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3,210,767

1

3, 210 767

- FREQUENCY lNDEPEN DENT UNIDIRECTIONAL

ANTENNAS.

e DWigllt E. Isbell Seattle, Wash., assignor to The Univer-

* sity of- l!lmms Foundatmn, 4 non-proﬁt corporation of
. IMinois. " -
Fﬂe(l May 3 1960 Ser. No. 26, 589
BN 1] Clalms. (Cl. 343--'792 5)

' Th]s mventmn relaies to antennas. and more parucu-

from the base line to the adjacent smaller dipole, and
-has the significance previcusly given. :
The radiation pattern of the antennas of the mventmn,

2

" having the geometrical u'elanonshlp among the several

10

Jaily, it relates.io antennas having unidirecfional radia- -
. | tiem patterns, that are esscnttally 1ndependent of frequency

over wide bandwidths, -

: TTRE Entennas of the invention are. coplanar di ole_ar- -
*rays consisting of a number of dipo[€

"arranged in side-

;- by-side relationship jn a Flgne, the length and the spac-
ing betweeiT Sudcessive dipoles varyving according to a

. definite mathematical formuld, each of the dipolés being
fed by a common feeder which infroduces a phase reversal

- of 180° between connections to ‘successive dipoles. The
antermas of the invention provide unidirectional’ radia-

" tion paiterns ‘of constznt beamwidth and nearly constant

mput 1mpedances over any-desifed bandwidth, -
-‘The'invention will be better understood from the fol-

lowing detailed: descnptmn therecf taken in conjuncnon-

with the: accompanymg drawing, in which:

25 iy the
" parallel conductors, in: practice this distanee js- very:-small
- 50" THAt - the dipole mwmmmlaﬂy AT _

20

_parts as defined abave, is ‘unidirectional in the. negative
X direction, i.e., extending to the left from the RAIrow end _
_of the antenna of FIGURE 1. :

‘The. construction of ‘an actual antenna made in ac-
cordance with the invention is.shown in FIGURE 2. In

this antenna the balanced line consists of two closely-.
spaced and parallel elecirically conducting small diameter

tubes 17 and 18 to which arg attached the dipoles; each
of which consists of two mdmdual dipole clements, e.z.,
19 and 19¢, 21 and 21a, ete.

Patented Oct. 5, 1965

"Bt will be noted that each .

of the two elements ma_klng up one dipole ‘is connected.” -
- to a different one of -said conductors 17 and 18, in a -

direction perpendicular to the plane determined by said
conductors- 17 and 18, Moreover, considering either one

“of the conductors 17 and 18, consecutive dipole ¢lements -

along the length thereof extend in opposite directions.
It will be seen that this construction has -the effect of
altematmg the phase of the connection between succes-

- sive: dipoles, ‘as depicted- schematically -in FIGURE 1.

FIGURE 1-is a schematic plan view of an antenna .

made in dccordance ‘with the principles of the invention;
FIGURE 2 is:an isometric. view of a pracncal antenna
“embodying the invention;-and -
FIGURES:3 dnd 4 are. radiation pattems of a typu:al
- antenna, in the B plane and H:plane, respectively.

:Referring to FIGURE 1; it will be seen that the an-
tenna of-the invention. was composcd of a pluralzty of ..
.35

“dipoles 16, 11, 12, etc:; which aje coplan
-1t-will be noted that: the

lengths ol The sticcessive dipoles and.the Spacing between

‘these. dipoles-is-such-that the ends of .the dipoles fall on -
@ . pairof: stralght lines -which intersect: and form art"-_
c-dngle. a.

nator 13, by means of a balanced feeder line COTSIENT ing
-0 conduclors 14-and 16,
lmes ‘14 and- 16 are-alternatéd. between connections to
consecutlve dtpo[es, ‘thereby producmg a phase reversal

- between: such connections.

by the followmg equatlons

Ltu+1> AS(,,H)

-L’n . N AJS‘

It will be seen that the feeder :

Although the dipoles of FIGURE 2 are not pre
distance __between the

and the advantages of the invenfion are maintained. The

" apfenna of FIGUKE ¥ mhay bo convenicnfly fed by

30

means of a coaxial cable 22 positioned within eonductor
18, the central conductor 23 thereof extending to and
making electrical connection with eonductor 17 as shown,

‘As an example of the invention, an antenna of the

type shown in FIGURE 2 was constructed using- 0:125 .

inch -diameter tubmg for’ the balanced ling. and. 0.050
inch d1ameter wire for the elements. The elements: ‘were.

. aitached to the feeder linie with soft solder, and the array
- wag ‘fed with miniature coaxial cable inserted through

, -In-the ‘preferréd .embodiment the antenna. is 40
[ .- gymmetrical:] about a line passmg Ihreugh the m:dpomts i
ok & dipoles, 2 shown, . - :
e antenna s fed at 1ts narrow end from a _qonven-
iw L;tfnal Source 6T enersy, depicted in FIGURE 1 by alter- “
~antenpa in the E plane and the H plane are shown in -

-one of the balanced ling conductors, -

defined by the parameters r<=0.95 and e==20°,

- elément being 2% long, while the shortest element was
- ong-half of tlns length or’ 1%",

long, .
‘Typical radlatmn patterns - for - the above-descnbed

- FIGURES 3 and 4, respecfively. These patterns’ were
. found-to remain essentially constant gver the band of

: " over the range from about 1136 to 1750 mc./sec. ‘Was -
* better than ¥ db over jsotropic, .
‘The performance. of the abeve-described antenna :

:f

where s a constarlt havmg a value less than 1 L is . -

.. the length of any intérmediaté dipole in the array, L(n+l) S
_.-+ig the length of ihe adjacent smaller dipole, AS, is the
.. . spacing betweéen the dipole having the length L, and the

~adjacent larger dipole, and-ASy. ) is the spacing between’

:“the dipole having the length L, and the ad]acent smaller

_dlpolc

. given above, that the distance 1o the base Tine U at the
vertex of -the. angle @ to the dlpoles formmg the array

L are deﬁned by the equatlon

)x(nm

i

Where Xn is the dlstance from the base lmf: 0 to the dipole -

havmg the Iength L X(m 1 13 the correspondmg dlstance'

Te-will be seéri from the _geometry of the antennas, as.

: -about 1100 to 1800
‘The lenigths of the' dipoles 'md the spacing betwaen_;‘—?o
dlpoles are-relatéd by a ‘constant scale factor T deﬁned ’

sec.
back ratio over this band was 17 db and the d1rect1v1ty

ciearly indicates that the antennas of the invention pro-

vide excellent rotatab]e beams for use partlcularly in the ~
HF to UHFE spectrum. ' In comparison to the well-known

TR, s o siered
parasitic types of aftennas which bear somie resemblance

" to those of the mventum, sich as the Yapi array, the .

¢ antennas of the invention provide a much wider band-

80

width with essentlally comparable directivityT™ Advan- )

| tageously, however, the antennas -of {he Thvention neéd -
; no adjusting for their performance -over a wide band- -
! widih, compared to the parasitic types' which must be

65

5o tween about 20°. and 1097, wnh 7 having a value between

. adjusted by cut-and-try procedures for each frequency'
Further experimental work with other antennas similar’
-t that described above has indicated that the preferred: o

values for the parameters which define the aﬂtennas of

the invention include a rapge of values for angle o bF-

\ values w;thm the prefcrred ranges the antennas were

The antenna. was -
The an-
. tenng had a total-of 15 dipoles, with fhe-longest dlpole

The array was 7%" .

‘The mipimum front~to- o

o




Caprayll

- beirig fed in series by a commo

3,210,767

3

-~ found -to ~have essentially frequency independent per-

formance over any-desired bandwidth, The upper and
lower limits of the bandwidths may be adjusted as desired
by fixing the lengths of the longest dipole and the shortest
.~ dipole, respectively, Tt has been détermincd experi-
~mentally that the Jongest dipole element should be ap-

.proximately 0:.47-wavelength long at the lower limit and .

the shortest element should be about 0.38 wavelength
long at. the upper limit.

there should be at least 3 dipoles in the array. and prefer-
ably about 10 to 30 dipoles,
- The forcgoing detailed description ]'1'15 been given for

o clearness of undersianding only, and. no unnecessary lim-

.. itations shoinld be understood lherefrom, as modifications
. will'be obvious to those:skilled in the art.

. What is claimed is:

1. ‘A broadband unidirectional -antenna comprising fan
CArTay of substmtmlly coplanar and- pdm]lel d]poles of
progressively increasing length dnd.spacing .in side-by-
side relationghip,he ratio of the lengths of any lwo ad-
]au:nt d;poles being gwen by the formuh

Ly _
L

: ‘,'whcre T is‘ the length of any intermediate dipole in the
- arfay, Loy is 1he fength of the ddjuccnt smaller dipole

o Moreover, in order to provide .
<. & Suitable front-to-back ratia at the low. frequency limit,

o

10

Z~and"+.is a:constant having a value leéss than 1 JMhe spacing '

bctweeﬂ said d:po!cs bc1ng gwcn by 1hc formul'l

LA l\(m-ﬂ
S'"

..whcrc JSn is lhe spacing. between ‘the dipole having ihe

L ]ength Ly, and the adjacent larzer dipole, ASn,q) is the

" spacing between the dipole having the length L, and the

- adjacent smaller dipole, and » has the stgmﬁcance previ-

¢ -ously, asmgned{sald dipoles bemg fed in series by a com-

" ~mon feeder which alternates in phase between Siccessive
[137) LR

2, The' array of chlm 1 which is symmetrlcal about a-

Ying- pnsam" lhrow'h lhe mldpolnt of each dipole in the

3. A broadband umdlrectlonal antenna’ compnsmg an

‘ariay; of a plurality of substanhzﬂl_l coplanar and paralfel

: dlpoles ‘of - progressively increasing length’ in side-by-side
:e[auonsh;p, the ends of.said dipoles‘falling on a V-shaped
" ling formmg an. angle o at its vertex, the ratio of the
lengths of -any. pair of "ld]‘:'lCEl'lt dlpoles being given by
_the fcrmula e LT .

: l: L(n+l)‘_
=

i

where L, is the length of the longer dipole of the pair,
L(n,1) is the length of the shorter dipole, and r is a con-
stant h'lvmg a value less than 1, the dipoles in-said array
eeder which alternates
-+ 180° in phase between: successive. dipoles. '
- 4, The antenna -of claim 3 in*which the angle « has a
value. between -about 20° and 100°. and-the constant
" has a value between aboit 0.8 and-0.95.
5. The anfenna of clatm 3 in-‘which said feeder is a
balanced line which twisfs 180° between the connections
to successive dipoles,
6. A ‘broadband unidiréctional antenna comprising a
..~ balanced feeder line - conisisting wmm

" straight. arid - parallel conductors, a phurality of dipoles
each consisting of -two dlpole elements one of which
elements is ‘connected .to one of said conductors, the
~ other element. being connected directly opposite the first
.. tothe other of said.conductors, the clements of any

dlpole extending in opposite directions perpendicular to
: plane “detersnined by said “conductors,” consecutive
ipole-elements on each of said Tonduciors extending in
'j_oppasﬁe dtrechons, the ratio of the lengths of the ele-

30

40

- dipole‘elements being reversely connected to different con- |
ductors of .the feeder, said dipole elements being selec-

4
ments in any iwo adjocent t[ipules being - given hy the
formula

JLICEE
I,

where [, is the Iength of an element of any dipole in the
- anienna, /.,y is the length of an. element in the adjacent

smalier dlpole and 7 is a constant having a value less than
I, the spacing bctween said dlpOIES bemg gwen by the

formula

AS(" F1) i
Y

where AS,, is the spacing between, the dipole havi.ng the
element length Ip and the adjacent larger dipole, AS 1
is ‘the spacing between' the dipole having the element

length [, and the adiacent smaller dipole, and r-has the -

significance previously assigned.
7. The antenna of claim 6 wherein = has a value of

“about 0.8 {¢ 0.95,

8. The antenna of claim 6 wherem said feeder line

conductors aré tubular,
9. An aerial system including at Teast one set of p‘\r'lllel

dipoles spaced a!on-a, and substantially perpendicular to
“the longitudinal axis of a two»conductcu balanced feeder’
to which the halves of the dipoles ar¢ connecied: at their::
inder ends, said dipoles being of different electrical lenpths
ingreasing substantially logarithmically from the con-| -

nected end of the feeder to the other end and the dipole

feeder connections being crossed .over one another be- .

tween adjacent dipoles, the Spacings between Which also
increase substantially logarithmically from 5'11(] cormected ;

end to the other end.

10. An antenna system for wide-band use compnsmg‘ '

a plurality of substant:a]ly parallel conducting; dipole:
glements arranged in. substantially collinear

airs, the

opposite dipole elements of €ach pair constituting dipole :
halves, a two-conductor balanced feeder. having one con-
ductor connected to each of said elements at substantially |

the inner end thercof, each of said dipole halves ini a pair ¢

being connected to a different feeder conductor, adjacent

tively spaced along and substantlally perpendicular to
said feeder, the elements of each pair being of substan-
t:ally eqoal length, adjacent dipole elemeiits of dlﬂ'ere‘nt
pairs differing in length with respect to each other by a
substantially constant scale factor; the selective spacings

end of the feeder to the other with the ‘greatest spacing

50. between -adjacent dipoles generally decreasing : from one -

being between the longest dipoles, and means to connect .

the feeder to an external circuit at substantially the loca-
tion of the smallest of the dipole elements.

11, An antenna system for wide-band use comprising
a plurality of substantially parallel conducting dipole
elements arfanged in substantially collinear pairs, the op-
posite dipole elements of each pair consfituting dipole

- “halves, a two-conductor balanced feeder having one con-

G0

i

ductor connected to each of said-elements at substantially

the inner ¢nd thereof, each of said dipole halves in a pair
being connected to a different feeder conductor, adjacent
dipole eléments being reversely. connected. to - different
conductors of the feeder, said dipole elements being selec-
tively spaced along and substantially perpendicular to
said feeder, the clements of each pair being of substan-
tial]y equal length adjacent dipole eleinents of different
pairs’ differing in length with respect to each other by a
substantially constant scale factor, the selective spacings
between the dipoles along the feeder differing from each
other also by a substantially constant scale factor, the
greatest spacing . being between the longest dlpoIes and

. means to connect the feeder to an external circuit at sub-

-1

-l

stantinlly the location of the smallest of the dipolcs.
12. The actial system of claim 1 in which said scale




3,210,767

5
fltlms have va!neq w:thm lhc range from about 08 fo

‘_qthc)m 01.95, :
.13 An dnh,nn.z system fm wide-band ‘use comprising
vl anddirray-of ar deast three linear sobstantintly parallel
A conducting dipoles, each dipole being composed. of ‘two
“opposite - sibstantinlly collincar conducling _elements, a
W= Conduuior batarced Teedar iaving or:ffonduclm con-

;3" o “riectel to cach of said elements at substantially the inner -
r .« end thereof, Adjcent parallel. dipole clements being re- -

“ versely copnected t67a: different conductor of the feeder,

the. two -eléments of each dlpole being- of substantially -

equal length and - successive elements. being of lengths
.. which differ from one dipole to the next by a substantnlly-
* ‘constant scale factor. within the range from about 0.8 to

" tion of the smallest dipole elements.
s 14 An’ anténna system .for wide-band use comprising
a fninimnm of ‘three. pairs of linear substantially parallel

conductmg elements arranged . suMcgplmly,

“the “inner.ends of‘said collinear pairs of eiements, .ad-

7 "jacent paraElel elements being conriected to different con-’
- dilctors. of. the' feeder. so that the halves of the dipoles’

about: 0.95, the dipcles being spaced from_ each other-in
T generaliy ‘décreasing manner-in the -direction: of de- -
. creasing element length, and means to connect the feeder:
" conductors 1o .an external cireuit at substantml!y the [0(:'1-

. each pair being substantially collinear and comprising the
halves of a-dipole, o two-conducior feedet connected 1o

connect - to differént . conductors of the feeder and ad-.

. jacent dipotes are reversely connecled the hilves of each..

‘dipole being subshnlm]ly the. same fength; adjacent dipole

o+ elemerits bemg selectively spaced from -each other. along.
. the ‘feeder, the length of the. successive. dipole élements -

o along the feeder decreasing in accordance with a substan-

30

tially constant scale -factor, each dlpole and the feeder -

-between it and the adjacent dipole constituting a cell, the
- -dimension_ of the:several cells measured from the point
. of conpection’ of -one” dipole and the feeder 1o the outer
Cefid of the next smallér: adjacent dipole also decreasing
- from one’ cell 1o the nekt” in"the dtrectlon of decreasing
~ipolé dength aecording 10 a. substanlial]y constant. stube
Factor.so_ that. ihie -combination: of cellsprovides a siib:

a
Y
-

.,stantlally umform w:de band response and means o

10

6

connect an external circuit to the feeder clements at sub-
stantially the location of the shortest of .the dipoles.
15. An antenna systent for wide-band use comprising

a minimum of three pairs of substantially parallel and .

coplanar lincar conducting elements arranged in substan-
tilly collingar pairs, each pair of elements comprising

Lthe Halves of a dipole; a twmconduclt:r feeder, one con- .

ductor of which is connccted to cach of sail clements
substantially ‘at the inner end thereof, adjacent parallel

-clements being connected to dilferent conductors of the
feeder so that the halves of the dipoles connect to differ--

ent conductors of the feeder -and adjacent dipoles are
reversely connected, the halves of cach dipole being sub-

stantially the same length, adjacent dipole elements being

selectively spaced from each other along the. feeder, the

. lengths ‘of the elements decreasing from one end of the |
“feeder ‘tg the other substantially in accordance with-a
- substantially constant scale factor within the range from -
‘about 0.8 to 0.95, each.dipole and the feeder between it |
and thé adjacent dipole constituting a cel, the cell dimen-: -
¢ sion- from the inner end of .one dipole to the outer end of -
:the next smaller adjacent dipole also generally decreasing *
“from one cell to the' next in the direction from the
longer to the shorter dipoles so that the combination of::
cells provides a. substantially uniform wide-band response,
and means to connect .an external .circuit to the feeder . -
elemenits at substannally the, locatlon of the shortest of

the dipoles. ‘ .
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11 Cl:ums.

Tms lnventmn relates to directi»e antennas and.

- mere-particularly to directive receiving antermas
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‘verse doublets |,

celver.” )
recl.ivlt_v the end of the lne TL nearest the de-

of the so-called “fishbone” aIray. .
The directive *fishbone” receiving array now

- uzed in commercial radio reception consists of a
~number of parallel; ‘equally spaced,’ similar size

¢ollector wires or doublets connected: through
small couplmg eapacitors to a common transmis- .
sion line which conducts the sigmai to- the radlo
recener The length of the collecter v?n'es and
the size of the coupling condensers are c¢hosen to
give maximum received signal for a destlred band
of frequencies, Such an arrahgement is described
in U. S. Patent No. 1,821,402, granted September

1, 1931, to Harold O. Peterson. ‘It has beéen

found, hov. ever, that this antenna arrnyiresponds

rather markedly to only 2 relatively small fre-
quency band, so that it is necessary tol use seve
eral arrays to eflectively cover t%-e commercial
frequency - spectrum.

The present invention prcmdes an lmprcved
directive antenna in the form of g “fishbene™ ar-
ray: which gives more uniform respone'e ovVer a
wide rrequtncy band and thus mekKes it possible
to elliciently receive over 4 much’ wider fre-’

quency spectrum, so that for a glven frequency -

range to be covered, a smaller number or antenna
arrays will be required.

A better understanding of the present inven~ -

tion may be had by referring to the following de-
tailed description mhlch is accompamed by draw-

ing wherein:

Fig. ¥ illustrates a known type of antenna in.
the forn: of & so-called “fishbone” array;

Fig. 2 is a giaph showing curves ekplanatory of
the operation of Fig. 1:

Figs. 3a, 3b, 3c and 3d illustrate four different:
embodlmants of the present Invention; dnd :

Fig. 4 is a graph showing curves explanatory of
the operaticn of the antennag of the iny ention.

" Referring to Fig. 1, there is shown a ‘directive,
antennz -of known type comprising a two wire
transmissicn line TL to which are coupled trans-
The wires of transmission line
TL are closely spaced in order to avold their plek-

‘ing up recelved energy. One terminal of the
transmission line is conneeted to suitable high

frequency apparatus, hereln indleated conven-~.
tionally in box form by the-deslgnation “radio re-
To make the antenna: unilateral in di-

sired transmitting station and falthcst removed
from the tadio réceiver 1s closed by a suitable ter.

- minating resistance R whose impedasice is equal

to the surge Immdnnce of the lne as loaded by

{CL 250—32) -

energy coliecting doublets . Resistance R ab-
sorbs energy approaching from the direction of
the radio receiver and thereby prevents its re-
flection back to the recelver. :

The energy collecting doublets- l are preferably”

‘untined” and. eoupled externally to' the- feeder

members - through limiting impedances, herein

. shown preferably in the form of small series con-

densers {°.. United States Patent No. 1,908,536
describes a.type of coupling condenser commonly

"used in this type of antenna. By loosely coupling

‘the doublets to the transmission Hne ‘TL in this

manner, they have less effect upon the velocity
of the wave in the line, and their effect remains
small ini spite of appreciably large xar‘atxons in
‘the length of the received wav.s.
of antéenna is-well-known in th 2 . ~;0 further
description is hereln déemed necess. -{y. except
perhiaps to refer to United States Patent No.

1,821 402, supra which describes cuch an arrange— o5

ment,

Fig. 2 shcms varlous graphs mustrating fre-
quency versus effective height characteristics of
an antenna’ of the type shown in Fig. 1. Graph a

-1s the frequency résponse curve for & “fishbone™.

antenna having one particular length of doublet
wire and value of coupling condenser. Graph ¥
shows & slmilar frequency TESpONSe curve for n
shorter Jzngth of doublet, and graph ¢ represents
a Irequency response curve for a stil] shorter
lerizth of doublet.

Referring to Fig. 3a which 1Ilustrates one em-

- bodiment of the present invention, there are’

Sir a'this type.
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15 -

30

shown two sets of doublets (8 and 11 ‘having -

different lengths,

The doublets 10 and (I, it will be observed, are
grouped together in t'.\o different lengths.

Fig. 3b shows ancther embodiment of the in-
vention which is quite similar to the system of
Fig. 3a except that there are hére:shown a “flsh-
"bone™ array having groups of doublets of ‘three
different lengtlis, namely 7, § and’9.” In this em~-
bodlment doublets 8 contribute the greater par-
tlon of.‘the energy at.the Yower frequenecies,
doublets 8 at Intermediate frequencles and dou-
blets T at the higher frequencles. Now, at the

all capacity coupled to the:
" line TL in the same manner as shown in Fig. 1,

40

4

" higher frequencles where doublets T are con.

tributlng . the greater portion of ‘the slgnal en-
ergy doublets 8 may load the transmission lire

. TLquite heavily. “Therefore, it is advantageous to

-place these doublets ahend of doitblet 1 so that
the useful stgnal _energy passing from 1 to the
transmission line and thence to .the recefver. iy
not absorbed by the loading of doublels I
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array comprising doublets which taper continu-
cusly in length from one end of the antenna to
the other:

~_In Fig. 3d, thch Mustrates a Iurther embod!-
ment, the spacings between adjacent doublets

- along the transmission line TL are made greater

.

for the longer doublets 12 than for the shorter
ones {3. In this manner there is obtained rough- -

1y the same pumber of doublets per wavelength
along the transmission line of the mean operating

- frequency- for -those doublets in each group.

15
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Reverting for 2 moment to the graphs of Fig.-
2, it will be eviderit that each group of collector -

dnub!ets of a particular length will respond most
efficiently to its corresponding band «of fre-
quencies, sa that the combination of two or more
of such groups, as represented by curves g, b and
¢, wilt give the resuit of high response for a wider

" frequency band.

Figs. 3a; 3b and 3¢ employ this principle and
give the result of high response for a wider fre-
quency bangd, as-shown in the two curves g’ and
broof Fig. 4 which represent respectively the
arran"ements of Figs. 3a and 3b. The use of a
tapered array such as ‘stiown in Fig. 3¢ results in
& more uniform response over the desired fre-
quency spectium.

The capacitors through which the doublets of
Figs. 3a, 3b, 3¢ and 3d are coupled to line TL

need riot he all;of equel capacitauce but rather.
the capacitance should be properly proportioned -

for eack fength of doublet to give optimum trans-
fer of voltage to the line T without Imposing ad-
verse lozding. - ‘The method of selecting the de-

sired value of c¢apacitance is well known in the -

art.

It is to be distinctiy understood that the press
ent invention is not Iimited to the precise arranhge-
ments shown and described since varicus modi-
fications may be made without departing from
.the spirit and scope of the invention. It should
also he understood that although the invention
has been. de:cnbed p".rtlcu]arly with reference to

a receiving system, it is not Hinited thereto since’
the anterina. may equally well be used for trans-

mitting purposes. Although the doubleis have

" becn shown capacitively counled to the transmis-

66.
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sion line TL, it should be understood that the
“fishbone” type of array is not limited to such
manner of coupling, since the doublets may, if

‘@esired, be aiternatively connected either resis-
tively or directly to the Yine TL-in the same man-
ner as described i’ United States Piatent No.
1,841,402, supra, and the present inventicn is
applicakle to any of these or other types of “fish-
bore™ antennae wherein any deczived type of con-
pling is used between doublets and line.

What is claimed is:

- L A directive receiving antenna comprising &
transmission line, high frequency apparatus
coupled to said line, and a plurality of ttansverse
relatively elasely spaced aerial elements of dif-
ferent lengths loosely coupled to sald Une for
enabling communication with waves over a rela«
tively wide frequency band, sald antenna belng
aperiqdlc for waves ol all frequencies-in said
ha.nd. .

A directive receiving antenna- capoble -of
recelving a wide band of frequencles’ comprising
a stralght two wire {ransmission line, & plurality
of relatively closely spaced doublets of different

lengths: externally and loosely coupled to said.

Hne :rans\emly. each doublet havlng two arms

WY T et Cag e X W
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- Flg. 3¢ Mustrales a still fu:rther embodlment of -
the invention wheréin there is emnployed a tapered@

T m e e g R e

o
v‘-"' - LI

PRI e

r'qr"u'

which are coupled to different wires of said line, =

and liigh frequency apparatus coupled to one end

-of sald line, sald antenna belng aperiodic for

waves of all frequencies in said band.

3. A directlve recelving antenna capable of re-
celving a wide band of frequencies comprising a
two wire transmission line, & plurality of doublets

of gifferent lengths externally coupled to said

line. transversely, each doublet having two arms
which are coupled to different wires.of sald line,
high frequency apparatus coupled to one end of
said line, and o Tesistance substantially equal to
the surge impedance of said line as loaded by said
doublets coupled to the other end thereof, said
doublets having lengths which decrease from the
end at which sald resistance is located toward
said'high frequency apparatus, said antenna be-

o Y
Y N
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ing apenodlc for waves of an frequencies n said .

- band.”

4. A Rirective antenna comprising a transmis-

"sion line, high. frequéncy apparatus coubled to

said line, and a plurality of transverse aerial ele-
ments of different lengths coupled to 5aild line
for enabling communication with waves over &
relatively v.lde frequency:band, each of said aerial

‘elements cemprising a- pair of arms capacitively

courled externally to said line, there being a
group cf aerial elements for each different length,
sald antenna; being aperiodic for Waves of all fre-
quencies in sald band.

5. A directive antenna for commu*x!cation aver

a'band of frequencies comprising a -transmission.

jine, high fréquency apparatus coupled tg szid

20

26

Hue, and a plarality of rcladruy -clozely. spaced -

acrial elements continuously decreasing in length’
_toward said high frequency apparatus, sald ele-

merits being loosely coupled to said line, said
antenna being aperiodie for waves of all Irequen-
cles in said Band,

6. A directive recgelving antenna capable of re-
ceiving a wide band of frequéncies comprising a
relatively closely spaced straight two wire trans-
mission line, g plurality of enerpgy pick-up dou-
blets coupled transversely ang externally to said
ling, each doublet having two arms ‘which are
coupled cafacitively to different wires of said

35
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line, high frequency apparatus coupled to one -

end of said line and a damping resistance coupled
{0 the other end of said line, said doublets being
dividéd into groups haviag different lengths of
conductors, sald antenna being aperiedic . for
waves of all frequencles in sald baod.

1. A directive receiving antenna comprising z
transmission line, high frequeney . apparatus

coupled to said line, and a ‘blurality of aeria) ete-

ments, all of different lengths, continuously ta-
peting In length from one end of said antenna
to the other and coupled capacitively.to said line,
the longest aerial element being located farthest
from. said :high frequency apparatus, sald an-
tenna being apericdic over a wide band of fre-
quencies, -

8. A directive antenns comprising 8- stratght_
transmission line, high frequenecy apparatus
coupled to said line, and a plurality of transverse
relatively closely spaced aerial elements of dif-

&5

ferent lengths loosely coupled to said line for. -

enabling communieation with waves over a rela-

tively wide frequency band; sald antenna belng

: aperlcdlc for waves: of: all. frequencies fn said
" band.

9. A directlve ‘antenna comprising a tmnsmis-

., ston Une, . bigh frequeney epparstus coupled to

sald llpe, ahd & plurality of relatively .closely

spaced aer !a! elcments of dmcrem Ienglhs coup]ed
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" “{o sald Hne through umiilag impedances Tor
enabling communication with waves over & rela-
tively wide frequency band, sald antenna being
aperiodic for waves of all frequencles in sald band.

3 10. A directive antenna comprising & irans-
mission line, high frequency tranpslating appara- -

tus coupled to sald line .at one end, and three
groups of transverse aerial elements of differ-

- "ant lengths coupled tc said lne along the length

10 thereef for enabling communication with waves

T " ‘gyer a relatively wide frequency band, the aerfal

. elements in each group being of the same length,
“each of said aerial elements comaprising & dotblet
- having a palr of arms capacitively coupled £X-

15 ternally o said line, said doublets lncreasing fa-

[

" band. . .

" slze from the end of the Jine to which the trans-
lating spparatus is coupled, said antenns belog -
aperiodic for waves-.of all {requencies in said;

"1l A directlve antenna comprising a trans-
mission line, high frequency apparatus coupled -
to said line, and 8 plurality of Eroups of agerial
elements of different lengths coupled t& sald Bne
along the length thereof, the spacings betweeD 39
adjacent elements for the longer elements being
greater than for the shorter ‘elernents, sald an-
tenna being -aperiodic over & wide band of fre-
quencles, - . ' :
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