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(Granted under Title 35, U. S. Code (1952), sec. 266)

The present invention relates to coupling devices for
use between radio frequency transmitting apparatus and
antennas associated therewith, and more particularly to
improvements in such devices for eliminating the effects
of refiections caused by impedance mismatch between
energy source and antenna. |

In the past it has been common practice to use duplex-
ing devices for coupling a radio frequency transmitter
and receiver to a common antenna. Such devices protect
the receiver while the transmitter is in operation, and
prevent absorption by the transmitter of the signals re-
cetved from the antenna while the transmitter is inop-
erative, but they do not protect the transmitter from the
effects of emergy reflections produced by impedance mis-
match between tramsmitter and antenna. When a mag-
netron oscillator is used to generate radio frequency
energy, such reilections are particularly serious inas-
much as they cause frequency instability, sparking at the
output window, considerable power loss, and may even
prevent the magnetron from oscillating. Under labora-
tory conditions where power.losses are relatively unim-
portant, it has been possible to isolate the magnetron
from the antenna by means of networks having at least
3 db attenuation factors. However, such an expedient
1s obviously impractical where efficiency is of primary
concern.

One object of my invention is to provide a unilateral
coupling means between a radio frequency energy source
and its associated antenna. |

Another object is to provide a means for isolating a
radio frequency energy source from reflections due to
impedance mismatching between the energy source and
its associated antenna. -

A turther object is to provide a high efficiency output
coupling. for a radio frequency energy source that will
1solate the source from reflections produced by a load
having a poor impedance match therewith.

A still further object is to provide a means for coupling
a radio frequency transmitter and receiver to a common
antenna while isolating the transmitter from impedance
variations produced by the load.

Other objects and features of the present invention will
become apparent upon consideration of the following de-
tailed description when taken in connection with the ac-
companying drawing the single figure of which illustrates
cne embodument of the invention. It is to be expressly
understood, however, that the drawing is designed for
purposes of illustration only and not as a definition of
the limits of the invention, reference for the latter pur-
pose being had to the appended claims.

As one element in my invention I make use of a non-
reciprocal, 45° plane-of-polarization rotator that will
rotate plane polarized wave energy in the same direction
(either clockwise or counterclockwise) regardless of the
direction of propagation of the energy through the
rotator. Linearly polarized energy reflected back to a

source from a load through such a device after having
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passed through the device in going from source to load,
will be orthogonally polarized with respect to its original
polarization. If the source is coupled to the rotator
by means of a device that will propagate radiation of
only a given polarity, it can be seen that it will be im-
possible for the orthogonally polarized reflected energy
to re-enter the source. By coupling a dummy load or
other device capable of absorbing a dissipating energy
to the source end of the rotator by means of a device that
will propagate energy of omly the orthogonal polarity,
the reflected energy and only the reflected energy will be
absorbed by the dummy load, and the source will be
effectively decoupled from the load. The absorption of
the reflected energy by the dummy load is required in
order to prevent re-radiation which would adversely
affect the radiation characteristics of the antenna, or re-
reflections which would permit the reflected wave to
enter the waveguide leading to the transmitter.

In a more specific aspect, my invention comprises a
non-reciprocal 45° plane-of-polarization rotating device
in the coupling between the transmitter and the load (an-
tenna). The rotating device is coupled at one end to a
junction comprising a section of waveguide capable of
supporting two crthogonal modes of propagation and two
sections of rectangular waveguide one of which will cou-
ple to one and only one of the two orthogonal modes in
the first section and the other of which will couple only
to the other mode. One of these sections of rectangular
waveguide i1s coupled to the transmitter and the other to
a dummy load or other energy dissipating device. Elec-
tromagnetic energy from the transmitter will be rotated
45° 1n passing through the rotator.to the antenna, and
refiections back toward the transmitter will be rotated
an additional 45° so as to be orthogonally polarized with
respect to energy propagated by the transmitter wave-
guide. The reflected energy cannot enter the transmitter
waveguide but can enter the waveguide coupled to the
dummy load, and so will be absorbed by the dummy
load. |

When the invention is to be utilized in a radar system,
a recerver is coupled to the transmitter end of the rotator
by means of a transmit-receive duplexer and a waveguide
section’ capable of transmitting the mode supported by
the waveguide leading to the dummy load. Additionally,
an anti-transmit-receive duplexer is coupled to the dum-
my load to prevent energy from being absorbed thereby
when the transmitter is quiescent. Energy reflected due
to a mismatch in impedance at the antenna and arriving
at the transmitter end of the rotator cannot enter the
receiver channel because of the action of the transmit-
receive duplexer, and so must be absorbed by the dummy
load. Radar echoes reflected when the transmitter is
quiescent will be blocked by the anti-transmit-receive
device and so will pass into the receiver.

Referring new to the single figure there is shown a pre-
ferred embediment of my invention. In the figure, refer-
ence numeral 1 refers to a section of waveguide (con-
veniently a square or a tubular waveguide) capable of
propagating plane pclarized wave energy having either of
two planes-of-polarization which are in orthogonal rela-
fion. Waveguide 1 represents the main coupling between
the pulse transmitter 3 and antenna load designated 23.
In the coupling, pulsed energy source 3, typically includ-
ing a magnetren and suitable keying circuits therefor, is
coupled to waveguide section 1 by means of waveguide
section 5. This second waveguide section 3 is rectangular
11 cross-section and is capable of propagating radiation of -
only a given plane-of-polarization; for instance, of a hori-
zontal plane-of-polarization. Receiver 14 is coupled to
waveguide section 1 by means of waveguide section 7.
Included within waveguide section 7 is a transmit-receiye




o a suitable. reflector or lens system (not shown).
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- device '(TR_) 9, such as is illustrated in ?_einnle XIV of

the MIT Radiation Laboratory Series, titled Microwave .

Duplexers by Smullins and“Montgc}mery - The function =

B of the TR is to disconnect the receiver i4 from waveguide
A

sectmn 1- when- the -energy ‘source 3 is in operation.:
dnmmy locad 17 is coupled -to wavegmde section 1 by
means of a ‘rectangular waveguide section i3
capable of propagatmﬂ only radiation the plane—of-polarl-
zation of which is 90° from that of the radiation propa-
~ gated through wavegude section 5. Dummy load 17 may
.- 'be a device such as is described in volume X1 cof the MiIT
Radiation Laberatery Series by C. G. Mentgemery, titled

T eehmques of Microwave Measurements, at section 12.6.
"~ Included in waveguide section 13 is an anti- transnnt-_.
. -receive device 15 (or ATR) ‘the function of which is to

connect dummy 1aad 17 to Wavegalde section 1 when the

- magnetron is operating, and to-disconnect the same when
the magnetron is not operating. Such an ATR may- be.

found in chapter 4 of the aforementioned volume XV
of the MIT Radiation Laboratory Series. -

Disposed between wavegmde sections 7 and 13 and load

~ sorbed by the dummy load 17.-
ing period of the energy source, the TR device & will
' permit energy to enter receiver. 14 and ATR device 15

which is = Wwill prevent energy from being absorbed by the dummy
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the reﬂeeted energy will therefore be dn'ected into wave-*_‘

 guide section 13 where it will pass through the ATR:

device 15, which is still actuated and thence will be ab-
At the end of the operat- .

~ load 17. Energy reflected from targets external to the -
- radar system will be picked up by antenna 23, and its

- 10

20

23, typleally a horn antenna, is a plane-of-pslarization

rotator, or gyrator, which may be a device such as de-
25

scribed in the article by C. L. Hogan, appearmg in Bell

System Technical Journal, Volume 13, page-1, tilted “The.

'!!’_

- Micrewave Gyrato Brleﬂy, ‘the gyrator as described
- by Hogan eomprlses a cyhnder of a ferromagnetic spinel

magnetren 1s not oscﬂlatlng

plane- of-palarlzanen mll be retated through an angle of
~gyrater 19. This energy cannot pass through - .

45°. by

wavegaide section 5 as it has. a plane-of-polarization

orthogenal to the'plan'e of-polarization of radiation that

- waveguide section 5 is capable of transmitting. |
this energy cannot proceed up waveguide i3 due to the
high nnpedan:e presented by anti-TR device 15 When the =
Therefore the only avenue -
of exit frem Wavegnlae 1 for such energy is tnrongh wave-
‘guide 7 and TR device 9 into the receiver 14, -
Thus it can be seen that my -invention is capable ef S
| .1selat1ng a source.of radio energy from all reflections from"

Likewise,

its antenna, The device is highly efficient inasmuch as

" the gvrator 19 cnly sligbtly attenuates energy pass;{ng .'

19, axially disposed within waveguide section 1 and mag-.

netized along its length by a magnetizing winding 26 and 50
The mag--

- netization of the cylinder to be utilized in the present in-

~a source of magnetizing current not shown.

vention is such that an electromagnetic wave passing.

threnﬂh an angle of 45°. The gyrator is non-reciprocal

o in - that the plana-of-pelarlzanon cf an electremagnetie |

o therethrough will -have 1ts plane- ef-pelarlzanen rotated

T
ot

‘wave is rotated clockwise when it is passing in one direc-

- tion through the gyrator, and counter-clockwise when it

is passing through the gyrator in the opposite direction.

Te insure operation of the TR and ATR whenever R. F.

energy is being furnished by energy source 3, prepulsing -

~ circuits- 19 and 16 are provided.” These circuits may be
actuated from a blocking oscillator or similar circuit

238

properly timed with respect to the duty cycle of energy -

~ source '3; preferably, however, the prepulsing circuits are
actuated - by the keying circuit included within energy
source 3. The prepulsing circuits are preferably ceupled |

‘to the keep-alive electrodes of the ATR and TR in the - e b iE-aL-polds 1Ol Ollal = .
- to said given plane-of-polarization; third means coupled =

manner. shnwn and deserlbed in Mlcmwave anlexers at

section 5.21.- | -
Energy emanat{ng from antenna 23 may be dJreeted to

The operation- of my invention is as follows. Assume

o that the energy source 3 is being pulse-modulated, periods
of operation alternating - with - periods of -inoperation. -
When the energy source is in operation, plane polarized

~energy of horizontal polarity will pass through waveguide

~ sections 5 and 1, and thence through gyrator 19 where

45

50

' plané-of-polarization;

thea ethrough. |
Althengh the embo-dnnents chsclosed in- the plecedlng“_
specification are prelerred other modifications will be

- apparent to those skilled in the art which do not depart

frem the scope of the broadest aspects c}f the present in-

vention. | "
The mventmn desenbed herein may- be. manufaetured

and used by or for the Government of the United States

of America for governmental PUIpOSEs mthoat the pay- L
‘ment of any royalties thereen or therefer .

- What is claimed is: o
1. Apparatus for cenphng a- radn} frequeney trans-_' -

__mitter and receiver -to a -commeon antenna, camprmng o
first means adapted to propagate energy of a given plane-

- of-polarization from said transmitter while Tejecting

energy. of a plane- of—polaﬂzanon orthogonal to said given- -

plane-of-polariza-~

- non-reciprocal,
tion rotating means connected to the output of said first.
means and operable to. retatp the plane-of-polarization of -

“electromagnetic energy through an angle of 45° and
adapted to couple said first mearis to said antenna second .

means coupled to said rotating means at the juncture of
said - rotating means with said- first
dissipate energy having a plane-of-polarization orthogonal

to said juncture and adapted to prepagate energy -of said
_orthogenal plane-of-polarization to a receiver; and means
operable to allow transmission of energy to said receiver

| only when said transmitter is inoperative - and to allow

05

the polarlzatmn is rotated 45° to antenna 23. Simul-

taneously with the pulsing of the energy source 3, TR 9
and ATR 15 are actuated by prepulsing circuits 1¢ and 16 -
The greatest part of the energy from source.

respectively.
3 will be radiated from the horn antenna 23, but due

60

'_d1$31pat10n of energy by said seeond means. enly when'-
‘said transmitter is in operatlon =
2. Apparatus for coupling a. radle frequeney energy o

-source, a receiver, and an electromagnetlc energy dissipat-

first means -

ing means to a co

1mon antenna: comprising.:

coupled to said source operable to propagate energy hav-. -

ing a given plane-of-polarization while rejecting energy of
a. plane-of-polarization orthogonal .to said- given plane-
of-polarization; second means adapted to propagate energy

- to-said receiver and to said energy dissipating means hav--

:-_ to .the aforementioned unavoidable impedance mlsnlateh o

a certain amount of energy will be reflected back through |

. gyrator 19 into waveguide section 1. This energy, having

 twice traversed the gyrator, will now have a plane-of-

polarization oriented 90° from the plane- of—polarlzaunn

65

of the energy capable of being propagated in waveguide

~section 5 and thus it will be impossible for the reflected |
- energy to enter waveguide section 5. The only avenues
of exit for the reflected energy are therefore into wave-

70

. guide sections 7 and 13. Energy entering waveguide sec- =
tion 7 during the 0perat10n of source 3 Wlﬂ be prevented -

from passing into receiver 14 by TR dev1ce 9. Most of

75

Ing a. plane of—polanzatmn orthogonal to said.given plane-:

of-polarization; |
rotating medns coaphng said first and second means. to -

said antenna, said rotating means being operable to rotate '
.~ the
through an. angle of 45°;

plane-of-polarization 'of - electromagnetic . energy

second means adapted to: deconple said receiver when said

-energy source is in operation and to deceuple said energy:-f- |

dissipating means- when sald energy. seurce is not in: op-- :

eration.

3. Apparatus for couphng a radm frequeney trans-r.'_- '

‘mitter and. receiver to a. common antenna -comprising:

reetangular wavegmde means coupled to said radlo fre-

\edns, operable to

‘a non-reciprocal plane-ef—polanzanon o

and means ceupled to said
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guency transmitter operable to propagate energy of only
a given plane-of-polarization; energy dissipating means
operable to dissipate energy having a plane-of-polariza-

tion orthogonal to said given plane-of-polarization; a

non-reciprocal 45° plane-of-polarization rotator coupling
said receiver, said rectangular waveguide means, and said
energy dissipating means ito sald antenna; and means
adapted to decouple said receiver when said transmitter
is in operation and to decoupie said energy dissipating
means when said transmitter is nof in operation.

4. Apparatus for coupling a radio frequency energy
source to an antenna comprising: a radio frequency trans-
mission path coupling said source to said antenna in-
cluding first rectangular waveguide means operable fo
propagate energy of only one plane-of-polarization from
said energy source, and coupled thereto a non-reciprocal
plane-of-polarization rotator operable to rotate the plane-
of-polarization of radio frequency energy through an
angle of 45°; energy dissipating means; second rectangular
waveguide means coupling said energy dissipating means
to said rotator at its juncture with said first waveguide

10

20

means operable to propagate only energy orthogonally

polarized with respect to the energy propagated by said
first waveguide means; a radio frequency receiver; third
wavegiude means coupled to said juncture operable to
propagate radio frequency energy to said receiver; and
means operable to decouple said receiver from said junc-
ture when said energy source is in operation and to de-
couple said emergy dissipating means from said juncture
when said energy source is not in operation.

5. Apparatus for coupling a radio frequency energy
source to an antenna comprising: a junction including a
first waveguide means capable of supporting two orthog-
onal modes of propagation of plane polarized energy
and first and second rectangular waveguide sections in-
dividually connected thereto one of which is adapted to
couple to one of the modes in said first waveguide means
and the other of which is adapted to couple to the other
of said modes; a third rectangular waveguide section con-

nected to said first waveguide means and adapted to couple

to at least the mode of propagation supported_ b_y s:aid
first rectapgular waveguide section; energy dissipating
means coupled to said first section of rectangular wave-

20
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guide; a non-reciprocal, 45° plane-of-polarization rotator
adapted to couple said first waveguide means to said
antenna; said second rectangular waveguide section being
adapied to courle to said energy source; a receiver coupled
to said third waveguide section; and means for decoupling
said receiver from said junction when said energy source
is in operation and to decouple said energy dissipating
means from sald junction when said energy source 1s
not in operation. _

6. In a radio echo location device, a radio frequency
energy source, first means coupled to said energy source
and operable to propagate energy of a given plane-of-
polarization while rejecting energy of a plane-of-polariza-
tion orthogonal to said given plane-of-polarization, a non-
reciprocal, plane-of-polarization rotating means connected
to the output of said first means and operable to rotate the
plane-of-polarization of electromagnetic energy through
an angle of 45°, antenna means connected to the out-
put of said rotating means, second means coupled to the
input of said rotating means and operable to propagate
only energy of said orthogonal plane-of-polarization, dis-
sipating means responsive to the energy propagated by
said second means, third means coupled to the input
of said rotating means and operable to propagated energy
of said orthogonal plane-of-polarization, receiver means
responsive to the energy propagated by said third means,
means operable to prevent transmissicn of energy to
said receiver means when said energy source is in oper-
ation, and means operable to prevent transmission of
encrgy to said dissipating means when said energy source
is inoperative. |
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