Europdisches Patentamt
0 European Patent Office

Office européen des brevets

@ Publication number:

A1l

® EUROPEAN PATENT APPLICATION

@) Application number: 89305128.4-

@) Date of filing: 19.05.89

@ Int.cl.+ HO1P 1/163 , HO1P 1/06

0 343 887

&) Priority: 21.05.88 GB 8812091

Date of publication of application:
29.11.89 Bulletin 89/48

Designated Contracting States:
DEES FRIT SE

@

Applicant: THE GENERAL ELECTRIC
COMPANY, p.l.c.

1 Stanhope Gate

London W1A 1EH(GB)

Inventor: Todd, Murray James
33 Hollywood Close Great Baddow
Chelmsford Essex(GB)

Representative: Cockayne, Gillian et al

The General Electric Company plc Central
Patent Dept. (Chelmsford Office) Marconi
Research Centre West Hanningfield Road
Great Baddow, Chelmsford Essex CM2
8HN(GB)

(&) Waveguide apparatus.

@ Waveguide apparatus for transforming signals
between the TEio mode and a circular mode, shown
in schematic exploded form, includes a Magic-T 10
in which the H-plane port 11 is terminated. A signal
in the TE1o mode is applied to its E-plane port 8,
resulting in signals in the TEio mode being pro-
duced at its outputs 12 and 13, the field being in
opposite senses. The outputs 12 and 13 are ar-
ranged adjacent one another so that the effective
output of the Magic-T 10 is a signal in the TEzo
mode. This is applied to a short taper 14 having an
‘_aperture therethrough, this being of rectangular sec-
<tion in the face adjacent the Magic-T output ports 12
and 13 and of cruciform section at the other face.
M The taper 14 is followed by a spacer 15 and iris 16
mhaving a cruciform aperture therethrough. The ap-
plication of the signal in the TEzo mode at the
Magic-T outputs 12 and 13 results in an output
ensignal in the TEor mode being launched in the
circular waveguide following the iris 16. The appara-
tus may also be used to transform a TEo1 applied to
Q. the iris 16 into an output signal at the E-plane port 8
Wlin the TE:¢ mode.
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WAVEGUIDE APPARATUS

This invention relates to waveguide apparatus
and more particularly, but not exclusively, to ap-
paratus for transforming signals between the TEio
mode and the TEo1 mode.

In arrangements in which it is desired to trans-
mit microwave radiation over an appreciable dis-
tance, for example to a remote antenna, the energy
is often transmitted along a circular waveguide in
the TEpy mode. The TEs1 mode, which is illus-
trated in Figure 1, is one in which the electric field
lines are circumferential and thus power losses
tend to be small because they do not intercept the
walls of the waveguide. The energy to be transmit-
ted along the waveguide is normally generated in
the TEio mode, as shown in Figure 2, which exists
in rectangular waveguides and in which the electric
field lines are generally parallel to the short sides
of the waveguide. A transition section must be
included to convert signais from the TEic mode
into the TEs: mode and consists of a tapered
section in which the cross-section of the waveguide
gradually changes from the rectangular shape to a
circular section. The transition section must be
relatively long in order to obtain a final signal
having good mode purity, being typically of the
order of one metre for signal frequencies of 6Ghz.

The present invention arose from an attempt to
provide a more compact waveguide apparatus for
transforming signals between the TEio and TEoq
modes.

Acccording to the invention there is provided
waveguide apparatus for transforming signals be-
tween the TEi¢ mode and a circular waveguide
mode comprising a Magic-T having its output ports
arranged adjacent to one another and means for
transmitting a signal via its E-plane port and signals
via its output port, such that a signai in the TEiq
mode applied to the E-plane port resuits in signals
at the outputs which form a signal in the TEzo
mode, and means for using the signal in the TEzo
mode alone to produce the circular waveguide
mode. By using apparatus in accordance with the
invention, the circular mode can be produced from
a signal in the TEso mode using a relatively small
transition section which may be, for example, of the
order of five times shorter than a conventional
transition section. Preferably, the circular mode is
the TEo1 mode. Normally, the input to a Magic-T is
applied via its H-plane port and the E-plane port is
connected to a load for matching purposes. By
terminating the H-plane port and applying the input
signal to the E-plane port, the signals at the two
outputs of the Magic-T are in the TEi¢ mode in
opposite senses. Thus, by arranging the oufputs
adjacent to one another, the two, opposite TEio
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modes combine to form a TEze mode, as shown in
Figure 3, where the reference 1 indicates one of
the Magic-T outputs and reference 2 the other. The
production of the TEze mode is an intermediate
point in the eventual transformation of the signal
into the TEo1 mode or other circular mode. Appara-
tus in accordance with the invention may thus be
made less bulky than conventional fransition sec-
tions, which makes it particularly advantageous for
arrangements in which the waveguide is required to
move, for example in a rotating joint. Of course, the
Magic-T is a symmeirical device such that in ap-
paratus in accordance with the invention, when a
signal in the TEz0 mode is applied to the outputs of
the Magic-T, a signal is derived from the E-plane
port which is in the TEiq mode. Thus, the
waveguide apparatus may act o fransform signals
from the TEio mode into the TEq1 mode and vice-
versa. Although apparatus in accordance with the
invention may tend to have reduced bandwidth
capability and mode purity compared to a conven-
tional transition section, it has good matching char-
acteristics and offers sufficiently good performance
for its use to be advantageous in a number of
applications.

In one embodiment of the invention a taper
section is included which has an apertiure thereth-
rough, the transverse section of which is substan-
tially rectangular at one end and substantially cru-
ciform at its other end, the taper section being
arranged such that signais from the Magic-T out-
puts are applied to the rectangular section part of
the aperturs. By using a taper section, the mode
purity of the resultant signal in the TEoc1 mode may
be improved over what would otherwise be obtain-
able.

In another, particularly advantageous embodi-
ment of the invention, a taper section is included
having an aperture therethrough, the transverse
section of the aperture being substantially rectan-
gular at one end of the taper section and, at its
other end, having two substantially concave sides
which are joined by four substantially straight
sides, the width of the aperture being larger at the
concave sides than at its centre, the taper section
being arranged such that signals from the Magic-T
outputs are applied to the part of the aperture
having rectangular section.

It is further preferred that an iris is included,
the iris having a cruciform aperture therein via
which signals from and to the Magic-T outputs are
arranged to pass. The cruciform aperture is prefer-
ably arranged to overlap the non-rectangular end of
the taper section. Again, the non-rectangular end of
the taper section and the iris are also of use in
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transforming a signal in the TEo1 mode to the TE1o
mode.

it may be preferred that a waveguide rotating
joint is included which is capable of transmitting
two signals across the joint in respective different
waveguide modes. Thus only one rotating joint is
required for the transmission of two signals be-
tween relatively rotating members, whereas using
previously known apparatus, a separate rotating
joint would have been required for each signal. The
size of waveguide apparatus can therefore be re-
duced which is particularly important for example,
in applications such as satellite communication
equipment and in radar apparatus. The waveguide
modes chosen must be such that there is little or
no coupling between them. It is preferred that the
two signals are at respective different frequencies.
These frequencies might be, for example, 4 GHz
and 6 GHz which are typical frequency bands for
satellite communication down and up paths. By
using widely spaced frequency bands for the two
signals, any coupling between them tends to be
further reduced.

It is preferred that the waveguide at the joint is
circular, and that one mode is the TMs: mode and
the other is the TEs1 mode. When a signal in one
of these modes is imposed on another signal in the
other mode, the electric field lines of the two
modes are orthogonal and there is substantially no
coupling between them. Another advantage in em-
ploying these two modes is that there is only a
very small electric field along the longitudinal axis
in the TEq: modes so that, for example, a cable
may be positioned along it.

Some ways in which the invention may be
performed is now described by way of example
with reference to the accompanying drawings, in
which:

Figure 4 is a schematic perspective view of
a waveguide rotating joint which includes apparatus
in accordance with the invention;

Figure 5 is a schematic sectional view of the
apparatus shown in Figure 4;

Figure 6 is an explanatory diagram relating
to the operation of the apparatus shown in Figure
4

Figure 7 is an exploded view of part of the
rotating joint shown in Figure 4:

Figure 8 shows part of another apparatus in
accordance with the invention.

With reference to Figures 4 and 5, apparatus in
accordance with the invention includes two circular
waveguide sections 3 and 4 which are relatively
rotatable at a rotating joint 5 about axis X-X. Two
ports 8 and 7 are included for fransmission of
microwave energy across the rotating joint 5 in the
TMo1 waveguide mode, which has radial electrical
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field lines as shown in Figure 6. Power in the TEo:
mode can also be transmitted across the rotating
joint & via ports 8 and 9, between which the TMo1
ports 8 and 7 are located. The frequency of the
TEo1 mode signal is different from that of the TMo1
mode signal.

TEo1 port 8 is the E-plane input port of a
Magic-T 10, the H-plane input port having a ter-
mination 11. As is more clearly shown in Figure 7,
the two output ports 12 and 13 of the Magic-T 10
are arranged adjacent one another. Microwave en-
ergy applied in the TEic mode to the port 8
reaches one of the outputs 12 in the TE:ec mode,
as illustrated by the arrows, and the other output
port 13 in the TEio mode in the opposite sense.
Thus, the output of the Magic-T is effectively in the
TEz2¢ mode.

The output of the Magic-T 10 is appiied to a
short taper 14 which has a rectangular section
aperture on the side adjacent output ports 12 and
13 which opens out into a substantially cruciform
section aperture at its other face. A mode is set up
at the cruciform aperture face of the taper 14 as
illustrated by the arrows. Signals passed via the
Magic-T outputs 12 and 13 and the taper 14 are
then applied via a spacer 15 to an iris 16 having a
cruciform aperture 17 therein. This sets up a mode
at the iris 16 as illustrated by the arrows. The iris
16 is the last stage in the transition section 18
which produces the TEo1 mode in the circular
waveguide at the joint 5. A similar transition section
19 is included on the other side of the rotating joint
5 and includes the port 9, which again is the E-
plane port of a Magic-T.

The taper 14, or iris 16 where this is included,
is arranged to present a short circuit at 20 (as
shown in Figure 5) to energy passing through ports
B and 7 so as to inhibit the undssirable TE11 mode.

Figure 8 shows another short taper 21 which
may be used instead of the taper 14 shown in
Figure 7. The taper 21 has a rectangular aperture
22 in one face which opens out into and aperture
23 having two curved sides and four straight side
between them, as shown. This configuration give
particularly good mode purity.

Claims

1. Waveguide apparatus for transforming sig-
nals between the TEio mode and a circular
waveguide mode comprising a Magic-T having its
output ports arranged adjacent one another and
means for transmitting a signal via its E-plane port
and signals via its output ports, such that a signal
in the TE1o mode applied to the E-plane port
resuits in signals at the outputs which form a signal
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in the TEz0 mode, and means for using the signal
in the TEze mode alone to produce the circular
waveguide mode.

2. Apparatus as claimed in claim 1 wherein the
circular waveguide mode is the TEo1 mode. 5

3. Apparatus as claimed in claim 1 or 2 and
including a taper section having an aperiure there-
through, the transverse section of the aperture be-
ing substantially rectangular at one end of the taper
section and substantially cruciform at its other end, 10
the taper section being arranged such that signals
from the Magic-T outputs are applied to the part of
the aperture having rectangular section.

4. Apparatus as claimed in claim 1 or 2 and
including a taper section having an aperiure there~ 15
through, the transverse section of the aperture be-
ing substantially rectangular at one end of the taper
section and, at its other end, having two substan-
tially concave sides which are joined by four sub-
stantially straight sides, the width of the aperture 20
be larger at the concave sides than at its centre,
the taper section being arranged such that signals
from the Magic-T outputs are applied to the part of
the aperture having rectangular section.

5. Apparatus as claimed in claim any preced- 25
ing and including an iris having a cruciform ap-
erture therein via which signals from and/or to the
Magic-T outputs are arranged to pass.

6. Apparatus as claimed in any preceding
claim and including a waveguide rotating joint ca- 30
pable of transmitting two signals across the joint in
respective different waveguide modes.

7. Waveguide apparatus as claimed in claim 6
wherein the two signals are at respective different
frequencies. 35

8. Waveguide apparatus as claimed in claim 6
or 7 wherein the waveguide at the joint is circular
and one mode is the TMo1 mode and the other is
the TEos mode.

9. Apparatus as claimed in claim 8 wherein the 40
rotating joint includes ports for the signal in the
TMo+ mode located between ports for the signal in
the TEq1 mode.

10. Waveguide apparatus as claimed in claim 9
wherein the signal in the TEq1 mode is transmitted 45
into a resonant cavity at a distance from a port for
the signal in the TMe+ mode such that it acts as a
short circuit for the signal in the TMo1 mode.
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