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‘This invention relates to an antenna and more
particularly to a directional type antenna
adapted for use generally in high frequency com-
mmunication systems. An antenna of this char-
acter will have a wide variety of applications,
particularly in instances where size and weight
are important considerations, such as in the case
of airborne radio apparatus.

The principal object of the present invention
is to provide a broad band antenna having a pre-
determined directional pattern of radiation, in
the illustrated instance a uni-directional patiern
defining a fairly wide angle of coverage both in
the horizontal and vertical planes. Another ob-
Ject contemplates an antenna of this character
adapted for service in difficult locations. Other
objects involve considerations of small size, light
weight and ease of manufacture.

The Invention provides an end-fire type an-
tenna mounted directly on an associated feeder
transmission line, in this instance shown as g
coaxial cable. The antenns construction com-
prises a plurality of dipoles extending outwardly
from the cable. AAny reasonable number of
dipoles, such as 2, 3, or 4, may be used with the
invention, the number used depending generally
upon the radiation pattern desired. In the illus-
~ trated form of the invention, two dipoles are pro-
vided. The dipoles are disposed a half wave
length apart so that maximum radiation there~
from is directed generally along an axis normal
to the plane of the dipoles. A parasitic reflector
may be mounted on the cable and spaced bhehind
the dipoles in order to provide .a predetermined
uni-directional radiation characteristic, and to
increase the antenna gain in the desired direc-
tion. The dipoles are excited in phase with .each
other by means of adjustable probes extending

Into the region of propagation within the cable. .

The probes may physically contact the central
cable conductor, or they may be sSpaced a pre-
determined distance therefrom to provide capac-
itive coupling if desired. The dipoles because of
their small size and shape may easily be weather-
proofed by encloseure in g suitable energy trans-
parent housing. ~

A modification of the invention involves use of
a plurality of the above described dipole units to
make up an gntenna array. For example, a
numbper of such units may be mounted in ‘pre~
determined spaced relation on a coaxial cable or
hollow wave guide, the spacing anhd probe adjust-
ment used depending generally upon the radig-
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found to give an unexpectedly high gain for an

end-fire type antenna.

In the drawing, Pig. 1 is a perspective view of
the dipole unit; Fig. 2 is a plane view of the :in-
vention showing the dipole unit and a reflector
mounted in position on a -coaxial cable, the
dipole unit being enclosed in a suitable trans-
parent housing: Fig. 3 is a sectional view on the
line 3—3 of Fig. 2; Fig. 4 is a fragmentary cut-
away view of a portion of Fig. 2: Fig. 5 is a view
showing the approximate radiation pattern pro-
vided by the illustrated single unit.antenna; and
ig. 6 is a2 modification showing use of a plurality
of dipoleunit in an array.

Referring now to Fig. 1 (lower left-hand cor-
ner), the dipole unit comprises a metallic central
collar 5 of proper diameter to snugly fit over the

outer conductor of an -associated feeder trans-

mission line. Spaced parallel dipole supporting
arms 6 and T extend laterally :from collar 5 and
carry at their ends dipole sections 8 and 9. As
will be understood, sections 8 and 9 comprise one

dipole of the unit.

A second dipole comprising spaced arms 410 :and

o5 11 and associated sections 12 and 13 extends in

30

a5 between arms 6 and T.

2 symmetrical manner from the opposite .side of
collar §. If more than two dipoles are used, they
may be spaced at regular intervals about the
collar. Preferably the collar, arms and sections
are cast as an integral metallic unit, aluminum
being a particularly good material for this
purpose., |

-~ Section 9 of the first dipole has an integral ex-
tension (5 projecting somewhat into the space
Extension 15 has an
aperture centrally located with respect to arms
6 and 1. An adjustable probe 16 is threaded

- through said aperture, the probe being arranged
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to extend inwardly to a predetermined position
within the space enclosed by collar 5. A shallow
recess may be provided in collar 5 to insure suit-
able clearance between the collar and probe 18.
Similarly, section i3 of the opposite dipole has
an extension 1T and an associated probe 8.
While it has been found that the dimensions of
the above-described dipole unit :are not particu-
larly critical, best results ordinarily are obtained
when the effective distance hetween the two
dipoles, i, e. the distance between extensions 15
and 17T, corresponds generally to a half wave
length. This is the distance customarily used in
antenna arrays to minimize radiation in the
plane of the array. The size of collar 5, of .course,
is dependent upon the diameter of the associated

tion patiern desired.” Such an array has been 55 transmission line, the diameter being usually less
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than a quarter wave length. Consequently, the

physical length of supporting arms 6, T and 10,
il will be somewhat less than a quarter wave
length.
- Dipole sections 8, 9, 10, and (i, as shown in
the drawing, have generally a circular configura-
tion. It is to be noted that this circular shape is
provided generally to simplify manufacture, and
also to reduce the size of the assembly.

Referring to Fig. 2, a dipole unit 20 is rigidly
mounted on the end of a coaxial cable 21, solder
or other suitable means being used to insure a
good electrical and mechanical connection. Al-
- though a coaxial cable may be preferred in most

instances, it will be understood that the dipole

unit could be used with a hollow wave guide type
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An array comprising a plurality of dipole units
is shown in Fig. 6. Here, a number of units 35
are arranged longitudinally in spaced relation on
coaxial cable 36. The units are mounted on the
cable as above described, the dipoles of each unit
being excited in phase. The aXial distance be-
tween units depends generally upon the radiation
pattern desired, the distance usually being the
order of a quarter wave length. Other spac-
ings may be used as long as the distance is sub-
stantially less than a half wave length. For in-
stance, one-third wave length spacing has been
used. As is well understood, the radiation pat-

. tern and operation of an array depend upon the

15

transmission line, if desired. Spaced apertures

22 (Fig. 4) are provided in the outer cable con-
ductor in alighed relation with probes 16 and 18.
The probes enter the space within the conductor
through the apertures, and may be adjusted radi-
“ally for the coupling desired. Thus the probes
may contact the central cable conductor for di-
rect coupling, or they may be spaced therefrom
for capacitive coupling. After adjustment of the
probes, the head ends thereof can be cut off at
extensions 15 and 71 (best shown in Fig. 3).
Solder may be used at the extensions to insure a
good elecirical connection and to prevent subse-
quent displacement of the probes.

Also mounted on cable 21 is a metallic plane re-
flector 25, the diameter of reflector 25 being some-
what greater than that of the dipole unit. Re-
flector 29 is preferably in the form of a circular
dise, a supporting collar 26 being associated
therewith to rigidly mount the reflector on cable
2f. The surface of disc 25 facing dipole unit 20
is spaced therefrom to provide a desired energy
distribution pattern in accordance with the usual
practice for parasitic reflectors. As is well
known, a metallic reflector positioned behind a
radiating antenna is excited thereby. Currents
induced in such a reflector cause radiation there-
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from which has an effect on the radiation pattern

of the antenna proper. Wave energy radiated by
the reflector in the direction of the antenna gen-
erally is in phase with the direct radiation of the
-antenna. Therefore, the two fields combine in
an additive manner to increase the intensity of
radiation in that direction. Good antenna gain
is thereby obtained. Conversely, respective radi-
ations in the opposite direction are generally out
of phase, the two combining thereiore in a sub-
tractive manner to substantially eliminate radia-
tion in that direction. Thus the radiation pro-
‘duced by such an antenna-reflector combination
is uni-directional, the line of maximum radiation
corresponding generally to the axis of cable 21
extended beyond the dipole unit.

A cup-shaped housing 38, which is transparent
to the radiated energy, may enclose dipole unit
20 and the associated end of cable 21. ZIXIousing
30, which may be made of such materials as are
commonly known by the trade names Plexiglas
or Lucite, serves to weather-proof the unit as well
asS to seal the end of cable 21 in a pressure-proof
manner., |
- The approximate energy distribution pattern
obtained from the two dipole antenna with s
reflector is shown in Fig. 5. The substantially
pear-shaped pattern shown is generally circular
in section. Other distribution patterns may be
obtained through appropriate choice of the num-
ber of dipoles provided and their disposition
about the conductor.
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- probes.

phase relationships between the various units of
the array. In such an array, desired phasing Is
obtained through cooperative effects of the phys-
ical spacing of the units and adjustment of the
In practice, the spacing may be fixed,
and the probes are adjusted to obtain the desired
phase relationships, as determined by maximum
gain in the desired directions. Here again, the
antenna may be enclosed in a suitable housing for
weatherproofing, and to prowde a seal if the sys-
tem is pressurized.

As one example of such an array, 18 dlpole
units have been found especially satisfactory in
an array adapted for use at wave lengths of the
order of 10 centimeters. The dipole units may
be spaced and excited, in the usual manner, so
that there is a progressive phase difference bhe-
tween adjacent units generally equal in cycles to
the spacing between the units in wave lengths.
Thus if the adjacent units are a quarter wave
length apart, a phase difference of 90° between
units generally is used. It may be preferred to
vary this arrangement slightly in accordance with
the suggestion of W. W. Hansen and J. R. Wood-
vard (Proc. I. R. E., vol. 26, p. 333, March 1938),
wherein the phase difference between. adjacent
units is increased by »/n radians, where 7 is the
number of units used. Thus the length (in wave
lengths) of the array will be a half wave length
in excess of the free space electrical length (in
wave lengths).

The transmission line assocmted with such
an array may be terminated in any desired
manner, such as by absorbing arrangement, or

by a simple reflecting termination. 'The latter

may be a short-circuited termination constitut-
ing a stub support. The antenna units intro-
duce enough standing waves into the line so
that the additional standing waves arising from
the short-circuited termination are not sub-
stantial. The entire standing wave patiern
may be matched as a whele at the input end

by a suitable transformer.
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line,

- The dipoles have been found to operate most
efficiently when the probes thereof are so.ad-
justed as to permit approximately 10% of the
energy to reach the terminating end of the
Under this circumstance, all dipole umts
are in effective operation.

Having thus described the 1nvent1on what I
claim as new and desire to secure by Letters

Patent is:

1. An integral metallic antenna construction
for use with a wave guide or coaxial cable, said
construction comprising an inner supporting
collar carried by said wave guide or outer con-
ductor of said coaxial cable, a plurality of pairs
of arms extending outwardly from said collar, &
section of a dipole carried at the end of each
arm with a pair of arms supporting a dipole,
said arms and dipoles all lying generally in s
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plane normal to the axis of said guide or cable,
8 probe carried by the end of one section of
each dipole, said probe extending inwardly and
being adapted to clear said collar and extend
into the region of propagation within the said
guide or cable through aligned apertures therein,
whereby said divoles are excited in phase.

2. The combination of claim 1 having two
diametrically opposed dipoles, the effective dis-
tance between said dipoles being a half wave
length whereby the direction of maximum radia-
tion lies along the extended axis of said wave
guide or cable.

3. The combination of eclaim 1 having two
diametrically opposed dipoles, the effective dis-
tance between said dipoles being a half way
length, and g parasitic reflector mounted on
sald wave guide or cable, the surface of said
refiector being parallel to the plane of said di-
poles and spaced a predetermined distance
therefrom.

4. In combination with g wave guide or co-
axiai cable, an end-fire antenna array of the
character described comprising a plurality of
dipole devices defined in claim 1 mounted in
spaced relation on said wave guide or coaxial
cable, the spacing between adjacent devices and
the adjustment of the probes of each device
being such as to provide predetermined phase
relationships In fthe successive dipole devices
during operation of the array, thus to provide a
predetermined energy distribution pattern.
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5. An end-fire antenna array in combination
with a feeder wave guide or coaxial cable, said
array comprising a plurality of dipole units
mounted in spaced relation on said wave guide
or coaxial cable, each dipole unit including an
inner supporting collar carried by said guide or
cable, two pairs of arms extending diametri-
cally outward from said collar, a section of a
dipole carried at the end of each arm with a
pair of arms supporting a dipole, said arms and
dipoles lying generally in a plane normal to the
axis of said guide or cable, a probe carried by
the end of one section of each dipole and ex-
tending inwardly to the region of propagation
within said guide or cable through aligned aper-
tures therein, the spacing between adjacent units
and the adjustment of said probes of each unif
being such as to provide predetermined phase
relationships in the successive dipole units dur-
ing operation of the array, thus to provide a pre-
determined energy distribution pattern.
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