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The present invention relates particularly to 

receiving systems of the superheterodyne type in 
which the signal passes through one or more res 
onant circuits that are tuned to the signal fre 
quency and is mixed with locally generated os 
cillations to produce a predetermined beat fre 
quency at which it is amplified and which is 
generally termed the intermediate frequency. 
The part of the system through which the signal 
paSSes before any change in frequency occurs 
usually includes an antenna circuit and one or 
maiore resonant circuits with or without thermi 
Cnic amplifying vacuum tubes and is generally 
termed the “preselector.” 
The adjacent-channel selectivity obtainable in 

a Superheterodyne system is largely due to the 
efficiency of the intermediate-frequency ampli 
fier which, being operated at a fixed frequency, 
may be designed to have a desired selectivity 
characteristic. The preselector of the receiving 
system serves to collect the desired signal, to aid 
in the rejection of undesired signals in adjacent 
channels, and to substantially reject signals of 
certain other frequencies to which a superheter 
odyne receiver tends to respondi. 
When a Sperheterodyne receiver is tumed, tC 

a. desired signal some response may be obtained 
from a signal which differs from the frequency 
of the desired signal by twice the intermediate 
frequency of the receiver. In the usual ar 
rangement the local oscillator is adjusted to a 
frequency above, rather than below, that of the 
signal to be received. If such a system is tuned 
for example, to receive a signal having a fire 
quency of 1000 kilocycles, and if the intermediate 
frequency of the receiver is 460 kilocycles, the 
local oscillator will be adjusted to a frequency of 
1460 kilocycles in order to convert the received 
signal to the intermediate frequency of 460 kilo 
cycles, at which it. is to be further amplified. 
If, at the same time, a signal of 1920 kilocycles 
happens to be present at the input of the re 
ceiver, this signal, together with the oscillations 
of the local oscillator, will likewise produce a 
beat frequency of 460 kilocycles which will also 
be amplified by the intermediate frequency por 
tion of the receiver, and will supply an undesir 
able response at the output thereof. This type 
of interference is commonly referred to as “im 
age response.” 

It is an object of the present invention to min 
imize or completely prevent such image response 
in superheterodyne receivers in a simple, inex 
pensive and efficient manner. More špecifically 
it is an object of the present invention to pro 
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vide a preselector system for superheterodyne 
receivers and the like which affords effective 
Suppression of image frequency response over 
the entire tuning range of the receiver. 
My invention is intended for use in connection 

with resonant circuits which are tuned over a 
range of frequencies by inductance variation. 
Such a System is the one disclosed by Polydoroff 
in United States Patent No. Re. 21,282, in which 
a resonant circuit having an inductance coil and 
capacitor is adjusted over a range of frequencies 
by movement of a compressed comminuted fer 
romagnetic core relative to the inductance coii. 
This method of tuning is commonly called per 
meability tuning. An improvedi form of such a 
System is disciosed by Schaper in United States 
Patent No. 2,051,012. Both Polydoroff’s original 
System andi Schaper’s improved System may 
readiiy be ganged to provide multiple unit sys 
tems. Permeability tuning is especially adapt 
ed for use in the preselector of a superhetero 
dyne radio receiver because its use permits the 
preselector to be designed so as to provide sub 
stantially uniform gain and selectivity through 
out the frequency range, thus overcoming the 
chief case of non-unifornity of performance 
in this type of receiver. 

In accordance with the present invention, I 
achieve substantial elimination of response to 
the image-frequency signals by employing an 
arrangement in which such off-resonance sig 
nalis produce opposedi and substantially equali 
voltages in the input circuit of the first vacuum 
tube of the receiver, While the desired Signal, to 
which the system is resonant, produces a nor 
mal resonant voltage in that circuit. To secure 
this result, I employ a varying mutual induct 
ance across which one of the opposing image 
frequency voltages appears, and I arrange to 
automatically adjust the value of this mutual 
inductance, by the action of the tuning means, 
in such manner that the image-frequency volt 
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age across it will be substantially equal to the 
image-frequency voltage generated across a sec 
Ond reactive element in series with the mutual 
inductance in the input circuit of the vacuum 
tube, the connections being such that these two 
voltages are opposed, and therefore cancel. 
Although my invention may be advantageous 

ly employed in superheterodyne radio receivers 
having more than one variably tuned resonant 
circuit ahead of the first demodulator, its effi 
ciency is, such that excellent performance is real 
ized from the use of a single variably tuned reso 
nant circuit in this portion of the receiver, thus 
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providing a substantial reduction in the cost of 
manufacture. 
The invention Will be better understood by 

reference to the accompanying drawing, in which 
Fig. 1 is a schematic diagram of a preferred 

form of the circuit arrangement according to 
the invention, and 

Fig. 2 is an elevation partly in section of a 
simple and inexpensive embodiment of a per 
Imeability-tuned radio-frequency transformer 
suitable for use in the arrangement of Fig. i. 

Several systems have previously been proposed 
for the Suppression of image-frequency response 
in Systems tuned by inductance variation, in 
general, these Systems include portions which 
are in approximate resonance with the image 
frequency signals throughout the tuning range, 
and which are connected either to act as high 
impedance traps between the antenna and the 
input" electrode of the first vacuum tube, or as 
low-impedance shunts between the antenna and 
ground. As will be clear from what is to follow, 
the arrangement i according to the present in 
vention differs from these earlier systemas in that 
it does not include any portion which is resonant, 
or intended to be resonant, to the image-fre 
quency ?ignals. 
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Referring to Fig. 1 of the drawing, antenna i 
is connected, optionally through a series capaci 
tor 2, to one terminal of the primary 3 of a radio 
frequency transformer, the corresponding ter 
minal of whose secondary 4 is connected to the 
input electrode 5 of vacuum tube 6, which may 
be a radio frequency amplifder tube, or, more 
usually in modern practice, the oscillator-modu 
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lator tube of a superheterodyne receiver. Pri- , 
mary 3 and secondary 4 have a common terminal 
connected through I capacitor - T shunted by re 
sistor 8 to ground. Capacitor . 9, which may be 
made adjustable for alignment purposes, is con 
nected from input electrode 5 to ground. 
Antenna , capacitor 2, primary 3 and capaci 

for T form what I termin the signal collector cir 
- Cuit of my System, andi secondary A and capaci 

?lors l’ and i form a resonant circuit across tre 
înput of wactum tube S; this lisatter c?reit is 
tuned to the desire? sigra b7 Eneas G erro 
magnetic core i wr?zich is arranged ta seyy 
enter secondis.rF7 4 to Yary its inductace, ad 
Which may be i gangedi With other turig scores, i 
for examplie, one winici, tiUNies he oscilistor of 2 
Superheterodiye receiver, in a urri-o trol a F-. 
rangemen?, 
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is induced into circuit 4-7-9 in the usual man 
e. 
The voltages appearing across capacitor 7 and 

also those induced in secondary 4 will be pro 
portional to the current which generates them. 
In addition the voltages appearing across capaci 
tor 7 will be proportional to the reactance of 
capacitor 7 which varies inversely with fre 
quency, whereas the voltages induced in second 
ary 4 Will be proportional to the mutual react 
ance between primary 3 and secondary 4, which, 
by virtue of the action of ferromagnetic core 
i 0, may be made to vary likewise inversely with 
frequency. In such an arrangement when the 
core is moved to tune resonant circuit 4-7-9 
to lower frequencies the mutual reactance be 
tween primary 3 and secondary 4 is kept equal to 
the reactance of capacitor 7 for a range of fre 
uencies a predetermined and substantially con 

stant interval apart from the range of fre 
quencies covered by movement of core i 0 in 
resonant circuit 4-7-9. By proper choice of 
the inductances of primary 3 and secondary 4 
and by proper choice of capacitor 7, this range 
may be made to coincide with the image fre 
guency range of a superheterodyne receiver and 
thus proper image frequency suppression may be 
obtained over the total tuning range of a re 
Ceiver. The increase in mutual reactance which 
occurs as the system is tuned to the lower fre 
uencies is also advantageous for the reason that 

it tends to produce uniform signal voltage across 
vacuum tube 8 throughout the tuning range. 

In order to secure the desired variation of 
mutual inductance in transformer 3-4, to pro 
ditice mutual reactances equal at the image-fre 
quencies to the capacitive reactances of capaci 
tor , it is preferable to concentrate a large 

Currents inducedi in antenna, i by sigrass of 
Whatever frequency filow through primary 3 arid 
Cipacitor i to ground andi produce series voittages 
&cross capacitor 7; they also induce voltages ir 
secondiary 4. The voltages induced in secondiery 

Trnay be puit in phase-opposition to šie corre 
Soldiing voltages across capacitor " by suitaboe 
23ðfection of secondary 4. Thus, if primary S. 

di SECOŽdiary i are properly proportioned, the 
F?ta?iai reactance between pririnary 3 and second 
& "Y" ? at SE. image frequency corresponding ito a 
signa? to which resonant circuit -f--9 may be 
tuule?i Eray be madie equali to the capacitive re 
E&C&B, ce o capacitor , so that equali and opposite 
itnage-frequency voltages are produced resulting 
*?. SuifestEntially Zero irmage-frequency voltage : 
Fecr:CDSs capacitor. S. At sine Frequency of the cie 
sižeidi sigël, RCTIFever, the ratutuai rectaFace c? 
ÉÈNe transforElež - and I capacitivas rect 
& Fitte of CEacitor : SA' 7?deligy šiferent, Isry --, co - SG taš, 
CF fitte desired sig MS II, corsi&erse žie: '#citatge i 

portion of the primary turns at that end of the 
. Secondary 4 which is opposite to the end where 
the core enters, the balance of the primary wind 
ing being substantially uniformly disposed along 
the length of the secondary. In this connection 
ferromagnetic core should be enployed whose 

effective permeability is great enough to produce 
tine reCuiredi tuning range wiëfact the need cf 
fully inserting the core into the seconday coil. 
ffith Such a core the lowest freguency in the 
FSétired: "Ärge may be reace refore the core 
enters that portion of the secondary over which 
?ite coceraširstiedi primary tras are located, and 
& Eniesirato?y large increase in tše mulai re 
&{3ance at this erad o tite range is tirus avoidedi. 
Eå order to Secure pase opposition of the volt 
äges acrOSS the mutual and capacitive reactances, 
the primary 3 andi Éne secondiary 4 may, for in 
stance, be Wound in opposite directions. This 
SEYFoids the necessity for reversing connections 
Tºwhich Night be disadvantageois. . . 

Fig. 2 Serves to illustrate a practical construc 
on of the X"adio-frequency Éransformer 3- of 
g. i, having a core š3 of high effective perme 

&bility capable of producing resonance to the 
Cwest frequency in the requiredi range before its 

5 inner end enters the concertrated portion of the 
rinnary coil. in a practica transformer in ac 

?Grdance With Fig. 2, the secondary : i consisted 
až 280 turns of No. 38 plain ename wire wound 
Nú 204 turns per inch for a length of 15% inches 
On a fibre É3 of .2ð5 i 22ch insicie diameter andi 
.iži incita olüüside diameter. Eine primary 3 was 
‘’Oltinc? OEM. E. öllije & f 235 incin inside diameter 
Ša?i 255 ou ?isiäe diameter and 55% inches long, 
3rd: 202Sisted of tyyo Secticis A ändå P3, section Kr & teing WoÜPidä Gita i?S EIL?i fiski, with the end - 
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of the secondary and being i inch long, and 
section B being % inch long. Both sections were 
wound with No. 38 plain enamel wire, section A 
having 220 turns per inch and section. Bhaving 
24 turns per inch. The effective inductance of 
the primary 3 was 11.4 microhenries and the 
inductance of the secondary I was 66.0 micro 
henries, both measured at 1560 kilocycles. 
When the transformer just described was em 

ployed in a circuit arrangement as shown in Fig. 
1, - capacitor 1 hadi a value of 300 micromicro 
farads and capacitor 9 had a value of 315 upuf 
and was Radjustabie for purposes of alignment. 
Resister 8 is included merely to provide a direct 
carrent grid retºrn path and may suitably have 
2. value of 5 regi:atis, 

Wi??a care if ICF Fig. 2 being of .200 înch di-. 
ameter af ac y inches icong, and haying rela 
siyel7 liigi efective permeability, resonant cir 
tui; 4-.---* c 
šG 1560 žilocyciEs without having to insert the 
core intC; the cocentrated portion of primary 
3. When aligned for maximum rejection by 
adjustment Cf capacitor 7 the system produced 
image raktios up to 4350. By image ratio II mean 
the ratio of the input voltage of image frequency 
required to produce a given output, to the signal 
voltage required for the same output. In this 
embodiment the antenna gain varied from 2.3 
to 5.8, while the mutual inductance varied from 
13.35 microhenries to 53.85 microhenries, 
The transformer construction shown in Fig. 2 

and described in detail above is very inexpensive 
to manufacture, as will be readilly appreciated 
by those skilled in the production of such com 
poments. More elaborate development of the dis 
tribution of the primary winding, and the use 
of more expensive conductors will produce de 
signs having even better performance. I have 
chosen to show and describe this extremely sim 

s ple form, however, to illustrate how, in accord 
ance with the invention, excellent image rejec 
tion can be " achieved with a minimum of addi 
tional components and circuit complication. 

Since image rejection is the principal func 
tion of the preselector circuit in modern super 
heterodyne receivers, and since the emphasis in 
the industry today is upon kow cost, my invention 
has Wide and immediate application in broadcast 
receiverS. 
Having thus described my i invention, what I 

claim is: 
1. Arrangement for the suppression of unde 

be turned from 55 kilocycles 
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capacitance connected. 
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mutual inductance with respect to voltages in 
duced from said collector circuit to said resonant 
circuit, and means for tuning said resonant cir 
cuit over a range of frequencies and for causing 
said mutual inductance and said capacitance to 
have equal reactances at frequencies differing 
by a substantially constant frequency interval 
from the frequencies to which said resonant cir 
cuit may be tuned. 

3. Arrangement for the suppression of unde 
sired responses in radio receivers and the like, 
particularly in superheterodyne receivers, includ 
ing a signal collector circuit, a resonant circuit 
tuned to a desired frequency, a mutual induct". 
ance between said collector circuit and said res 
onant circuit, a capacitance common to botia said 
circuits andi in opposing series relation to said 
mutual inductance with respect to voltages iun 
duced from Said colector circuit to Said resonant 
circuit, and a movable ferromagnetic core for 
tuning said resonant circuit over a range of desired 
frequencies and for causing said mutual induct 
ance to have equal reactances to Said capaci 
tance at frequencies differing by a substantially 
constant frequency interval from the frequencies. 
to which said resonant circuit may be tuned. 

4. An arrangement for the suppression of un 
desired responses in radio receivers and the like, 
particularly in superheterodyne receivers, includ 
ing a transformer comprising primary and sec 
ondary windings arranged ini. opposed relation 
and having a common low. potêntial terminal, a 

ween said terminal and 
ground, a resonant circuità including said second 
ary and said capacitance and a ferromagnetic 
core movable relatively to said windings to tune 
said circuit to any desired signal widthin a range 
of frequencies, said primary being so constructed 
and disposed relatively to said secondary that 
at any position of said core the mutual reactance 
of said transformer is substantially equal to the 
reactance of said capacitance at frequencies dif 
fering by a substantially constant frequency in 
terval from the frequencies of said resonant cir 
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sired responses in radio receivers and thelike, par- , 
ticularly in superheterodyne receivers, including a 
signal collector circuit, a resonant circuit-turned 
to a desired frequency, a mutual inductançe be 
tween said collector circuit and said resonant 
circuit, and a capacitance common to both said 
circuits and in opposing series relation to said 
mutual inductance with. respect to voltages in 
duced from said collector, circuit to said resonant 
circuit, said mutual inductance and said capaci 
tance. being so proportioned that at a frequency 
different from the frequency to which said res 
onant circuit is tuned their reactances are sub 
stantially equal to one another. 

2. Arrangement for the suppression of unde 
sired responses in radio receivers and the like, 
particularly in superheterodyne receivers, include 
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ing a signal collector circuit, a resonant circuit . 
tuned to a desired frequency, a mutual induct 
ance between said collector circuit and said res 
onant circuit, a capacitance common to both 
circuits and in opposing series relation to 7s. primary, 

cuit. M 

5. A preselector system for radio receivers and 
the like, particularly for superheterodyne i re 
ceivers, including a transformer. comprising co 
axdally disposed primary and secondary wind 
ings arranged in opposed relation and having a 
common terminal, said primary. being disposed 
around said secondary, a capacitor connected be 
tween said terminal and ground, a resonant cir 
cuit including said secondary and said capacitor 
and a ferromagnetic core movable relatively to 
said windings to tune said resonant circuit to 
any desired signal within a range of frequencies, 
said primary and said secondary being so related 
to one another and to said core that at any po 
sition of said core the mutual reactance of said 
transformer is substantially equal to the react 
ance of said capacitor at frequencies differing by 
a substantially constant frequency interval from 
the frequencies to which said resonant circuit is 
tuned by said core. 

6. A preselector system according to claim 5 
wheren said primary. is wound over the length 
of said secondary but has a major portion of its 
turns concentrated at the end opposite that at 
which said core enters, said core being of such 
permeability as to cover the -tuning range re 
quired for i said resonant circuit without enter 
ing that portion of the secondary which is co 
incident with the concentrated portion of said 
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7. A preselector system for superheterodyne 
radio receivers and the like having signal coll 
lecting means and a first vacuum tube with an 
input electrode, including a transformer having , 
coaxially disposed primary and secondary wind 
ings arranged in opposed relation and having a 
common terminal, said primary being connected 
to said signal collecting means and disposed 
around said secondary winding, a capacitor con 
nected between said termiral and ground, a res 
onant circuit including said secondary and said 
capacitor and connected between said input elec 
trode and ground, and a ferromagnetic core mov 
able relatively to said windings to tune said cir 
cuit to any desired signal within a range of fre 
quencies, sad primary and secondary being so 
related relative to one another and to said core 
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that at any position of said core the mutualreact 
ance of said transformer is substantially equal 
to, the reactance of said capacitor at the image 
frequencies corresponding to the frequences to 
which said resonant circuit may be tuned by said 

8. A preselector system according to claim 7 
wherein said primary winding is wound over the 
length of said secondary winding but has a ma 
jor portion of its turns concentrated at the end 
opposite that at which said core enters, said 
core being of such permeability as to cover the 
tunning range required for said resonant circuit 
without entering that portion of said secondary 
winding which is coincident with the concentrat 
ed portion of said primary. 
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