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i Clalms

The present invention relates to antenna sys-.

tems- and- more particularly to systems wherein
the physical dimensions of the antenna are-Small
relative to the: operatlng frequency ‘The inven-
tien is principally concerned with 1mprovements
in antenna systems for-use-on- aircraft and other
vehieles, though it possesses a w1de ﬁeld of appli-
cation where antenna systems ‘of small dnnen-
siens are required

For a- number of purposes, a vertlcal quarter-
wave element operating against ground possesses
eertain des1rable operating: charactenstlcs Such
an- antenna is non-dlrectlonal in the horxzontal
plane, promdes radlatlon with vertical polariza-
tion, and is an efficient radiator.  Thus for gen-
eral communication purposes 1t is frequently de-
sirable -to attempt to realize the characterlstlcs
of a vertical quartel-wave grounded system ’

-In many instanees, however, the operatxon fre-
qiency is such that it is impossible o employ an
antenna structure that even: remotely approaches
the dimensions of a quarter wave element ‘Par-
tmular}y is this the case where the antenna ele-
ment.is to be mounted on vehicles, espemally air-
craft, where the size of the- element is strmtly
11m1ted to dlmensmns which are norrnally reso-
nant only at'the h1gher frequenc1es - For opera-
tlon at lower frequenmes the equlvalent electri~
cal length of such an ‘element ay be but a small
fractlon of a quarter wavelength possmly 1/so
wavelength for example.

Resonant -operation of a -short antenna, ele-
ment is-possible by msertmg at the base’ a load-~
ing circuit having o relatlvely large Value of in=
duictive reactance, -but’ such”an arrangement is
exceedingly 1neﬁ‘1c1ent The reason for this 1s
readily ‘apparent when the factors mﬁuenemg
the radiation efﬁmency of such a system are con-
sidered. “In general, thé radiation efficiency var-
ies directly as the radiation- res1stance and’ in-
versely as thé sum of the radiation and- loss re-
sistances. The radiation resistance of ‘a ground-
ed quarter-wave vertical antenna referred-to the
base is apprommately 36 ohms. With shorter
antennas -the radiation resrstanee is proportxon-

ately less, and may-be only a fractlon of an-ohm

in the case of an antenna that is very short rela-
tive to its operatmg frequency

The 1088 re51stance consists of ground-! losses and
losses ‘i the base loadmg c1rou1t In so- far ds
vehicle antennas are concerned, the ground losses
are generally low because in most instances'the
ground compnses a cons1derable amount of hlgh-
Iy conductwe metalhc structure The most im-
portant soutce of ‘loss ‘i§ therefore to ‘be” found
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"in the base loading circuit. When the radlation

resistance is of thé same order as the loss ressifs
ance of the antenna system, the efﬁ01ency ‘of the
system is unreasonably 16w, -as the power radi-
ated and the power 1oss are of the same order of
magmtude In extreme cases ‘the power radiated
may be but & small fractmn of the power sup-
phed 1o the antenna system.”

i, however, the rad1at1on resistance of the an-
tenna can be mcreased apprecuably, a substantxal
1mprovement may be reahzed Where as in ‘the
case under dlscussmn the loss remstance is ex-
cesswe due to'the msertmn ab the baseé of g 'load-
ing circuit having a relatlvely large value of in-
ductlve reactance in order-to6 aftain resonant
operatlon, the poss1b1e nnprovement in efﬁclency
which results Gpon evern'a moderate lncrease 1n
radiation resistanceis con51derable T

It is therefore an’ object of ‘the invention to
prov1de an: 1ntenna. system of small physmal di-
mensions relatwe to the frequency of operatlon
but havmg relatrvely ‘high radiation resistance.

Another obJect of the invention is o' prov1de
a compact and efficient antenna system’ which
may be readlly adJusted for resonant operatlon
over a relat1vely wide range of frequenc1es A

Still another ‘objéct of the invention is $o pro-
vide an antenna system of small physxcal dlmenf
s1ons relatlve to its operatmg frequency, and hav-
ing a favorable current dlstrrbutlon along 1ts
length

For certain purposes an antenna system -having
somewhat dlfferent charactenstlcs than those’ ‘of

a quarter-wave antenna may be desired, 161 ex-
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ample those of an ungrounded or dlpole type of
antenna. The invention’ therefore contemplates
ag still' another obJect the provision of & dlpole
type antenna which may be’ small in size relatlve
to its operating frequency’ but nevertheless capa-
ble of operatlng at high efﬁmency o

‘Figure 1 111ustra.tes in schematlo fashion one
form  of the: antenna system ‘of the’ 1nvent1on
while-Figure 2 111ustrates in similay fashion’ a di-
pole’ antenna system embodymg the invention:
Figures 3 and 4 1llustrate modified: forms’ of the
antenna system- ‘of the- 1nvent10n “The’ reéaliza-
tion of speclﬁc embodlments of these systems for
particular’ apphcatlons may be d1ly accom--
plished-by those skilled<4n the art.”

‘The: antenna system of the invention employs
a plurality: of closely spaced: substant1ally parallel

"lihear elements 6, such as wires, rods tubes or

the like. In:-the case of ‘the grounded type dn-
tenna as shown in Figure- 1, these elements Wwill
be perpendicular to the surface of the ground




or structure equivalent to ground. While the
spacing between elements is preferably a very
small fraction of a quarter wavelength, the spac-
ing of these elements is not at all critical and
need nct be exactly uniform provided that the
system is symmetrical. For vehicle use, the ele-
ments may be contained in a simple hollow shell
of insulating material, the shell having appro-
priate contour Jor the specific apphcatmn
Since & ‘invention ‘is concerned with: anten-
nas whigh are very much shorter, relativé to the
operating frequency, than antennas of conven-

tional design, it will be assumed for purposes of -

illustration that the length of each element. 6
may be only 1/ of a wavelength or less of
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When several antenna elements, operating sub-
stantially in phase by reason of having their free
or outer ends coupled or connected together by
a jumper or other low impedance, are arranged
in closely spaced relation, the resistive component
of the transfer impedance of each element to
every other antennsa element is found to be ap-
proximately equal to the radiation resistance of
& single antennia element. Thus, when the multi-
tuned in-phase- .antenna system compr ises two
eleniénts, the current in-each element is half of
the fotal current and the radiation resistance
of each element becomes approximately twice

© that of a single element antenna. When the an-

15

the desired operating frequency. - Normally -an _
antennsa of this length would have such a low -

value of radiation resistance that if base load--

ing were attempted in order to attain resonant
operation, very little radiation: would take place,
and:substantially all the power supplied to the
antenna would be dissipated by losses in the load-
ing reactance and ground.

.As w1ll hereinafter - appear, the radratmn eﬁi-
ciency may be substantially increased by the pro-
vision: .of -a plurality of .antenna elements which
are arranged in.  substantially parallel closely
spaced relation and operated in phase. In-phase
operation .is attained by interconnecting the ele-
ments, at a point remote from the base or tuning
means and adjacent the.top or outer ends, as by
the jumper. 10 -or other low impedance means.
In:order that-each element may be adjusted to
resonance;: separate base-loading reactances- 12

are provided between the lower .ends of the -ele- ?

ments :and ground,. These reactances are induc-
tive, - comprising . variable . inductances or lnduc-
tively reactive circuits. .

--For tuning .the system, the. vanable elements
of the 1nduct1ve reactances 12.may be ganged in

. 'c_ated by the dot-and dash hne '{4. Short
dxrect leads 18, preferably separate connect the
reactances to. ground or to the equlvalent ground
supplied. by the metallic structure. of the vehi-
cie in-case of a- moblle mstallatmn ‘Shielding
between the separate reactances is desxrable such
as 1nd1eated at 18 -

In couphng the system to the radio equ1pment
couphng need be made to one of the elements
only, since all elements are maintained in phase

tenna system comprises four elements the cur-
rent in-each element is one-fourth of the total
current and the radiation resistance of each ele-

. ment is therefore approximately four times that
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through having their top or free ends coupled or

connected. together.. As -a-result, the excitation
of one antenna element excites the-other elements
in phase; . The- couplmg system may comprise
an: 1nductance 20  coupled to one of the antenna
mductances 12 and connected by a transmission
ling. 22 of appropriate nnpedance to the radio
equlpment not 111ustrated ;

The 1mproved performance of the above de-
scribed system arisesfrom the fact that when sev-
e1al antenna elements are arranged in: close prox-
1m1ty :eurrent in. each element induces a volt-
age in every other element, giving rise to mutual
1mpedance§ such -as; exist in any other coupled
circuit -arrangement. The resistance componant
of:this antenna impedance is the radiation re-
s1stance, while- the reactive ‘component, depends
upon the tuning of the system and becomes zero
at-resonance. - The- mult1 tuned in-phase anten-
‘na;system-can; therefore, be considered- as a plu-
rality of circuits each.having a self—lmpedance
together. w1th a-mutual_ or tlansfer Aimpedance
relative fo every other antenna element of the
system.
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of a single element antenna.
*"Where the antenna dimensions are such that
normally the radiation resistance would .reach
low values with a corresponding reduction in ra-
diation efficiency, as in the case of an antenna
whose length is a small fraction of a quarter
wavelength of the deszred operatmg frequency,
the use of a multl-element system having inde-
pendent base loading means for the individual
closely spaced elements permits a substantial in-
crease in radiation efficiency, dependmg on the
number of elements employed., Since no 1ncrease
in height is required, and as the elements may
be very closely spaced, the physical dimensions
of the system as a whole are not appreciably larger
than a single element base-loaded system. Smce
there is no apprec1able potent1al drﬁerence be-
tween _correspondmg points of _the,varxous an-
tenna elements, only a minimum amount of in-
sulation need be employed between the several
elements. - For aircraft use, the entire system
Imght well be enclosed ina smgle protectlve insu-
lating . enclosure of relatlvely small frontal area.
A further advantage results from the fact that
for a certam power supphed to the antenna, the
oltage at the free.end will be practically the
same regardless of whether the antenna is-a
multl-tuned m—phase system or a single element
system.. The input voltage will however be- h1gher
in the case of the multl-tuned system due to the
mcreased rad1at10n res1stance at the base, and
voltage standing wave between the base and the
free end of the antenna..-. Correspondmgly, there
will-be less varlatlon in the current - d1stnbutlon
between these points. The more umform current
d1str1but10n -on the antenna. element substantial-
ly increases the radiation efficiency because.the
available length of the antenna is more effectlve—
ly utilized, since the. radiation from any - pomt
on an antenna 1s proportlonal to the square of
the current at that point, -

As the rad1at1on res1stance of each antenna
element is mcreased the tumng of the system
becomes correspondmgly more broad and ganged
tuning . becomes. practlcal By the substant1al
increase in- radratlon resistance: achleved thmugh
multi-tuned in- phase operatmn the-use of. a base
loading reactance of cons1derable magmtude is
made possible Whlle retalmng satlsfactory rad1a-
tion efficiencies.  As a result ‘the: antenna ele-
ments: may be much, shorter than conven-,lonal
practice d1ctates, without sacrlﬁce in, perform-A
ance. - .
‘The- same prmmples and advantages apply m .
the case of a dipole or ungrounded system, which’
may-be: employed Where ‘no- ground or- structure»
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-euivalent to ground-is available, or wheie the
radiation pattern:of a dipole is desired.: As illus-
trated in Figure 2, the system is composed of a
plurality. of :substantially .colinear elements :30
arranged in: pairs to form dipoles which afe dis~
posed in-substantially parallel closely spaced re-
lation with their outer ends coupled or joined by
jumpers 32 and 34 respectively to provide in-
Pphase operation. As in the first described ar-
rangement, the length of each element may be
substantially less-than-a: quarter-wavelength of
the operating frequency, so that -the overall
length of each dipole is substantially less:than the
approximately half-wavelength dimensions of a
conventional dipole. To attain resonant .Opera-~
tion under these conditions, inductive reactances
86 dre connected between the inner ends.of each
pair of elements. The reactances are adjustable,
and single control tuning means is preferably pro-
vided, as in the previously described embodi-
ment. Individual shields 40 are likewise pro-
vided, the shields being connected to the mid
point. of the reactances enclosed: therein. -.Cou-
pling to .one of the reactances 36 is made by &
coupling coil 42 fed by transmissionline 44 from
the radio equipment, not shown.

" This system is particularly effective in applica-
tions where a. dipole type antenna is required and
where the limitation on physical dimensions of
the antenna is such that the radiation resistance
of a conventional system would be very much less
than’ a conventional hali-wave antenna of ap-
proximately 72 ohms resistance at the center.
By making possible a substantial increase in ra-
diation resistance, an efficient system may be pro-
vided ‘even though the overall dimensions are so
small that substantial values of loading reactance
are necessary-at the center of each: pair of co-
linear elements in order to attain resonance at
the: operating frequency.

While preferably the several dipoles ate coupled
or connected together at each end thereof, as il-
lustrated- in Figure 2, it is sufficient if but one end
of each pair of colinear elements or dipole is con-
nected to the corresponding end of another pair
of elements or dipole. Such interconnection of
one or both ends insures that the dipoles oper-
ate in phase, with consequent increase in radia~-
tion resistance as compared with a single dipole
of simijlar dimensions, Figure 3 illustrates an
arrangement involving bonds 46 at onhe end only
of each dipole.

In certain applications, consxderatmns of space
and structure may preclude the use of either the
grounded or the dipole type system. In such
cases, the modification illustrated in Figure 4 may
be advantageously employed. The system re-
sembles the multiple dipole arrangement of Fig-
ure 2 in that the antenna is made up of rela-
tively short elements 48 and 50 (in terms of oper-
ating frequency) which are arranged in pairs
with center-connected loading reactances 52 for
adjusting the system to resonance. Each pair of
elements constitutes in effect a bent dipole, with
the elements 50 forming an angle with the closely
spaced elements 48. Coupling to the radio equip-
ment (not shown) is by transmission line 54 and
coil 56, coupled to one of the loading reactances.
The closely spaced elements 48 have their free
ends connected together by a jumper 58 to insure
in-phase operation, with consequent beneficial
increase in the radiation resistance of the system.

Having thus described the invention as em-
bodied for purposes of illustration in systems
operating in the manner of grounded quarter-
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wave and ungrounded half-wave systems I cla1m
as my invention: :

1. A radio'antenna system compnsing g plural-
ity -of  closely spaced antenna ‘eléments substan-~
tially less than a quarter-wavelength of the op-
erating frequency in length, a plurality of: induc-
tively reactive tuning means connected in:the an-
tenna elements in the vicinity of a current loop,
means. for coupling radic equipment to-at least

one of the antenna elements, said elements being

spaced less than a quarter-wavelength apart; and
low impedarnice means connecting said elements
at.a point. remote from the tuning means to pro-
vide substantislly in-phase operation of the ele-
ments at the operating frequency. -

2. A'radio-antenna system comprising a plural-
ity of closely spaced antenna -elements substah-
tially-less than'a quarter-wavelength of: the oper-
ating frequency in length, individual inductively
reactive tunihg ‘means: connected between each
antenna element and ground, and means for cou-
pling radio equipment to at least one of said an-
tenna elements, the elements being spaced less
than a quarter-wavelength apart and connected
by low impedance means adjacent their free ends
to provide substantially in-phase operatlon of
said elements at the operating frequency.’

3."A radio antenna system comprising a plural-
ity -of closely spaced antenna elements substan-
tially less-than a-quarter-wavelength of the oper-
ating frequericy in-length, individual inductively
Treactive tundble devices cornected between each
antenna element-and ground, commeon -actuating
means for tuning said deviceg 51mu1taneously,
means for coupling radio -equipment ‘to at least
one of said-antenna elements; said elements being
spaced less than-a quarter-wavelength apart, and
low impedance means connecting the free ends of
said elements to provide substantially 1n—phase
operation of said elements at the operating ‘fre.
quency, whereby the radiation resistance of the
system is caused ‘to be substantially higher ‘than
the radiation resistance of a single element sys-
tem of similar dimensions.

4. A radio antenna comprising g plurality of
pairs of closely spaced antenna elements, the ele-
ments of each Jpair being substantially cohnear
at least one element of each pair having a length
substantially less than a quarter-wavelength of
the operating frequency, individual inductively
reactive tuning means connected between the
inner ends of each pair of elements, means for
coupling radio equipment to at least one of said
pairs of elements, said pairs of elements being
spaced less than a quarter-wavelength apart, and
low impedance means connecting said elements
at a point remote from the tuning means to pro-
vide substantially in-phase operation of the ele-
ments at the operating frequency.,

5. A radio antenna system comprising a p]u-
rality of closely spaced antenna elements sub-
stantially less than a quarter-wavelength of the
operating frequency in length, individual induc-
tively reactive tuning means connected between
each antenna element and ground or equivalent,
common actuating means for tuning said means,
individual shielding means for .each of said
tuning means, means for coupling radio equip-
ment to at least one of said antenna elements,
said elements being spaced less than a quarter-
wavelength apart, and low impedance means con-
necting the free ends of 'said elements to pro-
vide substantially in-phase operation of said ele-
ments at the operating frequency, whereby the
radiation resistance of the system is caused to
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be substantially- higher than:a. single element
system of similar dimensions.

. 6.-A radio antenna system compnsmg a plu-
rality of pairs of ‘closely spaced-antenna elements,
the -elements of each. pair being - substantially
colinear, each element having a-length substan-
tially-less than a guarter-wavelength of the op-
erating frequency;  individual -inductively -reac-
tive: tuning means .connected between-the inner
ends of each pair. of elements; and means :for
coupling: radio equipment - to at:least one of said
Ppairs of elements,-said pairs.of elements being
spaced less than a quarter-wavelength-apart-the
outer ends of the elements. being- connected: to-
gether to provide substantially: m—phase.o_pera—
tion of the system at the:operating frequency and
thereby-afford substantially greater radiation re-
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sistance than that of a smgle d1pole of - S1m11ar .

dunensmns

1A radlo antenna system of the d1pole type
comprising g plurahty Jof-pairs- of antenna -ele-
ments - spaced - less ‘than : a. quarter-wavelength
apart, each element having alength substantial-
ly-less than a quarter-wavelength -of ;the, oper=-
ating. frequency, individual inductively reactive
tuning means connected in .each pair of elements
in the vicinity of a current-loop; common actu-
ating means for tuning said means, individual
shielding means for each of said tuning means,
means -for coupling-radio equipment to. at least
one. of said pairs of elements, and means con-
nectmg the free ends-of said elements to:pro-
vide substant1ally in-phase operation of the sys-
tem at the operating frequency, whereby the ra-
diation resistance of the-system is caused fo be
substantially higher than a dipole system em-
ploying a single pair of elements of sumlar d1-
mensions.

8. A radlo antenna system cempnsmg a plu-

rahty of pairs of antenna elements, each element

havmg a length substantially less than a quarter-
wavelength of-the operating frequency,:at-least
one element of each palr belng dlsposed in sub-
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stantially parallél relation to.at: least onelele~
‘ment of another.pair and spaced therefrom less
thani‘a - quarter-wavelength,. individual: induc-
tively: reactive  tuning means- connected-between
the elements. of-‘each .pair, means for . coupling
radio: equipment .to ‘ab least one:of-said.-pairs.of
‘elements, .and .means: interconnecting said ele-
ments:at.a point remote from the funing:means
to.provide:substantially in-phase operation of the
system:- at:the operating frequency. ;

-9.:A radio antenna system: comprising a, plu-
T ahty» of :pairs of antenna elements, each ele-
nient:having a-length substantially less than-a
quarter=wavelength of : the operating’ frequency,
at least one element of each pair being disposed
in:substantially parallel relation to'af least.one
element. of another pair and spaced therefrom
less:than a.quarter-wavelength, - individual :in-
ductively. reactive - funing means connected ;be-
tween. the.elements of each pair, means for:cou-
pling radio equipment to at least one of said pairs
of. elements, and means couplingthe free ernds.of
the. closely: spaced €lements .to- provide substan-
tially in-phase operation- of: the system at the
operating frequency. :

10. A radio antenna system compmsmg a plu-
rality of pairs of antenna elements, each element
having a length substantially less than a quarter.
wavelength - of the operating frequency; at least
one element of each pair being disposed:in.:sub-
stantially -parallel- relation to.at least.one ele-
ment of another pair and spaced. therefrom less
than a quarter-wavelength, individual induetive-
ly reactive tuning means connected between the
elements of each pair; common- actuating :means
for tuning said means, individual shielding:means
for-each of said tuning means, means for coupling
radio-equipment to. at least one of-said:pairs;of
antenna elements, and means coupling the-free
ends of the closely spaced elements:to provide
substantially in-phase operatmn of the system at
the operatmg frequency " i
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