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This invention relates to improvements in loop
antenna circuits for radio receivers, and more
particularly to a balanced low-impedance loop
antenna circuit having substantial advantages
both from electrical and mechanical points of
view.

The invention contemplates the provision of a
loop antenna of large cross sectional area, of
few turns, wound with wire of relatively large
diameter, and having a low impedance between
its terminals. In the preferred embodiment of
the invention the loop eircuit is balanced with
respect to the receiver’s chassis, and no external
ground connection is used. As will be shown
later, in such a circuit the ratio of the desired
magnetic to the undesired electrostatic (noise)
pickup is substantially greater than in the high-
impedance type of loop antenna heretofore em-
ployed in radio receivers adapted to receive sig-
nals in the broadcast and high frequency bands.

One object of the invention is to provide a
novel loop antenna structure and circuit having

advantageous characteristics for use in radio re-'

ceivers adapted to receive signals in either the
broadcast or short wave bands or both.

A further object of the invention is to provide
a loop antenna circuit embodying a loop antenna
of low inductance, but of substantial area,
whereby the loop is enabled to respond satisfac-
torily to the magnetic component of the de-
sired signal wave, while being substantially less
responsive to nearby noise sources whose effect
on the loop is largely of an electrostatic nature.

Another object of the invention is to provide a

muitiple-wave-band radio receiver operating

from a common loop antenna having the ad-
vantages hereinbefore enumerated.

Other features and objects of the invention
will ‘appear from the following detailed descrip-
tion and the accompanying drawings, in which

Fig. 1 is a circuit diagram of a portion of a
multi-band radio receiver embodying the inven-
tion;

Pig. 2 is a circuit diagram of a modification;

Fig. 3 is a perspective view of the low im-
pedance loop antenna in cooperative relation
with a radio receiver housed in a cabinet of the
console type; and

PFig. 4 is a perspective view of the low im-
pedance loop antenna as adapted for use with
smaller table model radio receivers.

Reference is now made to Fig. 1 in which there
is shown a schematic circuit diagram of one em-
bodiment of the loop antenna circuit in com-
bination with a vacuum tube V, which may be

the radio frequency amplifier or first detector
of a conventional superheterodyns radio re-
ceiver, or the first radio frequency amplifier of a

- conventional tuned radio frequency receiver. As
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will be described in more detail hereinafter, the
loop antenna 1 may comprise one or more turns
of a wire of relatively large diameter. The area,
and therefore the perimeter, of the loop itself
should also be relatively large, preferably as
large as the dimensions of the cabinet will per-
mit. When the loop is to be adapted for lim-
ited rotational adjustment, as in Fig. 3, it will
be necessary of course to make the dimensions
of the loop somewhat smaller than the inside
dimensions of the cabinet. Where it is desired
to rotate the loop a full 180 degrees its width
should be made smaller still. On the other hand,
where the loop is to be fixed with respect to the
cabinet, as in Fig. 4, the loop dimensions may be
substantially the same as the inside dimensions
of the cabinet. In general, therefore, the loop
is preferably made as large as the design of the
cabinet permits.

In order to make the receiver fully self-con-

5 tained, it is preferred to eliminate the usual

ground connection and to connect the “ground”
terminal of the loop circuit only to the metal
chassis 2 of the radio receiver. Preferably, in
order to minimize the electrostatic pickup of the
loop, the loop circuit is balanced electrically with
respect to the chassis. This may be done by lo-
cating the loop antenna symmetrically with re-
spect to the chassis and by connecting the elec-
trical center of the primary loop circuit to the
chassis. The latter may be accomplished by con-
necting the center tap of either the loop | or the
coil 3 to the chassis 2. In Fig. 1 the former con-
nection was chosen. .

‘With the 3-position ganged switches S; and Ss
in the position shown, the circuit is adapted for
reception in the broadcast or other relatively
low frequency band. Coupling between the loop
and the input circuit of the tube V may be by
means of a transformer having a low impedance
primary winding 8 and a high impedance sec-
ondary winding 4. The windings 3 and 4 arc
preferably. so tightly coupled that the leakage
inductance of the primary is small compared to
the inductance of the loop winding itself. 'The
loop winding { should be designed to have as
high a Q (ratio of reactance to resistance) as
possible, but since there are practical limita-
tions to the maximum Q of the loop it is desir-
able to design the transformer 3, 4 with as high
8 Q as possible, and in any event a Q which is
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higher than the Q of the loop winding . If
desired, an iron core may be provide to improve
the coupling between the coils. The tuning con-
denser 5 is connected preferably across the sec-
ondary winding 4, rather than across the loop
winding {. The tuned secondary circuit may be
coupled to the input of the vacuum tube V by
means of a small coupling condenser 6.

With the 3-position switches Si to S5 in their
second or intermediate position, the circuit is
adapted for tuning over an intermediate band of
frequencies, for example from 2.3 to 7.0 mega-
cycles. If the loop | comprises two turns, both
of which are employed for reception in the broad-
cast band, it may be found that & single turn,
plus a small auxiliary external inductance coil
1, will have sufficient inductance to cover the de-
sired intermediate wave band when tuned di-
rectly by the tuning condenser 5. This connec-
tion may be effected by the switch S; which short
circuits that turn of the loop which is common
to the lead wires 8 and 9, by the switch Sz which
disconnects the operative turn of the loop from
the primary winding 3, and by the switch S« which
connects the operative turn of the loop, via the
lead 10 and the inductance coil 1, to the tuning
condenser 5 and the grid of the vacuum tube V.
Preferably the unused secondary winding 4 is
disconnected from the tuning condenser 5 and
shorted to the chassis by the switch S3. If the
operative portion of the loop antenna tends to
pick up image, or other undesired signals outside
of the desired waveband, the coil T may be shunt-
ed by a condenser Il of predetermined capacity
such that the combination is parallel resonant
in the vicinity of the undesired frequencies, thus
enabling the auxiliary inductance 1 to function
simultaneously as a wave trap.

With the switches in their third position, the
circuit is adapted for tuning over & high frequency
range of signals. In the specific embodiment
shown, the circuit is arranged to provide “band-
spread” tuning over this band by the addition of
a small condenser 12 whose function is to “dilute”
the effect of the tuning condenser 5 and thereby
to limit the frequency range over which the loop
circuit can be tuned by the said tuning condenser.
For example, the frequency range covered by one
model so connected extended from about 9 to 12
megacycles. The high frequency band connec-
tions are here effected by the switch Si1 which
again short circuits that turn of the loop | which
is common to the lead wires 8 and 9, by the
switches Sz and Sz which remove the transformer
3, 4 from circuit, by the switch S which connects
the operative turn of the loop directly to the input
of the tube V by way of the lead wire {3 and cou-
pling condenser 6, and by the switch S5 which in-
serts the condenser 12 in series with the variable
tuning condenser 5. A small trimmer condenser
14 may be provided to aid in aligning the circuits
when used in the high frequency band.

As previously indicated, the present invention
relates in part to the use of a low impedance loop
antenna in place of the high impedance loops
which were commonly used in self-contained ra-
dio receivers prior to this invention. A high im-
pedance loop antenna may be defined as one
whose inductance is sufficiently high to permit the
loop to be tuned over the desired range by the
connection, across its terminals, of a conven-
tional tuning condenser, without the provision of
substantial additional series inductance. The
usual directly-tuned loops having inductances of
the order of 150 microhenries are correctly re-
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garded as high impedance loops and consequently
lie outside the range of the present invention.
Similarly loop antennas of a type described in my
copendling application, Serial #279,745, flled June
17, 1939, now U. S. Patent No. 2,249,129,!granted
July 15, 1941, and having, for example, an in-
ductance of 110 micorhenries supplemented by
a lumped inductance of 40 microhenries are re-
garded as high impedance loops.

A low impedance loop antenna, on the other
hand, may be deflned as one whose impedance is
so low that it must be tuned through the medium
of a transformer having a high step-up ratio, or,
alternatively, tuned by the series addition of an
auxiliary inductance coil or coils whose induc-
tance is large compared to the inductance of the
loop itself.

An embodiment of the latter form of the inven-~
tion is illustrated in Fig. 2 wherein the loop 15
preferably consists of from two to six turns of
wire of large diameter, while the additional in-
ductance necessary to enable the locp to be tuned
over the desired band is provided by the series
lumped inductance 6. In this embodiment, the
inductance of the loop 15 may be of the order of 14
microhenries, while the coil 16 may have an in-
ductance of approximately 135 microhenries.
The circuit shown in Fig. 2 may be regarded as
comprising the usual input tank coil 8, char-
acterized in that one turn of the said coil is
greatly enlarged to permit it to function as a
loop antenna of low inductance but of large area.
This circuit may be regarded as an extension of
that shown in the ahove-mentioned patent, and
as in the circuit of that patent it is preferred to
design the coil 16 to have as favorable a ratio of
reactance to resistance (Q) as possible, the Q
of the coil 16 preferably being greater than the
Q of the loop 15.

The loop antenna of the present invention may
take any suitable mechanical form, such as those
illustrated in Figs. 3 and 4, provided that the
principles of the invention are followed. No claim
is made herein to the specific mechanical con-
struction of the loop per se, as illustrated in
Figs. 3 and 4, which forms the subject of a co-
pending application of Palmer M. Craig, Serial
No. 389,991 filed April 23, 1941.

In Fig. 3 there is illustrated a physical embodi-
ment of the loop antenna circuit of Fig. 1 In a
console radio receiver of known form in which
the chassis 2 is mounted on a shelf {1 in the upper
portion of the cabinet 18, and the usual loud-
speaker 19 is mounted on a baffle board 20. The
loop is disposed below the chassis within the
cabinet in symmetrical relation thereto and is
rotatably mounted on rotary supports 21 and 22.
The loop is as large in area as the cabinet and
loop rotation will permit.

In a physical emobdiment of the invention
shown schematically in Fig. 1 and in perspective
in Fig. 3 the following dimensions and values
were found satisfactory. The loop antenna |
consisted of two turns of copper-weld wire ap-
proximately 0.10 inch in diameter, and having
a copper coating of about 0.003 inch. The steel
core of the wire does not effect the electrical
characteristics of the lcop in any substantial de-
gree, but adds to the mechanical rigidity of the
structure, making it substantially self-support-
ing. The loop measured 16 inches in width and
23 inches in height, with a spacing between turns
of 2 inches. The inductance of one such a loop
was about 6.2 microhenries. The coils 3 and 4
were of approximately 10 and 100 turns respec-
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tively and had inductances of about 3.3 and 225
microhenries respectively. The colls were tightly
coupled (about 82%) so that the ‘primary leak-
age inductance was only 1 microhenry, this be-
ing small in comparison to the inductance of the
loop, as is desired. The inductance of the single
turn loop employed for reception in the inter-
mediate and high frequency bands was some-
what less than half the inductance of the full two
turns, and the inductance of the series coil 1
was about 7 microhenries. '

Reference is now made to Fig. 4 in which there
is illustrated a low impedance loop 23 of four
turns mounted in a table model cabinet, 24 to
the rear of the radio chassis 2. A loop antenna
of this type may measure approximately 6 by
11% inches, may have a spacing between turns
of about half an inch, and may have an in-
ductance of the order of 6 microhenries. The
loop circuit may be balanced as shown in Fig. 1
if desired. The loop illustrated in Fig. 4, how-
ever, is not balanced, one terminal of the loop
being connected to the chassis 2 by way of the
lead wire 25, while the other terminal may be
connected to a suitable tuning system by way of
the lead wire 26. The input circuit for this loop
may include either a step-up transformer as il-
lustrated in Pig. 1, or a series inductance as il-
lustrated in Fig. 2, the former being preferred
however. .

Where a single turn loop is employed the in-~
ductance is, of course, equal to the self induc-
tance of the turn. However where a multi-turn
loop is used the inductance is equal to the sum
of the self inductances of the turns, plus the
mutual inductances between the several turns,
and hence the inductance of the loop tends to
increase more rapidly than the turns. Where
the turns are closely spaced the inductance in-
creases directly with the square of the number
of turns. Consequently where a multi-turn loop
is contemplated for use in the present invention
it is preferred to reduce the mutual inductance
between the turns by spacing the turns as widely
as is practical. Thus in the embodiment of Fig.
3 a spacing of two inches has been found satis-
factory, while in the embodiment of Fig. 4 a spac-
ing of about half an inch is satisfactory. The
specific spacing chosen, and its effect upon the
total inductance, will depend to some extent
upon the diameter of the conductor employed
in the loop. In general it is preferred that the
inductance of the loop be kept as low as possible
by employing a large conductor size and by de-
signing the loop in such a way that the ratio
of pitch (distance between centers of adjacent
conductors) to wire diameter is at least 4.

In the specific embodiment already described
with reference to Fig. 3 this ratio of pitch to wire
diameter was 20. A good practical rule to fol-
low is to design the loop with a pitch/diameter
ratio of from 6 to 30, although in table model
receivers having only a limited space for the loop
winding it may be necessary to employ a ratio of
the order of 4. The number of turns chosen in
any specific instance may depend at least in part
upon the included area of the loop, a small loop
preferably having a larger number of turns than
a large loop. The choice of the number of turns
may conveniently be such that the inductance
of the loop is of the order of from 3 to 16 micro-
henries, although inductances as high at 20 mi-
crohenries show substantial improvement over
high impedance devices utilized heretofore.

The superiority of a low impedance loop as
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compared to a high impedance loop from the
standpoint of freedom from electrostatic noise
signal pickup may be appreciated from the fol-
lowing. If it were possible to balance a loop
antenna perfectly there would be no electro-
static pickup. However such perfect balance is
not obtainable in practice and hence merely
balancing a loop to ground, which is old in the
art, Is not enough to avoid the electrostatic pick-
up of noise from nearby spark discharges and
the like. Accordingly some unbalance must al-
ways be reckoned with. In the general case where
the loop is not balanced, or only partly balanced,
the desired magnetic pickup will be approximate-
ly proportional to the number of turns in the
loop, whereas the impedance of the loop will be
approximately proportional to the square of the
rumber of turns (or at least to a power greater
than 1 and approaching 2). On the other hand
the electrostatic pickup of the loop will be pro-
portional to the impedance of the loop. Conse-
quently the ratio of the electrostatic to electro-
magnetic pickup of a loop is approximately pro-
portional to the square root of the impedance
(or inductors), i. e. approximately proportional
to the number of turns. Thus a low impedance
loop antenna having an inductance of say 6 mi-
crohenries will have 145 the impedance of a con-
ventional high impedance loop of 150 microhen-
ries, and will accordingly pick up only % of the
noise picked up by the high impedance loop.
In practice it has been found that the superi-
ority of the low impedance loop antenna circuit

_of the invention over the conventional high im-

pedance antenna, even when the latter is electro-
statically shielded and the former is not, may be
even greater at some frequencies than is indicat-
ed by the figures given above, The following fig-
ures obtained in comparative noise measure-
ments are illustrative of the superiority of the
novel low impedance balanced loop antenna cir-
cuit as compared with the conventional shielded
hight impedance loop antenna. Readings were
made as & convenient point in the receiver at
three frequencies in the broadcast band with the

aid of a peak voltmeter.
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The above figures and comparisons are based on
voltage readings, while most loudspeaker meas-
urements are based on watts. If these peak volt-
age measurements are equated in terms of peak
watts it is found that receivers employing the
novel low impedance loop antenna are, on a wat-
tage basis, from 12 to 236 times more free from
impulse noise than are receivers employing con-
ventional shielded high impedance loops,

In order to keep the impedance of all exposed
antenna elements to a minimum, and thereby to
reduce the pickup of noise, it is preferred to con-
struct the loop itself in such a manner that its
ends are disposed near the receiver chassis, so
that short low impedance leads may be em-
ployed-to connect the loop to the receiver.

In order to keep the inductance of the loop
low, it is preferred to use as few turns as possi-
ble, and in practice two to four turns have been
found especially satisfactory. However since the
output voltage of a given loop is proportional to
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the number of turns, it is desirable to compen-
sate for the loss of turns by increasing the area
of the loop as much as possible, the output volt-
age being also proportional to the area of the
loop. On the other hand an increase in loop
area tends to increase loop inductance, but this
effect can be as least partially countered by in-
creasing the diameter of the wire used in the
loop. An increase in wire diameter results, of
course, in a decrease in inductance., Wire diam-
eters of the order of one-tenth of an inch, or
larger, have been found satisfactory for this pur-
ose.

i The use of large wire sizes, and particularly of
a wire having a steel core, has the added advan-
tage that g loop so constructed becomes substan-
tially self supporting, and may require only a few
wooden spacing members as shown in Fig. 3 to
make the loop mechanically stable and rigid.
Alternatively the turns of the loop may be held
in alignment by suitably formed and riveted
sheets of fiber board as shown in Fig. 4. The
use of a conductor having a steel core with a
thin copper coating is advantageous further in
that the cost of such wire is substantially less
than that for a solid copper conductor. In place
of solid conductors it is also contemplated to em-
ploy tubular conductors of large diameter, as
well ag conductors of square or rectangular cross
section. :

While the electrical and mechanical features
of the invention have been described with re-
spect to certain specific embodiments it should
he understood that this has been for the pur-
pose of disclosure, and should not be taken as a
limitation of the invention to these specific con-
structions.

I claim:

1. In a low impedance loop antenna circuit, a
loop winding of relatively large included ares,
said winding being constructed of a relatively
large conductor and having a small number of
turns, said loop winding having a low impedance
to frequencies in at least one of the wave-bands
to be received, a low impedance connection be-
tween said loop winding and a point of substan~
tially fixed potential, inductive means having a
greater impedance than said loop coupled to said
loop winding for supplementing the inductance
of said loop, said inductive means also having 2
higher Q (ratio of reactance to resistance) than
said loop winding, adjustable means connected
to said inductive means for tuning said loop cir-
cuit over a desired band of frequencies, and
means for coupling said loop circuit to the input
element of a radio receiver.

2. Tn a low impedance loop antenna circuit, &
loop winding of relatively large included area,
said winding consisting of from 2 to 6 turns of
a relatively large conductor, and having a ratio
of winding pitch to wire diameter of from 4 to 30,
said loop winding having a low impedance to
frequencies in the range 540 to 1600 kilocycles, a
low impedance connection between said loop
winding and g point of substantially fixed poten-
tial, inductive means having a greater imped-
ance than said loop coupled to said loop wind-
ing for supplementing the inductance of said
loop, said inductive means also having a higher
Q (ratio of reactance to resistance) than said
loop winding, adjustable means connected to said
inductive means for tuning said loop circuit over
a desired band of frequencies, and means for
coupling said loop circuit to the input element of
a radio receiver,
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3. In a low impedance loop antenna circuit, &
loop winding of relatively large included area,
sald winding being wound from a conductor hav-
ing a diameter of the order of at least one tenth
inch and having an inductance of the order of
from 3 to 20 microhenries, a low impedance con-
nection between said loop winding and a point of
substantially fixed potential, inductive means
having a greater impedance than said loop cou-
pled to said loop winding for supplementing the
inductance of said loop, said inductive means
also having a higher Q (ratio of reactance to re-
sistance) than said loop winding, adjustable
means connected to said inductive means for
tuning said loop circuit over a desired band of
frequencies, and means for coupling said loop
circuit to the input element of a radio receiver,

4, In a self-contained radio receiver, a cabinet
for housing all the component parts of said re-
ceiver, including a metal chassis, loudspeaker
and loop antenna, a supporting means in said
cabinet for supporting said chassis near the top
of said cabinet, a rotatable loop antenna sup-
ported in said cabinet below said chassis and said
supporting means, said loop antenna being sub-
stantially as large as the dimensions of the cabi-
net space below said supporting means permit,
but having regard to the degree of rotation re-
quired of said loop antenna, said loop winding
being wound from a relatively large conductor
and having a small number of turns, said loop
winding having a low impedance to frequencies
in the range 540 to 1600 kilocycles, a low im-
pedance connection between the electrical cen-
ter of said loop winding and said chassis, induc-
tive means having a greater impedance than said
loop coupled to said loop winding for supple-
menting the inductance of said loop, said induc-
tive means also having a higher Q (ratio of re-
actance to resistance) than said loop winding,
adjustable means connected to said inductive
means for tuning said loop circuit over said
range of frequencies, and means for coupling
said inductive means to the input elements of

5 said radio receiver.

5. In a self-contained radio receiver, a cabinet
for housing all the component parts of said re-
ceiver, including a metal chassis, loudspeaker
and loop antenna, a supporting means in said
cabinet for supporting said chassis near the top
of said cabinet, a rotatable loop antenna sup-
ported in said cabinet below said chassis and said
supporting means, said loop antenna being sub-
stantially as large as the dimensions of the space
below said supporting means allow, but having
regard to the degree of rotation required of said
loop antenna, said loop winding comprising a
relatively large conductor having a small num-
ber of turns, said loop winding having a low im-
pedance to frequencies in the range of 540 to
1600 kilocycles, a tightly coupled step-up trans-
former having a low impedance primary and a
high impedance secondary connected between
the terminals of said loop antenna and the input
terminals of a space discharge device in said re-
ceiver, said secondary winding having a higher
Q (ratio of reactance to resistance) than said
loop winding, adjustable tuning means connect-
ed in shunt with said secondary winding for tun-
ing the loop antenna circuit over said frequency
range, and a low impedance connection between
the electrical center of the primary circuit and
said chassis.

6. In a multi-band radio receiver, a low im-
pedance loop antenna winding of large included
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area and few turns, a step-up transformer hav-
ing low and high impedance windings, a vacuum
tube having input and output circuits, and a tun-
ing condenser connected in shunt with said input
circuit, switching means operative in a lower fre-
quency band for connecting the low impedance
winding of said step~-up transformer to said loop
winding and for connecting the high impedance
winding of said transformer to said input. cir-
cunit, additional switching means operative in a
higher frequency band for taking said trans-
former out of circuit and for connecting only
some of the turns of said loop winding to said
input circuit directly, and means for short cir-
cuiting the unused turn
winding. .

7. A multi-band radio receiver as claimed in
claim 6 characterized in that when said switch~
ing means are adjusted for: reception in said
higher frequency band the said direct connec-
tion between said loop winding and said input

or turns of said loop

10
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circuit includes, in series, a winding adapted to
increase the overall inductance of the tuned cir-
cuit to enable it to be tuned over a desired fre-
quency band.

8. In a low impedance loop antenna circuit, a
loop winding of large included area, said wind-
ing consisting of 2 to 6 turns of a conductor hav-
ing a diameter of the order of at least one-tenth
inch, said winding having a . ratio of winding
pitch to wire diameter of 4 to 30, and having an
inductance of the order of 3 to 20 microhenries,
a low impedance connection between said loop
antenna circuit and a point of substantially fixed
potential, inductive means having a greater im-
pedance than said loop winding coupled to said
winding for supplementing the inductance
thereof, ahd adjustable means connected to said
inductive means for tuning said loop circuit to
frequencies in the range 540 to 1600 kilocycles.

WILLIAM H. GRIMDITCH.



