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@ Device for the combination without r.f. power loss of two or more microwave transmitters running in parallel and without

any power ratio.

) _Theinvention relates to a device for the combination without
r.f. power loss of two or more microwave transmitters running in
parallel and with any power ratio, comprising as basic compo-
nents in cascade connection and with the interposition of rotative
joints and, where necessary, of transition connections with the
rotative joints, a first orthogonal mode input transducer (OMT1), a
first rotative polarizer (P1) which can receive at the input an
elliptically polarized field and supply at the output a linearly
polarized field, a second rotative polarizer (P2) which can receive
at the input a linearly polarized field and supply at the output a
linearly polarized field which, however, in an intermediate part
has got a transformation into a circular polarization, a second
orthogonal mode output transducer (OMT2) and two motors (M1,
M2) commanding the rotational motions of said two polarizers
(P1, P2) and being controlled by a computer which gets monitor-
ing data from a detector diode (DR) connected with the transver-
sal branch of said output transducer.
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Device for the combination without r.f. power loss of
two or more microwave transmitters running in para]]e]
and with any power ratio

Description

The invention 'relates to a device for the combination without
r.f. power loss of two or more microwave transmitters running
in parallel and with any power ratio.

It 1is known that often it is required to add the power of two
r.f. amplifiers fed by the same source of energy, e.g. in order
to feed an antenna. If, according to the prior art, the power
values of both amplifiers are known and if e.g. these values
are equal, the two output powers of the amplifiers are fed to a
summing network - a hybrid - which genera]]y has two outputs,

and the parameters of the hybrid are set by means of construc-
tion such that the whole power is at one output and a zero po-
wer is at the other outpuf. Usually, at the undersired output a
load is applied in order to absorb the possibly present power
which could attain to it for some unbalance reason. If, how-
ever, this unbalance varies in an uncontrolled manner, e.g; ‘be-
cause of "the variation of the amplificator characteristics or
of the phase variation cwing to different thermal expansions of
the wave-guides or owing to other reaons, the whole undesired
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power absorbed by the load and therefore not utilized 1increases
in an unendurable measure.

It 1is an object of the invention to realize a device for combi-
' ning or adding the outputs of two or more microwave amplifiers
| which automatically adapts or can manually be adapted to the po-
wers and phases generated by the two transmitters.

- The summing network according to the invention comprises a va-
~riable coupler the structure of which will be explained by
means of the drawing.

The theory of said summing network is as follows. First of all
it should be considered that the coupling between two wave-gqui-
des has to be made in parallel with a total coupling factor
C.=:cejq: in which the coefficient ¢ may vary betwgen zero and
the unit value and the phase Y may have any value. The struc-
- ture can be considered having four gates numbered as usual.
With such a device; the powers available at the two input gates
1 and 4 are added such that their sum is available at one of
the two output gates whereas the other output is zero so that -
presuming that the ohmic losses of the device are negligible -
the combinatidn of the two powers is_obtained without matching

- losses.

In order to achieve such a result, the variation of phase

~of one of the signals and the coupling coefficient ¢ have to be
' ;§et appropriately as a function of the input amplitudes and of
 the relative input phases.

It may be supposed that
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jc .0

0 jc
S = jc 0 t
0 jc 0

is the diffusion matrix of the coupler (which 1is considered
without any loss), wherein 0 £ ¢ £ 1 is, as already stated, the
coupling coefficient and t =y1 - ¢ is the transmission .coef-
ficient.

Other diffusion matrices could be imagined but those can all be
reduced to the above expressed form by suitably choosing the re-
ference sections .input - output. '

If to the gates 1 and 4 are fed the signals V1 and V4 (while
el - V-'

V2 3 = 0) and all gates aré closed with appropriate termina-
tions, the diffused signals are:

-
v_é = tV; + jcvz
V, = jeV, + tV

3 1 4
V‘;:o. '

If the whole power is to be obtained, i.e. in practice tﬁe sum
power, V} at the output 2 has to be zero:

L ) . —lp 2 —T
thence

V, S

= =
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-
V..

This requires that VZ i§ shifted 90° out of phase from 1 This
result can be obtained by suitably choosing the value of
which is a first degree of freedom. )

After this first step we get:

g

2
Vq. ) Cz‘
— z -
V& : 1- <t

~and thence:

BCAWARA
FESTAYIT AR

The abpropriate thoosing of theé values for v and ¢, which re-
presents a second degree of freedom, can be effected by monito-
ring the signal amplitude at the output 3 and by setting the va-
lues for W and ¢ such that said signal may be kept at the mi-
nimum, ideally zero. '

The'prihciple of the presenf invention is to substitute the two
~mutually coup]ed wave-guides to which the above explained theo-
~ry refers by a single structure having a circular section and
behaving as 1in realty it were two quides, i.e. it permits the
independent propagation of two poianized fields in two mutually
- orthogonal axes{ As, . for the obiécts of the invention, these
two modes of propagation have to be coupled, i.e.. a'_power eXxX=-.
-.change between both of them must be possible, the guide in que-
:stion which is structurally unique but functionally double has
“to be - provided with coupling members. These coupling members
consist of diametral asymmetries, e.g. P protuberances called
-irisses, or continuous or discontinuous projections. These dia-
metral asymmetriés may be realized by a continuous deformation
of the guide "section which would assume e.g. an elliptical
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shape.\Said wave-guides in the following will be called polari-

Zers.

The presence of said asymmetries works such that the two fie]ds'
are no longer independent. In fact, the field component %
propagating in the direction which unites the irisses propaga-
tes with a speed (i.e. has a certain phase constant) which is
different from the propagation speed of the component M or-
thogona] to. it (and which propagates with a different phase
constant), so that after a time the two field components get
out of phase. Acting on this phase difference said two orthogo-
nal fields are coupled and consequently power is trasmitted
from one to the other. The phase difference is set by 'varying
the angle © which the irisses uniting diametral plane includes
with the input direction of said two fields. To each rotation
angle corresponds a certain coupling degree.

Having realized in this way a regulation possibility, i.e. a
degree of freédpm, the present invention makes use of a second
guide-wave segment with P asymmetries in order to analogously
obtain a second regh]ation possibility and consequently a se-
cond degree of freedom. '

This theory in practice 'is accomp]ishéd by a device as illustra-
ted in the annexed figure which will now be explained in de-
tail. '

The device comprises 1in combination successively a first sec-
tion consiéting of an orthogonal mode transducer (orthomode
"transducer) OMT 1, possibly a connection section SR 1 having a
circular exit, a first rotative joint GR 1, a first polarizer
P1 which can be rotated by means of a motor M1, a second Fptati~
ve joint GR 2, a second polarizer P 2 which can be rotated by
means of a motor M2, a third rotative joint GR 3, possibly a se-
cond connectiﬁg section SR 2 having a circular input, a second
section consisting of an orthomode transducer OMT 2, a detector
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diode DR connected with an output of said second section OMT 2
in order to detect the undesired field component and to send mo-
nitoring data to a computer (not shown) which controls the rota-
~tion of said motors ML and M2. The segment incorporating said
;diode>DR is closed by a convenient terminal.

“Such a device is a variable means which by a computerized con-
trol «circuit automatically matches to the power and to the pha-
se of said two transmitters. There are two adjustable parame-

:tefs corresponding to the amplitude and to the phase or to the
amplitude in phase and.to the amplitude 1in quadrature c¢f the

f two field components} The structure is aperiodic and therefore
has wide band and low losses. In fact, compared with a coupling
between two separate wave-guides which has coupling bores or
the 1ike, thercoubling realized in asymmetry as a rotative
structure is much better, owing to the lack of sliding con-
~tacts, to the small surface extension of the structure and to
the lack of resonance effects. |

The two segments,Pl and P2 have been determined polarizers be-
cause they actually behave as polarizers. In fact, looking e.g.
at the first of them and supposing that its length is such that
 there is a phase difference of 90° between the component "4
and the component gn"ﬁf the field and that the inpuf field is
lTinearly polarized, it can be ascertained that, varying the an-
gle 91 e.g. from 00 through-45° to 900, the field will assume a
- polarization that varies from Iineay.to elliptic (for 0O< 92 <

,450) and then to circular (for 91 57450) and subsequently beco-
mes elliptical again (for 459 < 91 < 90°) and finally again 1i-
near (for 91 =-90°). In other words, starting from a 1inear po-
Tarization and adjusting the angle 91, all elliptic and pérticu-
lTarly circular polarizations can be obtained.
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Vice versa, the very same means to the input of which an ellip-
tically polarized field is applied can supply at the output a
Tinearly polarized field. '

In further explaining the functional principles of the device
according to the invention, it can be seen that, using a first
polarizer which at the input accepts an elliptically polarized
field the axes ratio and the ellipse orientation of which de-
pend on the amplitudes and relative phases of the input fields,
a rotation angle of the polarizer can be found at which the out-
put field has a linear polarization, though unknown. '

~ In order to obtain at the output a field that not only has a 1i-
"near polarization but also is oriented in a desired mode, the
first polarizer Pl 1is followedﬁ by a second polarizer P2 the
length of which is twice the length of the first polarizer Pl
such that, 1if the first polarizer supplies a phase difference
of 900, the second pd]arizer supplies a phase difference <cf
180°. '

In said second po1arizér P2, in practice the field combonents
"M o will have a phase difference which is 180° more than that
of the components §2_. The second polarizer P2 can be conside-
red a union cf two polarizers having a phase difference of 900,
i.e. a first segment receiving'the']inéar1y polarized field sup-
plied by the first polarizer Pl and suppltying at the output a
circu]ariy polarized field, and a-second segment receiving at
the input the circularly polarized field and supplying at the
output ‘a linearly polarized field. Said second polarizer P2 can
be rotated at any éng]e in order to align the direction of the
output field polarization with any desired direction. In practi-
ce, such a polarization of double length at the cutput hés al-
ways a Tlinear field, however turned by an angle which is twice
the angle by which said polarizer is turned.
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From the structural point of view it can be seen that two trans-
mitters are applied to both inputs 1 and 2 of an OMTl input de-
vice. This device has an already gnown structure and generally
has a square section so that a seﬁment is provided having a
transition from a square shape to a tircular shape in order to
connect the OMT 1 device with the rotative joint GR 1 having
the same circular section. The same is true for the connection
means between the third rotative joint GR 3 and the OMT 2 out-
put device. It is therefore obvious that the connection seg-
ments SR 1 and SR 2 are not necessary if the OMT 1 and OMT 2 de-
vices have circular sections.

‘As already said, in order to determine the two rotations Gl and
92 which are both unknown, the undersired component of the out-
put field is monitored by means of a diode DR connected 1in the
transversal branch of the OMT 2 output transducer and the rea-
ding executed by the diode DR is sent to a computef which, for
subsequent'attemgts and by actuating the motors M1 and M2, indi-
vidualizes the two rotations 91 and 92 which minimize and even-
tually nullify said undersired component. Of course, this solu-
tion does not exc1ude the search bty manual instead of automatic
rotation. Here it should be noted that the sensitivity of the
regulation system is very high because it is based on the detec-
tion of a zero power at the non used output and on the detec-
tion of the maximum power at the used'output.

Obviously, the system can be extended to more than two transmit-
ters, combining the added output of the first two transmitters
with that of the third one and so on.

In the foregoing a prefefred example of the invention has been
described, but it is obvious that those skilled in the éyt can
accdmplish various modifications without Ieéving the spirit of
the invention. '
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Claims

1. Device for the combination without r.f. power loss of two mi--
crowave,transhitters running in parallel and with any power ra-
tio, comprising in combination in series a first orthogonal
mode input transducer (orthomode transduter) (OMT 1), -a first
rotative Jjoint (GR 1), a first polarizer (Pl) which effects a
90° phase difference and can be rotated by means of a first mo-
tor (Ml), a second rotative joint (GR 2), a second polarizer
(P2) which effects a 90° phase difference and .can be rotated by
a second motor (M2), a third rotative joint (GR 3), a second or-
thoéona] mode output transducer (OMT 2), a detéctor diode (DR)
connected with the transversal branch of said second transducer
(OMT 2) in order to detect the undersired field component and
to supply monitoring data for controlling the rotation of said
motors (M1, M2). '

2. Device as claimed in claim 1, wherein said_ polariZzers (P1,
P2) are realized as circular wave-guides which can sustain the
propagation 6f two mutually orthogonal fields and which have in-
corporated means joining said two fields. '

3. Device as claimed in claim 2 wherein said joining means are
asymmetries realized by discrete or continuous projections pro-
vided in diametral opposite positions within the wave-guide.

4. Device as claimed in claim 3'wherein said asymmetries are
realized by an elliptic deformation of the wave-guide which re-
mains circular only at the ends mounted in the rotative joints.

5. Device as claimed in anyone of the preceding claims wherein
the orthogonal mode transducers have a square shaped section
and wherein segments are provided having a transition from a
square shape to a circular shape section for the connection
with the rotative joints.
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6. Device as claimed in claim 1, wherein the monitoring signals
of said detector diode (DR) are sent to a computer which con-
trols the rotational motions of said motors (M1, M2).

7. Devicer as claimed in anyone of claims 1 to 4, wherein said
-second polarizer (P2) has the identical structure of the first
polarizer (P1) but twice the length.

8. Device as claimed in claim 1, wherein the transVersa] branch
of said second orthogonal mode transducer (OMT 2) incorporating

the detector diode (DR) is closed by a suitable termination.

9. Device for the combination without r.f. power Joss of two or

" more microwave transmitters running in parallel and with any

power hatid as claimed -in aﬁyone of the preceding claims and
substantially as described and illustrated.
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