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This invention relates to high-frequency cir 
cuits, such as those employed in radio receiving 
Systems. More particularly, the invention re 
lates to the portion of such systems which con 
stitutes means for collecting the high-frequency 
signals radiated from relatively distant trans 
mitting stations. This invention incorporates 
an improved signal-collecting means. 

Signal-collecting Systems generally include a 
resonant circuit tunable over a desired range of 
frequencies and classifiable as series or parallel 
resonant circuits depending upon how the signal 
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voltage is generated in or applied to the circuit . 
Collector Systems of the series type usually em 
ploy a so-called loop antenna. Or its equivalent to 
intercept the signals. It is to this type that the 
present invention is addressed. s 
In their practicable forms, series collector Sys 

tems have heretofore been tuned by variation of 
the circuit capacitance. In the present applica 
tion, and in my co-pending applications, Serial 
Numbers 319,671 and 319,672, both filed February 
19, 1940, to which I shall refer in greater detail 
later in this specification, I disclose highly ad 
vantageous and commercially practicable series 
collector Systems tuned by variation of the cir 
cuit inductance, preferably by the employment of 
a ferromagnetic core of suitable characteristics 
movable relatively to an inductance coil in series 
With the loop or other exposed inductive ele 
ment of the System. This method of tuning has 
the additional advantage of providing means for 
controlling the high-frequency resistance of the 
system in substantially any desired manner as 
the system is tuned over the frequency range. 

Resonant circuits tuned by inductance Waria 
tion by means of ferromagnetic cores movable 
relatively to the inductive element in the circuit, 
‘and possessing the advantage of simultaneous 
control of the circuit resistance are disclosed by 
Polydoroff in United States Re. Patent No. 
21,282, in which a resonant circuit having an in 
ductance coil and capacitor is adjusted over a 
range of frequencies by movement of a Con 
pressed comminuted core relatively to the induct 
ance coil. This method of tuning is called per 
meability tuning. An improved form of Such a 
system is disclosed in my United States Patent 
No. 2,051,012. Both Polydoroff's original system 
and my improved system readily cover an ade 
quate range of frequencies and may easily be 
ganged to provide multiple unit Systems. 
In general, the signal voltage generated in a 

collector system is directly proportional to the 
frequency of the signal. Thus a signal at the 
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upper end of the broadcast range will provide ap 
proximately three times as much signal voltage in 
the collector system as a signal at the lower end 
of this range. Warious expedients have been emi 
ployed in broadcast receivers in an effort to com 
pensate for this inherent deficiency of the col 
lector System. In my copending applications 
above referred to, and in the present application, 
I disclose collector. Systems in which this defi 
ciency is avoided by employing simultaneous 
Variation of circuit inductance and resistance, 
preferably as provided by permeability tuning, in 
particular circuit arrangements. In accordance 
With application Serial Number 319,672 filed 
February 19, 1940, I employ an additional exposed 
inductive element in an untuned portion of the 
System. In the present application, as I shall 
later more fully describe, I employ an additional 
unexposed inductive element arranged to re 
generatively increase the delivered voltage in a 
desired manner through a coupling variation also 
simultaneously produced by the relatively mov 
able ferromagnetic core in a permeability-tuned 
circuit. 
An object of my invention is to provide an im 

proved signal-collecting means for radio re 
ceivers. 
An additional object is to provide a signal-col 

lecting means which may be successfully em 
ployed in the most compact forms of radio re 
ceivers, and which may be placed in close prox 
inity to the receiver chassis without serious detri 
ment. 

Still another object of the invention is to pro 
vide a signal-collecting circuit whose performance 
characteristics may be readily controlled with 
respect to variation with frequency. 

It is also an object of the invention to provide 
a signal-collecting circuit which may be tuned 
by inductance variation, for example by means of 
a movable ferromagnetic core, and in which the 
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advantages of this method of tuning may be 
realized. 
It is a principal object of my present invention 

to provide a signal-collecting system in which 
the total gain is high and in which the delivered 
voltage is substantially independent of the fre 
quency of the intercepted signal. 
These and other objects and advantages are 

realized in accordance with the invention in a 
manner which will be readily understood from 
the following description taken in connection 
With the drawing which is a schematic diagram 
of the basic circuit arrangement. . . . 

55 Referring to the drawing, the improved sig 
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nal-collecting system according to the present 
invention comprises an inductive element , a 
capacitance 2 and a variable inductance 3 ar 
ranged to form a series resonant circuit. This 
circuit is arranged to supply signal voltage to the 
grid 4 of vacuum tube 5, which may be the first 
vacuum tube in a radio receiver, and which may 
be arranged to act as a high-frequency amplifier, 
as a detector or as a modulator in a Superhetero 
dyne System. Inductive element f is exposed to 
the passing radio signals, and may take the form 
of a so-called loop antenna. Variable inductor 
3 is of the type in which inductance variation is 
secured by movement of a ferromagnetic element 
6, which may be an internal core, relatively to the 
Winding thereof. 
The portion of my improved signal-collecting 

System just described is similar to the System 
described in my copending application, Serial 
Number 319,671 filed February 19, 1940, of which 
the present application is a continuation in part. 
In that application I describe in some detail the 
performance of the conventional loop circuit 
tuned by capacitance variation, and I point Out 
the performance deficiencies therein. I also 
point out how these deficiencies may at least in 
great measure be avoided by tuning a series reso 
nant signal-collecting circuit by inductance 
variation rather than capacitance variation. 

It will be apparent that since the variably 
tuned circuit includes inductances f. and 3, the 
variable inductor 3-6 must provide greater in 
ductance variation than would be required if the 
inductance were absent, in order to tune the 
System over the required frequency range. It 
may be shown that, if Lois the effective external 
series inductance, p is the ratio of the highest to 
the lowest frequency in the required tuning 
range, and Lia is the minimum inductance of the 
variable inductor 3-6, then the required effec 
tive permeability u of ferromagnetic element 6 is 

p'(Lo --L) -L 
p=- - 

Again referring to the drawing, the System ac 
cording to my present application also includes 
a winding 7 inductively coupled to variable in 
ductance 3 and connected between the Cathode 8 
of vacuum tube 5 and ground, so that it is effec 
tively in the output or plate circuit of the tube. 
Winding 7 acts as a regenerative; or feed-back 
coupling, in a particular manner later to be de 
scribed, to materially increase the signal voltage 
developed across capacitor 2 particularly at those 
frequencies at which, in the absence of Winding 
7, the developed voltages would tend to be unde 
Sirably OW. 
The introduction of the variable inductor 3-6, 

with resultant decrease in the permissible in 
ductance of the exposed portion of the collector 
circuit, decreases the voltage generated therein 
by the signal. This might at first be thought to 
constitute a serious disadvantage. It must be 
borne in mind, however, that, in the case of a 
loop, the resonant voltage across the loop at any 
frequency is not only directly proportional to the 
inductance of the loop but also inversely propor 
tional to the resistance of the loop. 

In many of the more compact designs, the loop 
is placed within a relatively small cabinet and in 
close proximity to the metallic chassis of the 
receiver. Under these circumstances the resist 
'ance of a normal condenser-tuned loop is greatly 
increased, with resultant decrease in resonant 
gain and selectivity. The total inductance in my 
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2,267,178 
improved circuit may be as great, even at the 
highest frequency, as in a conventional conden 
Ser-tuned loop, and will then be much greater at 
the lower frequencies. Additionally, I may de 
sign the variable inductance portion of my cir 
cuit to have relatively very low resistance, and I 
preferably shield it from the loSS-increasing ef 
fect of the metallic chassis. Thus the total re 
Sistance of my circuit will be materially lower, 
and the inductance as high or higher, than in a 
conventional condenser-tuned loop in the same 
receiver, with the result that I thus secure much 
greater resonant gain and much better selectiv 
ity. The increased resonant gain more than 
compensates for the reduced Voltage generated 
by the signal in the Smaller inductance of the 
exposed portion of the circuit. 
Again referring to the drawing, movement of 

ferromagnetic core 6 relatively to windings 3 and 
Tautomatically varies the inductive coupling be 
tween them. In order to effectively compensate 
for the lower voltage generated in the inductive 
element by the lower frequency signals, wind 
ings 3 and 7 are so arranged that the inductive 
coupling between them is materially increased 
as the ferromagnetic element 6 is advanced to 
tune the circuit to the lower frequencies. - 
As is well known, the effective high-frequency 

resistance of a permeability-tuned circuit in 
creases as the core is advanced into the winding 
to tune the circuit to lower frequencies. De 
pending upon the materials employed and the 
process of producing the core, this increase in 
resistance may be controlled, and, if desired, may 
be made quite Small. It is impractical, however, 
to attempt to entirely compensate for the lower 
voltages generated by the signal at the lower 
frequencies, by employing a very low-loss core 
material and construction. As stated by Jacob 
in United States Patent No. 2,153,622, a series 
resonant circuit may be arranged to produce con 
stant gain by employing a ferromagnetic core 
Which Will maintain the ratio of inductive re 
actance to resistance in the circuit, that, is the 
circuit Q, substantially constant. In carrying 
Out my invention I prefer to employ such a core, 
and to so arrange the coils 3 and 7 that the vari 
ation in coupling produced by the movable core 
6 will substantially compensate for the lower 
Voltages generated by the lower frequency sig. 
nals. Such an arrangement is provided by the 
circuit constants for a practical embodiment 
which I shall later give. It will be understood, 
however, that since the system provides two per 
formance controls, namely, the resistance varia 
tion and the coupling variation, both provided 
automatically by movement of the core, other 
elections may be made within the scope of the 
invention. For example, if a core is to be em. 
ployed which, with the chosen coil, produces 
some performance variation other than that core 
responding to constant circuit Q, then coil 7 may 
be so chosen with respect to its winding and posi 
tion relatively to coil 3 and moving core 6 as to 
produce a compensatory variation of the coupling 
between coils 3 and 7. Additionally, and also by 
virtue of the two controls provided by the inven 
tion, any reasonable desired relation of generated 
and delivered signal voltages may be secured. 
As is well known, by suitable design of the 

winding 3 and of the core 6, I may secure any de 
sirable control of the quality factor Q of the loop 
circuit, that is to say, I am able to regulate.its 
performance over the frequency range in any 
desired manner. However, the relations. differ 
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from those in a simple inductance-tuned circuit, 
and control of the operating characteristics 
therefore is to be achieved in a Somewhat differ 
ent manner, as I shall now set forth. Let 

p?-1. - a--1 
al-' p - Wai (2) 

g=ratio of high-frequency to low-frequency 
resistance of the loop and also of the Wind 
ing of the variable inductor. 

2=ratio of resistance of Variable inductor Wind 
ing to resistance of loop at any frequency. 

p=ratio of resistance of variable inductor wind 
ing, with the core inserted so as to tune to 
any frequency lower than the highest fre 
quency of the tuning range, to the resist 
ance of the variable inductor Winding With 
out the core, both Values being measured 
at said lower frequency. 

Neglecting the effect of distributed capaci 
tance, it may be shown that, 

(1) For constant resonant voltage across the 
circuit with constant signal strength, the circuit 
must have constant resistance, and 

(2) For constant resonant gain in the circuit, 
Q=w/R must be constant, and 

(3) For constant selectivity, L/R must be con 
Stant, and 

e-JP(l #2 -1 (5) 
The above relations do not take into account 

the fact that the distributed capacitance of the 
variable inductor varies as the core is inserted. 
This effect may be minimized in the design of 
the variable inductor, and may be compensated 
for in the development of the core for a particu 
lar design, the above equations serving as a basic 
guide. 
In a Successful embodiment of the invention 

the loop comprised 17 turns of No. 28 plain 
enameled Wire in a rectangular solenoid 5%' by 
11%', the winding being '' long, and having 
an inductance of 155 uh. The variable inductor 
coil 3 comprised a progressive universal wind 
ing of A4 single silk enameled litz. Wire, 1.24' 
long on a tube of 0.2' inside diameter, 0.007’’ 
wall, the inductance being 246uh. 

Ferromagnetic element 6 may comprise a com 
pressed comminuted core of hydrogen-reduced 
powdered iron that has been sifted through a 
Screen having 400 meshes to the inch. For use 
with the above described inductor, it may be 
0.200' in diameter and 1%' long, being prefer 
ably hot-molded at 180° F. with 0.5% particle 
insulation and 3% of powdered Bakelite binder, 
and cured at 290 F. for 3 hours. Such a core 
will have an effective permeability of about 11.5. 
Winding 7 comprised 2% turns of No. 36 plain 

enameled wire wound to a length of 'A' on a 
tube of 0.325' outside diameter and mounted 
concentrically over the right-hand or grid end 
of coil 3. As indicated in the drawing, ferromag 
netic core 6 was arranged to enter the left-hand 
or loop end of coil 3. It will be apparent that 
by other dispositions of Winding 7, or by arrang 
ing to have core 6 enter the opposite end of coil 
3, or both, the variation of the inductive feed 
back coupling may be altered. 

In the illustrative embodiment just described, 
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3 
resistor 9 was of 500 ohms and capacitor () was 
of 0.1 microfarad. Capacitor 2 was adjusted to 
tune the circuit to the highest frequency in the 
range with core 6 fully removed from coil 3. 
Wacuum tube 5 was of the kind known to the 
trade as the type 1232. The frequency range of 
the system was from 540 kc. to 1500 kc. 

It will be understood that the above constants 
are given merely by Way of illustrative example 
and are therefore not to be taken as in any wa 
limiting the scope of my invention. 
My improved signal-collecting system in 

cludes a closed series resonant circuit having a 
fixed or adjustable capacitor, an inductive por 
tion exposed to the signals, which may be a loop, 
and an unexposed inductive Winding. The sys 
tem is tuned to resonance. With any desired sig 
nal Within a Wide range of frequencies solely by 
variation of the inductance of the winding, pro 
duced by means of a ferromagnetic core movable 
relatively to the Winding. My closed series reso 
nant circuit is to be distinguished from open se 
ries resonant circuits in which part of the series 
capacitance is the capacitance of an open-ended 
antenna, to ground. The exposed inductive por 
tion of my closed series resonant circuit has ca 
pacitance to ground, but this capacitance is ef 
fectively in parallel to the exposed inductive por 
tion of the circuit. Additionally, my improved 
signal-collecting System provides means for pro 
ducing a delivered signal Woltage which is sub 
Stantially independent of the frequency of the 
desired signal, these means including a vacuum 
tube and an inductive feedback coupling which 
is automatically varied in a desired manner by 
the tuning means. 
In the illustrative embodiment above described, 

the coupling between coil 3 and Winding 7 was 
Well below the value which, with the tube em 
ployed, Would correspond to incipient self-oscil 
lation of the System, at all frequencies within the 
range. Couplings which Will not produce self 
Oscillation should invariably be employed for ob 
Wious reasons. 

Having thus described my invention, what I 
claim is: 

1. A signal-collecting System for use in radio 
receivers and the like having a first vacuum tube, 
including a closed series resonant circuit having 
a capacitor, an exposed inductive portion and an 
unexposed inductive winding connected to an in 
put terminal of said vacuum tube, a coil connected 
in the output circuit of said vacuum tube and 
positioned adjacent one end of said Winding, and 
a ferromagnetic element movably arranged to 
enter the other end of said winding to tune said 
circuit over a range of frequencies and to simul 
taneously vary the coupling between said Wind 
ing and said coil, whereby the signal voltage de 
livered to said Vacuum tube is substantially in 
dependent of the frequency of the signal. 

2. A signal-collecting system for use in radio 
receivers and the like having a first vacuum tube 
With control electrode, cathode and plate, includ 
ing a closed series resonant circuit comprising a 
capacitor and an exposed inductive portion hav 
ing a common ground connection and an unex 
posed inductive Winding having a terminal con 
nected to said control electrode, a coil connected 
between said cathode and ground and inductively 
coupled to said Winding and positioned adjacent 
Said terminal, and a ferromagnetic element mov 
ably arranged to enter the end of said Winding 
remote from said terminal to tune said circuit 
Over a range of frequencies and to simultaneous 
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ly vary the coupling between said winding and 
said coil, whereby the signal voltage delivered to 
said vacuum tube is substantially independent of 
the frequency of the signal. 

3. A signal-collecting System for use in radio 
receivers and the like including a closed series 
resonant circuit having a capacitor, an exposed 
inductive portion and an unexposed inductive 
winding, a ferromagnetic element movably ar 
ranged to enter one end of Said winding to tune 10 
said circuit over a range of frequencies and 
adapted to maintain the reactance-to-resistance 
ratio of said winding substantially constant, and 
regenerative means including a coil positioned 
adjacent the other end of said winding, whereby li; 
its effect is automatically regulated in approx 
imate inverse proportion to the frequency of the 
signal by motion of said element. 

4. A signal-collecting System for use in radio 
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receivers and the like including a first vacuum 
tube having a control electrode, a cathode and a 
plate; a closed series resonant circuit comprising 
a capacitor and an exposed inductive portion hav 
ing a common ground connection and an unex 
posed inductive winding having a terminal con 
nected to said control electrode; a ferromagnetic 
element movably arranged to enter one end of 
Said winding and adapted to maintain the re 
actance-to-resistance ratio of said circuit sub 
stantially constant while tuning said circuit over 
a range of frequencies; and a regenerative coil 
connected between said cathode and ground and 
positioned adjacent the other end of said Wind 
ing, whereby its effect is automatically regulated 
in approximate inverse proportion to the fre 
quency of the signal by motion of said element, 

WILLIAM. A. SCHAPER. 


