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1 .

This invention relates generally to signal se-
lecting circuits for radio receivers. In particular
it relates to high-inductance tunable loop an-
tennas and systems.

. Conventionally, a loop antenna for a broadcast
receiver is tuned by a shunted variable capacitor.
This type of capacitively tuned circuit, when used
in connection with loop antennas known in the
prior art, has certain disadvantages. Thus, in
order to obtain a desired wide tuning range to
cover the present broadcast band, for example,
the tuning capacitor must have a large capacity
value at the low frequency end of the tuning
range. As a result, the total impedance of the
tuned circuit at that frequency is low. This in
turn reduces the sensitivity of the antenna circuit
and the signal strength in the receiver at the low
end of ‘the tuning range.. In addition, as the
signal strength falls off, the signal-to-noise ratio
becomes poor. Furthermore, the large capacity
limits the inductance of the loop antenna, and
the signal is accordingly smaller over the entlre
tuning range.

An object of this invention, therefore, is ‘to-

provide an antenna system wherein a small ca-
pacitor may be used to tune a high~inductance
antenna over the broadcast frequency range.

Many antenna circuits have been ‘designed to
overcome the decreased sensitivity at the low end
of the tuning range. ¥However, in most instances,
further circuit components have been introduced,
whereby further losses have caused the overall
sensitivity of the loop antenna circuit to -de-
crease. In addition, many of the resulting cir-
cuits have not been adaptable for use with high-
inductance loop antennas, as is desirable. Since
the signal pick-up is dependent upon the in-
ductance of the antenna loop, the use of a low-
inductance loop restults in reduced sensitivity of
the antenna circuit. Therefore, the use of a high-
inductance loop is more generally desirable.

Not only should the inductance of the loop be
high to secure maximum signal voltage pick-up,
but the effective height (i) of the loop and the
T “Q” (definéd as the ratio of reactance to re-
sistance) should both also be high. The effective

height is dependent to some extent upon the lcop -

inductance and therefore may be increased by
either actually or effectively enlarging the area
bounded by the loop turns, or by increasing the
number of turns. Both these expedients, how-
ever, in increasing the loop inductance have in
the past made it more difficult to tune the loop
over a desired wide frequency range due to the
increased minimum capacity acquired..
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Thus, it becomes more difficult to cover a wide
tuning range if circuit improvements to provide
additional inductance increases the fixed capacity
in the antenna tuning circuit. Either a large
tuning capacitor with a low inductance antenna
or g small tuning capacitor with a high induct~
ance anfenna is necessary to provide tuning
within the desired tuning range. The signa] sen-
sitivity is greatest with the high inductance and -
low capacity which results with a minimum of
circuit components and contributes to higher ef-
fective “Q.” In addition, further circuit losses
are introduced when more circuit components are
used and the resulting “Q” islower.. Therefore, it
would be highly desirable, not only from the cost
standpoint, but also from the performance stand-
point, to eliminate circuit components thereby
further impreving antenna cireuit operatiohn.

To increase the effective height of a loop an-
tenna, it is generally desirable in a broadcast re-
ceiver to enlarge the area bounded by the loop
turns. - However, the space within a small radio
receiver is limited and for this reason an an-
tenna must usually be restricted in size. ‘One ob-

-ject ‘of - the invention therefore, is to effectively

enlarge the area bounded by loop antenna turns
and thereby provide a miniature antenna which
occupies a minimum of space without sacrificing
functional performance.
Systems in the prior art have used ferromag- -
netic cores to decrease space requirements and
increase the antenns signal pick-up. ~They have
not, however, as a rule, succeeded in providing
optimum. signal energy pick-up, since the mini-
mum cireuit capacity is in general high, and the
resulting number of antenna turns at resonance:
is therefore limited to such an extent that the -
effective height is not greatly increased. It is
therefore another object of the invention to pro-
vide a loop antenna system with very small mini-
mum capacity and therefore having an improved
signal energy pick-up.

As before mentioned, addmonal loadmcT or tun-
ing* inductances, sometimes afforded in loop an-
tenna ecircuits, also  contribute resistive. losses -
which greatly lower the antenng circuit “Q” to
the further detriment of the signal voltage pick-
up and signal transfer in the loop antenna sys-
tem. It is desirable therefore, from’ this stand-
point, to use a variable capacitor for tuning to
provide a high circuit Q, since the resistive losses
of a capacitor are generally negligible. -

It is another object of the invention to provide
2 high-gain, high-Q, high-impedance tuned loop
antenna system which functions in-an improved
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manner, and which may be tuned by means of a
capacitive impedance or tuning capacitor of rela-
tively low maximum capacity value.

A further object of the invention is to provide
an antenna tuning system which operates to pro-
vide increased signal voltage to a radio receiver
system, or the like, with a fewer number of com-
ponent parts.

A still further object of the invention is to
provide an inexpensive antenna tuning means
which has a tuning frequency range substan-
tially broad enough to fully cover the broad-
cast frequency range of 530 to 1610 kilocycles:
with a high degree of efficiency.

In accordance with the invention there is
provided a superheterodyne receiver system
comprising a high inductance loop antenna
and an associated signal transfer circuit. The
loop antenna includes an elongated ferromag-
netic core and coil windings spread over a small
section of the length of the core near one end.
Therefore, the antenna. occupies a minimum of
space and provides a good signal pick-up.

The construction and mode of operation of
the invention together with further objects and

. advantages will become more apparent when
- considered in connection with the accompanying
. drawing, in which:

Pigure 1 is a schema,tlc circuit diagram of

" a radio signal receiving system embodying the 3

. invention;
Figure 2 is a graph showing the permeability
(x) and merit factor (Q) plotted against the
- distance from the center line of a loop coil

- winding to the end of an elongated ferro-

magnetic rod, as constructed in accordance
--with the invention;
Figure 3 is a graph showing different char-
. acteristics of receivers embodying the inven-
. tion when tuned near each end of the broad-
cast tuning range, as plotted against the length
of a one-quarter inch diameter ferromagnetic
. antenna core or rod; and,

Figure 4 is a rear, elevational view of a port-
able receiver including a loop antenna mounting
within the receiver cabinet, in accordance with
the invention.

In Flgure 1 the receiver system includes a
high inductance loop antenna. comprising an

- . elongated ferromagnetic rod or core [0 having
-a loop coil or winding 12 coaxially extending
- along a short section of the length of the core
near one end. The material of which the core
{0 .is constructed is preferably a ferrite. such
. a8 nickel zinc iron oxide, but may of course
. be of any ferromagnetic material and is not
" necessarily limited to that type of material well
- known in the art as a ferrite. It is noted that
~a ferrite core will provide a high Q and higher
. permeability antenna circuit than an ordinary
- ferric metal core. This is desirable, as will
" hereinafter ke explained.
. The coil 12 comprises the loop inductance
_ which is wound in the form of a solenoid having
a small diameter and mounted to provide a
small amount. of longitudinal movement upon
‘the core {0 when desired, to thereby afford a
_tracking adjustment when the antenna’is used
_in a. tuned receiver input circuit. Thus the
tracking adjustment is made by unitarily ad-
. justing the coil windings to the proper place
upon the core to obtain ftracking between the
tuned circuits at the low frequency end of the
. tuning range. For this purpose a small amount
. of movement is sufficient, and the coil may be
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fixed - permanently to the rod by means of
asphalt, sealing wax or some other binder ma-
terial after the initial adjustment, if desired.
As will be hereinafter explained in detail, a
very small longitudinal movement of the coil
upon the core varies the inductance within
substantial limits. »

A radio frequency signal pick-up circuit com-
prises a converter tube 14 having a pair of
input electrodes 16 and (8, which in combination
with the cathode 28 comprises two sets of input
elements. An oscillator circuit 22 is connected
through a coupling capacitor 24 to one of the
input elements 18, which has a grid leak re-
sistor 26 connected to the grounded cathode
20.  The oscillator circuit is of the conventional
type and need not herein be discussed with
greater detail except that it is tuned by means
of a variable oscillator tuning capacitor 88, and
a small trimmer capacitor 32 connected in shunt
with the main tuning capacitor 8¢ to provide
a tracking adjustment at the high frequency
end of the tuning range.

The antenna coil 12 is connected between
the other input element i6 and ground by
medium of an automatic gain control, (AGC)
voltage terminal 34. A grounded antenna
tuning capacitor 36 is commonly connected. to
the input element {8 and the antenna loop coil
12 thereby providing with the antenna a variably
resonant radio frequency circuit for tuning
over the broadcast frequency range. The other
terminal of the antenna coil {2 is grounded
for signal frequencies by the AGC by-pass
capacitor 88 connected hetween the AGC: voli-
age terminal 34 and ground. The antenna
tuning capacitor 3§ is interconnected for uni-
control operation with the-variable osecillator
capacitor 30 as indicated -in- the drawing by
the dotted line.  The circuit is in some respects
the same as any conventional superheterodyne
receiver and therefore need not be discussed in
detail except for features of operation pertinent
to the present invention.

As bhefore mentioned, the antenna loop. coil
{2 may be variably adjusted upon the elongated
rod 10 to provide tracking at the lower fre-
quency end of the receiver tuning range. In
this manner, inductance adjustment may be
made without the addition of any additional
components such as a trimmer ecapacitor ordi-
narily necessary in this type of circuit. By
eliminating the trimmer capacitor adjustment
a lower minimum capacity may be attained and
therefore a higher antenna inductance. Ac-
cordingly a bhetter signal pick-up is attained
in accordance with this phase of the invention.
The  tracking adjustment at the high end of
the frequency range is accomplished in a con-
ventional manner by the trimmer capacitor 32
in the oscillator circuit.

An output utilization circuit for the multi-

-.element converter device 14 is connected to the

anode 40 by means of intermediate frequency
(I.-F.) transformer 42. Further I.-P. ampli-
fler stages as needed are connected to the
transformer 42 as indicated by the L-F. ‘am-
plifier block diagram 44. Theé fina] I.-F. trans-

_former 46 is shown schematically. within the

block 54. The high signal potential transformer
lead 48 is connected to the anode 53 of a diode
detector. The diode is shown as one section
of a -conventional dual purpose, dicde-triode
electronic tube 52 or some similar device in the
second detector AGC circuit contained within
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block 54. A detected output signal is there-
fore derived across a variable resistor or po-
tentiometer 60 serially connected to ground
from the low signal potential terminal of the
secondary winding of. the. final I.-F.  output
transformer 46. o '

From the variable tap §2 on the potentiometer
69 an output signal is coupled through a capaci-
tor 6§32 to the grid 64 of the first audio ampli-
fler tube comprising a triode section of the dual
purpose tube 52. The grid is connected to ground
by a grid leak resistor 63. It is to be recognized
that the invention is not limited to the particular
tubes shown, since any suitable translating de-
vice may be adapted for operation in the present
system. Tt is therefore clear that the described
embodimentis are for purposes of illustration and
not limitation.

A suitable audio amplifier system 88 may then
be connected between the output elements of the
triode amplifier portion of tube 52 and a speaker
76 or any other suitable utilization or loading
means. The illustrated schematic diagram of
®igure 1 therefore embodiss the high inductance
loop antenna of the present invention and asso-
ciated circuits which in combination with the
antenna provide improved functional perform-
ance. - The type circuits shown in block diagram
are well known in the art and may ke of con-
ventional design.

Some of the improved functional advantages
of the invention may be illustrated by consider-
ation of the graph shown in Figure 2. The upper
curve, as shown on the graph, signifies the rels-

tionship of permeability of the rod as plotted

against the distance of the center line of the an-
tenna coil 12 from the end of therod. Tt is noted
that the permeability becomes smaller as the coil
is moved nearer the end. This is important be-
cause g lower permeability near the end of the
rod allows the antenna coil {2 to include more
windings and therefore ecffectively to have a
greater loop area. The effective height of the
loop antenna is therefore increased and a greater
signal pick-up is effected.

As explained hereinbefore, one of the obhjects
of the invention is to provide g high inductance
loop. Since no trimming capacitor is provided
for adjustment of the tracking at the low end of
the frequency range with the present antenna
system, the input cireuit shunt capacity is de-
creased and therefore the inductance of the loop
may be further increased as before explained.
The multi-element converter tube further affords
very little capacity between the antenna or signal
input electrode 18 and ground so that essentially
the only limiting factor, with respect to the an-
tenna coil inductance, is the size of tuning ca-
pacitor 35 needed to tune the input. eircuit to
resonance over the required tuning range.
Therefore the described loop antenna in combi-
nation with the discussed input circuit provides
a cireuit having a high signal pick-up which re-
sults in greater receiver sensitivity and a good sig-
nal to noise ratio.

Likewise, it may be noted that the merit fac-
tor “Q” of the coil is higher as the center line of
the antenna coil is placed nearer the end of the
rod. This factor not only contribufes to an
even higher signal-to-noise ratio, but is also de-
sirable in increasing the effective height of the
antenna, and in providing a better rejection of
signals at image or cther unwanted frequencies in
the tuned input circuit. Therefore, by providing
a long rod 10 of ferromagnetic material and
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6.
placing the coil near the end of the rod, the un-
expected results of improving the signal-fo-neise
ratio, providing increased receiver sensitivity,
and decreasing the number of receiver component
parts, are achieved. -

As made clear in the graph of Figure 3 there
are rods of certain proportions which provide
the best operating advantages. Thus, as shown
in the curves, a rod one quarter inch in diameter
and of about seven inches in length at present
appears to provide the best combination of high
receiver sensitivity, high permeability and high
Q .near both the low and high frequency portions
of the broadcast tuning range. It is noted that
the rod used to afford the characteristics shown
in the graph of Figure 2, also was seven inches
in length and one quarter inch in diameter.
~ As seen from the permeability curve in Pigure
2, when the center line of the coil is about one
inch from the end of the rod a small longitudinal
motion of the coil results in a large change of
permeability. Thus it is found that a plus or
minus one guarter inch motion provided a ten
per cent change in the inductance of the an-
tenna loop. The antenna used to provide the in-
ductance change comprises a coil having a pro~
gressive universal winding of approximately 104
turns and having a length of five eighths inches.
The length of the one quarter inch diameter rod
was seven inches. -

"1t was found that the 28 to 1 ratio of length
to .diameter above used was of the proper crder
to give the best overall antenna operation. How-
ever, a ratio of length to diameter from about
16 to 50 includes the useful and optimum pro-
portions of the rod from the performance stand-
point. The approximate Q of the ferrite rod an-
tenna used was about 140 at 1150 kilocycles and
about 200.at 600 kilocyeles. The inductance of
the coil was approximsgtely 550 micro-henries,
and the permeahility of the rod was approxi-
mately 13 with the coil center line at approxi-
mately one inch from one end of the rod.  Fur-
ther improvements in the art of ferrite manu-
facture has made it possible to increase the above
“Q” and permeability fizures nearly 50 per cent.

As shown in Fig, 3 the sensitivity increases with
rod length. It should be pointed out that the
ferrite rod itself has flux gathering properties.
The flux from the propagated radio wave ap-
proaching the rod is attracted by the low reluc-
tance, high permeability of the rod mass. Ac~
tually the rod gathers flux from the higher re-
luctance air space around the rod. Thus, the
rod guides much more of the flux to cut the loop
winding than would be possible without the rod.
The higher the permeability of the rod, the better
the flux gathering properties. However, a com-
promise must be reached in maintaining the
requisite number of coil turns necessary for
proper circuit operation. ;

As compared in size with standard loop an~
tennas the present wminiature high-inductance
loop antenna is considerably smaller and there~
fore may easily be adapted to a small portable
receiver 12 or the like as shown in Figure 4. The
coil 12 and the rod {0 comprise the high indue-
tance loop antenna which is shown mounted by
means of brackets i3 and (5 with associated
grommets (1 and (9. The brackets 13 and 15
are preferably of a non-ferrite material so.that
a magnetic loop may not be completed through
the rod (0 by means of the receiver chassis or
case, Should an aluminum chassls, or the like,
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be used the brackets may be merely extensions
of the chassis itself.

As shown in the diagram the antenna loop coil
or winding may be mounted much closer to the
receiver components than a conventional loop
antenna coil. This not only provides for con-
venience in the location of parts such as will
allow shorter connecting leads and therefore
better performance at higher frequencies, but it
also allows the overall size of the entire system
to be kept small, as is desirable in most instances.

It is to be recognized from the foregoing de-
seription that in accordance with the invention,
there may be provided an improved high-induc-
tance loop antenna comprising an elongated fer-
romagnetic core having one end inserted within
the loop antenna coil, thus being asymmetrically
mounted with respect to the coil whereby a sub-
stantial proportion of its length extends out-
wardly from the loop. This antenna, in com-
bination with a superheterodyne receiver adapted
for the reception of electronic signals in the
broadcast frequency range, provides improved
performance, including higher receiver sensitiv-
ity and a better signal-to-noise ratio. It is to
be recognized that although there is described
a specific embodiment of the invention, that the
scope of the invention is not intended to be lim-
ited thereby. Thus, the improved loop antenna
may be used in other circuits with some of the
foregoing advantages. Therefore, there may be
suggested to those skilled in the art certain modi-
fications which will not necessarily depart from
the spirit or scope of the invention as defined
by the appended claims.

What is claimed is:

1. A miniature high-inductance loop antenna
for reception of electromagnetic waves compris-
ing in combination, an elongated ferromagnetic
core having a relative ratio of length to diameter
of substantially no less than 16 to 1 and no more
than 50 to 1, and antenna coil windings spread
over g small section of the length of said core at
substantially one end thereof, whereby the an-
tenna occupies a minimum of spaces without
sacrificing functional performance.

2. A loop antenna as defined in claim 1 where-
in the core comprises a ferrite rod and wherein
the center-line of the coil windings is located
substantially one-seventh of the rod length from
the end of the rod.

3. ‘A loop antenna as defined in claim 1 where-
in the coil windings are unitarily movable over
a small section of the length of the core at said
one end, whereby the inductance of said wind-
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8
ings may be varied within. substantial limits to
provide initial tuning adjustment of the loop
antenna.

4. In a loop antenna system for reception of
signals in the radio broadcast frequency range,
an elongated ferromagnetic core member having
a relative ratio of length to diameter of substan-
tially no less than 16 to 1 and no more than 50 to
1, antenna coil windings coaxially extending
along a short section of the length of said core at
substantially one end thereof, thereby forming
a high inductance loop antenna for the reception
of electromagnetic waves, and a tuning capacitor
connected in shunt with said coil windings, said
capacitor having a, relatively low maximum tun-
ing capacity in combination with the high induc-
tance of said coil winding to provide a resonant
circuit for tuning fully over said broadcast fre-
quency range with a high degree of efficiency.

5. In a loop antenna circuit, an antenna loop
coil, a ferromagnetic core member asymmetri-
cally mounted with respect to said loop coil and
having a relative ratio of length to diameter of
substantially no less than 16 to 1 and no more
than 50 to 1, and means for moving said loop coil
unitarily over a small section of said core at
substantially one end thereof to initially variably
adjust the inductance of the loop.

6. The combination as defined in claim 5
wherein the loop coil is a short winding having
an inside diameter of approximately one quar-
ter of an inch, and the core member is an elon-
gated rod of a diameter to fit within the coil and
adapted for insertion therein.

7. The combination as defined in claim 5
wherein the core member is an elongated rod
and the coil extends coaxially along a short sec-
tion of the length of the rod and is located sub-
stantially one-seventh of the rod length from
the end of the rod. ’

8. The combination as defined in claim 5
wherein the core member is an elongated ferrite
rod.

HAROLD B. STOTT.
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