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To dlwhom it may concern:. I N
* Be it known that I, Harorp H. Bevirace,
a citizen of the United States, residing at

Riverhead, in the county of Suffolk, State of -
New York, have invented certain new -and

useful Improvements in Radioreceiving Sys-
tems, of which the following is a specifica-

“tion. -

e ‘
My present invention rélates to radio re-
ceiving systems, and more particularly to a

_system which permits of the reception of sig-

nals coming-from more than one direction

“In - my prior application.- Serial No.
372,983, filed April 10; 1920, issued June 7,
1921, as Patent No. 1,381,089, T have de-
scribed and claimed a form of horizontal re-
ceiving antenna which is especially adapted
for the efficient reception of signals from any

desired direction. I have pointed out in that"

application, but have not claimed a method
of operation whereby it is possible to employ
the same antenna for simultaneously receiv-
ing signals from two different directions. .

One of the objects of my present invention
is to. provide a method of and means for ac-
complishing’ the result mentioned;-a more

. specific object of my invention is to provide
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apparatus whereby the desired reception
from two different directions may be aecom-
plished at a single receiving station.

I have pointed out in the aboye-mentioned
application that with a long horizontal. re-
ceiving antenna extending in the general di-
rection of transmission of signaling waves to
be-received, signaling currents produced .in
the antenna by waves coming from one par-
ticular transmitting-station will be strongest
at the ends of the anténna farthest: from the
transmitting station while eurrents produced

by waves coming from the opposite’ direc- -

tion will be a minimum at that point, This
permits of the reception of waves coming

- from opposite directions by connecting the
recelving apparatus at opposite ends of the
“antenna. - It will in general, however, be de-.

~sirable to accomplish” the desired reception
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from the two directions at- the same point.
In order to accomplish’ this result I may lo-
cate-the receiving apparatus at either end of
the antenna and utilize the antenna s .a

- transmission line for conveying signaling

L1

currehts from the opposite end of the an-
tenna to the receiving station. "One receiv-
ing set will then be operated by means of the

currents flowing in the ground connection of
the antenna at the recelving station and the
other set of receiving apparatus will be op--
erated by means of the currents transmitted
over the antenna as a transmission line. -
The novel features which I.believe to be

T OFFICE.
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characteristic of my invention are set forth

in the appended-¢laims. The invention it-
self, however, both as to its organization and
method of operation will best be understood

by reference to the following description

taken in connection with the accompanying

.drawing in which I have indicated diagram_

matically one way.in which my invention
may be carried into effect.
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As indicated in the dra\zving‘,- T provide -

a long horizontal receiving antenna made up
ot two conductors 1 and 2, which are ground-

éd at the ends 3 and 4. .If this antenna is

constructed with distributed constants. of
such value that the current wave therein

‘travels at the same velocity or substantially

the same velocity as the ether waye, the eur-
rent wave'in the antenna will gradually build
up and become a maximum at the end far-
thest from the transmitting station. Cur-
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rents produced at the end 8 by ether waves ‘

traveling from that end toward the end 4
will have substantially zero value at the end
3 and will increase to a maximum value at
the end 4. ‘In the same way currents pro-
duced by ether waves traveling from the end

value at the énd 4 and a maximum value at
the end 3. In order to prevent reflection of
the current. waves flowing in the anténna
from the ends, the ground connections are
made through resistances.5 and 6 having a
value substantially equal to the surge imped-
ance of the antenna.” . .7, S
While-the receiving antenna should pref-
erably have such ‘constants that the.current
wave travels therein at-the same velocity as
the ether wave this is not essential for, suc-.
cessful results in carrying out my invention. °
If the velocity of the current wave in the an-
tenna - differs somewhat from that of the’
ether "wave then for a certain -distance the.
waves will add and a point will finally be-
reached where one wave will be so far in ad-
vance of the other that the two will be in
phase opposition. Interference will then oc- .
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4 toward the ‘end 3 will have a minimum :
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cur and the current wave will start to de- .

crease. In any case, the antenna should be
constructed with' . such’ constants that the.-

110



-"length at which the current wave becomes

maximum will be at least as great as a half

" wave length of the signaling waves to be re-
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‘4 of the antenna.

ceived. :

- In the present case T have indicated the’

receiving station as being located at the end
In order to he able to
receive at this point currents produced by
‘waves traveling from the end 4 toward the
end 3, the antenna conductors may be em-

ployed as a transmission line. In order to .

accomplish this the currents in the antenna
conductors flowing .toward the end 3 are
caused to flow to ground through the pri-

‘mary winding 7 of the transformer; the sec-
~ondary 8 of which has its terminals con-.

nected to conductors 1 and 2 respectively.
As 'a result thie signaling currents flowing

“to ground at.3 produce, currents flowing. in

-opposite. directions in the conductors 1 and
2. In other words, the conductors. 1-and 2
form -the two sides of a transmission line.

~which is completed by means:of the primary

9 of.the transformer at the end 4 of the

antenna. The mid-point of the ‘winding 9

" being connected to ground at 4 and the mid-

point of the-secondary 8 being connected to
ciréuit associated with the receiving set 21..
This < neutralizing component is impressed -

ground at point 3 substantially no current

~ will be produced at the ground connection.
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4 by means of the signaling currents
veyed overthe transmission line. . - - .
The signaling ¢urrents produced by waves

coN,

, coming from the two different directions

- 85

which are caused to flow in the ground con-
nection at.4 and in the secondary winding

. 10, are impressed upon' the input.circuits of

. the two electron discharge amplifiers 11 and .
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* produced in this resonant circuit are im-:
* pressed by means of the ¢oupling 23 upon-
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12, of’ the usual “three-electrode type. The
output circuits of these amplifiers include

coupling coils 13, 14," which are coupled by’
+ variable couplings to coils 15, 16, and 17, 18,-

-respectively. Current produced in coil 16 is
caused to flow in the resonant circuit con-

- nected thereto which is tuned by means of.
capacity 19 to the frequency of 'the"signalinﬁﬂ

waves which age to:be received and whie

travel from .the end 3 toward the end 4.

Currents flowing in this resonant circuit are
impressed by means of coupling 20 upon the
'recelving apparatus 21, which ‘may be of
any desired form. Currents produced in the

‘coil 18 are‘impressed upon a-resonant circitit
“tuned by means.of the variable condenser 22

to the frequency of the waves to be received
which are. trayeling from the end 4 toward
the end 3 of the antenna, and the currents

the second receiving set 24." The waves. to
be received in set 24 ma, be of the same

" frequency or’ a different frequency from

those received in set 21. .

‘While a long horizontal antenna sﬁch as.
" that employed has decided unidirectional
65

properties, mathematical analysis indicates

11pén the resonant circuit from the phase

1,434,984

and experience shows'tha,t- at the end farthest

-from the transmiﬁting_stati(_)‘n small currents
i

will under some conditions be produced by
waves coming from the opposite direction
even though the end nearest the transmitting.
station is grounded through.a resistance. ap-
proximately equal to the surge impedance of

‘the antenna so that no reflection occurs. In’

some cases, also, it may happen that while

“the antenna, is adjusted so that the receiving

apparatus 'is not affected by disturbing
waves coming from a direction exactly oppo-
site to that of the desired signal, it is affected
by disturbances coming from some other di-

-rection, for instance, 160° from the trans-

mitting station and that it is'more important
to limit the effect of the disturbing waves,
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caming from-this direction than-those com-.

ing from the direction 180° from the trans-
mitting station. In. order to eliminate the

‘effect of the undesired waves mentioned, in

the receiving set 21, a current component is

Jmpressed by means of the coil 17 upon a

‘phase rotator 25 by means- of which the

‘phase of this component is adjusted. so as
*.to be opposite in phase to the undesired com-
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ponent of the current flowing in the resonant

rotator 25 and the intensity of this neutraliz-
ing component is aajusted to secure the de-
gired neutralization by means of the variable
coupling between coils 14 and 17. In-the
same way undesired currents are neutralized
in the receiving sét 24 hy meansof the cur-
rent component- produced by means of the .
coil 15 and phase rotator 28, . o
While I have described the preferred emm-
bodiment of my invention, it will be appar-
ent that my invention is by no means limited

to the precise arrangement shown and -that

modifications therein may be madeé without
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departing from the scope of my invention as .

set forth in the appended claims.” While in
.general it will be desirable that the receiv-

ing antenna. be located so that the two sets -
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of signals to be received come from direc- =
tions. 180° apart, or approximately so, the -.

apparatus which I have shown may be sue- "

115

cessfully - employed - for receiving . signals. -

coming from two. directions
much less than 180°.. = - - * i

I have indicated.the receiving station as
‘being located at one end of the antenna, but
this is not essential in carrying out my in-
vention as the receiving station may be lo-

cated at®any desired point and connected.

with .the “desired points in the antenna .in
such a way that the desired signaling cur-
rents may be impressed upon the receiving
apparatus in the general manner indicated.
While I have indicated the points at which
the signaling currents are selected. as being -
located at the two ends of the antenna, and

at an_ angle -
A C
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‘while - in general ‘these pomts will be. the

most sultable, the selection of these particu-.

lar points is not essential to the carrying

out of my invention as in.some cases it may

“happen that the signaling currents will be
" stronger or will have a more favorable stray
‘ratio “at some other point along the length

of the antenna than the enid. When I speak
therefore, of the point where the signaling
curreits received from a desired station are

¢ strongest, it will be understood that I mean
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- rection or from both dnectlons i ’

either the point where they are of the great:
est amplitude, or where'the stray ratlo is,
most favorable for desired reception.

While T have shown only a single receiv- .
ing set for receiving -waves coming from

‘each direction  the. system which I have

shown and described may equally ‘well be -
employed for receiving simultaneously a
plurality of signals coming from either. d1-

"What I claim as new and. désire to secure

by Letters' Patent of the United States is:— -
comprising a homzontal receiving ‘antenna,

1. A receiving system for radio signals
comprising a “horizontal Tecelving antenna
which is grounded at botli ends. and has dis-

tributed” constants of such value that elec- -
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_travel along its length in the- ether,
means -associated with said antenna for se-’

means assomated Wlth said antenna at one

tric waves produced therein by desired sig-
naling waves will be propagated along its

\lenoth at substantially the same velocity as

that at which the desn‘ed signaling waves
and

lectively receiving s1onals coming from op—
p051te dlrectlons -

2. A receiving systen - for radio . swna]s
comprising a homzontal recelving antenna
which is grounded at both ends and has dis-
tributed constants of such value that elee-
tric waves produced therein by desired sig-
naling waves will be propagated along its
lenwth at’ substarnitially the same velomty as
that at which the desned signaling waves
travel along its length in the ether and

point along its length for receiving swnals

" eoming flom dlﬁelent directions.
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3. A receiving system for radio. swnals
domprising a honaontal receiving antenna
which is grounded at both ends and has dis-
tributed constants of such value that elec-
tric waves produced therein by desired sig-
naling waves will be propagated along ‘its
length at substantially the same velocity as
that at which the desired signaling waves
travel along its length in the ether, and
medns associated with said antenna at one
end: thereot for selectively receiving signals
coming from different directions.

4. A receiving system for radio. signals

‘comprising a horizontal receiving antenna
“which is groundéd at both eénds and has dis-

tributed constants: of such value that elec-

‘trie waves produced therein by desired sio-

naling ‘waves will be- plopaoated along its

1,434,984 _' :

length at substantlally the same velocity as
that at which the desired signaling waves

travel along its length in-the ether, and
means assocmted \Vlth said antenna at one.

end - thereof for selectively and simulta-
neously receiving signals comlno from op-
pos1te dlrectlons

5. A receiving system for radlo s1gnals
comprising a horizonta] receiving antenna,
means for utilizing said antenna as a trans-

‘mission. line for conveying signaling cur-
rents from a selected point in said antenna -

where signaling currents received on. the
antenna from a deswed station are strongest
to a distant receiving station. located along
the length of said antenna, and means asso-
ciated “nth said antenna at the receiving
station for selectively and snnultaneouslv
receiving both the smnahno- currents “thus
transmltted and s1gnahnor currents received

“on the antenna from a direction different

from that of the desired station.
6. A receiving system for radio signals

means fOI‘ lltthlIlO' said antenna as’'a trans-
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mission line for conveying sighaling’ cur- -

rents from the end of said antenna Where
sm*nahno currents received on the ‘antenna

from a desu ed station are strongest to a dis- -

tant - receiving station located alonO‘ the
length of sald antenna, and means assoei-

95

ated with said antenna at the receiving sta-

tion for selectively and simultaneously re- .
currents  thus:

ceiving both the  signaling
transmltted and swnahna currents recelved
on the antenna from a\statlon located in a
different direction from the receiving sta-
tion than that of the first station: '

S TA recelvmfr system for radio. swnalq
comprising " a 10ng horizontal receiving
antenna, ground connections at both ends of
said' antenha, means for utilizing said an-
tenna_as a transmission line -for conv eylng
signaling currents from a selected point. in

-gaid antenna, where s1rrnf1hn<r currents re-

ceived ‘on the antenna “from a desired sta-
tion are stron(rest sto a -listant receiving sta-
tion located alona the length of sald an-
tenna, a pair of recdving sets, a pair of
electlon discharge devices havmo input and
output of clrcmts ‘means for impressing the
signaling currents thus transmitted upon the

1nput circuit of ‘one of said-electron dis-.

charge devices, -means” for impressing cur-

,rents from one of the ground econnections

of said antenna upon the input. circuit of
the second electron discharge device, and

‘means for impressing “currents. from both
of the. output circuits of said electron dis--

char’ ge de\'lces up(m both of the receiving
SGLS

8. A receiving system for radio signals
compusmo a lonw horizontal receiving an-

‘tenna, ground oonnectlons at both ends of

said antenna means for lltlllZlIlO‘ said an-
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tenna as a transmission line for conveying:
signaling currents from-a selected peint in -
said antenna where signaling currents. re-.
“ceived on the antenna from a desired sta-,
‘tion are strongest to a distant receiving sta-

tion located alon(r the length of Sdld an-
tenna, a pair of receiving sets a paly of
electron “discharge ‘devices havmg input and
output circuits, means’ for impressing the
signaling currents thus transmitted upon
the input circuit of one of said electron

- discharge devices, means for impressing cur- .

rents hom one: ot the ground. connections
of said antenna upon. the input’ circuit of

the second ‘electron discharge device, means -
for impressing currents. trom both of the
“output circuits. of said electron discharge

devices upon’ both of the receiving sets, and

" means for regulating .the phase and in-
tensity of the currentq thus 1mpressed upon
'the receiving sets. ’

9. A receiving system for radlo swnals
comprising a horizontal receiving. antenna
which ‘is_grounded ‘at  both ends, a ‘trans-
mission line for carrying signaling currents
from a selected: point in S‘ud antenna to a

" receiving station located at a distant point
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along the length of said antenna, two re-

. celving sets at the recelvlng statlon means

for impressing upon one ‘receiving set cur-
rents conveyed over said transmission lines,
means for 1mpressing upon the second re-

eeiving set ciirrents flowing in the’ ground’

connectlon at- one end of sald = antenna,

means for impressing upon the first ) recelv-\

ing set -from the ground connection cur-
rents of equal magnltude and opposite phase
to those impréssed thereon from the trans-
mission line which are produced by waves
coming -from -a different direction than that

" of the desired signaling waves to be re-

ceived by that set and mears for impressing
upon thewsecond receiving set from the trans-
mission line currents of ‘equal magnitude

and opposite phase to those 1mpressed there- .

on from the ground connectlon which are

_produced by waves coming fromi a-different
direction than that of the desired signaling

waves to be received by the second set.:
10. A receiving system for radio swnals
C'OIan‘lSan‘ a horizontal receiving antenna

" Awhich is grounded at both ends’ and which

has distr 1buted constants of:such values that

. ~électric waves produced. therein by desired
5%,

signaling waves will be propa«ated along its

v"len(rth at such a velocxtw that inecrements of

60

“current produced in the antenna at points

along its length by desired signaling waves

m the éther W111 r1dd to the -current flow--

ing therein through a.distance which is at
ledst: equal to a half wave length of the de;

"_sired signaling wave and means associated

< with said antenna for selectively receiving .

65

signals coming from - ‘opposite directions.

11. The method of operatmg a radlo re-

'sists in impressing upon one of said receiv-

~sets desired signaling currents produced in-

~in impressing upon one of said receiving

1,434,084

celvmg system: comprising a horizontal re-

ceiving antenna. which is grounded at both.
ends and two receiving sets, which con-

ing sets currents produced in said artenna

-by signaling waves coming from one dlrec-

tion and impressing upon. the other receiv-
ing set currents produced in said antenna

"by signaling waves commg from a different

direction. , 75

12. The method of operatlng a radio re-

‘celving system compmsmg a horizontal re-
“celving antenna whlch is grounded at both
'ends and ftwo receiving sets which consists -

in impressing upon one of said receiving 80
one of said O'round COnnectlons and impress-
ing upon the .other receiving set desired
s1gnahng currents produced in the other
ground connection.

13. The method of operatlnd a radlo Te-
ceiving system comprising a horizontal re-
ceiving antenna which is- grounded.at both. -
ends and two receiving sets which consists
90
sets desired signaling currents produced in

8%

one of said ground connections impressing
: upon the other Teceiving set desired signal-.
‘ing eurrents prodiiced ‘in the other

f,;_{round

connectlon, and neutralizing the eéfféct in g5

‘the first receiving set of andesired currents

therein by impressing thereon currents of
equal intensity and opposite phase derived
from the second ground connection.

14. The method of ‘operating a radio re-
celvm(r system comprising a horizontal re-
ceiving antenna which is crrounded at beth

100

ends and- two receiving sets 'which consists in.
_impressing upon one of said Teceiving sets - = -
.desired signaling currents produced in one 106

of said - ground. cennections, impressing

upon the other receiving set desired signal- -

ing currents produced in the other ground

.connectlon, and neutralizing the effect in

the first receiving set of undesired currents 110
therein by impressing theresn currents of

-equal intensity. and' opposite phase derived

from the second’ ground connection, and neu-
tralizing .the éffect in the second receiving

'set of undesired currents therein.by im- 118

pressing thereon currents of equal intensity
and opposite- phase derwed from the- ﬁrst
ﬂround connection.:

~15. The method of Operatm(r a. radlo re- .
ce1v1ng system comprlsm(r a horizontal re- 120 .
ceiving antenna which is-grounded at both =~

‘ends and ‘two receiving sets which consists

in impressing upon. one-of said receiving
sets’ currents produced in said antenna at’
a selected point .by signaling-waves com- 125
irig 4rom one direction and impressing upon
the other receiving set. currents produced in
said antennaat another selected point.by
smnahng waves commg from a dlﬂz'erent di-

rection. 180
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16. The method of operatirig a:rad.io re-

“ceiving system comprising a horizontal re-.

ceiving antenna which is grounded at both
ends and two receiving sets which consists
in impressing. upon one of said receiving

. sets desired signaling currents produced in

10
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said antenna at a selected point, impressing
upon the second receiving set desired sig-
naling currents produced in said antenna
at a second selected point and neuttalizing
the effect in the first receiving set of unde-
sired currents therein by impressing there-
on currents of equal intensity and opposite
phase derived from the antenna at the sec-

ond selected point. .

17. The method of operating a radio re- -

ceiving system comprising a horizontal re-

. ceiving antenna which is grounded at both

- 20

~ends and two receiving sets which consists
In impressing upon one of said receiving

sets desired signaling currents produced in =

said antenna at a selected point, impressing
upon the second receiving set desired sig-

naling currents produced in said antenna at-
& second selected point and neutralizing the

effect in the first receiving set of undesired
currents therein by impressing thereon cur-

rents of equal intensity and:opposite phase .

25

derived from the antenna at the second se-

lected point, and neutralizing the effect in

the second receiving set .of undesired cur-

.rents therein by impressing théreon cur-

rents -of equal intensity and opposite phase

derived from the antenna at the first select- .
“ed potiit. e ' S
In witness whereof I have hereunto set
this twenty ninth day of "April, '

my hand
1921,

"HAROLD H. BEVERAGE.
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