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-Application ﬁled Malfch 3, 1927. Serial N_o. 172,_448..

This invention relates to a staggered wave

antenna system and particularly to a system
in which the conductors constituting the -

separate antennese of the staggered system
may be placed upon the same pole line with-
ottt 111L1*oducmn crosstalk or othel int erfer-é
ence effects. | -

The wave antenna of the Lypu descmbed by
Beverage et al. in the Journal of American

-Inst1tute of Electrical Engineers, Vol. XLIT,
Nos. 8 to 6, inclusive, comprises a single con- -

cductor of consmlembw length Lehtwe to the

length of the wave that the said antenna is’

111tended to receive. While such an antenna
has a good directional chqmctﬂustlc 1t 1s

not entlrely devoid of receptional a,bThtV at

180 degrees from the desired direction of re-
| ceptlon

This failure to entirely eliminate
waves arriving from an undesired direction
value. 1t has been
found that reception at 180 deﬂlﬂes may be
substantially suppressed by combining the
sionals received by a plurality of wave an-
tenn'e which are not only parallel but also
are gtaggeled
the initial ends of the wave antennz are in 2

plane that is not parallel to the wave front

of the waves desired to be '1".eceiVed but malkes
an angle with the wave front. Such an an-
tenna svstem has been characterized as a stag-

gered wave antenna system and by prmjellv_

proportmmno the parallel antenn®e and the
extent of the staggering, the system has a di-

rectional characteristic in which rﬂceptlon

at 180 degrees from the desired direction is
pmctleaﬂv eliminated. Similar results have
been obtained by the system disclosed in the
co-pending application of A. G. Chapman,
Serial No. 130,637, filed: Aufrus’r 21, 1926
One of the dlfﬁcultles in the systems 'of the
prior art set forth-above is that the plurality
of antenng constituting the system cannot be.-
placed upon the same Uole line, because cross-
talk and other interference effects will be

antenna system in which the several antennee,

upon Whlch the System is based, may all be

By staggering 1s meant that

placed upon the same pole line without creat-

ing crosstalk or other interference effects.

Another object of the invention resides in
the employment of the sections of the an-

tenna system not only to pick up signals from

the electromagnetic waves but also to serve

as connecting “cireuits: between adjacent sec-

tions of the . antennge, whereby the currents

set up 1n the adjacent sections may be car-
ried to and properly combined at the receiv-

Another object of thlS mventmn remdes in
the use of a four-wire phantom system in

~which the invention is embodied, having
means whereby the receiving appa,ratus may

be placed at the end of the svstem upon which
the desired signal waves first impinge and

“means by which the signals may be returned

from the distant end of the antenna system
to the said receiving appamtus '

Other objects of this invention will be_
apparent from the following description
“when read in connection W’lth the attached
drawing of which Figure 1 shows schemati- -

cally a wave antenna of the type disclosed by

Beverao*e et al.: Fws 2 and 3 -show the sec-

:thIl’LllZlIlU' of the wave antenna and means
for tmnsmlttmcr the currents from the va-
rious section to the receiving apparatus at
the remote end thereof: I‘ws 4 and 5 show
the combining of a plurahtv of sectionalized

60
g appamtus connected Wlth the antenna .

| swtem
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wave antennae and means for pr0pafrat1ng

and combining in the correct way the cur-
rents from the var ious sections; Figs. 6 and

7 illustrate the description of the 1nvent10n

Figs. 8 and 9 show the means for brmfrmﬂr

85

back from the remote end of the antenna”- '

system, the currents set up in the various

sections of the antenna and combining them
-in the receiving apparatus at the 1111t1a1 end
of the said system; and Figs. 10 and 11 are

Y

curves plotted to rectangular co-ordinates

showing the dl‘r‘ectmnal characterlstlc of the

'antenna, System

created between the vm'lous anhennze of the

system. | | | |
My invention resides in a staggered wave

‘The wave antehhdof the type descrlbed by

form 1n Fig. 1 has'a dlI‘eCtIOH‘Il character-

1stic, dependmcr upon 1ts length and other
ifa,ctors such -as 1s dlsclc»sed in the paper pub-—

95

‘Beverage et al. , which is shown in its simplest

100
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IISth by Beverage et al in the said Journal '
Vol XLII, No. 4. As will be seen from those

dlrectmna.l characteristics, such an antenna
“has a varying amount of receptmnal ability
throughout tﬁ

- grees: to 270 degrees. from the de31red dlrec-
tion of reception. -

: 5

| have found that an antenna of the type-
- isshown in Fig. 4, wherein the solid lines rep-

shown in Fig. 1 may be broken up into a
plurality of Sectlons such as shown 1n Fig. 2

*9 Which sections are preferably of equal len o*th

and by omitting the alternate sections and

comblmng the currents set up in the respec-
‘tive sections, the directional characteristic
will be substantlally that of the antenna
shown in Fig. 1. The currents from the va-

.shown. therein, sections 1, 3, 5 and 7 are con-
nected by the transmission circuits 2, 4 and 6.

- unit antennse 1s effected by means of the trans-

~ formers such as T, to T, ;lncluswe The unit

antenna 7 1s connected. with the recelving ap-
paratus R by the transformer T,. It will be

~ tenna 1 by the wave advancing 1

tion mdlcated by the arrow will be 1mpressed |

:" by the transformer T;, upon the metallic cir-
Eh ‘3, upon which it will be impressed by the
 transformer T;. This current from antenna

1 will travel over antenna 3 as a grounded

.-the electromagnetic wave thereon. These
~two currents will be impressed by the trans-

fm*mnr Ta ugon the metallic circuit 4 and in
which consti-

40 tutes a grounded circuit. for the transmission
- of- thmcurrents from the antennz 1 and 3.

turn upon the unit antenna 5

- The current set up in antenna 5, by the ad-

vancing . wave, together with the currents

~ from the other antenns, will be transmitted

- a3 over the circuit 6 to the antenna 7 and these
. .currents :;-:.together with that created in an-

" tenna T'by the advancing wave, will be im-

- pressed by the transformer T, upon the re-
-ceiver R. The principle shown ‘may be ap-

50 plied to any desired number of sections, the

-~ number shnwn in the drawing being chosen
~.simply to illustrate the case and not constltut-

- 1ng. 8 hmltatlon thereon. Since the currents
generq.ted in the various unit antennz are
agated over: the metallic. circuits, such as’
| ] ends of the SUCC&E’dll’lg_[ transformer TB, the secondary of thlS trans-
umﬁ_ antenne with nearly the same velocity

oy .would if the antenna were continuous,

SR 12} ﬁatﬁ the initia

. iuch a system, therefore, should have a direc-
- -.;:uo ional characteristic not greatly different
- from that which would be abtamed from a

com;lnuous antenna such as shown in Fig. 1.
That.thm is 80 is clear. from the calcula,tlons_

_ hﬁrmmfher disclosed. -
REEES he. present mvsentlan remdes, m part 111

e range extending from 90 de-

rious sectlons may be transmitted to the re-
ceiver in the manner shown in Fig. 3. As

The connection between the circuits and the

.apparent that the current set up 1n the an-
in the direc-

euit 2, over which it will travel to the antenna

circuit, There will also be set up, in antenna
3, a current resulting from the i impinging of

sectionalized

2 {0 ymseer

the superp031t10n upon a wave antenna com-

prising a plurality of unit antenns such as is

“disclosed 1 Fig. 2; another similar wave an-

tenna, likewise compmsmg a plurality of unit

antenna, 1n such manner that the active an- -
tenna Sec_tlons of each system occupy upon the
pole line the spaces or intervals between the

sectlons of the other w ave antenna. Thisidea

resent the umt mntenna} and the dotted lines

_Iepreqent a transmission circuit, connecting.

adjacent unit antenna of the qystt,nl As will
be seen from Fig. 4, the unit antennz 1, 3 and

5 are sections of one of the basic wave an-
‘tenne, the sections being connected by the
-transmlssmn lines 27, 4/ and 6.
the unit antenna 2, 4 and 6 are sections of
another basic wave antenna displaced longi-
tudinally by the distance 1 with respect to the
‘basic antenna of which sections 1, 3 and 5 are

units.
‘the Iines 37 and 5.

These unit antennee are connected by
Since there is no paral-
lelism between any two unit antenne, there

will be no crosstalk between the wmponent

wave antennge, and, consequently, the inter-
ference, which heretofore has prevented the
placmfr of the conductors of separate an-

‘tenng upon the same pole line, has been elim-

inated. The use of separate, pamllel conduc-

tors such as 2 and 2/, one for picking up the

wave and the other for the transmission of
currents between sections i 18, of course, unde-
sirable from the cost standp 01nt AISO such
conductors might have an undesn‘able effect

on the characteristics of the antenna unless
they are made an integral part thereof. This

Slnnl::uly,' '

G0

05

A

parallelism may be avoided by making the '

conductors that serve as active antenna units

Such an armngement
is shown in Fig. 5. It involves a pair of
conductors upon a pole line, which ‘palr 1s
ut rendered cnntlnuous electri-
cally through a plurality of transformers
spaced apart at such distance as to provide

‘preferably equal lengths of conductors be-
_tween theln As shown in the ﬁmne the pair
of wires is divided into four csectmns des:l o~

nated 1 to 4, inclusive. The nvmber of su,-

tions may be varied, of course, without de-
One -

end of section 1 is connected to oround
through an impedance 8 and the other end to

parting from the scope of the invention.

ﬂ'rnund through the primary winding of the

former is connected across the conductors
constituting section 2. The midpoint of the

secondary is connected to ground throu oh the
‘impedance 9. The primary winding of trang- :
former TB is connected across the other end

of the pair constituting section 2, and the
midpoint of this wmdmg is connected with
- one 51de of the primary winding of trans-
'_ﬁformer Tu,, the other slde of whlch 1S ground- o

‘Tor one of the basic antenna serve also as the
transmission circuit between units of the
other: basw antenna.

105
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' 'they do not receive such 1ncrenents
the current created in section 1, by the Wmm

-other-side belllﬂ‘ Orcunﬂed
of T,. is connected with the receiver R. As
“the we

be seen that the current,

1,773,007

ed. The secondary Wlndlng of transformer
T'; has one end grounded and the other end
connected with the midpoint of the secondary
of Ty, which is bridged across the conduec-
tors of section 3
are connected with secfions 3 and 4 in the
same manner as transformers Toand T ) are
W1th sections 2 and 3. The primary winding

f transformer T, is connected across the

thel‘ end of section 4 and the secondary of

this wmdlng 1s connected with the receiver
R. "The midpoint of the primary of trans-
former T,; is connected with one side of the
primary winding of transformer T,., the
“The secondary

ve representing the desired signal
strikes the section 1 of the antenna Wetem 1t
will cause current to flow over the two con-
cductors in parallel to ground, ch“engh the
primary winding of the trenefemner Ts anc
through the impedance 8. This will induce

a volt: tage across the secondary winding of
T's which will cause the circulation of current
This cur--

of  the
transformer T, will induce a voltage across

over these two conductorsin eelies
rent flowing through the primary

the secondary winding thereof which will
cause the flow of cur rent over @ circuit which
mecludes the two conductors of section 3 in
parallel, to ground through the primary
Wlndmo of tr*‘ms:fcr ner Ty,. The flow of

current throu gh the primary of transformer

To will induce a voltage across 1ts secondary,
Wlnch will cause the flow of cu rrent-over the

conductors in series and the primary of trans-
This will in turn cause current

former T,..
to flow through the circuit connected Wl{]
the secondary of this tra ansformer, which cir-
cuit 1s connected with the receiver ’% It will

electromagnetic wave npon “the unit antenns

1, 1s ccnveyed over sections 2 and 4 metalli-
cally and over section 3

Tt1sevident that the

tutes one-half of the system traverse alter-

nately erounded and metallic circuits and it is
.obwons that this principle can be extended
to any desired number of sections.

tmvehnﬂ along the grounded circuits, the

CUur rents recelve. 1ncre1nente from the electl 0-
es 1IN SHace,

motive forces due to the signal wa,
but, while tmvehne alcno metallic cn"cnltf-;

Thus,

in space, travels over section 9 metall 1ce11§?'
over section 3 as a grounded circuit, receiving

an 1ncrement from the wave In space; tlﬁcnce

over section 4 as a metallic cni'cmt and
through transformer T.s to the receiver R.

The electromctwe force cleaced 1N Sec Lmn-.‘%

Tmns_foune T, and Tj 5

| _1te travel from the transmitting station.
is sometimes desirable to have the recelving

the wave
It therefore becomes necessary to
bring back to the receiving station the cur-
rents. from the end of the antenna remote

oenerated by the

as orounded cir-
cuit. While this current is beme* transmit-
‘ted, as described, the wave will “also travel
over sections 2, 3 and 4 and produce an elec-

tromotive fcrce in each.- _ _
currents im each basic antenna which consti-

connected to

- While

3

by the wave causes a current which flows over

section 3 as a metallic circuit thence over sec-

tlcn 4 ag a eronnded circuit, 1ece1vm0 therein
an inerement from. the electron’lafrnetlc wave

1n space. This grounded circuit is connccted

'thmnﬂh the tmnsformer TM with the- re-

celver R | |
In the a,rmnn'ement shown in Fig. 5 the

70

recelving Stetlcn 15 at the end of the antenna,- ~

remote from the end upon which the desired
signal strikes the antenna in the course of

It

station at the same end cf the antenna which
1rst strikes in the course of 1its

travel.

from the receiving station. An. arranfrement

for dOlIIO' this is Set forth in Fig. 8.

Tn the f gure, the receiver R is connected by
the tmnsformers T, and T,; with two pairs
of conductors broken into sections by trans-

formers which are so connected as to provide
Yu

metallic or grounded phantom circuits for
the picking up of the signal and the propaga-
tion to the receiver R of the currents result-

ing therefrom. The transformer T, con-
‘nects the receiver with section 1 of one pair
of conductors and transformer T, similarly

75

80

85

25

connects the receiver with section 17 of the_ .

other pair.

The midpoints of the windings

of these transformers connected with sections

1 and 17, respectively, are connected to ground |
thrcucrh a suitable resistance 10. Sections 1
are connected with sections 2 and 2/,
.-respecuvely, by the transformers T, and T,,

and 17

respectively. The midpoints of the wind-

100

ings 11 and 12 of T, and Ty, respectively, are |

_bcth connected wi th one of the terminals of
winding 13 of transformer T,, the other
ground.

termmal of which 1s connected to
The midpoint of winding 14 of transformer

T, is connected with one termmal of winding
15 of transformer T,. Winding 16 of trans- 3
former T, 1s connected with the other terml-

nal of winding 15, the midpoint of which is

the transformers T, and T .
The midpoint of winding | 1”' of I, 18 con-

nected with one termmal of winding 18 of

gronnd through a suitable
resistance 36. Sections 2 and 2’ are con-
nected with sections 3 and 3’, respectively, by
respectively.

‘115

transformer T, and in like manner the mid-

pomt of winding 19 of T, is connected with
the other termlnal of wmdlncr 18. The mld- -

126

point of winding 18 is connected with one

terminal of Wmdmg 20 of transformer T,

the other terminal of which is grounded.
- One terminal of ‘winding 21 of- Tm 1S con-

nected with the midpoint of winding 22 of

Ty, and the other terminal of 21 is o'rounded
‘One terminal of 22 is connected with the mid- )
and the other

.terrnlnal of 22 Wlth the: mldpomt of wmdmg.

point of winding 23 of T.,

12_5
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o4 of T, ‘Sections 8 and 3’ are connected
- and T, respectively.
o W:mdlngs 25 and 26 of Ty and T, respectwely,
. '_ 531‘9 CGHIIBCtEd with 27 of T]_g

o nected with windings 80 of T\s.
~ tions of the windings 87 and 35 of trans-
. formers T,, and T; are similar to those of
' Tm and T,,. The distant end of section 4
- is connected across the winding 31 of the re-
~ flection transformer T,, the other winding

- 32 of which has one terminal connected with
- the midpoint of winding 33 of T, the other

.bemg connected with the midpoint of wind-
ing 31 of T; and has.its midpoint connected
| wﬂ’h wmdm 84 of 'F,, the latter transformer

 being 1ntended to reﬂect the s1gna1 over the

o '-clremt 1’—4’ to the receiver R. In the ar-
20
- section together function as an antenna unit

- for the creation of a voltage from the signal-

ing wave, and each pair also serves as a
grounded or metallic circuit to transmit cur-
rents not only toward the reflection trans-
former but also in the reverse dlrectlon to the
' -reeewer R.

- Assuming that the desmed 51gnals come in
' the direction shown by the arrow, a voltage

20 will be set up
- the four conductors of the two pairs are con-

neﬂted in parallel to ground throngh the mid-

points of the windings of transformer Ti.,

Tm T, and T,. This current in the course of

I?'-?-35 its flow over the grounded circuit passes
- through winding 18 of transformer T,. It

“thereby establishes a voltage across winding

- 15 which causes. curreni: to flow over a phan-

tom eircuit madeup of the conductors of pairs

S '_.*'-40 2and 9’ .and the Wmdmgs 14,16,17and 19. It
. the manner in which the

~will’be'seen that by
:voltm is applied to this phantom circuit,
~ the current flows thereover metallically.
eurrent flows in oppesite directions through

- 45 ach half of earh of the windings 14, 16, 17

“and 19, so that no voltage will be established

. . . N acm t‘he pairs of conductors of the admcent '.
- sections.

This current flows through winding
18 of transformer T;, and creates a. voltage
across winding 21, which winding has one of
its terminals
nected to the midpoint of winding 22. This

~ voltage causes current to flow over a grounded

- _phantom circuit: which includes wmdmﬂ's 21,
B -22 93, 24, 25, 26,27 and 85. The flow of cur-
-, @frections as to produce no effect upon the

~ otHer windings of the transformers of which
"~ the said windings:form a part. The flow of
60 current through the winding 35 establishes

- avoltage across winding 30, whleh cavses cur-
~ rent to flow over.a metallic phantom circuit

which includes windings 28, 29, 31, 32 and 33.

'”-Wllldmgs 28, 29, 31 and 33 are dlﬁ'erentlal

In like man-
" per, windings 28 and 29 of Ts and T, are con-
The connec-

rangement shown in Fig. 8, both pairs in each

in the ca:eetp:m 1—1’ in which

The '-

grounded and the other con-

rent*‘through all mndmgs except 35 is in such

.”157—73" 097

_ ' 25 26, 39 and 34 The flow of current through
with sections 4 and 4’ by the terminals Ts
The midpoints of

wmdmg 32 establishes a voltage across wind-

ing 31, which is across the pair of conductors

LOIlStltU.tlIlﬂ' section 4. This volta oe will cause

current to “ow through Wlndmn' 28 of T,
‘which in turn will creete a voltaﬂe ACTOSS

winding 25. This current, which is the re-

flected swnahng current set up by the elec-

tromagnetic wave in the antenna-section
1—1’ and augmented bV the effect of the elec-

tromagnetic wave upon the section 3—3’, will

oont‘*nue to travel through sections 8, 2, 1
of one of the pairs and will be impressed by
the transformer T, upon the receiver R. The
electromagnetic wave will likewise create a
voltage to n'round across antenna-section
Q-—-——-Q’ ‘the four wires of which are connected

to ﬂ"I‘OllIld through the windings 14, 16, 15 and
the resistance 36 at one end of sald seotlon

and throuch Wmdmfrs 17. 19. 18 and 20- ‘lt'

the other end thereof The flow of current
through windine 20 will establish a voltage
ACTOSS nmdm,e; 29 of transformer T, which

section 3—3’ as a metallic phantom circuit.

This current will flow through windings 23,
924 95 and 26 differentially and also thromrh |
.'wmdlnfr o7. The flow throu 'h the htter

creates a voltage to ground across winding

37, which causes a flow of current over the
| eonductors of section 4—4’ as a grounded

80

8o

will cause current to flow over conductors of

00

ohfmtom circuit.. This current will be aug-

mented by the current set up therein by elec-—
tromagnetic wave in space. These currents

1in section 4—4’ will flow through windings 30,

98. 29. 31. 82. 33 and 34. Since the flow of

_ eurrenfe ’rhrourrh windings 30. 28, 29. 31, 32
and 83 is in a differential manner that 18, In

opposite directions throuch halves of each

winding there will be no effect upon the other

windings of the same transformers with

“which the sald windings are associated. and

furthermore there will be no reflection of cur-
rent from 32 upon the cirenit with which 31

“is connected. On the other hand, since the

100

106

116

current flows through the coils of wmdmrr 34

in series, a voltage will be created across Wmd-_

ing 33 which will eause current to flow over

section 4/, which current will create a voltage
ACTOSS wmdmg 26 of section 3’ and, in this
manner, the signalina current oreqted bv the

18

electromagmetic waves in section 929 and

4—4" Wl]l be reﬂected by transformer T, over

‘the pair comprising sections 4’ to 1’ to the re-

ceiver R. These currents will be combined

‘therein in the manner disclosed. for example,
‘in the co-pending application of H. T. Frus,

12 _.

Serial No. 746.753, filed October 80, 1924. A =

modification is shown in Fig. 9 which is in- _
tended to simplify the transformer arrange-
ment. at the remote end of the system shown

125

in Fig. 8. In Fig. 9, the currents resulting

from the effect of the waves in sections 1—1°

“and 3—3’ flow through the windings 25 and 26

69 gndor the oondltlon ]ust stated to Wmdmes' _'_d1ﬁ'erentlally, through Wmdmg o, also dif-

130 _-
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- tion 4

20

3
Gt

44,

60

1,778, 09_7__

ferentlally, and then through winding 28’ to
ground. Winding 28/, Whlch serves the same
purpose as wmdmo 39 in Fig. 8, impresses
across winding 25 the voltage Wthh 1s created

by the effect of the waves on sections 1—1’

and 3—3’, which voltage causes the transfer

of the swnal over sections 3,2, 1 to the re-
céiver R. The signaling currents resulting
from the effect of the wave on section 23 ﬂow
over the conductors of section 3—3’, as a
metallic phantom, circuit; that is to say they
flow over the conductors of pair 3 1n parallel
to the midpoint of winding 25, thence through
winding 27 to the mldpomt of 26, thence over
the conductors of pair 3" in parallel The flow
of this current through winding 27 creates a

voltage across Wmdnw 377

T ;..

rent 1s augmented by current created therein
by the signal wave.
of sectmns 9—9’ and 4
ing 34 of transformer T, which creqtes '
Voltaoe across winding 83 which Voltawe

. st'uts the transfer of the sw‘nal over the sec- -

tions 47, 8, ete. to the receiver R.

The dlrectlonal characteristics of the an-

tenna system, which has just been deseribed

from the physical standpoint, are clearly
shown in Kigs.-10 and 11 by curves having

These directional curves

heavy solid lines.

show the reception ability of the antenna sys-

tem over a range extending from zero to 180
degrees but 1t is to be undelstood that the

5 curve 1s syminetrical throughout the remain-

der of the range to 360 deﬁ*l ees. In order to

simplify the calculations upon which these
curves have been based, the attenuation has

been neglected and the velocity of propa-

oation has been assumed to be that light on

both metallic and grounded cu‘cmts To
make the calculatlons consider an antenna
system such, for ez:ample, as that illustrated
in g, 4 Whmh may be considered as com-

prising two basic antennge, each made up of

a plurality of sections. To obtain the char-

acteristic curve for the antenna system,
made up of two basic antennee, the diagram
of each half of the system, that i 18, of each
basic antenna, may be calculated from the
diagram of a simple wave antenna whose

: length is that one of the sections of the basic

antenna and an array factor corresponding
to the directional diagram of an array of ver-
tical antennse located for example, at the

ends of the sections constltutmo the unit

antenne of each basic antenna. The direc-
tional characteristic for the complete system
may then be obtained from the directional
clmmctellstlc of each half and {from an ar-
ray factor corresponding to the staggering
and phasing of the two halves.
of procedure will be clear by considering a

specific instance such as that represented by
Fig. 10, which shows the characteristic for

of transformer

Th1s causes the ﬂow of current over sec-
4’ as a grounded phantom, which cur-

The combined currents
4’ flow through wind-

- This method |

S

an antenna system comprlsmo' two basic an-.
tennge each having two unit antennse, each
unit or section-antenna being one- quarter'

wave length long, and the longitudinal spac-

Ing between any point upon one unit an-
tenna and the corlespondnw point upon the

succeeding antenna belnﬂ' one-half of a wave

length.

Referrmo to Kig. 6, the 11nea,r phase dlf—

ference bﬂtween the ends A and B of the two
“active sections, for waves of incidence-angle

A, Wlll be B=a, cOS ¢; the anﬂrular phase dlf-

% cos 9, where A 18 the

wave lenﬂ'th of the signals.

ference_ wﬂl be b’ =%

In addition we

have a phase lag 1n the current from A when

a

propag ated ¢ to I3 which is ¢""=2x 1 So the

angle at whlch the outputs combme 1S

fﬁ qf) qb QWR(I_ cos 6) (1)

The resultant of two equal Vectors L com-
bmmcr at such an angle 1s

=211.,

Since _f-t)f 0= 0, Iy

i cos —-(1-— COS 6)] (3)

and this is the equatlon of the desu'ed array
factor.
Upon applying this equatlon ﬁrst to the

one-half wave-—length staggering between ac-
tive sections of each. halt of the system, and

then to the one-quarter wave-length stag-
gering between the two halves, we get the
curves of IKig. 10. The resultant dlagmm
for the whole system is obtained by multi-

plying together the directive curve for a
single one- quarter wave-lenoth antenna and
the two array factors above mentioned. It
is almost identical with the diagram of an
ideal one wave-length antenna. This might
be expected, as the currents from the in-
dividual sections are in this case combined
in ezactly the same relations as they would

be in a continuous wave antenna, of the con-

ventional type.

An ewht—sectwn_system would seem to be

better than the four-section arrangement,
since it would wutilize a one-quarter Wave-
length staggermfr in each half of the sys-
tem thus giving a point of zero reception at

180 deﬂ'reeq the phasing of the two halves
could then be utilized to either reinforce this

null point or to produce others, as desired.

One-half of such a system is shown in
Fig. 7.

To utilize existing information the
dlrectlve ciagram for 6‘1(311 half can be ob-
tained by multlplymg together the follow-
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| tenna We des1re

half wave-length staggere
have already been worked out (Equation 3).

-'1ng Dlrectwe curve of one- elghth wave-

length wave antenna, one-quarter wave-
length staggered array factor, and one-half
wave-length staggered array factor.

The formulse for the one-
array factors

The formula for the one-eighth wave-length
staggering with arbitrary null points may be
derived as follows: -

In the general case we have

.2_ cos [:2 (¢__L_{_m COS 9)] < 4)

Where ¢ 1s the

phase shift which may be n-

troduced 1n comblmng signals from the two

“halves of the system in receiver R.

~ Anull pomt will be produced at an angle '
" When - -

,

as can be seen by setting Jy=0 in Equatlon-
' % ; and solvmg for ¢ Substltutmﬂ' (5) in
(4) -

o]} ®

~ sired to fit in with the condltlons existing in
.Speclﬁc cases: | | |

Iy [ [ ?E_‘! =
7 Zcos 5 7+ (cosﬂ - CO8

Here ) | refers to the current from each an--

I : WhICh is gwen by

'_" coe-—(l—-—-ﬂ*[ cos 60— - COS 6’])
_I° COS8 {1 ------[1 — cos 6’])

(9)

" 'This is the equation of the array factor of a

50

staggered antenna system so adjusted as to be
non-receptive to s:lgnals arrwmg from an an-

- gled.

In Flg 11 curve (1) shows the result of-

- multiplying together the one-quarter and

1]

one-half wave-length staggered array fac-
tors. Curve (2) is that of the one- -eighth
wave-length unit wave antenna. The re-

~ gultant dlrectlonal curve for each half of the

antenna system is plotted as curve (3).

135 -degrees which can well be suppressed by
~ by the one-eighth wave-length staggering ar-

‘ray factor utilizing phasing between the two

halvoe of the system to give a null point at
0’ =135 degrees. We have calculated such an

‘Then
‘a suitable one-eighth wave- lenfrth staggered

array factor (due to the staggermg between
the two halves) may be applied to cret the

curve for the whole system. ‘the curve (3)

uarter and one- shown as curve (4). It is seen that the half-

180 degrees.

Itis
seen to have an “ear” in the neighborhood of

1;-773,09"7'3 -

-~ factor using formula (9) above, in

arra
whlch we hz-:we set _ _
| a:/.)\= %-:9’E135 degrees._ o

The directive curve for the whole system is

70

obtained by multiplying this array factor by

for the half system, and 1s

system curve is nearly as good as that of an

1deal one wave-length wave-antenna, and the

curve for the whole system 1s quite good and
compares favorably with curves for ordlnaly

' staggewd systems.
Of course, 1t must be realized that the actual

system, in which attenuation has to be taken
into account, will not have a null point at

It may therefore be necessary
to 1“t1113“ the one- ewhth wave-length stagger-
ing to produce a null at 180 deﬂ'rees This

W ould leave the car at 135 defrrees to be taken

care of by other means (euch as broads1dmfr
or further staggering).

It will be apparent tthat from the for egoIny

~ equations, it 1s possible to design a staggered

antenna system having a directional charac-

teristic which will give good reception from

a desired direction “and substantially no re-
ception from the diametrically opposite di-
rection and which will also. have no reception
at any predetermined angle 6" as may be de-

While the staggered antenna systems
shown 1n the drawmrr and described herein

comprise only two basic antennee, each of
~ which may be made up of a ];:letr::tlltyr of sec-
. tions, 1t is to be understood that the invention
~ may comprise any number of such basic an-
‘tenne, all having the same number of sec-
~ tions, which 11umber may vary throuo*h a
~ wide range. '

It will furthermore be apparent that while

'the invention has been descr1bed as embodied

in certain specific forms, it 1s capable of em-

~ bodiment in other and different forms with-

out departing from the splrlt and scope of
the appended claims. -
‘What is claimed is:

1. An antenna system COIIlpl‘lSlIlﬂ" a p111-

rality of antenna sections, and means to cou-

ple the adjacent sectlons ‘the said coupling
means being arranged and connected with
the said sectlons and to ground in such man-
ner that each section interposed between

other sections acts not only as a conducting
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circuit between the said other sections but |

also to intercept the electromaﬂnetlc waves_

1N space. |

2. An antenna system comprising a plural—
ity of antenna sections each consisting of a
pair of horizontal conductors, and means to
couple the adjacent sections together, the

said coupling means being so arranged and
connected with said sectlons and to crround
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