these undesired adjacent
channel currents.

A further object of my invention is to provide-

such coupling means which is simple in construc-
tion, inexpensive to manufacture and which re-
quires a minimum of adjustment.

The novel features which I believe to be char-
acteristic of my invention are set forth with
particularity in the appended claims. My inven-
tion itself, however, both as to its organization
and method of operation, together with further
objects and advantages thereof may best be un-
derstood by reference to the following descrip-
tion taken in connection with the accompanying
drawing in which Fig. 1 represents an embodi-
ment of my invention, and Fig. 2 shows the
physical structure of one of the coupling meauns
employed.

In Fig. 1 of the drawing I have shown a plu-
rality of electron discharge devices !, 2 and 3
connected in cascade. The first of these devices
may be the converter of a superhetercdyne radio
receiver or che of the intermediate frequency
amplifiers thereof, and discharge devices 2 and 3
subsequent amplifiers. The anode circuit of the
discharge device ! includes the primary winding
4 of a coupling transformer which has secondary
windings % and 6. The secondary windings 5 and

6 are connected in series in the input circuit of :

- discharge device 2.
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Similarly the anode circuit
of discharge device 2 includes primary winding 7
of a coupling transformer which has secondary
windings & and 9 connected in series in the input
circuit of discharge device 3.

* For the sake of simplicity of the drawing, the
power supply circuits, etc., for these discharge
devices have been omitted, only the coupling
means employed being shown.

The primary winding 4 and secondary winding
5. and similarly the primary winding T and sec~
ondary winding 8, are tuned to the intermediate
frequency by condensers {0, ii, 12 and 13 which
are connected across the respective windings,
these condensers being adjustable, in the manner
cf the usual trimmer condenser, for the purpose
of initial adjustment. When so tuned, the volt-
age in the secondary of each transformer is dis-
rlaced in phase with respect to the voltage of
the primary winding by 90 degrees when the in-
termediate frequency is correct. When this fre-
quency shifts, however, from the correct value,
this phase relation changes and the secondary
voltage becomes more nearly in phase with the
primary voltage, or more nearly opposed to it, de-
pendently upon the direction of the shift in
frequency and, of course, the magnitude of the
phase displacement is dependent upon the mag-
nitude of the frequency shift. The seccndary
winding 6 of the first coupling device and simi-
larly the secondary winding 9 is untuned, but
these windings are coupled to their respective
primary windings to have induced therein a volt-
age which is at a fixed phase relation with re-
spect to the primary winding and which there-
fore constitutes in the secondary circuit a replica
of the primary voltage. Accordingly, this volt-
age may be made exactly to equal and oppose the
voltage in the secondary winding 5, or 8, when
the frequency has shifted from the intermediate
frequency by the amount of 10 kilocycles. The
voltage of the secondary winding 5 may be ad-
justed to be equal and opposite to the voltage
of the winding 6 at a. frequency of ten kilocycles
above the intermediate frequency, and similarly
the voltage of the winding 8 may be made equal
and opposite to the voltage of winding 9 at a fre-
quency of ten kilocycles below the intermediate
frequency. Thus, at these two adjacent channel
frequencies, infinite attenuation in the system is
produced. the adjacent channel above the inter-
mediate frequency being infinitely attenuated in
the coupling device 4, 5, 6, and the opposite ad-
jacent channel being infinitely attenuated in the
coupling device 1, 8, 9.
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This infinite attenuation can best be obtained
by the use of resistors as shown at 14 and (5,
one of these resistors being in circuit with wind-
ing 6, and the other in circuit with winding 8.
These resistors may be either in series with the
respective windings as illustrated in connection
with resistance 15 or in shunt therewith as illus-
trated in connection with winding 14. The draw-
ing illustrates both methods of connection, but
this is solely for illustration purposes since both
resistors may be connected in the same way.
These resistors are, of course, proportioned to
assist the securing of the desired phase rela-
tions between the voltages in the secondary cir-
cuit.

Since the voltage on winding 5§ is displaced in
phase from the voltage on winding 6 by 90 de-
grees at the intermediate frequency, it will be
observed that windings 4 and 5 may comprise

the normal transformer coupling coils, since at.
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the intermediate frequency the coupling is not

appreciably affected by the winding §. For this
reason manufacturing variations in the coils 4
and 5 do not seriously affect the frequency at
which infinite attenuation occurs with the re-
sult that adjustment to take care of such manu-
facturing variations to secure the infinite atten-
uation of the adjacent channels is not necessary.
In fact, it has been found that the adjustment
of the coupling between coils 4 and 5, and simi-
larly 7 and 8, to secure infinite attenuation at
the adjacent channels is not more critical than
the adjustment for critical coupling in the con-

ventional intermediate frequency transformer.
' Fig. 2 shows the structure of one such cou-
pling device as has been described in connection
with Fig. 1 and may be taken to illustrate the
coupling device 4, 5, 6. While the arrangement
of the windings and the structure of the trans-
former may vary widely; in the embodiment
illustrated, the secondary winding 5 comprises
two coils mounted at one end of a form (5 and
the primary winding 4 comprises two coils ar-
ranged near the opposite end of the form {8.
The winding 6 is arranged on the opposite side
of winding 4 from the secondary winding 5 and
is ‘more closely coupled to winding 4 than is
winding 5. . i

‘While I have shown 2 particular embodiment
of my invention, it will of course be understood
that I do not wish to be limited thereto since
many modifications may be made, and I con-
template by the appended claims to cover any
such modifications as fall within the true spirit
and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. The combination, in a high frequency cou-
pling system, of a primary winding, two series
connected secondary windings coupled to said
primary winding, means to transmit through
said coupling system electromotive forces of de-
sired frequency, and to attenuate electromotive
forces of undesired frequency, said means in-
cluding means to render the electromotive forces
of undesired frequency in said secondary wind-
ings equal and of opposite phase.

2. The combination, in a high. frequency cou-
pling system comprising a primary winding and
two series connected secondary windings cou-
pled to said primary winding, means to tune
said primary winding and one of said secondary
windings to the frequency to be transmitted,
and means to render the voltages in said two
secondary windings equal and of opposite phase
at a different frequency. ‘ o
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3. The combination, in a high frequency cou-
pling system of a primary winding and a sec-
ondary winding coupled thereto, means to tune
said windings to a frequency to be transmitted
thereby whereby the voltage on said secondary
winding at the fréquency to which said windings
are tuned is displaced in phase by substantially
90 degrees from the voltage of the primary, and
varies from said 90 degrees phase relation in one
directionorthe other, dependent upon the direc-
tion of shift in frequency of voltage supplied to
said coupling system and to an extent dependent
upon the magnitude of the frequency shift, and
means to supply a voltage in series with said sec-
ondary winding equal to and opposite in phase
to the voltage on said secondary winding when
said shift equals a predetermined amount.

4. The combination, in an intermediate fre-
quency amplifier for superheterodyne receivers,
of a pair of coupling devices in succession in
said amplifier, each of said coupling devices
comprising a primary winding and two series
connected secondary windings, the primary
winding and one secondary winding of each cou-
pling device being tuned to the intermediate
frequency, and means including the remaining
secondary windings of said coupling devices to
produce a voltage equal and in opposition to
the voltages induced in the first secondary
winding of the respective coupling device at un-
desired frequencies different from the interme-
diate frequency and on opposite sides thereof by
predetermined amounts, whereby high attenua-
tion is produced in said amplifier at predeter-
mined frequencies both above and below the de-
sired intermediate frequency.

5. The combination, in a high frequency cou-
pling system of a primary winding and a second-
ary winding coupled thereto, means to tune said
windings to a frequency to be transmitted there-
by whereby the voltage on said secondary wind-
ing at the frequency to which said windings are
tuned is displaced in phase by. substantially 90
degrees from the voltage of the primary, and
varies from said 90 degrees phase relation in one
direction or the other, dependent upon the di-
rection of shift in frequency of voltage supplied
to said coupling system and to an extent de-
pendent upon the magnitude of the frequency
shift, a second secondary winding coupled to
said primary winding and having induced there-
in from said primary winding a voltage having
substantially fixed phase relation to said pri-.
mary voltage, said secondary windings being
connected in series whereby the voltages there-
of oppose each other at a frequency different
by a fixed amount from the frequency to be
transmitted.

6. The combination, in an adjacent channel
attenuation system for superheterodyne receiv-
ers, of a primary winding having two secondary
windings coupled thereto, said secondary wind-
ings being connected in series, and said primary
winding and one of said secondary windings be-
ing tuned to the intermediate frequency of said
receiver, and the other secondary winding being
untuned whereby the voltage in said other sec-
ondary winding is a replica of the voltage of said
primary winding and opposes the voltage of said
one secondary winding at a frequency removed
from said intermediate frequency, and means
whereby said secondary voltages oppose each
other at the frequency of said adjacent chan-
nel to be attenuated.
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