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- 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
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‘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- |
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" 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
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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
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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

75

; 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

15

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
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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- |
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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- |
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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.
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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 .

FREDERICKA KOLSTER

REFERENCES CITESJ

The following referencea ‘are of record in’ the

ﬂIe of this patent: :
: UNITED STATES PAT'EHTS

Number . Name : Date
L ROAATTD Hfm,..on e e June 23, 1038
2,188,389 - +Cork et al. ___l..o2 Jan. 30, 1040
. 2,192,532 Katdn .1 __._Mar. 5 1940
2,268,640 Brown ____-h...'.___--__ Jan. 6, 1942
2.237,220 Alord o oo Jung 23, 1642 - .
2,280,868 - Alford .o .l July 14, 1942 77
2,257,329 Scheldorf . ._______ ~ Sept. 29,1842 .
2,311,364 Buschbeck et eJ ... Feb. 18, 1843+ =
2,380,333 Bcheldorf ....... --- July 10, 194.: .
. . FOREIGEE PATE:N’I%‘-@ : _ '
CRumber " Country” Date. -
872330 Pronce .. ioceeo--.- Nov. 10, 1842.




UNWDQMEBDSTTTCMHT
S PR | . NORTHER DISTRICT OF 1LtivOis
B o BEFORL JUDGE HOFFMAN
T - - DEFENDANT EX. No__ /'
S ooRoveY L. aracARRaT

S o ‘ * OFFiCIAL COURT REFORTER
- De'co‘i7, 1657 ' _ J. SCHWARTZ ET AL _ 2,8175035

BROAD-BAND END-F‘I“L. TELEVISION ANTENNA

Filed Nov. 14, 1956 3 Sheets—Sheet 1

.f :

!

i

Limat .

INVENTOR
JEROME “SCHWARTZ
YUEN T Lo

.BY %/959an§?1

A7 F?JP?ME }’.S'




Dec. 17, 1957 J. SCHWARTZ ETAL. 2,817,085
‘ g  BROAD-BAND END-FIRE TELEVISION ANTENNA | |
Filed Nov. 14, 1956 = A .3 Sheets-Sheet 2 -

. Iﬁiﬁu &

. INVENTOR.,
JEROME ‘SCHWARTZ -
YUEN T, LO '

. . :_...BYy gg, .ﬁ

ATTORNEYS.




: D Ec : 17; 1957 .

| Flled Nov. 14, 1966

| J. SCHWARTZ ET AL '
BROAD-BAND END-FIRE TELBVISION ANTERNA

3 Sheets"sheet :5 .

/772}7”

B 4@ {\54_‘7 5%

if—“ El]Af’

53— s
}}‘H‘EDQ

'f?f— }142-

1

. /r23c 4246 ,(ﬁc JZBC /rzTC )
1

i

4

_-_} :

Zp

.2.3..

124

' “’EN T. 10

51 -
I I - INVENTOR._
25- © " JEROME SCHWARTZ -~

1

[

—r

M% My

e AWOB’»’F}’S

.2‘317,035 S




kool

- “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

4

" 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

26

. sscured. to the cross-arm 16 of the antenna 11

80

36
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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

50

55
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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
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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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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
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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

30

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
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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
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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.
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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
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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

15

i2

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
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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.
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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
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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
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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 -
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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
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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
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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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