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The present invention relates to improvements
in selective electrical circuits, and more partic-
ularly to -selective. circuits for preventing the
reception of “image frequencies” in the operation

‘s of superheterodyne radio receivers.

A superheterodyne type of radic receiver has
an inherent defect in that it is responsive.to
signals of two frequencies each separated from
the oscillator frequency by ‘an amount which is

10 equal to the intermediate frequency. Thus, when
such a receiver is tuned to receive a desired
signal, in the presence of undesired signals dif-
fering therefrom by an amount which is twice
the intermediate frequency, such undesired sig-

15 nals are received, converted into the intermediate
frequency, and interfere with the desired signal,
which has also been ccnverted into the inter-
mediate frequency. The frequency of such inter-
tering signals to which the superheterodyne re-

20 ceiver is responsive is known as the “image fre-
quency”. Tuned circuits must be relied upon to
supgress signals of this frequency and to prevent
their being converted into the intermediate fre-
quency. )

It is the object of the present invention to

overcome the above-noted disadvantage of the’
superheterodyne radio receiver and provide & -

new and improved selective circuit for prevent-
ing the reception of signals of the image fre-
gp Quency. ..

It is a further object of this invention to pro-
vide an image rejection circuit in which the
response to the desired signal will not be in any
way diminished, although the tunable circuit has

g5 ® very high selectivity against image interfer-
ence, independent of the frequency to which the
receiver is tuned.

For accomplishing the objects of the present
invention, a selective network is provided for

49 selectively transferring desired signal frequency

currents of any frequency in a band of frequen-

cles. This network is connected between' the
exciting circuit, or antenna, of a receiver and a
responsive device, or the receiver itself. The
45 selective network comprises a broadly resonant
circuit and a selective circuit. The resonant
circuit which may be the antenna circuit is
broadly tuned to all frequencies within the band
of frequencies for attenuating all signals of any
50 frequency outside of sald band. The selective
circuit is connected between said broadly reso-
nant circuit and said receiver, and is for sup-
pressing all image frequency currents which are
admitted by the antenna circuit and which fall
55 within said band. -

The selective eircuit ~comprises two signal
transfer means each coupled to the broadly res-
onant circuit and to the receiver. The first trans-
fer means has a transfer ratio which varies
greatly with frequency and has a maximum B8
transfer at the frequency of the signal, and thus
selectively transfers a signal current of any fre- .
quency within a band of frequencies. However,
this transfer means incidentally transfers cur-
rents of the undesired image frequency though 10
to a lesser degree. The second, or auxiliary
transfer means, has a transfer ratio which does
not vary greatly with frequency, and thus non-
selectively transfers currents of the entire band
of frequencies. These two transfer means are 15
adjusted to respond equally and oppositely to
signals of the image frequency. Thus, the rela-
tive intensity of the image frequency currents as
first and secondly transferred is so adjusted that

the currents may be balanced against each other 20

and thereby image frequency currents falling
within said band be completely suppressed. The
first-mentioned transfer means builds up by res-
onance the selectively transferred currents and
thus effects a much greater transfer at the car- 25
rier frequency cf the signal than the non-selective
transfer of the carrier frequency by the second
transfer means. The second transfer means
therefore has but little effect upon the transfer
of the desired frequencies. Also the voltages 30
transferred by these two transfer means are not

in opposition at the desired signal frequency, as
will be explained later.

The amount of non-selective transference is
adjusted to equal the amount of image frequency 35
selective transference throughout the band of
frequencies. Thus, the circuits are so designed

‘and proportioned that the frequency of com-

plete suppression varies automatically and simul-
taneously with the adjustment of the selective 40
transference at the resonant frequency of the
tunable circuit, and the frequency of complete
suppression is maintained substantially uniform-

- ly spaced from the resonant frequency of the

tunable circuit. Therefore, in a superheterodyne 45
receiver, the tunable circuit may be tuned to
the carrier frequency of any signal and the cor-
responding image frequency interference will be
automatically completely suppressed at all set-
tings. : R
Whereas the response of the tunable circuit to
the image frequency currents may vary through-
out the tuning range of the receiver, this effect
is compensated for by correspondingly varying
the resonance of the entire input circuit so that 5§ .
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the transfer of the image frequency through the
untuned circuit will be correspondingly varied.

Whereas this invention has particular applica-
tion in connection with image frequency suppres-
sion, as discussed above, it is to be understood that
it also has considerable utility in general radio re-
ception for selectively transferring currents of a
desired signal frequency and.preventing inter-
ference of signals of any frequency whatever.
Furthermore, the principles of this invention may
be applied to each of a number of resonant cir-
cuits in one system, and thereby secure propor-
tionately greater selectivity.

Attention is now invited to the drawings, in
which: .

Fig. 1 is a schematic diagram illustrating one
arrangement of the two transfer means;

Fig. 2 is a similar diagram illustrating an alter-
native arrangement of the two transfer means;

Fig. 3 is a diagram showing a curve illustrating
the selective action of the circuits of Figs. 1 and 2;

Fig. 4 iIs a diagram showing a radio antenna
circuit embodying the principles illustrated in
Fig. 1;

Fig. 5 is a diagram showing a modification of
the circuit of Fig. 4;

Fig. 6 is a circuit diagram showing & second
modification of the circuit of Fig. 4;

Figs. 7 and 7A are diagrams showing a set of
curves illustrating the selective action of the cir-
cuit of Fig. 6.

In Fig. 1, to which attention is now invited,
there is shown a selective coupling system com-
prising exciting circuit 1 including a source of
alternating current 10, and the two impedances
Z1 and Zi, the latter of which form a path be-
tween the input terminals 12 and 13. There is
also shown a work circuit 8 exemplified by the
grid-cathode circuit of the vacuum tube {5. The
exciting circuit is coupled to the responsive de-
vice by two transfer means. The first transfer
means includes the circuit 9 composed of imped-

- ance Zi, inductance L and condenser C. The sec-
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ond transfer means includes impedance Za.
There is thus provided an output path including
the condenser C and the impedance Z2, con-
nected in series between the output terminals
13 and (4.

The first transfer means 9 is sharply resonant
at or near a frequency which will be called the
signal frequency. 'This sharp resonance is effec-
tively maintained by making Z: sufficiently small
or by making the impedance of the source 18 suf-
ficiently large so that the exciting circuit does
not have a controlling effect upon the resonance
of the first transfer means 9. For the same pur-
pose, the impedance of the responsive device 5
is made sufficiently large. The current I from
the source 10 flows through Zi, builds up a circu-
lating current in the first transfer means 8, and
thereby produces a voltage Ei across the con-
denser C.

The. second fransfer means Z2 is not sharply
resonant at any operating frequency, and may

be aperiodic. The current I, flowing through
impedance Z3, builds up a voltage Ez across this
impedance.

The two transfer means will be collectively re-
ferred to as a coupling system whose input ter-
minals are {2 and 13 and whose output terminals
are |4 and 13. This coupling system need not
have a terminal common to its input and output,
although 13 is a common terminal, as the system
is lllustrated in Fig. 1.

The direction of transfer of the coupling sys-
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temjustducrlbedmybemersed retaininz
some of the advantages of the system as shown

In Plg. 1; that is to say, {4 and (3 may be used -

a8 input terminals and 12 and 13 used as output
terminals,

The transfer of the first means 9 will be denoted
by the ratio Ei/I, and that of the second means,
by the ratio Ez/I, which latter is equal to Za.

The combined resultant transfer will be denoted .

by Eo/I, in which the output voltage Eo is the vec-
tor sum of E: and Ea.

Fig. 2 is similar to Fig.'1 except that L. and C
are interchanged. The effect of this change will
be discussed below. In PFig. 2, like parts are desig-
nated by the same reference characters.

The operating characteristics of Fig. 1 will now
be described, attention being invited to Fig. 3

15

Two frequencies will be considered as being de-

rived from the source 10. One is the desired sig-
nal frequency Fs and the other is the undesired
interfering frequency Fy, which is somewhat high-
er. or lower than Fs. The first transfer ratio Ei/I
is shown in Fig. 3 by the curve Ei. This curve
shows a sharp maximum at Fs, the resonant fre-
quency of the first transfer means 9. The second
transfer ratio E2/I is shown by the line E; indi-
cating that this ratio does not have sharp reso-
nance within the operating frequency range.

The phase relationship of E; and Ez will be ex-
plained. At F: the resonant circulating current
in circuit 9 is in phase with Z:I, and therefore E;
across C lags 90° behind Z:I. At frequencies lower
than Fy, the circulating current in circuit 9 leads
nearly 90° ahead of ZiI and E: is nearly in phase
with Z,I. At frequencies higher than Fs, the cir-
culating current lags nearly 90° behind Z:I and
E; lags nearly 180° behind Z:I. E: is always equal
to Zal.

If Z; and Z3, shown in Fig. 1, are of like char-
acter, the voltages E1 and Ez differ in phase by
90° at Fs and therefore their vector sum, as rep-
resented by the curve Eo of Fig. 3 at the point Fs,
is greater than Ei. At the same time, phase op-
position between E: and E;z results at frequencies
higher than Fs. At some frequency, Fi in Fig. 3,
E: and Ez are equal and opposite, with the result
that Eo/I is zero, as shown by curve Ep in Fig. 3.
Changing the value of Zs, but not its character,
shifts the intersection of curves E1 and Ez so that
any value of F4, higher than Fs, can be suppressed
by using the proper value of Zz. Increasing the
value of Zz brings the intersection nearer to Fs.
On the other hand, increasing the value of Zi
moves the intersection away from Fs.

If Z: and Z2 of Fig. 1 are made reactances of
opposite kinds, the curves of Fig. 3 will be re-
versed and the intersection of E: and Ez will
be brought to a frequency lower than Fs.

Interchanging L. and C, as shown in Fig. 2,
reverses the polarity of E2 without substantial-
ly changing its value. Making Z: and Z2 of like
character, in Fig. 2, brings the intersection of

curves of E1 and Ez below Fs; while making

Z: and Zz reactances of opposite kinds, brings
the intersection to a frequency higher than Fs.
Thus, interchanging L. and C has.the same effect
as changing the relationship between Z: and Z.,
and making both changes at once has substan-
tially no effect upon . the operation of the cou-
pling system. Since any frequency Fi can be sup-
pressed in either Fig. 1 or Fig. 2 with the prop-
er choice of Zi and Za, there is no essential dif-
ference between these alternative arrangements.
If C is a variable tuning condenser, it is desirable

to ground the frame and moving parts. In this
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case, the terminal 11 of the condenser C in Pig.
1, or the terminal (2 of the condenser C in Fig.
2, may be grounded. Also, the impedances Z:
and Z2 may be of any character, such as mutual
inductances, thus producing a coupling circuit
having no common terminal {3 which is at once
an input terminal and an output terminal.

When selective coupling systems such as those
shown in Figs. 1 and 2 are connected between
the antenna and frequency changer of a super-
heterodyne receiver, Fs is the signal frequency
and Fy the image frequency, Fs and F1 differing
by twice the intermediate frequency. It is more
common to make Fi higher than Fs, as is shown
in Fig. 3. The superheterodyne oscillator fre-
quency Fo is midway between Fs and Fy, as indi-
cated in Fig. 3.

Fig. 4 is a circuit illustrating an adaptation of

the principles of Fig. 1 to a selective network or
coupling system for coupling the antenna to the
first tube of a superheterodyne receiver. The
coupling system is tuned to the signal frequency
Fs and has a great selectivity against image in-
terference, as will be explained hereinafter.

In this figure, the antenna (6 is connected
to the contact of a volume control potentiometer
18, one part of which is shunted by condenser 17,
the capacity of which is equal to the capacity of
the average antennna. With this arrangement,
the variation of the potentiometer tap does not
materially affect the tuning of the coupling sys-
tem as a whole but provides a& means for vary-
ing the sensitivity of the combination. The an-
tenna current divides in potentiometer 18, one
part flowing directly to ground. The other part
flows through the coil 19 and fixed condenser Ci.
The first transfer means is the closed circuit 9,
which is composed, in this instance, of Ci1, L, C,
of. which C: corresponds to Z: of Fig. 1. The
circuit 9 is sharply tuned to rescnance with the
signal frequency Fs by varying the capacity of the
variable condenser C, and is connected to the grid
of the tube 15. Coil 19 of the circuit T is cou-
pled to the coil 20 in the cathode lead of the tube
15. The mutual inductance Msa between coils
19 and 20, which provides a fixed inductive cou-
pling between the antenna circuit and the re-
ceiver, corresponds to Z3 of Fig. 1 and comprises
the second transfer means. The condenser C:
and the inductive coupling Mz are proportioned
relative to each other so as to deliver equal and
cpposite voltages, at the image frequency, to the
responsive device or the receiver input and thus
balance out image frequency signals which are
within the kand through which the resonant cir-
cuit is tunable. It is to be noted that the im-
age frequency signals which are thus balanced
out are always separated from the desired fre-
quency to which the resonant cireuit is tuned
by a constant frequency difference.

Although many suitable circuit constants may
be found for constructing a circuit in accordance
with Fig. 4, it has been found that the following
are catisfactory:

The antenna 16 and the condenser 1T may have
a capacity of about 200 micro~-microfarads each,
potentiometer 18 may have a resistance of about
10,000 ohms, coil I. may have an inductance of
about 260 microhenrys, condenser C may have g
capacity of 350 micro-microfarads (maximum
setting), and condenser C: may have a capacity
of about 3500 micro-microfarads. Thus the
fixed condenser C: has a value of the order of ten
times the maximum value of the variable con-

- tual Ma.

_ductance M: in addition to Ci.

3

denser C. The mutual inductance of coils (9

~and 20 may be about 4 microhenrys.

The circuit of Fig. 4, with the above values, is
Intended to tune to receive a signal frequency of

~from 550 to 1500 kilocycles and is intended to

work with a 260-kilocycle intermediate-fre-
quency superheterodyne amplifier. The sup-
pression frequency should always be separated by
a constant difference (520 kilocycles) ahove the
resonant frequency of the tuned circuit. Then,
when the signal frequency Fs is tuned in, the im-
age frequency Fi is automatically suppressed.
When the condenser C is tuned for lower signal
frequencies, the tuned circuit is much less re-
sponsive to the image frequencies, because the

10

16

constant separation bears a much greater ratio to .

the lower signal frequency. In order to compen-
sate for the lower responsiveness of the tuned cir-
cuit to image frequencies, the ratio of the im-
pedance of C: to the impedance of Mz is much
greater at low frequencies. By this improvement,
the image voltage at E: and E: very nearly
counterbalance, regardless of the frequency of
the signal being received.

Image transfer Ei/I increases proportionately
to image frequency, because the decrease of im-
pedance of Ci is more than offset by the increase
of image responsiveness of the tuned circuit 9.
The image transfer E:/I increases likewise, be-
ing equal to the inductive reactance of the mu-
The equality of the image voltages E:
and Ez is secured by selecting the correct values
of the mutual M2, and phase opposition is se-
cured by using the correct polarity of Ms. Com-
paring Fig. 1 with Fig. 4, Z1 is the negative react-
ance of Ci, varying inversely with frequency,
while Zz is the negative reactance of the nega-
tive mutual inductance Mz, varying directly with
frequency. The ratio of Z2 to Z; varies as a square
of the image frequency.

When F1 exceeds Fs by a smaller constant dif-
ference, the ratio of Z: to Z: should vary less
rapidly than the square of the image frequency,
but more rapidly than the first power. This is
accomplished by the useé of the improvements as
embodied in Figs. 5 and 6, which will now be
described.

Fig. 5 shows an improved adaptatlon of the
principles of Fig. 1 to a system for coupling a
radio antenna to the first tube of a superhetero-
dyne receiver. In this figure, like parts are desig~
nated by the same reference characters. ‘The
circuit of Fig. 5 differs from Fig. 4 in the follow-
ing respects: First, the order of E: and E; in
series between the grid and cathode of the tube
15 is interchanged in order to permit grounding

_of the cathode and of the frame and moving ele-

ment of the tuning condenser C. Secondly, Z:
in Fig. 1 is replaced in Fig. 5 by the mutual in-
Thirdly, the an-
tenna or primary circuit T of Fig. 5 is broadly
resonant within the tunable frequency range, re-
sulting in greater voltage amplification from the
antenna to the grid of the tube I5, and in some-
what better image suppression. In Fig. 5, as in
Fig. 4, Z2 is replaced by the mutual inductance
Ma. In Fig. 5 the antenna is connected to one
side of a volume control rheostat 21, the variable
contact of which is grounded. The variable re-
sistance or rheostat 21 serves also to produce a
variable attenuation and broadens the resonance
of the primary circuit to include a band of fre-
quencies. The antenna current divides, one part
flowing through 21, the other part through the
coils 22 and 24 and the condenser Ci;. The first
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transfer means Is the secondary circuit 8’, which
is composed of inductance L, variable condenser
C and the large fixed condenser Ci, and the mu-
tual inductance Mi between coils 24 and L. The
secondary circuit 9’ is tuned to resonance with
the signal frequency. F: by variation of the ca-
pacity of condenser C. The impedance Z; of Fig.
1 is replaced by the mutual inductance Mi and
the capacity of condenser Ci. The large fixed
condenser couples the primary and secondary
circuits only to a moderate degree and causes
the tuning of the secondary circuit to be sub-
stantially independent of the primary circuit.
The impedance Z2 of Fig. 1 is replaced by the
mutual inductance Mz between coils 22 and 23,
which latter is connected in series with the con-
denser C between the grid and cathode of the
tube 18,

All the various parts of the circuit shown in
Fig. 5 may have widely differing characteristics.
The following values have been found satisfac-
tory, and when used in the circuit shown, cause

~the circuit to operate in accordance with the
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present invention: .

The antenna 16 has a capacity of about 200
micro-microfarads, rheostat or variable resist-
ance 21 has a rosistance of about 2,000 ohms,
coils 22 and 23 have an inductance of about 110
microhenrys each, the mutual coupling M: is
about 4 microhenrys, inductance of L. is about
260 microhenrys, maximum capacity of C is about
350 micro-microfarads, and C: has a capacity of
about 3,500 micro-microfarads. The coil 24 should
preferably have a very small inductance, and
the mutual coupling M1 should be much less than
M2, as will be explained more fully hereinafter.

The circuit of Fig. 5, when constructed tc em-
body the above values, is very similar to that of
Fig. 4, but is intended to work with a 175-kilocycle
superheterodyne amplifier. Therefore, the im-
age frequency Fi is 350 kilocycles higher than
the signal frequency ¥, and has a range of from
900 to 1850 kilocycles.

The antenna circuit effects some improvement
in image suppression by attenuating all signals
outside of the frequency band over which the re-
ceiver is designed to operate, without regard to
the independent means for balancing out of the
voltages E: and BEz2. The antenna circuit, includ-
ing the antenna 16, coils 22 and 24, and con-
denser C: in series, is resonant to a frequency
near 1,000 kilocycles, which is about the middle
of the tuning range. 'The variable resistance 21
has a maximum value which is great enough to
permit sensible resonance in the antenna pri-
mary circuit, but which is small enough to broad-
en the resonance of the circuit to include all of
the band, and the antenna resonance has only a
negligible effect on the tuning of the coupling
system as a whole. The variable resistance per-
mits varying the sensitivity of the combination.
As has been mentioned, the inherent selectivity
of the tuned circuit 9’ against the image fre-
guency currents is much less at the higher fre-
quencies. The broad resonance of the antenna
circuit offers additional selectivity against the
image when Fs is in the middle or higher part
of the tuning range. As a result, the total in-
herent selectivity against the image frequency is
given a higher average value and is made uni-
form over the entire range. The signal voltage
amplification from antenna to grid is also great-
ly improved as compared with Fig. 4, especially
in the middle of the tuning range.,

Up to this point, the effect of the grid to cath-

2,048,527
" ode capacitance, inherent in tube 8 or in the con-

necting wires, has been neglected. The assump-
tion was made that the responsive device repre-
sented by tube (5 had such high impedance as
not to have an important eftect upon the tuning
of the circuit. This assumption is nearly met by
Fig. 4, where only the direct capacitance between
the grid and cathode is included between termi-
nals 13’, 14, and not any capacitance to ground.
In Fig. 5 this effect Is greater, including the
capacitance to ground of coil 23 and grid wiring
of tube 5. It is desirable to reduce this inherent
capacitance to as low a value as possible. Then
its residual effect can be compensated for by mak-
ing the ratio of Zz to Z: abnormally high at the
higher frequencies. This result is automatically
obtained In the following “two-point” adjust-
ment.

A two-point adjustment of Fig. 5 is made pos-
sible by the condenser C: and the mutual induc-
tance M associated with the first transfer means
9’. By “two-point” is meant that at two points in
different parts of the tuning range the frequency
of maximum suppression will fall exactly at the
image frequency. At other points there may still
be a slight difference, so that the image does not
suffer the maximum suppression, but this differ-
ence is negligible when the two-point adjustment
is employed.

With reference to Fig. 5, such an adjustment is
made as follows: First, condenser Ci is made as
small as permissible without too greatly restrict-
ing the tuning range of the circuit 9°. This value
of C: has the major effect in determining the
coupling between the antenna circuit T and the
tuned circuit 9’, and therefore the degree of voit-
age amplification from the antenhna 16 to the
grid of the tube 15. A representative value of C1
is ten times the maximum value of C, although
lower ratios may often be employed to advantage.
Secondly, with the mutual inductance M equal to
zero, the system is tuned to a frequency in the
lower part of the tuning range, and Ma is adjusted
to secure the greatest suppression of the image
frequency currents. Thirdly, the system is tuned
to a frequency in the upper part of the tuning
range, and the value and polarity of the mutual
M; are chosen to give the greatest suppression of
the image frequency currents at this portion .of
the tuning range. If great precision is desired,
the second and third operations may be repeated
until no further improvement is possible. ‘The
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greatest suppression is thereby secured at two °

points, namely, the lower and upper frequencies
tuned in during the second and third operations,
respectively. After making the two-point ad-
justment, nearly exact image suppression is se-
cured over the entire tuning range. It has been
explained that the character of Zz, and therefore
the polarity of the mutual Mz, is determined, first,
by the type of circuit employed (Fig. 1 or Fig. 2)
and, secondly, by the location of the image fre-
quency to be suppressed (above or kelow the sig-
nal frequency). Experience shows that M; has
a relatively small value and that the correct value
and polarity may be best determined by trial. A

85

negative value of M is indicated in Fig. 5, which .

is the correct polarity for aiding phase relation
between the mutual coupling component and the

capacitive coupling component, which couple 70

the antenna circuit with the first transfer means
or circuit 9°. This polarity and a small value of
the mutual M: cause a ratio of the impedance Zz
to the impedance Z:1 which varies less rapidly than

the square of the frequency, but more rapidly 76
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than the first power, which is a general requisite

when the image frequency remains less than dou-
ble the signal frequency. Two guiding rules may
be stated to govern the choice of Mi in the cases
under consideration, having image frequencies
higher than the signal frequencies: First, a
smaller frequency difference between image and
signal requires a larger negative value of the
mutual Mi. Secondly, a greater inherent direct
capacitance across the terminals 13’’ and {4’ re-
quires a less negative value (or even a small posi-
tive value) of the mutual Mi. The second rule, in
extreme cases, amounts to an aleration of the
general requisites just stated.

Fig. 6, to which attention is now invited, shows
a preferred arrangement for accomplishing the
same purposes as the circuits shown in Figs. 4
and 5, and for combining their respective advan-
tages. In this figure, corresponding parts are
designated by Hke reference characters. Fig. 6
has the two-point adjustment and has the broad-
ly resonant antenna circuit of PFig. 5, but has the
ungrounded tube cathode of Fig. 4 in order to
minimize the direct capacitance across the termi-
nals 13’’’ and 14”’’. . The circuit elements of Fig.
6 are like the corresponding elements of Fig. 5.
In Fig. 6, M2 is the mutual inductance between
the coils 22 and 285, which latter coil has an in-
ductance of about 10 microhenrys. Fig. 6, like
Fig. 5, is intended to work with a 175-kilocycle
superheterodyne amplifier so that the image fre-
quency Is 350 kilocycles higher than the signal.

Experiments with Fig. 6 have shown that the
two-point adjustment provides g nearly com-
plete image suppression over the entire tuning
range from 550 to 1500 kilocycles. This condi-
tion is graphically illustrated in the curves of
Fig. 7 and 7A, to which attention is now invited.
These curves show the transfer ratios plotted
against frequency as the system is tuned to 600,
1,000 and 1,400 kilocycles, respectively. In terms
of Fig. 6, I is the exciting current flowing from
the antenna through coils 22 and 24 and condens~
er C; and corresponds to I in Fig. 1. In Fig, 7
the curve E; shows the ratio of E:/I when & 1,000-
kilocycle signal is tuned In. 'This curve shows
the inherent selectivity of the first transfer means
tuned by condenser C. The voltage E: across
the second transfer means is nearly imperceptible
on the scale of Fiig. 7. -In order to better show the
image suppression, the right-hand slope of the
curve E; is shown in Fig. 7A on a highly magnified
scale of ordinates, but with the same frequency
scale. It is seen that the ratio of Ei/I is only
about one per cent as great at the image fre-
quency of 1,350 kilocycles as at the signal fre-
quency of 1,000 kilocycles. In this figure, curve
Ez shows the ratio of Ez/I, which is the reactance
of the mutual inductance Mz, having a value of
5.2 microhenrys in this particular case. As a re-
sult of the two-point adjustment, the curves E;
and Ez intersect at the image frequency. Since E;
and E: are of opposite polarity, the resultant volt-
age Eo, as indicated by the dotted line, is zero.
The curve Eo represents the ratio Eo/I. In Figs.
7 and 7A the curves Ei’ and Ei’’ represent the
corresponding curves for the 600-kilocycle sig-
nal and 1,400-kilocycle signal, respectively. By
the proper proportioning of the mutual Mz, the
slope of the curve Ez, as shown in Fig. 7A, may
be made so that it will intersect the curves E:’
and E:”’ at the proper point to permit the resuit-
ant curves Eo’ and Eo’’ to be zero.

Whereas the present invention has been de-
scribed as being particularly related to superhet-

S5
erodyne radio receivers, it is to be understood that
the principles involved are equally applicable to
general problems relating to tuned oscillatory
circuits. It is further to be understood-that the
principles involved may be employed in succes- 5
sive tuning circuits included in a single system
and that proportionately greater selectivity may
be obtained thereby.

What is claimed is:

1. An electrical coupling system comprising 10
two input terminals, two output terminals, a path
between said input terminals, a path between said
output terminals, a circuit tunable to a desired
signal frequency, said circuit including reactances
of opposite kinds, a first impedance including 15
reactance common to both of said paths and said
tuned circuit, and a second impedance common
to both of said paths, the ratio of said second to
said first impedance having a variation more

rapid than the variation in frequency as the fre- 20

quency of the current impressed upon said cir-
cuit is varied. :

- 2. An electrical coupling system comprising
two input terminals, two output terminals, g path
between said input terminals, a path between said 25-
output terminals, a circuit tunable to a desired
signal frequency, said circuit including react-
ances of opposite kinds, a first impedance includ-
Ing reactance common to both of said paths and
said tuned circult, and a second impedance com- 30
mon to both of said paths, the ratio of said sec-
ond to said first impedance having a variation
more rapid than the variation in frequency as .
the frequency of the current impressed upon said
cireuit is varied and less rapid than the square 35
of the frequency.

3. An electrical coupling system comprising
two input terminals, two output terminals, a path
between, said input terminals, a path between said
output terminals, a circuit tunable to g desired
signal frequency, sald circuit including react-
ances of opposite kinds, a first impedance includ-
ing reactance common to both of said paths and
said tuned circuit, and a second impedance com-
mon to both of said paths, the ratio of the second
to the first impedance having a variation as the
frequency of the current impressed upon said cir-
cult is varied which is proportional to the square
of the change in frequency.

4. An electrical coupling system comprising a
pair of input terminals, a pair of output termi-
nals, a path between said input terminals, a path
between said output terminals, g circuit tunable to
a.desired signal frequency, said circuit including
reactances of opposite kinds, s first impedance in-
cluding reactance common to both of said paths
and to sald tuned circuit, and a second imped-
ance common to both of said paths, the ratio of
sald second impedance to said first impedance
having a variation more rapid than the frequency 60
variation, and said impedances also being propor-
tioned to produce substantially zero resultant
transfer through the system at a frequency above .
the resonant frequency of said eircuit.

5. In a superheterodyne radio receiver, an ar- 65
rangement for reducing image frequency inter-
ference, which comprises a coupling system in-
cluding an input circuit, an output circuit, and
two individual coupling means for coupling said
circuits, one of said coupling means comprising 70
a first impedance means common to said input
and output circuits, the other coupling means
comprising a closed circuit tunable to a desired
signal frequency, sald closed circuit com oy
a second impedance means also included in said 76
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input clrcuit an inductive reactance element and

- @ capacitive reactance element, one of said react-
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ance elements being variable to tune sald closed
circuit, and said impedance means being so pro-
portioned that image frequency interference pro-
duces In said output circuit equal and opposite
voltages across said first impedance means and
one of sald reactance elements as said closed cir-
cuit is tuned to a desired signal frequency.

6. In a superheterodyne radio receiver, an ar-
rangement for reducing image frequency inter-
ference, which comprises a coupling system in-
cluding an input circuit, an output circuit, and
two individual coupling means for coupling said
circuits, one of said coupling means comprising
mutual coupling between said input and output
circuits, and the other coupling means compris-
ing a closed circuit tunable to a desired signal

frequency, said closed circuit comprising im-
‘pedance means common to said Input circuit,

an Inductive reactance element, and a capacitive
reactance element variable to tune said closed
circuit, said coupling and said impedance means
being so proportioned that the image frequency
interference produces equal and opposite voltages
across the mutual coupling and & portion of the
capacitive reactance of sald tuned circuit as the
closed circuit is tuned, whereby image frequency
voltages in said output circuit are substantially
eliminated.

7. In a superhéterodyne radio receiver, an ar-
rangement for reducing image frequency inter-
ference, which comprises a coupling system in-
cluding an input circuit, an output circuit, and
two individual coupling means for coupling said

circuits, one of said coupling means comprising

mutual inductance between sald input and out-
put circuits, and the other of said coupling
means comprising a closed circuit tunable to a
desired signal frequency, sald closed circult com-
prising a fixed capacitive reactance element com-
mon to said input circuit, an inductive reactance
element, and a capacitive reactance element
variable to tune said tuned circuit, said mutual
inductance and said fixed capacitive reactance
element being so proportioned that the image
frequency interference produces equal and op-
posite voltages across the inductance in said out-
put circuit and the variable capacitive reactance
element of sald closed circuit, whereby image
frequency voltages in said output circuit are sub-
stantially eliminated.

8. In a superheterodyne radio receiver, an ar-
rangement for reducing image frequency inter-

ference, which comprises a coupling system in- .

cluding an input circuit, an output circuit, and
two coupling means coupling said circuits, one of
sald coupling means comprising mutual induc-
tance between said input and output circuits, the
other of said coupling means comprising a closed
circuit tunable to a desired signal frequency,
said closed circuit comprising an inductance ele-
ment inductively related to said input circuit, a
fixed capacitance element also included in sald
input circuit, and a capacitance element variable
to tune said closed circuit, said first-mentioned
mutual inductance between said input and out-
put circuits, the mutual inductance between said
input and closed circuits and said capacitance
element between said input and closed circuits
being so proportioned that image frequency in-
terference produces equal and opposite voltages
across the inductance in said output circuit ex-
ternal to said closed circuit and the variable
capacitance element of said closed circuit regard-
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less of the frequency to which said closed ctrcuit
is tuned to respond, whereby image frequency
voltages in said output circuit are substantially
eliminated,

9. In a superheterodyne radio receiver, means

_for preventing image frequency interference,

which comprises a coupling system including an
input circuit, an output circuit, and two coupling
means between said input and output ecircuits,
orie of said coupling means comprising a mutual
inductance between said input and output cir-
cuits and Including ap inductance one end of
which is at ground potential, and the other
coupling. means comprising a circuit tunable to
a desired signal frequency, said tunable circuit
comprising an inductance inductively related to
sald input circuit, a fixed capacity also included
in sald input circuit, and a capacity variable to
tune said circuit, the mutual inductance between
sald input and output circults being so propor-
tioned that the image frequency voltage devel-
oped across the inductance in said output cir-
cuit will be equal and opposite to that developed
across the variable condenser common to said
tuned and ouj.put circuits regardless of the tun-
ing of said tuned circult, whereby image fre-
quency voltages in said output circuit are sub-
stantially eliminated.

10. In a superheterodyne radio receiver, means
for reducing image frequency interference, which
comprises & coupling system including an input
circult, an output circuit, and two individual
coupling means for coupling said input and out-
put circuits, one of said coupling means com-
prising a first impedance common to said input
and output circuits, the other coupling means
comprising a closed circuit tunable to a desired
signal frequency; said closed circuit including a
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second impedance also included in said input .

circuit, an inductance, and a capacitance vari-
able to tune the closed circuit; and said im-
pedances being so proportioned that image fre-
quency interference produces in the output cir-
cuit a voltage across the first impedance and a
voltage across said capacitance, which voltages
are substantially. equal and opposite when the
closed circuit is tuned to the desired signal fre-
quency.

40

11. In a superheterodyne receiver operative to . .

select a signal of any desired frequency in a
band of frequencies and subject to interference
from another signal of an undesired frequency
differing from the desired frequency by a con-
stant frequency difference, an arrangement for
selectively coupling the antenna to succeeding
circuits of said receiver and for reducing said
interference comprising a primary circuit adapt-
ed to include sald antenna, a secondary circuit

coupled to said succeeding circuits and including’

a closed circuit tunable over said band, said
closed circuit including reactances of opposite

kinds, and two individual coupling means for

coupling said primary and secondary circuits, one
of said coupling means comprising a first imped-
ance means common to said primary and sec-
ondary circuits, and the other of said coupling
means -comprising a second impedance means
including reactance common to said primary
circuit and sald closed circuit, the ratio
of the impedance of said second to said first
impedance means varying more rapidly than fre-
quency as the frequency of the current impressed
on said primary circuit by said antenna is varied.

12. In a superheterodyne receiver operative to
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of frequencies and subject to interference from
another signal of an undesired frequency differ-
ing from the desired frequency by a constant fre-
quency difference, an arrangement for selectively

coupling the antenna to succeeding circuits of -

sald receiver and for reducing said interference
comprising a primary circuit adapted to include
said antenna, a secondary circuit coupled to said
succeeding circuits, and two individual coupling
means for coupling said circuits, one of said
means comprising a first impedance means com-
mon to said circuits, the other of said means com-~
prising a closed circuit tunable over sald band,
said closed circuit including a second impedance
means also included in said input circuit and ad-
ditional reactance means, said impedances being
so proportioned that image frequency interfer-
ence produces in said secondary circuit equal and
opposite voltages across sald first impedance
means and one of said additional reactance means
when said closed circuit is tuned to a desired sig-
nal frequency, whereby image frequency volt-
ages in said secondary circuit are substantially
eliminated.

13. In combination with & superheterodyne
radio receiver adapted to receive signals through-
out a band of frequencies, including & large num-
ber of signal channels, an antenna circuit broadly
tuned to said band of.frequencies whereby all
signals having frequencies outside of said band
are attenuated, and a selective circuit coupled
between said antenna circuit and said receiver,
said selective circuit comprising a resonant cir-
cuit coupled to said antenna circuit and to said
receiver and sharply tunable selectively to trans-
mit to said receiver any desired signal within said
band of frequencies, and an auxiliary transfer
means likewise coupled to said antenna circuit
and to said receiver and operative to non-selec-
tively transfer signal voltages throughout said
band of frequencies, the coupling of said resonant

_circuit and said auxiliary transfer means to said

receiver being so proportioned that they will de-
liver equal and opposite voltages to said receiver
at any image frequency within said band and
differing from the frequency to which said res-
onant circuit is tuned by a substantially uniform
frequency difference, whereby said selective cou-
pling circuit suppresses all image frequency sig-
nals within said band.

14. In a superheterodyne radio receiver, the

method of selectively transferring any desired .

signal current within a band of frequencies in-
cluding a large number of signal channels, in the
presence of image frequency undesired signals,
which comprises predetermining attenuation of
all signals outside of said band, adjustably selec~
tively transferring currents of the desired signal
frequency and incidentally transferring currents
of the corresponding undesired image frequency,
non-selectively transferring currents of all image
frequencies within said band corresponding to
desired signal frequencies also within said band,
and preadjusting the relative values and polarity
of the first and secondly transferred currents of
said corresponding image frequency, to balance
out the corresponding undesired signal simul-
taneously with the adjustment to selectively
transfer the desired signal.

15. In combination with a superheterodyne re-
ceiver tunable to signals of any frequency in a
broad band including a large number of signal
channels, an input circuit, and highly selective
means and non-selective means each individually
coupling said input circuit to the input terminals

i 4

of said receiver, said selective means comprising
a resonant circuit tunable over sald band, said
non-selective means comprising fixed reactance
adjusted to balance out image frequency signals
incidentally coupled to said receiver by said selec-
tive means, and said input circuit including re-

sistance and fixed reactance adjusted to broadly -

tune said input circuit within sald band and
thereby attenuate undesired signals of fre-
quencies outside said band coupled to sald re-
ceiver by said non-selective means.

16. In combination with a superhéterodyne re-
ceiver tunable to signals of any frequency in a
broad band including a large. number of signal
channels, an antenna circuit, and highly selec-
tice means and non-selective means each indi-
vidually coupling said antenna circuit to the first
vacum tube of said receiver, said selective means
comprising a resonant circuit tunable over said
band, said non-selective means comprising fixed

reactance adjusted to balance out image fre-

quency signals incidentally coupled to said re-
celver by said selective means, and said antenna
circuit including resistance and fixed reactance
adjusted to broadly tune the antenna circuit
within said band and thereby attenuate unde-
sired signals of frequiencies outside said band
coupled to said receiver by said non-selective
means. :

17. In combination with a superheterodyne re-
ceiver having a permanently tuned intermediate-
frequency amplifier, said receiver being tunable
to any frequency in a band greater in width than
twice the intermediate frequency; an input cir-

" cuit permanently tuned within said band for at-

tenuating undesired signals of frequencies out-
side said band, a resistance connected in said in-
put circuit for broadening its resonance to include
all of said band, and highly selective means and
non-selective means each individually coupling
saild input ecircuit to the input terminals of said
receiver, said selective means comprising & reso-
nant circuit tunable over said band, said non-se-
lective means comprising fixed reactance inde-
pendent of said resistance, adjusted to balance out
image frequency signals within said band inci-
dentally coupled to said receiver by said selective
means, said image frequency differing by twice
the intermediate frequency from the resonant
frequency of said tunable circuit.

18. In combination with & superheterodyne re-

" ceiver having a permanently tuned intermediate-

frequency amplifier, said receiver being tunable
to any frequency in a band greater in width than
twice the intermediate frequency; an. antenna
circuit permanently tuned within said band for
attenuating undesired signals of frequencies out-
side said band, a resistance connected in said an-
tenna circuit for broadening its resonance to in-
clude all of said band, and highly selective means
and non-selective means each individually cou-
pling said antenna circuit to the first vacuum
tube of said receiver, said selective means com-
prising a resonant circuit tunable over said band,
said non-selective means comprising fixed react-
ance independent of said resistance, adjusted to
balance out image frequency signals within said
band incidentally coupled to said receiver by said
selective means, said image frequency differing
by twice the intermediate frequency from the
resonant frequency of said tunable circuit.

19. A selective coupling network which com-
prises; a primary circuit including connected in
series a capacitive antenna, a fixed inductance
and a fixed condenser; a secondary circuit in-
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cluding connected in series an adjustable con-

i . denser, another fixed inductance and said fixed

condenser; and a third inductance inductively
coupled to said first inductance connected in se-
8 ries with the output of said secondary circuit, said
primary circuit being permanently broadly tuned
to a band of frequencies including s large number

of signal channels, said secondary circuit being
sharply tunable by said adjustable condenser to
any frequency in said band; said first two induct-
ances being of the same order of magnitude, and
sald fixed condenser having: a capacitance on the
order of ten times the maximum capacitance of -
said adjustable condenser, - ‘

. HAROLD A. WHEELER.




