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11 Claims.

This invention relates to radio receiving sys-
tems, and a principal object of the invention
is to provide for both long and short wave re-
ception, either alternatively or simultaneously
5 by one or more receivers tuned te each band.

and at the same time, so far as the downleads
from the antenna are concerned, to avoid inter-
ference by local electrical equipment, such as
sparking motors, electric refrigerators, elevator
motors, etc., and to effect such reception of long
and short wave signals through the same down-
lead conductors. The part of the system which
relates to long wave reception is in itself a fea-
ture of the present invention apart from the part
relating to short wave reception.

With the advent of television and a constantly
increasing demand for distant or foreign broad-
cast reception on wave lengths much shorter than
those of the ordinary broadcast band of 200
to 600 meters, the problem of satisfactory noise-
less reception of these wave lengths, as welil
as those within the broadcast band, becomes one
of great importance.

The inventinn has been made more partlcularly
95 for the reception -of signals within the usual

long wave broadcast band in this countzy of 0.5
to 1.5 megacycles, or 600 to 200 meters wave
length, and those within the usual short wave
broadces: band of 5 to 60 megacycles, or 60 to 5
meters wave length. The selection of these par-
ticular frequency -bands is not to be construed
as a limitation of the possibilities of the inven-
tion, but as serving to exemplify one of its most
important applications for presenf-day broad-
cast reception. As the art develops, these bands
may change considerably.

Three approved circuit arrangements accord-
mg to the invention are shown dlagrammatlcally,
by way of example, in the accompa‘lymg draw-
ings, in which.

Fig. 1 shows a circuit diagram of a receiving
system embodying the present invention;

Fig. 2 shows a circuit diagram of a modifica-
tion of fhe system shown in Fig. 1;

Fig. 3 shows a circuit diagram of a modification
of the system shown in Fig. 2; and

Fig. 4 shows a circuit diagram of a further
modification of the system shown in Fig. 1.

As shown in Fig. 1, the short and long wave
receivers R and R’ and the combination short and
long wave receiver R’’ receive current from an
antenna A, A’, A’’ by means of a downlead com-
posed of two insulated conductors D and D’. The
conductors D and D’ are most desirably twisted
55 together both for convenience and also to insure
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equalization of the effects of any induced poten-
tial on the two conductors. The downlead con-
ductors D and D’ are connected by conductors DD
and DD’ to electrically spaced points B and B’
on the antenna for the reception of short wave
signal current. For long wave signal current,
the conductors are indirectly connected to the
antenna through a transformer T, one end of
the primary coil of which is connected to the
antennsa at E, and the other end of the primary
being connected to the mid-point M of the sec-
ondary of the transformer. The secondary of the
transformer is connected across the conductors
D, D’, making connectmn therewith at the points
Fand F.

Short wave reception in the present system is
based on a difference in potential between two

REISSUED
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parts of the antenna, and hence the points B °

and B’ are spaced apart to give a potential drop
between them. Desirably the portion A, A’ of
the antenna is of the half wave length doublet, or
di-pole, type, and the distance BB’ depends upon
the impedance of the antenng hetween these two
points and that of the two downlead conductors
D and D’ and the connecting conductors DD and
DD’. As shown, there are two inductances L and
L’, having a high impedance for short wave sig-
nal current and a low impedance for long wave
signal current, inserted between the points B and
B’ to enable these points to be brought close
together while leaving them spaced apart so far
as their electrical relationship is concerned. If
such inductances are not used, the distance BB’
depends substantially wholly upon the impedance
of the conductors D and D’ and the conductors
DD and DD’.
tance should be about one-sixth of the length of
the antenna AA’ when such length equals one-~
half of the average short wave length., Instead
of inserting inductance in the antenna to reduce
the spacing of the points of connectipn of the
conductors DD and DD’, the antenna may be
made in two sections insulated from each other
except through the conductors DD and DD’ and
through the transformer T and one of said con-
ductors.

Since for long wave reception it is frequently
desired to use an antenna longer than an aver-
age short wave doublet antenna, the antenna may
be, and most desirably should be, extended, as
indicated, to a point A’’. In order to limit the
effective length of the antenna for -short waves,
the extension to the point A’’ is desirably con-
nected to the part A, A’ through an inductance
L.
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Condensers C and C’ are connected in the con-
necting conductors DD and DD’ between the
points B and F and the points B’ and F’ respec-
tively for the purpose of preventing short-cir-
cuiting of the secondary of the transformer T
through the circuit F, B, L, E, I’, B’, F*. Capac-
ity couplings are thus provided between the down-
lead conductors and the points B and B’ of the
antenna. The condensers C and C’ are ordi-
narily of about 100 micro-micro-farad capacity
each. .

The short wave receiver R is fed by a coupling

- transformer T” having its primary connected
across the downlead conductors D and-D’. The

1§ “circuit for the transformer T’ includes a con-
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denser C’’ serving primarily the purpose of a
filter to substantially exclude long wave currents.
The short wave currents flow from the di-pole

antenna down the capacity coupling DD and the .

conductor D to the transformer T and back up
the conductor D’ and the capacity coupling DD’
and vice versa. As the signal current flows at
any instant in opposite directions in the two con-
ductors and the conductors are close together,

any potential induced therein by an external
* source, such as an electric refrigerator, will have

equal and opposite effects on the flow of signal
current through the two wires. These effects

- will ieutralize each other.
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The long wave receiver R’ is fed by a coupling:

transformer T'’, the primary of which is con-
nected across the downlead conductors D and D’ .

" The inductance of this transformer is high enough

to substantially exclude any short wave current.
The long wave current from the antenna as-a
whole flows from the secondary of the trans-
former T down one of the conductors D or D’ to
the transformer T’ and back up the other con-
ductor D’ or D." Hence, as in the case of the
short wave currents, the effects of any induced
potentials produced by an external source will
neutralize each other. As the currents generated
in the two downlead conduectors will flow in the

same direction in both of the conductors, they.

will produce no electro-motive force in the sec-
ondary windings of either of the coupling trans-
formers T’ and T'’. . . -
Long wave reception in the present system 1is
based on a difference in potential between the
antenna as a whole and the ground. For this
reason, current must be permitted to flow through
the primary of the transformer T from ‘the an-
tenna to the ground and back. As shown in Fig.
1, this current enters the secondary of the trans-
former T at the point M and divides part flowing
through one-half of the secondary and down con-
ductor D and the other part flowing through the
other half and down conductor D’. As these
components of the current flow in opposite di-
rections through the secondary of T, they do not
affect the signal current induced in the second-
ary; and this divided current flowing in the same
direction in the two conductors D and D’ is with-
out effect on any signal current flowing in oppo-
site directions through the conductors, and be-
cause of their going into the windings of the
coupling transformers T’, I"’ in opposite direc-
tions, they can produce no electromotive force
in the secondary windings of either of these
transformers. At the ground end a center tapped
coil L’’’ is connected across the downlead con-
ductors D and D’ and the midpoint of thig coil
is connected hy a lead J to the ground G. Such
a coil may be inserted in other locations between
the downleads either in addition to or in place

- 1,965,539
-of the coil between the Iower end of the down-

leads, as shown. The current from the primary
of the transformer T flows through the two
halves of this impedance L’’’, unites at H and
flows to ground through the lead J.

The coil L'’ is designed and constructed so
that it offers very low impedance to currents
flowing through the two halves in opposite di-
rections but offers a high.impedance to current
flowing through the two halves in the same direc-
tion. Hence, 5o far as the current flowing to and
from the primary of the transformer T to ground
is concerned, the effect of potentials induced in
D and D’ by external agencies, such as house
electrical disturbances, will be negligible., This
result follows from the fact that any tendency
for the potential in such line to change as a whole

.8s a result of such external agencies will be fol-

lowed by a flow of current up or down both con-
ductors simultaneously in the same direction,
thereby neutralizing any changes in potential
which might otherwise be produced. In other
words, the end of the primary of transformer T
connected to the point M is substantially at
ground potential at all times, irrespective of the
effects of external agencies on the two downlead
conductors. That being so, the potential across
the terminals of the primary T is independent
of the action of external agencies on the con-
ductors D and D’..

Any currents which may be generated in the
conductors D and D’ by any botential-inducing
outside agency will not affect either receiver,

X

since the coupling transformers which feed the .

receivers will deliver energy from their secondary
windings only when currents flow in opposite
directions in the conductors which feed the pri-
maries, and will not deliver energy when such
currents flow in the same direction in the con-
ductors. Interference is thus neutralized, and
the signal waves which travel in opposite direc-
tions in the two downlead conductors are allowed
to pass through the primaries of the coupling
transformers to catise energy to be delivered to
the receivers from the secondary windings of the
transformers. )

To sum up, the flow of current through the
secondary of the transformer T is unaffected by
external potential-inducing agencies since the
induced effects in the two conductors D and D’
neutralize each other and the flow of current
through the primary of transformer T is sub-
stantially unaffected as any potential-inducing
agencies acting on the conductors D and D’ can-
not appreciably raise or lower the potential of
the conductors D and D’ as a unit, for the reason
that, since the impedance of L’’’ is practically
zero for currents induced simultaneously in both
downleads in the same direction, the two con-
ductors as a whole are at ground potential.

The receiver R’’ is a receiver of the type in
which its circuit characteristic may be changed
by a’'switch so as to enable it to be tuned in to
receive either long or short wave signals. This
receiver is connected to the downlead conductors
D and D’ by two transformers T’’’ and T"*"’ con-
nected in parallel. The transformer T'’* corre-
sponds to the transformer T’ for the short wave
receiver R and is provided with a variable con-
denser C’’’ serving the same function as the
condenser C’’, . .

As the two secondary windings of the trans-
formers T’’’ and T'’*’ are connected in parallel
to a single receiver, a condenser C’’*’ is arranged
in series with the short wave coupling trans-
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former T’ to prevent the secondary winding of
this transformer from short-circuiting the long
wave currents. The leakage reactance of the
long wave transformer is sufficient to prevent the
short-circuiting of the short wave currents by
the long wave transformer.

The transformer T’’’ plus. the receiver R’’
forms a short wave receiving unit, and the trans-
former T'’’* plus the receiver R’’ forms a long
wave receiving unit; and hence, while such units
have elements in common, they are functionally
the equivalent of the two separate coupling trans-
former and receiver units TR and T"'R’ and are
to be so regarded where reference is made both
in this specification and in the claims to short
and long wave receivers. Other forms of receiv-
ing units having elements in common, as well as
receiving units capable of tuning in on both short
and long wave signals, are likewise to be regarded
as the equivalents of wholly separate receiving
units.

The receiving system shown in Fig. 2 is similar

to that shown in PFig. 1. In Fig. 2, however, the

center-tapped impedance L’’’ connected across the
ground ends of the conductors D and D’ is omit-
ted and a third downlead conductor D'’ is used
extending from the end of the primary coil of
transformer T to ground. In the specific ar-
rangement shown, this conductoi D'’ is connect-
ed to the mid-point M of the secondary of the
transformer T to the ground G. In this embodi-
ment of the inventior: the current to and from
the primary T flows through the downlead con-
ductor D’’.
. The possible effects of potentials induced in
D'’ by house electric currents and the like are
substantially eliminated as the result of the fact
that such conductor is grounded and is of rela-
tively low impedance with respect to long wave
currents, and is thereby effectively at ground po-
tential.

If desired, the mid-point K of the primary of

. the coupling transformer 'T"’ may be connected

5

by a lead P to a point O on the downlead conduc-
tor D’ so as to provide a ground for the point
K. When the point K is so grounded the section
of the conduetor D'’ hetween M and O may be
omitted. In that case the current from the pri-
mary of the transformer T divides at M, flows
through the two halves of the secondary down
the conductors D and D’, through the two halves
of the primary of the coupling transformer T/,
unites at K and flows to ground G through the

lesad P and the remaining portion of the downlead

conductor D’’. The flow of such current through
the two halves of the primary of the coupling
transformer being in opposite directions has no
effect on the flow through the secondary of such
transformer of current induced therein by the sig-
nel current flowing in the same direction through
both halves of the primary, and hence does not
affect the signal reception in any way.

The conductor D'’ may be in the form of a
metallic tube or woven network of wires sur-
rounding the conductors D and D’ and insulated
therefrom, thereby shielding them from any ex-
ternal electric field. Even if D'’ is merely a wire,
it has some shielding effect. When, however, the
double conductor system shown is used, a shield
is ordinarily unnecessary, as the effects of any
induced potential are for all practical purposes
neutralized. Most conveniently, therefore, the
downlead consists of three insulated wires (or
two in case D’ between M and O is omitted)

twisted together. For clearness, the drawings
show only D and D’ twisted, but in practice all
three wires are twisted together.

Fig. 3 shows a receiving system similar to that

of Fig. 2, except that auto transformers are used -

adjacent the antenna and in the long wave re-
ceiver transformer circuit. The auto transform-

er adjacent the antenna should be of such type

that the tap to ground for the primary is at the
mid-point of the secondary, as shown, so that

.3-

the potentials in the two downleads at any instant -

are equal and opposite. To further insure this
condition, the coupling between the two halves
of the secondary of transformer T and of the pri-
mary of transformer T’’ should be as near unity
as practicable.

Fig. 4 shows a rece.ving system similar to that
of Fig. 1 except that two anfennae are used, one,
A’ A’ for short wave signals, and the other,
A A forlong wave sighals. Thefwoantennae

are to advantage so positioned relatively to each.

other that there is substantially no coupling be-
tween them, whether by capacity or induction.
This result is conveniently obtained by placing
the two antennae at right angles to each other.
The short wave antenna is electrically broken
in the middle at S, the adjacent ends of the two
parts being connected by an insulator or sup-
ported independently as desired.

With the double antenna system above de-
scribed there is no necessity for capacity cou-
plings between the points B and F and the points
B’ and ¥’ to prevent the passage of long wave
current since short-circuiting of the secondary
of the transformer T is prevented by the break in
the short wave antenna at S. Consequently the
capacity couplings provided by the conductors
C and C’ in the connecting conductors DD and
DD’ of Fig. 1 may be replaced by plain non-

. capacity couplings D’*’, D’’’, as shown.

If desired, all the downlead conductors in either
Figs. 1, 2, 3 or 4 may for mechanical or other rea-
sons be enclosed in a grounded metallic or a non-
metallic sheath or casing.

W.th any of the forms of circuit shown there
may be a plurality of receivers, either long wave
receivers or short wave receivers, or those which
receive both long and short wave signals, and
if the coupling transformers are loosely coupled
the tuning of one of the receivers will not ap-
preciably affect the tuning of the others. The
circuit’ shown in Fig. 1 has the advantage that
it is simpler and cheaper than the construction
shown in Fig. 2, and this is especially so where a
large number of receivers are to be operated
from a single-antenna, as in the case of an apart-
ment house or hotel.

The double transformer single receiver ar-
rangement T'’/, T, R'" may be used with. cir-
cuits such as shown in Figs. 2 and 3.

What is claimed is:

1. A radio receiving. system for short wave
and long wave signals, comprising signal plck
up means, & pair of downlead conductors, means
for causing a rise or fall in potential in said
pick up means due to long wave signals to pro-
duce a potential rise in one downlead conductor
and a simultaneous potential fall in the other
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downlead conductor, and means for transferring .

to said downleads potential differences between
electrically spaced points in said pick up means
due to short wave signals, whereby circulating

long wave signal currents and circulating short

wave signal currents are ploduced in said down-
leads:
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. .

2. A radio receiving system for short wave
and long wave signals, comprising signal pick
up means, a pair of downlead conductors, a cou-
pling transformer having its primary connected
across the downlead conductors for feeding a
long wave receiver, a coupling transformer for
feeding a short wave receiver having its primary

“connected across the downlead conductors by a
branch circuit including a condenser for sub- .

stantially preventing passage of long wave cur-

- rent, means for causing a rise or fall in poten-

tial in said pick up means due to long wave sig-
nals/to produce a potential rise in
conductor and a simultaneous potential fall in
the other downlead conductor, and means for
transferring to said downleads potential differ-
ences between electrically spaced points in said
pick up means due to short wave signals, whereby
circulating long wave signal currents and eir-
culating short wave signal currents are produced
in said downleads.

3. A radio receiving system for short wave and
long wave signals, comprising an antenna, a par
of downlead conductors, a transformer for long
wave current adjacent the antenna the primary
of which is connected to the antenna and to
ground and the secondary of which is connected
across the upper ends of the downlead conductors
to supply long wave current therethrough to a
long wave receiver, .and capacity couplings be-
tween the upper ends of the downlead conductors

-and electrically spaced points on the antenna to

supply short wave current through the downlead
conductors to a short wave receiver, the capacity
of said couplings being sufficient to prevent sub-~
stantial short-circuiting of the secondary of said
transformer. ) .

4. A radio receiving system for short wave and
long wave signals, comprising an antenna, a pair
of downlead conductors, a transformer .for long
wave current adjacent the antenna the primary
of which is connected to the antenna and to
ground and the secondary of which is connected
across the upper ends of the downlead con-
ductors to supply long wave current therethrough
to a long wave receiver, capacity couplings be-
tween the upper ends of the downlead conductors
and electrically spaced points on the antenna to
supply. short wave current through the down-
lead conductors to a short wave receiver, the
capacity of sald couplings being sufficient to
prevent substantial short-circuiting of the sec-
ondary of said transformer, and coupling trans-
formers in circuits connected across said down-
lead conductors for feeding long wave and short
wave receivers, the circujt for the short wave
transformer including a condenser to substan-
tially prevent passage of long wave current and
the cireu't for the long wave transformer having
sufficiently high inductance to substantially pre-
vent passage of short wave current. : )

5. A radio receiving system for short wave and
long wave signals, comprising an antenna, a
pair of downlead conductors, a transformer for
long wave current adjacent the antenna the pri-
mary of which is connected to the antenna and
to ground and the. secondary of which is con-
nected across the upper ends of the downlead
conductors to supply long wave current there-
through to a long wave receiver, capacity cou-~
plngs between the upper ends of the downlead
conductors and electrically spaced points on the
antenna’ to supply short wave current through
the downlead conductors to a short wave receiv-

one downlead .

to prevent substantial shorf-circuiting of the
secondary of said transformer, coupling trans-
formers in circuits connected across said down-
lead conductors for feeding long wave and short
wave receivers, the circuit for the short wave
transformer including a condenser to substan-
tially prevent passage of long wave current and
the circuit for the long wave transformer having
sufficiently high inductance to substantially pre-
vent passage of short wave current, and a ground
connection to the mid-point of the primary of
the long wave coupling transformer.

6. A radio receiving system for short wave and

“long wave signals, comprising an antenna, a pair

of downlead,conductors, a transformer for long
wave current adjacent the antenna the primary
of which is connected at one end to the antenna
and at the other end to the mid-point of the

‘secondary of the transformer the secondary of

the transformer being connected across the up-
per ends of the downlead conductors to supply
long wave current therethrough to a long wave re-
ceiver, capacity couplings between the upper ends
of the downlead conductors and electrically spaced
points on the antenna to supply short wave cur~ 1
rent through the downlead conductors to g short
wave receiver, the capacity of said couplings be-

-ing sufficient to substantially prevent short-cir-

cuiting of the secondary of said transformer, cou-

. pling transformers in circuits connected across 1

said downleads for feeding long wave and short
wave receivers, the circuit for the short wave
transformer including a condenser to substan-
tially prevent passage of a long wave current and
the circuit for the long wave transformer having 1:
sufficiently high inductance to prevent substan-
tial passage of short wave current, and a con-
nection to ground from the mid-point of the pri-
mary of the long wave coupling transformer.,

7. A radio receiving system for short wave and 1]
iong wave signals, comprising an antenna, a pair
of downlead conductors, a transformer for long
wave current adjacent the antenna the primary
of which is connected at one end to the antenna
and at the other end to the mid-point of the 1¢
secondary of the transformer the secondary of the
transformer being connected across the upper
ends of the downlead conductors to supply long
wave current therethrough to g long wave re-
ceiver, capacity couplings between the upper ends 12

"of the downlead conductors and electrically

spaced points on the antenna to -supply short
wave current through the downlead conductors
to a short wave receiver, the capacity of said
couplings being sufficient, substantially to prevent 13
short-circuiting of the secondary of said trans-
former, an inductive impedance connected across
the downlead conductors, and & ground connec-
tion to the mid-point of said impedance, where-
by the current.through the primary of the first 13
transformer will pass through the two. downlead
conductors and through the two halves of said
impedance to said ground connection which act in
parallel opposing while for signal currents they
will be in series aiding, ' 14
8. A radio receiving system for short wave and
long wave signals, comprising an antenna, a pair
of downlead conductors, a transformer for long
wave current, adjacent the antenna one end of the .
primary of which is connected to the antenna and 14
the secondary of which is connected across the
upper ends of the downlead ‘conductors to supply
long wave current therethrough to a long wave

receiver, capacity couplings between the upper 1

er, the capacity of said couplings being sufficient ends of the downlead conductors and electrically
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spaced points on the antenna to supply short wave
current through the downlead conductors to a
short wave receiver, the capacity of said couplings
being sufficient substantially to' prevent short-
circuiting of the secondary of said transformer,
and a third conductor connecting one end of the
primary of said transformer to ground.

9. A radio reeciving system for short and long
wave signals, comprising two antennae, one to
pick up long wave signals and the other being a di-

" pole short wave antenna and being broken elec-
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trically near its center, a pair of downlead con-
ductors, a transformer for long wave current
having its primary connected to the first antenna
and to ground the secondary of said transformer
being connected across the upper ends of the

. downiead conductors to supply long wave current

therethrough to a long wave receiver, and elec-
trical connections between the two parts of the
second antenna and the upper ends of the down-
leads to carry short wave current from such an-

5

tenna through the downlead conductors to a short
wave receiver. , .

10. A radio receiving system as in claim 9, in
which the two antennae are positioned so as to
have substantially no coupling.

11. In a radio receiving system for short wave
and long wave signals, comprising an antenna, a
pair of downlead conductors, a transformer the
secondary of which is connected across the upper
ends of said conductors and the primary of which
is adapted to be connected to the antenna and to
ground, means for providing capacity couplings
from the upper ends of said conductors to spaced
points on an antenna, and coupling transformers
connected across said conductors for feeding long
wave and short wave receivers, the short wave
coupling transformer having its primary con-
nected in a branch circuit including a condenser
for substantially preventing passage of long wave
current.

ERNEST V. AMY.
JULIUS G. ACEVES.
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