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The present invention relates to radio antenna
systems and more particularly to antenna- sys-
tems wherein the equivalent electrical length’ of
the antenna element or radiator is less than-a
quarter wavelength of the operating frequency.
In its special aspects, the invention is concerned,
though by no means exclusively, with vehicle

and particularly aircraft radio antenna-systems:

employing a vertical element or-mast insulated
from and operating against the metallic struc-
ture of the craft as a ground.

Por many applications, the simple quarter
wavelength vertical antenna operating as a
grounded or Marconi type antenna or its equiv-
alent offers distinct advantages, such as a uni-
form radiation pattern in the- horizontal plane,
low angle of radiation in the vertical plane to-
gether with vertical polarization, and relative
ease-of insulation in the case of a structure sup-

ported at the base only, because of the presence

of a voltage node at that point. However, for
aircraft radio systems and in other systems,
both fixed and mobile, it is not always possible
or' practical to provide an antenna . structure
whose equivalent electrical length even approx-
imates a full quarter wavelength of the frequen-
cies at which it may be desired to operate. Thus,
the short self-supporting mast type of antenna
frequently employed on aircraft is operative as
a quarter wave element only at ultra-high fre-
quencies, of the order of 50-60 megacycles in the
case of a mast approximately four feet in length.
Operation at frequencies whose quarter wave-
length is in excess of the mast length may be
achieved by employing inductive loading at the
base of the antenna, but such a mode of opera-
tion is highly inefficient due to unfavorable cur-

rent distribution on the antenna mast, the more.

useful portion of the current wave-form. appear-

ing on the loading inductance instead of on the.

mast.
While the art contains examples of antenna

systems wherein improved operation, as. com-.

pared with a base loaded system, may be ob-
tained with antenna heights of less than a
quarter wavelength of the operating frequency,
these systems are not conveniently adjustable
for operation at different frequencies, since such
adjustment requires-the changing  of the value

of an inductance mounted at or near the top of

the structure. Such systems are particularly un-
suited for use in aircraft radio applications for
the aditional reason that a coil having adequate
insulation to resist voltage breakdown in rare-
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fied atmosphere - would contribute appreciable
wind resistance to the-antenna element.

The present invention, accordingly, has-an ob--
ject the provision of a novel and. improved.-an-

- tenna system wherein a mast or other antenna

element may be efficiently operated at frequen-
cies- whose quarter wavelength is many times
sreater than the length of the antenna structure,.
the entire system being adjustable from the base
of the structure to permit a-high degree of effi--
ciency readily to be.obtained at any selected fre-
quency within a. wide-range-of frequencies.

More particularly, the:invention is directed.-to-
the provision of a compact mast type-antenna
system of small frontal area for use-on aircraft,
the system being adjustable- from - within the
craft for highly efficient operation at frequencies
ranging from the medium up to and including
the ultra-high frequency. spectrum, and with a
radiation pattern well suited to the requirements
of plane-to-plane and plane-to-ground commu-
nication; as well as to navigation-by radio beams
or-the like, :

With these cbjects inview; a-feature of the in-
vention involves the provision-of a mast type an-
tenna of the so-called top loaded type wherein:
an electrically isolated top section or capacitive:
member-is connected through an adjustable re-
actance to the upper end of the principal an-

- tenna, structure, the antenna of the invention
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being characterized by having this reactance.
positioned at the base of the structure for ready
adjustment, said reactance being connected in
the system by a non-radiating transmission line
carried within the antenna structure.

As a more specific feature, the invention con-.
templates the provision of an aircraft radio an-
tenna system employing a mast type antenna.
which may, if desired, be short enough to permit
mounting beneath the plane-for improved radia-
tion characteristics and; in the case of military
aircraft, minimum interference with visibility
and gunfire, the mast comprising an electrically
conductive shell having an outer or top. section
electrically insulated from the main or base sec-
tion, with an. adjustable reactance mounted
within the craft and connected between the out-
er and base sections of the antenna through a-
transmission line disposed. within the base sec-
tion, said antenna. being operated. against the
aircraft structure as ground and adjustable from
within the craft. to permit tuning.the system for
resonant. operation at. any. selected. frequency:
within a range of frequencies whose quarter-
wavelength is substantially indepsndent of the
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actual height of the mast, while causing a cur-
rent anti-node to appear on the antenna struc-
ture in a position which provides maximum effi-
ciency at the selected operating frequency.

In the drawing illustrating the several fea-
tures of the invention as embodied in various
systems and arrangements, Fig. 1 is a sectional
view of an antenna constructed in accordance
with the invention and adapted for use on ve-
hicles, the particular embodiment illustrated be-
ing shown as installed in an airplane with the
antenna projecting downwardly from the under-
side of the fuselage of the craft; Fig. 2 is a trans-
verse sectional view taken along the line 2—2 of

Fig. 1; Fig. 3 is a schematic view of the antenna -

system of the invention and illustrating, in re-
spect to certain features, an alternative arrange-

ment as compared with the construction of Fig.

1; Fig. 4 is a broken schematic view of the lower
portion of an antenna system similar to that
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shown in Fig. 3, but with capacitive reactance -

substituted for inductive reactance; and Fig. b is
a schematic view of another embodiment, where-
in the invention is applied to an ungrounded or
dipole anfenna system,

Considering first the  simplified schematic
showing of the invention in Pig. 3, the cylindrical
portions 8 and 10 may bhe taken to represent the
base and outer sections respectively of the an-

tenna elements or mast structure of an antenna.

whose height is represented by the distance from
A to B, the lower end A being adjacent but insu-
lated from ground. It may likewise be assumed
that the distance AB is substantially less than a
quarter-wavelength of the operating frequency
according to the formula:

Antenna length (in feet) =

234
' frequency
(in- megacycles). :

In the case of electrically continuous antenna
structure of height AB, the antenna coupling cir-
cuit represented by inductance i2 and shunt ca-
pacity 14 would, according to conventional prac-
tice, be adjusted to values large encugh to load
the antenna system to resonance. However, in
the case of a grounded or Marconi type antenna
system which has been so tuned, the current dis-
tribution is such that the maximum current oc-
curs at or near the ground connection 16, with
the current gradually decreasing to substantially
zero near the top or radiating portion of the an-
tenna system. It is therefore evident that with
a system employing substantial loading at the
base, the current will largely appear on the load-
ing inductance, with very little appearing on the
actual antenna structure from which radiation
takes place.

To provide greatly increased efficiency while
requiring no additional mast height, the antenna
system of the invention employs a separate ele~-
ment 10 which may conveniently be the top or
outer end portion of the mast structure, electri-

cally isolated from the main or base portion 8 of

the antenna structure. This top or outer element
serves as a capacitive member which, when con-~
nected to the adjacent portion of the base mem-
ber 8 through an inductive reactance, serves to
alter the current distribution on the antenna so
that a current maximum may be caused to appear
at-an elevated position on the main antenna por-
tion 8. This raising of the current maximum on
the antenna structure may be readily achieved
by providing suitable values of net reactance,
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which may be inductive or capacitive, depending
on antenna length and frequency, even for an-
tennas whose total height is far less than a quar-
ter-wavelength of the operating frequency, with
the result that a marked increase in efficiency is
attained as compared with a base loaded system.

To make possible convenient adjustment of the
system from the base instead of at the top of the
antenna as is necessary where the series induct-
ance Is disposed at the top of the main antenna
section 8, the present antenna provides an ar-
rangement which permits this inductance to be
located at the base of the antenna, thus rendering
the system practical for use at varicus operating
frequencies with maximum flexibility of opera-
tion. In Fig. 3, the adjustable reactance is shown
as a variable inductance 18, while Fig. 4 shows as
the reactance a variable capacitance or condenser
20. In practice, the provision of suitable switch-
ing would permit the insertion of either con-
denser or inductance as circumstances required.

This adjustable reactance is connected in series
through a transmission line between the base
member § and the outer or capacitive member {0,
the connections being made to the outer end of
the base member and the inner end of the top
member, respectively. A transmission line of the
concentric type is illustrated, comprising an cuter
shielding member 22 and an inner conductor 24.
Since this transmission line is less than a quarter-
wavelength in length, the mast height having
been assumed to be less than a quarter-wave-
length of the operating frequency, the transmis-
sion line is itself inductively reactive, and in cer-
tain cases may supply a large portion of the in-
ductive reactance generally needed to attain the
desired current distribution on the antenna sys-
tem. Such transmission line provides an induc-
tive reactance of relatively low loss characteris-
tics, as compared with the conventional induct-
ance coil. Due to the high voltage which may
appear across a series inductance in the case of
a top-loaded antenna system, the use of the
transmission line for reducing the value of
lumped inductance necessary likewise reduces the
voltage appearing across the adjusting reactance
at the base, thus reducing the possibility of volt-
age breakdown at high altitudes. Since, in most
cases, the transmission line does not have equal
and opposite voltages thereon, as is the case with
the usual feeder system, the placing of the line
within the main structure 8 of the antenna effec-
tively prevents radiation from the line. Complete
shielding is provided by enclosing the adjusting
reactance represented by coil 18 or condenser 20
in shielding 26 which is electrically continuous

. with the base portion 8 of the antenna structure.
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In tuning the system for cperation at a par-
ticular frequency, the inductance {2 of the an-
tenna coupling circuit may be coupled to a link
coupling coil 28 which is in turn, connected to
the radio apparatus, or alternatively, the coil may
be taken to represent the tuned circuit itself of a
transmitter or receiver or cther apparatus with-
out altering the actual adjustment and mode of
operation of the system. For any given fre-
quency, resonance may be obtained with various
values of the adjustable reactance, represented by
inductance 18 or capacitance 29, since the loading ..
effect of the tuning and coupling circuit may be
varied over wide values by condenser {4 and in-
ductance 2 in each case.. For antenna lengths
less than a quarter-wavelength of the operating
frequency, the adjustable reactance will generally
be inductive. For each value, then, of inductance
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{8; with. the system adjusted to resonance. by
means-of the tuning and coupling circuit, a.differ--
ent current :distribution is obtained.. While: the
most satisfactory method to obtain the: optimum-
current distribution on' the antenna is by field
strength measurements, in general highly satis-
factory. results are obtained when the current
maximum is caused to appear approximately: at
the mid-point of the main section of the antenna.
1t is evident that by enabling the adjusting re-
actance in control of current distribution to be
mounted at the base of the antenna, this ad-
justing for optimum current distribution . is:
greatly simplified, permitting maximum efficiency
readily to be attained. In view of the simplicity
of adjustment, operation over a wide range of
frequencies is made entirely practical, without .
loss of efficiency even in cases where the antenna
length is far short of a guarier-wavelength of the:
operating frequency.

By way of illustrating a practical application of
the system to a specific embodiment wherein its
advantages may be fully utilized, Fig. 1 shows an
antenng system for vehicles, and more particu-
larly aircraft, where the requirements of limited
physical dimensions together with high efficiency
have heretofore been met with but little success.
The metallic surface of the fuselage of the craft
i indicated at 39, with the base and outer por-
tions of the antenna mast represented at 32 and
38 respectively. In view of the reduced antenna.
length made possible by the invention without loss
of efficiency, the mast is shown as projecting
downwardly from the underside of the craft, since.
this affords a somewhat improved radiation pat-
tern with a lower angle of radiation in the verti-
cal plane. Likewise, under-the-plane mounting:
of the antenna is highly desirable in radio beam
navigation in detecting accurately the “cone of
silence” when passing directly over the beam
transmitter. The mast, of course, may be like-
wise mounted in conventional fashion so as to pro-
ject upwardly from the top of the fuselage, or
in any other manner, ag desired.

The mast structure may be in the form of &
streamlined shell (see section, Fig. 2), the outer
end section 24, (in this case the lower section)
which serves as the capacitive member, being car-
ried by the main section 32 on an insulating sleeve
28. The main or base section is in turn insulated
from the fuselage by a flanged insulating bush-
ing 38. The adjusting reactance in control of cur-
rent distribution is shown as being inductive and
therefore equivalent to the inductance 18 of Fig.
3. Tor convenient adjustment, the reactance in
this embodiment is mounted within the fuselage
of the craft and contained within shielding 40
formed by an extension of the base section 32.
The inductance is represented schematically as a
variometer42, this type permitting convenient ad-
justment from without the shield by means of a

rotatable shaft, the axis of which is indicated”

by-dot and dash line 44. Other forms of variable
inductance may be employed as circumstances’
permit or require, while a variable capacitance-
similar to the showing of Fig: 4 may be employed
when operation is contemplated in a different fre-
quency range relative to antenng, length, as here-
inafter described.

The inductance 42 is connected between the:
base-and cuter sections 32 and 34 of the antenna-
mast through a transmission line 46 of the open
or two-wire type. Insulating spacers 48 are dis~
posed -2t intervals within the antenna structure
to-maintain the line rigid and uniformly spaced. .

10

20

30

35

40

45

50

55

60

65

70

75

3-

Like the line of Fig. 3, the line 46 will, under
most conditions of operation, be inductively reac-
tive, being less than a quarter-wavelength in-
length for all frequencies up to 60 me., assuming
the mast length to be not appreciably greater
than three feet as will generally be the case, at
least with the downwardly extending mast.

The antenna is connected to the radio equip-
ment 58 by a lead 52 from the base section 32 to
one side of the antenna tuning and coupling-coil
54, while the other side of the coupling coil is
grounded by lead 58 to the fuselage structure 30
of the aircraft close to the base of the mast.
To avoid loss of efficiency and detuning eifects due
to ice formation across the insulators 36 and 38,
the whole mast may be enclosed in a thin shell 5%
of insulating material which likewise provides-an-
unbroken, smocthly streamlined housing, the
housing fitting over the reduced outer portion of
the base insulator 38.

In operation, the antenna system will not only
be adjusted to resonance, but in addition, by suit-
able choice of values of inductance 42, a.current
maximum may be caused to appear at any posi-
tion on the base section 32 of the mast. There
thus results a system possessing the advantages
of a full quarter-wave vertical radiator, such. as
vertical polarization, a low-angle radiation pat-
tern in the vertical plane, and a uniform radia-
tion pattern in the horizontal plane, all of which
are of distinct importance in the case of aircraft:
radio operation. Any improvement in the an-
tenna, such as is made possible by the present
system, thus permits a substantial extension in
range of communication without adding appre-
ciably to weight or bulk of the equipment as a
whole.

For operation at frequencies whoese quaiber-
wavelength may be approximately egqual to or
even exceed the length of the antenna, as, for:
example, if the aircraft antenna sysiem hérein-
before described were to be employed for opera-
tion in the ultra-high freguency spectruim, the
antenna system of the pressnt invention like-
wise offers distinet advantages over the convan-
tional quarter-wave system. -~ Depending, of
course, on the particular operating Ireguency
and the actual antenna length, the reaciance in
control of the current distribution on the an-
tenna may, to provide the mest favorable distri-
bution, be either inductive or capacitive. If the
former, then there would be employed the vari-
ometer 42 or other form of variable inductance.
while capacitive reactance would be previded. by
the substitution of a variable condenser 2§ ac-
cording to the schematic diagram of Fig. 4. In
determining the reactance needed it should be
remembered that if the transmission line is
greater than a quarter-wavelength but less than
a half-wavelength, then capacitive reactaace Is-
contributed by the line, while if the line length
exceeds a half-wave but is less than three-quar-
ter-wavelengths long, the line again becomes in-
ductively reactive.

Since it is possible, by altering the current dis-
tribution, to cause a current anti-node or maxi-
mum to appear at a relatively elevated position
on the antenna, in the case of a vertical sys-
tem, or at a point well removed f{rom the base
or connection to ground in the case of non-ver-
tical systems, the present system frequently pro-
vides operating characteristics superior even to
the full quarter-wave antenna, especiaily where
the antenna length is socmewhat greater than a
. quarter-wavelength-of the particular operating
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frequency. It is thus apparent that the an-
tenna system may be employed for effective com-
munication, both transmission and reception, at
frequencies ranging from those where the mast
length is but a small fraction of g quarter-wave-
length, up to and including frequencies where
the mast length is greater than a quarter-wave-
length, in each case with a marked increase in
efficiency as compared with systems heretofore
employed and available.

In certain applications it is not possible or
desirable to employ a grounded or Marconi type
antenna system. Such sz situation occurs where
an antenna having well-defined directional char-
acteristics is required, as for example, in the
case of instrument of “blind” landing of air-
craft, where an ulira-high frequency beam must
be accurately followed to obtain the proper glide
path. For this purpose a dipole system is fre-
quently employed, the dipole being mounted on
the aircraft transversely of the axis of the fuse-
lage.

To provide a dipole type antenna of reduced
over-all length, well adapted for aircraft use
where minimum wind resistance is essential, the
embodiment illustrated in Fig. 5 may be em-
ployed. The system is substantially similar to
that shown in Fig. 3, with ground omitted and a
duplicate of the system of Fig. 3 connected in
its place. The system thus comprises left and
right base or main sections §6 and 82, associated
outer end sections 64 and 66, and separate. ad-
justable reactances, shown as inductances 68
and 70. These reactances are disposed adjacent
the center of the system for convenient adjust-
ment, and are mounted in separate shield cans
12 and 74 continuously with their associated
main antenna sections 60 and 62. These induct-
ances are connected between their associated

outer elements and base sections by transmis-.

sion lines shown as 16 and 18, though the two-
wire or other types of lines may be employed.
A coupling coil 80 provides transfer of radio fre-
quency energy to or from link coupling coil 82

of the radio equipment in accordance with con-.

ventional practice. As in the previously de-
scribed embodiments, adjustment of the variable
reactances 68 and 10 and the coupling induct-
ance 80 with its associated variable capacitance
84 permits the system to be tuned to resonarnce,
and in addition, permits increased current to
apvpear along the dipole element by reducing the
value of the tuning and coupling reactance nec-
essary to tune the system to resonance.

In connection with the coupling units illus-
trated in the drawing, it is to be understood
that while parallel tuned circuits have been il-
lustrated, the invention is not limited thereto
but contemplates the use of series tuned circuits
where circumstances result in.such circuits be-
ing preferable. For antenna coupling purposes,
the use of either series or parallel tuned circuits,
as the case may require, is well recognized in the
art. Likewise, where “ground” has been re-
ferred to, it is to be understood that this may
refer either to the conventional connection to
earth, or to conductive structure of such dimen-
sions as to be substantially non-resonant, as for
example, the metallic structure of a vehicle, the
fuselage of aircraft, or the like.

The nature and scope of the invention hav-
ing been indicated, and various embodiments
thereof including a specific application illus-
trated and described, what I claim is:

1. An antenna system comprising a main sec-
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tion, a capacitive member at one end thereof and
insulated. therefrom, a reactance adjacent the
other end of the main section, and a transmis-
sion line connecting the reactance between the
capacitive member and the end of the main sec=
tion adjacent said member, said transmission line
being shielded at least in part by the main sec=
tion of the antenna.

2. An antenna system comprising a main an-
tenna element, a capacitive member at the top
thereof and insulated therefrom, a reactance ad-
Jacent the base of the main element, and means
including a connection from the capacitive mem-
ber to the reactance. for connecting the reactance
between said capacitive member and main an-
tenna element, said connection running within
and being shielded by said main antenna element.

3. In an antenna system of the grounded type,
8 main anterna section, a capacitive member at
the top thereof and insulated therefrom, an ad-
justable reactance adjacent the base of the main
section, and a transmission line connecting - the
adjustable ' reactance between the capacitive
member and the main section, said transmission
line running within and being shielded by said
main section of the antenna.

4. An antenna system comprising an electri-
cally-conductive antenna member having a phy-
sical length substantially less than a quarter-
wavelength of the operating frequency, a capaci-
tive element at the top of the member and in-
sulated therefrom, an adjustable reactance adja-
cent the base of the antenna member, and a
transmission line running from said reactance to
the top of the antenna member and to the capaci-
tive element to connect the reactance therebe-
tween, whereby the current distribution on the
antenna member may be controlled by adjusting
the reactance at the base thereof.

5. An antenna system comprising an electri-
cally-conductive shell having a length less than
a quarter-wavelength of the operating frequency,
a capacitive element at the top of the shell and
insulated therefrom, a variable inductance adja-
cent the base of the shell, a transmission line dis-
Posed within the ghell and connecting the vari-
able inductance across: the capacitive element
and top of the shell, said line being less than a
quarter-wavelength long and inductively reactive,
whereby an inductive reactance is provided be-
tween capacity element and top end of the shell,
the value of said reactance being adjustable at
the base of the structure to provide control of the
current distribution on the shell at the selected
operating frequency.

6. A radio antenna system for aircraft com-
prising a conductive mast insulated from and
projecting outwardly from the structure of the
craft so as to be electrically exposed to space, said
mast having a length less than a quarter-wave-
length of an operating frequency to be employed,
the mast comprising a base section and a rela-
tively shorter outer section insulated therefrom,
a variable reactance enclosed within the portion
of the base section adjacent the structure of the
craft, and a transmission line disposed within the
base section and shieldeq thereby, said trans-
mission line extendirlg from the variable reac-
tance to the outer section and adjacent portion
of the base section, respectively, to connect said
reactance across said mast section and thereby
provide a reactance therebetween adjustable at
the base of the mast to cause a current anti-node
to appear at a position on the mast outwardly of
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the base thereof at the selected operating fre-
quency.

7. A radio antenna system for aircraft com-
prising a conductive mast insulated from the
structure of the craft and electrically exposed to
space, said mast comprising base and outer sec-
tions with electrical insulation therebetween, a
variable inductance disposed adjacent the base
section, a transmission line enclosed within said
base section and extending from the inductance
to the outer section and adjacent portion of the
pase section, to connect said inductance across
said mast sections, and adjustable tuning and
coupling means disposed adjacent and connected
between the base of the mast and the adjacent
structure of the aircraft for coupling the antenna
to radio equipment, said variable inductance and
adjustable coupling means enabling the system
to be adjusted to resonance while causing a cur-
rent anti-node to appear at an elevated position
on said mast at frequencies whose quarter-wave-
length is substantially in excess of the length of
the mast.

8. A radio antenna for aircraft comprising an
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electrically conductive mast, insulating means at
the base thereof for mounting the mast on air-
craft with the mast projecting outwardly from
the structure of the craft, said mast comprising a
main element and an outer end member insulated
therefrom, reactive means mounted adjacent the
base of the mast and connected to the outer end
member and main element by connecting means
within the mast, and a cover of insulating ma-
terial forming a substantially complete enclosure
for the mast.

9. A dipole antenna system having a total
physical length substantially less than a half-
wavelength of the operating frequency, said an-
tenna comprising main antenna elements and
outer end portions insulated therefrom, tuning
and coupling means connected hetween the inner
ends of the main antenna elements, reactive
means disposed adjacent the inner ends of said
antenna elements, and means carried within the
main antenna elements for connecting the reac-
tive means between the outer end portions and
the adjacent antenna elements.

MALCOLM BRUCE.




