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- This invention relates to anténnas of a type that can -
" be described as logamhmxcally periodic, since their struc-

‘2

' To provxde Ioﬂanthmxcally penodxc antennas. having . -

.stmctural simplicity, whils permitting frequency inde- .. ..

- pendence of radiation ‘patiern ‘and input frequcncy over

10

" ture is repetitive in a logarithmic manner, Such’ antennas

" wheén an antenna and its complement are added together

taining substantially-fixed radiation patterns and input im-

pedances over-a very broad frequency rangc which may'

be greater than ten-to-one.
The general subject of such anfennas is treated io a

- paper by R. H. DuHamel and D. E. Isbell, titled “Broad-
- band Log'arithmically Periodic Antenna Structures™ and is

found in the 1957 LR.E. National Convention Record,
Part 1, of the group on Antennas and Propaganon Micra-
wave Theory. and Techniques. This article is only con-

cerned with planar logarithmically periodic antennas which’
comply with the complementary principle when they are .-
,iuﬁmtely extended. . The complementary  principle re-:
quires that the same form be obtaifed when the antenna

structure. is interchanged with. the planar space. surround-
ing it. That Is, the complementary: principle requires that

a complete Infinite screen is obtained. In many situations,
if an antenna has-a complementary. shape, it may be ro-

tated by 90” about its center, and it will fill the area previ-.

" are particularly useful because they are capable of main-

15 .

20

30

ously existing between its elements,’ If.an antenna is iden-.
~ tical to its pnnmple it has a constant- impedance of 60r
- ohms which is independent of frequency. This is ex-
- plained in.an article by V. H. Rumsey titled “Frequency

as the first-mentioned article. Tt was previously believed
that the complementary principle must be adhered to in
order 1o obtain a constant antenna input lmpedance inde-

. pendent . of frequency.

The present invention deviates from the complementary _

prmctplc in several ways and yet is:able to maintain a

. radiation pattern and input xrnpedance that-are very nearly -
* independent of frequency over a very broad range. For

-~ example, antenna structures ‘made’- accordmg to- this in-

vention need not Iie in a single plage, which is.a require-

35

. Independent Antenna™ found in the same LR.E: records .

40

- extremely. broad frequency ranges; and - . s

.To provide a logarithmically periodic antenna which N
can be entirely made of straight-lined structure, capable
of casy fabrication from wire or rods. :

Further objects, features and advantages of the mvcn-'

" tion will become apparent to g person skilled in the art ..
‘upon further study of the’ specxﬁcahan and accompahymg :

drawings, in which: :
FIGURE 1 illustrates an eIevatzoual v;ew of onc fOrm S
of the invention; _
FIGURE 2 shows a side view and radiation pancm. .
FIGURES 3, 4, 5, 6(A), 6(B) and 7 represent’ other"_'
forms of the mvennon, e e
FIGURE § is a perspective ofa thrce-dunens;cnal form o :
of the invention; : ST
FIGURE '9 illustrates a conical development of the .
three-dimensional form in FIGURE 8; .
FIGURES 10(A); (B) and (C) show end views of

_ various forms of the mvcntmn w1th thcu' rad;auon pat- :

terns; ) .
FiGURES 11 and 12 show perspcc 've:s of ot]i ‘three- r oS

FIGURE-13 provides a modificatiof- ef the mvenhen,
- FIGURES: 14(A) and (B) -respectively .llustrate -a -

: rounded tooth thrce-dtmensmnal form and lts end view”

and radiation pattern; -

FIGURE 15 represents a rad:anon pa!tern' and .

FIGURE 16 shows an end view of a center-lmc folded :
antenna. Sl

Now referring to detaﬂed forms of the invention, FIG-
URE [ is first cons:dexed It shows a back-clcvanonai
view of an antenna made from a pair of metal sheets.
having-a thickness that tapers toward aterminal pojnt-12,
FIGURE 2 shows a side view of the same antenna and
orients the position of point 12; which is a reference point -
for the system but has no structural existence. The an-

TGt "

' ténna includes Half-portions 10 and 11 which are gener.

ally triangular in shape and havé respective vertexes ade

45

ment of the: complcmentary principle.. Furthermore, when "'_ -
a form of the invention is made to liz'in a smcle plane :

it need not satisfy the complementary principle.

quence, similar portions of the antenna repeat with ‘a
geometric-progression relationship as a function of their

-distance from the vertex. Transverse construction lines

in the invention can be made linear to’ permit substantial

" structaral simplifications, particularly for large sized an-
] _tennas to extend their range to telatively low frequengcies..

Some of the objects of-this invention are the following:
~To providé an antenna which maintajns the same radia-

~ “tion pattern throughout an extremely largc operating fre-

. quency range;

1

To provide an antenna whu:h maintains a very—nearly :
., constant input unpedance over ‘an cxtremcly largc fre-
© . quency range;

To provide a Icg“nthmlcally penodu: antenna wrth B

_radnanon pattern that can be made omnidirectional;
: To provide a loganthmxcally pcrlodxc antenna w;th 2.
- radxatmn nattcrn that is cuntrollably asymmctnc,

_ " The in--

; véntion teaches how a logarithmically periodic antenma.
structure cam be made entm:ly with a stralght-hned con-
ﬁguratlon )
The -invention provndcs a structure that is loganthm:-'

: cal}_y periodic from a given vertex point, - As a conse-

* apart by an angle g_!z_._@;g'g_can_ga_ry_ from 1807 to 0°.

&5

60
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‘center- lme
- rithmically periodic ‘manner’ from terminal- point 12.
.Thus, each tooth has paraIIel sides 21 and 22 with outer; .

jacent to point: 12, Each half-portion-10 or 11 €ncom- - -,
- passes an_angle a which is bisected by a center line 13 or
' _14 respectively, passing down their center.

Howevcr, it
is to be noted that neither haIf-portion 10 por 11 is Sym-
metrical about its center line.

Each half-portion 10 or 11 has transverse teeth extend-
ing on- oppos:te sides of an innér: tnangular-shaped seg-
ment that is defined by an angle 8. Angle B 1.5 symm'
caily placed within angle «.vun o :

Tke two planes of half-poitions.- Ioand 1t are anent

increasing angle ¢ bEVond 1807 causes it to repeat)
A plurality of teeth 10a, 10% through 10L are formed
on half-portion 10; and a similar plurality of teeth 11,

_ 115 through 11L are formed on half-portmn 11, In FIG-
* URE 1, each of the teeth is-trapezoidal'in form whcn ‘it

transverse parallel sides zre: cxterded to-‘meet
13 or 14; and the parallel s:d“es are? perpendlcular to-their -
The teeth vary m size and spacing in a 16ga-

side 22 being. the -more distant of the two' from point
12.- Each teoth is bounded on'its remammg two s:des
by lines defining ang!es e« and 8.

The location and size of the set of teelh of half-por‘hon

.10 on the left side of its center line 13 will first be defined.

" “The location and size of the remaining’ teeth of the an-

70

tenna cant then be defined in terms of this set-of ‘tecth. -

-The distances along center ling 13 between polit 12 and -
'the outer sides 22 of altematc tect.h 10&, 10¢ through IOL




|
i
i
i

 radiation pattern is discussed. below in more detail.

are. 1‘¢‘=li'1" ﬁtﬂlﬂ«d b)’ distarices R;,, R, throuoh Ri. Any two.-r': .
consccutive values of R are Ry and Ry, With the Tats
-Similarly, ry, rq through

.y, represent distances of the inner sides of the same tecth

ter being the smaller distance.

from point 12; and of any consecutive pair of » are ry and
P13 With the latter being the smaller mstance. They are
dcﬁned by the followmg expressmn. ST

By rw+1 R 4 (1)
- By

'where + is a:constant less than one, wh:ch is fixed Eor a

given anterna design.

Expression 1 positions the téeth with respect to each

other along the center-line but does not specify the width
of the teeth, ~The width of any tpoth of the set.is the dif--

" ference between Ry and ry, Whl(:h are related by the fal-

lowmg expressmn'

where cis constant for a gwen antenna deswn. .
Consequently, expression 2. completes .the general de-
. finition of the sat of tecth on the left side of center-line 13

inFIGURE 1.
The remaining teeth of antenna half-portion 10 can

_thea be defined, because the teeth on the right-hand side -
of center-line 13 have their sideés 22 and 21 aligned wuhf;-
_the’defined . sides 21 and 22 respectively of the left-Hand =
side, with the teeth on the right-hand side aligning: with

spaces between teeth on the left-hand side.
. Furthermore, the teeth on the opposite antenna half- por-
tion 11 are also thereby defined, because half-portions 10

“and 11 are identically shaped.” Thus, in FIGURE 1 the
teeth on the right-hand side of portion 11 correspond to-
" the teeth on the. left-hand side of portion 10. Likewise, -

the teeth on'the left-hand side of portion 11 correspend
to the teeth on the right-hand side -of portion 10,

- Although the half-portions 10 and 11 are constructed
in the same manmer, they are positioned unsymmetncaily
with respect to each other iz the sensz that one is not the
image of the other. This prevents the same anteond re- -

sponse from being obtained by positivning a single half- -
- portion over a ground-plane that bisects angle .

Expressions -1 and 2 determine a geometric-ratio se-

. quence for tooth sizing and for teoth spacing. . However,
.- they ‘permit different geometric—.scqu_en’cies ‘having. the
" same geometric-ratio to define distances to inner and outer

sides of a tooth; respectively. * A particularly useful special
cas¢ oceurs when the teeth are similarly prcpomoned

- on opposite sides; and Ltus is obtained when _
e=yr (3)_'

When a.ngle ‘ta is Icss than 180' an asymmetncal rad1a-

sides 21 and 22. A secondary transverse polarization is
also obtaimed, which is smalt and can be controlled. The

Theoretically,-an infinite ‘bandwidth from zero to in-
finite cycles-per-second can be obtained for the antenna

by making each_half.portion infinitely tong; wherein the™
“teeth. become’ mﬁmtely smiall as vertex 12 js approached

and infinitely large in the opposite direction. In practice,

~ finite dimensions are mandatary, and a finite number of
teeth must be used, Thus, the bandwidth:is then no long-
* er infinite, but nevertheless, extremely large bandwidths

can still ‘be obtajned, The pumber. of teeth used in the

. given antenna is therefore somewhat arbitrary, although
.- generally speaking more than two teeth must be used:to
- obtain-a structure which is logarithmically pericdic. In
_each case, there is a-practical limit to the size of the largest_ _
- -tooth, and the smallest’ tooth also has.its imit. * Thus, in
- antenna half-portion 10 in FIGURE 1, tooth 10L is the-

small trzangu!ar part 23 of half-porticn 10 ‘mear vertex 12

very' small tceth However, the outer sids'24 of triangular

5 Pportioa 23 performs like the outer side 22 of a tooth, and - o

.--1t acts electrically like the smallest tooth of the antenns:
“ Half-portion 11 similarly has a small triasigitlar-portion

25 with-an outer'side 30 that corresponds to tnangular part L

23 and its outer side 24, respectively.
10 Structurally, the size of the largest and ‘smallest teeth

determine the-fowest and highest frequency hnuts Ie-

- _specnvely, of the range; <

. range is reached when the length of smallest side’ 24 or25

15 fromi the éenter-line to its a-boundary becomes about one.. -

_tenth of a wavelength of the radiated frequency.

. O the other hand, the low frequency limit of the range
" I8 determined when the length of the largest side 22a,. -

" measured ‘from -center-line 13 to its u-boundary, is ap-
20 proximately one-quarter wavelength.

. Although the frequency’ limits are determmed by the T
sizes of the largest and smallest teeth- in the structure, it -

is by no means to be implied that radiation occurs -only

_ from these teeth at the respective frequéncy limils,
95. Rather, radiation at-all times occurs from several of the -

_teeth in varying degrees in a complex mantier,

80 been found that stepped thickness can beused to the samie

effect, and further that uniform thickness can be used

without substantlaﬂy inhibiting the ‘operation  of. the ‘ati-

‘tenna for very large bandwidths of the order of five.
to-one.

35 The anterma of FIGURE 1 can be fed ‘oy means of

* . cautions must be taken to prevent the line from interfering
with the radiation pattern.. An unbalanced line, coaxial
‘cable 29, is used in FIGURES 1 and 2, In order to pre- -

40 "vent it- from interfering ‘with the radiation pattern; it is

‘brought along ‘the solid triangular portion ‘within“angle

- B, w:th the outer conductor making contact therewith, and -

it terminates at the apex of half-portion 11, Tis inner con-

ductor 28 extends from the end of coaxial line 29-across-

45 the space betweén the apexes of the half-portions, and
_£oanects to the apex of half-portion 18. Quter conductor

29 is not’ at ground potential along half-portibn 11 but -
" varies in a manner-that automatically transduces the vn. .. °

. balanced-lige impedance to a balanced impedance connec-.
50 tion for the anténna without unbalancing the dntenna pat-.
tern, . The near-zone electro-magnetic - fields associated
‘with the antenna decreasé rapidly as extremity 22a is ap-

wide-band Balancéd féed Torthe” ‘antennal~

Also, a balanced line can be connected to the antenna,” -

- by being brought toward the antenna in FIGURE 2 along
the direction of arrow 27, with opposite sides of the ling

- é.o being connected to the apexes of the respective half-:-

portions, If the transmission line is brought from the

“. side of the antenna that is perpendicular to the paper.at: ... ..
- -polat 27 in FIGURE 2. it -inferferss ‘with" the radiation £

pattern to some degree, which in many cases makes such
85 typzs.of connéction undesirable, - . ° E

end view of such antenna where ¥ i57180° and x is the
70 fold angle between the radical members of. half-portion -
10 having respective end teeth 222 and 22b, - The figure-’
" eight typa-radiztion:pittern 15 6f this antenna is-made

75 and 130' As angle xis made smaller the antcnua bc-

smaﬂest and tooth lﬂa is the !argest Accordmvly. thu :

has no teeth, due.to the practical. dificulties in making - '

The high-frequency limit of the frequency mdependent S

Ideally, the sheels of metal from which each of the an- . ___.
tenna half: :portions 19 and 11'is niade Bave tapered thick. e
<fiess, a3 explaified abové, “In practice,“however, it-hag -7~ - -

“either_a balanced or an unbalanced line, but special pre=; .. . - .

proached “Therefore, the presence of coaxial line-29 has -
little effect on the field and hence on ‘the balance of.

55 the anténna. structurg.. . This effectively. produces 2 very.- e
: majcr ‘Tobe- pomtmg‘m the dlrecnon of arrow 27 N Lk : S

- primary polarization of the radiation is parallel to-teeth

Although each half-portion 10- and 11 is ina respec- ’
tive plape in FIGURES I and 2, each can also be folded -
“about its éenter-line 13 and 14. FIGURE 16 shows an.:

91 lely] cmmd:recnonal as anglc x is mada smaller; Gpti- -
mum omnidirectionality is obtdined with x bctw::en 120%.




. pressions -1 and 2 above.’

comes- more frequcncy-scns:uvc and its bandwrc!th de- '- .

_ Greases,. . .

. We'have also dlscmered structural modxﬁcatrons of the
antenna given in FIGURES 1 -and 2, which greatly facili-
fate the use of the invention. FIGURES 3 through 7
ilustrate such modifications, and teach how the Jinvention

can be constructed from condircting rods or wire, while

“still-maintaining the required eperating characteristics of
. the-invention. With régard to FIGURE 3, rods are used
" to provrdc an - outline ‘of the conﬁguranoa given in

'FIGURE 1, Although the antenna of FIGURE 1 does:

pot have an identical complementary structure, it still

provides a clear distinction between the teeth and spacés .
betwesn the teeth. The stricture.of FIGURE 3 is hence -

even farther from the complementary principle, since the
"internal poruon of any tooth defined by rods or wire is
“also a space. . Nevertheless, we have experimentally deter-

mined that the structure of FIGURE 3 operates-in sub- " -
", stantially the same meainer as the structure of FIGURE {.

.~ FIGURE 3 also includes two. half-portions 10 and 11
Half-pomon 10 includes a ‘plurality of  transverse rods
32a, 32b through 32L.: Similarly, half-portion 11 com-
prises transverse rods 33a, 335 through 33L. The rods of

half-portion 10 are positioned with respect to the center”

of the antenna in the sariie manner as tooth sides 21 and
" 22 were located in FIGURE 1, that is, by means of ex-
Rod sections 36a, 365
WL&,throuthGL,are‘ placed.on the boundary of .the teeth of

ln pomon 11 havc lateral bounds provided by rod sec-.

- tions 37a, 376 through 37L, which likewise are aligned

aIr'mg angle «. A pair of rods 41 and 42 are fized to por-
tion 10 along the sides of angle §; and rods 43 and 44

-are similarly posrt:oned in portion 11, - A centrally posi- -

_tioned ‘rod 46 is also provided along half-portion. 10,
" while coaxial cable 29 is brought. ccntrally along. half-

pornon 11 with its outer conducter connected to respec- -

tive transverse rods 33, Its inner conductor 28 exits from
-the coaxial line at the apex of pomon 11 and connects
..tothe apex of portion 10.

The 2ntenna system of FIGURE 4 is srrmlar to that =
shown in FIGURE 3 and like portions. carry like refer--
ence numbers. However, in effect, angle g is made zero

" in FIGURE 4 by not providing rods 4 "_1—32" 43 and 44,

FIGURE § shows a modification of the antenna of K

" FIGURE 4, wherein the trapezoidal teeth elements of
“FIGURE 4 are modified into triangular shapes, -~ Thus, in
" FIGURE'S the two antenna portions 10-and 11 are agam

- confined within. an angle z; and like FIGURE 4, there is .
.50 pled by insulators 72, "Lings 71 and 73 are sfructural

" also provided a center red-46 in pornon 10 of FIGURE §
“and coaxial cable 29 along portion 11, In effect, 1tems
- 46 and 29 are bisectors of angle a.

Thus, in FIGURE 5, portion 10 is composed of trans-

" versg rods 51a, 516 through 51L. Similary, portion 11

% ninComprises: transverse rods 53¢; 53b through-53L. - The

‘rods connected at their ends to form transverse triangular

. teeth.  The outer apex of each triangular tooth lies on 8
" defining line ofangle a. -

* If the antenna of FIGURE 5 were supcnmposedl ona

"._correspondmn antenna of the type in FIGURE 1, the

. apexes -of the triangular teeth.of FIGURE. §- would be -
located on the. lateral s:des of corrcspoudmg trapezozdal e

: i:elh. e

is preforably determined by meéans of expressions 1.and
"2 given above, However, the terms of the expressions
‘are preferably defined in FIGURE §- with respact to the
‘apex-points of the transverse teeth.” This is done with
.- respect to -antenna half-portion 10 by designating its
. apexes on the right-hand side in FIGURE 5 by means

o +of R and by designating-its apexes on'the left-hand side
by r.” The d:menssons R and 7 are measured from a trans-
" verse line 60 -that passes Lhrough terminal point 12 and®

i3 transverse to;cntor-hn_o _me_mbcrs 46.and 29. The end

defined by angle «. Similarly, the teeth:

The posztiomng ‘of the transverse rods in FIGURE 5

3079802 R
S : .. B - T

sidered an apex, and each-has a distance Ry from line 60,
- With this definition of the positions of the elements. in
. FIGURE 5, it will be found that their points of inter-

5 section with center-line members 46 and 29 also satisfy

expressions 1 and 2 above, .with expréssion~3 being -
a spec:ﬁc case.. Also, it-will:be noted that alternate ele-

--mients in FIGURE § are parallel to each other; for ex- .

g amp!e, elements 51z ‘and Sic are parallel, 515 and Sld
10 -are parallel; and so forth. ..
In FIGURE 5, the ‘apex part of: pomon 10 is deﬂn’d

.‘by rods 56, 57 and SIL.. Likewise, in portion 11 the apex :"

triangte is defined by rods 58, §9 and 53L.

. FIGURE 2 may also.represent a side view of any. -

15 FIGURES 3, 4 and 5, wherein their two half-portions are

‘aseparated by an angle ¥ which may vary from 0° to 180°.
The basic triangulartoothed configuration’of FIGURE

5 leads. to the greatest structural ;simplification in some”

cases over other: forms of the invention, while’ mamtam-' _
"20. ing the desired operating conditions. - Thus, +he -configuras= == - ez

- tion.of FIGURE 5, as also do FIGURES 3 and 4, permits
wire structures for very large antennas capable of having
éxtreme broadbandedness which extends. into the lowér

- frequencies. In order to lower the.low frequency limit of

25 the antenna range, it.is neceSsary to increase the size of

the larger elements of the antenna. . Since the width of

the largest transvérse element approxrmatcs one-half

wavelength of the Towest frcqucncy, titall be reafideditha

- at very low frequencies the transverse cIements dan bé-
30 come rathierlarge.

. conﬁguratron given in FIGURE 5 can be constructed of
. wire. It js constricted using three poles 61, 62-and 63

firmly supportcd upnnhtly from the ground.. Again the
35 antenna comprises the two half-porticns 10 and 11. A

plural waisted insulator 64.is provided ‘at the top of 2 "

pole 61 and is situated at the apex of the antenna. . The
- poles are preferab!y wood s¢ as not to interfere with the

radiation. A pair of hooks 66 and 67 are respectively -

40 fastened-in horizontal alignment to 'poles- 62 and 63 'mear
their top, Similarly, a second pair of hooks 68-and 69
are fastened with horizontal alignment to the Tower por-
“tions of poles 62 and 63. A taunt line 71 is conpected

45 64. Line 71 consists of metal wire segments mechanically.
 coupled but electrically. separated by insulators 72. Sim-.
_ ilarly, ‘another line segmeént.73 is connécted betwcen the

- upper-middle waist -of insulator 64 and hock 66, ° Line

73 is likewise comprised of wire segments’ similarly cou-

only and are interrupted electrically. by the insulator to

: prevent them from having an anteana function. -A di- . -

- eléctric ‘type of structural line could preferably be used

55;':‘clecmc ‘material Is known. whickhis. propr:rly stabletunder
- tension. - The.insulators 72 along lines 71 ‘and’ 73 are
positioned to support the apexes of the. triangular teeth.
Transverse ‘wires 51a through 51L are positiored be-

- tween the supporting lines. 71 .and:73 with an angls o in

60 the manner defined for FIGURE 3. Insulators 72 con- -

nect to the apex of. each transverse tooth alon #i
© fining a.

s de-

il In'a l1ke_manner'“the IOWer,ihaIf-portron 1T oF'thé afi*
- - tenna. i§:strung between a pair ‘of structural linés 81 and.
85 82, which correspond’ respectively to lines 71 and 73.°

- Thus, lines 81 and 82 are strung between the lowar-mrd-' :

dle waist of msulator 64 and hooks 68 and 69, respec-
tively. " A central wire 46 connects the elements of sec-
. tion 10 along the bisector of angls. «. .Similarly, a cen-
7¢ tral wire 47 connects the, transverse elements of antenna.
" portion 11 to bisect its. anglé «. "Central fines 46 and 47
connect to the upper and lower waists of insulator 64,
-A balanced transmission line 83 is broupht along pole
61 It fans away fram the antenna and then is brought
75 dm:ctly toward its apex where thc opponte sides of the

of :ach rod ‘51a and 53a farthes'. fromr point-12 is con- '

FIGURES 6(A) and (B) ltustrate how the antenna |

[ R T ITY

between hook 67 and the uppor—mrddle waist of insulator .

for lines 71 and 72 -withont msulators however, no di- -

CIEaRnen, T“




-7

‘ine r65pectncly connect to the ends of Teads 46 and 47.

. -Fhe dlrectnnty of the antenna system of FIGURES 6(A)"
; and (B) is the du’ecncn of arrow 27 in FIGURE G(A) ;
- and pmwdcs pattern 26 in that figure. -

Where it is desired to make the antenna oE FIGURE 6
" have a symmetrical figure-eight pattern, anglé ¢ should
" be 180°, and the entire antenna may be: supported be-
“tween twop paral!e! upright poles in a manner which is
obvious in view of the description of the antenna in FIG-
URE 6. A coaxial feed line is then preferably used as
given in. the prior figures.

10
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' FIGURE 8, which provides an omnidirectional-type rad:a--

While' Lheoretically the spiralling can extend to infinity,,
in practice, it must be finitely terminated. ' Thus in FIG-"
~URES-8 and. 9, -termination is defined by planes trans-

versely intersecting the center-line of-the half-portions 110
and 111 at poisits, equal]y distant from terminzl point 112.
“FIGURE 10(A} shows an end view of ihe antenna of

" ‘tion pattern $1.

FIGURE 7 illustrates a rotatable smgle mast mountmg- o

antenna system of FIGURE 7, for example; can be a

‘band 1o Tteceive many of the. ham bands. . Unlike other
ham antennas, the one in FIGURE 7 does got require any
tuning for the various bands, and furthermore it main-
- tains a directivity which is constant for all bands within

",jot the form of the invention shown in FIGURE 4, and .
" 1ike reference vumbers are used for like components.  The - .center Iine 13 in FIGURE 1 to definé half- pomon 10. .
15
- radio-ham antenna which is preferably exiremely broad- "

20

its range. Thus, if the antenna is designed for a fiftéen- -

to-one range, it ¢can provxde a horizontally pelarized trans-
mission at various points in the spectrum between two and-
thirty megacycles. In FIGURE 7, the opposite halves of

the ‘antenna, 10 and 11, are supporied on rotatable mast’
- 86. ‘The central members. 46 and 47 of antenna portions
20 and 11 ‘are step-tapered. in’ cross-section, in order to -
The taper is largest at ele- .

enhance-broadbandedness.
ments 32g and 33a and narrows to a point adjacent to the

" dntedha 4p&t; Ao in order to enhance broadbanded-’
“fiess the" largest diameter rods ate 324 and 33, with the
diameters of the rods decreasing as their posmons ap-

-proach the antenna apex. -

Mast 85 can be made of conducting material, and When'

it is made. of conducting material it should be connected
to supports 46 and 47 at points midway between any two

© adjacent rods 32 or 33, respectively. It has been found
. experimentally that a metal mast does not interfere with

-the radiation pattern when it is connected to such mid-
oints, because it appears that voltage-null points exist
gong rods 46 and 47 at the points midway bctwecn ad-
jacent transverse rods.
A coaxial transmission line 87 passes upwardly thmugh
mast 86, which is hollow, and passes cutwardly through
- @ hole 83 in the mast and has its outer conductor con-

" ‘nected along central member 47 until it terminates at the
. apex of the antenna as taught with FIGURE 4. Thus,

“jts center conductor 28 extends outwardly and connects
" to the end of central member 45. A dielectric block 89
connects the apex ends of half-portions 10 and 11 to pro-
- vide mechanical rigidity only, )

25 -

36 :any two adjacent spiral-rélated teeth, not bcmg cut off by ©

) respecnve outer mdes dcﬁncd by the: expressmn. e i

Half.portion. 110 includes’ fum- radxal members 121

‘122, 123 and 124 shown in FIGURE 10(A); which aré
- fastened together along the centerline of 113114 that

passes through bhoth half-portions, * In the same sensé,
there ‘are two.radial members on the ‘opposite sidés of

The same situation is found ineach’ half—portlon in ¢ach.
‘of FIGURES 1-9. A rar.hal mcm‘ber thus is conﬁned
withig an'angle - ,

"2

and 134, Each radial member is mcluded w1thm an anglc

.72 . : "\ '_

_from the antenna ceater Tine, as-shown in FIGURE 8,

In obtaining the spiral-staircase effect, the outet edge of

the bounding’ planes, such -as-110c-and 1184, -have -tk

,m__-Rm-: N+l ) o ~ (4)

By -y

' Hei:_i:c, 'dz'szan'ces'_ Ry and Ry in expreés:'on 4 from a
“transverse plane passing through a point 112 -are given

- by Ry and Ry for testh 110c ‘and 1104, Similarly, ry

40

and ryy are taken from the inner sides of consecutive
spiral teeth to satisfy express:on 4, Also, the center-line

distance ry and Ry of the inner and -quter.sides.of’ any...

tooth from point 112 will also have the fixed ratio given

in expressnon 2 above, and the: special case of expressuon o

© 3 'can like wise be sansﬁed

45

- Antenna portion 111 is fofmed in the same manner as .

" portion - 110. excépt that the spiralling goes in.reversed

directions for the respective balf-portions 116 and 111 . -

' looking from terminal point 112. : Neverthéless, portion

- 111 is twisted 180° with respect to portivn. 110 about - .
their center-line, - Thus; tooth 1164 corresponds-to 1115, © .

&o
tooth 110c.corresponds to. tooth 11lc, ete., with corre

. It has beer-found that the center-ling conc!uctmo mem-' ;
ber 46 and 29 in FIGURES 4 and S, acd 46 and 47 in
~ FIGURE 6 can be removed with some deterioration of - |

broadbandedness -but with. substantial broadbandedness’

55

- remaining. - Then, balanced transmission lines are prefers. -

“able, although 4 cdaxial cable connscted along the- pe--
. riphery of the teeth of one side to the apex could alsa be
*wsed to feed the antenpa. :
FIGURE 38 illustratés an ommdm:ctmna] form of the

invention. With-an oversimplification of statement which

-.‘one another.. beos
provided over a transverse ground-plans through point

sponding teath bemg ‘on oppasite sides of thc common
center-line.

Dutz to the 180° rchrsaJ about the ccnter-hne of an-. " : '

tenna- half-portions ‘110 ard 111 with respect.’to’ each”

from the center line of 2 half-partion.. Similarly, half- l
portion 111 includes four radial members 131, 132, 133

other, the two half-portions are ngt antenna images, of,‘ P

Accordingly, one half-partion CATnGYL:

~112 to obtain the same.omnoidirectional-type responss -

80

will'-be‘ realized shortly, FIGURE 8 comprises twg an- -

.tennas of the type shown in FIGURE 1 positioned in_
space. quadrature.

- that such two anteanas do not have corresponding teeth.
-That is, the quadrature plane antennas bave their teecth .
dxﬁerently placed. A picturesque manner of describing

_the positioning of the teeth of each antenna half-portion
/110 and 111 in FIGURE 8 is to say that the teeth of

- each provide a spxral staircase lcadmg to the antenna ter-

" minal 112. The spiral efiect is shown in FIGURE 9,

- which- shows a logarithmic - or .equiangular spiral devel- -
Thus, one would have an antenna of
" the type o FIGURE 8 by passing two transverse planes )
118 and 119 along thc axis of thc cones m FIGURE 9. 75 to any numbcr m of radial members with thc ulumato S

-oped on a ¢one.

. \

which is obta.med with the two half-portlons dlsposed as ": ‘

shown,.
Although thcre are four radlal members used in each

- half-portion of FIGURE 8, actually any number gréater .

The oversimiplification referred to i3
)

{ R
- _Wherc three radxal mcmbars are used in each hatf-portion,
an end view s showst in FIGURE J0(B), ' Extending the-

than two can be used, and the same rules. appIy for pro- -
portioning -adjacent teeth in the spirahstaircase manner, -
*. The dimensions-of an. antenna having 'm niumber of-ra-

: dxal mentbers per half-pomon can be found as: follows' .

1 —Bun_ e S :
m - RH :_ ™ o . (5)

- rationale to five radial members per balf-portien, an end

" view is given by FIGURE.10(C).

This.can be extended |




i
i
;
L

" in 2 corner of their cross-over planes.
C- ... ductor 128 connects to the apex end of rod 113, which
" ean be a solid conducting rod.

-angle &

; .the antenna.
‘shown here.

. mtensxly ratio:increases.

" The radiation’ E-vector is parallel to the ¥ axis.
mgly the’ xy pIanc w:ll bc called the! E—plaue. Furlhcr-

© Limit. ‘bemg the spu‘aI grooved cones of FIGURE 9 2y ﬂm :
'number m approa»hes infipity.

- The omnidirectional-type patterns such as pattems 91, -

- 92 and 93 in FIGURES 10(A), (B) and (C) arg slightly -

distorted according to the number of radial membzrs used

that it is made of wire network which simplifies construc-
tion in many cases.

“Thus, the individual radial sections’
. of FIGURE 11 are outlined by wire to form the toothed-’
configuration of FIGURE 8. The transyerse rods in FIG-

.- per, antenna portion. - However, this deviation from a per-
. fect omnidirectionality is generauy small and not ebjec-
. tionable in pracnce, while at times has definite advantages.
FIGURE 11 is. basically the same as FIGURE 8 except

10

URE 11 do not intersect the coaxial cable 114, but merely <

fasten to its outer conductor. . In practice, the rods are
continitous and coaxial- fine 114 and center-rod 113 lie
The center-con-

The antemna petwork ‘of FIGURE 12 isa tnanoular-

toothed version of the forin in FIGURE 11 and bas simi-
" larities to FIGURE 5. Accordingly, the variation from

1l and 12 is sumlar to the vanat:ons from FIGURES 4

mtos

In regard fo ‘the three-dimeénsional stru::turcs given in

FIGURES 8 through 12, it was stated" above that op-:
posite half- port:ons are mot images.

entire antenna assembly “having both balves is erécted
over a ground plane, the image of the entire antenna is

view. in thé ground-plane and this does not interfere with -

the radiation pattern.

"~ FIGURE '14(A) ﬂlustrates a. rounded-tooth version
.of the form of the invention given in FIGURE 8. FIG-

URE 14(A} differs from FIGURE 8 ip that in FIGURE

" 14(A) the edge of each tooth is a segment of a circle

about terminal point 112.. Thos, dimensions Ry and rg

improvement in. the omnidirectionalily ‘of the rad:at:on

_'pattera was fourd in the rounded-toothed version of FIG-

URE 14(A) over the previously straight- -toothed version
of FIGURES 8, 11 and 12. - Thus, the circular radiation
pattern 94 shown in FIGURE. 14(B) is obtained about

B an end view of the antenna given in FIGURE 13(A).

FIGURE 13 ilustrates a modified: version of FIGURE

_1 Unl:ke ‘FIGURE. 1, where all ‘the teeth have their
inner and outer edges perpendicular to center-lines 13 and:

However, when the

15

20
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more, the radxanon H—vector is paraliel to thc z axls, and -

the xz plane is called the H-plane.

- When angle y-is decreased from-180° toward zero thb".

151 of the E-plane pattern remains substantially -fixed.
However, the beam-width 152 of the H-plane pattern in-

“The H—planc vanauon iz a first order

. effect with variataion of ¢. ;- e
. When angle « is decreased wnh all- other parameters

remaining .constant including angle ¥, there is a small

second-order decrease in E-plane beam-width 151, How-.

“ever, there is a first-order decrease in H-plane beam-width -
152, " Nevertheless, there is a practical limit to decreas-"

The limit can be speci~

ing angle 2 without incréasing r.
fied approximately by referring to a parameter e« which

relates tooth width S to tooth length L, shown in FIG-~
-URE 15, according to-the following .expression:® :

2l othér paraméters remaining constant, the beam-width

. -creases. in’ beam-width. - Furthermore, the front-to-back "
* . ratio increases.

Ce=2 | '7 (5'}::

L

‘{t has been found des:rable to mamtam e equal to or lcSS_

- .thanOG

25

' antenna

30

35

Jin FIGURE :14{A) are taken from point 112 of the 2n-
" terna to any pom.t along-a respective tooth edge..  An

40

43

14; the Ieeth in FIGURE 14 have their outer and’ nner. -

sides: 22 ancl 21 intersect center-lines 14 and 13 at an
“The pomts of intersection af the tooth edges
with 'the center line:are determined in the same manner
as was gwen for FIGURE 1. That is, the points of inter-

section ‘are. determined by. expressmns 1 and 2 abaove,

Otherwise the antenna in FIGURE 14 is the same as that
shown in- FIGURE 1, and-a corresponding radiation pat-

. fern is' obtiinred. The angle ' may be proportionegd as
+ - desired, but better performance is taken if the. teeth drop

toward. terminzl point 12.
FIGURE 15 .illustrates tha forWard mchanon Iobe of

The backward lobe is: equal to the forward
lobe. only. when ‘arigle ¢ is 180°.-
ward, lobe decreases, and accordmgly the ‘front-to-back
Thus, by makmg ¥ small, -the
back lobe js made miner in comparison to the forward

- lobe, and can be made to have an intensity of twenty
" or thirty decibels below that of the forward lobe,

Antenna 150 in FIGURE 15 is illustrated with respect
to x, ¥ and z coardinate axes: - These” axes:intersect at

2 the apsx: ‘terminal point 12 .of amcnna 150 “Thuys, axis,
o xoaligns‘centrally with the entire- antepna stricture to bi-
" séct angle ¢.. Axis ¥ is parallel to the. transverse rods of

the antenna, which is of the type shown i "FIGURE 4,

There will also be a backward lobe, not:

As i decreases, the back-.

Accord-’

50

85

éc

63

i

- angle ¥ and being

If the tooth- spacmg ralm * of expression 1 above is

increased while all other parameters i'emam‘ﬁxed the =

number of teeth, of course,.increaseszfor a’ given: sized

As a consequence, both beam-widths 151 and -

152 in the E and H-planes,’ rcsp-ectwely, decréase in a. .
small- corresponding amount wblch 1s a second-order -

effect. -

Although this. mvent:on has been dcscnbcd with rcsp-cct'_ - .

to. particular. embodiments thereof, it is not to be so lime

ited as changes and modifications may be made therein ™~ '

which are within the full intended scope of the mvanuon
as defined by the appended claims,
We claim:

‘LA stratght -toothed logarathmlcally penodlc anh.nna

comprising two half-porticns,-eact comprising two oppo-
site radial members connzcted along the central part of
their half-portion, the two haIf-port:ons bounding a solid
generally triangular in shape and hav-
ing adjacent apexes, each of said radial members bemg
bounded by an apex angle

a

—_—

2

‘fremea line along the central part of either half-portion,

first and second center-conducting -members respectively
extending from'the 2pexes to the ends of the respective
half-portions along their- central parts, each ba]f-porhon
having 2 pIuraI:ty of tods cross-connected to its center-
conducting member and termmat d by the bcunds of 1ts
anvle S e

connecting means provided at the ‘ends of said transvers
rods along the outer boundaries of each angle

of each. radxa! member, "i'espécflve teeth: closed by said
connecting means, the conmecting means on opposite
radial members of each half-portion being staggered with

respect to each gther; the distances aleng a radial'from

the apex of said trapsverse rods of each radial meniber
bcmg a geometric sequence, and ‘a transmission line hav-
ing oppostte sides’ connested to the respectxvc: apexes of
said two half-portions. .

2. Anantenna ag defined | in claxm lin whnch the d;am—

efers of said mds are proportwncd to Lhcu' dlstaﬂce £rom

15

“their apex.

3. An antenna as deﬁned i cIalm l in wb.lch alternatc
rods of each half-partion are para![cl
4 An antcnna as dcﬁned in claim 1 in- wtuch both
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antcnna haIf-pamons and their racbal mcmbers he in :

the same plane. -

5. An antenna as defined in cIalm 1'in whxch a pIuraI-

R of tod portions comprise said connecting means, with
.said rod portions of ‘gach’ radial member being ahgned

6." A -triangular-toothed loganthmically periodic” 80"

tenna comprising’ oppos:te antenna half-portions, each.

half-portion being in a respective piane and baving a
gcnerally—tx:angular shape, said half-portions having .ad-

*jJacent.apexes and being bounded by -a respective apex’

plane-angle o, the respective: planes being ‘oriented by a
solid-angle ¢, a respective condicting center<member pro-

vided with each half-poriion and “positioned -along the.

12

said ccnter—l:ne, each, of sald teeth havmﬂ 1Ls outer mde

- bcaundcd by angIe

5.

e : R

2.

““the teeth of the radial members of any one half-portion

arranged-along a conical loganthmc spiral from the apex:
of the half-partion.
11. A tnangular-toothed threc dxmensnonal antenna

-as defined in claim 10 in which each of said antenna half-:

~.. portions is' formed from wire aligned with the periphery

-of said teeth, a central wire being provided along the

" center-line ‘of ¢ach of said half-portions and conpecting

bisctor of its angle «; a plurality of rod§ connected across

‘said- center-member of ‘each half-partion, - zdjacent rods

" comnnected at-their ends along the boindaries of anglé «

 and ‘there términated, alternate tods betdg: paraliel, the
- distances from‘the apex of each half-pertion to the oppo-

site ends of each of its rods havmg a geomctnc sequence
ratio o.

20

7. A - three- dlmansmnal straaghl-toothed !ooanthml- :

“eally periodic antemna’ comprising two opposite halfs
portions  which are aligned along the same center-line,

" . each half-portion triangularly tapering to- an apex, with,
the apexes of both half-portions beirg tlosely adjacent, a
transmissicn-ling haviag opposite’ ssdes connected to the. .

“respective - apexes,” each half-portion ‘having more than

o™ radialtoathsd  members symiuetrically connected

along ‘said center-line; the testh of each miémber extend-

- ing outwardly from the cehter-line of its half- portmn

-"each radial membcr havmg an apcx angle

.
B -

RN NI
with Tespect to its centerline, the tecth of said radial

" members of each half-section aligned along .a coaical

logarithmic spiral beamnmg at thc respective apex of
~each half section.

- 8. A thres-dimensional pencdu: antenna a8 defined in
claim 7 in which the thickness of the radial sectignis in-

creases lincarly from lhe apex of cach antenna half—
portion.
9. A ‘three-dimensional penodn. antcnna as deﬁned in

“to thé wires forming its-teeth that cross said center-line..

12. An anteana as defined in claim 11! in which four

.radial members are provxde:d for each antenna, half-.
: portion.

13. A three-d:menswnal rounded-toathcd loganthmx-
cally periodic antenna comprising two haIf—port:ons sym- .,

‘iétrically aligned about a ‘center-line passing - through

said antenna, w1th each half-portion having-an apex, and
said . apexes being closely. adjacent although  separatsd:

“from ‘one: another, a transmission line having opposite

sides” connected to the respective apexes, -a plurality -of:

_mo’rc"tha'n two radial members: comprising  each half..
section, ecach radizl- member _being.- ‘generally~ Irtanvular-" _'
apex of its;antenna-c..i.. . o

in shape and having an apex_at the’

B ha!f-pornon, with each radlal member havmﬂ an a;)cx
) anglc of -

N]R

a plurality of tecth formead in each radial member, with -

each tooth having inner and outér sides which are circu-
lar about its apex as a center, the teeth of edch half-

- portion arranged to form & conical logarithmic spiral -

from its apex, the distances of adjacent sides of adjacent

_ spira) teeth having a fixed ratio =, the opposite antenna,

- 40

claim 7 in which said. teeth are formed of rods. located -
- along the periphéry. of said teeth, a respective center rod

‘portions and cefnected to transverse ones. oE the rods

. - forming said teeth.

10. A - three- dLmensuonaI loganthm:caliy penodxc an-

tenna comprising a pair of half-portions zlignad along a

. common center-line, each half-portion formed in the'same

" ‘manner as the other but one rotated 180° about the cen-
- {er-line*with respect to the other; each half-porticn having
- an apex, with thé apexés being closely -adjacent, a re-
L .'-spective center mémber of each half-portion passing along

its “center-line, more than two radial -members. provided

+in- tach half-portion and being ‘symmetrically disposed

around their center-line,  each radial member having a

_triangular shape and a common apex,.¢ach radial mem- ﬁ
- ber bounded by an apex anvlc of ‘

u,.,;....,_ g P . ! 2

o 'mcasured from thc centcr-lme, a transmlssmn-lme having .
* opposite sides ¢onnected respectively to the apexes of said

50

'5_5
tures,” by DuHzame! and-Tsbell, 1957 IRE National Con-- - .-

:..60

antenna half-portions, each radial member comprising a

plurality. of triangular teeth ‘positioned transversely _fr'om

45.
. positioned alopg the center-ling of each of said half- -

half-partions being {ormed in the same manner but being
rotated 1807 with r&SpE\.t to each other about the center-
line.’

symmetricaily placed radlal members,

Refel wes Cited in the file of thzs patent
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4. A curved tooth’ three dzmenswnal antenna as.de-
fined in claim 13 in which each half:portion mulwdes fcur :
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* A still furth er object is to concentrate the beam— -

This inventxon relates to dlrectnre antenna §ys~ .

"tems and has for its primary chjeet to provide

_-& simplified and highly eficient antenna. system'

-utilizing standing wave phenomens,

It is known thet when a wire having a Iength

greater than the operating wavelength is excited

" duced thereen, radiation wili gcelr principally in
- - - the direction of symmetrical cones having their-
.

16

in’ suth manner that starding waves are pro-

apices at the center of the wire.: Such is the casé
with & wire having. g length equal to a plurality

‘of one-half- wave lengths at the operating fre-
quency. ‘The radiation pattern produced in such,

instance appeats, in cross sectien, in the form of
symmetrical cones about the wire. . The present
invention, which makes use of these phenomensa,

-in its most simple aspect employs'a pair of open-

ended wires energized in phase epposition to-have

" standihg  waves: throughout the length of the

90
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-takes place along the bisector.of the angle,
angle, in:general, corresponds:te the angle of the .

wires, the wires having such angular relation with

‘respect to each other as {o obtain a highly direc=

tional, efficient-and slmple antenna system.. It is
proposed to place these wires at an angle-with re-
spect. to-each other so that principal radiation

. principal cone of radzat:on of onie of the conduc-
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tors,

Another objecl: of the invention is to disclose .

the angle for the best directional propagation for

opén-endet wires of any finite length; preferably’
Jonger than the operating wave length, having

standing waves thercon and arranged in the man-
ner proposed,

Since a palr of wires. of the type above desenbed.
-hawng standing waves of opposite and instanta-

neous- polarity thereon which are angularly dis-

posed with respect to each other, radiate eqiially.
well in two directions, i. e, towards the diverging .-

ends of the wires and towards the canverging ends

-of the wires; such ‘an arrangement is bidirec-

tional,

A further ObJE‘Ct of the present invention theres - -

" fore is to provide a-unidireetional arrangement.
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‘This” may pr efv_ratﬂy be accomplished by placing
B snm]ar parallel pair of wires an ‘odd number
of -quarier wave lengths away from the ‘wires
forming-the antenna proper in & direction taken
along the bisector of the ang}e farmed by the
wires. The second pair of wires may be loft un-
ene:‘-guad or fleating, or lhey may be enecrgized

in proper phase such that for ene direction radia=

tion cancellation occurs, whereas in the other di-

rection there is & strengthening of plopagated.

clcotromarnetic waves,

“This

in- planés transverse to the plane of the' wires..
These transverse planes usually include the ver- '
tical plane, since the wires.ate ordinarily gisposed -

in horizontal planes. This'may be effecied by

placing similar arrangements of wires’ a‘nove or -
To incresse
horizontal directivity, the arrangements of wires

below a-given arrangement of wires:

_mav be duplicated side by side.

Other objéects and features will appear in the ;
“subsequent detailed description referring:to the-
-varicus embodimenits of the mvention disclosed -

in the accompanying drewings. -

Figure 1a illustrates, generaLy. the principa.!. :

conical radjational characteristic of & Yong: eon-

ductor upon which standing waves are produced,

Figure 1b illustrates in cross section, the radia-

‘tion characteristic of a wire five wave ]envths

long,
Figures 2a, 2b and 2c inchcate various Iorms of
the fuhdamental unit of the present invention

wherein long- linear conductors having standing.

0 .

7_5: :

waves thereon are disposed at an angle such that ™

principal radiation occurs along the dJrection of
the bisector of the angle, -
. Figure 2 indicaies the bidirectional charact»u-

8

ist:c of one of Lthe units zhown in. an_v of the: F;g- :

ures 2a, 2b, or 2¢,

Figure 4 {llustrates an ant&nna system for con—

centrating the ditectional beam racdisted from one
of the units shown in Figures 2, 2b, and 2Ze,. . -
Figure 5 illustrates the arrangement of & plu-
rality of units such as shiown in Figure 2 for ob-
taining unidirectional propavatzon
Figures € and 7 illustrate, respectively, the
power distribution {n.the hon?onlai and vertical

planes from one antenna-sysiem: of particalar

dimensions of the type shown in Figure 5,.
Figure 8 illus

directivity of a propagated heam: of e}ectromag-
netic waves,;

Figure & indicates schematically in plan view.
an €nd-on or in line arrangement of units for in-

-creasing the directivity of a beam of waves,

Figures 10 and 10 indicate dinmond shaped ar<

-ranvements of units for obtaming umdirectlonal

propagation, | :

Figure 11 {ihistrales a- preferred iorm of the’
Inventionfor concenfrating o unidircctional beam
of eneigy horizontally and vertically, when -the
length of wires is of the order of 6 to 12 wav:
Iongths, and,

00

Trates.a broadside arrangement of -
unidirectional units for. further’ nereasing ‘the

100
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Figure 12 is 4 E,'lﬂ.l)h showing the relationship -

between the length of one o!_ a palir of oon_dt_lctors

g
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each wire 01' the V shou]d be dlsposcd re!atlve -

“ and half- the “angle between them for cbtaining

. maximum radiation along the bisector of said an- -
- gle. " As Indicated by the sketch of the antenra’
~system -In the upper right ha end corner ©f this.

 figuré, this relationship holds most <tr1ct1y wnen

10

the wires.are of eqiial length;

In peneral, as shown in Figure.la, there are:

two principal “hollow cones 4, 6.'cf radiation
about a wire such as indjcated “by- the refer-

ence character.2, whieh is Jong relative to the .
.working. ‘wave length :The cones are syinmei-

tical ‘about the wire 2, and the axis of the cones

 coincides with that of the radiater 2. For a given

15

- and the wire 2 is constant.

a0

 per guadrant 45 there are wave lengihs in the

length of wire measured in w avelengths, the angle
« between the axes Y—Y, of each lote or ear of
the cone which appears -as such 111 cross section,

More specifically, & cross section of the solid
polar diagram of the radiation from a wire; which

wire is' & number of wave lengihs Io“g and has_ ‘

standing waves thercon, contains as many ears

wire,  Thus, as shown in Figure 1Ib, there are five
ears in each quadrant for a wire five wave lengths

long, the. principal ears or lobes of radiation oc-

curring along the axes ¥—Y. As'indicated, the
instantanecus directions of the ﬁe]d represented
by adjacent ears are reversed.

Now, if it is-desired {o radiate ener«y prinei-

’ pany in the dlrection of axis X—X of Figures 2¢,

2%, and 2¢; the conductors shown in Figure 1,
should be turned ati angle = relative to the direc-

© tion X-—X: and, in order to inerease still further

b
o
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the directional characteristic along the axis X—X,
according to the present invention, two wires are

used each of which makesah angleawith the axis

X—X on opposite sides of the axis in a2 fzshion

. guch that the axis and ihe pair of wires liein a

single plane.- In directions other than along the
axis X—X, additicn of radiation from the two

. wires{s imperfect, and at certain angles rediztion

cancellation will occur: Consequent‘v a pair of
wires disposed at the angle « with resgect to.the
X--X axis will have a radiation charzcteristic in

the plare of the'pair of wires of the gensral type
. shown in Figure 3.

By conzidering 2 Tong wire the equiva 1ent of g
very large pumber of very shorf, (Hertz) oscil-

: Iators and by adding up the ficld components at -

¥ point P having a direction angle ¢ relative
to the axis ¢f the wire, where the point P is.a
great distance from the wire as eompared to the

- length of the wire such that all lines from point

‘ .:_-_ 'The letter "n” indicates the number of half wave

L Pio any point on the wire are essentially paralilel,

5. by the following proportionality for a.conductor

it ¢éan be shown that the field strength H is given

en odd number: of half wave lengths Jong:

€03 (n-— cos 8)

HO: Bin 6

- Jengths contained in the wire,

LT5

For a wire an even number of half wave lengths

long, in similar fashion, the feld strength “H".'
s glven by. the following pr oportxon? itwr

sm(nz cos ﬂ) .

H“—f,_ BRY

Wi‘cre T as 1bove mdic?t&‘; the num‘)er o! half

-\mve Iengihs on the wire.
* The valie for-which the- anglc ¢ Sn eithcr of the-

shove equatlpns makes the expression a maximum

value gives the value for the -ahgle « at which

. radiating and can be made io be any length.

to the direction X—X of -desired wave propaga-

tion. - Obyiously the critical value of # for-either -’ e

of the above ‘eqiiations may readily ‘be deter-

‘mined; its value for wires up to fourteen wave
- lengths long -is gwen graphically in Figure 12,
For practical. purposes the empmcal formu}a L

dcgrccs _'

a3

s su!ﬁmently accurate where 4 equals the length :
of the wire and A the wave length, both in the
same wiits of measurement,  Where a pair of "
wires of substantially equal length are used fo

form the v antenna of the present Invention,

* 'they should be spaced apatt at an angle substan--
tially equal fo twice the angle « as determined in
‘any of the ways described above.

In order to obfzin a bidirectional unit havmg

characteristic such- as shown in Figure 3, as-
) a]readv indicated, any of the.arrangements shown s
Sin Fxgures 2a, 2b, or 2¢ may be utilized: The ...

fiindamental umit is showh in Pigure 2¢ where &
transtnission  line 10 @ supplies high freguency

-energy ta a palr of wires A, B forming the angle-'.l‘.}.ﬂg..{ R

2 'z with each other. Thé angle « is the anglé.:

made by one of the couductors with the X-—X

axis along which it is desired that the radiators. L

A, B, propagate cnergy. The conductors A, B, .~

are joined together at their apex which falls in

the axis X—X as shown. The wires may be fed

intermediate their ends in & fashion.similar -to

in Figure 2b, the radiating wires may be: termli-

nated on g transmission line 10 instedd of being .
" connected together at the apéx as shovm in Fig=

ure 24,

The arr:mgefnent shown m Fxgure 2c is pré-.
“ferred since it facilitates tuning of the antenna

unit- cowiprising  the pair of wirés A, B.’ The

transmission line 10 feeds €nergy.to a U-shaped:

loop 12, the legs of which are short circuited by

an adjustable short eircuiting - strap 14, repre~.
-senting -a voltage nedal point.  'The: ends 16 of. 129 :
. the loop 12 supp]y energy ohtaified. from Iine 10

to the. conductors A, B whereby the conductors

are excited in phese opposition, Adjustment of +. g
.impedance is accomp‘zghed along the legs of the -
loop by suitable adjustabietapping:points 18 in

order’ that refiection along tmnsmxssmn line 10

:mar be reduced. BRI
" Use.of the 1oop allows of completion of t.he tu.n- o
mg of the antenna wires by making the total ef-

fective tuning length of each wire of the Vv or
ber of quarier wave lengths. The effective radi-
v only, since the Ioop itself is -sybstantially non-

When tuning of the Vs properly accomplished

by -the U-lcep, the system presents & pure re-:-
sistive Joad to the trapsmission ling, By tapping
the transmission line to the legs of the U at &

suitable distance from ‘the short circuiting strip,

- the effective resistaiice of the antenna system can

be made equel to the surge impedance of the line,

105

that in which a half wave length escillator-is =~

“fed -intermediate its ends. If desired, as shown .110.

115.

125

. : 136
‘radialing unit substantially equal to en odd num- - .

- ating length s the length of wire included Inthe -/

whi¢h is a necessary condltion for maximum -

transmission efficiency. .
It should be neted that energy should befed 30

as torenerglze the racdiators A, B in phase opposi- ..

* tion, otherwise at'a gistant point Palong the axls.
X—X there would be radiafion canceligtion in- -
stead of additlon. 1i s also Lo be distinetly un-
derstood that the unit,: 56 far described, 1s not

145
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on}y u.serul for radiatmn purpo\'es in a tr:ms-
mitting arrahgement but may be utilized equally
a5 well for reception. ‘That is, the antenna sys-
tem aecording to the present invention is-equally

well suited for any type of ragiant action whether s
it be collection of radiaticn energy or the trans-

mission thereof,

It is to be furiher understood that the wires of
each unit can he of any desired length provided
they are placéd at the correct angle for their par-
ticular.length. For best tuning, the total over-
&ll length of both of the wires and the U loop
terminating them should be effectively an integral
number of half wave Jengths, although the por-
tion forming the radiation element can be of any
length. The law giving the correct angle for

‘lengths between odd and even number of half

‘wave lengths is not given herein due to'its com-
plexity but the empirical formula and the curve
of Figure 12 will be found accurate for all prac-
tical purposes, whether or not the length of wire
dealt with corresponds to an integral number of
helf wave len gihs. .

In order to prevent undesired high engle radi-
ation, and in order to concentrate the desired.
beam in elevation, the scheme shown in Figure 4
may be utilizéd. In Figure 4, pairs of wires 4, B

and A’, B’ are placed in parallel. horizontal-

" planes and supported by masts 20 ang suitably in--

30
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sulated therefrom-by suitable insulators 22. Beth
pairs of wires or units are fed cophasally from a
transmission lihe 24 through conductors 26, the
wires of each pair or unit being fed in opposite
phase. In order to increase the elevational con--
centration of radiated energy, the pair A, B and
the pair:of wires A’, B’ are placed apart in hori-
zontal planes by a substantial spacing of prefer-
ably not less:than one-half wave length. The
lower pair should be at least one-half wave length
ahove ground. - Bidirectional propagation ensues
along the axis XX bu! in & much more concen-
trated formrelative to the use of & single unit.

. 'The vertical spacing of the units-one above the "

other need not be made an integral number of
half wave lengths, For wires whose lengths ap-
proach the order of magnitude from 6 to 10-wave

lengths, & spacing greater than one-half wave.

length is preferred.
In practice, where the height of the antenng is

limited by gconomic -considerations and wherein

itis desired to make ground absorption as low as
possible, a good compromise is & half wave length
spacing:  For transmission of energy having a

~ wave length of 17 or 18 meters, a good practical

b5

antenna may be had wherein the lower wires are
shout three-guarters of a wave length above
ground and the spacing between . wires: is one-

. half.wave Jength. Eighty foot poles or masts:

60

' ,7',5

mzy be used.to support the wires.
In: order to obtain a unidirectional radiatzon

_characterlstic palrs of para'lel units such as

shown- 1A Figures 2a, 2b. and 2c. may be spaced
epart a distance along the axis X—X, which In
effect is the bisector of the angle formed by each
pair ‘of wires In each unit, This distance may,
in the preférred arrangement, be equal to an odd
number of quarter wave lengths,

Such & system ¢ombined with means for econ-
centrating the beam in a direction traversing the
plane of the svires of edch unit is shown in Fig-
ure 5, ‘That is, Figure 5 [lustrates a system
such as shown in Figure ¢ duplicated in a direc-
tien along the X—X axis whereby, In o horizon-
tal plane, n, dircctional characteristic is obtabied
such as that shown in Flgure 6 and ina vcrtical

plane 8 power distllbutxon chara.cterlstic such 88"
ShO‘J\n in Figure 7. :

‘The system of Figure 5, comprlsing the Pﬂil' .

of wires A, B paralleled by similar pairs @, b . .-

paced apart’ along. the direction X—X an- odd
nurnber ‘of quarter wave lengths and, a5 shown

_nlne-guarters of & wavé length behind the apsx

28 of wires A, B, Is excited so that the wires a, b,

have standing current waves thercon 90 degrees ..

ghezd in phase of the standing current waves on

80

wires A, B. Consequently, engrgy will be propa- -

gated principally along the axis X—X towards
the diverging ends of the radiators,

lar pairs of radiators are placed below the pairs
A, B and a, b In planes suitably spaced from the

Inorderto -~
concentrate the beam of energy.so radiated, slmi~- =~ .
90

first mentioned pairs of radiastors to obiain the -

desired vertical or elevational concentration,
The lower pairs of radiators are excited cophasally
with respect to the upper -pairs through conduc-
tors 26, 26" fed by transmission line 24, In order
to tune the various -units, there are- provided

05

U-shaped lcops 30, 30" which are short circuited -

by straps at 32, 32°, similar to 14 at. Flgure 2 '
-and &5 shown In Figure 11.

‘By exciting wires ¢, b 80 degrees laUginv re}a-
tive to radiators A, B, unidirectional propagation

may be obtained in an opposite direction, or, to-

wards the-converging ends or apices of the units.
If greater contentration of the radiated energy
is desired, several systems such as shown in Fig-

77100 -

ure 3, for example, comprising an effective radiat- .

ing unit A, B and ap effective reflecting unit-a, b
may be placed in breadside with other units, and
the several unils excited cophasally,. Thus, in
Figure 8 each of the radiating units A; B shown

110

in pan view is provided with a reflecting unit ¢, b,

By ‘means. of branched transmission lines;. as
shown dizgrammatieally at T, each sy__stem is fed

cophasally as a result of which an extremely con- i
_ centrated beam of energy in the plane of the untts.
is transmitted in a direction from the reﬂectmg

units towards the radiating units-or the reverse,
depending upon the relative phase of the. stand-
ing waves.on the units.

The units may be arranged in end-< on Iashicn

‘or coaxially a5 shown in Figure 9 where each of
the units U is spaced apari in the difeclion of
‘desired propagation.

_ : By making the phasa dif
ferenck between each of the units aqual to

- '21.-‘% )
where 5 is a spacing of each unit measured along

the axis, concentrated unidirectional propagation

may be obtained in either- direction along the

X-—X axis depending upon whelher or not the

standing waves on the suecceeding units lag or

Jead each other by the phase difference given

accerding to the foregoing expression.

Other combinattons will readily suggest them-.

sbives to those skilled in the art, for example, the
urits U may be placed diamond shaped fashion

“such as shown in ¥igure 10, or, they may be super-

imposed as shown in Figure 10e, the wires of each
unit traversing each other.

1%

E

In order to oblain greater concentration of the -

radiated beamn of energy in a direction traversing

-the pline of each unit, the systems may be ex-

tended in the fashion shown in Figure 11, Here,

LEE

the systemn of Figure 5 has been duplicated in a °

vertical direction, giving incrcased concentration
of the beam i1 elevation. Energy is fed to the
system throush an impedance matching device
40 and thence cophasally to the reflecting units

)
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. throurrh & sultab]e connectmn 42 Energy is

10.

simildarly: fed to the radiating units through a
suitable connection 44. By suitzble tuning and

by suitable spaging of the radiating pairs of wires
~and reflecting pairs of w_ires, unidirectional prop--

agation may be obtained in either directicn along
the hisector of the angle formed by the wires of

_each pair. .

. The spacing of the antenna and reﬂector of the
s_ystem shown in Figure 11 where the wires are 6

"¢ to 12 wave lengths long, is made preferably nine-

15

* and one-quarter wave lengths.
order of three or four wave lengths long, the

20

quarters of g wave length. For wires longer than
ten waves lengths, the preferred form should
have a greater spacing between the antenna and
reflector such-as two and three-quarters or three
“For wires on the

reflector spacing from {he antenna may be one
and one-guarter wave lengths or less. In gen-
eral, as thé lengths of wires In terms of wave
Iengths increase, the reffector and antenna spac-

" ing should be increased.

25

 without departing from the scope of this inven- .

20

a5

In. éach of the systems for- reception, the

transmission :line would simply be coupled to a
sujtable receiver, the “antenna being directed
upon’ g transmitiing station.

The wires,. though preferably piaced in hori-
zontal planes; may be placed at any desired angle

tion, and, during transmission-it may-often be

found desirable to have the plane of the wires

titted away from the earth and towards the di-
rection in which the beam of energy is to be
propagated.

By the term “plurality of wave len"fths or
“plurality of half wave lengths™, or “several halr

- wave lengths”, it is not intended that the wires

40

so described shall necessarily be an exact or
approximate integral number of such |lengths,
unless so specified, but rather that each of the
wires so described -shall be suﬁiciently long 1o
include the lengths specified.

Having _Lhus described my " m\ention what I

. claim 1Is:

£9

1. A dxrectmnat antenna comprising a pair of
angularly disposed. linear conductors sald con-
ductors being angularly disposed with respect to

each other, each of a lengtn including subst,an-.

tinlly o plurglity of half wave lengths, means for
exciting the radiators in phase opposifion where-
by -standing. waves of opposite instantancous
polarity are formed thereon whereby: radiant
action of the antenna is predeminzantly dleng the
direction -of the bisector of the anele formed by
the conductors, and another pair of conduclors

- parallel and similar-to said first menticned pair

of conductors and spaced therefrom an odd num-
ber of quarter wave lengths measured in a direc-
ticn along the bisecior of the angle of the con-
ductors. s

2; A, direetional transmiiting antenna  com-
prising a pair of angularly disposed linear con-
ductors said conductoers being angularly ‘disposed
with respect to each other, each of 2 length in-
cluding - substantiaily & plurality of hall wave
lengths and being open-ended; means for ex-
citing the radiators in phase opposition whereby
standing waves of opposite instanianeous polarity
are formed on the radiatars; and, anothez pair
of conduclors gimilar and pmallc; to said first
mentioned pair of conductors end spaced there-

- from in a direction along the bisector of the

angle’ of - the. conductors, an odd number of
quarter wave lengths.

3 A dnectlonal antenna comprlsing Y pa.lr of__

A
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angul'lr]y dlSpDSed lmear conductms sald con-"
ductors being angularly disposed with respect to - -

each other in a horjzontal plane, each of a length

including substanhal]y s plurality of half wave

lengths, means for producing standing waves

thereon whereby radiant action of the antenna -

is predominantly along the- direction of the bi-
sector ‘of the angle formed by the conductors,

and, another pair of conductors similar- and

parallel Lo said first mentioned pair of condue-
tors and spaced therefrom in a direction along

. the bhisector of the angle of the conductors by an.

odd number of quarter wave lengths.

4. A directional transmitting antenna’ compris- :

ing & pair of angularly disposed linedr condug-
tors said conductors being  angularly disposed

with respect to each other, each of a length in- - ‘

cluding substantzally a plurality of half wave
lengths and being open-ended and- disposed in
& horizontal plane; means for exciting the radia-

‘tors in phase-opposition whereby slanding waves

of opposite instantaneous polarity are formed on

‘the radiators; and, -another pair of conductors

similar and parallel to said first mentioned palr
of conductors and spaced therefrom in & direc-
tion along the bisector of the angle-of the con~

95 .-

100

ductors by an odd numbér of quarter wave

lerigths,
§5.-A directional antenna compnnmg a palr of
angularly disposed linear conductors said con~

105 -

ductors being angularly disposed with respect .-

to each other, each of a ¥ength including sub-

stantially 2 plurality of half wave lengths, means
for producing standing waves thereen whereby

radiant action of the anlemna is predominantly
along the direction of the bLisector of the angle™

formed by the conductors, and, another pair of
conductors similar to sald first mentioned pair
of conduclors spaced apart from said first-men-
tioned pair in a d:rectxon fray ersmg the: planes
of each pair.

110

115

6. A-directional antenna compnsmg :1 palr of |

anguwlarly disposed linear conductors said. con-
ductiors being angularly disposed with respect
to. each opther, each of a length including sub-

-stantially a plurality of half wave lengihs, means

for producing standing waves thereon whereby
radiant action-of the antenna is predominantly
aleng the direction of the biseétor of the angle
formed Ly the conductors; and, ansther pair of
conductors similar to said first mentioned palr

‘of conductors spaced apart from sald first men-

tioned pair, In & direction perpendicular to the
plane of the.pair of conduclors a number or half
wave lengths.

7. An antenns comprisinig ‘parallel palrs o!

“angularly disposed conductors, said conductors

125

150

being angularly disposed. with respect to each

other, spaced apart along the direction of the
bisector of the angle formed by the conductors
an odd number of quarter wave lengths, -and,
similar pairs of eonductors in planes parzallel to

‘and spaced apart. vertically from the planes of

the first mentioned pairs of conductors.

8. A transmilting antenna system comprising-
parallel pairs of angularly disposed conductors,.
-sald conductors bheing angilarly disposed’ with

respect to each other; arranged In & horizontal
pane having their apices spaced apart slong

“the direction of the bisector of the angle formed
by the conductors an odd number of quarter’
-wave lengths, and similar pairs. of ‘conductors
-dispesed in a parallel horizonial plane a vertlcal

‘distance away from sald- first mentianed plare,
equ'tl {0 one or more halr wave lcnglhs

185

140,

145
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9 An antenna ,system comprismg a p'ur of

© Hnear conductors, said conductors being angularly

15

w0

disposed with respect to each-other, each substan-
" tially ‘an’odd:number;of half wave lengths long !

and angularly disposed with reéspect ta’each sther

-at an, angle substantially equal to the angle for.
which the field strength ab a distant point lying
. in the-direction of the biseetor is ‘& maximim,

10 sald field strength being proportional to

. ,.co_s' ‘"'f cos ﬂ.)

‘nnt?

where n is the number of half wave lengths con- .

tained in each conductor and ¢ is-the. half angle

belween the wires, and means in circuit with’
said antenna for exeiting the tonductors in phase.
'oppos1t1on whereby standing waves of opposite
instantaneous polarity are formed on the conduc- )
“'tors throughout their length.
10. An antenna comprising a pair of linear con- .

ductors each substantially an. even number -of

_half wave lengths long and disposed with respect-
" to each other-at an angle substantially equal to

the angle for whlch the field strength at a dis-
tant point. lying in the direction of the bisector

. is a2 maximum, said ﬁeld strength bemg prcrpor—

20.

35

‘where 7 is the Hiumber of half weve Jenaths con-

tional to

P(Img
. BTk g cos ¢ :
sin £ .

fained in said.conduclor and ¢ is the half angle

*- between the wires, and means in eircuit with said

40

" BO

" lengths contained in each eonductor, and, a sim-

antenna for exciting the conductors in phase op- g
position whereby standing waves of opposite in- ..
.stantaneous polarity are Iormed on the comiuc--

tors throughout their length.’

1t. An antenna comprising a palr of linear
conduetors, each substantially an edd number of
half wave lengths long and angularly: disposed

| with respect to each other at an ‘angle équal to
twme the angle Ior which the expression. -

cos (ni cos’ 6) )

Bm [
isa maxunum 7 being the num‘ber of half wave

lar pair of conductors spaced from said first pair

by an odd number of quarter wave lengihs in s
"direction ‘along.the bisector of the angle of the

. conductors.

66

Isa maxlmum n bemg the number of half Wave

~12. An antenna comprising a. pair of Hhear
conductors each substantially:an even number

- of half Wave lengtis long-and disposed with re-
spect- o each other-at. an angle substantialiy
equal to twice the angle for which the expression

: sin (n—;—cos 8) .

s:n [/

- lengths contained in each conductor, and & simi-

"o

75

Iar pair of conductors spaced from said first pair
by an odd number of quarter wave 1éngths in 2
direction along the bisector of the angle 01' the

“conductors. _
13, An antenna comprisinﬂ a pair of lnrwr

conductors,- each subsftantially an odd number

of half wave lengths long ahd ahgulatly disposed

1 9:.4 387

v.ith respect bo each other at an ana!e equa! to
bwice the angle ‘for which the expre::smn :

cos (mf cos G) o 3

sin 8

15 & maxizim, 7 belng the number of half wave
lengths contained in each conductor, and a shmi- . -

lar parallel pair-of conducters ‘away fromi the

first mentioned pairin a direction perpendicu}ar' & -
- to-the planes ol the pairs, Cooa

~14..An antenna comprising a pair of lmear

- conductors each substdntially an _even nuwmber

of half-wave lengths long and disposed with re- -

spect to'each other at an angle substantially equal 1_90 e

to twice the angle for which the expression' -

s a maxnnum n being the number of half wave
lengths contgined in each conductor, and & simi-
lar pair of conductors away. from the first men-
tioned pair in a direction perpendxcular to the -

planes of the pairs. 100

‘15, An anienna’ campmsmg a pau- of relahvely
long. conductors disposed with respect to each
other -at an angle substantlally equal to tw‘ice

degrees, [ bemg the }ength of t'.he wiré a.nd A

- the eperafing wave length in like units, and means

in eircuil with said antenns for exciting the con-

~ductors in phase opposition’ whereby standing 110 - -
“waves -0f opposite instantaneous polarity are

formed on the conductors thmughout their length.
16, An antenna comprising a pair of relatively

long conductors disposed with respect to each '

other af an ang}e substantially equal to twice 115

)™

‘degrees, and, a smnlar parallel pairof canductam - .
spaced an odd number of guarter wave lengths 19g. .

away from said first mentioned pair along the bi-
sector ‘of the angle of the conducters, I being the
Ierigth of each wire and- A bemg the operating

- wave length in like units. .
'17, An snienna cemprising paxrs ot Iong con-- 195 -

ductors, the conductors of- each “pair. disposed )
with re:pect to each ofher at an angle substan- .
tially equal to tvice - : -

degrees, and - the palrs belng placed in parallel - -

planes substantially an odd number of half wave

Iengths apart, I being the length of each wire and.

X being the operating wave lenzih in liks units, 135
18 An antenna’ comprising pairs of ‘relatively

long conducters the conductors of each pair beitig-

disposed with respect to ecach’ other at an angle

.-substantzanyequal to twlce - . ) -
N T 14n
s0. 9( ) " S '

degzees the aplces of each pair belng separated.
along the gdirection of the bisector of the angle-

formed by the conducters by an-odd number of 145 .
‘guarter wave lengths; ang, similar pairs of con.

ductors in g subistantially: paralle] plane spaced.
apart {rom.said first pairs,.Fbelng the length. of
each wire and A being fhe opmaling wave- }enﬂth

in'like units E - 150 .':"‘

sin (n-kcos 6) R

sinf L 95 .
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|
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|
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" said first pair ip a direction along the bisector.
* of angularly dispesed eonductors being arranged

10
| ih phase opposition whereby radiant action oc-

6. Tl __.","1974387

19 An antenna arrangement comprismﬂ a pau‘.
of diverging linear conductors angularly disposed
with respect $0 each other, another pair of ah-

gularly disposed dnergi’ng conductors similar to
said first mentiongd pdir angd. spaced apart from

of the angle of the conductors, both- said pairs

to form- opposite angles of -a four sided plane
figuire, the conductors of each pair being exeited

" curs principally in the plane of safd cenductors

1

.20,

and along the direction of said bisector. -

- .20 A diamond-shaped antenna arrangement

comprising a pair of V-shaped antennz arranged

“to form-a paralielogram, and means for con-

necting the apex of each V antenna to high fre-
quency apparatus. wherehy the legs of each Vv
which lie alongside each other are excited in
phase opposition so that radiant action oceurs
pringipally in the plane of the V-shaped an-

.tenna and principally in a direction along 4 line

joining the apices of said V-shaped antenn®.

21. An antenng system comprising a pair of
‘lihear conductars anzularly disposed with respect -

to-each other, each of 2 lengih including sub-

~ stantially 4 plurality of one.half wave lengths

- 30

and being open-ended, another similar pair of -

angularly ‘disposed linear conductors alse of a
length including-a plurality: of one-half wave
lengths and being open-ended, both of said pairs

" being so arranged that the open ends of gne pair

.._;:_40

point in & substantially opposite direction with
respect to the open ends of the other pair and the
acute angles formed by said pairs face -one an-
cther, and means for exciting the radiaters of

.each pair-in phase cpposition whereby standing
waves: of opposite - msr,amaneous pcﬂanty are-

formed on the radimiors.

.22, A gdivectional ~ fransmittinhg antenna ar-
rangement -cotuprising a palfr of V-ghaped an-
tennz arrenged to form a parallelogram, and

- means for exciting the radiators of each- pair

45

in" phase oppesition whereby standing waves-of

opposite instantanecus polarity are formed on
the “radiators whereby - radiant action . ocours
principally in the plane of saig radiators and

- pringipally aleng a ling joining the apices of said

50

V~5haped antenng,
23 A directional antenna arranzemen" COIm~

. pn_smg a pair of ‘open-ended v-shaped antennz

55

arranged in-a horizental plane such that the

“open ends of each pair point in opposite direc-
-tiens with respect to the other pair, and means

for commiecting the apex of each V antenna to

‘high. freguency apbariius whereby radiant ae-

© tion occtzrs principally in the plane. of the V-

s}m ed antenn®. and principally-in .a direction

‘corresponding to.the line JO mng the ap.c’es of

s2id.v-shaped antennza.
24, Aidirectional antenna arra,ngcment com-
prisitg & pair of open-ended V-shaped antenne

- arranged such that the acute angle fermed by

the: individual conductors of each pair of an-
tenna face each oiher and the open ends.of each

. peir point in different directions, and means for
'coh_nechng the apex of each V antenns to high .
freque nCy apparatus whereby. radiant action og=
. cuis principally in the plane of the V-shaped’
antenng abd puzc.p:u}y in a dircction corre-
i spending-to a line joming thc a;nces of sald v-
" ghaped antenoe.
: 5. A directional antenna anangnment com=" -
. ooprisingapair of v-shaped antenne arranged in
i such mzmner that the acute anglc rmmed by 1he ‘

incimdual conductors of each palr face each

other, and means for cennecting the apex. ofeach "

V~shaped antenna.

" 26, A directional antenna compnsmg a pair o! .

Imear conductors angularly Gisposed with respect

-to-each other and placedin 4 plane 4t an angle to .
“the hotrizontzl, said plane extenditig’in the: de-..

sired direction of transmission, each copductor

V antenna tg high frequency apparatus whereby

radiant zetion occurs principally in'the plare of
the radiators and principally in-'a direction.cor-.
qfesponding to a line Joining the apices. of said i

being of & length including substantially ‘a plu-..~
rality. of one-half wave lengths, means for-pro- -

ducing standmg waves therean .whereby radiant
action of the anlenna is predominantly along the
direction of the bisector of the angle formed by

the conductors, and anothér pair of conductors.

similar and parallel to sajd first mentionied pair
of conductors and spaced therefrom in o direc-
tion aleng the hisector of the angle of the con-
ductors by an odd nu.mber of one- quarter wave

< lengths. .
27. A directiona} transzmttmg antenna com--+
w0y

prising a pair of linear conductors angularly dis~

posed with respeet to each other, each of a'length”

ineluding . Substantially a p!urahty -of one-half

wave lengths and being open-ended, and:disposed. -

in & plane at an angle from the horizontal; said- - - °
165

plane extending in the desired direction of trans-

mission, means for exciting the radiatorsin phase - -

opposition - whereby standing waves of opposite
instantanecus polarity are formed on the radi-
ators, and another pair of conductors similar and
pamlle!-to s2id first mestioned pair of conductors

number of onezquirter wave Jengths.

28. A directional transmitling antenna- com-

brising a plurality of pairs of linear conducters,

“the conductors of each pair-being ‘angularly dis-

posed with fespect to each other, each ronducior

_being of o length including substantially = pla-
rality of one-hall wave lengiths and being open- -
ended, said’plurality of pairs being dispased in &

horizontal plane along the bisector of the angle:

Aty
and spaced therefrom in s direction along thie™ ™ =
bisector of the angle of the conductors ;gy an odd

115

of the conduciors, means for exciting the twora~ ..
diators of each pair i phase oppdsition . whereby. -

—standing wavesof opposite instantanecus polarity
are formied on. the radiators of each pair, and

means for- Ieedzng the successive pairs.of radia- |

tors =0 that the ‘currents in theé successive radias<
tors of each. pair differ -in phase by an angle

2=5/\ where § is the spacing a.long the bisector’

.and x ihe wave length,

130

28. A directional transmitting antenma com-_ .
prising & pluratity of pairs of linear conductors, :

the conductors of each pair-being angularly dis-

posed with respect to-each other, each conductor: ;

being of-a length including subqtantlaily a plu-

ratity of one-half wave lengths and being open- &
ended, said plurality of pairs being dispased i s
plane at an angle from the horizontal, sald plans ©
extending in the desired direction of transmis- -

sion, means for exciting the two radiators of edch

pair in phase opposition whereby stending waves’

140

of ppposite instantaneous polarity are formed on: =
the radintors of each pair, and means for fecdmg' :

_the successive pairs of rudiators so that the cur- !
-rents in-the suceessive radiators of each pair dif-:

fer in phase by an angle 2=S/x wheré S iz thaf‘

- spacing and » the wave length.
- 30, A broadside directional antenna comprising-
&, pair of linear eonductors angular 1y dlsposed.

wsth respcct to ea;:h o?.her fmother pair of &ngu—

1“25'

145

T
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L Iarly dasposed hnear cunductors arranged adia-

cent and in the same plane with said first pair

| 5h that said two pairs-are side by side and have

their acute angles opening in the same direction,
and means for. preducing standmg waves thereon

whereby radiant action of the antenna js predom-

. inantly along the direction of the bisectors of the
- . gngles formed by the conductors of each pair. for

10

15

- sald pair of condictors Lo said transmission line,

: eﬁectrng beam concentratlon
C3LCA broadside directichal amenna comprising .
& pair of-linear cenductors angularly disposed

with respect t& each other in a horiZontal pliane,
another pair of angularly disposed linear conduc-

tors arranged adjacent and in the same plane

with said*pair so thatisaid two pairs are side by
side and- have their acute ahgles opening in the
same :direction, sdaid pairs being arranged to be
excited -in pha.se opposition - whereby - standing

waves, of ‘epposite. mstantaneous polanty are.

ormed theréon.

32 A directional transmlttmg antenna Faleis 20
-prising’a pair of linear conductors angWlarly dis-

posed with respect to each other, each of = Iength

including substantially e plurality of ‘half wave’
lengths and- being open-ended, ‘a transmission’

line, & pair of vértical connections extending from

- and means ih eireuit with said transmission line

- 30

for excxtmg ‘the’conducters in phase opposition

whereby standing waves of opposite instantaneous -
- polarity are formed on the conduciors, another
" pair of; condiictors substantially similar and par-

allel to said firsi mentigned pair and spaced there-

fromin a.girection along the bisector of the dngle

35

4

45

50

'of the conductor.s and a pair of vertical connec-

{ions'in cirenit with sa:d last pair of conductors,
and: jﬁmmg <a1d last pair mth said tran.sm:ssmn
lipe.. :

-33. A diréctional tra.nsnnttmcr antenna cormi-
prising a pair of linear conductors angularly dis-
posed with respect to each other, each of a length
mcludmg substantially & plurality of-half wave

lengths #nd. being open-ended, & trai1sm1&1on.

lin¢, & pair.of vertical connections extending from

said pa}r of conguctors to said transmission‘line,

and -means in cireuit with skid transmiission line

for e;\cmng ‘the conductors in phase oppesition.

v.hereby standing waves of oppesite-instanta-

neous polarity are formed on the conductors, an-

other “pair ‘ol conductors substantially similar

-gnd :parzllel to said first mentioned- pair and

spactd therefrom in & .direction along the bi-

sector of the angle of the conductors, and a pair’

" . of vertical connections in- cireuit with. seid last

55

65

- tallie eircult having legs substmmlly parallel to

pair of cénductors, said two paits-of vertical con-
nections being joined {egether by a palr of hon—

_zontgl conductors..

34, Anantenna arrangement compnsmg a pair
of canductora each of a length. including several

halfi wave fengihs at the operating {requency, _."
said’ conductors being angularly disposed at am -~
acute angle: with respect ia each other, each con~’

ductor making the sarie angle with, but lying on
Oppasxte sides of e Jine representing {heg desired
direction of ‘radiant action, and a U-shaped me-

each other connected between substantially op-

paszte pomts on . szid. angularly - disposed con~

ductors,; \»hlch points are relatively cloge to-

“gether.

© 45, An anténna arrangement compnsmrf a palr

of c_grl_ductqts each of & length including several.
half wave lengths at the aperaling frequency, said:

conductors being angularly disposed with respect

,to each cther, cnch conductor mahmg ihe same

1 974 387

‘ angle mth but lymg on Dpposlte sides of a Iina S

representing the destred‘dfrectlﬂn of radiant ge- ¢
tion, and 8 cireuit Having conductors substantial- -
1y parailel to each other comnected between sub--!

posed conductors, which -peints zre relatively
close together, and means for effectively connect-

ing together for high frequency currents, simi- .~ 7 B
85 .o

larly located pomts on each of said paral]el con=
ductors :
36, An-antenna arrangement comprismg a pair

of conductors each of a length including. several

half wave lengths at the operating frequency,

sald . conductors belng angularly disposed with-
respect to edach other, each conductor making the

stantially opposite points on sald angularly dis- .

same angle with, but lying on .opposite. sides of,
a line representing. the desired dirgetion of .
radiant action, & U- shaped circuit having legs -

. substantlally parallel to.each other connected be-' 7
‘tween substantlally opposite points on said angu-
Jarly disposed condiictors, which poiiits are rela-.
tively clpse together; and a transmission line con-

nected tothe legs of said U-shaped circuit and.” i

;to said angularly: disposed conductors for ener~.
g1zmg said conductors in phase opposition; -
' 37. A directicnal antenna comprising e palr of -

angularly dlspOSGd substantizlly straight ¢on- -

ductors, said.conductors being angularly disposed
with Fespect to each othér, each conductor being
of ‘& length -includirig a pluraln,y of hslf wave
lengths at & desived operating frequency, means

neolis pelarity are formed therean whereby radi-
ant action of the system formed hy said, angularly:
disposed linear coniductars is predeminantly along
the direction of the bisector of the angle forined

- by the conductors, another pair of conductors

parallel and similar to said first méntioned pair -
of conductors, and a substantially radiationless

“transmission line, not less than a quarter wavé

length long at the désired operating frequency,

105

“for éxeiting the conductors in phase epposition -
whereby standing waves of opposité instanta-

110_..__

116

joining substantially opposite points on said pairs

of conducters, the points on ezch- pan— bemg relas
tively close together.

38. A directional antenna comprlsmg a pair of -
strafght conduetors angilarly disposed with re-
spect to each other, each conductor being of &
length Including '8 plurality of wave lengths &t

‘the operating . frequéncy and being elecirically
open-ended at their most widely separated ends, -

120

‘125

means for exciting said canductors in phase op="
position whereby standing waves of opposite in-

stantaneous polarity are formed thereon, and an-
other pair of open-ended cenductors similar angd

paraliel {0 sald first mentioned pair of conductors.
“and being spaced therefrom in a direction atong

130°

the bisector of the angle of the conductors'such . '

that radiant action of said pairs of conductors s
substantizlly unidirectional, = -

of stralght conducters ahgularly. Gisposed with
respect to each other, each condugtor being of a

185
39, A directional antenna compnslng a pair"

length including a plurality of half wave lengths”

at the operating frequency; said conductors be-
ing electrically open- ended-at their most’ widely
separated ends, anothar pair of open-ended con-
ductors -similar and parallel to said first men-.

-tiened pair of conductors and spaced therefrom

in a direction along the bisector of the angle of
the conductors, and:-a substantially radiation-
less transmission line connected befween points
on sajd pairs of eonductors, the points chosen on
each pair-being relatively close together, sald
trammms!an hne being nﬂt Iess than 3 quarter

140

145 )
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‘so as to form substentfally a V, each conductor of .

- WAVE léng'thillqng._:at‘! the destred iqpéfaéing fre- '

. L QuencY.

40, A directional antenna comprising two pairs
of conductors, the gonductors of each pair-being
substantially straight.and being arranged so a3

to form substantially s V, each conductor of.

each of said pairs of conductors being of & lensth

" including & plurality of wave lengths at the de-

10

sired operating frequency, the most remote ends
of the gonductors of ‘each pair being electrically:
open-ended, both pairs.of conductors lying in the
same. ptatie and  symmetrically aboul a - line

_ representing a desired direction of radiant aetion.

15.

80

85 -

41, A directional ‘antenna combprising - two
pairs of conductors, the conductors. of each pair-
being substantially straight and being arranged

inciuding & plurality of wave lengths at the de-
sited operating frequency, the most remote ends
of the conductors of each pair being electrically
opén-endad, both pairs of conductars lying in
the same plane and symmetrically about &.line

represeniting 4 desired direction of radiant ace

tion, and & substantially. radiationless trans-

mission line not less than a quarfer wave length
long connected between similar points” oo said
pairs -of ‘conductors, the. points taken. on each’

-each of satd palrs of éonductors being of & length =

80

pair of conduttors being close together relative:

to the electrical cpen ends ef said eonductors. o

130
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. 3 Claims.
This Invention relates to antenna systems and

more pariicularly to & novel method of propa--

gating eleéctromagnetic waves from the system
In & more dealrable and- effcient manner than
heretofore obtained,

One cbject ¢f the: imention is to.provide. a
novel mecthod of ‘controlling. the distribution of

‘radiant eénergy in space, and this object is ac- -
- complished by controlling the distribution of cur-..

rent {n various porticns ef the antenna system.”
" Another important object of the Invention Ls

to provide ‘& niovel arrangement of apparatus -

for chiaining & wide variety of forms of cwrent

" . distribution inthe antenua system employed

T
g riovel system. of sthe- character: desigpated in .

Another cbject of the invention is to provide

" which ‘the. radiant énergy emitied: toward -the
"zenith is reduced in order that the energy shall

[k
=1

be conéentrated at asngles which are low. with-
respect to the horizon and thereby mlnlmlze BHT -

deteterious effects of fading.

Another object of this inventicn. is to.provide .
-gn antenna system of the character designated-

which shall Increase the radiatien’ efficiency ‘of

the anténna employed.

A further object is to provide & novel form Of.". of the variation of the radiation resistance £om-

- wertical anlenna constructlon In which the helght
- shal! be only a fraction of the wave length.

30

- .These-and other chbjects'of the invention will '
‘be” more. apparent from the following specifica-
" tion and drawlngs, and specifically set forth in " .

- the clatms.’ 0 .

ot

40
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As's preferreﬁ embodirrent we have shown the

“principles invalved fn our invention ns.applied to

a-vertical antenna but it will be rezdily appurent
to those skilled in the art that many of these
principles map" be applled to other types of
antennae )

It is well ‘known - in the antenna art that the:
trarismitted’ power radinted from the santenna .
may be variously distributed in free space, with’

variols _lnpenstties occurring. at. various angles
with respect to the anlenpa. ‘Wayes emiited

‘parallel- to ‘the ground sre commonly referred:’
to as ground-waves, while all other waves emitted

at angles above the: ground are called sky-wnves

. These waves may also be referred to as low-angle

80
" . duce one of the wave coinponents with respect to
Thus it has heen discovered that a-- ..

85

and high-angle radiations respect!vely Crees " -
_rent distribition by ihe additlon of units of e
. pacttance at Intervals along the conducmr. R
Figure 9—A shows nn enlarged. seclional Nieﬁ :

frequently arise where 1t:15 very desirable to re-

the other,
resuliant increase /in the ratlo of low-sngle to
high-angle emlssion, effects o reduction In the

varialion, ar “Irding”, of recelved sfznels, or ad-

vantageeuﬂy modifies the areas where!n such
:radmg ocours; :

Fading 15 now known to be the resu]t of wave -
interference between. those waves which pass: di_- :

_rectly (along the earth's surface) from the trans-

mitter to the receiver-and those waves which are

erably ahove the horizentel, bui which reach the
receiving antenna because of thelr reflection from-
the ionosphere, < Objectionable. Iading - occurs.
when the groupd wave.and the sky wave are sub-

5

- propagated from . the antéennea dt angles eonsid- .

10

stantially of the sarme order of magnitude. We ;

emlssion and reducirg the high ang]e emilssion’-
th‘= fading 1s thus. diminished. .

The deéslrability of incressing the low: nngle
émission Is recognized in the prior art, but nene

-have discovered that by increasing the low, angle £

15"

of the systems herelofore. proposed accomplsh .’

this result in a commercially practical manner
and one. important feature of our invention 18
the provisten of nevel means for controlling the
low angle emission by cantrolling: the current di.s~
tribution in the antenna.

Our inventlon will ncre readily be understoed
by reference to the attached drawings, in‘whichy

‘Figure 1 shows. & curve depicting the nature

‘ponent of antennw . impedance e¢-the base’ wit.h
.change of mode of operation.

Figure 2 shows several -current distribution

“curves obtainable by this invent!on

Figures 3'and 4 show ether obtainsble current

: dlstﬁbution curves,

Figure 5 shows & comparison between- current

- distribution curves of & uriform stralght wire as
used in present practice, and an antenns oI the "

206

30

szme height but built on the basls oi this inven- '

tion; -

Figure & shows = po]ar diagram of the di.s-'- ’

tribution of radiation in space s & result oI the
two conditions of Figure 5; :
Figure. T {5 a geomietric repreccntaﬂon 0! the -

conditions which produce the varicus forms ef.
cradiation distribution in sp'me by wave—lnm-

ference::

Figure. 8 shows & method oi centrol]ing: c‘ur- :
" rent distribution by folding & rehuvely lung
-wire to ocoupy a given helght; . - :
Figure 9 shows & method of cnntmlling cur- e
By

of o speclal spherical element of capaclta.nce a.nd
induclance used in Figure 8§ :
P‘igures 10 1o 2¢ lncluslve. thow other con-'

‘40,
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" sgnd ohms. -

-tice,
shown I Figore 5, and &m antenas of the same
“hefght but constructed fn accordance with this:
“inventicn (Curve 3%) for the same Irequency of:

1

_controliing:.the cu.rtent distrihutien o ang: part
of the system.

Referring ore particul&rly to the drawings

5. Figure 1 shows the-manner in whith the radia-

tion resistance (Ro) of an shtenna sysf,em varies
with respect to the mode of operatlon

BOR

30 gy wh.tch hp-is. the antenna fundamenta.l weve [

length, and - is the operating wave length, It
will be noted that the curve 30 shows the radia-

_ tion resistance at & maximum at s mode o 0.5
(paint 31) which In practice msy be many thou-.
Smce the radiation-eficleney is thé:

ratlo of the radiation resistance (Ro} to the tatal
antenng resistance (Fe) fincluding the ground
resistance (Rg}, conductor resistance (Re) and

‘all other compenents of impedance which pro-
~duce heat losses in the system) it is readily ap-

parent that the building of an antenna which

In Figures 2, 3 and 4 we have shown the man-
ner in which the current distribution may be

modified froma that obfalned with & conventional
© straight antenna wire, (which has a velocity of
nropagation nearly -equal to that In free space)--

the frequency of the exciting generator belng
essumed constant. The curve 32 in Figure.2

represents the normal half-wave distribution of

twrrent in- & uniform strafght wire. Curve 331

represents a. haM-wave of cyrrent distribution:
-obtainable by uniformly Increasing the velocity

of propagation In the antenna, and -curve - 34
represents the distribution -obtainable’ by uni-

" formly decreasing the velocity of propagation.

Curve 38 (Figure 3) shows the comparstive dls-
tribition obtalnable by mn “eccelerated” velocity,
velecity increasing from ciurent aniinode to
node.

node.” Curve 371 (Figure 4) is obtained by making

use of the tapering effect whitch will be more

Tully disclosed under Figures 19, 20, 21 and:-22.
“Tnere is shown ln Pigtre 6, an example of the
change In the distribution of the radianl energy

In space from & given aAntenna composed of &

uniform streight wire ss used fn preseiit prac-
(curve 38), with current distributioz as

operation but with modified current distribition

- in f¥e systerr as shown in Pigure 5.

The polar dlagrams shown in Fig-ure 6 rre.in

terms of relztive signal Intensities ohserved ®t-

various- sngles In space and at constant radius,

" thet Is; on the surface &f a hypothetical hemi-
- sphere with the antenna st ts center.

uf the two dlagrams shows that curve 3% is con-

tiveness of the antenna being Increased by pro-
ducing & high’ field intensily along the gmund Ior
3 glven power Input.

The cquatfon which gives the ‘polar dlagrnm -
of relgtive field strength d‘sbributlon In space

“gbout a vertlcal antenns. 1s:

o H=alcos &J(I—f—k o éj’-i—(k sin P
where ) i o
. . ¢.ni§:—-p s & .

-are parallel.

Curve 3§ represents distribution resulting*
when the vélocity is accelerated from node to anti- -

A glance -

2033250 N e
ﬁguratiﬁns ‘end, practfcal ant.enns syst,ems for. .

Referring to Figave T for the . nomendiature of

~ the above equation, we assume that the distance

to the polnt P is great enoughk 50 that lnes.

- drawn {rem P to the point of maximum current "
in the entehna, and to that due to the Image,
D is the distance In meters of the -
- .center of current above ground level, The elec-
- trical distance In redians (o terms of free

space velpelty) bétween the center of current tm -

‘the antenna and that in the 1mage Is:

4D
>

At the point P, imiage radiation lags behind ra-
diation from the antenna by a certain distance
X", which, after accounting for the wave length,

_and velo¢ity of propagation in free space, is inter-

preted as an angle », which is the angle between -
the vectors which represent, respectively, the field’
intensity of radiation due to the antenna and -

- that. du the image:
operates ab or near the 0.5 mode (where a very- at due to Lhe ge

high order of radiatfon eﬁicxency is pos:;:ble) is’
5 desirable, :

The apove equation shows that, up to the. point
where I becomes a quarter wave length, an in-
crease In D Aattens the curves of field strength

" distribution as shown in Figures 5 and 6. As D

16 '

The wave length of oper‘ation % Is in’ meters, . |
15 .

exceeds this quarter wave length Umit, the radia---~

tion distribution continues io fiatten, but a para-

sitic lobe of high angle radiation forms, and con- -
tinues to grow, gradually robbing energy Irom

the main horizontal lobe. In broadcast antenna

“desiym, D would therefore be confined to a valoe
Cof - zpproximately = quarter wave-length, er

slightly more, depending upen how: large the
parasitic Iohe could be aliowed to form before its

presence beramé detrimental to be- objectives of

the case. An optimurn compronuse betiveen these -

two factors is obtained when the helght of the

. current anfinode 1s approximately  0.28 wave.
“‘length ahave ground. Tn the sbove equation,“K”
. ‘represenits the coefficlent of reflection from the . .

surface of the earth. For a perfectly conducting
surface this is unity, and-for high conductivity

. earth may spproach unity closely.

- The velocity of propagation (V) of currents !n

" & linear antenna sysiem is proportional to the_
: expressicn

' !

Jic

‘where L gnd C are the inductance and capact-
tante per unit length of the system. To-increase

V. the product LC must be reduced; to decrease

'V, this preduct must be incressed. The former

{5 accomplished by adding unlis of capacitance
at ¢laose Intervals along a conductor in séries with

the dlsmbuted inductance of the wire, or induc-

tance cannected:in parallel with the distribubed
capacitance of the wire to grouand. . Conversely,

“to decrease V, capaciiance is added in parallel-
- with the wire snd nductance added in series,
. Still gnother methed of reducing V is to Inereass

eentrated at lower angles than curve 38; 50 fading . the length of the conducting path included with- .

would thereby be diminished, a5 well as the effec-

& given height by Io‘kcnng ihe wire in. & va.riety'

-Vof WARYE.

. Figures § to 23 Incluslve show methods for tak-

ing advantage of the physical prirciples discussed

above. 'Several general conceptions of prictical
anténna resigns Bre shown in- Figures 8 and 9;

~oIn Figure B the mneans for reducing the velocity
of propagation (V) and thereby controlllng cur-
rent distribution 15 hid by folding s relatively
.. Yong wire 4% to cccupy a glven helght and, by the

- . proportions of the conflguration, to produce & -
fAesired- curreut dlat.ribuf.lon. Foldlng a wlre {or

42
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the purpose ot securtng a great.er c]ect*ical lﬂngth

that a desired predetermined c¢urrent . distrtbu-
tion Is obtalned is nmel and fofms an importasit

. g part.of oul invention. In Fif;ure 8§ the anieénna

40 is supported by a tristic 41 which is suspended.
‘ "between sujtable elevated supports (not shown), .

- Between the folds of the antenna &0 are rigging

135

wires 42 connected to the antenna by insulators
o33, Further supporting the antenna are rigging

wlres 44 broken into. short-electrical secuoas by'

~insulators 4%.-

In Figure 9, the means for t:antroﬁing current ’
distribution by reducing the “velocily of propa-

gation 15 by the addition of units of capacitance
- at tlose intervals along the: conducior and by the

" is supported by a triatic 41 suspended between

" guitable elevated supports (not shown). Rigging

2p-

as

it
" tance unit $9, housed -within spherical elements.
of capacitarce 5t and which s essentiaily to-

wires 48 broken into electrically short sections by
insulators also-support the antenna 4§, “At sult-
able Intervals along-the antenna 46 there sre lo-

‘cated inductance and capacitance units. While”

eny. suitable inductance and capaf-_:tance unlts
may be used, we prefer to use 2 special indue-

. roldal in form. ‘These units are in parallel with

30

‘ourse; well known in the telephonic art, but so
[far 85 we are aware, the use of induciors and -
[ eapacitors so disf.ributed along-an ahtenna (per-

haps at irregular intervals and of various mag- -,

s
R

“the dlstribut-ed capacitance of the wire to-ground

and, by virtue of the relative proportions of the
units of capacitance as well as the uniis-of in-

duttanée in series theretp, produce & deslred

predetermined - distribution of - the. current
throughout the systein. The use of capacitors

and inductors distributed along & transmission-

ine- to change the velocity of prcpagat{on is, of

nitudes of capac[tors and Inductors) to produce
& predetermined currént distribution is novel.
By way of illustratiom, further eaamplcs nf

othier configurations and practical meansg for oh-

taining any desired current distribution hy ‘con-

. trolling the velocity of propagation inlany: part

" of the antenna system are shown in Figures 10

.~ the antenna may be energized by means of a gen--

to 24 Inclusive. . In those figures which. show
schematically the folding of the wire; an'ows in-
dicate -the direction of eurrent In the wiré:  In
sll of these figures, ns well as in Flgures 8 and 9,

" erator E (radio transmitter) connccted ih series
“with it at the base. " In 21l of these figures also,

&
2

ft 1s assumed that the antenna is always Iess than
0.55 wavelength, & restriction of particular in-

. terest in broadcast applicaticas 25 the cost of

g

5upporting towers s reduced-to & minlmum.” .
~In Figure 10 4t will be noted that the flow of
currents In the vertical elements 52 are &1l in the

same direction, while the currents-in the horizon~ -

tal sections 83 are successively in opposite direc-

“tlons, and being electrically close togct.her. neu-

" trallze each oilier so far as external effects are

&

n

85 and’ horlzontal componenis- B§.

- concernied if af equal fmagnitudes. The wire {olds

are made sufiiclently short electrically so that the

currents in 'successlve-hoﬂzontal_ sections are of
“essentially equal magnitude.” 1t desired, the see--

tions B3 may be of unequal magniiude; thus pro—
Aucing s further variely of carrent. :

In Figure 1} all {he elemoents 54 are dlngonn‘l :

Thise resolve themselves foto vertical.components
“From this
point an, the problem Is the same ns in. Figure

2083 260

10 .and many variations of current dlstribution -

Iorms may be obiamed B8 heret,orore po!nt,ed out
is-known i the art but so proportioning the folds’ -

In Figure 12,.the currents flowing Into the

the length of the branches were between one-
quarter end one-half wavelength, they would pro-
duce the eﬁect of inductances in. parallel with

‘the antenna wiré—an effect opposite from that
produced by paraliel capacitance.: Radlation from- _
" these branches is maintalped .8t & very low

magnitudg by making. the branches shert, and by

_placing branche.s in epposite directions at a given
addition of fnits ot inductance.. The antenna-4§.:"

~-Branches 57 dre migdle 16 oppose each other with
- medtral external effect, by placing branches op~
posite to each other as shown.  In this case when - .
the branches are less than one-quarter wave
-length, they aet s capacitances in parallel, this- .-
- effect being Que to reflectians in the branches. .If

16 -

15-

polnt, - It {s readily-apparent from thi¢ preceding

physical - discuission that by using branches. of -

vartous electrical lengths, uniform or of chang-

. ing propor tions, and by using -variols separations

29

along the ‘main antecna wire betwéen branches, .

that & variety of different currept!distributions
are obtalned at will in the main antenna wire.
In Figures 13-and 14, there are shown: llustra-

] tive examples of =ecuring & major increase in the

effect of the branches 58 upon the systern-without

& like increase.in thelr length; wherein eonduct:-

ing plates 59 or spheres §0 form a portion of the
branch circuits. .
In. the forms showm by Figures 15 and 16 in

_addition to the horizontal! components &1 ba!anc-

ing out, the one Gownward vertical ccmponent 82

balances out one of the two vertical upward com--

30

ponents €3 so that there remsins one active ver= ..

tical upward component preducing useful ragia-

tion, but with & much reduced \e]ocity oI propa- ’

gation'in the antenna system. -

In Figure 17, the sangular elements resolve
themselves tnto horizontal components 65 ‘and
vertical components 8. Thus the prob}em is thc
same &s in Figures 15and 16, - !

In Figure 18, the retatively long wire 6T is spiral-

1y disposed, but it may be so- proportioned z% to’
ohtzin any or & number of current distribution’

forms. ‘Theére have been applications of folded 4
~and spiratled wires for short wave antennae in the

‘previous practice of the art; but primearily: for -
reduction of or elmination ofiradigtion from.

dipole elententsing radm.ting .,ystem v.’hlch con- :

talned reversed currents.

cﬁ‘ect varlous useful forins of current distribu-

and curve 3T (Fig. 43 as well as olhérs may be

obtalhed. The form shown by curve 37 of Figure

4 is of primary lmportance In deslgning broad-

which may be made to have s relatively great

effective Belght by ralsing the center of current .

B4 (Fig. 4) above that which is ohtalried by com-

83

" tjon, such as shown in curves 35 and 36 (Fig. 3). -

_casting antennae; which are relatively low, but  *

mon ¢xisting antenna- practice. Figure 5 shows ..
qualiiatively & moedification of current distribus -

tion ‘which: produces very desirable results for

rent disiribution. resulling Trom the commonly
used uniform strajght wire antenna 'of spproxi-

" mately Ja wavelengih helght, Curve 33 repre-
sents g modi'ﬂcallo"n of current distribution {such’

a5 may be-had by the application’ of ur inven-
t!on) in_an. antenna of the samP helght With

" broadeast antennae - Curve 38 répresents the cur-
30

LI

e
Figures 19, 20,21 and 22 show: wnematlca}}y t‘ne o
folding or spiralling. of the wire:.composing-the’ .
anienna EB in such a manner as to produce.‘h\'..\._ ;
- gradual siceeleration in the velocity of -propaga~ i
“tion, positive or negative, as desired. By utilizing.
- the new possibilities resulting from this tapering
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_ curve 39; of. Figure 5 the center of current &8 is-

. caseln eurve 38 The relative aistribution of field

anr'}‘v;' "‘"-ﬁ;r. -_ ¥

very much-higher. above ground level then is the

* intensities for-varidus anglcs above the horizon

10

for the two current dxstﬁbul_ions 38 and 39 are
shown in Figire 6. .

By means of the. control of the’ veloclty of
propagation, the current entering - the ground:

termtimal is reduced by producing & current node
at'the ground terminal thereby further increas-
ing the efficiency. of thé antenna system. This is
another important feature of our invention, -

Theé principles of this invention:may be further”
ays by combinations -
of two oi more meihods of armngmg the con- -
. ductors of the antenna, examples of which are -
" ‘shown: In: Figures 23 and 24

ut111zed in a varlety of

branches. §9.are attached at the jinctures of

“angular élements 70 to produce a novel current

o
)

gistribution: form: In -Figure 24,

tical compenents 12 2re cancelled out, thus short-
cning the height needed. The utility of any par-

ticular-form is dependent upen the circumstances )
" in each particular design problem.. * :
A maultiplicity of radiators of {he type dencrlbed

" berein may be beneficially applied as. rad:aung

30

elementsin.a. dlrectn e antenha-array.

It will thius be aprarent t,o those skllled in the-'

art that we have described means for obtaining
8 very wide range of desired current distribution
forms in-an antenna. Somé of these apparent

" desirable results obta'ned by the novel method of

40
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It is hereby certificd that error.appears in- ihe printed specifie: ation. of the abov '
numbéred patent reguining rrs-ct’(m as follows: _
portionof. cqsmtmn for *sin a;b" read s7n #; and that dm ‘sadd Letters. Pﬁf.ent, should];,.—
* be read with this correction therein tlmt the same may confornt to the record of the‘

controlling current distributlon in an antenna

" system are rzising the center of ¢urrent, decreas-
" ing-thelossin the grotnd conection by decreas-'
ing the current flow therein, and ellminating
fading by increasing the low ahgle enisston, and -

also increasing the efficlency of the ‘antenna sys-

“tem. This also becomes usetul in solving special’
- problems that frequently a

reception.

P'atcnt' No. 2',083 260,

case-in the Patent Office.

Slwned and se: dod ilm "41.11 day af Aur"ust A. D 1937,

[SI_ZAL]

In Figure 2%, side:

some. of the
herizontal cemponents 1 and some of the ver-"

arise in connection with .. 7
dedi_ﬁcate 01' (‘orrectio‘n

GODLES ET AL

Ty 083 260

This 1m ention is not’ Hmited in ity apphcation " '
io . the particular construction or constructions ' -
hérein filstrated, as various charges might be.

made in the constructicn or constructions shown,

. without departing from the spirit of this jnven-
‘tion, as set forth in the appcnded clalms,

Havlng thus fully described our sald invention, '

what we'claim as new and desire to secure by
“Letters Patent is:

.1, In an antenns system having one or more

.reactance units In various sections of the antenna,
~the, method of oblaining non-sinuscidal current

v

'd;stnbutmn which comprises gradually increds~ .

ing the reactance valies'in successive units as: -
the distance from the cénter is increased, where-.

by a natural veloeily of propagstien -is- maln-

grounded type for producing udiform radiation
in all directions in & horizontal plane, means for

system whereby -the radiated energy in vertical

- planes is concentrated at low angles; and mieans -~

assoclated ‘with said controlling means whereby

15

‘ tained in the lower sectlons.of the. antenna and .
-reduced toward the upper end. -
2. In a vertical low velocitw antenns of the

20,

~controling the distribution of current in said

25

- the center of current is caused 1o approach. an.

optimum Keight above the reflecting ground level .

of approximately 0.28:wavelength.

" 3. In a vertical antenna of the grounded type.
“for producing uniform radiation ia all directions.
[n'a hotizontal plane and or a. length less than -
" one-Half wavelength, means for controlllng the

distribution 'of current in 'sald system whereby
the radiated energy in vertical planes is concen-
trated 4t low angles, and means associated. with
said controlling means. whereby the center -of

above the reflecting ground Tev el of apprmimately

i 028 wavelength

PAUL F GODLE'Y ;
EDMUN'D A LAPORT

- ;Tuﬁg;s, 1937. |

Puge 2, first column, Lne 75, hlﬁt‘:.' 7"'!

LESLIE FRAZER eV
'Ac?_-ing Commissioner. of Patents. &

30
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= current §s caused to approach an optimum height -
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The present invention relates to dlred:i&e anh-

rective antenna airay systems. o :

vision of a method of arranging two antennas
to produce a unidirectional diréctivity pattern,

. provide  an antenna system glving a unilateral
response over a broad band of frequencies. )
Btilt another object in the provision.of £ uni-
JIeterally directive antenna system which is not
" erltical as to frequency and which docs not heed
readjustment when the. oporating frequency -is
changed. In systemns heretofore used it has been
possible to produce a unldirectional pattern but
the effect has generally only occurred at one

.. designed.

- The fure"omg objects are att'um:cl ‘in s.ccnrd~
ance with -the principles of .the present inven-
tion, by providing a plurality of antennas dis-
placed along the line of signal travel: The an-
tennas are connected through a transmission line
to the rcceiver with phase reversing structure
between the antennas,. The spacing between the
antennas and the length of transmission fine

" are so related that sigoals arriving from the de-

" bine In an opposing phase relatienship thus givs
‘ing. 8 directivity paftern- whlch is subbtantxally
-unidirectlon'il in shane.-

©7 - .derstood by reference to the following détailed
3 - description, which 'is accompinied by drawings
in whick Figure 1.illustiates diagrammatically

. 2 and 3 are veclor diagrams explanatory of the
. principle of operzation of the present invention,
~-while Figures'4-to 8, inclusive, diagrammatically
" fllustrate modifications of .the form of the in-

-veniion shown in Figare 1.

Iocations - A and: B spaced ‘froni cne another.

TL by means of coupling transformets & and 10,

‘by box 41, 1s connieted to the end of the trans-

- signals. Phase reversing structure R is inserted
In the transmission line hetwoen the points of

are spaced elong the line of travel of the desired
- _:_algnal by a.distance r'mglng from somewh'ﬂ iess
than 30 electrical degrees to approximately 15§

‘.._,_

) rff.."m PIE IR

.teninas end, more particularly, to broad band di-

. An gbject of the prescnt invention is the pro-,

Another object of the present invention {s 4o’

particular frequency for which the system was

sired direction combine in additive rel'!.tzonsth_.
‘while ‘signals from the opposite direction com-

The present invéniion.will be more fully u.n—‘
vone‘form of the present invention, while Figures:
In Figire I are shown tvio antennqs Tand 8 at’

. Each anterma Is couplad into a transmission line’

© oo Recelving “equipment, conventionally: indicated .

mission line nearest the source of the desired -

eouplitr of pntennas 1 and 8. Anteniras 1 and'§’

‘elﬂctrlf'al degrew, 380 e‘ c,u\_“! degrees bdng N

1842, Serint Ko.4agasl . -
(CL250—11)

one wavelength Thius the desired umdlrcctmnal
effect may readily be obtained over a frequemy
- range of greater thaw 5 to 1.
. - The-vector diagrams shown in Figures 2 and 3 .
§ explaining the principle of operation.of the an-
tenna of Figure 1, ave for the sake of convenipnce,
drawn for the condition where the distance be- .
“tween antenngs ¥+ and 8 is 90 elcctuca} m.uecc
or ong quarter wavelengtiy. .
16 - Figure 2 shows the condition for o mgmi tmv- .
elling in the direction from A to B: Tne signul
" first reaches antenna 8-at locaiion A iaducing a
joltage represented by g in Figure 2. 90 de-
grees later the wave front reaches anteuna - B
15 inducing a voltage b 90 degrees behind that in-
duced in antenno A,.as indicajed by angle ga.
The -voliage indicated by -b is further changed
180 degtees in phase, a5 indicated by the angle-¢r .
due to the reversal in-the coupling system and js

20 indicated by vector:b’. This voltage suffers g

further 90 degree lag i travelling back over the
transmiission line from:location B te location. 4,

. as indicated by the angle o, making a total phase
.change of 360 degrees which places the voltages )
25 from antennas 7 and § in phase at location A. -
Thiys is represented by the coincidence of vectors
e¢-and b’’. The voltage Tepresented by the ad- .

- dition ef vectors ¢ and b” conseguently is trans-.:

. mitted over tra.zlsmls_sm_x; line:TL to receiver: .

8  In Figure 3 is showri the condilion for & sigs
nal travelling in the duectlon Irom location B
to location A, The wave front first induces. a
voltege in. sntenna T indicated by vector b and:
90 degrees later, as indicated by angle pa, 8 voli-

35 age represented by veclor g in-the antenna 8, The:.
valiage represented by vector b originally in-
“dueed in antenns-T at location B loses 90 degrees
in travelling giong the-transmission line TL over

© the distance from. B to A, 'as indicated by the

40 angle ¢o and is identified by wector b’ Another
180 ‘degrees of phase:change, indicated. by ithe
angle ¢r; is caused by the phase reverser I Con-
sequently, the voltage b7, whlch wus induced in -
entenna B, Is exactly, 150 degrees out of phase.-_.

45 with the voltage a- contmbutcd by ‘the -antennsa .

end therefore; the two-cancel each other ‘and

o slurnal is veceived at receiver 4, If the ve- -
“locity of propogation along the transmission line
B0 js substantially equal ta that of light, signals e
cefied by the direction from B to & will always

" cancel each cther dueto. the reversal in thé cou- .
- pling system within the range of. spacings I have -
" indicated, wliereas the addztu’c eﬂect for stgnals
&6 travel[m" in the other duc._tmn that is, from A
0B w{ SeuEI"UEY mnount 'LO au apprr_cnhlc value o

at Jocation A when It arrives at thet pesition




-
|
i

o

- tweeh locations A and. B.:

In Figuré 4 I'have shown arother arranaemcnt

of antennas based on the same principle as Fig-
ure L.
coupled to the transmission line through coupling
-condensér 13, while balancing condensers (4 are
connected between the transmlssion line and
artificial lines 15, -Cendensers [4, tozether with
the arilfielal lines 15, are so arranged as te bal-
ance the reactance ef the antenna lpading of the

other side of the lne, - The, artificizl ling sectlons |

£5 pmay have an electrical length equivalent to
the electrical -length of entennas T and 8 and
- inelude’ resistance. components such.‘as. to per-
fectly match the impedances of antennas Tand 8.
-In some cases it may not bonecessary to agiually

use artificlal-line sections 15 but the condcn“crs

14 may be direetly conndeted to ground. In this -
ficure I have shown the transmission line T s !

belng terintnated by a damplng resistance 12
having a valuc equal to the surge impﬂdance of
' the transmisstori-line,
.- Figure 5:shows the principle of the- present
. fnvention 25 applicd to a pair of wave antennas
25 and ‘26 which, by virtug of théir damping im-
pedances 21 and 28, are, in themselves, relatively
unidirectional.:
wavelengths Jong &nd.may.be built on pole lines
spaced 15 to 50 fept-apart.. The end-on displace-
" ment between the two antennas may hé of the

In this case, the antennas T and § are.

Thé: wave antennas are scveral -

2,375,680 . SR

‘dcpendmg to. some cttcnt upon the dlstanc" bc--

30

- cluding transducer .
line extending from said equipment along ‘a line -

line extcndmﬂ from’ s'ztd equ[pment along s line
away from the dlrection of miaxlmurn. response,
& plurality of antennas located at spacéd points
alonig said line and eoupled-to said transimission -
line, and phase reversing means in said. trans-

‘mission llne between sald antennas, the distance
petween said antennas and the length of trarns-

mission line therebstween belng so related that
said sysitem has s maximum response to slgnals
from only one direction, '
-2, A unilaterally directive antenna system in-
equipment, & transmission

away from the directicn of maximum respdnse, -
a plurality .of antennas located at spaced. points
along sald line and coupled to said transmission
line;'and phase reversing means fn said transmis-
sion ling between seld ‘antennas, the distance
between sald antennas-and the length of trans-.
mission line therebetween being so related that
said system has substantially no response to sig-

‘nals-traveliing in the direction from the free end

of said transmission line toward said t.mnsduccr )
équipment,. ;-
" 3. A unilaterally’ d;rectivc antenna. system in-
cluding - transdueer equipment, & transmission
line extending. from said equipment along a . line
away, from the direction of maximum Tesponse, .

a plufality of eutennas located at spiced points &

along sald line and coupled to said. transmission

" line, and -phade reversing means In said trans-

order of a quarter wavelength for the most gen- - -
erally used frequency, - The wave antennas 25 .

and 26 are coupled to transmission line TL

threugh coupling transiormers 23 and 3. The

L ‘damping resistance 22 is connected acress the

ghort end ¢f the tr ansnilssion line for the same
purpose ds damping resistance 12 in Figure 4.

.
-t

missicn liné between said anteanas, the distance:
beotiween said anténnas and the tength of trans-

“mission line’ thersbetsween bemg between 30 and

130 electrical degrees.
4. A unilaterally divective antnn"a s"stcm in-
eluding transducer _equipment, & transmission -

- line extending trom said equipment along a line

The system of the present invention may also,

85 shown in Figure 6, be applied to balanced
. ‘antenns systems. - In Figure 6 the balanced an-
. tennas consist of doublets 34, 32 and- 33, 34
While they are indicated in perspective as belng

‘horizontally ‘arrenged they may, of course, for =

vertically polarized waves, be vertlcally arranged.

Exeept for the dlﬁcrence in types of antenngsg
shown, the operation of the modification of Fig--

ure 6 is the same as that of Figurs 1.
Furthermere, the systemn of the present inven~
tion may be applied to a pair of v antennas 31,
38.of Figure 7 and, as before, ‘the antennas con-
. nected. to a-transmission line T having & phase

40

4

-t

‘awny from the direction of maximum response,

a pair of antennes located at spaced polrits a’long
said line. gand coupled to said transmission line,
and phase Teversing means in said transmission -
line between sald antennas, the distance between

- sald antennas and the 1cngth of transmission line

tberebetween bemg between 30 and 150 electncal
degrees.:

5. A system, as set fort.h Ln clalm 4, whﬂrem .
satd transmission line s terminated at its other .

end by & resistor having e resistance equal to-the

50

reversing arrangement R belween - the twoe an-

tennas.:

Similarly; as shown in Flgurc 8, the sysbem
may- be epplied to a pair of rhomblc antennas
&7 and 43, - .

. YWhile the Sthem of the present mventmn has
'been described particularly. with reference to
receiving antennas it may, of course, be equally
well epplieg to transmitiing a.ntenn"as
"more, a.-combination of two antennas set up
according to-the principles heretofore described
may be. guplicated by another group of simllay

antennas displaced from the first group and the’

i1

£0

Further- |

85

" two . groups in turn combined accordma to the

principles above set forth, -
White I have shown and partzcular]y described
several embodiments of my invéntion, it is to

be gistinctly mnderstood that my invention is not:

Yimdted thereto but that modifieations within the
geope of my inventlon may be made.
I claim:

i

‘1, A-unilaterally direclive anienny, sysfem n-

.cludlng transducer cqmpmmt a tmnsmissloa

e}

surge 1mpedance of said line. . .
6. A gystem,.as ‘sed iorth In elalm 4, v.helem
each of sald antennas ls & long wire anterma hav-
ing its" free end in thz‘ direction of maximum

Tesponse.
7. A system; as set forth in chlm 4 wherein
each of said anténnasis a long wire antenna hav.

ing iis free end in the fﬁirection of maximum re- -

sponse, each of sald free ends belng connected
to ground through a resistor having a resistance
equal to the. chamctemstxc 1mpeda,ncp of sald ens
tenna. -

8. A system, &s set forth in clmm 4, wherein- .

‘eachy of said antennas is a houzontany dlsposed ;

dipole.
9. A system, as set Iorl:h in c]J.im 4, ‘wherein

.each of said’ antemws is & vexticaliy anposed-
-dipole.

16, A system, ss set forth in clalm 4 wherein

T each of szid antennasiis'a V antenna,

- 1L A system, as seb: forth in claim &, whereln

“each of sald antennas Is 2-rhonbie ant,ennn hav-

ing its.end remote from fts coupling to’ sald treps-

misslon line direcied in the dhcctlon of maxi-
-.mum response,’ N

1A uzulatcmlly du-ectwc antcnna sy.;tem i~
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cluding transducer equipmént, o traznsmlisslon line
extending from sald equipment along a ling dway
from the direction.of maxlmum response, a plu-
rality of antennas located at spaced points glong
sald line ard coupled to saig transmission ling,

and phase reversing means in sald transmission
line between said antennas, the distance between -

_suld antennas and:the jenath of trans/mission line
therebetweail baing .of ‘the order of 2 quarter
~ wavelength whereby satd system has substantial-
Iy no response to signals. trayelling in the direc-
tion from the free end of safd transmission Une
toward said transducer equipment. . '
13, A unilaterally directive dntennia system in-
eluding transducer eqilpment, a transmission,line

from thé direction of maxiinum response, a plu-
rality of antcnnas located at spaced points along
- sald ling and. toupled to s2id transmission- line,
and phase reversing means in sald transmission

i
i

I

i

g

]

A

IR
b
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‘L

P

-
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8,875,680

extending from’sald equipnient elong a linc-away

lne between sald antennas, the distance between
- sald antennas and the Jength of transmission line
. therebetween being of the order:of s gquarter
- wavelength, o . s . -

- 14, A system, as set forth in claim 12, whereln .
sald transmission line s termlnated at its other |
end by a.resistor having a resisiance equal to

*  the surge impedance of said line,
15. A system, as set forth in claim 12, whereln: -
10 each of said .antennas is a long wire antenna . -
having its free end In the direction of maximum -~
response. - . : R _
16. A system, as set forth in ciaim 12, wherein
each of sald artennas is # long wlre antenna.’
15 having its free end in the direction of maximwm
response, each of sald free ends being connected

to ground through a resistor having a resistance

pousl to the- characteristic impedance of sald

antenna, i

20 - ’
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This invention relates to antenna systems, and f © Flg. 3 ls an e!evatienal view o! a furtherr modl-

partleularly to antenns systems sulted for effi- fled form of broad-bend anterma; .

clent operation throughout, or anywhere within, . Pig, '8 is & complex network referred to in dis-

2 wide band of frequencies. cusslon ol Figs. 6 to 8;
. Generally in .accordance with the i.nvention, K Fig. 10 rep;eaents the series circuit equiva,!ent

to previde an antennz system efflelently oper-. - of Pig.8; - -

stive throughout a wide band of frequencles or -~ Pig 11 is'an explanatory figure referred o in

at any frequency within o wide band, there are discussion ef the reactance-frequency and resist- .
- utilized two or more low “Q”-dipoles.of substan- ¢ ¢ ance-frequency chamcteristics of the antenna,e i

 tially different length so coubled that their net 10 of ¥igs. 6 to 8: -
reactance as seen by the asscciated transmission = Figs. 12 to 15 are frequency versus ‘stending--

line i3 low at all frequencies within that _ba.nd .. -wave-ratlo curves discussed ‘iIn connection with
More specifically, the self and mutusl Imped- . Pigs. 6 to &; and

ances of the dipoles effectively form s band-pass. - Pig- 16 comnrises field patterns dizeussed in
network which when reditced to its simole equiv- 15 ‘connection with the entennes of Figs. 8 to 8.¢
alént’ series eircuit for each Ifrequency of the | ‘In the embodiment of {he invention shown In

. pand sppears to-the transmission Hne as a low-_ - Figs. 1 and 2, the Gipole 10, consists of two an-

reactance in series with e resistance of such mag-" * tenna elements F2 and 14 supported by tube’ (6
nitude that for all frequencies of the band the . of snitableé nsulating materiel. The antenns
impedances of the antenna and line are suitably._,m“eleménts are conductlvely connected to the ag«.
matched o insure a low standing wave rvatio. - " soclated recelving or fransmitting apparatus by
Further in ascordance with the invention; thé + i a $ranamission line 18 which may be, as shown;.
shorter dipole controls the amplitude and phase” " a concentric iine consisting of an inner conductor
of current in the longer dipole, particularly &t . 20 and an outer conducior 22 respectlvely con- -
and near the harmonic frequéncies: thersof, to 125, nected to-the adjacent ends of the g,ntenm ele-
prevent ‘o¢currenice. of undesirable nulls in the. - ments 12, (4. '
" fleld pattern of the-antenna and so insure that Preferably and for reasons later discussed an ,
throughout the wide frequency coverage of the induetance 24 is connected In parallél withithe .
antenna it always favors, or nowhere diseriml-:: jtransmission lina at ‘lits antenna termmation
nates ngainst, reception or transmlssion in the' 30! The antenns may, however, be used without such"
desired direction. T .inductance with realization of some but not. all
The -invention further resides in features of .. of the a.dvmtages satta.ined when the inductance
construction and operation hereinafter c‘sescribed: - isused, \
and:claimed. : SRR The insulating spa.cﬂrs 28 supported by cylinder
. For an understandlng or the "Invention and g5 16 in‘ turn support suxiliary dipole elernéntsi2s,
- for illustration of embodiments thereof, reference . - each | capacitlvely coupled at its opposite- ends

is made to the accompanying drawings, in which: 38 to the fransmission line {8 through t.hﬂ ca~
Fig. 1, partly in section,. illustrates one form- ! 'pa.citance between the ends of the sukillary dlpel°

of broa.d bend antenna;:.. S and the adiacent main dipale element,s IE. and.
Fig.'2 fs°8 sectional view taken cn Iine 2—-—2- 40 18- rb.spectively :

of Fig. 1; . Though, as in Fig. 1, thﬂ main d!pole elements- o
Fig. '3 is 8 frequency versys standi.ng-wave~__ - may be.somewhat conical in. shape, they may -

ratio ‘curve discussed in ‘connection with Fig. 17 be of. ‘practically any cross sectionsl form pro
Fig. 4 comprises frequency versus reactance vided the average transverse sectlon is suficlently

‘curves .discussed in connection with Fig. 1] - 45 great.to obtain alow “Q,"and to enable adequate

" Fig. § graphically represénts modmca.tion- of - capaciiive coupling at polnts 38, 1If desired for

the antenna 'characberistic by addition of 1'0ading - example, the antenua elements may each be

nduactance;.:
i‘ F?g %3 is & perspective view of anothel broacl- *or may be of dismond or elliptieal vertleal sec-.
band gntéenna-embodying the. invention; .56 tlon? preferably, as in latér emb&diments*_ ol
' Fig. 6A.1s an explanatory ﬁgure reinrred to m o emplifted by Figs. 6, T smd 8 they m:sy "m. .
discussion of Figs, 6 and 8; ) .. . flat strips. : -
Fiz. 1, in perspective. and on enla.rged scal - Though the suxilinry d}pole,, '#3 m‘a p“efembly-

. shows constructmna! details of the antenna 01’ longitudinal strlp conductors, s shown Infthis
Fig. 8' : AT L 65 and other modiﬁcations of the mvafnt!en. 'thay.

formed in the shape of & right clreutar cynnder..‘ L
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Fig. 2, may be increased in width circumferen-
tially_of the main dipole elements if desired. It

e,seo 758

.may be of other physlea.l shape- 'I‘he stﬂps 29 _ .

Is also possible to.use but 'one auxiliary dipole 28

-or to replace alt'of them by & eylindrical conc

ductor of the same length disposed concentrically

about the main dipole elements 12 and 4§, The
band-pass characteristics of the antenng may be
verled by bending the ends.of dipoles 28 toward
or away from the main dipole {0 to Increase or
decrea.se the capacity coupling between them.

For use in transmission, excitation is applied
3 to the antenna thirough the transmissfon line 8.
Assuming - the excitation freguency iz in the .

neighborhood of “the natural or. fundamental
resonant frequency of dipole 6, it wili radidte

but sinee this frequency s much lower’ than the -
__matural frequeney-of the duxillary -dipoles, they:
“produce ‘very litile: radiation at sueh frequency.

However, because the dipoles 28 sre. capacitively

- . coupled to both of the radiating elements 12 and

é.. _""__J.

’ demnnlng the auxillary dipoles or by changins

the value of inductance 2§,

For efficient transfer .of energy between any;-.,
antenna and the associated transmission line, the . -
_standing-wave-ratio, later herein defined, must
‘be low and ideally is unity, : Howaver an antenns
is considered an efficient radiator it the standing:

wave-ratio (SWR) does not. exceed 2 or 3 and as

g - satisfactory - absarber if the standmw-wav:e-

1.

18

ratio is ot much greater than 5

strueted in accordance with Fig. 1'and having the

- -dimensions sabove. g_fiven “The ‘main dlpole 1D
© was dimensioned 1o resonate ‘aj frequency fi,
somewhat higher than 100 megacycles. and. the:

- euxiliary dipoles 2§ were dimensioned to resonete

£0

&t frequency /2 someéwhat lower than 300 mega-
«. -eyolesy ~As shown in Fig. 3, the’ standingzwave- -
“ratio, though'varyibg within the Hmits 100 to 300

megacycles, did not, at any Irequency within

~ those limits, exceed 2 and did not excéed B

14, ‘the capacitance between' the Iatter is effec- . -
tively ivicreased and the resonance band of dipo!e :

10 is effectively widened. :

Assumirnig now the excitation frequency is much
higher {(approximately the natural or- funda-
mental freguency. of the am:iliarv dipoles. 28%,

the msaln dipole {0 produces very lttle radiation; -

however, the auxiliary dipoles 28, each "excited

through the capacitance’ at points 33, produce

' considerable radiation. at such high -frequency. -

89

At all frequencies intermedinte’ ‘thelr natural -

frequencles, the dipoles (0 and 28 set in supple-
mentary manner to produce satisfactory radi-
ation' or absorption charzeteristies of the com-

' ._posite antenns formed’ by.-them, and in-fact; as-
“later  discusséd “in donnection with: Flg. 3, the.
antenns system ‘of Fig. 1 has. very satisfactory -

charzactéristios. ‘considerably below ‘the natural
frequency -of dipole. {0 and. considerably above
the natural frequency of dipole 28.;

40

throughoul a much wider rahge of frequ.encien_

extending well' below 100 megacyeles and. sub-

stantlally above 300 megacycles. For this curve,.

the characteristic impedance of the Hne {§ used
with the antenna was about 50 chms."

During ‘elther -radiaticn; for transtrission, or - .
absorption, for reception, the antenns of Piz. i+
acts a5, and may be . constdereu the operating’
equlvalent of, & band-pass filter with broad-band:

characteristics. This is true not gnly of the par-

- tigular construction shown “in Fig. 1, but of al

modifleations including those }ater herein dis-
closed and described,
The curve 2§, Fig. 4, is ex»"nplary of the re-

-a.ctive Jdmpedenice chara,\,ta,ristlc of.&. dinolz hiev-

ing small transverse cross section, foT example,

& wire or rod of small diameter.. At each of points
88 wherz the surve 35 crossss the ‘horlzontal axis,.
the slope of the curve i$'steep, Irndicating sharp .

- resonante. AN entennsHeaving: Sueh sharp fa-

.In oneiphysical embodiment of Fig 1, the over- .

~. all'length A of the main dipole [8iwas spproxi~

mately 42 inches, the length of each auxiliary

* dipole “was ‘approximately 17 tnches and - the
maximum diameter:C.of each main “dipole ‘ele-

‘ment was approximately § inches. | 'The antenna
" so-dimensloned -had-satisfactory radiation char-
_ meteristics throughout. the range of. from 100

- megacycles to 3007 mesacyeles: which “¢overs &
.. large- numbér of channels assigned to publie,. -

private and government gervices for many uses’
including televislon broadeast, frequéncy-modu- -

lated brosdeast; and point to point communiea-

. tions.. It should be noted the ratio of the ter-
- minal frequencies of this band is 3'to 1, whereas

&5

with previous so-called broad-band sntennas the -

ratio. of terminsl frequencies was ab best only

about 1 25 or 15 to 1 and that obtalnable only

by recourse to dipole elements of excessively large
cross-sectional dimensions, prohibltive on ship-

board for example, where space is at & premium.
- and in all-cases creating diffieuit mounting and
_ construction problems.- It :should further be.

noted that the operating range of such previous

so-ealled 'broad-band. antennas: did not extend .
.. through any harmonic or mult,lple resonance rre- '

quency ol the e.ntenna. E— -
“An antehna constructed -in’ accordance Wit:h

the’ Invention is:not dimensionally eritieals that

is, the shape and size of the dipole elements may

8o
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be. varied ‘within reasonable Umits without ad-

versely affecting the radisiion. or absorption
characteristics which cah be adjusted for aitain-

ment of t,he de__e_l_re_dA band-pass by bending or
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; quency range of 100 to 300 megac
" the meagnitude of the. chang

‘pole has the frequency- reacte

“ance characterlstie 82 s evident

_sonance.is wholly uneuited for efficlent radiasion - '

at frequenﬂies BpDT ecie.bly displaced from its

fundamental resonsnt frequmcy because of tha.
resulting large mismatch between its: mmecldnce_.

end that of the’ assm.!eted transmission ling.
‘Broadening the: dipole elements into & lergn

“surface. of revolution. as 1n Fig.i1, effects flats .
'_ten:ng of the reactive impedance of the antenna.‘
~enerslly as showr, by curve” 38“ ‘Tiz greet\y :
‘decrésse slope: -6f curve. 38 at each of points 3§

where the curve crosses the horizontal e (zero

" reactance) indicates a condition af sub.;te.ntial ]

resonance exlsts over al falrly broad be.nd in-
sufficient, however, to attein the result:: here
sought.  The expedierit of increasing the thick-

ness or cross section of a- single, dipole csnnod, . -
practically be extended tol ettein ‘beng widths .
of the magnitude ohtsined: by my eampesibe BN
tenna. By the further addltlon of eepecitance

by addition of the guxiliary dlpCIlE!S 28 to the pri-

.mary dipole 10, there is producedh_t.he charac-

teristic curve 8, mdiceting my: giitenna, ¥lg. 1,

has net capacitive reactence thy ughout the fre- ’
'les. and that "~
reactance -
1ally reduced S
_Having in mind the compésite 2 t}enne Includ- -

throueghout the range is very m
ing the auxiliary dipoles snd- wld d ‘maln di-
:herecterls—
tic exemplified by curve 43, Ithe.! «eflect of the In-
ductance 24 having the rising Irequenc.y-mect,-
| Flg. 5. 1t
Is. peinted out- the. uncorrected enbenna. react-

_ange characteristic 40, thm_qghou_t a wide range

Fig. 3 is the SWR curve of an antenva con-.

[
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of frequencies, closely approxl'mates' a mir-ro'r,:=
Image .or reflection of curve 42 about the hori-

zontal axis. Consequiently, within that range’'and .

by use: of sultable inductance 24, the resultant
- antenna. reactance is s nearly straight line £3
: practically coincident with the ‘horlzontal axis;
otherwise stated the antenna has very small net
reactance’ throughout a broad frequency band.
To-aitaln this characteristic with the antenna
constants above glven, the coll 28 had an - in-
ductance 0f about 0.3 microhenry,

The mductance 24 may; as shown in Flg. 1,

", be connected across the terminals of the trans-

mission line {8; to improve the symmetry when .

the transmission line 15, as preferably, of the

concentric. conductor type the outer conductor

“to obt.ain a satisfactoz’y Lmnedance match be-
tween the sntenna and line at the higher fre< -~
quencies of the band for which the auxilinry . Gi~

pole Is effective as g radiator-or ehsorber.

10
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22 of the line may ‘be connected to the center -

' 'ing unchanged.”
“Though- the construction and operstion of the

.- of inductance 24, the other connections remaln-__

ag’

antenna has been described with Inductive re- :

- actance 24 connacted between the main dipole
- elements, it has been found that a capacitlve re-
- aetaace, or condehser, may be so connected in

Yeu of coil 24.
a dipole antenna having & characteristic ‘such
as exemplified by cirve 33 of Fig. 4 is'to reducs

The efféct of such insertion upon .

. .The coupling capacitics are also slgnificent et .
.- the lower frequencies of the band. - For.example..
_the coil 24A may be selected so that with these ™
. capacities it forms:a loop clrcuit which is res-.
onant at about the frequency for which the main’
- There~

dipole ‘exhibits fundamental resonance. _
fore, at that frequency, this loop circuit, 13 the

equivalent of a véry high-shunt impedance and. -
- the main dipole consequently performs much as’
. & simple center-fed half-wave dipole..
and higher frequencies, this loop circult exhibits
inductive . and capacitive reactance respectively-
so that. the main dipole again becomes resonsnt
-at & frequency beldw its netural frequency ‘and -
_exhibits reduced impedance &t frequencies. above .

its natural-frecusncy.
The auxiliary dipole 284 is a150 a wide strip
of aluminumn or other suitable metal having

small mductance and large capacits,nce per unit

the upper or positive peak value and,: with gd-

dition of ‘auxiliary dipoles, the resultant charsc-
teristic will - approximate curve 42, In other

" words, the antenna’ reactance with a condenwr -

“substituted for coll 24 is low.

30

" by bolis 50.

lenipth, - It 1s supported- centrally of the main

At lower "

dipale 164 with its longitudinal axis substantially TP

in alignment with and’ parallel to the axis of .

the main dipole by a ‘metsl bracket.28A which: ey St o

comprises fwe U-shaped members respectively -

fixedly atiached to dipole 28A- and_the support
{8A and adjustably attached to each’ other as

" 14A end 28A pre paraliel fo each: other for large

From the foregolng, it is evident a broad band

a antenna need not have the excessive dimensions
_otherwise required in absence of the capacitive
and radisting effects of the auxilfary dipolés 28.

-Moreover and’ from. & mechanical standpoint,”
the antenna may be of simaple durable construcg--
tlon, easily installed and- can be manufactured

- Inexpensively . and Without need to hold close
tolerances.

The modiﬁcatlon shown in Pig. 1 is disclosed'

in my copending ‘application Serial No. 622 657,

- now sbandened, of which  this. applfcation isa
continuation in part,

© Subsequent embodiments of t.he 1nventicn

which are not only of even less expensive and

35
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- the.weves to bé transmitte

eimpler construction but which stlil further snd-

very materially increase the frequency caverage -

-are shown in Figs. 6,7 and 8.

50

“In. the ‘modificaiion shown in Flgs & snd 7,

the msin dipelé 10A comprises two elements 124,

I4A each consisting of a wide flat strip of alu~ -

"'minum or other suitable metal, The inductance
per unit length of each element is low and the
cepacitance per unit length i3 bigh, 1. e., the rg-

- tlo of Inductance fo capacitence per unit length

15 1low,
. for example. of the order of 5 and preferably
- .much-less. . The two strips 124,

in axial alignment by thelr attachment to g strip
- or plabe

The “Q" of each. dipole is therefore low,

near their adjacent ends, the strips 114 and $5A

- are benit away from their support {6A to afford
i capacitive coupling to the auxilinry dipole 28A.

{44 are held

by the transmission ln

1847 of. suitab]e insulating matsriat.

" _nected to an inductance 24

mutual coupling reactance .of the dipoles:- The

adjustment afforded by the’ split. bracket per~ -
mits veriation of capacitive coupling bétween the
-dipales in emplrical attainment of the desired
-band widih. )

The antenna s.ssembly ls suppo"ted by ‘the
mast 53, preferably tubulay for enclosure of tha
tra.nsmimlon line, ‘The mast may be fixedly of
rotatably festéned st or nedr its base to & tower,
zoof vehicle body or other fixed or mobile strue-

ure,

zontal - In depéndence . up: he'! polarizs.tiou of
received
Preferpbly “and- &g .shoy
of the ‘main dipole elems; “18A Bre con-
purpose of coil 2§ of Fig

It is prefergbly. In-
cluded as one element .o

struction shown in Fig. 8,‘ his network ‘a.s seen

are 50 dimensioned and.c““

. sum of the reslstance andl reactsnée rémalns
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IIn this medification, like that of Fig. 8 later -
described the ends of thie auxiliary dipole are - -

well away from the main dipole so that in efiect

each of the main dipole élemsents (2B, 48B is

respectively coupled by capaclty 4o an interme-

- diate poiut of the overlying half of the auxiliery . -

dipole: The band characteristiz is generally that
of two low @ dipoles 104, 28A which ‘are par-
“allel throughout (Flg. 6AY,
by condensers X, K to points a and b sclected

but. interconnected -
s

{1

- that position. with resp L
168 which by virtug o _th dtmenslons of the -
“dipolés and the (:(:nuplin~1r between theim affords
F‘or that’

quite  constant. througho)
band of frequencies, .
- In the embodiment sho

low “Q" and an aukiliar
camiu'ctive strip to obial
‘ary dipole 258 i3 suppo

“GLY The puxill-
by, hmlnng 353 In
the maln dipole

the desired bs_md-pass charactcristic

Tne wide. faces of the strips.{24;

In this and’ other modifications: disclosed, -
the axis of the antsnna may ba vertical or:horl-
the adjzcent endﬁ :
a,ving ge‘:era]ly the .

f'the broad band-pass. .
network N, Fig 9, comprls g't Pist;lf and! mutus.l )

the equivalent of

pled|that the vector .
__e)f':tre‘mely wide -
Fig.' 8, tlie matn -

dipole 108 comprises two|wide strips 12B, 148 of. )
- suitable conductors aﬁ’ordin

\ dipole havlng . ‘
pole. 208, also s wide




' purpm—e the heuslng 268 s sultably fastmred to
.- tha. auppo"ting sirip 168 of the reain dipole:
"The 'housing 2338, preferably of good high-i’re-

quency - insulating material, also formg. en. en-;

. clogure for the losding .rescisnse 248, pag for
the connectmna of fransmission line 15 to protect
them from wegther conditiona’ otherwise tem-

- porarily of permanently affecting the. operatmg‘.

charactarisiics of the antenna,

Both the-maln dipole. |98 and the aunuiary'

- ain dipole element were 34 Inchea and 14 inches’-
respectivaly: the length B of the auslliary dipoie”
. was ‘23 Inches: and the spacing (4 wag 2% lnches.
Tln-oughout the renge of ireqancies from 46 -
to over 200 megncycles, the equivalent gerles re-
ectance X of thet antenng sysier ad evident from .

3,5:;0,?93

8’ .
inchvs wids' the dimemaions B and ¥ of esch

. inspection of curve 48A, was low end nowhesrz in

19

. dipole -238. have small inductence and large

. 'capacltance per unit lengih so that considered.
individuzslly neither of them exhiblts sharp res-’
The complex net~ -

onance . at any frequency.
work- N, Fig. §

ing reactance X end. resistance R in seriss agross

the antenns ‘end .of the transmission lns i3,
- The magnitudes of reactance X and resistance R

are different for different frequencles, but in sc-
cordenee with this invention the reactance X ia

" low for all frequencles withilz & very wide band

and at. eash - frequency within that band the
magnitudes of readtance and ressiance are sush
that thelr vestor sum ¢losely sps)rcxima,tea their

, formed by the self and mubusl-
resctancea X, Xa ‘and X3%s of the dipoles snd.
thefr effective resfstances Ri, Rs miay be repre-.
sented by an equivalent eivcuit, Fig. 10, compris- |

16
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that renge varled rapidiy. Moreover; the efec-

tive’ reslstance R of that antenna system, 83

shown by curve B4, Fig, 11, was throughout that

" range of frequencies of such magnituds st each
frequency that the effect. of the variatlons in .=
reactance upon the eflective antenns impedanes -

was minimized, . The variastion In fmagnituds of
the effective resistance with frequency is far less

than the ususl dincle. thronghout the. frequem:y o

range ol 49'th 200 raegacyeles..

in brief, my sntenna system, and pa.ﬁ,icu,‘iariyﬂ”

By evmp!j_ﬁed by Fizs, 8, 7 and 8 comprises
multipie low Q" dipoles of different lengths so

- coupled that thelr sell hpedances and mutval

£5

vector sum at all’ other frequencies:within ths -

gforesald wide band.
hetween the cmracwﬂ;tzcs of my antenna gys-
tem, ‘Flgs, 6, 7, 8, and thatrof the wavel dipole

The slgnificant differsnes.

b

" ean hest be {Hlustrated’ by s;k.clﬁc e\amples begad.

on mensurements. .
. Referiing to Fiz. 11, the dot-drsh eurve 38A
is the {requéncy-reactance curve of & dipelz of
%" diameter copper tubing whish {8 & hali-

¢ wavelength long et a fregusncy of ahoud €0
‘megseyeles. As evideat from. the c.jn'e r—r;thvn-

g frequancy range of from aboub 40 to 300 meg

cycles, the resctanse varles from welllover wui}
" ohms (inductive) to well over 1660 chzs (capac-
itive) and rapidly-changes with frequency par-

tieularly in the' viclnisy of polnts 33 fa, S8 mnd
' 3§C corresponding with fraguencies. of abouu 80,

120 anid 180 megacy glas respaa,tiveTy.. :
~ Within the range of 40 1o 200 megacytles, the
resctance of the Gipsle swings beck end forth in
“slgn, that is,:1t changes to posliive or- mductive

reactance from- negative or capatitive: reactance :
&5 the freguency is ingreased from b@low to above

about 60- megacycles, reverses pack to. capacliive
reactance 8§ the Treguency is mcreased from be-

" impedances form & network (s, Fig. 9) -which .

when reduced to It slmaple equivalent serles clr-

cult (Fig. 10) for each frequency will provide at
the termingls of the transmission lue & low:

reagtance X snd aserles resistance B of such

magnigude that for all freguancies. L.roughcuf. s
extremely wide range, the eﬁ’ﬁcnve antenna. !m—. :
'pedama o

=AY

will go closely mnten the charadteristic Impedance:

of the transmission Uine that the standiwave-ratio

will be low thmuvnout that Wide range of fre--

- gusneles.

4
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low to above 120, megq,cycles and agaln shifts to )

inductive reactance as ths {requency shifts from

below: to above 180 -megacycles. In: other words,

the eﬁ‘ecme Tesctance of the ‘dipole: ¢hanges

E5

“The standmg»»wave-mtio (-:aWR} ma.y be de-
ﬂmd £

Qay - SWR._
wherein L

i+XK
—K

@ K_\/[(R-%g:;ii-x};’] [cafﬁff;x,]_’*':

in which

: -Eomcharact,rlstic irnpedance nf tmnsmission line .
’ Rwequiva,lent ueries resistancs of anbe:ma, (Fig.

10y
X_equivazﬁent series reactance of antﬁnna (Fig
- 10} ’

frequencies within the range of from 40 to over

290 megacyeles, it is epparent’ the standing wave

sign, and cha.ng:,s rapldly in magnitude; ab fre-- -
quencie., cﬂrrespendinr' with: the f‘.mdam"ntaI- o

_end, harmonic wavelength.a of tn.. dipola.
Furthermore the effective. reoistance of ths

single 'nm dipole- varles widely over this zzine
‘Tenge of frequenules, a3 shown by curve 5, Fig.

11, the effective resistance is lov, less than 100
ohms, for frequencies at which the antenns is &
half- wavelangth lohg, but is very high, ‘ahotit
3,000 ohims, for {requencies B.t which thn 9mann9.
I a-full wavelength long. :

. mission st eny frequsncy Wit"}*n the range of 40 )

Btil referring fo Fig.- 11, the -solld Iine curve'--'-

48A is the freéfuency-reactanee -gurve. of an
pntenna’ canutructed in a«,cordﬂme with ¥ig. 8
snd having the folicwing dimens ions for shwipe

L BE® transmitting antenna in the Ireqnency renge -

-of from alout 40 to 200 megacycles: each.of the

.. dipole elemants (2B, {43 snd 238 was & sirlp of

E aluminum one—eighth of an inch thick and fm_.r

ratlo is less than 3 when the characterigtic im-

_pedance of the transmission line-is 300 ohms: -
This wss verified by actus] measurements which. -
“&s plotted resulied In curve BWR of Fig. 12, - This .

antenna system is: therefore eﬁlciant for. trans-

to well over 200 megacycles; Loe. over better than

8 5 to 1 frequency coverage, and is efﬁcient for

regeption over a much wider range.

Furthiermoreg, end as evident from‘lnspection .
- of Figs. 13 to 15, the charac‘eeristic impedance of

the tlansmlssion line {8 is noti crit‘cal when this
anitenns s nsed. Throughout the sama extremely
wlig frequency Tange, ‘the St’i"i(ﬂ“‘”-% ave~ratio

{BTTRY 5 sulizbly: 10w, 1855 thzm 3, . when the
aritenna i3 usad wilth trans*nissio“i Hhes-having -

me«,dances of 250, 200 snd 150 0hms , end aleo, es

. can be verifled, with higher aund lowe; lmpedance

75

‘.lmc.. althm.gh it the }inﬂ i'np«'»da,nsﬂ is too feu

By substituton in Equafion 2 of the magmt.udes o
of effective reactance and resismnce ssosriain-
gbhie from curves 84 and 3370 Tiz. 11 for- the-

1

1

-
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: above 300 ohms ‘or oo rer below 150 ohms, the-
standing-wave-ratio for this particu!ar antenna
wilj be excessive.

From the general rules above given, illustrated .

by specific example, thosé skilled in the art may
readily design and construct other ‘broad band
antennas sulted individually to cover a wide range
‘In this and other portions of the radio frequency

spectrum and which throughout that range will

- satisfaetorily match the characteristic impedance
of the assoclated transmission line. :

10

The:auxiliary dipole or dipoles not only provide :

for efficient radistion or absorption over & broad
band of frequencies but may be dimensioned con-
currently to.insure that throtghout the band the

16

fleld patternis free of nulls in the desired direc- -

quencies in the lower frequency portion of the
band, say from 40 to 100 megacyeles, at which the
main dipole is primarily effective, the fleld pat-

- tern is approximately ‘the same as ‘those of an
ordinary dipole; that is, it has two lobes form-..

ing . a. figure eight, affording. hest recebtlon or
transmission in & line of: directien normal to the
longitudinal axls of the antenna.:

- At the higher frequenmes of the range; the'.

field pattern of the main dipole, of and by itself,

. assumes different forms having marked nulls in.

the desired direction of. operation. .For example,
-the fleld pattern of the main-dipole at about 120
" megacycles Is a four-lobed, or ¢lover-leaf pattern
exemnlified by the broken line curve V of Fig.
16, having wide, deep nulls in both'the ¥ and %,
directions normal to the antenna’ axjs.. At still

- tion of reception or transmission. - For example, -
. with the particular composite antenna ‘discussed .
in connection with Fig. 11, at each-of various fre- |

20

. main dipole. .
“dipoles of this invention, refiectors and directors ..

-3, beo"'z"ee :

19
uai ﬁeld patterns at dxﬁerent irequeneies and: .
~~their individual frequency-reactance characters
istics are practically identical with those of the:
Consequently, unlike the auxiliary -

“further Increase the sharpness of resonance of
the main dipole and so further reduce the already
narrow frequency range in which it can efficiently

- radiate or absorb radid-frequency energy; more-

over, reflectors and directors do ndt -avoid nulls
in the desired direction of reception or transmis-
slon should the antenna be used at harmonics ¢f-
its fundarmental frequency of resonance. ’

It. shall be understood the - invention'is not
limited to the specific embodiments diselosed and.

that ¢hanges and modifications may be. made

_within the scope of the appended c¢laims.

What is claimed is: :
- 1. A broad-band antenna system for efficlent
transmission or reception thioughout a wide

. band of frequencies including many channels and
in & desired direction comprising mutually cou- |

25
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pled low Q dipoles of such substantially different -

length that they respectively exhibit fundamentalk -~
resonance at frequencies whose ratio is greater -
than 1.5, the fleld patterns of said dipolés com=-.. -

" plementarily combining at each of ali frequencies’ .

of the band'in avoidance of nulls in said desired:
direction and the self and mutual reactances of .
-said chpoles combining at. each of all Irequencies-.

. of the band to providé an equwalent reactance °.
- . which is low, said dipoles being spaced apert: in
parallel axial- alignment to permit capacitive cou- .

" higher frequeneles, say about 200 megacycles, the -

‘field pattern of the main dipele Is a six-lobed

figure similar to curve V plus twe minor lobes

normal to the Jine ¥—2Z_-

fary dipole becomes increasingly effective so that

40
At the higher frequencies. however, the auxil-’

pling therebetween, and a transmission line ‘con-
nected to the center point of the longer dipole.
2. A multi-channel broad- band ‘antenng - sys-

'_t,em for efmcient transtaissign or receptwn in g -

esired direction and throughout a band the ratio
of whose terminal frequencies is greater than 2
comprising mutually coupled low Q dipoles hav-
ing substantially different lengths, an msula.tmg

- support between said !dipales Tor maintamng

its Individual directional characteristic modified -
that of .the main-dipole with the result that at

all the higher freqt.encieb at :which undesirable

" nulls, would otherwise cceur, - the combined fleld.

45

patteln of‘the dipoles is one. affording satisfactory _

recéption or transmission in the de51red direction.

For example, the radiation charactenstic of the .

combmed antenna system at 120 or 200 mega-.

cyeles, as penerally exempllﬁed by the solid line
-eurve W ef Fig.

50
‘16, has substantial directional -

selectivxty favoring reception or transmissxon in.

- the deszred line of direction ¥—%. whereas the

.main dlpele itself, at that same frequency mark-
- edly dlscnmmates against reception or transmis-
510!1 jrithat seme line of direction.

66

Genera.ny and in brief, the au‘;nxary dipole not -
.only provides for proper matehmg of the antenna .

gnd - its" trans:mssmn line over g wide band of

60

,frequencies but also controls the amplitude and -

‘phase of t.he edrrent in the main -dipole, particu-

larly at its harmonic frequendies, thus to prevent’

serious. lobing and appearance  of undesirable
- nulls in ‘the fleld pattern at any frequency within
thdt wide band,

In view: of the foregoing deseription of their‘.'

dimenslons, spacing and characteristics, the aux-

ﬂ!ary dipeles of Figs. 1,2, 6, 7 and 8 should not .

. be confused with the directors -or rafiectors used

85

them In parallel axial alignment and capacitively
coupled, said dipoles respectively exhibiting fun-
damental resonance at frequencles cerrespexmchrwr
with said termmal Irequencles. the -shape ; ‘and
relative size of the field: pattems of the individual
dipoles insuring the Jomt pattern at each of all

frequencxes of the band shall bé fre¢.of.a nulliin
-said desired; direction,ia - trans:mssmn line! con-: .

nected to the center point of szid longer dl;pele,
an inductance connected-in parallel across -said -
transrmssxon line of sufﬁment magnitude to 'éom~+

RN

pensate for the capacitive reactance of :the 'tou- -

pled dipoles substantially through said band; the
self and mutual impedancesiof said dipoles insyr-
ing the effective impedance 0f the antenna system
is for each fréquency of said band the equivalent
of a reactance in seriés w1th a resistance, isaid.

reactance and reszstance_ be:ng of such a value

that on & given tra"lsmlssmn lirie the standing-
wave-ratio will be low, ever
guencies.

3. A multi-channet breed band antenne. sys-
tem for -efficient transmlssmn of: reeeptlon ina
desired direction and th1 oughout 2 band the ratio
of whose terminal- frequenmes 1s greater than 2 -
comprising .& pair of: mutual}y -coupled low Q

* dipoles-of substantially: dxiferent lengths, an in- -
sulating suppori betweén S“ld dipoles for ma.m-

10

in directisnal antenna Arrays. to attain enhanced .

directional selectivity at a part‘eular frequency:
In physical and electrical length, directors and
reflectors-differ. only a few per cent, or less, from
the associated driven dipole soithat thelr individ-

75

faining them in parallel -axial alignment -and
capacitively eoupled, one of  said ‘dipoles. exhibit--
ing fundamental resonance at a - frequency qn

a wade band of Ire~ ‘

sald band for. which ahother of thern exhibits.

harmenlc reso*xam.e in avozdenee of nulls in sa1d
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degired diregtion, and & tmmission Iinﬂ con-

© nested to the center point of sald Jonger dipvle

for efecting interchange of energy with sald di-
poles; an jnductance sufficient tp compensate for
" the-capacltive reactance of sald coupled dipoles

‘conuecied -in parallsl across sald frensmission

Bas, the 5ol and mutusl impedances of sald di-

‘poles formilng a complex band-pass network

whoso serfes equivalent gt the transmission line

.- terminsls appears af each frequency of said band-
. 1o be & resebance N series with a resistance of

puch magnitude that the standing-wave-retio is

10

L‘Z

“out e wide band of frequencies the ratio of whosa

terminal frequencles is greater than 2.

_ 8. A mulfl-channe} trensmitting-recelving an-

- tenns construction forming & band-pass network. .
comprising main and auxilisry low @ ‘dipoles of
substaniially different length and maintained i S
paraliel alignment; sald dipoles belng fiat sirips

whose inductances per unit length are small and
whose ‘capacities per unit length are large, 'a :
transmission line ‘connected to the center of one

- of gald dipoles, Iumped inductance at the centdr

not greater then 3 for transmisgion or 5 for recep- C

“tlon.
& A multl-ch&nnel ‘broad-band antenns sys-
tem havirg low nst reactance throughout & band

- Cof frequencies the ratlo of whose maximum fre-
- quency -to_minimum  frequency is "greator than::-

1.5 comptising & first center-Ted dipole resonant
&t g frequency substantially the ssif minimura
- frequency, & number of jurther dipoles circum-
‘ferentlelly arranged about sald first dipole, said
“number of further dipoles being greater than 2,

20

- sald further dipoles heing shorter in length than - -

.said first dipole and resonant at s frequency sub-
" stantially the sald maximum frequency, sald fur-
ther dipaies being capacitively coupled st their

ends to areas intermediate the ends of the con~

ductors of said first dipola.

5. A multi-channel antenng, system broadiy
-resonsnt over & band of frequencies the ratlo of
- whose terminal frequencies is greater than 1.5
comprisitg o fArst center-fed dipole resonant at

" & frequency ‘within sald renge, s second end-fed-

dipole capacitively. coupled to said first dlpols

‘resonsut at g substanitialy different freguency |
within sald range, and inductance ‘connected to

“the center. of sald first dipole of magnitude to
compensate for capacitive reactance of the cou-
pled dipolés. substentially throughout sald band.
. 6. A multi-channel brosd-bend antenns sys-
tem comprising a first dipole consistihg of g Bt
radisting element’ of large transverss cross sec-

" tlon ‘anid :a ‘second -Padiating element of large
transverse cross, sectlon in exially- abutting Telas

. Hon, an insulat!ng support jolning: said radiating

elements, o plurality of ‘shorier dipoles mountzd
on eald support clrcumferentially and equally -

‘Bpaced about sald ‘radisting ‘elements, 8 frens- .
migslon line connected to the first and second .

" radiating ‘elements’ at their #butting ends, and

25
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of one of sald dipoles connected in paralle] there-

to acioss sald transmission line, the ends of:the
auxiliary dipele being capacitivity coupled to the.
main: ¢ipols, sll of skid- redctances:cooperating
to produca a substentially- resonant condition

throughout & wide band of frequencies, the ratio

. m whose terminal Trequencies is gréater-than. 2.
Yg A iR ichanhiel’ sntenng system broadly

resonant throughout g band of frequencies the

ratlo of whose maximum frequency to miniraum ..
frequency Is greater than 1.5 comprismg & pair

of low Q dipoles of substantially .different phy-
steal and electrical lengihs, an insilating sup-

portbetween sald dipoles for maintaining parallel -
allgnmenit so-thet sald dipoles are capacitively -

coupled, ‘s transmission- lne center feeding one

of "sald dipoles, snd lumped-Inductance con-:

nected across sald trensmission line, safd differs

ent lengths of ‘sald’ dipoles” respectively con-a».-'

" sponding with subotantiany different resonant

-freguencies . within said band sand having such

- individua! and mutual reacténces that sald s¥ge

35
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a1 Inductance copriected acrosd sald transmissionr

' line in porallel with sald radiating elements, the’

ends of said plurality .6 shorter dipoles being in
capgmitivalyvcoupled relation respectively with
areas Intermediate the remots ends of seld ra-

b5

dating ‘elementy-and coacting therewith to pro- ..

‘vide.for 16w nat reactance of the antenna system

_over & band:of: Irequencies whoze meximuy fre-

' quency to aintmuim irequeneyis gredfer than 1.5,
M Anuiti-channel antenng system comprising
8 plurality of cooperatively associlated maln and

- auxiliary low @ dipoles of substantially different -

 length and waintained: in parallel axinl allgm-
“ment, said maln dipole being of large transverse

-rosa-section snd Seid suxiliory dlpoles being 8
- plurality of shorter dipoles placed Clreumferen-
tlally and equally ‘speced around the large main
dipo!a and eapdcitively coupled thereto at thelr
ends, a-transmission Une connected 1o the center
of sald maln dipole; and a luinped inductahes at

~ the center of said main dipole connﬂctbd in par- -

allel thereto across sald franstilssion line, the re-

actances of all of sald dipoles cooperating to pro--
duce a substantizglly .’resonant'.eoﬁditiun tbro_ugh- .

. resctance. .

tem exhibits low ‘net reactance throughout saig
'usuw(h‘,«’ .

band.,
10 A, mu!ti-channel mt.enna. wbtem,_;
resonant throughout 8 band of fraquencies the

ratio of whose maximum. frequency to minimum. -
_frequency Is greater than 1.5 compru.ng dipeles'
individually resonant et substantielly different.
frequencies, sald d.ipoles being of  substaniially-

different length and positioned for capacitive

coupling - thﬂieb—.,tween, ‘& {ransmisslon Hne for
_center-feeding one of said dipoles, and inductance -
of magnitude to compensate for capacitdve rescte -
anee of the coupled dipoles substantially through-" -
“out szid band connecied to said.- transmLsion Iine, .
“sald dipoles having such individual and mutual - -
" resctences that said system exhibits low end-es-

s pacitive raact.ance throughout sa ba.nd of fre-

quencies.

11,4 mlﬂti-channel ant,enna system broadly'
resonant throughout g band. ol frequencies the

ratlo of whose msximum freqnency fo minimum

. tréquency is greater than 1.5 comprising dipoles
- indlvidually resonant. st substantls.lly different.
fréquencles,, said . chpoles belng | ‘of "substantially -
Gifferent lengih 'and: positioned ifor! ‘capaeifive
coupling f.herebetween. B tmnsmission line for
aid dipoles -,
having :sué¢h individugl’and mituel reactancds =
- that sald system exh.ibits low 3:1:1 capacitive re- .

centersfeeding: one -of |§8i4; clipoles ‘

actance throughout sald band of frequencias gnd

- lumped inductance at the center|of one of said
dipoles connegted in- p&rﬁd]el%ﬂcmss sald {rans-

mission line compensa.tmg for lcjxw5 _capacitlve

‘14 A broad-band E.nbanna. for mcient trsms-

-~ misalon or reception throughaut gald band come

’-.
14

prising @ palr’ of axially’ al.gniﬂd broad . strips
forining &-center-fed dlpole, and 22 second shorier
dipole exhibiting fundaraental esonsmce ata fre.

" guency within said band for. whlch ‘said. first-

named dipole exhibits harmon.lcs Fesgnance,; sald
second-named dipole comprising broad sirip

L.L,. H?J

L
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"‘having lts wide faee parallal to and sp:aoad fmm '

the wide faces of sald pair of strips fo provide .

- -mutial capacitive readtance which with the self-
reactances of the digoles insures low effective

resctance at the center of sald first-named dipole

- at-all frequencles within sald band.

13. A broad-band antenns comprismg Y pair

& transmission' line cennected to sdjacent ends

.-of sald strips, an insulating suppert mechenically

connecting said strips In axial alignment, an in-

o

: . ‘arranged about said first:dipole in spaced parallel : -
: of broad strips forming a low Q center-fed dipols, i

I8

e sylating housing on sald support and: enclosing-

sald ends of said strlpj and the transmission ling -

. connections thereto, and a second shorter low

Q dipole comprising" st brosd strip stupported by

16

said ‘housing with its wide face parallel to the -
wide faces of said pair of stripsto provide capac-

" itive coupling thereto. )
14. A broad-band ant.enna sysbem aﬁording &
-standing-wave-ratlo ‘pot greater than 2 over a
. freauency band:the. Tatio.of whoss faylmim fre..
“liguency to minimbm- fréquency is greater than

1.5 comprising s first center-fed dipole having
an inductance connecbed at its center in parallel

-across the feed line, 8 plurality of shorter dipoles

placed clrcumfexentiany and equally spaced sbout

20

23

sald first dipole in paral}el axial alignment there-

with, said shorter dipoles being capacitively cou-

pled to-sald first dipole ab thelr ends, said first |

_dipole being of ‘length for scting £3 the primary

30 .

radiator. at the lower frequencles -of sald band .
and sald ‘shorter-dipolss acting as the primary

_mdiators at the highep frequanclaa of sald bmd

M

15. A bros.d~ba.nd antenna system eompmuu; .
& first center-fed dipole of large average {rans-
. versé cross section and having an Inductaneé con-
‘nected st Is center across the feed lne, & plu:
rality of shorter dlpoles positicned circumferen~
tisliy about sald firat dipole, said shortsr dipoles

relation and capacitively coupled -therewith to-
provide for low net reactanée ‘of safd system
throughout a band of Irequenci&s the ratio of
whose ‘maximum - frequency to mimmum fre-.
quencyismater thanlb .
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- “front,” namely the “back” of the antenna. In fact, for.

.+« television stations. have increased their power, the prab-l -
R lem of interference between stations has inereased. In-

- the. same. channel or on ad]acent channels. An inter~.

.- therefore very desirable, particularly in fringe areas where
' problems of co-channel and adJacent channe] mterference
. arise most often..

- most effective in. overcoming the problems described

United | Smteg ?%@m @ﬁﬁ@ |

Patented Dec. 17, 1957

2

ment'bei:u'nd the active elément. (By “in-line” is meant

- in a -common horizontal plane w1th elements spaced in

2 817,085 _
BROAD-BAND END-FIRE TELEY ISIO‘*I ANTENNA b

Jerome Schwartz Ellenville, N. Y, aid Yuen Tze Lo,
Urbana, Ii., assignors to Channel Master Corporatmn,
Ellenvﬂle, N. Y., & corporation of New Tork .

Application November- 14,1956, Serial No. 622,073 19
26 Clanns. (C1, 343—814) -

The present invéntion relates to hwh-gam broad ‘band 15

" television antennas with muliiple in-line active elements,

-and miore particularly to such antennas in which the active
elements are constructed-so that the amount of radio fre-
quency currerit produced by each in response to excitation
by radiated radic. frequency energy Is substantxal!y the 20

. same. -

A parncularly effective television antenna is most neces-
sary in so-called fringe areas, which because of theif

* great distance- ‘from the television transmittér, or for: .
-.other Teasons,-recaive a very weak. television sxgnai In 26

'such areas an antenna having considerable gain is re-
quired {gain being the arftenna’s signal gat_hermn ability
.compared to a standard dipole anteanz). It is normally:
not sufiicient that &n antenni in such areas have a hxgh

is designed to'cover, On the contrary; it is desired that
-an -antenina” for-such- an -area have a hxgh 'gain at each’

channel to ‘be received and that the gain across the com-’

plete band or bands formed by all the various channels be..
substantially constant or “fat.” . R
A further feature of increasing :mportance in tele-
vision . antennas ‘is the “so-called “front- to-back-ratio.”,
High pain antennas. are highly -directive, so that 51gna13
from a partieuiar direction aré receiveéd withia gain many:
-times as great as the gain for signals from other direc- 40
tions from the antenna. The direction from Wwhich signals: -
are best received is designated the “front” of the asterna..

" Most antennas are also.somewhat sensitive in other dll’EC-g .

tions and particitlarly to the direction: opposma to the!.“
most antenpas; the second most sensitive d1‘rec£10n is the”
“back™ of the antenna, which in some cases may héve a
gain equal to the “front™ gain unlels spec1al prov1ston is -
made, as by use of a reflector. i
As ‘the number of tslevision stations has increase d and: ;50

terference may occur between two televmmn statlons on -
fering station is seldom located in the same direction as 65

the desired station, and thus an antenns with a hlgh de- -
gree of ‘directivity is very effective in eliminating this

~interference except from the “back™ direction. Thc de-
~“gree of-directivity of antennas as to the “back” direction-

is frequently défined in terms of. relative sensitivity in
“the forward and reverse directions, called “front-to-back
ratio.” - An antenna with a high front-fo-back-ratio is

65
The basic type of antenna prevtous]y conmdered to be

above, is the .so-called “broad-band” Yagi . antenna,.
Many variations, of this type of antenna exist, but it-may.
be identified "enerally by several pa.a][el parasitic di- (4
pole elements (directors) arranged in‘line in front of an’
active element; usually: with a single parasitic reflector ele-

- single Tear parasitic element. (reflector),

transmission line.

the front-to-back direction.)

In'spite of its supetiorify in some respects over many-.-
other types of antennas, the broad-band Yagi is-still sub--
ject. to many limitations. A basic theoretical condition
for maximum receiving antenna performance-in a multj-

- element antenna is that every element should produce an

equal amount of current in the proper phase relationship, - -
The broad-band Yagi.antenna cannot-fulfill this. condi-
tion on more than ome -or two channels becanse (the
current and phase- relationships - do -not” hold . constanf
across the V. H. F. band. . Sincé it cannot make full use .
of the transmitted” énergy at all frequencies, this atnenna - -
type cannot realiz¢ uniform gain on cvery channel and ig
niot properly called “broad-band.” :
“The . ability ‘of ‘the: Yag1 antenna to - produce a hxvh -
front-to-back-ratio- on all - channels i§ also -inherently

limited.” The mpedance of each parasitic element and

the physical spacing between thém, determine bolh -the
phase and the’ amphtude of the current ﬂowmg m ‘the:

2,817,085

parasitic elements since no electncal connecuon lS pro—- s

vided to them. - L
Ideally, automatic compensatwn should. be prowdcd' :

te maintain substantlally €qual current in-the proper:phase:. :
for changes in frequency. However, the physical tharac-. -
“ter of the parasitic elemert is fixed and: therefore changes.

in cwrrent magnitude and phase must mvanably occur

. with changas in freguency:
* . gain for only'a few of the channels in the band which it. 30 -

Antennas according to the: prescnt mventlon are. not
subject to the inherent limitations. of the broad band Yagx

antenna dug to the fact that the present antenna does not-= «+ *oo ir o

rely on forward parasitic elements (directors) to in-
crease the antenna gain. On the contrary, all the €le-
ments of the antenna.are active with the exception of a
Since the for=
ward elements of the antenna are all thus connected by an

" electrical transmisson line, the current and phase relation-

ships of each element are not determined solely: by its
physical dimensions-but also by the cirrent flowing in the
Proper design of the present antenna
can therefore prowde an antenna in which every élement

‘provides a. substantially equal amount of current for all

channels in the band.

: Tt is accordingly am object of the pxesent invention to
provide a television-antenna.having multiple in-liag.active.
elements wherein each element produces substantially an
equal amount of current in the proper phase relatlonshxp

’ at every channel in the band.

It is a further object of the present! ihvention. to pro.: '

pole clements wherein all. of the elements except a re-
flector element are active eIemems connected to a-frams<
mission line.

It s still another object of the pres“nt invention to pro-
vide a television antenna havihg several in-ling active
dipole elements wherein the impedances of the. active
elements are different,.-with the rear active elemesnt having =

the highest Impedance and each successive element im: :opo.iary

front of the rear element having a successively lower -
impedance  with _ this- relatmns‘mp -miaintained over the

entire operating range.

It is stil another object of the present invention to
pmv:de an anténna of the above type wherein the trans-
mission Fine connecting the active elements’is of differ-...
ent characteristic impedance at dtf‘fercnt points along its

© length to better bahnce the' actne elemems of d:ﬂ'ercnt'
: rnppdance

It is ‘a further ObjECT. ‘of the present mvenl:on to. Pro- -
vide a relevision antenna having: several in-line active
dipole elements.of the V-type wherein the impedandes of
the .active elements are different; with the reur -active

-t

- ¥ide a television antenna baving a number of indine divy oo oovin
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element having the highest impedance and each succes-

sive element in front of the rear element having & suc-

cessively lower impedance at all operating frequencies.

Itis a further object of the present invention to pro-.
vide a-television antenna of the above type wherein the.

- aB17,036
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" cross-boom 13 is connected to the mast 12 by means of

5

fotward elements are ¢onstructed with a smaller includéd
V angle and the rear elements are constructed with a

larger V angle so that the currents in the elements are
mamtamed more nearly equal throughout the band and
the proper phase relationship i s better maintained through—
out the band.

It is a still further object of the present invention to
provide a television antenna having several in-ling active

10

elements with the rear active clement having the greatest ‘

impedance and the impedances of the remaining ele-

ments being gradvated toward the front of the anfenna.

at all op'e’_raﬁng frequencies, and further having a termi-
" nating resistor at the forward end”6f the anteniia for

16

-eltmxnatmg reflection’ and. unprovmg the front to- back- -

ratio of the antenna.

It is = still further object of the present lnvenhon to
provide a television antenna wherein all of the elements
of the antenna are physically folded elements in & vertical
plane so that each of the elements is in effect a truss-.
- like member havmg a preater Tedistafice’ to downward

bending.

Further objects and advantages. of the present, inven-
tion will ba apparent from a consideration of the follow-
mg descrlpuon in conjuncnon with the appended draw-
ings, in which:

Fig. 1 is a parspective. downward view of a 7-clemént
television antenna according to the present’ invention; -

Fig. 2 is a perspective partly schematic view of a 5-cle-
ment {elevision antenna according to the present inven-
tion;

Fig. 3 is a perspective partly schématic view of a
3-element television antemna according to ‘the present
invenﬁon,

.Fig. 4 is an enlarged fragmentary perspective view of
the mounting structare of the hairpin dipole elements of
the antenmas shown in Figs. 1, 2'and 3;

Fig. 5 is an enlarged fragmentary perspective view
showing the mounting structure for the three-conductor
dipole element of the antennas in Figs, 1, 2 and 3;

Fig. 6 is an enlarged fragmentary perspective view
of the mountmg structure for the reflector- clement of
the antennas in Figs 1, 2 and . 3;

~ Fig, 7 is an enlarged fragmcntary perspective view
of the U-bolt and cross-arm mounting <lamps of the
antennas of Figs. 1, 2 and 3;
- Fig. 8 is a schematic dlagram of a T-element antenna,
according to ‘the present invention useful in explalning-
‘the theory of operation of the antenna;

Flg 9 is a schematic dingram of the hairpin- type dipoles '
used in the present invention;

Fig. 9a i3 a schematic diagram of a convcntlonal falded
dipole;.

-Fig. 10 is a schematic diagram of a V-type dipole

20
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. sscured. to the cross-arm 16 of the antenna 11

80
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antenna. showmg the current dlstrlbuti_on for the antenna;

Fig' 11 is a diagram of the current distribution in
& circuit equivalent to the V- “type dipole presented to
demonstrate the theory of operation of the V-type dipole;

Fig. 12 is a schematic cirenit diagram of a substantially
equivalent electrical circuit for a 7-clement antenna ac-
cording to the present invention; |

Fig.”’13 is an impedance curve of a typlcal dipole

60
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antenna presented to aid in the explanation of the theory "

of operation of the present antenna; .
Figs. 14a, 14p and. 14¢ are impedance curves of re-.
spective ones of the dipoles of an’ antenna -according to
the present invention presented to explam thc thecry of
opetation of the antenna.
Referring now to Fig. 1 and to Flg 7, a 7-e!cmcnt

70

antenna according to ths. present invention is shown at -

11. ‘The antenna 12 is supported by a mast 12; a double

78

a cross-arm clamp 14 and U-bolts 15, The cross-boom

13 is constricted of a lower.cross-arm 16 and a similar

vpper support-arm 17. The cross-arm 16 and the sup-

port-arm ‘17 are rigidly secured together in spaced refa-

. tionship by a number of truss members 18.

The provision for two structural arm members, namely )
the cross-arm member 16 anrd the support-arm member .

17 renders the structure of antenna unusually sturdy by
utilizing the truss principle of construction.

The electrically operative. portion of the- antenna con-
sists of seven V-type reflector and dipole elements 21,22,
23, 24, 28, 26 and 27. The V-type reflector 21 is com-

posed of two arms 2la and 215 located at an obtuse

angle to:one-another and forming the arms of -the V.
The dipole elemients 22, 23, 24, 25, 26 and 27 are sim-

ilarly composed of two arms 22a and 225, 23q and. 235,
“24a gnd 245, 25a and 25b, 26z and 26b, and 27a and 27k,
respec:uvely Each: of the-arms of elements. 21 and

23-27is formed of a single conductor doubled back on
itself to. formt a fold or “hairpin.”’

The manner in which the antenra elements are se-
cured and connected may best.be seen by reference to
Figs. 4, § and 6. Each of the arms 21a and 215 is se-

cured to a respective mounting strap 31, and the mount--

ing strap 31 is further secured to a mounting block 41
The
other pairs of arms are similarly secured to respective
mounting blocks 42, 43, 44, 45, 46 and 47 by means of
respective mounting straps. 32, 33, 34, 35, 36 and 37.

The tiounting blocks 42—47 are formed of a- diglectric :
ng I ‘The arms 21a and 215, the straps -
31 and the blocks 41 may be connscted -together by -

insulating material.

riveting, bolting or any other suitable- means. The
mounting block 41 is also connected to the cross-arm
16 by riveting, bolting or other suitable means. The
other elements 22—27 .are assembled dnd secured to
the crossarm 16 in a similar manner. The straps 31—37
are of conductive material and ‘serve the putpose of pro-
viding an eclectrical connection tg complete a closed elec-
trical loop for each of the dipole arms.

Dipoles 21 and 22 are provided with connectmg bars
49 and ‘50 respectively for. eléctrically connecting the
arms of the dipoles at their centers. The bars 49 and
E0 are fastened between strapsi31 and between straps
32 respectively so. that the refigctor arms: 21a and 215
and the dipole arms 224 and 225 -arc each electrically
connected at thelr centers.: The ‘other five elements are
center-fed hairpin: dipoles and” ‘are therefore not pro-
vided withi connecting bars. :

The dipole 22 differs from the other elements in that
it is provided with center conductors 28a and 285.. The
center conductors: 284 'and 285 are conductwaly con-
‘necied at their outer ends to the respsctive: orter bends

of the dipole arms 22 and 225 In addition a shorting

bar 29z of conductive. material interconnects the two
outer conductors of dipole: arm: 22 and its. center con-

ductor 28a at a point near the end of the: dipple arm 22a. -

A similer shorting bar 29b:is similarly connected 8Cross
the dipole arm 235 and the eenter condictor 285, The
inner ends of the center condutiors 28a and 285 are not

electrically connected to the straps 32 ds mdy be seen in |

Fig. 5. Electrical terminals 48 dare provided at the inner
ends-of the center conductors 284 and 285 for connecting
an electrical transmission Hne 38 to the dipole 22. The
significance of this pamcular canstructlon of the dipole
element 22 will be cxp}a:ned i’ connectmn'wuh the ex-
planation of the electrical theory of operatlon of the an-
tenna below,

Ths transmission line 38 prowded fcr connectmg the
“anteénna 11 to a television, receiver 'is coprected fo the
antenna at terminals 48 of the: 3- conduicior d:pole 22

A second electrieal transmission! line section 23¢ is elec-
trically connecied ‘between! the! tcrmmals 48 of the 3-

conductor dipole 22 and rcspccuvc straps 33'0f the dxpole B

d
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element 23. . A third transmission line section 24c¢ con-

nects the straps 33 of the dipole 23 to the siraps 34 of the

dipole 24. A transmission line section 25¢ similarly con--

nects the-dipole 24 to the dipole 25, arother transmissiocn
line séction 26¢ connecis the dipole 25 to the dipele 28,

~and still another transmission ling section 27 -connects

the dipole 26 to the dipole 27 in a similar manner.
As seen in Fig. 1, 6 of the 7 elements of the sntenna
are connected by means of successive transmission line

. sections to the television receiver, The transmissioa line

harness sections 26¢ and 27¢ leading to the front two
dipoles 26 and 27 are preferably constructed with a wider
conductor spacing and thus have a higher characteristic
impedance .thar do other sections of the- transmission
line. - Although this construction utilizing different types
of transmission line.is preferred, all the transmission line
sections may be made of the same type line.

As seen in Fig.-I, the front dipole 27 has arms 27a
and 275 which: are shorter than the arms of any.of the
other dipoles. The arms of the various dipole elements
are progressively longer for dipoles 26, 25, 24 and 23.
This is a signiﬁcant feature of the invention and will be

io

15

explained in detall in connection with the explamtlon o

of the theory of operation of the dntenna..
+ In addition, the four front dipole elements 24, 25 26
and 27 have a smaller ‘V-angle than do the three rear

invention having ‘only S-clements rather than the 7-ele-
ments of the antenna shown in Fig. 1. The antenna;of
Fig.. 2 paturally Has less gain than the more elaborate

elements 21, 22 and 23. This feature further improves -
- the operation of the antenna, as will be explained below,
- Fig. 2 shows an.antenna 11 according to the present

30

antenna of Fig. 1. However, in some instances a smaller

~amount of gain is required;, and in the develepment of

the very high-gain 7-element antenna desirab[c attributes
were developed whleh are also useful in antennas .of
lower gain.

“In the 5-element antenna 114, the element 21'is a re~‘_

flector element as before, the element 22 is a 3-conductor
folded dipole element as bafore, and the elements 23, 24
and 25 are center-fed hairpin dipoles, all as in antenna
11 of Fig. 1. The major change in the anteana 1la is
the elimination of the front two elements of antenna 11,
namely, the dipoles 26 and 27. The V-angle of the di-
poles 24 dnd 25 is somewhat less than the V-angle of the
rear elements 21, 22, and 23 as was the case with the
7-element antenna 11 in Fig. 1. The length of each:of
dipole elements 23, 24 and 25 is successively less than

- that of the preceding: one to provide elements of dimin-

ishing impedance progressing toward. the front of the
aptenna. - The transmission line sections between vari-

ous antenna elements may be selected to have different

impedances to improve the antenna characteristics. - The

eémbodiment of the 5-element antenna is provided in-the
table below.
Fig. 3 shows a furthe. s1mp§1ﬁed version of an antenna

according to the present invention. A 3-clement antenna

115 is shown having ooly a reflector element 21,.a 3~
conductor felded ‘dipole element 22 and -a -hairpin dtp{)le

element 23. The 3-element antenna 115 will, of course,

Have still less gain than the S-clement antenna 11a. “The
antenna 11d is therefore particularly adapied for situa-

'dimerisions ahd characteristics of a particular prefefred

40
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poiat. “The terminating resistor may of course, be omit.
‘ted, and it normally would not be used with the 3-gle-
ment and 5-element antennas which do not reqmre as
high front-to-back ratio in any case.

In view of the fact that the proper operation of any
antenna-depends to some extent upon the physical di- -
mensions and upon the electrical characteristics ‘of its
various elements, three particularly preferred representa-
tive constructions for antennas according to the present
invention are described in the tables below.

‘Table I—7-element antenna .

) imped- spacing transnﬂzemn.
length- [forward] ence of from | line Ien
elamend center | tt of | trans. | adjacent.| from &

inches |degrees| line to (rear), (rear),
: element;| Inches | inches

:23 L+ VR TN F .
150 20 0 B |
2. 300 1844 201l4s
&0 40 300 1815
43 40 300 1844 2035
hairpln . 48 40 425 i8l4; . 1934
7 {(halrpin) 42 40 425 15 1935
1 Shortlng bara 73¢{* from ends of dlpole arms.
Terminating resistor, it used, should preferab!y have
a value of apprommately 500 chms. - 4 Lo
Table IT—35-clement antenna
: “imped- | spaclng |transmisslon
. length- forward| ancs of from | line length
element center | tilt of |- trans- | adjacent | from adja- .
. { to tip, | erms, | misslon | e¢lement |[centelement
Inckes |degrees| . line to {rear), - | (rear),
element | inches inches
{refl) ..o il 54 N[ PO PR [T
2 (3 eonductor) ______ 1B 30 . 300 ;2
S(halrpln) .......... 52 36| - 300 - 1814 2074 -
4 (halrpin) ... - - 48 40 |- 300 18, 209§
& (bairpin) - ... 48 40 1 425 1814
! Shorting barsAS%” irom ends of dipole arms.
Table Il —3-element.antenna
imped- | spacing [transmission
: . length- |forward| anceof from line length -
element center | tilt of | trans- | adjacent | from adja-.
-1 to tip, | erms;, mlssmn element |centelement
Inches | degrees| ' lineito (rear), -(rear},
: elemerlt_t Inches | " inches
TP PPV (-~ S N A U IO S
2(3 conductor)--._-. 140 an. 300 2 (R,
3 (hairpn) .. ... o 40| - a2 . 20 24il{g

| Shorting bars 6247 froin ends of dipele arms,

Tubing for antenna elements is preferably 7/&3”’ 0.D.F
except for the center conductor of the 3 conductor ele-
ment which1s $8” 0. D.

Distance between’ conductors of folded d1p01es {out-

- side conductors of 3-conductor d1po]es) is preferably
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tions in which high gain is not required and where the -

broad-band, flat response and other desirable features of
the present antenna will be particularly wseful.

Any of the present antennas and particularly the -
clement antenna ‘may be modified to have a higher front-
to-back-ratio by providing a ferminating resistor connected

€5

in parallel with the front element of the antenna. In ¢
the 7-clement antenna 11, for example, & terminating re- -

. sistor 51 may be. electrically connected between the
_straps 37 of:the forward clement 27.

The tertninating
resistor reduces reflection from the forward end of the
transmission line by providing an impedance which is
more nearly matched to the transmission ling at this

70

214" center to cenler.

A theory of operation of the present antenna will now. -
be explained by reference to‘ Figs. 8 through 120 <Figi'8- - <.

shows- schematically the approximate equzvalent elec-
trical circuit of the 7- element antenna 11 shown in Fig.
1. In Fig. 8 it may be seén that the reﬂector element
21 is not electncally connected to tHe other antenna ele-

ments but has its arms connected tof'vether The element

22 is a 3-conductor folded dipole jn which the center-.

conductors. are connected by means of 4 transmission
line to the other active antenna €lements. . The ele-
ment 22 is the main element of the lantenna, or in other
words, the element. connected -bythe “transmiission line

38 to the television receiver. The anteana elements 23,

24, 25, 26 and 27 azg all halrpm dxpole elements and.are
all electrtcally connected by’ means ;of transmission line
segments 23¢ to 27¢.to ‘the: mam elcment 22 and from
there to the television reccwer Al termlnatmg resistoy

to tip, | arms, | mission | elament’ cente!emenb B
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51 is connected across the termainals of the forward an-
tenna element 27,

As previously explamed the dipoles 23 to 27 in ths
preferred embodiments of the antenna are hairpin-type
dipoles.. The manner in which han-pm dipoles differ from
ordinary ‘Tolded dipoles is shown in Figs. @ and Da.” As

showr in Fig. 9 the hairpin dipole has both conductors

52 and $3 of each arm connected togzther at both ends,

and connected at the itiner ends to a respective conductor

o'f a transmission line 54. On the other hand, as shown
in Fig. 9a, an erdinary folded dipole has only omte con-

ductor 52 of each arm connected i¢ a respective con-

ductar of a transmission line 54. The. outer ends of

conductors 52 are joined by a:separate single: long con-
ductor 55 parallel to conductors 52 to form a single.
elongated loop from . one terminal of the line to the -
- .other.. The hairpin condactor of Fig. 9 has more desir-

able. 1mpedance characteristics in the present arrange-

"ment and it is therefore preferred that suth dipoles be

utilized in the construction of the present antenna.

In explaining the operation of the antenna it is desir-
able to first explain the operation of a single one of the
V-dipole elements.’ It js an imporiant featore of .the

2,817,085
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8
In order to explain the combined operation of the mul-
tiple V-type hairpin dipoles connected as shown.in Fig.

8, it is usefn! to consider for a moment a circuit in which .

the dipole elements are replaced by their resp_ective im-

pedances at a given freqnency Such a circuit is shown

in-Fig. 12 where the various antenna-elements equivalent

impedances are represented schemancally The imped-

ance of the reflector element 21 s represented at Zp, and
it may be noted that the reflector element is not phys-
ically conneeted {u the transmission line circuit. The
three-conductor dipole 22 is rep’resented by the impedance

Zp. 'The impedances.of thé remaining dipole elements are - '

represented by the mpedances 21,25 Za, Zyand Z,. The

terminating - resistor 51is shown ‘connected across - the

terminals of the impedance Zy.

The basic directivity patterns. (and thus the gam) of an.

" antenna are determined by the phases and amplitudes of

20

present invention, where the antenna i3 to be used as

a dual-band V. H. F. television antenna, to constroct each

. of the dipole elements with its arms tilted slightly for-
ward toward the source of reccwed signals. . ¥V. H. F.

television signals are broadcast m two separate ‘bands

the currents in the dipoles of the anfenna as well as by .'
the position of the dipoles-in respect to each other. It -

has- previously been explained that the current:in each of
the active dipoles of the present antenna is: controtled

in part by the current flowing in the transmission lme'

sections between the elements of the antenna.

- As seen in Figs. 1, 2 and 3, and described abo.ve, the
transmission line harness length: between each pair of ad-
jacent dipoles is greater than the free space distance be-

~tweed the samie two dipoles which increases the directivity

with channels 2 through 6 being in the lower band be-- ‘

tween 54 and 88 me egacycles per second and .chanpels:
47 throngh 13 in the upper band between 174 and 216
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megacycles per second, ~ Approximately half of the tele- -

vision' channels therefore have frequencies®which are
roughly three times the frequencies of the other half of
the television chanmels, It has beer found by early
workers in the television antenna art that the frequency
response curve of a dipole antenna for dual-band V. H. F.
television signals can be improved by tiliing the arms
of the dipole forward at an angle of 30° to 40° or so.
One general theorctical explanation of this-phenomenon
may be exp!amed by reference to Figs. 10 and 11, A di-
pole which is one-half wavelength long in the lower band
will be three half—wavelengths long in the upper band.

A dipole 56 is shown in Fig. 10 with dashed lines 57 in-

dicating ‘current distribution for low band signals and
dotted Iines_ ‘58 indicating current distribution for high-
band signals, In 4 straight dipole anii-phase high band

operation wouldirésult but in the V-dipole such anti-phase-
high band operation’'is made harmless because the center.

seclion of the V-antenna is located. approximately 180°
in space behind 1he two outer sections. The approximate
equivalent of this situation’is shown in Fig. 11 where the

" “outer dipole arm séctions are shown at 5% and the center

section at 61, The current distribution of the outer see-
tions 59 is indicated generally by the solid lines 62; The
current distribution of the central section 61 in absence
of the space: phase; difference is indicated by the dotted.
lite 63.. The space phase difference of* 180° converts
the current distribution of 63 into the reverse distribu-
tion 64 so that the current of all three sections.is in phase -
and the effect of anti-phase high band operation is avoided.
The V-dipole thus operates well on both low and high
bands.

All of the dipole elements of the antenna are of thc
V-type and hence utilize the principles explained above.
The V-type dipole cannot be advantageously adapted for

use with the Yagi antenna due to the fact that the inter-.

element spacing of the parasitic elements of the Yagi an-
tenna produces a substantial effect on antenna character-
istics. The Yagl antenna can therefore not be designed
to operate well 'on both high and low bands simply by
providing V-type elements, since the Yagi is seriousty lim-
ited by the fact that the proper low-band inter-glement
spacmgs will be too great for high-band V., H. F. televi-

' sion signals by a factor of about three.

over a conventional end-fire antenna,

For maximum antenna performance each dlpolc of the
antenna should also have an equal amount of current in-
duced in'it. It is therefore desirable to select the imped-
ances shown in Fig. 12 so that this result is obtained. It

.would at first appear that the current in each of the im-

- pedances shown in Fig. 12 (that is, in Zg, Z4, Zs, 23, 7y

40
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- 23¢-it is desired that a- greatet pomon namely, about
one-fifth of the remammg mgnal be’ absorbed by the im- -
5 pedance Zy.  Therefore,-in' order to. accomplish the de-

(i3]

63

.__.'

%5

0 -

5.and Z;) would be equal if .each of the foregoing im-
_pedances were equal.  This is not the case, however, dne

to the fact that the slghals involved have wavelengths not
substantially different from the spacings of the antenna
elements, and thus lows frcquency alternatmg currént
theory is not applicable, - | % |

The proper selection of the’ impedances in Fig.. 12 may
be. understood by utilizing the concept of reciprocity and
considering the 7- e[emént antennha in question as a trans-
mitting antenna for the! moment Considering the an-
tenna as a transmitiing antenna, the feed element im-
pedance Zy should be relat:vely large so ‘that- the major
portion of the signal sent mtolthe antenna ‘Wwill not be
absorbed and transmitted by,

¢ first or feed élcment Zp.
It is rather desired that only pprommately one-sixth of
an input signal be absorbed,or radiated by the impedance
ZF, and that the remajnder: be transn‘utted about the trans-
mission line.- As the s1gna1 continuies- down. ithe harness

sired result, the impedance Zl should  be less than the

impedance ZF At the impedance Zy it s desired that ap-

proximately one-fourth of the ' remaining: signal be di-
verted, and so on to the end of the! transmission line,
5o that each impedance ZF through Zs will have reccived
substannally an equal current from the transmiission line.

it is lmplactlcabie, of icolirse, to_ arrange! {that all of

_the remaining signals bg: abserbed by the last 1mpedaucc

Zg and thus the términating Yesistor 51 may be provided
fo absorb substantially. all of the remaining: s;nna! and

‘prevent reflections from the end of: the transmission line
. ﬁharness which would tend: to- cause undesirable back-lobes.
in.the antenna pattern which would 1mpa:r the desired’

high front-to-back-ratio.

matically represented in Fig: 8, the main dipole 2% is'a
three-conductor dipole and thusihas'a substantially higher

impedance than does a halrpin dlpole of the same length.
Although the lhree—conductor d:pole 22 lis pbymcaﬂy some= .

Correlating the principles e‘colamed in connection w:th. '
_Fig. 12 with the phystcal construction | of the aatenna sche-

)
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what shorter than the longest hairpin dipole 23, the three-

conductor dipole 22 has the highest impedance of any of

the active dipole elements of the antenna. The rear ac-
tive hairpin dipole 23 is the longest of any of the hairpin
dipole elements and thus has the. greatest impedance
among them.  Each of the dipoles 24, 25, 26 and 27 is
successively shorter than its preceding dipole, and hence’

each has somewhat lower impedance than the dipole im--

- mediately fo its rear, . - .
Therefore, by comparing the physical structure of the
antenna with the theoretical optimum situation explained

5
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spiral of the second hairpin dipole 24. Fig. 14¢ replesents
the impedance spiral of a third or front harpin dipole 25.

- ~In Fip. 144, four points are represented having reference

numerals 2, 6, 7 and 13, -These numerals correspond to
channél numbers in the V. H. F. television band, channels
2 and 6 being respectively the lowest and highest fres -
quency channéls in the low V. H. F. television band, and ~

" channels 7 and 13 being respectively the lowest and high-

10

with reference to Fig. 12, it will be seen that the present . -

antenna is-constructed to create 2 condition where ‘each -

dipole -receives. substantially the same current and thus
substantially optimum anfepna performance may be real-

" est frequency channels in the upper V. H. F, band.

As seen in Fig, 14g the first hairpin dipole element has
a letigth such that a maximum resonant impedance for the
element results at a frequency approximately correspond.

" ing to channel 6 of the 'V, H: F. television band, . This:

15

ized. -Although the principle of operation has been ex- .

_Plaiped in terms of transmission, it will be understood that’
an antenna designed for maximum transmission efficiency -

will likewise provide maximum reception efficiency in’ ac-
, cordance with the principle of reciprocity in antenna de-
sign. e . o
"It is not sufficient for the egual current conditions dis-
cussed above to exist only for a limited frequency range

- within the frequency band sought to be recovered. Other
antennas are able to-realize these conditions for limited
frequency ranges.

element is thus “cut” to channel 6, The impedance for
fower frequency channel-2 signals is léss than that for
channel-6 signals, but the impedance for channel-2 sig-
nals is more.then the impedance minimum corresponding:
to point ‘A in Fig, 13, The physical configuration of the’

N dipole is such that- the-channel-13 and-of the channel-7 .

20
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The most outstanding advantage of -

the present antenns resides in the fact that it can main-

_tain substantially equal current in-the antenna elements
throughout a-substantial range of frequencies such as over
both the V. H. F. televisidn bands. The manner in which
these conditions are thus maintained is explained by refer-
ence to Figs. 13 and-14.

Referring first to Fig. 13, there is shown a typical spiral

curve of the impedance of a dipole. The line OR repre-
senfs resistances from zero toward infinity. Inductive
reactances Xj, are indicated by distances above the line
. OR. Capacitive, reactances Xg are indicated by dis-

T tances-below the line OR.

points fall in positions on the inner loop of the impedance
spiral generally corresponding to the location of the chan. -
nel-6 point and the channel-2 point on the cuter loop of
the impedance ‘spiral. . e -
The second driven hairpin dipole 24 has-a physical .
length somewhat shorter than that of the.dipolé 23 and the
impedance spiral of that dipole is represented in Fig. 145. -
Since the dipole 24 has a length which is a somewhat.
smaller fraction of a wavelength than was the dipole- 23,
the channel-6 point is moved. clockwise around the impe-
dance spiral relative to its location in Fig. 14a. All the
other impedance points for the other chandels are moved

- a corresponding distance around the spiral in a counter

35

It will be observed that the impedance spiral crosses the -

.- horizontal line OR at a number of points A, B, C and D
and thus the impedantes at the given points are effectively

resistive and the idipole is resonant.

40

It may be agsumed that the points A, B, C, and D repre--

sent the first, second, third and fourth harmonics or in

other words, points:where a dipole is ¥2, 1, 1% and 2’

wave-lengths long, Tt will be seen that the dipole charac-
teristics are about the same between points A and B be-

. tween points C and I; that Is, the total impedance {which

is the distance from a point in the curve to point O} dimin-
ishes as frequency is decreased, from B to A or D to-C.

- The present antenna takes advantage of this fact in order-

" to: provide superiot performance over both the low

50

Yo H. E.band and thie high V., H. F. band, where the two - -

bands have a frequency ratio of approximately 3 to 1.’
As previously indicated it is necessary that the decreas-
ing relationship of the impedances of the successive an-
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tenna ‘clements must be maintained - for all frequencies in'.
the band to be covered.- The manner in which the present

- antenna consiruction accomplishes this will be vnderstood - -

by reference to Figs. 14a, 145 and 14c which show int-

* pedance diagrams with reference to a S-clement antenna,

but the same principle would apply.to antennas having a
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clockwise direction. ‘In Fig. 14c the impedance spiral -of
the still shorter element 25 is~shown.and thus.the im-
pedance points for the varions corresponding channels are
moved still farther in a counterclockwise direction around
the impedance spiral of Fig. 14e, 1 1

By compariig the relative location of the channel-6
impedance points in Figs. 14a, 14b and 14<, it will be
observed that the impedance of the second hairpin dipole
as shown in Fig. 145 is less than that of the frst hairpin .
dipole shown in Fig. 14a for channel-6 frequencies. The
impedarice at channel-6 frequencies; ofithe third hairpin
dipole as shoiwn in Fig. 14c is still less' than that for the
preceding dipoles.  * S :

Cotnparing the impedances of each of the three dipoles
at frequencies corresponding to other V. H..F. television
channels, it will be seen that regardless of; the recsived
frequency (within the V. H. F.'television ‘bands) the
jmpedance of the dipole 24 for that: particular frequency
is less than the impedance of the dipole 23 and the im-
pedance of the dipole 25 is sti;l}-lc}:‘]ss:_.;than; that of ‘the -
dipole-24. Therefore the present antenna: construction
utilizes these various principles’ foachieve an antenna

_construction wherein. the current received in each: of the

television antenna elements tends to be substantially equal
not only for a portion of.the V. Hi E. television band,
bat for each channel in both the upper ahd lower V. H. F,
television bands. The present antenna. therefore achieves

2 result which was impossible of accomplishment. with -

previous high-gain antennas such’as the Yagi and its vari-

- ‘ations. - :

greater or lesser number of elements. The feed element 22

represented by the impedance Zp is constructed as a three-
conductor dipole to assure that the feed efement 22 will
always have a higher impedznce than any of the other an-
tenna elements. . The particular impedances desired for

-the fhree-conductor dipole is attained by suitably position-.

ing the shorting bar 295 across the three-conductor dipole.
© The remaining problem then is to assure that the proper
impedance relationships are méintained in the threc re-
maining hairpin dipoles, and it is the sofuticn to this preb-
lemt which is explained by reference to Figs. 14a, 145 and
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The invention is not limited {to the particular means
for providing elements of progressively d_irhimshgng im-
pedance described above. In addition tof varying. the.

- length. and configuration of the anténna elements. in the

"manier described, other schemes for providing elements

- of different impedances might be used.. The inveption
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14c.. Fig. 14a represents the impedance spiral of the first

~ hairpin dipole 23. Fig. 145 represents the impedax_]c'e

(]

is not limited to the use of particular types or numbers
of dipole or other elements for the antenna. = However,
the three-conductor folded dipole 22 with shorting bars -
29a, 295 is particularly adapted for jus¢ with the present
antenna, - The three-conductor ‘dipole is a high imped- .
ance element and by incorporating ishorting bars which -




. antenna,
- antennaare -connected, however, by means of h:gher

.
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may be located at- various pom!s pear the ends of the
dipole, an-antenna elemert of relatively high, adjustable
.impedance is provided. The shorting bar for the three-

conducior dipole is located ‘at slightly different positions™

in the 3-, 5- and 7-element anfennas in order to provide
slightly different impedances for the clement and thereby

obtain optimum .antenna’ characteristics in-the respective -

antenna configurations..

It will also be observed that the use of double- or triple-
rod construction for all antemna elements provides an
antenna structure of superior physical strength.

The particular embodiments of the sntenna described
above are designed to operate in conjunétion with a'300-

ohm iransmission. line to the -television receiver.  An--

tennas ‘utilizing the.same principle may of course be de-
SIgned to have a lower or higher impedance suitable for
use ‘in- conjunction’ with transrmssmn lines - of lower or

. higher impedances.

In the foregoing explanation it was shown that the

sharagtetistics of-the antenna could be fmproved: by utis

10
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pnmarlly The invention is not limited to antennas for

such usé, however, and may be used for other purpmcsf

mcludmg transmission as well as reception. -

While the thLory of operation of the present antennz . . ...
has been explained in accordance with the best knowledge -

available, and the foregoing theory of operatmn is be-
lieved to be correct, the present invention is not to be

... Hmited by the tbeory of operation. advanced above.
Thus an’ antenna is provided accordmg to the present -
invention which possesses high gam and high frout-to-.
back-ratio as well as other desirable characteristics which.
are exhibited ‘throughout a wide-band of frequencres such

as the V. H. F. television band,
A!thongh particular preferred embodiments of the pres—

ent invention have been described in detail it-will be

understood that many modifications could be made by

“those skilled in the art: within the scope of the present

_invention, 4nd accordingly the present invention is not

20

Jizing transmission line Harness of différent characteristic

impedances for connecting certain of the antenna ele-
menty, - Table I, for example, shows that a preferred

eémbodiment of the 7-element antenna utilizes 300-chm-

transmission line for. the main transmission line harness
sections to the third, fourth and- fifth elements of the
The sixth and’ seventh ‘elements at the front

impedance transmission lirs, for example of '425-ohms.
By utilizing a high impedancé harness for the front two
antenna elements, these clements absorb’ the proper
amount of power so that the equalized power absorption
previously explzained is attained.

As also described above, the front elements in the
preferred embodiments of the present-antenna are tilted
forward at.a sharper angle. This feature, though not
‘essential for the practice of the. invention, does however

to be limjted by the particular embodiment shown. and
described.” | Rather the present IllVenf.tOIl is:to be hm:t-:d
soIer by the appended clauns

What is claimed is: -

1.. A brozd-band directive antenna array comprising o

plurality of V-shaped dipole elements arrayed in file in
horizontally spaced relation with corresponding arms of -
said -dipole’ elements. disposed in a common plane, the -

included V-angle of at feast one of said V-shaped dipole

30

produce further improvements in the antenna character-’ .

iztics.
30° .and 40° as described-in tbe prefersed embodiments
above, the antenoa ¢lements conld be set at more than
two different angles, differing more or less from 30° and

40°, The importaut. characteristic of the tilt apgles of

the ‘antenna ¢lements i3 that at least one of the forward
etetrients be tilted forward at a sharper angle than other
elerents to the rear of the forward element or elements,

Rather then using the two particular augles of -

40

elements bemg less than that of others -of said elements,

said dipole elements having progressively increasing im-

pedance from front to back of said-antenna array at-all

frequencies in the operating band, signal transmission

means connected to at least twe .of sald dipole elements..

to reczive a signal therefrom and a 'patasmc reflector an-
tenna eIcment horizontally dlsplaced frum an cwd one

- of said dipole elements,

2. A broad-band directive anenna anay compnsmg a
plurality of V-shaped dipole elemeats ‘arrzyed in file in
horizontally spaced relation with cortesponding: arms of

said dipole eleroents disposed in a comimon plane, the

included V-angle of at least one’ of said: Vishaped dipole
elements being less than that of: others of 'said elenients,
said dipole elements having pro;,resswely Anereasing im-

- pedance from front to back of said qntenna array at all
frequencies in the operating ‘band, signal transmission
.means connected to at Jeast iwo of s Qld d,pnle ¢lements

“to receive the signal therefront jand 4 parasitic veflector

It is thought that the improvement brought about by the ©
difference in tilt angles iy due to rather complex inter---

nction between the forward and rear antenna elements.

- No'entirely satisfactory theoretical basis for the improved .
characteristics afforded by this construction is available.

80

Although preferred emboediments of anteanag accord-.

ing to the present inveution have been shown and de-
-scribed - in- great- detail, it should be understood that the
invention is not limited to the details described. For
example, the specific maaner.in which the antenna ele-
ments are supported in position is obviously not inportant
with respect -io their electrical funciioning. It is also
obvious to those having 2 konowiedge of the antenna art
that other types of dipole antenma elements could. be
substituted for ‘the-particelar type of elements. shown in

60

the preferred embodiment of the present invention, “The -

present invention could bz practiced with a greater or

lesser dégree of succass with any of these. other type of .-
\ antenna elemeats by selecting active elements constructed
~.to- have progresswely increasing unp»dmces as you ap-
prO'lCh the rear active element.

It is equally obvious that althougb the reflector clc-
ment 21 in the various pruferr\,d cmbodiments of the
prcsem antentna 15 &
cther equivalent reflector clements, dipols or otheiwise,

could also be used in an antenna acwrdmg to the present
~invention. -

The" pﬁmcu.ar cmbod.mr‘nta of the "ntenna deccrlbed'

were degigned for us¢ as {elevision receiving antennas

liairpin dipolc type reflector element,’

. horizontally spaced relation w

s T8

antenna élement horizontally: dlsplacedl from an end ong of -

said dipole elements, said reflector elunen{ having arms
respectively paralle] to the arms of bald\cnd dlpo}ﬂ element.

3. A broad-band directive antenna warmy compnsmg X
pluralify of V-shaped dipole, e]em:,n's arrayed in file in
horizontally spaced relation with corr::apondmg arins of
said dipole elements disposed in‘a common plane, the in-

cluded V-angle of at least one' of. sal‘d Vishaped . dipole.. .. ..,

elements being less than that of: othcls of 'said elcmema,
said dipole e]emenis having' pro*rrasswely increasing im-
pedance from freat to back of said aptcnua array at all

frequencies in the operating band, srgnal trapsmission .
Teans connected to atleast two of said dipole elements . -
sald stgml transmission’
meansg comprising a ttansmlaswn live connected-to.a first-

to receive signals therefrom,-

of said dipole eélemenits and'a furlhcr transmlasmn line:sec:

- tion connecting at least one other of- s‘a:d dipole-elements -
" to said first of said dipoi¢.-elenients, ‘sald further trans- -
mission tine section between saidiclements having a lensth -

greater than the physical spacing b\,tv. een said elements,

and a'parasitic reflector antenna eiemqnt hormontally dss-' '

placed from an end one of said dipole elements. .

4. A broad-band directive antenna array compmmg a

plurality of V-shaped dipole elements arra;cd in file in
CD]"’SpOﬂ\J n,:_, a1ms 1
2. common planeé, the

gaid dipole. elements dJS[}OSLd

includsd V-angle of at least. onc ‘of said” V-shaped dipole

elements being less than that o oihcrs of said elements,

and at-least e of said elements bvx_ug‘ a high impedange . .

Lo
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{ype dipole having a higher resonanceé impedance than
others of said dipole elements and said other dipoles hav-
ing progressively varying impedance from front to back
of said antenna at all operating frequencies, signal trans-

-mission means connected to at least two of saild dipole 5
elements to receive a signal therefrom, and a parasitic re-
flector antenna element. horizantally dep!aced from an
end one of said dipole-elements.. -

5. A broad-band directive felevision antenna array for
_"both the high and low frequency portions of the V. H. F.

television band compnsmg a plurality of V-shaped dipolc'
“elements arrayed in file in' horizontally spaced relation

with corresponding arms of said dipole elements disposad
in & common plane, the impedances of said dipole elements
being different at each antennma frequency within said
V. H. F. television band and arranged with increasing ele-
ment impedance from the front to the rear of the an-
tenna for all frequencies in bothi safid portions,

6. An antenna-array as claimed in claim 5 wherein the
ﬁ_rimpedance of -each of said dipole elements is selected to :
maiotain substant:a]ly equal s;gnal currents in said ele- -
- ments, G ‘
* 7. A’ broad-band dlrECthG antenna array compnsmg
at least three coplapar V-shaped dipole elements arranged
in Substantially parallef spaced relationship -with the bi
sectors of the V-angles of said elements colineat and-the

, vertex,of the V. of .each element pointed toward the rear
of said antenna, a parasitic reflector element in. spaced
... rélation with and to the rear of the rear one of said dipole
elements, a first transpission lice connected fo the rear
one of said dipole elements, and further transmission line
sections electrically - connecting’ each of said dibole ele-
ments to the dipole element to its rear, said further trans-
mission line sections between said elements having lengths -
respectively greater than the corresponding physical spac-
. ings between said elements, said dipole elements having
progresswe]y increasing impedance from front to back of
sa:d antenna array at all frequencies-in the operatmg band.

. 8.°'An antenna-array as claimed in claim 7. wherein
at least one of said further transmission line se¢tions has
a characteristic impedance different from said transmission
-line characteristic impedance.

9.. An antenna array as claimed in claim 7 wherein at
least one of the rear-most ones of said dipole elements is
constructed - with an included V-angle greater than the
included V- angle of the front one of said dipole elements.

10. An antenna array as claimed in claim 7 further in-
cluding a térmirating resistance element eléctrically con-
nected between the termiinals of the front one .of said
dipole elements.

11:- A broad-band directive antenna array compnsmg
a pIurahty of dipole elements, each element comprising a
pair ‘of outwardly extending arms each formed of elon- -
gated loops of conductive: material, the loops of each pair
. of arms being relatively disposed at an angle to provide '
'+ a’V-shaped dipole element, said V-shaped dipole elements
being arranged in substantially spaced coplanar relation
with the bisectors of the V-angles thereof in colinear rela- -
tion and with the vertex of the V of each élement pointed.
toward the rear of said antenna array, said dipole ¢le-
ments further havirg different impedances at all frequen-

" cies in.the operating. band and. being arranged in order

i

30
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Cof Incréasing impedance toward the rear of said antenna

" atray for all said frequencies, a parasitic reflector ele-
. ment having 2 pair of extending arms formed of elon-

gated loops of conductive material, said loops being elec-

" trically connected at their inmer ends and disposed at an
angle to provide a V-shaped reflector element; said reflec-
_.tor.element being disposed in coplanar parallel spaced
relation with, and to the rear of,.the Tear ene of said
© dipole elements, a first transmission line connected to the
réar one of said dipole ¢lements, and further transmission
line sections electrically ‘connecting each of said dipole
elements to the dipole element to its immediate rear, said
forther transmission line sections between said elements 76

70

. a’,éﬂ',i)‘es--
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having respectwe lengths greater than the corrcspond:ng

: physacat spacings between said elements,

12. A broad-band directive antenna airay comprising
a plurality of dipole elements, each element comprising
a pair of outwardly extending arms each formed of elon-
gated loops of conductive material, the loops of each-pair
of arms being relatively disposed at an angle to provide

" a Vsshaped dipole element, said V-shaped dipole elements

being arranged in substantially spaced coplanar rela-
tion with the bisectors of the ¥-angles thereof in colinear
relation and with the vertex of the V of each clement

‘pointed toward the rear of said antenna array, said di-

pole elements further having different impedances at-all

" frequencies in the operating band and being arranged’
15

in order of increasing impedance toward the rear of said-
antenna array for. all said frequencies, a parasitic re-

flector element having a pair of extending arms formed
of elongated loops of conductive material, sajd loops-
being electrically connected at their inner ends and dis-

posed at an angle to provide a V-shaped reflector element, - — - -
“said reflector element béing disposed in coplanar parallel

spaced relation with, and to-the rear of; the rear one of
said dipole elements, a first transmission line connected
to the Tear one of said dipole elements, and further trans-
mission line sections electrically connecting each of said

dipole elements to the dipole element to its immediate
rear, said Further transmission line sections between said -
-elements having. respectlvc Iengths greater than the corre-

sponding physical spacings between -said elements; the -
rear one of ‘said dipole elements. having its elongated -
loops conductively connected together at their inmer ends
and further including & conductor red for eack of its arms ~
extending substantially the length of the arm adjacent its

" corresponding  elongated loops and cofiductively con-

nected near the outer end to said correapnndmg elongated

loop and electrically connected neat the inneriend to-a-. «.:'iwnn )

corresponding terminal of said transmission line.
13.-An antenna array as ¢laimed in claim 12 wherein
at Jeast the one of said. further transmission ling sections

conrected to the front one of said dipale elements has a . ..

characteristic- 1mpedance hlghe!‘ than the. charactenst:c

‘impedance of said first transmissian line.

14. An antenna array as claimed in claim 11 wherem .
at least onc of the rear ones of said dipole elements is
constructed with an included V-angle greater than the in-
cluded V-angle of the front one of said dipole elements.

15. An antenna array as c:]au'n.ed= in claim-11 further
including a terminating resistance : element electrically
connected between the termmals of the front one of Sald

“dipole elements.

16. A broad-band directive antenna array compnsmg .

"a plurality of dipole elements, each: element comprising
" - outwardly extending srms formed: of eIongated ldops of

conductive material disposed at.an;angle: to provide a

3 V- shaped dipole element, said dipole elemeats being ar- ...z

ranged in coplanar spaced relation with the bisectors of
the V-angles thereof colinear, with the vertex of the V of
each element pointed toward the rear of said antenna
array, the included V-angle of at least the front one of
said elements belng less than the includsd V-angle of:
the rear one of said aftenna elements; said dipole elements
further having different impedances ‘at all’ frequenmes 1+
the oper'mng band and being arranged m order: of: in-+

- creasing impedance toward the rear; of sald antenna ars -

ray for all said frequencies,.a refiector element having ex- | .
tending arms -formed of elongated.. Ioops of conducnve
material, said loops being electrically connected at their

-inner ends-and disposed at an angle:to prowde a V- shaped_ .
. reflector element, said reflector element bemg disposed.n ... 2.0

spaced relation with, and to the réar of, the rear one of

- sald dipole elements, a.first transmission’ line connected

- to-the rear one of said. dipole elerncma for coupling 1o

other apparatus, further transmission ling 'sections elec-
trically inter-corinecting each’ pirit ] of ad]accnt dipole
elements to comple:e an electrical path from each of s&ld




' _transimission line-connected 1o 4 first of said,

2,817, 085
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. dlpo]c elements to s:ud ﬁrst transmission im\,_. sald furtn"r

: havmg a Lharactensm unp"dance h;gher than the char--

transmission. ling sections betwsen said elements having -

.respectwo fengthis greater than the: coreesponding phys:cal

spacings between said: elcments, and. at lzast-the froot.ene.

of said transmission line sections. having a highet char-

acteristic impedance .than that of said first transmission
_line, end & terminating resistor electrically connected be--.

~tween the termmals of ‘the front: one of sald d:pole eIe- .

" ments.
. both tite high and low’ frequency poriions of the V. H. F.
“television band cemprismg & plurality of V-shaped dipole

elements. arrayed in fils

in a common plane, the -included V-anglé of at least one

17. A broad-band directive television antenna array for_

10

in-horizontally spaced relation -
with corresponding arms of said dipole-sléments disposed - -
15

of the rearmost ones of sald dipole elements being graatér. .

than the included V-angle of the front one of said dipole
elements, the impedances of said di'po['e elements: belng
“ . different” and arranged with increasing impedance from
the:front to the rear of the anteénua at all anfenna fre-
quencies within said V. H. F. television band.

18. A broad-band directive antenna array ccfan‘sprising"

at least three coplanar V.-shaped dipele elements arranged

. in spaced relationship with: the bisectars of the Voangle o
- said elements coliear and vertex of the V- of each element

pointed toward the rear of said anteuna, at least ope of the

20
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acteristic impedaace of said first. transmission. line,
21. A broad-band directive antenna array comprising

. at least three coplanar V-shaped dipole elements arranged
" in spaced relationship with the bisectors of the V-angle-of. ~
~said ¢lements. colinear and the vertex of the V of each”

¢lement pointed toward the rear of said anteuna, at least

‘one of the rearmast ones of said dipole elements having: -

an included V-angle greater than the included V.angle of

the front one of said d1pole elements said dipole elements
having progressively increasing impedance from front JLL I
- back of said antenna’ array at.all frequenczes in the oper.
‘ating band, a parasitic reflector element in spaced rela: -

tion with and to the rear of the rear one of said dipole

elements, a first transmission line connected to the rear’’

one of said dipole elements, and further transmission: ling

- sgctions electrically commecting each of said dipole ele-

ments to the dipole element to its rear, seid further trans-

missicn line sections between said elements Having ledgths.

respectwely greater than the. cotresponding physical spac-
ings between said dipole elements and at least one of said

- further transmission line sections having a tharacteristic

. impedance different fram sald transmrssmn !me charac-

reatmost ones.of said dipolé elements havmg anincluded

V-angle greater -thon the included V-angle-of the front .

- one of said dipole elements, said dipole élemenfs having
- progressively increasing impedance from front to bick of

30,

said antenna'auay at all freque'ndeé'in the operating

band, a parasitic reflector element in spaced rélation with
and to the rear of the rear-onc.of said dipole: élements,
. & first tranymissiod [ine connected to theirear one of said

‘dipole. elements,: and [urther fransmission lige secticns

-electrically cornecting each of the others of said dipole.
elembnts to the d[poit. elament to. fis rear; said farther

transinission line sections having 1engths between said
elemants rcs;;utn'ey gteater than the correspondiag
physzcal spacings between said elements,

19." A -broad-band antenua: array for. operalion in a
givet frequency’ band comprising a plurality of ‘active

~elements arrayed in file in herizontally spaced coplanar -

" relation, said ‘active antenna eloments having different jm-
pedances at every antenna frequency in said’ band. and

being. 2iranged in order of increasing impedance. toward”

teristic impedance.

22. A broad-line directtve antenng array eompr:smo a
plurality of dipole elements; each element comprising @

- pair of outwardly extending arms e2ch formed of an €lon-

" gated loop -of conductive material with said arms bemg'.f o
disposed at an angle to provide- a Vishiped dipole ele- -
‘ment, -said dipole ekmams being arranged in coplunar -
_-spaced refation with the bisectors of the V-angles thereof

colincar and with the vertex of the ¥V of each clement
pointed toward the rear of, said anténna array, the in-

cluded V-angle of at least the front one of said elements
being less than the included V-angle of the rear ane of
$aid elements, said dipole. eiements further having differ-.
et Jmpedances at "all operatmg frequenc:m and being

- arranged in. order ‘of increasing impedance toward the

40

thy rear of said antedna array for every frequeacy in said-

band, the impedances of said active antenna elerents be-
ing further sglected to. maintain substantially, dqual signal
cuirents in said elenients throughout the -dptenna fre-

. Tatus, further: transmission line sections elecmml!y inters
connesting each pair of adjacent dipo]o elements to com-
80

" quedéy band, g refiector clcment hnnzontally displaced : -

to the rear of the rear one of said active anténna element,

- amd sagna] transmission means electrically connegted to
-~ at Jeast two'.of said dipole élements for couplmg ‘said
" array to other apparatus.

. 120.- A broad-band antenna array comprlsmg é plm‘aht}
of active elements arrayed in file in horizontally spaced

535

coplandy-relation, said active .antenna -eleirients Thaving .

different impedances at all opua*mg frequeticics and be-

ing arranged in order of increasing impedince toward lhb
rearsof said. antenna array for all said frcquencacs, the
impedances of said active antenna elements being further
selected tormaintain Substantially equal signal currents in
“sald elefedts throughout the antennd fréquéncy band, a

reflactor element honzont'llly displaced to the rear of the
- year ome of seiid ‘active anfenna elements, swnai transmls— :

_sion.means_ electrically connected to at least twp: of said
dipole dlements for couphnq said array to ashcl appwm-
{us, said s;crmi txansmmsmq means »Umummo 8 first
menﬂa ele-

“ients and A further transmission line section Connected .
to at least oaz other of said sctive elements,. said’ further
trapsmissior line sectiop-having a lcng,th br:twaf:n said-. 7~ -
elements greater than the physical spacmg bctwccn said

5

act:ve c!e’ncmq ‘and said {urther transmlssmn !mc secnon‘-

60

wave!nngth resonant frequanczcs, and said clements being -

40 S

rear of said antenna arrayiat all 'soid freqncncm a re-
flector element having a pair of extending arms each
formed of an elongated Ioop of conductive material elec-
trically coninected at their inner ends énd said arms being
disposed at an angle to provide:a V-Shaﬂet! reflectar éle-
mont, said reflector element being. dxsposed it spaced rela-

‘Homn with, and to-the rear ¢f; the réar one of said dipole
elements, a first fransmission line connected to the vear

one of said dipole eleinents” for coupling to other appas

plete an electrical path from each’of said dipole elements

to said first transroission lline, said further transmission -

line sections between said:elements having - respective
Iengths greater than the corrésponding physical spacings
Between said clemenis.

23. A multi-band antenna for a high frc‘quf‘ncy ban{l:
-and a jow frequency band, the frequencies of said high
“frequency band being approx;matcly tnplr' the frequencies
of said low frequency band, campnsmg a plurality of
" active dipole elements arranged in line, each of said ele- .,
menis having respective haif-havelength full-wavelength,
© three-halves wavelength and tiwo-wavelenpth resonant fre- "
- quencies, said low frequency” band. being Between said o
. half-wavelength and full wavelength resonant: frequencigs
of all said elements, and said high frequency band being

‘entirely. between said ‘threc-halves wavelength and: (wo-

arranged in' descending -order of resonant frequency from

- front to back of said antenna, whereby said ¢lements offed
- progressively increasing 1mpedmce from front to back of

said antenaa ot all quucm:;es of said low and high bands,

24. An antenna as in. claim 23 further including an - .

- additionz] active dipole element in back ‘of said. phirality

of elements. and. having a higher impedance than sl said”
plurality of eIcmen{s fcr all frequencms in both said

bands

o

.

i

A

P




!7

25 A w1de-band antenna for operatmn over a gwen_-

band of frequencies comprising a plurality of active dipole

.. elements arfanged in line, -all of said elements having
resonant frequencies at or outside the extreme edge of
_said given band, and ¢aid resonant frequencies being pro-

gressively smallet from-front to back of said anten’r_ia,

R 3p17,085

. -hlgher than that of said bacL elcment, and 2 third active .- :

18

dipole element arranged- in line with said first two ele- -

- ments and spaced rearwardly of said first two elements,

5

 whereby said -elements offer progressively increasicg im- -

pedances from front to back at all frequencms of said

given band,
26. A wide-band antenna for operanon over 4 given

10

‘band of frequenc:es comprising a pair of active dipole ele- -

© ments arranged in line and spaced from the front to back -+

of said antenna, said elements both having resonant-fre- ..

- 'quencies at -'or_o.utsidé- the extreme edge of. said .given
‘band, the resonant frequency of said front element being

15

T 2,772,413

said third element having an impedance at all frequ’cn’cies . .

of said band greater-than the impedances of said first two

‘elements whereby said three elements offer progressively

increasing impedances from front to back -of saud antenna R
at all frequencies of: saxd g:ven band., : :
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