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3,265,993 
INTEGRATED COUPLING UNIT FORTW0 INDE 

PENDENTWAVEGUIDE CHANNELS 
Cyril Frank Davidson Edgware and Ivor Albert Ravens 

croft Radlett England assignorsto Her Majesty's Post 
master General London, England 

Filed Feb.13?1964?Ser.No.344,577 
13 Claims (Cl.333?I) 

This invention relates to waveguide coupling units 
which maybe used to couple two separate microwave cir 
cuitSto a common microwave aerial. 

In this Specification“microwave" will beused to mean 
any electromagnetic wave which is of such a frequency 
as to be conveniently transmitted by waveguides and 
"coupling"willbe used to mean electromagnetic coupling. 
According to the present invention a waveguide cou 

pling unit includes a coaxial first waveguide section a 
circular Second waveguide section spaced apartfrom the 
first section a plurality of further waveguides coupling 
the two waveguide sections each of the further wave 
guides being displaced from the axis of each waveguide 
Section and a feeder waveguide section that passes 
through the space between adjacent further waveguides 
and is coupled to the interior of the inner conductor of 
the coaxial first waveguide section the arrangement being 
Such that any electromagnetic disturbance presentin one 
of the waveguide sections gives rise to an analogous dis 
turbance intheotherwaveguide section. 

In one embodiment of the invention the coupling unit 
comprises the coaxial first Waveguide section and the sec 
ond Waveguide Section, a first set of coupling devices 
arranged around the periphery of the first waveguide 
Section a second set of coupling devices arranged around 
the periphery of the coaxial waveguide section and a 
Set preferably four of further waveguides each linking 
a coupling device of the firstset to a corresponding cou 
pling device of the Second set whereby to couple the first 
andsecond Waveguide Sections. 
The firstand second waveguide sections may be axially 

aligned the facing apertures of the two sections each 
closed by a conductingelement and the couplings on each 
Waveguide section arranged at a distance from the short 
circuited end of the guide of approximately one quarter 
of the mean wavelength employedin the guide. 

Coupling units constructed in accordance with the in 
vention may be utilised in microwave signalling systems 
in whichitis-required to couple two Separate microwave 
circuits to a common microwave aerial In such signal 
ling systems the dimensions of the conductors of the first 
waveguide section advantageously may be so Selected that 
the frequency used for propagation over the circuit de 
fined conjointly by the first and second waveguide sec 
tionsis toolow to be propagated over the circuit defined 
by the inner conductor of the firstwaveguide section. 

In a particular transmission system embodying a cou 
plingunit as described with reference to the firstembodi 
ment above circular polarisation is employed and the 
firstwaveguide sectionis acircularcoaxialsection The 
second waveguide Section and the furtherwaveguides are 
rectangular the formerbeingfed with circularlypolarised 
radiation in the TE11 mode from a turnstile device Cir 
cularly polarised radiation received by the aerialis fed 
to the inner conductor of the firstwaveguide section and 
converted fromacircularpolarised TE11modeintoplane 
polarised radiation by a suitable device e.g a quarter 
wavelength phase shifter in that conductor The plane 
polarised radiation may be rendered suitablefor trans 
mission over a rectangularwaveguide by a binomialsec 
tion ortapersectionformingpart ofthefeederwaveguide 
section. - - ? - - 
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An example oftheinvention will now be describedwith 

reference to the accompanying drawing?in which: 
FIG 1 is a diagrammatic side view partlyin section, 

of a couplingunitin accordance with the invention and 
FIG 2 is a section taken on the line I?Iin FIG 1. 
FIGS 1 and 2 show one form of waveguide coupling 

unit embodying the invention and which has a circular 
Coaxialwaveguide section 1 and a circularwaveguide sec 
tion 7 displaced from and axially aligned with each 
other and coupled together by an arrangementinclud 
ing fourrectangularwaveguides11. The couplingwave 
guides li extend parallel with and are displaced from the 
axes of the Sections 1 and 7 and bridge the adjacentends 
ofthose sections. 
The coaxial waveguide section 1 has inner and outer 

conductors 2 and3 at one end the conductor2 defining 
a mouth A and at the Same end the conductors 2 and3 
together defining an annular mouth B. Atthe opposite 
end of the section 1 the outer conductor 3 terminates 
Short of the inner conductor2 andis connected to it by 
a Short circuiting ring 4. Situated at90°intervals around 
the conductor3 are four radially extending coaxial cou 
plings 5 each having a centre conductor 5thatis con 
nected to the inner conductor 2at a distance of approxi 
mately a quarter wavelength from the ring 4. 
The end of the waveguide section 7thatfaces the sec 

tion 1 is closed by a short circuiting plate 10 and four 
radially extending coaxial couplings 8 are situatedaround 
the waveguide 7 at90° intervals The coaxial couplings 
8 have innerconductors 9 extendingwithin the waveguide 
7 and which are connected together at the axis of the 
Waveguide 7 and spaced approximately a quarter wave 
1ength from the plate10. 

Each of the coaxial couplings 5 is connected to a 
correSponding coupling8 by one ofthe rectangularwave 
guides 11 Correct matching of the two waveguide sec 
tions l and 7 is ensured by the location of the coaxial 
stubs 5 and 8 at distances of approximately X/4 from 
the Short circuited ends of those sections as described 
above?and by Suitably dimensioning the transitions be 
tween the coaxial stubs and the coupling waveguides 11. 
The arrangementis such that microwave electromagnetic 
disturbance present in either the coaxial waveguide sec 
tion 1 or the waveguide section 7 gives rise to an analo 
gous disturbance in the other one of those sections. 
A rectangularfeederwaveguide section 14passing be 

tween two of the coupling waveguides II is coupled by 
an H-plane corner16 a spacer 20 and a matching section 
15 e.g a binomial or tapersection to the inner conduc 
tor2 ofthe section1. 
The unit described above providestwo discrete micro 

wave signal transmission paths that defined together by 
the coaxial Section l?the section 7 and the couplingwave 
guides11 and that defined by the hollowinner conductor 
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of the section1?the corner16 and the 
guide outlet. 
The coupling unit described above may have the 

mouths A and B of the Section 1 coupled to a microwave 
aerial via a suitable launching unitto provide a primary 
feed forthe aerial In a particularembodiment thetrans 
mission path defined together by the sections 1?7 and 
couplingwaveguides11isused to feedenergyto the aerial 
fortransmission and the transmission path defined by the 
conductor2isusedto feedradiation received by the aerial 
to receiving apparatus One Such Signalling system will 
be described below. 
A microwave generator (not shown) feeds the wave 

guide Section 7withenergy to betransmitted by the aerial 
at a frequency of about 1700 mc./s via a turnstile de 
vice 12 connected to the aperture of the section 7. The 
turnstile outputis a circularly polarised field in the TE11 
mode The resultant electromagnetic disturbance in the 

rectangularwave 
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region of the conductors 9 of the coaxial stubs 8 is re 
produced with appropriate phase delay atthe conductors 
6 of the stubs 5 and a circularly polarised TE11 coaxial 
mode is transmitted along the coaxial waveguide formed 
by the conductors 2 and 3 to the mouth B of the sec 
tion 1. 

Circularly polarised radiation at a frequency of 4000 
mc./s. received by the aerialis passed down the primary 
feeder and fed via the mouth A to the inner conductor 
2 of the section 1 which acts as a circular waveguide 
and propagates the received energy in the TE11 circular 
mode This radiation is converted to plane polarised 
radiation by a quarterwavelength phase shifter13 in the 
conductor 2 and then rendered Suitable fortransmission 
in a rectangularwaveguide bythe binomial section 15 and 
is deflected through 90° by the H-plane corner 15 into 
the feeder waveguide 14 which emerges between two of 
the rectangular waveguides 11 and is then connected to 
Suitable receivingapparatuS. 
By appropriate dimensioning of the conductors 2 and 

3 of the section1 anduse of the frequencies and modes 
of radiation described the transmitted radiation cannot 
be propagatedin the receiving channel and hence prob 
1ems ofT-Rswitchingare minimised. 
The purpose of the coupling units described above is 

to provide a coaxial waveguide into or from the inner 
conductor of which can be injected or extracted at a 
point intermediate the ends of the coaxial waveguide, 
a separate signal from that carried by the coaxial Wave 
guide proper This is done withoutinterference to the 
signal carried by the coaxial waveguide proper. 
Although in the above description reference has been 

made to the use of the coupling units each to provide 
separate transmission and reception channels it will "e 
appreciated thatsuch a unitcould also beused to provide 
two separate transmission channels or two Separate re 
ception channels. 
We claim: 
1. Awaveguide coupling unit comprising a coaxial 

first waveguide section having circular inner and outer 
conductors a circular second waveguide Section longi 
tudinally spaced apart from the first waveguide Section, 
a plurality of further waveguides coupling together the 
first and second waveguide sections so that an electro 
magnetic disturbance present in either one of the first 
and secondwaveguide sections gives rise to an analogous 
disturbance in the other one of these Sections each of 
the further waveguides being displaced from the axes 
of both the first and second waveguide Sections a feeder 
waveguide section that extends between adjacent of the 
further waveguides and which is coupled to the interior 
of the saidinner conductor of the first waveguide Section, 
the unit providing thereby two separate microwave trans 
mission paths one defined by the outer conductor of the 
first waveguide section in combination with the further 
waveguides and the second waveguide section and the 
other defined by the inner conductor of the first wave 
guide section in combination with the said feeder wave 
guide. 

2. Awaveguide coupling unit as claimed by claim 1? 
in which the first and second waveguide sections are 
axiallyaligned. 
3 A Waveguide coupling unit as claimed in claim 1? 

in which the first and Second waveguide sections are 
axially aligned and in which the end space defined be 
tween the inner and outer conductors of the first wave 
guide Section and the facingend ofthe secondwaveguide 
Section are closed by respective short circuiting plates, 
and in which the further waveguides are coupled to the 
first and Second waveguide sections at about a quarter 
wavelength from the short-circuited ends of those respec 
tive sections. 
- 4?Awaveguide coupling unitas claimedin claim3, 
in which the further waveguides are intercoupled with 
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4 
the first and second waveguide sections by first and sec 
ond coupling devices disposed peripherally around the 
respective first and second waveguide sections each fur 
ther waveguide linking a coupling device of the first 
Set with a corresponding coupling device of the second 
Set. 
5 A Waveguide coupling unit according to claim 1, 

in which the inner conductor of the first section includes 
means for converting circularly polarised microwave sig 
malsintoplane polarisedsignals. 

6 A Waveguide coupling unit according to claim 5, 
in which there is connected to the second waveguide sec 
tion a device for converting plane polarised microwave 
Signals into circularly polarised signals for transmission 
in the Secondwaveguidesection. 
7 A Waveguide coupling unit comprising a coaxial 

first waveguide section having circular inner and outer 
conductors a circular Second waveguide section axially 
aligned with and spaced apart from the first waveguide 
Section a plurality of rectangular further waveguides 
each bridging the Said space between the firstand second 
Waveguide Sections and spaced apartaround the periphery 
thereof the said further waveguides intercoupling the 
Outer conductor of the first waveguide section and the 
Second Waveguide Section whereby the outer conductor 
of the first Section the said further waveguides and the 
Said Second Section in combination provide a first micro 
wave transmission path a feederwaveguide that extends 
between and transversely adjacent of the further wave 
guides and means coupling the feederwaveguide to the 
interior of the inner conductor of the first waveguide 
Section whereby to define a second microwave transmis 
sion path electrically separate from the said first micro 
WavetranSmission path. - 

3. A Waveguide coupling unit as claimed by claim 7, 
in Which there are four further waveguides equispaced 
around the peripheries of the first and second sections. 
9 Awaveguide coupling unit as claimed by claim 8, 

in which the furtherwaveguides are coupled to each of 
thefirStand secondwaveguidesections byfirstand second 
Sets of coaxial Stubs the first set of stubs being coupled 
to the first waveguide section approximately one quarter 
Wavelength from the end thereoffacing the second wave 
guide Section and the second set of stubs being coupled 
to the second waveguide section at approximately one 
quarter wavelength from the end thereoffacing the first 
Wayeguide Section the space betweenthe inner and outer 
conductors of the first waveguide section being closed by 
a firstshort circuit device and the said facingend of the 
Second waveguide section being closed by a second short 
circuiting device. 

10 Awaveguide coupling unitas claimedin claim7, 
in which the inner conductor of the firstwaveguidesec 
tion includes means for converting circularly polarised 
microwave Signalsto plane polarised signals andthereis 
coupled to the Second waveguide section means for con 
Werting plane polgrised microwave signals into circularly 
polarised Signals fortransmission alongthe secondwave? 
guide section. 
II Awaveguide coupling unitas claimed by claim7, 

in which the feederwaveguide is a rectangular Waveguide 
and 8 device for coupling a rectangularwaveguide?to a 
circular waveguide coupling the said feeder Waveguide 
andtheinnerconductorofthesaidfirstwaveguidesecion. 
12 A wayeguide coupling unit comprising a coaxial 

first Waveguide section having circular?inner and outer 
Conductors a circular second waveguide section axially 
aligmed with and spaced apart from the firstwaveguidé 
section a short circuiting disc closing the end of the 
Second waveguide section facing the first waveguide sec 
tion an annularshort circuiting disc closing he Space 
between the innerand outer conductors ofthefirstwave 
guide section at the end thereoffacing the secondwave 
guidesection fourrectangularfurtherwaveguidesextend 
ingin parallelspacedrelationwithand bridgingthe space 
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betweenthe firstand Secondwaveguidesections?the further 
waveguides being equispaced about the peripheries of the 
first and second waveguide sections firStand second Sets 
of coaxial coupling Stubs the stubs of the Said first set 
being coupled to the outer conductor of the first wave 
guide section approximately a quarter wavelength from 
the short circuited end thereof and to respective ones of 
the furtherwaveguides, the stubs of the said second set 
being coupled to the second waveguide section approxi 
mately a quarter Wavelength from the Short circuited end 
thereof and to reSpective ones of the further waveguides, 
Whereby the outer conductor of the first waveguide Sec 
tion in combination with the said further waveguides?the 
first and Second sets of coaxial Stubs and the second wave 
guide section defines a first microwave transmission path 
of the coupling unit a feeder waveguide extending be 
tween and transversely oftwo of the further waveguides, 
and means coupling the feeder waveguide to the inner 
conductor of the first waveguide Section atthe short cir 
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transmission path of the coupling unitelectrically distinct 
from the firsttransmission path. 
13 A coupling unitaccording to claim 12?including a 

turnstile device coupled to the open end of the second 
Waveguide section for converting plane polarised micro 
wave signals into circularly polarised signals in the TE11 
mode for tranSmission along the second waveguide sec 
tion, and in which the inner conductor of the first wave 
guide section includes means for converting circularly 
polarised microwave signalsin the TE11 mode into plane 
polarised microwave signals. 

References Cited by the Examiner 
Southworth:“Principles and Applications ofWaveguide 

Transmission," Van Nostrand New Jersey September 
1961 QC661, S8, Figure 9.6-3(b)?page355. 

HERMAN K.SAALBACH Primary Examiner. 
cuitedend thereof whereby to define a second microwave 20 M. NUSSBAUM?4ssistant Examiner. 


