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. : + A device which compensates for polarization quality defects
: . incircularly polarized -or two-mode duplexed waveguide
Egﬂ g“sg """"""""" 333./-2_1 A’}::Si’{,gls /llVé, iﬁ?{ 9%}3 ; systems by making an elliptically polarized wave circularly
[58] 1 333/21 21A. 95 98 %8 M polarized. Two adjacent, coaxial, elliptical waveguide sections

are adjusted to give the correct axial ratio. The two elliptical
waveguide sections are then locked together and rotated to-ar-
rive at the proper compensating polarization angle.

- " 5Claims, 4 Drawing Figures
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1
VARIABLE AXIAL RATIO COMPENSATOR

BACKGROUND OF THE INVENTION

This invention pertains to means for controlling the
polarization characteristics of radio frequency electromag-
netic radiation, The
Pat. No. 2,930,040, dated March 22, 1960, discloses means by
which linearly polarized radio frequency radiation may be
transformed into radiation having arbitrarily selected polariza-
tion characteristics. However, the prior art fails to show a feed
system capable of restoring elliptical polarization to circular
polarization. Often, due to tolerance problems, ellipticity is in-
troduced into an otherwise circularly polarized radio frequen-
cy radiation. . ‘

This invention compensates for polarization quality defects
in circularly polarized or two-mode duplexed waveguide
systems by making an elliptically polarized wave become cir-
cularly polarized.

' SUMMARY OF THE INVENTION

prior art, such as the patent to Weil U.S. .
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than the one polarized parallel to the y' axis when both

propagate in the z direction. This may be represented vec-
torally as,
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" The resultant output electric field after—passmg through the el-
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Whena circularly polarized wave is introduced into an ellip-

tical waveguide section, the resulting output. wave is ellipti-

cally polarized. The amount of ellipticity introduced is directly 2 5

proportional to the eccentricity of the elliptical wavegtide
section and the phase length of the elliptical waveguide sec-
tion. The effect of the elliptical section can be canceled by in-
serting another elliptical section in the proper orientation with
the same length and eccentricity. If two such compensating
sections are inserted, both the effective eccentricity and orien-
tation of the compensating assembly can be varied by rotation
of the inserted sections so as to cancel the effect of the original
guide. This is true although the exact characteristic of the
original guide is not known.

Previous compensators have had to be tailor-made to ac-
commodate the system in question, whereas this invention
may be easily adjusted to accommodate a variety of systems
with defects arising from various sources.

This invention can be used to restore circular polarization in
an antenna feed which has become elliptical due to tolerance
problems. It may be used, conversely; as a variable elliptical
polarization generator in waveguide systems.

Some specific advantages of this invention are:

1. Wide waveguide bandwidth; the compensator itself is a

waveguide system;

2. Ability to introduce a variable'amount of ellipticity;

3. The power handling capability is as high as with an ordi-

nary waveguide; and

4. Most importantly, the impedance mismatch introduced is

small because of the small waveguide discontinuity
required to produce the ellipticity. :

Alternate methods of achieving variable ellipticity such as
dielectric or iris loaded waveguides could be used, but these
would not have advantages 1, 3 and 4 previously stated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG: 1 shows the invention as it appears in a waveguide
system;

FIG. 2 shows a rotated coordinant system;

FIG. 3a shows an input polarization ellipse; and

FIG. 3b shows a compensating polarization ellipse.

DESCRIPTION OF THE PREFERRED EMBODIMEN-T

Consider the effect of a section of elliptical waveguide upon
the propagation of a circularly polarized wave. FIG. 2 shows
the coordinate system. If the input electrical field is E= a,+/J
ay, then the electric field in the rotated coordinate system is,
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liptical section is

given by the scalar multiplication of equa-
tions (1)and (2).
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where E:’{(,T is the transpose of Ejpgr.

If we now refer this vector back to the original coordinate
system, (x, y»)v,_trhe_‘re_sulrtant output elecl;ric field be_comes, _
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The resulting output wave is elliptically polarized and has both
right and left circularly polarized components.
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where, Er=right circularly polarized component
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. left circularly polarized component
The ellipticity of the circularly polarized wave is,
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which for this case reduces to,
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* Note that equation (7) is independent of 6.
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If we now place a second elliptical waveguide at the output
of the first one  which has the same differential phase length
between the major and minor axes, but is oriented at an angle
6" with respect to the (x, y) coordinate system the resulting
output can be determined in a fashion similar to that shown
above, The total ellipticity of the two cascaded waveguide sec-
tions is given by, ‘

_L+SIN (0/2)

TISSIN (o [ HCOS2 (67 0)] ®

Note that equation (8) is independent of 6. The resulting ellip-
tically polarized wave is completely characterized by three
parameters: ) '

1. Ellipticity, r :

2. Polarization Angle, 6

3. Sense : .

If we now place a second elliptical waveguide at the output
of the first one which has the same differential phase length,
but is oriented at an angle §' with respect to the X=y coor-

dinate system, the resulting outputis,
—SIN6SIN @'} [(—COS 6SIN ¢
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The right circular component in the input is,

Ey=
TICOS 6SIN §'—COS 6COS 6']
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As before the left circular component is found from,
_E4.=Eoz—ilr (1)
and the resulting ellipticity is,

_ 1+SIN (0/2)
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In this case the ellipticity varies as a function of the relative
angles between the two elliptical waveguide sections and can
vary between .

— —o [1+SIN (072)
0"\2»[1—sm (12) ]

The ellipticity of this invention is variable and its polarization
angle can vary between 0 and =2 . The sense of this invention
is also variable since the major axis of the elliptical waveguides
can be lined up with either the x or y axis, thereby effectivély
delaying or advancing the x axis polarization phase length with
respect to the y axis polarization phase length.

In the general case the input wave will be elliptically
polarized and by reciprocity this wave can be circularly
polarized. An arbitrary elliptically polarized wave might have
a polarization ellipse as shown in FIG. 3.

The invention comprises two identical elliptical waveguides
10 connected by rotary joint 12. The elliptical waveguides 10
are cylindrical on the exterior and each contain knurling 14
around a circumference of the guides. Surrounding the two el-
liptical waveguides and rotary joint 12 is a tubular sleeve 16.
Allen screws 18 located in holes 20 of sleeve 16 may be
screwed into holes 20 to abut knurled portions 14. This will
prevent rotary motion of waveguides 10 with respect to each
other. Access to Allen screws 18 is obtained through slots 22.
With Allen screws 18 removed from holes 20, a screw driver
like instrument may be inserted into holes 20 for rotating one
of the elliptical waveguides with respect to the other similar to
the way brakes are adjusted.

When elliptical waveguides 10 and tubular sleeve 16 are
locked with respect to each other by Allen screws 18, the en-
tire combination can then be rotated. This combination is con-
nected to the remainder of the waveguide system 24 by rotary
joints 26. Allen screw 28 located in hole 30 of the outer frame
32 of the waveguide system can be adjusted to abut against

* knurled portion 34 extending around the circumference of
sheet 16. With Allen screw 28 removed from hole 30 sleeve 16
may be located with respect to outer frame 32 with a screw
driver like device as previously described.

In operation, the relative positions of the two identical ellip-
tical waveguide sections 10 are adjusted to give the correct
axial ratio. The two elliptical sections are then locked together

and rotated until the proper compensating polarization angle °

is achieved. .
The waveguide cross section for the compensator is usually
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4
made nearly circular. This fact allows the use of relationships
for circular waveguide with good accuracy. Also, the nearly
circular cross-section allows the compensator to be inserted in
a similar circular guide without the need for special matching
components since the VSWR introduced by it is small. For

-each axis the phase length ¥ or s given by

o, lli="27rL N

t13j

where )

L=length of guide

A, =design free space wavelength

A.=2ma/ 1.841 for the dominant mode

a=major or minor semi-axis of ellipse

The differential phase shift, w — , is related to the max-
imum ellipticity introduced into a circularly polarized wave by
the relation

. l!,—g-
1+SIN 2
En=20toe TN y—0

9.

(14) .

for each elliptical waveguide section. .
In practice, the compensator is made as long as possible to

assure a good match by allowing the sections to be nearly cir-
cular. The major and minor diameters are chosen slightly
larger and smaller than the circular guide used in the system,
but different enough to provide sufficient compensation. The
rotary joints are fabricated according to system requirements
for insertion losses, pressurization, and the like.
Whatisclaimedis: =~

1. A device for canceling ellipticity effects of a waveguide
feed system comprising:

two elliptical waveguide sections

system adjacent each other;
said two sections being rotatable with respect to each other;
said two sections being rotatable with respect to said
waveguide feed system;
whereby circular polarization is restored to a waveguide
_feed system which has become elliptically polarized.

2. The device of claim 1 wherein:

said two sections are of equal length and eccentricity.

3. The device of claim 1 wherein:

said two sections are attached to each other and to said feed
system by rotary joints.

4. The device of claim 1 wherein:

said device is provided with locking means for preventing
relative rotation between said two sections;

said device is provided with locking means for preventing
relative rotation between said feed system and said two
sections; :

whereby said two sections may be adjusted and locked with
respect to each other and then be adjusted and locked

. with respect to said system. _
5. The device of claim 1 wherein;
the cross section of said two sections is nearly circular.
* * * * #

positioned in a waveguide
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