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1 Claim. (CI. 250-20) 
This invention relates to tunable resonant cir cuit arrangements, and has for its object to 
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provide an improved tunable circuit arrangement 
suitable for use fortuning, for example, a wire 
less receiver. Though not limited to its appli 
cation thereto the invention is particularly well 
Suited to provide a tunable circuit arrangement, 
which may be controlled from a single control 
handle and which is adapted to give what may 
be termed a band pass response characteristic. 
The invention may, also, be utilized to pro 

vide a coupling unit whereby two tuned circuits 
of ordinary construction and arrangement may 
be associated together in a complex circuit ar 
rangement having band pass characteristics. 
A further application of the invention is to 

superheterodyne receivers in which application 
the invention may be utilized to associate a local 
oscillator circuit with a high frequency receiv 
sing circuit in such manner as to provide a con 
stant frequency difference (equal to the beat fre quency of the receiver) throughout the tuning, 
range of the receiver as a whole. 
From its broadest aspect the invention pro as vides a complex circuit arrangement capable of continuous adjustment throughout a tuning 

range, and having for each position of adjust 
ment throughout that range two different 
resonant frequencies which are separated from 
one another by a predetermined frequency dif 
ference which frequency difference remains sub 
stantially constant (though the difference may 
be adjustable if desired) as the circuit arrange 
ment is adjusted over its said range. The in 
vention may be regarded as providing a complex 
circuit arrangement having the property: just set 
forth by associating together two tuned circuits 
which are simultaneously tuned (gang con 
trolled), the association being effected by means 
of a coupling unit of simple construction and 
arrangement and whereby the required con 
stancy of frequency difference is obtained. . 
An important practical feature of the inven 

tion lies, therefore, in the provision of the 
coupling unit as a self-contained unit which may 
be manufactured and: sold separately and which 
may be utilized to connect together two simple 
acceptor circuits having similar tuning reac 
tances (tuning condensers) of any of the normal 
standardized types adapted for gang control. 
The acceptor circuits may be separately screened 
to prevent mutual inductance therebetween, and 
the coupling unit may be similarly Screened. 
Where the said unit is manufactured for sepa 
rate sale, it is preferably in the form of a. 
screened unit: having, external terminals. 
The main feature of the invention resides in 

the association together of two gang controlled 
tuned circuits by means of a coupling circuit, 
said tuned circuits in conjunction with added 

reactance provided by the coupling circuit Con 
stituting a complex circuit tunable by operation 
of a single handle and having for each position, 
of tuning at least two resonant anodes of oscil 
lation at two different frequencies, the whole ar 
rangement being such that mutual inductance 
between the said tuned circuits is avoided, the 
required constancy of frequency difference being. 
obtained without such mutual inductance and 
Solely by virtue of the self-inductance and capac 
ities of the reactance elements employed. This 
results in the important practical advantage that 
accurate calculation and design and manufac 
ture from such design is a comparatively simple 
matter; Which, of course, is not the case in ar 
rangements depending upon mutual inductance. 
effects which change quantitatively with fre 
quency. . . . . . . . . . . . 
In carrying the invention into practice as ap 

plied to band pass tunable filter arrangements, 
Such as are frequently required in radio receiv 
ers. So as to tune said receivers to any desired. 
radio transmitting station within the range there 
of, a constant width of frequency band (e.g. that 
corresponding to the modulation side bands nec 
essary for good quality musical reproduction) may 
be arranged for; or, by making the coupling cir 
cuit adjustable, an adjustinent of the band width 
may be provided for. : . . 
The invention is illustrated in the accompany 

ing diagrammatic drawing in which various ar 
rangements in accordance therewith are shown. 

In the drawing, - ; 
Fig. 1 shows One embodiment of the invention, 

- Figs. 2, 3, 4 respectively show, different modi 
fications of the arrangement of Fig. 1, 

Fig. 5 shows the application of the arrangement 
of Fig. 2 to a superheterodyne receiver. . 

Referring to Fig.1 this shows a circuit arrange 
ment consisting of two equal variable condensers 
K1 and K2; two equal fixed inductances L1 and 
L2; two equal fixed condensers ki and k2; and 
two further equal variable inductances a1 and a2. 
As will be seen the condenser K1 is connected at 
one end to the inductance L.1, and the condenser 
K2 is similarly connected at one end to the in 
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ductance L2. The remaining end of L2 is con 
nected to the remaining end of K1 through the 
condenser k2, and the remaining end of Li is 
connected to the remaining end of K2 through 
the condenser k1. 

: The inductance a1 is connected between the 
ends of L1. and L2 remote from the condensers 
K1 and K2, and the inductance a2 is connected 
between the other sides of the two condensers 
K1 K2. As will be seen, at one particular fre 
quency, namely that at which K1 and (L1--ai) 
resonate with one another (K2 will, of course, res 
onate with (L2+-a2) at the same frequency), 
minimum potentials will exist across the series 
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2 
tuned circuits (L1--d1) and K1 and (L2-Ha.2) and 
K2, and it is for this reason that the condensers 
ki and c2 may be connected across the points 
indicated. - 

These condensers K1 K2 are the tuning. Con 
densers, and are adjusted together (ganged) for 
tuning. The inductances a1 a2 are small rela 
tive to the main inductances L1 and L2. The 
Whole circuit shown in Fig. 1 has two modes of 
oscillation, namely around the series loop con 
sisting of K1 L1 di L2 K2 a.2, and, also, in a figure 
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of eight circuit through K1 L1 k1 K2 L2 cz back 
to K1. The wave length for the first, or series, 
mode of Oscillation will be proportional tO: 

while for the parallel, or figure of eight, mode of 
Oscillation the Wave length will be proportional to: 

VE ; :)-Vt.(i) (2) 
In Fig. 1 the coupling circuit consists of the 

numbers a1 d2 k1 k2, and this circuit may be 
manufactured and sold separately as a Self-con 
tained screened unit having four external ter 
minals. . . w 
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Fig. 2 shows a slight modification of the air 
rangement shown in Fig. 1, the modification con 
sisting in changing the positions of those induc 
tances and condensers indicated by Small refer 
ence letters. In the case of Fig. 2, the Wavelength 
obtained for the Series, mode of Oscillation Will 
be proportional to the quantity (2), above given 
for the Wave length obtained for the figure. of 
eight node of oscillation in Fig.1, While the Wave 
length obtained for the figure of eight mode of 
oscillation in Fig. 2 Will be proportional to the 
quantity (1) which expresses the Wave length for 
the series mode of oscillation in Fig. 1. As in 
Fig. 1 the coupling circuit, which may be made 
as a screened and Separate unit, consists of the 
members a1 d2 k1 k2. In the arrangements of 
Figs. 1 and 2 the band width may be adjusted 
by adjusting the values of d1 and a2, and in the 
case of separate unit construction these reac 
tances may be similarly tapped and arranged to 
be adjustable from a common handle. 

Fig. 3 shows a further modification to which 
neither additional inductances nor additional con 
densers are included in the circuit through which 
the series mode of oscillation occurs, but instead 
two circuits, each consisting of an inductance a '1 
in Series. With a condenser k1 or d2 in Series With 
a condenser k'2, are connected diagonally across 
the said series circuit as shown in the said Fig. 3. 
The circuit of Fig. 3 will again have two modes 
of oscillation, one, the series mode through 
K1 Li L2 and K2, and the other the parallel or 
figure of eight mode through K1 a 2k'2 K2 a 1 kc'1. 

In the series mode the Wave length Will be pro 
portional to: 

VLK-VL, K, (3) 
while in the figure of eight mode, the wave length 
will be proportional to: 

(4) 
In Fig. 3, L1=L2, and K1=2 as before, While. 

a'1=a'2 and k"1=k'2. d'1, is, however, only slight 
ly smaller than L1 the difference in magnitude 
between these inductances being determined by 
the frequency difference required between the 
frequencies obtained at the two modes of oscilla 
tion....The coupling circuit is, therefore, not so 

1941,305 
advantageous as are the coupling circuits of Figs. 
1 and 2 from the point of view of general use as 
a unit for separate sale, since in Fig. 3 d'1' and a 2 
are co-related in value (for a given band width) 
with Li and L2, whereas in Figs. 1 and 2, d1 and 
a2 determine the band width irrespective of Ll 
and L2. 
Throughout Figs. 1 to 3 no mutual inductance 

exists between any two inductances. It is poS 
sible, however, in carrying out the invention to 
magnetically couple together the inductances ad 
ditional to the main inductances, provided that 
the resultant inductance is equal to the Separate 
additional inductances as Set forth above, i. e. 
what may be termed the calculated additional 
inductances. The additional inductances may 
in practice be mounted in the same housing or 
screening box employed for the main inductances, 
provided that either, or both, are wound astat 
ically and so arranged that substantially no volt 
tage is induced from one into the other. . . 

Fig. 4 shows a still further modification where 
in a series loop circuit consisting of a condenser 
K1, a main inductance L.1, an added small induct 
ance a1, a second added small inductance a2, a 
main inductance L2 and a condenser K2 is pro 
vided, the circuit being symmetrically bridged 
across by a series circuit consisting of two further 
small inductances designated 4a2 and 4:01 re 
spectively, and a condenser k1, the added induc- 1 
tances 4 at Aa2 being equal each to half the 
magnitude of a1 or a 2. The inductance 2d2 is 
very tightly coupled to the inductance a2 and 
the inductance Aa1 is also very tightly coupled 
to the inductance a1. As will be seen the in-1 
ductances Aa1 and 42 a.2 will carry twice the cur 
rent that the inductances a1 and a2 carry when 
the whole arrangement oscillates in the bridge 
mode, and, therefore, for this mode of oscillation : 
the effects produced by the inductances all and d2 1 
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5 
cancel out, while in the series mode of oscillation 
equal and opposite. electromotive forces will be 
induced in the inductances 4 a1 %a2, and no voltage is produced across the bridge for the 
series mode of oscillation. For Fig. 4 the wave 1 
length of the series mode of Oscillation will be 
proportional to: . . . . . 

Ki(Li+a)=K(lata) . (5) 
while in the bridge mode the wave length will be 1 
proportional to: s . . . . . . . . 

k K. 
f2l- K. I (6) k-1 - k-2 (6) 
K+, K+; . . . . 

Fig. 5 shows the arrangement of Fig. 2 em 
ployed for a superheterodyne receiver the circuit 
shown in Fig. 5 serving to have always two fre 
quencies separated by a predetermined constant 
difference equal to the desired beat frequency. 
The local oscillator energy is applied to the coils. 
a1 and a2, and the received signal carrier to the 
leads R. C. The couplings should, of course, . be 
such that the ends of the whole circuit arrange- 1 
ment are of like potential as regards local oscil 
lator energy so that re-radiation is avoided. 
This is indicated by the reference marks ----. 
Across the condenser K2 are the two voltages, 

(1) the signal carrier, and (2) the local oscilla 
tor, with the result that there is fed to the first 
detector a mixed voltage for rectification to the 
intermediate frequency. This circuit of Fig. 5. 
contains a tunable oscillator acceptor circuit, and a tunable pick-up circuit for incoming signal, i 

20 

25 

30 

35 

40 

45 



10 

15 

20 

25 

30 

35 

40 

50 

55 

: 8. 

1,941,805 
with little or practically balanced oscillator signal 
back to the input aerial. 
Having now particularly described and ascer 

tained the nature of my Said invention, and in 
What manner the same is to be performed, I de 
clare that what I claim is: 
A tunable circuit arrangement designed to be 

tuned over a range of frequencies and having for 
each position of tuning two frequencies of re 
sponse, said frequencies being Separated by a 
predetermined amount which remains substan 
tially constant over that range, said circuit ar 
rangement comprising two similar acceptor cir 
cuits each of which consists of a main inductance 

3 

and a tuning condenser in series, like ends of 
said acceptor circuits being coupled to one an 
other by condensers which are in series in a loop 
circuit with the two main inductances and the 
two tuning condensers, and opposite ends of said 
acceptor circuits being connected to One another 
through coupling inductances which are in series 
in a figure of eight circuit with the said two 
main inductances and the said tuning con 
densers, the two said main inductances having 
substantially no mutual inductance with one 
another. 

NORMAN PUILEN HINTON. 
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