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The present invention relates to a loop input 
system for radio receivers, and more particularly 

permeability 
tuned auto-transformer. - ". . . . 

The use of permeability tuning in the design 
of broadcast and other receivers has become Wide 
spread in recent years due to low cost, compact 
ness, freedom from acoustic feed-back howl and 
other considerations, such as the lack of suitable 
materials for the manufacture of variable capac 
itors. Although this method of tuning is best 
adapted for use with a capacity antenna device, 
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such as a rod, or a capacity plate, capacity an 
tenna, devices are not commercially acceptable 
due to body capacity effects, the appearance of 
the rod extending beyond the receiver, and to the 

input circuit for receivers. 

'extreme insensitivity in shielded buildings. It is 
therefore desirable to be able to use a loop an 
tenna, in conjunction with a permeability tuned 

With the advent of permeability tuning systems 
there arose the need for an efficient loop circuit 
that would be adapted for permeability tuning. 
Several loop antenna circuits employing perme 
ability tuning have been devised but they were 
found to be inefficient in that they have a consid erably lower sensitivity than a capacitor-tuned 
high quality loop. In one instance, there has 
been used a series variable inductance to tune 
the loop antenna, and a series capacitor which 
serves to tune the loop below the band to be re 
ceived. - - 

The average sensitivity of prior art serially 
connected permeability tuned loop antenna cir 
cuits is of the order of 10% of that of a variable capacitortuned loop input circuit. The improved 

able from the 
tuned. 

circuit according to the present, invention has a 
sensitivity of approximately 40% of that obtain 

same loop antenna, capacitively 
According to the invention the loop input sys 

tem, involves the use of a loop antenna, which is 
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suitably tapped onto a variable permeability tuned 
inductance in the input circuit of a receiver to . 
provide a substantially uniform response across 
the broadcast or other tuning band and to secure 
an appreciable increase in sensitivity for a per 

using permeability tuning. 
meability tuned loop circuit over that which is 
possible with the usual series tuned loop circuit 

It is therefore one of the objects of the inven 
tion to provide an efficient means of using a loop 
antenna in conjunction with a permeability tun 
ing system, ---. . . . 
Another object is to provide efficient coupling 
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means between the loop antenna and the perme 
ability tuning system of a receiver which will 
result, in a substantially uniform response. Over 
the broadcast' or other tuning band. 
A further object of the invention is to Secure 

an appreciable-increase in sensitivity for a per 
meability tuned loop circuit over that which is 
possible with tuned loop circuits known in the 
art. 
The invention Will be further understood from 

the following description, when considered in 
connection. With the accompanying dra WingS and 
its scope is pointed out in the appended claims. 
... In the drawings, . . . . . . 
Fig.1 shows the basic circuit involving the in 

vention; : .. . . . . . . ' 
Fig.2 shows the equivalent 

rangement used in Fig. 1; and . . . . . . . 

Figs. 3, 4 and 5 are curves which will serve to 
explain the invention. . . . . . 

Referring now to Fig. 1, there is represented at 
a loop antenna, having a suitable number of 

turns, with one end of the loop directly connected 
to ground while the other or high potential end 

T coupling 3. 

is tapped onto a permeability tuned inductance . . . . 
coil. 2. As will be shown hereinafter the tapping 
point is preferably between 25 to 35% of the coil 
turns from the ground end. The coil 2 and a 
shunt capacitor-3 constitute the input circuit for 
coupling to the signal grid of a tube 4 which may 
be either the first radio frequency amplifier or 
the detector-oscillator tube of a conventional re ceiver. A powdered iron core 5 movably mount 
ed within and entering at the ground end of coil 
2 serves to tune the input-circuit to the signal 
frequency desired to be received. ' ' ..., 
The manner in which the permeability tuned 

circuit of the invention operates is as follows: 
As the core 5 is caused to move into the L1 end of the coil and progressively through the entire 
coil, 2 to tune the circuit throughout the desired 
tuning range, the relative values of the induct 
ances L1 and L2 and the mutual inductance M. 
therebetween are continuously varied in such a 
way to maintain a substantially uniform transfer 
of voltage from the loop to the grid of tube: 4. In 
other words, as the input circuit is tuned through 
out the frequency range, the point to which the 
loop is tapped is in effect simultaneously varied, 
the tapping point in effect advancing progres 
sively to a point above the actual tap during the 
initial adjustment of the core (high frequency 
end of the tuning range) and then receding pro 
gressively until it coincides with the actual tap 
when the core is adjusted to its fully entered posi 
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tion with the coil (low frequency end of the 
tuning range). By reason thereof the coupling 
between the loop and input circuit is effectively 
Varied throughout the tuning range to effect a 
unifornia transfer of energy. 
In one particular embodiment satisfactory re 

sults have been obtained with an inductance coil 
of 360 turns, tapped at 90 turns or 25 percent, 
and with a loop of approximately 14 turns Spaced 
over an axial length of 6 inches on a frame, ap 
proximately 20 by 36 inches for fitting inside of a 
console cabinet, 
In Fig. 2 the circuit of Fig. 1 is shown with the 

equivalent T network for the permeability tuned 
auto-transformer. The distributed capacitance 
of the loop and the tapped portion T1 is denoted 
by C, shown dotted. The elements of the primary 
circuit are isolated to the left of dash line a-d. 
For the loop antenna, of inductance Lil and the 
auto-transformer utilized in a particular enbodi 
ment the maximum equivalent inductance df. 
(Li-IM) and (L1--IM) in parallel was calculated 
and found to be 96.3uh. Calculation also shows 
that the primary resonant frequency for the 
above value of the equivalent inductance was 3.01 
mc., a value considerably above the range to be 
received. For any other position of the core a 
higher value for the primary resonant frequency 
will result. 
In Figs. 3 to 5 are shown a number of Sensi 

tivity curves obtained with coils of different in 
ductance values and with the loop connected to 
varying tapping points. The ordinate of each 
curve sheet represents, in percent, the Sensitivity 
of the present permeability tuned loop input SyS 
tem as compared with that of the same loop an 
tenna, capacitively tuned. For the permeability 
tuned coil 2 in Fig. 1, there were used coils of 
different inductance, one of which will be iden 
tified as 'A' and the other as "B.' Coil. A com 
prised 260 turns and coil B comprised 360 turns, 
and both coils were universally wound to the 
same length (1%') on the same diameter coil 
form. The tuning core was the same in each 
case. The inductance of coil B. varied from 196.5 
to 2043uh and its Q. varied from approximately 
70 to 100 across the band. The inductance of 
coil A, approximately one half of coil B, Varied 
from 94.9 to 990.uh, and its Q varied from 85 to 
105 over the band. 

Fig. 3 shows the effect of changing the I./C 
ratio of the circuit, coil. A having approximately 
one-half the inductance of coil B. Curves and 
2 are both for a large (i. e., area=0.334 m.') 
14 turn loop connected to a 25% of the turns tap 5: 
on coils A and B, respectively. Curves 3 and 
are for the same loop connected to the 50% of 
the turns tap on coils A and B, respectively. 
Thus, a 2 to 1 decrease in L/C ratio causes only a 
small change in tuning range and a decrease in 
sensitivity at the high end of the band. An ex 
planation of the effect of the two different tap 
ping points will be deferred until the curves of 
Fig. 5 are explained. 

: The effect of increasing the loop turns from 14 
to 20 for the case of coil B tapped at the 25% 
point is shown in Fig. 4. Curve 2 is the Same as 
curve 2 in Fig. 3 for the 14 turn loop, and curve 5 
is for the 20 turn loop. A slight increase in tun 
ing range and a small decrease in sensitivity is 
seen to result from the larger number of turns. 
The curves of Fig. 5 show two important effects 

due to connecting the loop to various tapping 
points. ... First, the tapping point on coil. A Was 
varied from 64 to 50 percent. A tap below 25% 
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2,383,286 
results in poor sensitivity. The 25% tap permits 
a Satisfactory tuning range, and at the same time 
results in practically optimum sensitivity at the 
high frequency end of the band. The 50% tap 
results in a greatly reduced tuning range and in 
lower sensitivity at the high frequency end of 
the band. Second, the importance of inserting 
the core from the ground side of the coil is shown 
by curves 9 and 0 where the greatly reduced sen 
sitivity shown by curve 0 is due entirely to in 
Serting the core at the high end of the coil. . . 
While I have shown and described a preferred 

embodiment of the invention, it will be under 
stood that modifications and changes may be 
made without departing from the spirit and scope 
of the invention, as Will be understood by those 
skilled in the art. 
What cairn is: 
1. In a radio receiver, an input circuit for said 

receiver having a tuning inductor which is con 
nected to ground at one end, a magnetic core 
movable in said inductor for tuning the circuit 
Over a frequency range, and a loop antenna con 
nected between a tap on said inductor, and 
ground. 

2. In a radio receiver, an input circuit for said 
receiver having a tuning inductor which is con 
nected to ground at one end, a magnetic core 
Inovable in said inductor for turning the circuit 
Over a frequency range, and a loop antenna hav 
ing one end connected directly to ground and the 
Other end connected to a point on the inductor 
Which is between 20 and 35 percent of the turns 
from the ground end of the inductor. 

3. In a radio receiver, an input circuit for said 
receiver having a tuning inductor and a mag 
netic core movable in said inductor for tuning 
the circuit over a frequency range, and a loop 
antenna, connected between the ground end of 
Said inductor and a tap on the inductor Which 
is between 20 and 35 percent of the inductor turns 
from the ground end, said magnetic core enter 
ing the ground end of the inductor. 

4. In a radio receiver, in combination, a tun 
ing inductor adapted to function as an auto 
transformer, a loop antenna, connected in shunt 
to the primary of said auto-transformer and 
resonating thereWith above the frequency range 
of the receiver, an input circuit including the 
secondary of the auto-transformer, and a mag 
netic core nowable. in the tuning inductor for 
tuning the input circuit. 

5. The combination defined in claim 4 where 
in the primary contains from between 25 to 35 
percent of the number of turns of the tuning 
inductor. 

6. The combination defined in claim 4 where 
in the primary contains from between 25 to 35 
percent of the number of turns of the tuning.in 
ductor and the magnetic core enters the low 
potential end of the tuning coil. 

7. In a radio receiver, an input circuit includ 
ing an auto-transformer, a loop antenna, con 
nected in shunt across the primary of said trans 

5 former, and means for tuning the input circuit 
throughout its operating range, and for varying 
simultaneously therewith the inductance of the 
primary and Secondary of said transformer and 
the mutual therebetween so that a uniform trans 
fer of energy is obtained between the loop, an 
tenna, and the input circuit. 

8. In a radio receiver, an input circuit includ 
ing an auto-transformer, a loop antenna con 
nected in shunt across the primary of said trans 
former, and means for tuning the input circuit 

  



2,883,286 
throughout its operating range and for varying 
simultaneously therewith the ratio of the pri 
mary to secondary inductance so that a uni 
form transfer of energy is obtained between the 
loop antenna, and the input, circuit. 

9. In a radio receiver, an input circuit includ 
ing an auto-transformer, a loop, antenna con 
nected in shunt across the primary of said trans 
former, and a movable magnetic core cooperat 
ing with said auto-transformer for tuning the 
input circuit throughout its operating range and 
for varying simultaneously thereWith the .in 
ductance of the primary and secondary of said 
transformer and the mutual therebetween so 
that a uniform transfer of energy is obtained 
between the loop, antenna, and the input circuit. 

10. In a radio receiver, an electron discharge 
tube, an input circuit including an inductance 
coil having one end grounded and its other end 
connected to the signal control grid of said tube, 
a loop antenna, having one end grounded and 
its other end connected to a tap on said induc 
tance, and means for tuning the input circuit 
throughout its operating range and for simulta 
neously effecting a progressive variation in cou 
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pling between the loop antenna and the input 
circuit, 

11. In a radio receiver, an electron discharge 
tube, an input circuit including an inductance 
coil having One end grounded, and its other end 
connected to the signal control grid of said tube, 

3 
in coupling between the loop antenna and the 
input circuit to effect thereby a uniform energy. 
transfer from the loop to the signal grid of the 
tube. 

12. An antenna input system for radio receiv 
ers comprising a high-frequency auto-trans 
former, a ferromagnetic core movable relatively 
thereto, a capacitance effectively in shunt with 
the secondary of Said auto-transformer and 
forming a secondary resonant circuit tunable by 
movement of said core to any desired signal with 
in a range of frequencies, an inductive element 
exposed to said signals and effectively in shunt 
across the primary of said auto-transformer 
forming a primary resonant circuit, which is 
tuned by motion of said core to a frequency 
higher than the frequency of said signal. 

13. An antenna input System for radio receiv 
ers comprising a high-frequency coil having. One 
end connected to ground and a tap at a point 
closer to said coil end, a ferromagnetic core mov 
able relatively thereto, a capacitance effectively 
in shunt with the whole of said coil and forming . 
a secondary resonant circuit tunable by move 
ment of said core to any desired signal within 
a range of frequencies, an inductive element ex 
posed to said signals and connected between the 
coil tap and ground and forming with said coil 

a loop antenna, having one end grounded and 
its other end connected to a tap on said induc-, 
tance, and a movable magnetic core cooperating 
with said inductance coil for tuning the input 
circuit throughout its operating range and for 

portion a primary resonant circuit which is tuned 
by motion of said core to a frequency higher 
than the frequency of said signal. 

14. An antenna, input. System, as defined in 
claim 13 wherein the tap is at a point from be 
tween 25 to 35% of the coil turns from the ground 
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simultaneously causing a progressive variation 
end, and the core is entered at the ground end 
of the coil. 

GEORGE L. BEERS. 
  


