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ABSTRACT OF THE DISCLOSURE

This invention relates to a design for microwave wave-
guide antennas. Basically, the invention is directed toward
providing a waveguide structure with a particular geo-
metrical configuration to condition the microwave energy
passing therethrough. Specifically, the unique feature of
this invention is a tapered aperture or slot in the wall of
the waveguide antenna; which tapering aperture extends
from its open end and gradually narrows down to a much
smaller opening in the tubular structure. The aperture of
slot down the length of the waveguide has its greatest
transverse width dimension at or near the opening of the
tubular structure. The dimension of the width at this point
is greater than one-half the width of the waveguide and
the configuration of the aperture is that of a convergent
slot reducing in width to a point where the aperture fer-
minates. The length of the tabular structure is associated
with the microwave antenna.

CROSS REFERENCE TO RELATED
APPLICATIONS

This invention is a continuation-in-part application of
application No. 486,392 filed Sept. 10, 1965, now aban-
doned, by John E. Karlson,

FIELD OF THE INVENTION

This invention is directed to tubular structures through
which microwave energy passes and in particular, to mi-
crowave antennas.

DESCRIPTION OF THE PRIOR ART

Presently, the state of the art includes the broad con-
cept of applying the critical geometrical design of the
invention; i.e., the tapered aperture, in a coupling cham-
ber for loud speakers. This advance is disclosed in Patent
2,816,659 issued on Dec. 17, 1957, to John E. Karlson.
The Karlson patent (2,816,659) is directed to providing
a design for coupling chambers having acoustical ap-
plication which chamber incorporates the critical geometry
of the subject tapered aperture. The utility of providing
a tapered aperture in a pipe through which sound waves
are passing is explained as is the theory of the phenomenon
occurring as sound waves pass through the tapered aper-
ture.

By experimentation, the inventor has found that micro-
wave waveguide antennas can be provided with a tapered
aperture similarly configured to the aperture used in
acoustical coupling chambers to facilitate broad band
operation and highly desirable dispersion patterns of mi-
crowave energy.

The tubular structure 31 with a long tapered aperture
32 and curved side walls seen in FIG. 1 is for condition-
ing the energy passing through the tubular structure 31 and
for obtaining the dispersion patterns shown in FIGS. 5
and 6. The same rules apply in this case as for sound
projectors, except that the low frequency cutoff would be
determined by the cross-sectional dimensions of the an-
tenna structure. A coaxial feed 33 is used to activate this
antenna or to pick up signals received by this antenna.
As in the previous cases, the transmission and reception
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patterns of such antennas are essential reciprocal. A mi-
crowave antenna of this type would be especially valuable
for simultaneous microwave communications with many
widely separated stations, Many other applications will
suggest themselves to those skilled in the art of Doppler
and pulse radar.

The object of this invention is to provide a broad band
waveguide antenna of unique dispersion and/or reception
characteristics. These characteristics are made possible
by the use of a relatively long tapered aperture in the
waveguide wall which has its greatest width at or near
the open end of the waveguide and extends back along
its length while gradually narrowing down to a relatively
small opening. The broad banding of this waveguide struc-
ture is accomplished through extending the length of this
tapered aperture relative to the broad band requirements.
When the length of this tapered aperture extends more
than two thirds of the effective length of the waveguide
antenna proper this broad banding can be extended to pro-
vide a smooth response over a number of octaves. The
dispersion pattern created by this invention is broad in
one plane (x plane) and narrow in the other (y plane).
The dispersion in the broad x plane remains relatively
constant with frequency while the dispersion in the y
plane becomes narrower with increase in frequency and/or
length of the tapered aperture. Perfection of the frequency
response and dispersion characteristics can be attained
through the use of specific curvatures in the waveguide
walls and by control of the rate of flare and length of
the tapered aperture.

DESCRIPTION OF THE DRAWINGS

The invention will be described further by way of ex-
ample with reference to the drawings wherein:

FIG. 1 is a perspective view of a tubular microwave an-
tenna showing the tapered aperture of the subject inven-
tion.

FIG. 1A is a side view of the tubular microwave an-
tenna of the subject invention.

FIG. 2 is a cross sectional view taken through lines
2—2 of FIG. 1;

FIG. 3 is a cross sectional view taken through lines
3—3 of FIG. 1.

FIG. 4 is a sectional view of FIG. 1 through lines 4—4;

FIG. 5 is a dispersion pattern for the microwave energy
passing, in the horizontal plane, through the terminal
opening of the microwave antenna of FIG. 1;

FIG. 6 is a dispersion pattern for the microwave energy
passing, in the vertical plane, through the terminal open-
ing of the microwave antenna of FIG. 1.

FIG. 7 is a side view of a microwave waveguide an-
tenna having the tapered slot of the subject invention con-
figured to optimum relative dimensions.

FIG. 8 is a sectional view of FIG. 7 through lines §—8.

FIG. 9 is a side view of a microwave waveguide an-
tenna having the subject tapered aperture, curved walls op-
posing the tapered aperture and a protuberance arranged -
therein.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As best seen in FIG. 1 a tubular microwave antenna
31 is provided with a tapered aperture 32 to effect opti-
mum microwave dispersion. Basically, the microwave an-
tenna 31 has provided therefor, a coaxial feed 33 through
which microwave energy is introduced into the antenna
31 or passed therefrom. To this end, the microwave an-
tenna 31 is adapted to function as both a receiving and
transmitting antenna. Structurally, the antenna 31 is closed
at one end 29 and open at the opposite end 30. Microwave
energy being transmitted is either directed initially through
opening 30 or reflected from the interior housing of the
antenna 31. Conversely, reception of microwave energy
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is facilitated by the provision of opening 30 through which
entering microwave energy passes and either reflects into
coaxial feed 33 or passes thereinto directly. It should
be noted that the provision of a coaxial feed 33 is optional
and a waveguide will also perform satisfactorily in this
assembly.

To achieve optimum operation for both transmitting
and receiving microwave energy the antenna 31 is provided
with a focusing system defined by a tapered aperture 32
which extends from the terminal opening 30 convergently
to a point on the body of antenna 31 which is of a length
" (FIG. 1A) of a dimension at least greater than one-
half the length [ of the tubular antenna 31. The configura-
tion of the tapered aperture 32 is that of a tapering slot
which follows lines 28 and 28’ from opening 30 to point
27. As best seen in FIG, 2 the width of the tapered aper-
ture 32 is greatest at terminal opening 36 of the antenna 31.

The width of the tapered opening must be greatest at
the microwave waveguide antenna opening to achieve a
good result. Moreover, it has been found that near opti-
mum dispersion (or reception) and frequency characteris-
tics are obtained through the use of elliptical waveguides
with the flare in the tapered aperture varying as the fourth
power of the length of the antenna, and extending in length
to at least two thirds of the length of the antenna proper.
The term “antenna proper” signifies that structural entity
involving the flared opening at one end and a termina-
tion at the other end which is separate and distinct from
a coaxial or waveguide feed line. The width of the flared
opening at a given position can be calculated as the cut
out portion W; of the sectional perimeter occurring at
this position. The length of this cut out portion W, rela-
tive to the perimeter will then vary directly as the fourth
power of the length /, of the antenna proper.

The width W; at any distance /; from the effective
closed end of the waveguide antenna seen in FIGS. 7 and
8, should be related to the circumference W, of the wave-
guide tube, the length of the “antenna proper” I,, as fol-
lows:

L

Wl — 104 Wo

This equation is valid only from the point at which the
tapered aperture begins; i.e., when I; does not extend to
the termination point 42 of the tapered aperture the equa-
tion is invalid.

Naturally, other rates of flare and other waveguide con-
tours may be used to provide varying characteristics rela-
tive to the design requirements. Protuberances 40 as shown
in FIG. 9, may be used to improve the dispersion pattern
for specific applications where uniform radiation intensity
is required over large areas and where pencil beam type
radiation would be inadequate at very close ranges. These
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protuberances act to reflect energy of sufficient intensity
to fill out the voids in the antenna pattern normally oc-
curring at close ranges with narrow beam radiation. The
size and placement of these protuberances are most easily
located by experimental means.

FIG. 3 shows the cross-section of antenna 31 at a point
remote from the terminal opening 3¢ and, depicts the
curve surface 36 which is located opposite the tapered
aperture 32. FIG. 4 shows the continuous tubular cross-
section of the microwave antenna 31 at a point beyond
the section having a tapered aperture located therein.

FIGS. 5 and 6 illustrate graphically the dispersion pat-
tern for microwave energy passing through the opening
comprised of the terminal opening 30 and tapered aper-
ture 32 extending therefrom. In FIG. 5 the dispersion pat-
tern in the horizontal plane is shown as detail 34 while in
FIG. 6 the dispersion pattern in the vertical plane is shown
as detail 35.

I claim:

1. A microwave waveguide antenna comprising an elon-
gated tubular pipe closed at one end and open at the
opposite end, a focusing system adjacent the open end
and comprising a single tapered axially extending aper-
ture of a length at least one-half the length of the pipe,
and a feed located adjacent the closed end of the pipe.

2. A microwave waveguide antenna as recited in claim
1 wherein the tubular pipe is elliptical in cross section.

3. A microwave waveguide antenna as recited in claim
1 wherein the tapered aperture is configured to have its
greatest transverse dimension adjacent the open end of the
tubular pipe and its minimum transverse width dimension
at a location intermediate the ends of said tubular pipe.

4. A microwave waveguide antenna as recited in claim
1 wherein the inner surface of the pipe opposite the tapered
aperture of the focusing system is curved.

5. A microwave waveguide antenna as recited in claim
1 further comprising a protuberance located on the inner
surface of the tubular pipe opposite the tapered aperture
of the focusing system.

6. A microwave waveguide antenna as recited in claim
1 wherein the longitudinally extending edges of the tapered
aperture flare concavely from a location intermediate the
ends of the tubular pipe to the open end of said tubular
pipe.
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