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LLOYD ESPENSCHIED, OF QUEENS, NEW YORK, AND DE LOSS K. MARTIN, OF ORANGE,
NEW JERSEY, ASSIGNORS TO AMERICAN TELEPHONE AND TELEGRAPH COMPANY,

A CORPORATION OF NEW YORK.

DIRECTIVE RADIO REPEATING SYSTEM.

Application ifiled Decer‘nber‘zs, 1921, Serial No. 525,440.

This invention ‘relates to directive radio
repeating systems -and particularly to that
type of system adjusted to have a bilateral
receiving and transmitting = characteristic

5 and in which transmission and reception oc-

cur at the same frequency.. ‘
The radio repeating. systems heretofore
designed comprise a single antenna and an
amplifying  circuit connected  therewith
10 which were adapted to amplify waves re-
ceived from any direction and transmit the
amplified waves in all directions. Not only
were these systems inefficient because of the
lack of a directional characteristic in receiv-
15 ing and sending but also the degree of am-
plification was somewhat low, being limited

by the tendency of the repeater-to sing.
One of the objects of this invention is to
provide a repeater system:having control-
lable directivity, and balanced so that great
amplification can be obtained without pro-
ducing singing in the repeater circuit and
thereby rendering it inefficient. ‘ ‘
Another object of this invention is to pro-
25 vide a system suitable for long distance sig-
naling in which the effects of static. are
minimized by the use of short waves, which,
as is well known, are less affected by static
than are Jong waves. Furthermore, the effect
30 of static may be minimized by sustaining
throughout the course of transmission the
ratio of the signaling energy to static, which
vesult may be attained by spacing the direc-
tive repeating. stations at certain predeter-
35 mined points, depending upon the drop in
the energy level hetween the snccessive re-

peating stations. , g

By the use of repeating stations embody-
ing directive antenna arrays such, for ex-
40 ample, as are described in the copending ap-
plication of G. A. Campbell, Serial No. 327,
553, filed September 30, 1919, and properly
designed and adjusted amplifying circuits,
the course of transmission of signals be-
tween widely separated terminals may he
controlled, since it is practicable, by prop-
erly locating the repeating stations, to di-
rect the transmission either along a straight
line between the two terminals, or along a
50 more devious course, - This featire of our
invention becomes important when it is de-
.sired to avoid objects lying between the two
termianale which would tend to interfere with

2

<

4

5

the propagation of electro-magnetic ‘waves,
or when, for traffic or other reasons, it would
be desirable to transmit the signals over the
more indirect route.

Further objects of this invention will be
apparent from 'the following description,
when read in connection with the attached
drawing, of which Figures 1 and 2 show
broadly the principles-of this invention, the

former being characterized by a vertical

antenna array and the latter by a loop an-
tenna array; Fig. 3 shows a balanced ar-
rangement using horizontal and vertical an-

tennze: Fig. 4 shows an arrangement using

horizontal and vertical antennz adapted for
duplex operation: Fig. 4¢ shows the radia-
tion characteristic of the arrangements
shown in the foregoing figures and Fig. 4°
is a frequency chart of Fig. 4; Fig. 5 shows
an arrangement for receiving by a loop an-
tenna and transmitting by a vertical anten-
na, the characteristic of ‘the loop antenna
being shown in Fig. 5*; Figs, 6 and 62 show
other forms of cireuits similar to Fig. 5,
but adapted for the duplex operation; Fig.
7 shows a circuit having separate receiving
and transmitting antennz and characterized
by ‘a connecting. circnit between the trans-
mitting’ and receiving antennw to prevent
interference between them; Figs. 8 and 9
show complete radio: systems embodying a
directive repeater for relaying the signals
between the terminal stations, Fig. 9 being
distinguished from Fig, 8 by the use of a

single source of carrier oscillations for modu-:

lation and demodulation at both terminals;
and Fig. 10 shows a method for arranging
repeater stations to prevent singing between
adjacent ones. : ‘

In Fig. 1, X,, X, and X, represent three
antenne of an array, which are spaced a
definite part of a wave length apart. Each
antenna has connected thereto an amplify-

ing circuit having a phase shifting device

PS, a band filter ¥, and an amplifier A, in

the input side of the amplifying circuit, and
a power amplifier A,, a band filter F, and a
phase shifting device PS, in the output side
of the said circuit. The antenna X, is con-
nected with the amplifying circuit by means
of the multi-winding transformer T, with
which is also connected a network N, de-
sigiied to balance the antenna X,. The an-
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2

tennee X, and X, are connected with ampli-
fying circuits similar to that shown in con-
nection with the antenna X,. 7

Oscillations set up in the antenna as the
result of-an electromagnetic wave will be im-
pressed- by the transformers upon the input
side of the amplifying circuits. Thus, for
example, oscillations set up in antenna X,
will be impressed by the transformer T,
upon the amplifying circuit. The phase of
the current will be changed by the phase
shifting device PS,, and the current will
then pass through the band filter F, which
is preferably designed to transmit a band
of frequencies represented by the carrier
frequency plus the signaling frequency ov
the carrier frequency minus the signaling
frequency. The current traversing the band
filter will be amplified first by the low power
amplifier A, and then by the high power
amplifier A,. - The resultant current will be
transmitted through the band filter F, hav-
ing the same characteristic as the flter F,.
The phase shifting device PS, is designed
to control the phase of the current applied
to the antenna X, for transmission there-
from. By properly spacing the antenna
constituting the array and by the proper
control of the amplitude and the phase of
the currents applied to the individual an-
tenna of the array according to the prin-
ciples set forth in the. copending applica-
tion to G. A. Campbell, Serial No. 327,553,
filed September 80,.1919, we may obtain, for
example, the bilateral radiation character-
istic shown in Fig. 4*. This characteristic
indicates maximum receiving and transmit-
ting efficiency along the axis of the charac-
teristic, which 1is  perpendicular to  the
axis of the array. It will accordingly be
seen that by means of the repeater ar-
rangement shown in Fig. 1, adjusted so as
to have the characteristic shown m Fig. 4%,
it is practicable to receive signals from both
directions perpendicular to the axis of the
array and to transmit amplified signals in
both dirvections from the axis of the array.
The frequencics of the received signals de-
pend, of course, upon the tuning of the an-
tennee and also upon the frequency range of
the band filters. Since reception and trans-
mission are effected on the same frequency,
it is necessary to balance the individual an-
tennz by means of a balancing network such
as N, shown in connection with the X, in
order to prevent the continuous circulation
of energy within the repeater circuit, known
as singing.

The arrangement shown in Fig. 2 is in
general similar to that.shown in Fig. 1, ex-
cepting that loop antennsz take the place
of the vertical antenne shown in Fig. 1
The characteristic of loop antenna, shown in
Fig. 5%, indicates maximum reception and

transmissioii of energy along an axis lying

1,668,687

within the plane of each antenna consti-
tuting the array. The loops are adjusted
for the reception and transmission of sig-
nals'of the same frequency. The current set
up in the loop by the high frequency wave
will be impressed upon the input branch of
the amplifying circuit passing through the
phase shifter PS,, the band filter F,, and
low power amplifier A, then through the
high power amplifier A,, a second band
filter F, and a second phase shifter PS,,
which controls the phase of the current ap-
plied through the transformer T, to the loop
antenna. By proper spacing of the loops
and by proper control of the amplitude and
phase of the current applied to each antenna
of the array, the direction of reception and
transmission of signals may be controlled.
The advantage of using the loop array is
that the same degree of directive transmis-
sion or reception may be obtained with
fewer units than with the vertical array.
Since - transmission and reception are eif-
fected by the same carrier frequency, sing-
ing is prevented by the proper balancing of
the loops by the networks N as chown in
the figure.

Fig. 3 shows a repeater, adjusted for re
ceiving and transmitting upon the same fre
guency, in which signals are received by @
Lorizontal antenna which is balanced with
respect to the vertical antenna which trans-
mits the amplified signals. In this arrange-
ment each unit comprises a horizontal an-
tenna, a vertical antenna and an amph-
fying circuit. Although 'in the figure the
vertical and horizontal antennw of each unit

are shown in cloge proximity to cach other,

and the various wnits-are spaced at definiie
fractions of a wave length apart, it is de-
sited to point out that all of the vertical an-
tenne may be arranged in & group, eich
located at the proper distance from the
others, and similarly all of the linrizontal
antenna may be grouped together, each lo-
ated ab the proper distance from the othevs.
This necessitates, however, that the respoc-
tive amplifying circuits must extend from a
horizontal antenna to its  corresponding
transmitting antenna located in . the other
group, which may be some distance away.
The amplifying circuit itself comprises phase
shifting devices, hand filters and amplifiers
similar to those described in connection with
the previous figures. In a radio rvelay of
this type, received signals set up currents in
the horizontal antenna which are transmit-
ted through the phase shifting device PS,,
the filter I, and the low power amplifier A,
thence through the power amplifier A,, the
filter F, and the phase shifting device PS,,
to the transmitting antenna X,. Although
reception and transmission are effected upon

the same frequency singing is prevented-

through the balanced relationzhip of the
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horizontal antenna’ to ‘the vertical antenna.

By proper ‘spacinig of the antenna and by

proper control of the amplitude and phase
of the currents applied to-the individual an-

tenna of the array, radio signals may be re-:

layed and the direction of transmission may
be controlled. ‘

The arrangement shown in Fig. 4, while
operating upon the principle of. transmis-
ston and reception of signals upon the same
frequency, is designed for the simultaneous
transmission of two channels either in the
same or in opposite directions. The an-
tenna structure is of ‘the balanced type
shown in Fig. 3, with the exception that
both the ground antenna and the vertical an-
tenna have two degreees of freedom:
the operation of the arrangement shown in
this figure, if a wave representing a band
of frequencies such as f,-+s or f,—s strikes
the horizontal antenna, oscillations within
the band of frequencies will be set up in the
horizontal antenna. The current within this
band of frequencies- will be transmitted
through the phace shifting device PS; and
through the band filter F, to the amplifier
A,, thence through the power amplifier A,
and the second band filter I,,  which is
adapted to pass the same range of frequen-
cies as I;, and then through the phase shift-
ing device' PS, to the vertical antenna -X;

~ which as stated, is adapted to oscillate at the
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same frequencies as X,. Since the antenna
X, occupies such a position with respect to
the horizontal antenna X, as not to create
oscillations in X, when X, is radiating, rela-
tively high amplification can be -obtained
without producing singing of the repeater.
In a similar manner if a wave representing
a band of frequencies f,-s or f,—s strikes
the ground: anteénna X,, oscillations.of the
same band of frequencies will be set up in
the said antenna. ' These oscillations will be
transmitted through the phase shifting de-
vice' PS,; and the band filter. ¥, which is
designed to transmit the range of frequen-
cies represented by f,+s.or f,~s The cur-
rent within this band of frequencies will be
amplified by the low power amplifier A, and
also by the high power amplifier A,, and the
resultant amplifiéd current will be trans-
mitted through the band filter F, and then
through the phase shifting device PS, to.the
antenna X, which will oscillate at the trans:
mitted frequencies. Although  the ampli-
flers A, ‘and A, ave represented as being com-
mon to the paths of the two channels, it is,
of course, apparent that separate amplifiers
of both types individual to the paths of the
two channels could be used. R
The arrangement shown in Fig. 4-con-
stitutes only a single unit of a radio repeat-
ing system, but it is to be understood that
there will be a plurality. of such units con-
stituting a repeating station in which the ad-

In.

3

jacent receiving antenns will be spaced at a
definite fraction of a wave length apart in

the manner. described inconnection with-

Tig. 3, and the transmitting antenne will be
similarly spaced. By properly controlling
the phase and the amplitude of the received
and transmitted current on each unit circuit
of an array, the direction of transmission
and reception may be readily controlled.
Fig. 5 shows a unit circuit of a repeating
station characterized by separate receiving
and transmitting antenne, the receiving an-
tenna being of the loop type and the trans-
mitting -antenna being vertical.  Oscilla-
tions of the frequency 7,+ s or f,—s received
by the loop antenna X, will be transmitted
through the amplifier A, and the phase shift-
ing device PS, and the band filter F, to the
power amplifier A, connected with the trans-
mitting antenna X,. Since the radiation
and. reception characteristic of a loop an-
tenna is, as shown in Fig. 5% such that the
maximum efficiency is along a line coinciding
with the plane of the loop and the minimum
efficiency along the axis perpendicular- to
the loop, interference from 'the oscillations
transmitted by antennwe as X, can be sub-
stantially: prevented by adjustthg the phase
shifting device PS, so that the transmitting
antenna will have a characteristic for ex-
ample, such as is shown in Fig. 4* with the
major axis of the characteristic perpendicu-
lar to the plane of the receiving loop: Ac-
cordingly interference may be substantially
prevented even though the two antennee are
responsive to the same frequencies. ~The ar-
rangement shown in Fig. 5 constitutes but a
single unit of the radiating system and it is
to be understood that there will be a plural-
ity of antenns. arranged in an array with

‘suitable local circuits individual to each pair

of receiving and transmitting antennze.

“Figs. 6 and 6* are modifications of the
form shown in Fig. 5, the modification con-
sisting In arranging a structure for the si-
multanecus reception- and “transmission of
twa ‘channels.. Thus the loop. X, is vespon-
sive to carrier frequency. £, and the loop X’/
is responsive to the carrier frequency f,.
In Fig. 6* a single loop X, having two de-
grees of freedom such as the frequencies f,
and f, takes the place of the two Joops 1n
Fig.” 6. "The transmission of currents -at
these frequencies through the local circuits
to the transmitting antenna X, is similar to
that ‘described in connection  with. Fig. 5.
The circuit arrangements shown in Itigs. 6
and 6* are units of a radio repenter system

.and there would be, of course, a plurality

of such circuits having the adjacent receiv-
ing antennz (and similarly the transmitting
antenn:e) spaced at a predetermined fraction
of a wave length apart. By proper control
of the phase ot the transmitted currents in
each unit circuit, the radiation may be given
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the directional characteristic. shown in nals &I‘rivmﬁ over the line L, will be im-
Fig. 4= pressed by the transformer T, upon the.out-

B]() T is a variation of the idea embodied
in T 1g. 5. The repeater circuit illustrated
by Fig 1g. 7, - which represents one unit of .a
directive repeating station, is intended for
the transmission of amplified signals having
the same frequency as the received signals.
The circuit contains a receiving loop X, for
receiving oscﬂh(‘ion' of the fleqnom v fi
which are amplified by the low power amn-
plifiers A, nd A, and impressed upon the
band filter ¥,. Current of the frequencies
transmitted tnwuoh the band filter F, will
be amplified by the power amplifier A and
1mp10~f~ed upon the transmitting antenna
X,. Treedom from interference from the
transmitted oscillations is obtained partly by
proper orientation of the loop antenna and
partly by feeding from the transmitting
antenna to the cncm t of the loop antenna
a certain amount of current, the phase of
which as applied to the loop circuit is con-
trolled by the phase shifting device PS,.
The phase angle of this transmitted current.
which may be termed the neutralizing cur-
rent, when applied to the loop cireuit is
such’ as to nemtralize currents set up in the
said loop as the result of direct radiation
from the transmitting antenna thereto. The
arrangement shown in Fig. 7 reprefents but
a single unit of an array, and there would,
of course, be a plurality of antennee suitably
spaced and having a local connecting circuit
individual to each pair of receiving and
transmitting antennee,

Fig. 8 represents a complete .system conm-
prising two terminal stations A and B, and
a repeater station .C intermediate the said
terminal stations. The repeater station
comprises ‘an array of transmitting anten-

‘ne X, X, and X,, and also an array of

45

50

60

recelving antenna represented as loops and
XX md X', Tach pair of transmitting
and receiving antennw is connected hy a lo-
cal cirenit, such for example, as that shown
connectnm the antennee X, and X, contain-
ing a Tow | power amplifier A, a phage shift-
ing device PS,, a band filter I, and a power
‘unphﬁel A.. At each of the terminal sta-
tions a low frequency signaling civeuit L, is
connected with the terminal cireuit by nmeans
of a triple winding transformer which
has associated therewith a nef\mrk N;. de-
signed to balance the line X,. The input
%1([0 of the terminal circuit comprises a re-
ceiving loop X,” an amplifier A,, a detector
D, and a second amplifier A,. The output
branch of the said terminal circuit compiises
an amplifier A,, a modulator M, and an
oscillator O, which is connected “with the
transmitting antennee X, The apparatus
constituting the terminal station B 1s similar
to that at terminal station A and needs no
further explanation. Low frequency sig-

put branch -1 of the termipal station A.
These low frequency signals will be ampli-

fied by the amplifier A and will ‘modulate 7

in the modulator M, ‘the high frequency
oscillations set up by the oscillator O . Lhe
modulated oscillations when radiated by the
directive array of which antenne X, is a
part will be received by the loop antennee
X/ Xy and X7 constltuhnﬂ part of an
array of the 1epeat1no station C which. are
tuned for the reception of oscillations of. the
frequency transmitted by the power oscilla-
tor O,. These received oscillations will be
amphﬁed by the amplifier A, and the cur-
rent in each local circuit will he adjusted
in phase by the phase shifting device PSS,
s0 as to retain the proper directional char-
acteristic of the array. The current will be
transmitted through the band filter ¥, and
when amplified by the power amplifier A,
will be transmitted by the transmitting
antenne X,, X, and X,. The array of
which the latter antenne form a part is
designed to direct its energy toward the re-
ceiving loop X" of the station B, which
is tuned for recelvmcr oscﬂlatmns of the
frequency transmitted by the repeater sta-
tion.
plified by the amplifier A, detected by the
detector D,, and again amplified by the am-
plifier A.. - The resultant low frequency sig-
nals will be impressed across the low fre-
quency . signaling circuit L, In_similar
manner low frequency swnals arriving over
the line L, will be transmltted from the sta-
tion B by the transmitting antenne X,.
These signals will be relayed by the repeat-
ing station_ C and impressed upon the fter-
minal station A.

Fig. 9 shows a complete system which
differs. from" that disclosed in Fig. 8 pri-
marily for the reason that the carrier oscil-
lations, generated at station A, are trans-

mitted together with the side bands to the

repeating “station C where hoth the carrier
and the side band frequencies are amplified
and are then transmitted to the terininal
station B where the received carrier is used
not only for the detection of the received side

band frequencies, but it also serves as the
carrier of signal frequency from station B

to station A. At station C, X, represenis

a t-ransmitting .antenna of an array and
X,/ represents.a receiving loop of an array.
A represents a low power amplifier and A,
a hlgh power amplifier whose output side
is connected with a phase shifting device
PS,, which is coupled to the transmlttlnor
antenna X,. The receiving loop X is de-
signed to receive the carrier and side band
frequencies. The received current will be
amplified by the amplifier A, and will be
detected by the detector D,. The resultant

The received oscillations will be am-
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low frequency signaling current will be
transmitted over the line L. "~ -
' Low frequency signals arriving over the

line L, at the station ‘A will be impressed
. by the transformer T, upon'the output cir-
“cuit 1. These currents will serve to modu- .

late the high frequency oscillations’ set up

by the oscillator O, which operates in con--

junction' with the modulator M,.  The re-
sultant side bands: of oscillations, together

with the carrier, will be radiated by the-
antenna X, and will be received by the loop-

X,” at the relay station. - Both the carrier

and the side band frequencies will be am-

plified at the relay station and will be trans-
mitted from the antenna X,.. Due to the
directive qualities” of the-array, of which
antenna X, is a unit, the oscillations of the
carrier and ‘the side band frequencies ‘will
be received at the loop: X, located ‘at sta-
tion B. Currents of all frequencies will
be amplified by the amplifier A,, and the sig-
nal frequency will be detected by the de-
tector D, and impressed upon the line L,.
A part of the energy of the carrier frequency
will be transmitte(i,

to the branch circuit 2 and will be impressed
upon the filter F,, which is designed to
transmit  the carrier frequency. Current
of the carrier frequency will pass through
the filter ¥, and 'will be modulated by the
signal frequencies arriving over the line L,
for transmission from the antenna X~ Tt
will be seen that the arrangement disclosed
in Fig. 9 is adapted for the repeating of
messages in each direction using the same
frequency for receiving and transmitting
at the repeating station.  Although a par-

ticular form of repeating circuit is shown,"

it is to be understood that any forms shown
in the preceding figures may be used in
the system shown in Fig. 9. '

Fig. 10 shows the geographical distribu-
tion, for example, of four repeaters located
between two terminal statiens. Any form
of the antenna may be used for receiving
and transmitting. %t is necessary only that
the direction of reception and transmission
shall be perpendicular to each other so as
to -avoid singing of the repeaters.

This invention is broadly directed to the
combination of repeating circuits with di-
rective antenna arrays. F¥rom the forego-
ing descriptions it will be seen that the ob-
jects, set forth in the beginning, may readily

e obtained by the means described and il-
listrated. Furthermore, it should be clear-
ly stated that the amplifying éircuits are
in reality tramslating circuits - capable of
modifying the current in a variety of ways
apart from amplifying, such as frequency
selection by filters and phase control by the
phase shifting devices. It is also desirable
to make definite that the amplifiers may be
either a single stage or multi-stage arrange-

by the transformer T,

8

ment, and may be of the thermionic vac-
" uum tube or other well known type:

It will, of course, be apparent that the
invention is not limited to the particular

forms and arrangements shown in the afore-:

described figures, since it-is capable of em-
~bodiment in a variety of other and different
“forms within the spirit and scope of the ap-
pended claims. : .

What is claimed is: :

1. In a radio repeating system the combi-
nation with an antenna array for the re-
ception and transmission of signals, of a
plurality of amplifiers connected therewith,
means to control the phase of the currents
‘applied to the antenns of the said array,
and means to control the phase of the cur-
rents received from the said antenna and ap-
plied to the said amplifiers, :

2. In a radio repeating system the -com-

‘bination with:an antenna array of a plural-
ity of repeating circuits individual to the
antennse of the said array including fre-
quency selecting means, means to -control

the phase of the currénts received by the-

antenne of the said array: and -means to
control the phase of the currents applied
to the antenna of the said array for tras-
nission -therefrom. f

3. In a radio repeating system the com-
bination with an antenna array for the re-
ception and transmission of signals of ‘a
plurality of repeating circuits each individ-
udl ‘to ‘an antenna of thé said -array and
each having its input and its output circuits
connected with its respective antenna, and
means associated therewith to prevent sing-
ing of the said repeating circuits. '

4. In a radio repeating system ‘the com-
bination with an antenna array for the re-
ception and transmission of radiant energy
of a plurality of local amplifier circuits
-each individual to and having its input and
its output ends connected with one antenna
of the said array, the said local circuits hav-
ing associated therewith devices for ¢ontrol-
ling the phase of the received and the trans-
mitted energy. ‘

5. In a radio repeating system the com-
bination with a repeating station compris-
ing a directive antenna array having am-
plifiers associated therewith for the ampli-
fication of signals transmitted thereto- of
a plurality .of terminal circuits adapted to
work in conjunction with the said repeat-
ing circuit, one of said terminal circuits hav-
ing a source of carrier oscillations, and hav-
ing its antennge tuned to transmit carrier

oscillations to the second terminal -circuit .

to be used therein for the purpose of detect-
ing received signals, the said second terminal
station having means to utilize & portion of
the said carrier oscillations as the carrier of
signals to the said first terminal station.

6. In a radio repeating system the com-
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bination with an antenna array comprising
a plurality of antennz each for the reception

and transmission of signals, of a plumhty

of amplifiers, and a plurality of circuits
each including one of said amplifiers, and
each of said 01rcu1ts having its input end
and its output end connected with one of
said antennee.

7. In a radio repeating system, the com-
bination with an antenna array comprising
a plurality of antenng each for the recep-
tion and transmission of signals, of a plural-
ity of translating circuits, each having its
input end and its output end conjugately
connected with one of said antennae whereby
singing of each of said circuits is prevented,
and each of said circuits having an amphﬁer

.and means to control the phase of the out-

put current.

8. In a radio repeating system, the com-
bination with an antenna array comprising
a plurality of antennz each for the reception
and transmission of swnwls, of a plurahty
of translating circuits, each haying its input
end and 1ts output end conjug atelv con-
nected with one of said antennz whereby
singing of each of said circuits is prevented,
and each of said circuits havi Ing an amph—
fier, means to control the phase of the cur-
rent applied to the said amplifier, and means
to control the phase of the current applied
by the said amplifier to its antenna,

9. In a radio repeating system, the com-
bination with an antenna array comprising
a plurality of antennz each for the recep-
tion and transmission of signals, of a plural-
ity of translating cu'cmts, each having its
input end and 1ts output end conjugately
connected with one of said antennse whereby
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‘singing of each of said circuits is prevented,

and each of said circuits having an amphfler,
means. to select from the received currents
those of a particular frequency or band of
frequencies, and means to confrol the phase
of the output current of the amplifier. as
applied to its antenna.

10 In a radio repeating. system, the com-
bination with a plurality of antennsz con-
stituting an array for the transmission
and reception of mgnale, of a plurality of
amplifiers, each cooperating with one of the
said antenne, a plurality of circuits each in-

cluding one of said amplifiers to connéct the -

inpnt side and the output side of its ampli-
fier with the antenna with which the said
amplifier is infend to cooperate.

11. In a radio repeating system, the com-
bination. Wlth a plurality of antenng con-
stituting an array for the transmission and
reception of signals, of a plyrality of gm-
plifiers having input and output circujts,
each cooperating with one of the said anten-
nz, a plurality of coupling means each con-
nected with one of said antennz and also
with the said input and output circuits of
the amplifier cooperating wit the same
antenna, the said couplmg means being so
deswned and the connections heing so ef-
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fected that the output currents produce 5o -

effect upon the input circujf and likewise the
input current no effect upon the output
circuit.

In testimony whereof, we have signed
our names to this spec;ﬁcahpn this 27th day
of December, 1921.

LLOYD ESPENSCHIED.
DE LOSS K. MARTIN.
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