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This invention relates to an electrical appa-
ratus and particularly to antenna systems. The
invention pertains to an antenna system having
directional controllable characteristics-and pro-
vides a simple and effective construction for
achieving this.

In high frequency communication systems op-
erating at one thousand or more megacycles,
it is desirable to provide beam characteristics
for antennas. In many instances, it is neces-
sary to change the direction of said beam char-
 acteristics and, in fact, it frequently occurs that
rotation of said beam over a desired angular range
is highly desirable.

The customary manner of obtaining a direc-
tional characteristic in an antenna system is
to provide an antenna arrangement with a re-
flector, or reflectors so related to the antenna
that interference patterns tend to eliminate radi-
ation in undesired directions. Such antenna ar-
rangements are relatively complex, require care-
ful tuning and are difficult to move or rotate.
At high frequencies, the problem of providing
sliding connections and maintaining matching
and phase adjustment is difficult. In the case
of antenna systems using metal reflectors, unless
a high ratio of reflector dimension to wavelength
is maintained, it is found that a sharp beam is
difficult to obtain.

‘By virtue of the invention heremafter de-
seribed,
directional characteristic without recourse  to
comaplicated mechanism or critical electrical
parts. The invention makes it possible to utilize
a conventional antenna system having a more
or less uniform radiation pattern without undue
complexity. In general, the invention takes ad-
vantage of the phenomenon of reflection by di-
electric materials to control the directional char-
acteristic of an antenna system.-

The invention in general provides for a vari-
ation in transmission path of radiation by chang-
ing the effective length of such paths through
the interposition of members of dielectric ma-
terial. By having a predetermined spacing be-
tween the dielectric members, it is possible to
obtain a selective transmission of energy. In iis
more specific form, the invention provides for
at least two dielectric members having a variable
spacing therebetween in respect to a particular
direction of transmission so that energy may he
transmitted in said direction at one time and sup-
pressed at another time. In ifs more practical
form, the invention is restricted to ultra high
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of dimensioning parts to within a substantial
portion of a wavelength.

Referring now to the drawing,

Figure 1 shows an elevation view, partly in
cross section, of a system embodying thls in-
vention.

Figure la is a detail showing the structure
of Figure 1 modified.

Figure 2 is a sectional view on llne 22 of
Figure 1.

PFigure 3is a sectlonal view of a modified struc-
ture.

Figure 4 is a view of an enlarged portion of
Figure 1.

Referring to Figures 1 and 2, platform or base
16 may be provided for supporting the entire
mechanism. Base {8 may have centrally dis-
posed apertured well Il supporting any kind of
antenna system 2. As shown here by way of
example, antenna system (2 comprises a coaxial
line having central conductor 13 and outer con-
ductor {4. At various regions along the length
of outer conductor {4, a bay of antenna unifs
may be provided. Thus one bay of such units
may consist of arcuate electrodes 20 supported
on fingers 2! rigidly mounted at one point of
outer conductor 4. Outer conductor {4 is aper-
tured at 22 so that finger 21 may extend to the
inside surface of outer conductor (4. Arcuate
electrode 28 may be carried by finger 26 passing
through aperture 22 and rigidly joined to central
conductor 13. By proper choice of dimensions,
electrodes 20 and 25 may form a dipole fed from
within coaxial cable 12, In place of a coaxial
cable, outer conductor {4 may be a wave guide
with finger 26 terminating in a pick-up loop
within the guide. )

Such a type of dipole is gene1ally provided in
a series of two or more units uniformly disposed
around cable i2. As shown here, three sets of
dipoles are provided with equal angular spacing
around the cable. Such an antenna array, if
extending vertically, will provide a generally uni-
form horizontal pattern. By providing a series
of superposed antenna bays, a desirable pattern
may be obtained. It is understood of course
that the proper vertical spacing between adja-
cent antenna bays is important so -that radia-
tion will be in phase. Inasmuch as such an-

tenna systems are well known, a detailed de-
_ scription and discussion of such an antenna
system is unnecessary.

In order to control the radiation pattern, outer
dielectric member 34 is provided. As shown here,
member 34 is a circular cylinder of substantially
If different effects are de-




2,413,085

sired then member 34 may have other shapes.
Cylinder 34 may be supported on base 19 in
any suitable fashion, and, in this particular in-
stance, is preferably disposed concentric with the
electrical center of the antenna system. Inas-
much as the antenna system here is symmetrical
in horizontal planes (a vertical disposition of
the antenna is- assumed), the' eleectrical cenier
of the antenns system is substantially coincident
with the geometrical center of coaxial cable (2.
Thus horizontal radiation patterns of the an-
tenna system, if disposed in free air, would be
circular with respect to the axis of the coaxial
cable.

Referring to Figure 4, the axis of cylinder 34
is indicated at 35. Eccentric with respect to
axis 3% is inner dielectric member 35 which, for
convenience, may also be a circular cylinder hav-
ing axis 37. Both cylinders are preferably con-
structed of dielectric material having low trans-
mission losses for radiant energy such as poly-
styrene or quartz. The thickness of cylinders
34 and 36 should preferably be uniform, and
small with respect to the wavelength employed,
that is, considerably less than a quarter wave-
length.

Cylinder 38 is rotatably mounted upon turn-
table 4§ carried by thrust. bearing 41. 'Turn-
table 40 may have its peripheral portion formed
as a gear and may be driven by worm 42. As
shown in Figure 1, cylinder 34 is carried upon
base {0. Itis also possible to rotate both cylinders
34 and 36 by mounting them upon turn-table
40’ as shown in Figure la. Thus in both figures,
as the turn-table rotates, the direction of maxi-
mum and minimum cylinder separation will also
rotate.

It will be apparent that the portions of wall
26 on the opposite sides of axis 35 are displaced
differently therefrom. For maximum directional
effect, the spacing between walls 36 and 34 in
one direction should be a quarter wavelength,
and on the opposite side of axis 35, the spacing
hetween walls 24 and 3§ should be a half wave-
length. Under these conditions, waves will propa-
gate freely in the direction where. the spacing
is a quarter wavelength and will be substantially.
entirely refiected. in the direction when the spac-
ing is a half wavelength. The impedance of the
antenna input terminals and the degree of direc-
tivity of the. antenna system may be adjusted
by varying the spacings shown in Figure 4 and
the thickness of the dielectric, cylinders, but. as
these factors may be calculated. by methods well
known to those skilled in the art. it is unneces-~
sary to describe them here in detail. However,
an improved application of my invention which

would not be evident; from calculation is shown

in Figure 3.

Figure 3 illustrates the case where an antenna
. system similar to that shown in Figures,1.and 2
is. surrounded with two additional dielectric. cyl-
inders 44 and. 45. Cylinder 44.is coneentrie with
cylinder 24 and. axis 35 while cylinder 48 is
concentric with cylinder 36. In the direction
shown as “left” in the figure the spacing be-
tween the cylinders is a half wavelength in: each
case. In: the right hand direction the spacing
is:

Cylinder 36 to cylinder 34; one- quartal wave-
length

Cylinder. 34 to cylinder 48, thlee-quarter wave-
length

Cylinder- 48 to. cylinder 44, one-quarter ‘wave-
Iength
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The addition of cylinders 44 and 46 will en-<
hance the directive properties of the antenna
system of Figures 1 and 2 without affecting the
impedance at the antenna terminals to any
marked extent. .

If it is desired to rotate the direction of wave
emission, g structure similar to.that of Figure 1
may be used, the platform 4§ being made large
enough to accommodate the hases of 31l the cyl-
inders except the outermost one. Cylinder 34,
being mounted concentrically may be rotated
without effect on its operation, and eccentrically
disposed cylinders 36 and 45 are suitably located
on the rotating platform 48.

It is understood that the drawing does not
show the parts in proper proportion. Thus, the
diameter of the oubtermost poriions of the an-
tenna system proper in practice would be smaller
in proportion to the cylinder diameters than
is -actually shown. The smaller the diameter
of the antenna proper compared to the dielec-
tric cylinders and the smaller the thickness
of the diclectric cylinders compared to a quarter
wavelength the more accurately the system will
perform.

‘What is claimed is: )

1. A directional antenna system comprising. an
antenna having a radiation patiern in a prede-
termined plane, a dielectric mermber disposed in
the path of said radiation from said antenna
system, said dielectric member having a thick-
ness along the path of radiation .of less than -
a quarter wavelength, a second dielectric mem-
ber interposed between szid antenna and said
first dielectric member, said second member hav-
ing a thickness of less than a quarter wavelength,
and means for varying the distance between said
dielectric . members, said variation being suffi-
ciently great so that said two dielectric members
cooperate to transmit radiation from the an-
tenna in one position and to substantially sup-
press radiation In ancther position.

2. A directional antenna sgystem according to
claim 1 wherein the spacing between said dielec~
tric members in one direction is an odd riumber
of quarter wavelengths, and in another direction
is an even number of quarter wavelengths.

3. A directional antenna system according to
claim 1 wherein the spacing between said dielec-
tric members in one direction is an odd number
of quarter wavelengths and wherein said spacing
in the opposite direction is an even number of
quarter wavelengths,

4. A directional antenna system according to
claim 1 wherein said dielectric members are cyl-.
inders and dimensioned so that the spacing be-
tween said cylinders in one direction is an odd
number of quarter wavelengths and in the op-
posite  direction is an even number of gquarter
wavelengths.

5, A directional antenna system comprising an
antenna having a radiation pattern in a prede-
termined plane, a plurality of pairs of dielectric
members disposed in the path of said radiation
from said antenna system, each dielectric mem-
ber having a thickness along the path of radi-
ation of less than a quarter wavelength; means
for varying the distance between the dielectric
members forming each pair, said variation be-
ing sufficiently great so that the dielectric mem-
bers forming each pair cooperate to transmit-
radiation from the gntenna in one direction and
to substantially suppress radistion in another
direction,

6. The system of claim 5 wherein said dielec-
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tric members are cylinders with the separation
between cylinders being an odd number of quar-
ter wavelengths in said one direction and bheing
an even number of guarter wavelengths in said
other direction. .

7. A directional antenna system according to
claim 1 wherein said dielectric members are cyl-
inders with the spacing between said cylinders
in one direction being an odd number of quarter
wavelengths and the spacing in the opposite di-
rection being an even number of guarter wave-
lengths and wherein one of said cylinders is

6

mounted on a turntable, said turntable being
adapted to turn said cylinder and vary said direc-
tion.

8. The system of claim 5 wherein all but the
outermost of said cylinders are mounted on a -
turntable, with one of each pair of cylinders
being mounted concentric to said turntable and
with the remaining cylinders being mounted ec-
centric to said turntable but having a common

16 center.
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