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PATENT OFFICE.

' RALPH BOWN, OF MAPLEWOOD, NEW JERSEY, ASSIGNOR TO AMEEICAN TELEPHONE .

AND TELEGRAPH COMPANY, A GQR_PGRATION OF NEW YORK.

DIRECTIVE ANTENNA.

Application filed November 13, 1824, Serial “No. 749,799.. .

This invention relates to directive radio
signaling systems, and particularly to-means
for" altering. the phase. relations between a
plurality of alternating currents set. up in

‘the antennz of such systems..” . =

In a directive radio signaling system such
as-is described in the copending application
of Campbell, Serial No. 827,553, filed Sep-
tember 30, 1919, a plarality of antennse are
spaced-dpart at equal distances representing
3, common fraction or a multiple of a wave

length, and each of the antenns is connested’
“with a common: receiving circuit upon which

ig~ impressed “the potentials -set. up -in:-the
antenne of ‘such system.. <One . of _the
objections to an -antenna- array .such- as
disclosed in the Campbell application arises
from its space requirements when intended
for use with long wave lengths such: as are
used in transoceanic radio-operation. For
example, if ‘a rectilinear array-of sixteen
antennse spaced one-half X:apart is used for

the reception of waves whose length is 16 000 -

meters, the spacing: between adjacent an-
tenna is over four miles, and the total length
of such an array would be in the neighbor-
hood of sixty miles. From this it will,“of
couirse, be apparent that the space require-

One of the objects of this invention is to

‘provide s method and means. rendering ‘it

-85

practicable to- carry out the principle set
forth in-the Campbell application by an
antenna array in ‘which the distance bétween

- the adjacent antenns is but a fraction of

48
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that set forth in the Campbell application.
" Other ‘objects of this' invention -will: be

“apparent’ from the following description
" when read in connection with the: attached

drawing of which Figures 1, 2 and 3 show

“graphically ‘the principles upon-which my
invention“rest; Fig. 4 shows a form of the
circuit in which it'is embodied: and Fig. 5 - -

shows ‘a variation involving 'intermediate

: frequency detection of the- received “wavés.

- In Fig.-1, three antennge of an array are

‘one-half of the received wave length. - For
the sake of brevity only three antennz have
been shown, but it is to be understood that
the invention is applicable to an array com-
prising- any number of -antennw. and ar-

shown spaced apart by a distance équal to ' n

ranged in any formi. - As is well known, in -

such. an.array the. distances between adja-
cent . antennee is ‘a common fraction or a
multiple -of the wave length A Assume

- that this distance:is 7. ~The currents set

up-in the:various -antenne due to the sig-
nailng waves have a phase difference deter-

‘mined by the value of 7 and the angle of
approach- of the wave. . Assuming that the -

wave: approaches: the:antenna array-in the

56
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direction- represented by the arrow of Fig. .-

1;sthe voltage set up in antenna 1 may be
‘represented by curve A, that set:up in an-

tenna. 2 by B, and that in antenna 8 by C.
‘The phase relations at any instant may be
determined from the -curves. “An- arra

having - a.spacing ‘equal to .one-half of the
received wave length so that the currents set
up in the respective antenne are one-half a
period apart in- phase has good bilateral
reception quality.  As mentioned heretofore,

-the 'spacing’of the antenna one-half a wave
length apart venders such a structure almost-

prohibitive. - I havefound that if the array

1s reduced in size to the point where the

spacing _distance. is' 1/nth -of. its ‘original
value, that 'is, where the spacing - distance

‘ments of such a system impose a great hand- equ als ‘n ’;ft'he ?zth_harmonlgs of th_eumqe_lved
“icap upon its use.” T - voltages will duplicate the phase relations
' -existing between the fundamental - voltages
-réceived by the more widely spaced antenna.
“This is clearly shown.in Fig. 2 in. which
‘the antenns designated 1,2 and 3'are shown
spaced apart by 14 of A With waves of
“the'same-length as shownin Fig. 1 impressed
- ‘upon the antennz of Fig.-2, the voltages in 9
-the respective antenng will be 14 of a wave
‘length ‘apart in phase, but the voltages rep-

resenting: the third harmonic of the received

as the fundamental frequency shown in ®
Pigly oo o T b

A
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frequency will have the same phase relation - N
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- My invention theréfore consists broadly in
shortening the spacing between the adjacent
_antenng of a system by an amount-equal to-

100

- ‘an_ci_ then producing hai'monics of the

frequency set up in each antenna and select- -

~ing ‘therefrom the nth harmonic:for combi-

nationt in the common receiving circuit in

“order to obtain the: directional effect.” =~
+'The manner in which this is done is shown

105



in Flg 4 in Whlch the antennae 1,2 and 3 are

: bshown spaced,,a_part_ F:} dlstan_ce iequal to

2n: .

Each antenna is connected with ‘a harmonic

10

- quency. -Tf the nth harmonic is’ the -third,

_producer: by means of the circuits 4, 5 and-
6 which_ are of equal electrical len h. This.

equality is maintained by means of the arti-

ficial lines 13, 14 and 15, and of amplifiers"
- rents would be produced by the devices 7, 8

16, 17 and. 18 1nserted in the connecting lines

4, 5 and 6 between the antennse and the har-
Each of the harmonic:
producers 7, 8 and 9 is connected with the-

monic  producers.

common receiving circuit which has therein
as part of the equipment a ‘band. filter or
other frequency selective device 10 for select-
ing the nth ‘harmonic of the recelved fre-

the antennse would be -spaced apart a- dis
tance equal to 14 of the received wave length,

"“and the third harmonic of the received waves

-would -be impressed upon the demodulating
. -apparatus 11 the output of which would: be

25

detected by means of the signal indicating -
device 12. " Tt will ‘accordingly be seen from' -

Fig. 2 that by spacing the antenna: apart
a distance equal to 14 A and by using the

"'thlrd harmonic of the voltages set up. in

20

‘each of the antennm the: system will have

the same "directional characteristic as ‘an
array in which the antennae are spaced apart
by 15 x. ’

The- arranaement shown in Flg 5 is a

mod1ﬁcatlon of the .circuit herembefore de-

“scribed, the modification ‘consisting in beat-
‘ing the- received: frequency to a lower. fre-.
“quency before transmitting it over the con- -

" necting . circuits to ‘the common: circuit in

40

;W}nch the .currents from all-of the connect-
<The sarie “nu-

ing ‘circuits-are combined.
merals indicate similar partsin Figs. 4 and 5.

In the circuit shown in Fig. 5 the connect-

- ing circuits 4, 5 and 6 contain not only the

50

-A _source of beatin
: ';preferably is-locate
-harmonic- producers 7, 8 and 9 is arranged -
-to -supply  the- frequency necessary to-beat
the frequency Tecelved by the antenne 1, 2

apparatus shown in- Fig. 4:but also inter-
mediate ‘frequency .detectors ‘19, 20 and 21.

n- the. v1cln1ty of the

and 3 to a lower frequency. A switch o4'is

.- 92 to.-connect the source with: the: antennae

85

“are spaced apart: at the distance

"1, 2-and 38 either by means of the wire line
j'23 or by means of the antenna 25." —-

- In'the operation of the system shown m»'
-Fig: 5 the received waves whose length is
s will be lmpressed upon the antennse which-

:2n Cur-

“rent of the frequency correspondlng tox will-
- be set'up in’the connecting circuits 4; 5 and
-6 together with current of the beatmg fre--
_quency from-the source 22. The two fre-
quencies will beat together in the detectors
19, 20 and 21, and currents of an 1ntermed1-,.

“Ways.

dg frequency 292 which
i

1 680, 863

ate frequency will be 1mpressed ‘upon ‘the .
harmonic producers 7, 8 and 9. These cur- -
rents will,~of course, be -equalized by the "
setting of. the art1ﬁc1a1 lines and: the :ampli-.

fiers: situated between the intermediate -

monics of the intermediate frequency cur-

and 9, and the nth harmonic would be passed

by the filter 10 to the demodulating appa-

re- T
‘quency detectors and the harmonic producers :
in each of the connecting circuits. Har-~

ratus 11. " The signal produced by “the de-.
modulating- apparatus Would be 1nd1cated: L

by the device . 12.
Tt will accordlngly be seen- that by means

the phases of Teceived voltages set up in the -

received ‘waves would not d1rectly produce

;the same characteristic. -~ _—
- While this.invention has been: descrlbed as )

applied to-a directive radio s1gnahng Sys-
tem, it is to: be understood . that it is not'so

What is-claimed is:

~1.'In a System for chanormg phase dlf—r1

ferences by- frequency conversion the com-
bination with an antenna array for: receiv-

ing waves of length A the. distance between
‘adjacent- antennz being equal -to-#A of g i

plurality of conneetm(r circuits individual

‘an halmomc -producer - in-

connecting circuits; ‘and a common  trans-

latlng cireuit connected -with: the -said con- = -
“necting' circuits and - having-

antenna’array and to attain the. desired ‘di-
rectional ~characteristic ‘even though the. -
~yoltages. set upin the said anténnse by the: ¥

00
limited but is capable of application'in- other . -
And it is likewise capable of embodi-
.ment in other forms without departlno from:-
‘the spirit and scope-of the. appended clalms_ :

to and connected with the 'said antennze all

-of said circuits being of the same length - -~
“electrically;-
dividual .to and. connected with each of said !

& frequency .

selecting - device- to- transmit- therethrough“

‘onlya pr edetermined harmonic of those: pro-
‘duced in each-of said connecting . circuits.

110

2.-In a system for ‘changing phase dif-:"

adjacent antennse be1n0' equal to 7x; of

to render “the electrical length. thereof equal

ferences by frequency conversion, the com-- .
_bination with an antenna array for.receiv- .

“ing waves of length ), the distance. between
provided in the output side of the source

120

to that of the other cireuits, a harmonic pro-

_ducer individual to and connected with each ~* |

of the said connecting circuits, ‘and a fre-
quency selecting devxce common -to"all of

through a: predetermmed harmonic of ‘those

produced in each of the said - connectlng cir="

cuits.

.8. In. :arsystem for changmg phase dlﬁer-

ences: by frequency conversion, the, com-

130

said connecting circuits to.transmit-there- 125

%0
-of my invention it 1s practicable to. controld' "

18

lu- -
Tality “of connecting: mrcults 1nd1v1duaf
“and connected W1th the said antennee, each".
‘connecting. cireuit having adjusting means
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bination with an antenna array for receiv-
ing waves of length ), the distance between
adjacent antennse being equal to 7A, of a
plurality of -connecting ¢ircuits individual
to and connected with the said antennee,
each connecting circuit having an artificial
line and an amplifier to render the electrical
length thereof equal to that of the other
circuits, a harmonic producer individual to
and connected with each of the said connect-
ing circuits, and a frequency selecting device
common to all of said connecting circuits to
transmit - therethrough a. -predetermined
harmonic of those produced in each of the
said connecting circuits. Co

4. In a system for changing phase dif-
ferences by frequency conversion, the com-
bination with an antenna array for receiv-

ing waves of length A, the distance between
adjacent antennw being equal to 7\, of 2
source of: beating oscillations whose fre-
quency- differs from that of the received
waves, a plurality of connecting circuits of
the same electrical length individual to each

‘of said antenne, and also connected with

said source of oscillations, each connecting

“eircuit having means to -beat the received

waves with the beating oscillations to- pro-
duce an intermediate frequency, and a har-
monic¢ producer likewise-individual to each
connecting circuit to create harmonics of
the frequency produced by the said beating
operation, and a common translating cir-
cuit having a frequency selecting device to

transmit therethrough a predetermined har-

monic of those produced in each of said

connecting circuits. - - _
5. In a system for changing phase dif-

ferences by frequency conversion, the com-

bination with a plurality of circuits of equal

“intermediate - frequency, means connected

upon which the selected harmonic is-im-

electrical length, of voltage producing
means for impressing upon each of the said
circuits voltages of the same frequency but
differing in phase, the phase difference be-
tween successively adjacent- circuits being
the same; means connected with each of said
cireuits to produce harmonics ‘of the fre-
guency applied thereto, and a translating

-circuit common to-all of said first mentioned -

circuits having means to select a predeter-
mined harmonic of those produced in the
said first mentioned circuits. '
6. In a system for changing phase differ-
ences by frequency conversion, the combina-
tion with a plurality of circuits of -equal
electrical length, ‘of ;voltage producing
neans for impressing upon each of the said
cireuits voltages .of the same frequency but
differing in phase, the phase difference be-
tween successively adjacent. circuits being. 80
the same, a source of beating oscillations -
also connected with each.of said cireuits, the
frequency of said oscillations differing from’
that of the voltage producing means, each of
said circuits having means to beat together 65
the said beating frequency and the fre-
yuency of the voltage impressed thereon by
the voltage producing means to create.an

with each of said circuits to produce har- 70
monics of the said intérmediate frequency, .

and means to select a predetermined har-.

monic of those created by the said harmonic
producing means and a translating circuit

pressed. » S :
In testimony whereof, I have signed my
nameto this specification this 11th day of =

' RALPH BOWN.

November, 1924,
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