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[57] ABSTRACT

A mode coupler useful in ranging systems for evaluat-
ing higher waveguide wave modes resulting from aper-
ture deviations of an antenna exciter for determining
angular deviation in the azimuth plane as well as in the
elevation plane. Waves of the useful mode are sepa-
rated from waves of a higher mode. A first waveguide
section for propagating all evaluatable wave modes is
adapted to be coupled to an antenna. A second wave-
guide section for propagating exclusively the useful
wave mode is connected in series with the first wave-
guide section. A gap is provided between the first wave-
guide section and the second waveguide section and is
provided with a plurality of apertures for the higher
wave modes in the direction of propagation of the
waves. New modes corresponding to the higher wave
modes are substantially excited by the useful mode
containing the ranging signal.

6 Claims, 16 Drawing Figures
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WAVEGUIDE MODE COUPLER FOR SEPARATING
WAVES OF USEFUL MODE FROM WAVES OF
HIGHER MODE

BACKGROUND OF THE INVENTION

This invention relates to a mode coupler for ranging
systems, and particularly to a mode coupler useful in
ranging systems for the evaluation of higher wave
modes in a waveguide resulting from aperture devia-
tions in the exciter of an antenna to determine the an-
gular deviation in the azimuth plane as well as in the el-
evation plane wherein the waves of the useful mode are
separated from the waves of a higher mode.

The requirements of ranging methods are such that
itis desirable to have criteria which are as sharp and ac-
curate as possible for determination of the ranging di-
rection. These criteria are expressed in angular devia-
tion in the horizontal plane, i.e. the aximuth plane, and
in the vertical plane, i.e. the elevation plane. To detect
the location of a transmitter, for example a satellite-
carried transmitter whose operating frequency lies in
the gigahertz range and which includes mirror anten-
nae fed by waveguides, for example a parabolic an-
tenna with an exciter horn, a Cassegrain antenna, a par-
abolic horn antenna, it is the established practice to
evaluate higher waveguide wave modes which are pro-
duced in the receiving antenna during reception when
the impinging wavefront of the useful signal does not
impinge parallel to the aperture of the exciter. In par-
ticular, for use of the ranging system in satellite ground
stations, it is important that the wave modes selected
for evaluation simultaneously furnish criteria for the
angular deviation in the azimuth plane as well as in the
elevation plane.

It is known that various possible field configurations
or modes can exist in a waveguide. These modes are of
two fundamental types. In one type, the electric field is
transverse to the axis of the waveguide and has essen-
tially no electric field component in the direction of the
waveguide axis, the associated magnetic field having a
component in the direction of the axis. Modes of this
type are termed H modes, or transverse electric, or TE
modes. In the other type, the magnetic field is trans-
verse to the axis of the waveguide and has essentially
no magnetic field component in the direction of the
waveguide axis, the associated electric field having a
component in the direction of the axis. Modes of this
second type are termed E modes, or transverse mag-
netic, or TM modes. The different modes are conve-
niently identified by double numerical subscripts which
may be generally illustrated by letter subscripts; e.g.
Hyn and E .

If the characteristic of the useful mode is used, i.e. in
the instant illustrative case the H,, mode wave or the
H,, mode wave, this wave has a maximum of impinging
energy in the aligned state. If it is inclined to the maxi-
mum at an angle, the received power decreases accord-
ing to the antenna characteristic. If there exists, how-
ever, a deviation in the aperture of the exciter in the an-
tenna at the maximum receiving level, there are pro-
duced in the antenna itself not only the useful mode of
the impinging signal of the now weakened wave type,
but, in addition, wave modes of a higher order whose
energy is proportional, within certain limits, to the an-
gular deviation.

A system which evaluates the Ey; and the Hy; mode
waves is used, for example, with circular exciters, With
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a quadratic exciter, the Hyy or Hg; mode waves are
used. A mode coupler is required to evaluate the wave
modes which decouples, as completely as possible, only
the desired modes without significantly interfering with
the useful mode (e.g. H,o, Ho1) or decoupling energy
components thereof. It is mandatory that no energy
components whatsoever of the received useful signal be
decoupled and lost in the ranging process. A further
problem is the required large bandwidth of the decou-
pling arrangement. The H-mode corresponds to the
TE-mode, and the E-mode corresponds to the TM-
mode.

SUMMARY OF THE INVENTION

Since the requirements, i.e. wide bandwidth and de-
coupling of the ranging information free from useful
energy, could not sufficiently be met by the previously
used mode couplers, it is a principal object of the pres-
ent invention to provide a mode coupler which meets
these requirements.

The foregoing object, as weli as others which are to
be made clear from the following text, are accom-
plished by providing a mode coupler, useful in ranging
systems, for evaluating higher waveguide wave modes
resulting from aperture deviation of an antenna exciter
for determining angular deviation in the azimuth plane
as well as in the elevation plane. Waves of the useful
mode are separated from waves of a higher mode. A
first waveguide section for propagating all evaluatable
wave modes and adapted to be coupled to an antenna
is provided. A second waveguide section for propagat-
ing exclusively the useful wave mode is connected in
series with the first waveguide section. A gap is pro-
vided between the two waveguide sections and has a
plurality of apertures of the higher wave modes in the
direction of propagation of the waves. New modes cor-
responding to the higher wave modes are substantially
excited by the useful mode containing the ranging sig-
nal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially sectional view of a mode coupler
according to the present invention, viewed in the direc-
tion from the associated receiving antenna.

FIG. 2 is a sectional view of the mode coupler of FIG.
1, the section being taken through a plane 2—2 of FIG.
1.

FIGS. 3a-3f show diagrammatically the various wave
modes produced by the deviation of an antenna from
the receiving direction and their conversion into waves
of the Hyo mode in a mode coupler according to the
present invention.

FIG. 4 is a cross-sectional detail view-of an arrange-
ment for the decoupling of the higher mode waves from
the mode coupler of FIGS. 1 and 2.

FIG. § is a simplified, cross-sectional detail view of a
modified version of the coupler of FIGS. 1 and 2.

FIG. 6 is an axial cross-sectional view of a decoupling
arrangement for reducing the interference with the use-
ful signal by the decoupling of the waves of higher
modes.

FIG. 7 is an axial diagrammatic view of a mode cou-
pler according to an embodiment of the present inven-
tion with an infinite waveguide transition.

FIG. 8 is a cross-sectional view along line 8—8 of
FIG. 7.
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FIGS. 9a to 9¢ show diagrammatically compensation
arrangements for suppressing E-type wave modes.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 illustrate a mode coupler according to
the present invention, FIG. 1 being a view from the an-
tenna input and FIG. 2 being a sectional view from a
side. A first waveguide section 1 (FIG. 2) with its large
cross section faces the antenna (not shown) and is so
dimensioned that H,, and H,, waves, which are of the
useful type, and Hy, and Hy, waves, which provide the
criterion for angular deviation which is evaluated as the
follow-up criterion, can propagate. At a point 3 (FIG.
2) of the mode coupler the waveguide cross section is
narrowed in such a manner that no Hy, or Hy, waves
can propagate any longer in a second waveguide sec-
tion 2 (FIG. 2), which follows section 1 and point 3 in
the propagation direction of the signals arriving from
the antenna. Between the two waveguide sections 1 and
2 there is a gap because of the difference in cross-
sectional areas of the two waveguide sections 1 and 2.
The two waveguide sections 1 and 2 are so positioned
that the gap between them extends uniformly about the
periphery of the second waveguide section 2. The gap
is divided into eight outer waveguides A, A’, B, B’, C,
C’, D and D' by a total of four pairs of bars 4-4', 5-5',
6-6', and 7-7', all eight -outer waveguides formed
within the gap being able to propagate the useful H,,
wave.

The operation is such that signals of the different
wave types arriving from the antenna exciter each in-
duce useful H,, mode waves in the eight waveguides A,
A’, B, B’, C, C’, D and D’. The phase position of the
H,, mode waves depends on the nature of the arriving
wave mode. This dependence of the phase position on
the nature of the arriving wave mode is shown diagram-
matically in the individual FIGS. 3a to 3f.

These figures illustrate the path and the direction of
the field lines in the eight waveguides A, A’, B, B, C,
C’, D and D’ by the gap provided between the two
waveguide sections 1 and 2 for six different respective
wave modes which may exist in the impinging signal.
The arriving wave modes, as illustrated respectively in
FIGS. 3a to 3f, are Hyo, Hyo, Hyy, Eyy, Hy; and E,p. Any
wave mode produced due to the deviation of the an-
tenna from the direction of the impinging signal or by
other exciter characteristics produces H,, mode waves
of a defined polarity in these small waveguides A, A’,
B,B’, C,C’, D and D’ which are formed by the gap be-
tween the two waveguide sections 1 and 2, by virtue of
the differing cross sections, and a number of partitions,
formed by four pairs of bars 4-4', 5-5', 6-6' and 7-7’
which define apertures. Thus the different arriving
wave types produce new H,, mode waves which corre-
spond to the deviation of the antenna and whose energy
is a measure of the deviation. Each received wave
mode produces, in one pair of the outer waveguides
formed in the gap (e.g. pair A, A’ of FIG. 1), identically
phased or oppositely phased H,, waves of the same am-
plitude. In a second pair of outer waveguides opposite
this pair (e.g. pair B, B’ of FIG. 1) the H,, amplitudes
are the same. The phase difference, however, for exam-
ple between A and B may be 0° (e.g. for the Hz, mode
wave) or 180° (e.g. for the Hy; or Ey; mode wave). The
aperture-defining bars 4, 4', 8, 5’ etc. associated with
oppositely disposed pairs of outer waveguides A-A’,
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B-B’ etc. have a predetermined finite length so that the
oppositely phased Hy, components combine to form an
Hgo mode wave; the identically phased H,, components
combine to form a single H,q, mode wave.

Four rectangular waveguides E, E’, F and F' are at-
tached to the coupler for decoupling the H
component which, as shown in FIG. 1, only decouples
the oppositely phased signal components of the Hg,
mode wave. These signals of the Hy, mode are a mea-
sure of the deviation of the antenna from the direction
of the arriving signals. If a signal of the H,, mode, for
example, does not impinge perpendicularly, this devia-
tion produces other wave modes, particularly higher
modes. Their energy is thus a measure for the deviation
from the direction of the impinging signal. The Hy,
mode wave is used to evaluate the deviation, the con-
figuration of the mode coupler separating the Hy, mode
wave from the useful signal of the H;o mode wave. This
is accomplished as a result of the staggering of the two
waveguide sections 1 and 2 which have different cross-
sectional areas. In the thus resulting gap, suitable ar-
rangement of the partitions formed by the bars 4,4, 5
and 5’ which define apertures, produces a preference
for the Hzo mode wave since it exists in the correspond-
ing waveguides, for example waveguides A-A’.

As utilized in the ranging art, as already mentioned,
the Hy, mode waves are used for determining the devia-
tion of the antenna in a first direction, and the perpen-
dicularly disposed Hy, mode waves are used for deter-
mining the deviation of the antenna in a direction per-
pendicular to the first direction. The waveguides E-E’
must be provided for the first direction (Hy mode) and
the waveguides F-F' for the other direction (Hy; mode)
which is perpendicular to the first direction.

A single pair of outer waveguides A and A’ with asso-
ciated decoupling members is shown, in a top view, in
FIG. 4. In order to be able to decouple the entire Hy,
energy, the wave must run against a short circuit K1
which may be realized, for example, by narrowing the
broadside of the pair of waveguides A and A'. The H,,
component is thus influenced only slightly and can be
short-circuited at a point K, at a predetermined dis-
tance S from the entry points to the waveguides A and
A’ so that a short circuit is transformed into plane E1,
i.e.

lelec‘_‘f(s) =n- N2

wherein lg.. is the total electrical length from the short
circuit K, to the waveguide apertures A, A’; B, B’; C,
C’; D, D'; f (s) is a function of the geometrical length
S (FIG. 4) of the waveguide section :n=1,2,3...;
A is the actual waveguide-wavelength. The condition
defined by the foregoing formula is not critical; it is
only necessary that, for all operating frequencies the
expression

Letec +k)\/4(k=l,3,5,)

prevail since otherwise resonance phenomeana may
become apparent which would make a broadbanded
compensation of the reflection factor of the useful
wave at the transition from larger waveguide section 1
to the smaller waveguide section 2 more difficuit.

- The arrangement of FIG. 4 corresponds to a folded
magic T whose sum branch is short-circuited at the
point K; and whose difference branch is formed by the
waveguide E. The partitions or bars 4, 4'; 5, 5’ in FIG.
1 can theoretically be left out; however, they reduce
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the undesirable coupling of the H,, (Ho;) mode wave
from the first waveguide section 1 into the outer wave-
guides such as waveguides A, A’. Thus the bar 4 is pres-
ent in the decoupler shown in FIG. 4.

With respect to matching, the decoupling of the op-
positely phased wave components by the pairs of wave-
guides E, E' and F, F' does not produce difficulties.
The main problem is the conversion without reflection
of the Hy (Hyy) mode waves of the first waveguide sec-
tion 1 to oppositely phased Hyy mode waves in the eight
outer waveguides A, A’; B, B’ and C, C’; D, D'. In the
transition region between the two waveguide sections
1 and 2, the E field lines of the Hyy (Hqz) mode wave,
shown in FIG. 1, experience a relatively strong field dis-
tortion so that the E field components appear in the
propagation direction and their shift currents are con-
verted by a pair of conductive pins ST to a longitudinal
flux of the wave in the flat waveguides A and A’. This
measure improves the Hyy (Hyy) mode wave matching
quite considerably.

A further improvement is obtained by influencing the
H., mode wave blind field at the beginning of the sec-
ond waveguide section 2, for example by metallic or di-
electric bars M (FIGS. 1 and 2). Instead of providing
the bars M, the second waveguide section 2 may be
constructed to be wider at its beginning in the form of
a pyramid at the point at which it meets the first wave-
guide section 1, as shown in FIG. 5. An additional im-
provement in matching may be obtained with compen-
sation elements, for example capacitive plungers, in-
ductive apertures, etc., in the outer waveguides A, A’,
B,B',C,C’' D and D' and/or in the first waveguide sec-
tion 1. Inductive apertures are particularly effective for
the Hyo and Hy; mode waves in the first waveguide sec-
tion 1 since the waveguide is operated relatively closely
to the Hyp mode wave limit frequency. The influence of
inductive apertures on the H,, (Ho;) mode wave, i.e.
the useful mode, is slight and can easily be compen-
sated by the provision of further compensating bars P,
as shown in FIG. 6.

It can be seen from the above description that the
waveguides E, E’ serve to decouple portions of the Hy,,
H,, and E,; mode waves; the waveguides F, F’ serve to
decouple portions of the Hg,, H;» and E;; mode waves.
The portions of the Hy,, E; and Hy,, E;; mode waves
are undesirable; however, external comparator circuits
or comparator networks are provided to eliminate
them. FIG. 1 shows this circuit only for the waveguides
E, E', for the waveguides F, F' an identical circuit is
provided. The circuit shown in FIG. 1 includes the two
waveguides E and E' of the same electrical length and
a branch circuit T which is known as a magic T circuit.
The decoupled Hyy (Hg) energy portions appear in a
difference branch Y and the energy of the decoupled
E;, Hyy (E g, Hyy) portions appears in a sum branch S.

The mode coupler of the invention is operated as a
relatively strongly excess-mode producing waveguide
which leads, particularly at the point of change of cross
sections between the two waveguide sections 1 and 2,
to the excitation of higher wave modes. In order to
meet the marginal requirements, E;,, H,; and Hg, mode
waves (as well as E,,, Hy, and Hy; mode waves) are re-
quired most of all.

The above-described mode coupler is only one of
various possible embodiments according to the present
invention, Another embodiment is shown in FIG. 7, in
a frontal view, seen from the antenna exciter and in
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FIG. 8, in a side view, in a partially sectional represen-
tation. The mode cpupler shown in FIGS. 7 and 8 is
constructed with an infinite waveguide transition. The
change in cross section between two waveguide sec-
tions 1 and 2 is thus softened; accordingly, the intensity
of the excited higher mode waves varies. It should be
noted that the limit frequency of the excited E wave
types in the waveguide section 1 can be increased by
bar arrangements to such an extent that they can no
longer propagate. Three examples are shown diagram-
matically in FIGS. 9a, 9b and 9c¢. The bars Q of FIG. 9a
influence the Hy, mode wave only insignificantly; the
bars R of FIG. 9 and the bars T of FIG. 9¢ reduce the
Hgo mode wave limit frequency. The embodiment ac-
cording to FIGS. 95 and 9¢ has the additional advan-
tage that the change in cross section between the first
waveguide section 1, with bars, and the second wave-
guide section 2, without bars, can be reduced.

The above-described mode couplers have a relatively
broad band capability of about 15 percent due to their
particular configuration. Thus these mode couplers
gain increased significance because the heretofore re-
quired very complicated and time-consuming fre-
quency matching is eliminated.

In order to further improve its characteristics it is ad-
visable to use a rather broadbanded mode coupler, but
to operate it-only over a narrow band, i.e. to make it
tunable over a narrow band at a very defined point,
namely at the point where the decoupling of the higher
modes takes place.

For this purpose the space directly behind the point
for decoupling of the higher modes is designed as a res-
onant circuit and is made tunable. The resonant fre-
quency of this area should be limited in the transmis-
sion band to the Hy, (Hg) mode wave. Since the H,,
(Hyy) mode wave is coexistent in this area, the reso-
nance of which area can be set to a frequency outside
of the transmission range independent of the Hyy (Hy,)
resonance, there results a practically uninterfered with
useful channel. The existence of this resonant circuit
requires that this resonant area be substantially en-
closed, i.e. the coupling or decoupling is low. The inser-
tion of apertures in the direction of the mode coupler
as well as toward the output (magic T) can produce this
effect.

With this arrangement an almost interference-free
useful channel is obtained.

This resonant circuit will have tuning members to
produce tunability, which members are included in the
resonant circuit in the form of calibratable tuning
screws or other calibratable tuning means. The calibra-
tability of such tuning means will then permit matching
in a simple manner. ‘

Additionally, it should be mentioned that the com-
parator network shown in FIG. 1 with waveguides can
also be realized as a coaxial comparison circuit or a
stripline arrangement.

The dimensions of an operative embodiment of the
invention are:

1. width of the large waveguide 1 58.2 X 58.2 mm

2. width of the smaller waveguide 2 46 X 46 mm

3. dimension of the gaps A, B, C, D are 5 mm

4. width of the bars 4, 5, 6, 7 and the wall between

waveguide 1 and 2 .1 mm

5. the operation frequency is 5.9 < f = 6.5 GHz.

It will be understood that the above description of the
present invention is susceptible to various modifica-
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tions, changes and adaptations and the same are in-
tended to be comprehended within the meaning and
range of equivalents of the appended claims.

I claim:

1. A mode coupler for use in ranging systems for
evaluating waveguide wave modes resulting from aper-
ture deviations of an antenna exciter for determining
angular deviation in the azimuth plane as well as in the
elevation plane wherein waves of a useful mode are
separated from waves of a higher mode, comprising a
first waveguide section for propagating all evaluatable
wave modes and adapted to be coupled to an antenna;
a second waveguide section dimensioned for propagat-
ing exclusively the useful wave mode and connected in
series with said first waveguide section so as to create
a gap between said first waveguide section and said sec-
ond waveguide section, said gap being provided with
means to define a plurality of apertures for the higher
wave modes in the direction of propagation of the
waves whereby new modes corresponding to the higher
wave modes are substantially excited by the useful
mode.

2. An arrangement as defined in claim 1 wherein said
first waveguide section and said second waveguide sec-
tion are each of square cross section, said second wave-
guide section being smaller than, and positioned within
at least a portion of, said first waveguide section so as
to define said gap.

3. An arrangement as defined in claim 1 wherein said
first waveguide section and said second waveguide sec-
tion are of square cross section and form respective
parts of a single waveguide/having a region of progres-
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sively decreasing cross section between said first and
second sections and in the direction of wave propaga-
tion, the tapering of said waveguide being so dimen-
sioned that all evaluatable wave modes exist in said first
waveguide section adapted to face the antenna and
only the useful mode exists in said second waveguide
section, and said means which defines said plurality of
apertures includes a plurality of slits disposed between
said first waveguide section and said second waveguide
section, said slits being so dimensioned that only the
higher mode waves are coupled out.

4. An arrangement as defined in claim 3 further com-
prising a three branch T circuit having two equal input
branches and an output branch, and at least two oppo-
sitely disposed waveguide output means coupled re-
spectively between said mode coupler and respective
ones of said input branches of said T circuit for receiv-
ing signals from the mode coupler and supplying these
signals to said T circuit, whereby a ranging signal is
available at said output branch of said T circuit.

5. An arrangement as defined in claim 4 wherein
each of said waveguide output means comprises a re-
spective waveguide section each having its center axis
perpendicular to the longitudinal axis of said first wave-
guide section and said second waveguide section.

6. An arrangement as defined in claim 5 wherein
each of said waveguide output means are tunable reso-
nant circuits whereby said waveguide output means are
loosely coupled to said mode coupler and loosely de-

coupled to said input branches of said T circuit.
* ok  x  k ok



