2,074,896

D. P. EARNSHAW

March 23, 1937.

ANTERNA SYSTEM FOR MULTIBAND RADIO RECEIVERS

Filed Dec. 21, 1935

Fo¥nos 9
SUIg oL
- £

VNN TL ENNTLNY
oL

ATo30
\0 TYNINYFL OL K HOLIMG 0L

q
Lrrverztor.
Dawndd L2 Flarrzsiarw
Y

e _Q:ﬁ.{&?‘?z&:‘ys

A

- XINITOFY MO HIANIFOFTY MO

NOILOTS BNNIFLINY LHOMHS

oy .54

TONINYT L VAN TLINYG 0L TYNIWNITL TROOHE DL

THNINYTL TONILIYTL

WRNITLNY TN D

4 14
7 '.'@ e
o ']
: .

NO/LDFS UNNILNY SN0 7 NOILDTES YNNILNY LSOHS NOILITS UNNILNY ONOT




Patented Mar. 23, 1937

UNITED STATES

2,074,896

PATENT OFFICE

2,074,896

ANTENNA SYSTEM FOR MULTIBAND m10
RECEIVERS

David P. Earnshaw, Philadelphia, Pa., assignor to
Philadelphia Storage Battery Company, Phila-
delphia, Pa., a corporation of Pennsylvania

Application December 21, 1935, Serial No. 55,647
In Great Britain December 24, 1934 .

6 Claims.

This invention relates to antennae or energy
collectors for radio-recelving systems and the
like, and particularly to antennae for multi-band
receiving systems. One object of the invention

5 is to improve the quality of radio reception by in-
creasing the efficiency of the antenna as a signal-
collecting device and by reducing the effect on the
receiving system of electrical disturbances in the
vicinity of the antenna lead-in conductor. This

10 object is accomplished as follows:—First, the de-
vice provided by the invention automatically
changes the length of the antenna from an elec-
trical point of view so that the proper length of
antenna is provided for: each frequency band

15 without changing the antenna physically. Sec-
ond, a lead-in line is provided between the an-
tenna and the receiver for the transfer of signals
to the receiver; which line is designed so as to
effect minimum attenuation of signal strength,

90 minimum pick-up of local interference, and max-
imum attenuation of such interference as is
picked up by the lead-in line. Third, transfer
impedances are provided between the antenra
and the lead-in transmission line and between

25 the said line and the receiver; which impedances
are designed to increase the efficiency of the
antenna and its lead-in line and to permit the use
of a low impedance lead-in line.

Another object of the invention is to provide a

30 specific adaptation of the antenna and its asso-
ciated lead-in line to a conventional multi-band
receiver.

Other objects and features will appear from the
following description and the accompanying

33 drawing. In the drawing:

Fig. 1 is a diagrammatic illustration of the an-
tenna system;

Fig. 2 is a similar illustration of the adaptation

 of the antenna system to a multi-band receiver;

40 and

Fig. 3 illustrates a modification.

In the specific embodiment of Fig. 1 which will
serve to illustrate the antenna system, but which
is not intended to limit the invention in any way,

45 the antenna is divided into two parts, as illustrat-
ed, by one of the impedance devices above men-
tioned. One part of the antenna may be approx-
imately 1 feet in length and the other part may
be of any convenient length greater than the

50 length of the first part. It has been determined,
however, that the longer part of the antenna

i _should preferably be about 40 feet and that there
is no advantage in having the longer part of the
antenna of greater length. These two parts of

55 the antenna may be connected respectively to the

(CL 250—20)

terminals or extremities of a small air core coil A.
The lead-in or transmission line may comprise
two conductors which are closely twisted to-
gether, or otherwise transposed, and the extrem-
itles g and b of tlfese conductors at the antenna
end of the line may be connected respectively
through small condensers C: and Cz to points on
coil A trisecting the coil or dividing it into three
parts which may be about equal or preferably
the central part may be somewhat smaller than
the outer parts., Extremity a may be connected
to the coil tap nearer the longer antenna section,
while extremity b may be connected to the coil
tap nearer the shorter antenna section. These
same extremities of the lead-in line may alsc be
connected respectively through smaller con-
densers C3 and Cs to the respective ends or ter-
minals of the coil A, the extremity a being con-
nected in this manner to the coil terminal at the
shorter antenna section, while b is connected to
the coil terminal at the longer antenna section.

Considering the transfer impedance between
the lead-in transmission line and the antenna,
it will be noted that there is provided an im-
pedance unit comprising a plurality of condensers
and coils and that each of the coils is closely
coupled to the other coils. Due to the large num-
ber of loop circuits, each including an inductance
and a capacitance, and due further to the high
degree of coupling existing between these several
circuits, the unit will be at least partially reso-
nant at a large number of different frequencies
and by proper design of the several electrical
parameters, these different resonant frequencies
may be made to cover the entire frequency range
for which it is desired to use the antenna system.
As has been mentioned, the number of individual
resonant points has been augmented by the high
degree of coupling, that is by over-coupling the
several inductances, which effect may be brought
about by winding the several sections on the same
form, and the number of resonant frequencies
may be further augmented by using this sym-
metrical device with a non-symmetrical antenna
system. Thus, the different capacitances asso-
ciated with each end of the unit due to the differ-
ent lengths of the antenna sections connected
thereto will increase the number of points at
which the unit is at least partially resonant.

The condensers C: and Cz2 may be larger than
the condensers Cs and Cs and, consequently, will
have a lower impedance. For example, the im-
pedances of C: and C2 may be one-tenth those of
Cs: and Cs Further, the impedance of the cen-
tral section of the coil A to which C: and Cj3 are
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connected will be small as compared with the
impedance of the entire coil. Thus, looking into
the unit from the transmission line, it will appear
as a relatively low impedance, whereas looking
& into the unit from either section of the antenna,
it will appear as a relatively high impedance.
The impedance matching between the high im-
pedance antenna and the low impedance lead-in
line is brought about in this fashion, the trans-
10 fer unit, due to its large number of resonant fre-
quencies, serving to match the impedance of the
antenna to that of the transmission line over a
wide frequency range.
The transfer impedance device connecting the
15 lead-in or transmission line to the receiver may
comprise a coil B similar to coil A but having
more turns. The ends of this coil or points there-
of near the ends may be connected to switch
terminals, and the coil may be tapped at two
20 points equidistant from its ends or the said
points, and these latter points may also be con-
nected to switch terminals. By suitable switch
elements S: and Sz, the ends or terminals ¢ and d
of the lead-in line at the receiver, corresponding
respectively to extremities ¢ and b, may be
switched at will either to the outer contacts of
coil B or to the intermediate contacts so as to in-
clude either substantially the entire coil B in the
primary circuit or to include in such circuit only
the portion of the coil between the innermost
tapped points. The side of the coil B associated
with the line terminal ¢ may be grounded and
suitable provision may be made for connecting
that side of the coil to the usual ground terminal
of the receiving set, while the other side of the
coil may be connected to the usual antenna ter-
minal of the receiver.

In using the device for the reception of the high
frequency band, which may include the range
40 from 1.5 to 23 megacycles, the switching elements

- 8: and S2 may be positioned to include the larger
portion of coil B in its primary circuit. Con-
versely, when the device is used for reception in
the low frequency band, which may include the

45 range from 0.5 to 1.5 megacycles, the switch ele-
ments S: and Sz may be positioned to include only
the central portion of coil B or, in other words,
the portion between the inner coil taps, in the
primary circuit.

In the preferred form of the invention, as il-
lustrated in Fig. 2, the switching in conjunction
with the coil B is accomplished by the same
switching devices which are customarily used to
change the tuning elements of the receiver for re-
ception of different frequency bands, the coil B
supplying signal to the transformer T. As will
be apparent, the signal obtained from the trans-
mission line will appear across the inductance B
and will be transferred to the tunable circuit
comprising the secondary of the transformer T
and the variable condenser CT, by means of the
circuit including the I. F. trap, the condenser
Cs, the primary of the transformer T, and the
condenser Ce. The I. F. trap comprises a par-
65 allel tuned circuit tuned to the intermediate fre-
quency of the receiver and serves to attenuate
any signals of intermediate frequency which
might be picked up by the antenna. The I. F.
trap will have a very high impedance to signals
of the intermediate frequency but will have a
low impedance to signals of other frequencies,
including the signals which it is desired to re-
ceive. The condensers Cs and Cs serve as block-
ing condensers and present a negligibly small im-~
75 pedance to signals of radio frequency. Thus,
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signal energy from the coil B will be transferred

to the primary winding of the transformer T, and .

thence to the secondary and to the input circuit
of the valve V. The secondary of the trans-
former may be modified by short-circuiting vari-
ous sections of it by means of the switch X and
contacts 1, 2, 3 and 4. As will be apparent, in
the position shown contacts 1, 2, 3 and 4 are all
connected together and hence only that section
of the secondary between the grid of the valve
V and the tapped point of the secondary con-
nected to switch point 4 is operable. In the next
position of the switch, switch points (, 2 and 3
would be connected together, whereas point 4
would be disconnected, and thus an additional
portion of the secondary inductance would be in-
cluded in the tunable circuit. Likewise, in a third
position of the switch, contacts | and 2 would be
connected together but 3 and 4 would be free,
and in the fourth position of the switch all of the
contacts would be free. The various condensers
marked Cv, Cs, Cp and Cio, are padding condensers
and serve to orientate the tuning of the circuit
with that of the oscillator of the receiver, which
is not shown. Thus, as will be apparent, in the
different switch positions which adapt the re-
ceiver to select signals in different frequency
bands, the transmission line from the antenna is
connected to different portions of the coil B, and
in each case these portions are so selected that
the most efficient transfer of signals in the de-
sired frequency band to the input ciréuit of the
valve V is obtained.

As illustrative of a manner in which the pres-
ent invention may be practiced, the coil B may
connect the antenna to ground so that the coil
will by-pass disturbances of relatively low fre-
quency compared with the signal frequency. In
other words, the circuit to ground through the

coil B offers low impedance to low frequency cur-

rents or surges and thus effectively prevents dis-
turbances from entering the receiver proper.
Thus, in addition to its function as a transfer im-
pedance device during multi-band reception, the
coil B may serve the purpose above noted when
the ordinary antenna is used during single band
reception. Moreover, the coil B presents high
impedance to the relatively high frequency sig-
nal currents permitting them to enter the re-
ceiver.

It will be noted also that in the system of Fig.
2, the resistor R may be supplied with unidirec-
tional current from a suitable biasing source to
bias the stage V and thus control the amplifica-~
tion. For example, automatic volume control
may be incorporated by connecting resistor R to
a variable biasing source in accordance with con-
ventional methods. It will be seen that the con-
densers Cs and Cs will each present infinite im-
pedance to the unidirectional current, thus pre-
venting the by-passing of such current to ground.
Thus, the condenser Cs, the transformer T, and
the condenser Cs are included in a series circuit
between the antenna terminal and ground, and
these elements in cooperation with coil B serve
the above purposes.

Connections may be made from the coil B
to switch points or contacts on the sy, itching de-
vices which are used to effect change of the tun-
ing elements as above mentioned. The switching
devices will, of course, be especially adapted for
this purpose. It is merely necessary, however,

to provide on those devices properly located -

selectable contacts which are engageable by a
contact properly located on the movable part of
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the switch. A pair of terminals ¢’ and d’ may be
provided with conductors running from these
terminals to the switching devices, the arrange-
ment being such that these conductors may be
switched to different points on coil B in the same
manner that the lead-in line terminals ¢ and d
are switched in the device of Fig. 1. Two of the
sald switching devices may be used for this pur-
pose, one for switching each of the said conduc-
tors. The conductor for terminal ¢’ may be as-
sociated with the ground end of coil B.

In the device of Fig. 2, band selector switches
X and Y are employed, which switches are pref-
erably adapted for operation simultaneously with
each other and with other devices by a conven-
tional gang control arrangement, as indicated by
the broken line representation. The switch X
controls the conventional multi-band trans-
former T which supplies signals to the first vac-
uum tube stage V. The switch X has four posi-
tions designated 1, 2, 3 and 4. In the illustration,
the switch is shown in position 4. Each of these
positions may correspond to the following wave
bands:

1. 0.5~ 1.5 megacycles.

2. 1.5—- 4.5 megacycles

3. 4.1-10.0 megacycles

4. 10.0-22.5 megacycles

Switch X is also provided with contacts ¢, r,
and s while switch Y'has corresponding contacts
P, o and n, these contacts being connected as il-
lustrated to terminals ¢’ and d’ and to coil B.
Switch Y may also have four positions, corre-
sponding to those of switch X, which may be
utilized if desired to effect switching of the os-
ciliator. This may be done by making the proper
electrical connections and by providing a suit-
able movable contact in switch Y to effect the
desired switching operation.

In positions 2, 3 and 4 of the switches X and Y,
the contact o is connected to the contact n and
the contact r is connected to the contact s. In po-
sition 1 of the switches, corresponding to the
long wave band, the contact o is connected to
contact p, while contact » is connected to contact
t. These switching operations properly adapt
the coil B for reception of high or low frequency
bands when the antenna and lead-in line of Fig.
1 are used. The switching is accomplished simul-
taneously ‘with the switching of the tuning ele-
ments of the receiver.

With such arrangement, the receiver may be
used In conjunction with either an ordinary
antenna or with the improved antenna of Fig. 1,

5 If the ordinary antenna is used, it will, of course,

be connected to the antenna terminal of the re-
ceiver and no connection will be made to the two
terminals ¢’ and d’. In such case, the switching
elements provided in conjunction with coil B will
have no effect, the said coil cooperating with ele-
ments Cs, Cs, T and R in the manner above de-
scribed. If, however, it is desired to use the im-
proved antenna system of Fig. 1, the lead-in line
terminals ¢ and d thereof may be connected to
the terminals ¢” and d’ of Fig. 2, terminal ¢ of
the antenna lead-in line being connected to
terminal ¢’ and terminal d of the antenna lead-
in line being connected to terminal d’. In such
case, the switching devices will function as de-
scribed above when the receiver is operated for
reception of different frequency bands. In either
case, the ground terminal of the receiver should
be connected to any convenient ground such as
a water pipe, etc. in the usual way.

In the simplified modification of the device

3

shown In Fig. 3, one of the switching operations
may be eliminated by permanently connecting
the conductor from terminal ¢’ to the grounded
end of coil B and by switching the conductor
from terminal d’ between the other end of the coil
and an intermediate point thereof. In such case,
the tap connection of coil B may be located so
that there is the same ratic of turns of the coll
between high and low frequency operation as
there is in the antenna system of Fig. 1 and in the
system of Fig. 2. This modification reduces the
cost of manufacture, inasmuch as it requires
special adaptation of only one of the switching
devices X and Y.

In operation of the system at high frequency,
the short side only of the antenna appears to be
effective. Experiment has indicated that an an-
tenna length of 17 feet is best adapted for re-
ception through the high frequency or short-wave
band. The impedance device first described
above serves to match the high impedance an-
tenna to the relatively low impedance lead-in
line. As explained above, the coil and condensers
provide a plurality of resonant circuits having
different natural periods so that the impedance
device as a whole does not have g marked
resonant frequency, thus making the gain as
nearly uniform at all frequencies ag possible and
causing the response curve to be more even, At
the receiver end of the lead-in line, the coil. B
acts as a return circuit for a reason which will
appear later.

At low frequency, the longer side of the antenna
is effective and the impedance device at the an-
tenna again serves to match the impedances of
the antenna and the lead-in line. At the receiver
end of the lead-in line, the coil B matches the rela-
tively low impedance transmission line to the
antenna coil of the receiver which, in this case,
is of relatively high impedance.

It will be seen that in the reception of both high
and low frequency waves, there is obtained a gain
in signal strength due to the more efficient trans-
fer of energy from the antenna to the receiver by
virtue of the impedance matching. In either case
also, interference caused by electrical disturbances
will be reduced as follows:—First, the use of two
conductors closely twisted together serves to re-
duce the effect of disturbances by reducing the
bossible mutual inductive or capacitive coupling
between the lead-in line and the source of dis-
turbances. Second, a disturbance set up in a
given direction in one conductor of the
line will be induced also in .the other con-
ductor and will have the same direction
and magnitude. Inasmuch as the two components
of the disturbance will oppose each other in the
lead-in circuit, they will largely counteract or
neutralize each other at the coils constituting
the terminals of the circuit. Third, the surge im-
pedance of the low impedance lead-in line has
been chosen so as to give a smooth response for
signal energy but to reduce to a minimum the
pick-up of disturbance energy.

In the specific example of the above-described
device, the coil A may comprise 108 turns of #30

SCE wire wound in a honeycomb coil on a %'

bobbin and tapped at the 36th and 72nd turn,
Coil B may comprise 207 turns of #32 SCE wire
wound in similar fashion and tapped at the 92nd
and 115th turn. Condensers C; and Cz may each
have a value of 1650 micro-microfarads, while
condensers C: and C: may each have a value of
130 micro-microfarads. The transmission line
may have a surge impedance of about 100 ohms at
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4

1000 cycles. Such s line is of sufclently low Im-
pedance to be effective and yet is not low enough
to be expensive, it being noted that the cost varies
approximately inversely with the impedance.

8 It will be understood, of course, that the inven-
tion is capable of modification and that the
present disclosure is not intended to limit the
invention,

I claim:

10 1. An antenna system for radio receivers, com-
prising an antennsa terminal, a condenser, & first
impedance connected to said condenser, & ground
terminel, s second impedance connected to said
ground terminal, seid second impedance being

18 larger than said first impedance at low frequen-
cies but less than said first impedance at high
frequencies, sald condenser and said impedances
forming a series circuit between said terminasls,
a vacuum tube having input elements, means for

29 transferring high frequency signals appearing
across said first impedance to said input ele-
ments and for conductively connecting said ele-
ments to the terminals of said second impedance,
and a third impedance element of low imped-

25 ance at low frequencies and of high impedance
at high frequencies connected to said antenna
terminal and said ground terminal.

2. An antenns system for radio receivers, com-
prising an antenna terminal, a condenser, a first

8p impedance connected to said condenser, & ground
terminal, & second impedance connected to said
ground terminal, said second impedance being
larger than said first impedance at low frequen-
cies but less than said first impedance at high

85 {requencies, said condenser and said impedances
forming a series circuit between said terminals,
a vacuum tube having input elements, means for
transferring high frequency signals appearing
across sald first impedance to said input elements

&0 and for conductively connecting said elements to
the terminals of said second impedance, and a
third impedance element of low Impedance at
low frequencies and of high impedance at high
frequencies connected to said antenna terminal
and said ground terminal, said third impedance
being provided with terminals for connection
to s transmission line.

3. In a multi-band radio receiving system, an
antenna, & transmission line, coupling means be-
tween said antenna and said transmission line
for transferring signals in a plurality of frequen-
cy bands from said antenna to said transmission
Iine, an amplifier including a space discharge de-
vice and a tunable input circuit for said device,
means for transferring signals from said trans-
mission line to said input circuit, switching means
for modifying said input circuit to select sig-
nals in any one of said plurality of frequency
bands, and switching means operable simultane-
ously with said first switching means for modi-

50

113

2,074,896

fying sald signal-transfer means to transfer sig-
nals eficiently in the selected frequency band.

4. In a multi-band radio receiving system, an
antenna, g low Impedance transmission line, cou-
pling means between sald antenna and said
transmission line for transferring signals in a
plurality of frequency bands from said antenns
to sald transmission line and for matching the
impedances of said antenna and said transmis-
sion line, an amplifier including a space dis-
charge device and a tunable input circuit for
said device, means for transferring signals from
sald transmission line to said input circuit and
for matching the impedances of said transmis-
sion line and said input circuit, switching means
for modifying sald input circuit to select sig-
nals in any one of said plurality of frequency
bands, and switching means operable simultane-
ously with said first switching means for modify-
Ing said signal-transfer means to transfer sig-
nals efficiently in the selected frequency band.

5. In a multi-band radio receiving system, an
antenna, a two conductor transmission line, cou-
pling means between said antenna and said
transmission line for transferring signals in
& plurality of frequency bands from said
antenna to sald transmission line, an ampli-
fler including & space discharge device and
& tunable Input circuit for said device, means
for transferring signals from said transmission
line to said input circuit, switching means for
modifying said input circuit to select signals
in any one of said plurality of frequency bands,
and switching means associated with each con-
ductor of sald transmission line and operable
simultaneously with said first switching means
for modifying the connection of said line to said
signal-transfer means to effect efficient transfer
of signals in the selected frequency band.

6. In a multi-band radio receiving system, an
antenna, a transmission line, coupling means be-
tween said antenna and said transmission line
for transferring signals in a plurality of frequen-
¢y bands from said antenna to said transmission
line, an amplifier including a space discharge
device and a tunable input circuit for said de-
vice, means for transferring signals from said
fransmission line to said input circuit, said sig-
nal transfer means comprising & coil having

‘tapped points, switching means for modifying

said input circuit to select signals in any cne
of said plurality of frequency bands, and switch-
ing means operable simultaneously with said fArst
switching means for connecting said transmis-
sion line to different tapped points of said coil
to effect efficient transfer of signals in the se-
lected frequency band,

DAVID P. EARNSHAW.
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