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This invention relates in general to microwave wave 
guides and is particularly directed to a broad band trans 
former for converting plane polarized waves to waves of 
circular polarization. 
An electrical wave is said to be circularly polarized 

when the field thereof can be resolved into two equal 
components 90° apart in space and 90° apart in time. 
If the two vectors are not of equal amplitude, or if the 
time difference between them is other than 90, the wave is 
said to be elliptically polarized; in the special case in which 
the time phase angle reduces to zero, the wave is linearly 
polarized. Thus, both linear polarization and circular 
polarization can be looked upon as special cases of ellipti 
cal polarization. 
The equation of this ellipse may be expressed as fol 

lows: 

where Ex and Ey are the two components of the field, 
A and B are their respective coefficients denoting ampli 
tude, and 6 is the time phase angle of the two components. 
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and A=B so that the components are 90° apart in time 
phase and are of equal amplitude the equation of the 
ellipse reduces to 

which is the equation of a circle. The wave is then cir 
cularly polarized. If 6=0 or Tr (components in phase or 
180° out of phase), the equation becomes that of a 
straight line and the save is linearly polarized. 

Various methods may be used to produce a field having 
components of substantially equal amplitude 90 apart 
in space in a square or rectangular wave guide. For 
example the two components may be separately intro 
duced into the waveguide or they may be generated by 
applying a linearly polarized wave to the waveguide hav 
ing an electric vector rotated approximately 45 with 
respect to either of the two pairs of sides of the square 
or substantially square waveguide, so that the electric 
vector will have substantially equal components perpen 
dicular to each pair of sides. 

it is necessary, in order to produce a circularly polarized 
wave, to create a phase shift in time of 90 in the two 
components of the wave in space quadrature. This has 
been previously accomplished by utilizing a rectangular 
waveguide of asymmetric proportions or, in a square 
waveguide, by the introduction of a longitudinal dielec 
tric slab inserted parallel to one pair of sides of the wave 
guide. 
The dimensions of the waveguide or of the dielectric 

slab are chosen so as to produce the desired time phase 
shift at the center of the desired frequency band. At 
frequencies above and below the center frequency, how 
ever, the time phase-shift will vary from the desired 90 
time phase-shift, causing the polarization to deviate from 
circular polarization at these frequencies. The frequency 
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band in devices of this nature is, therefore, restricted by 
the limits of ellipticity which are considered satisfactory. 

It is consequently an object of this invention to provide 
apparatus which overcomes the limits of the prior art by 
reducing the deviation from circular polarization over a 
given frequency range. 

it is a specific object of this invention to provide in 
proved apparatus for producing circular polarization 
within desired limits of ellipticity over a broad frequency 
range. 

... In accordance with this invention two wave guide trans 
formers are connected in series to produce a total time 
phase shift between the transformers which is subject 
to less variation with change in frequency than would 
occur through the use of a single waveguide transformer. 
One transformer is designed to produce a time phase shift 
which is greater than the desired phase shift. The other 
transformer is designed to produce a correcting phase 
shift which reduces the total phase shift to approximately 
the desired value over a broad frequency range. 
The foregoing and other objects of the invention will 

be best understood from the following description of spe 
cific embodiments thereof, reference being had to the 
accompanying drawings, wherein: 

Fig. 1 is an isometric view of one embodiment of the 
invention; 

Fig. 2 is an isometric view of another embodiment of 
the invention; 

Figs. 3, 4 and 5 are cross sectional views of the arrange 
ment of Fig. 1; and 

Figs. 6 and 7 are cross sectional views of the arrange 
ment of Fig. 2. 

- Referring now to Fig. 1, a view of a device for con 
verting a linearly polarized wave propagated in space 
quadrature into a substantially circularly polarized wave 
is shown, said device comprising a rectangular waveguide 
section 11 of constant cross section, as shown in Fig. 3, 
having a pair of long sides and a pair of short sides. 
A second section 3 of rectangular wave guide of con 
stant cross section, as shown in Fig. 5, is provided having 
a length and a dimension ratio of long side to short side 
which differ from the length and dimension ratio of sides 
of section 11. The dimensions of the narrow walls of 
the sections and 13 are, of course, large enough to 
support propagation in which the electric field voltage 
vectors are perpendicular to the narrow walls for other 
wise a circularly polarized wave would not be produced 
by the waveguide. 
The long sides of section 15 are joined to the short 

sides of section 3 and the short sides of section 1 are 
joined to the long sides of section 3 by tapered wave 
guide section 5. Waveguide section 5 changes in cross 
sectional dimension along its length from the dimensions 
of section a shown in Fig. 3 through a square cross sec 
tion shown in Fig. 4 to the dimensions of section 3 shown 
in Fig. 5. 
A wave propagated into the open end of waveguide sec 

tion in space quadrature may be derived from any 
desired source (not shown) in a conventional manner. 
This wave has a composite electric vector lying in the 
cross sectional plane of the waveguide and inclined at an 
angle of approximately 45 to both pairs of sides of the 
rectangular waveguide. This electric vector can be re 
solved into two components Ex and Ey, each perpen 
dicular to a separate pair of sides of the waveguide. 
At the open end of waveguide section 1 Ex and Ey 

are still in time phase and the resultant is a linearly 
polarized wave. In order to satisfy the condition for a 
circularly polarized wave the two components must also 
have a time phase of 90 or 270. 
The waveguide section 11 as seen by the component E. 



3 
is different in width from that seen by Ey. Therefore 
their velocities of propagation are somewhat different, 
and in the passage of the components through section 11 
the phase angle between Ex and Ey progressively departs 
from zero and the wave becomes elliptically polarized. 
This progressive increase in time phase angle continues 
with the passage of the wave into the tapered waveguide 
section 15 up to the point in section 15 where the dinen 
sions of the two pairs of sides become equal. At this 
point, indicated by the cross sectional view of Fig. 4, the 
components Ex and Eysee equal dimensions, and past 
this point in section 15 and in waveguide section 13, it is 

- apparent that components Ex and Ey see a reversal in pro 
portionate waveguide widths. The time phase shift is 
consequently reversed in the waveguide section 15 and 
the time phase angle is progressively decreased in wave 
guide section 13. 
A single waveguide section similar to Section 11 in 

Fig. 1 may be designed to produce a 90 time phase shift 
between the two components Ex and Eyat a center fre 
quency fo. Where the frequency range is to be fo+Af 
to foa-Af this wave guide may have the following charac 
teristics:. 

Frequency: Phase shift, degrees 
fo -------------------------------------- 90 
fo-Af---------------------------------- 75 
fo-Af. ---------------------------------- O 

In order to narrow the time phase shift over the desired 
frequency range the length of this waveguide section may 
be doubled so as to produce a time phase shift of 180 
at its center frequency. This wave guide will have the 
following characteristics: 
Frequency: Phase shift, degrees 

fo --------------------------------------180 
fo--Af---------------------------------- 150 
fo-Af.---------------------------------- 220 

This phase shift may be compensated by a shorter series 
connected waveguide section corresponding to section 13 
of Fig. 1 having different cross sectional dimensions and 
therefore a different ratio of phase shift to frequency 
variation. This section can be designed to have the fol 
lowing characteristics: 
Frequency: Phase shift, degrees 

fo -------------------------------- minus 90 
fo-i-Af---------------------------- minus 55 
fo-Af---------------------------- minus 125 

The total phase shift of these two sections connected in 
series would be: 
Frequency: s a 

fo --------------------------------------- 90 
fo-i-Af----------------------------------- 95 
fo-Af ----------------------------------- 95 

. This is a substantial improvement over the phase shift 
variation over the same frequency range obtainable from 
a single waveguide section. 

It should be noted that in the particular construction 
disclosed in Fig.1 the tapered section 15 will also produce 
a shift in the time phase angle. This must be taken into 
consideration in the design of sections 11 and 13. This 
phase shift will be first in one direction and then in the 
other, reversing at the plane in which the cross-section 
of the taper is symmetrical. Section 15 can be considered 
as two guide-sections, each section of which can be con 
sidered as having a taper to a symmetrical end which is 
mated with the facing end of the other sections. Carry 
ing this point of view to its limit, none of the waveguide 
sections would be uniform throughout its complete-length 
and the entire polarization process could be carried out 
in a properly dimensioned taper with no straight: Section. 

Fig.2 shows a view of a second embodiment of the 
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invention particularly applicable to square waveguides. 
No time phase shift will be created between the com 
ponents Ex and Ey of the space quadrature wave intro 
duced into the square wave guide by reason of the dimen 
sions of the guide inasmuch as Ex and Ey see equal dimen 
sions. The desired initial phase shift may be obtained 
in a first section 17 of Fig.2 by inserting a longitudinal 
slab of dielectric 19 parallel to a first pair of sides of 
the waveguide. The second phase shift may be obtained 
by placing a second longitudinal dielectric slab having 
different dimensions in a succeeding section 21 of the 
waveguide parallel to the second pair of sides. By select 

a variation of phase shift over the desired frequency range 
may be obtained which is similar to that previously de 
scribed for the structure illustrated in Fig. 1. - 

While there have been described what are presently 
considered to be preferred embodiments of this invention, 
it will be obvious to those skilled in the art that various 
changes and modifications may be made therein without 
departing from the invention. 
What is claimed is: 
1. A device for introducing in a band of frequencies 

a substantially 90 time phase displacement between the 
space quadrature components of the plane-polarized 
Waves of said band of frequencies comprising first hollow 
waveguide means for increasing the relative time phase 
angle between the space quadrature components of the 
center frequency of said band of frequencies by a given 
amount greater than 90 and shifting the relative time 

- phase angle between the space quadrature components 
of the other frequencies of said band by amounts which 
differ from said given amount as a function of the extent 
and direction of the deviation of said other frequencies 
from said center frequency, and second hollow wave 
guide means coupled to the output of said first means 
and having a ratio of relative time phase shift with fre 
quency variation which differs from that of said first 
waveguide means for reducing the shift in relative time 
phase angle between the space quadrature components 
of the output waves of said first waveguide means of all 
frequencies in said band to substantially 90. 
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2. A device as claimed in claim 1 wherein said first 
means comprises a waveguide section having asymmetri 
cal dimensions and said second means comprises a wave 
guide section of asymmetrical but different dimensions 
than said first waveguide-means. - . 

3. A device as claimed in claim 1 wherein said first 
means comprises a waveguide rectangular in cross sec 
tion and having relatively greater spacing between its side 
walls than the spacing between its top and bottom sur 
faces, said second means comprises a waveguide rectan 
gular in cross section and having relatively greater spac 
ing between its top and botton-surfaces than the spacing 
between its sidewalls, and further including a 'waveguide 
component formed to join the opposing short walls of 
each rectangular:waveguide section with the opposing long 
walls of the other rectangular waveguide section. 

4. A device as claimed in claim 1 wherein said first 
and second waveguides are square in cross section and 
further including a first dielectric slab mounted within 
said first waveguide parallel to the "walls thereof and a 
second dielectric slab mounted within said second wave 
guide perpendicular to said first dielectric slab and spaced 
therefrom. 
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