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[57] = ABSTRACT 

An elliptical~to-rectzuigular waveguide transition has a 
passage of the cross-sectional shape formed by con 
cave top and bottom walls of generally elliptical form 
and side walls of no concavity. The curvature of the 
top and bottom walls varies continuously along the 
length to produce matching to the shapes at the re 
spective ends. The side walls are those of the rectan 
gular end at that point and diminish to zero height at 
the elliptical end. Non-linear tapering of cross 
sectional dimensions is employed to minimize re?ec 
tions at the ends. 

9 Claims, I] Drawing Figures 
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ELLIPTICAL-TO-RECTANGULAR WAVEGUIDE 
TRANSITION 

This invention relates to waveguide transitions and 
more particularly to the internal shaping of transitions 
for coupling between elliptical and rectangular wave 
guide for dominant-mode transmission. 
A variety of shapes have heretofore been used for the 

internal waveguide passage of connectors or transitions 
for coupling between elliptical and rectangular wave 
guide, as is commonly required in systems employing 
elliptical guide. Prior to the present invention, transi 
tions for coupling waveguides of different shapes to 
gether appear to have been devised without consider 
ation of the dominant-mode electric ?eld geometry in 
the various cross-sections of the transition. The present 
invention flows from analysis of the alteration of the 
electromagnetic ?eld pattern which must be produced 
in transition from dominant-mode propagation in one 
type of guide to dominant-mode propagation in the 
other type of guide, and lies in providing internal shap 
ing of the transition which produces the most simple 
and direct desired alteration of the ?eld pattern along 
the length of the transition, thus reducing the vswr of 
a transition of any given length or shortening the re 
quired length for any given vswr. ’ 
By comparison of the well-known dominant-mode 

?eld patterns of elliptical and rectangular guide it is 
seen that the primary function performed by the transi 
tion passage is to “bend” the electric ?eld vector in re 
gions laterally remote from the axis of the guide. In the 
rectangular guide the dominant-mode pattern in this 
region has electric ?eld vectors parallel with that at the 
center, while in an elliptical guide the electric ?eld di 
rection is “bent” to a degree varying with lateral dis 
tance from the axis, the direction of any electric ?eld 
vector at its termination on a waveguide wall being per 
pendicular to the wall. Converting to an elliptical wave 
guide pattern from a rectangular waveguide pattern (or 
vice versa) may thus be thought of as a process for 
bending the electric ?eld vectors in the lateral regions. 

Because of the boundary conditions for propagation 
(perpendicular termination of the electric vector and 
absence of field at the wall in the direction parallel to 
the wall), the most direct and simple deformation of 
the ?eld from one shape .to the other is gradual increase 
of the curvature of the top and bottom walls from their 
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straightness at the rectangular end to the ultimate semi- , 
elliptical shape of each at the elliptical end. Ideally, the 
side walls should be shaped to intersect perpendicularly 
with the top and bottom walls thus formed, thus pro 
ducing concave top and bottom walls and convex side 
walls in an ideal transition. However it has been found 
that the ideal performance is acceptably approximated 
without the necessity for the complexity of convex side 
walls, with the side walls at all cross-sectional points 
straight and parallel with each other. Stated otherwise, 
the important restriction in this respect is that the side 
walls be free of concavity. As will be apparent from the 
foregoing upon study, the height of the side walls inher 
ently diminishes to zero at the elliptical end, with the 
described shaping of the top and bottom walls. 
The improvement in intermediate cross-sectional 

passage shape of the invention is found to reduce the 
contributions to vswr of these cross-sectional shapes, so 
that the only relatively substantial contribution to vswr 
is that caused by the angular relation between the side 

2 
walls and the connecting elliptical and/or rectangular 
waveguides, as found in previously known transitions. 
Such angular relations are eliminated as a further fea 
ture of the invention. The side walls are parallel to the 
axis at the extreme rectangular end and gradually curve 
to vary the width therebetween which is the H-plane 
dimension. The E‘plane maximum dimension follows a 
curve having a change of sign of its second derivative, 
being parallel to the axis at both ends. 
The above and further aspects of the invention will 

be better understood from further description in con 
nection with the annexed drawing in which: 
FIG. 1 is a plan view of a dominant-mode waveguide 

transition embodying the invention, partially in H 
plane cross-section; 
FIG. 2 is an E-plane section of the transition taken 

along the line 2—2 of FIG. 1; 
FIG. 3 is an end elevational view of the transition at 

the rectangular end; ’ 
FIG. 4 is an end elevational view of the transition at 

the elliptical end; 
FIG. 5 is a schematic x-y coordinate plot of an ideal 

ized transition cross-section shape; 
FIG. 6 is a similar plot of a modi?ed shape; 
FIG. 7 is a graph or plot illustrative of E-plane shap 

ing of the transition; 
FIG. 8 is a generally similar illustration relating to the 

H-plane shape; and 
FIG. 9, l0 and 11 are successive cross-sectional 

views taken along the correspondingly numbered sec-. 
tion lines of FIG. 2. 
The embodiment of the invention illustrated in FIGS. 

1 through 4 and 9 through 11 is of the type made by 
casting and machine-?nishing, having a circular ?ange 
20 with an elliptical aperture 22 at one end and a rect 
angular ?ange 24 with a rectangular aperture 26 at the 
other end, connected by a body portion 28. The ?anges 
are suitably apertured and devised for conventional 
bolted coupling, with gasket seals (omitted from the 
drawing) provided for gas-tight connections to ellipti 
cal and rectangular guides. 
As will be recognized, these features of the illustrated 

embodiment are no part of the invention, being shown 
and described solely for completeness. The novelty of 
the invention lies in the shape of the internal passage 
which forms the transition from the elliptical end 22 to 
the rectangular end 26. Prior to description of the 
shape of this passage, it will aid understanding to ?rst 
discuss its underlying theoretical basis, in connection 
with FIGS. 5 through 8. 
FIG. 5 is a generalized representation or diagram of 

' a cross-sectional waveguide shape which is neither 

65 

rectangular not elliptical but has electromagnetic ?eld 
patterns for dominant-mode (or fundamental-mode) 
transmission which provide an ideal or optimum 
smooth transition from the. dominant-mode ?eld pat 
tern of an elliptical guide to the dominant-mode ?eld 
pattern of a rectangular guide, or vice versa. Such a 
shape, as shortly discussed, is found to have a minimum 
of reflection (normally measured and referred to as 
vswr) in the transition or conversion of the ?eld pattern 
from one form to the other. As shown in solid lines in 
FIG. 5, this shape is formed by concave top and bottom 
walls 30 and 32 and convex side walls 34 and 36. (The 
terms “concave” and “convex" as used herein and in 
the annexed claims refer to shapes as viewed from the 
interior or axis, not as viewed externally.) 
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The ideal nature of this general con?guration as an 
intermediate between an elliptical shape and a rectan 
gular shape from the standpoint of electromagnetic 
theory in dominant-mode transmission derives from the 
con?guration of dominant~mode electric ?eld vectors 
shown as arrows in FIG. 5. (Relative dimensions and 
curvature magnitudes, etc., of the shapes shown in 
FIGS. 5 and 6 will be later discussed along with other 
portions of the showings of these FIGS.) The electric 
?eld pattern of the dominant mode in the laterally cen 
tral region of the guide is the same in elliptical and rect 
angular guide and this portion of the ?eld accordingly 
remains constant in direction throughout the transition 
length. It is the electric ?eld pattern at the sides (the 
ends of the larger dimension) of the guide which most 
greatly distinguishes the elliptical guide pattern from 
the rectangular guide pattern. With the insertion of side 
walls 34 and 36 perpendicular at their ends to the top 
and bottom walls 30 and 32 of a guide originally ellipti~ 
cal (as represented by the dotted extensions in FIG. 5), 
the electric ?eld pattern in the lateral regions remote 
from the center provides a very smooth transition at the 
lateral side walls between the extremely curved electri 
cal ?eld which exists in this region in the elliptical guide 
and the straight electric ?eld vector, parallel to the di 
rection at the center, which characterizes the rectangu 
lar guide. 
The shape of the side walls 34 and 36, wherein they 

are perpendicular to the top and bottom walls 30 and 
32 at the points of intersection of corners, is somewhat 
dif?cult to fabricate, but it is found that the ideal shape 
of FIG. 5 is closely approximated in performance as a 
practical matter by the shape shown in FIG. 6,. wherein 
the same elliptically concave top and bottom walls 30 
and 32 are employed with straight side walls 38 and 40, 
i.e., that the smoothness of transition is practically at 
tained by avoiding sidewall concavity. 
The discussion thus far of the generalized “half-way” 

shape shown in FIG. 6 (more ideally in FIG. 5) is with 
out reference to any speci?c relation to the shape and 
dimensions of the elliptical and rectangular termina 
tions at the opposite ends of the transition, particularly 
the manner in which the underlying principle is em 
ployed for determining the cross~section of the transi 
tion in regions closely adjacent to the ends. 
As is well-known in the art, the term “elliptical” as 

commonly applied to waveguide is merely an approxi 
mation, and does not necessarily imply a shape meeting 
the mathematical criteria of a true ellipse. The inven 
tion is applicable to any of the more or less oval-shaped 
con?gurations commonly called "elliptical” in the 
waveguide art. However it is convenient for explana 
tion of the invention, and for facilitating commercial 
application in production design, to consider the case 
where the end of the transition which couples to the el 
liptical waveguide is a mathematical ellipse, particu 
larly in view of the fact that a truly elliptical shape can 
usually be selected to provide a satisfactory impedance 
match to most commercial elliptical wave-guide. 
As shown by dotted lines in FIGS. 5 and 6, the con 

cave top and bottom walls 30 and 32 are segments of 
a true ellipse having a major axis of length 2C and a 
minor axis of length 20, i.e., having major and minor 
semi-axes of length C and D, respectively. On the 
shown x-y coordinates with the center of the passage 
as origin, the semi-minor axis D is the y coordinate at 
the center (x = 0). The half-width of the passage is X, 
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4 
the value of x at the sidewall, so that the guide width 
or sidewall spacing is 2X. The parameters of any spe 
ci?c shape of the type thus described are of course 
completely speci?ed by these quantities, an ellipse 
being fully speci?ed by the major and minor axes, and 
the distance between the straight and parallel side walls 
completing the detailed speci?cation without necessity 
for reference to the vertical height of the walls. It will 
be observed that both a rectangle and a full ellipse may 
be considered as limiting cases of the geometry thus 
generalized. The rectangular end of the transition. of 
long dimension A and short dimension B. constitutes 
the generalized shape of FIG. 5 with D equal to one 
halfB and Cin?nite, and with x equal to one~halfA. At 
the elliptical end, the parameters C and D are the semi 
axes of the ellipse at this end, and X is equal to C. At 
the latter end, the sides 38 and 40 are of course of zero 
height or non-existent. 
Thus for transition from any given rectangle of di 

mensions A and B to an ellipse of major and minor axes 
2a and 21), intermediate cross-sections of the passage 
along the transition desirably employ successive inter 
mediate values of C, D and X between these limiting 
values. The top and bottom walls at any point along the 
length conform to the ellipse equation: 

(Id/Cl) + (id/D2) = l 

with C in?nite at the rectangular end and equal to a at 
the elliptical end, and with D equal to one-half B at the 
rectangular end and equal to b at the elliptical end. The 
side walls are in the form of parallel lines spaced by 2X. 
equal to the rectangle width at the rectangular end and 
to the major axis at the elliptical end. 
The exact manner of varying the quantities C, D and 

X between the terminal values is not highly critical as 
regards interdependence. For best performance of a 

transition of any given length, monotonic variation of 
these quantities throughout the length is of course de 
sirable. However it is undesirable to employ a gradation 
or taper which produces an angular relation such as 
that which results at one or both ends from linear di 
mensional tapering as employed in prior art transitions. 
For example, if values of D vary linearly from one end 
to the other, an angle is formed at each end in the later 
ally central region of the guide (the region of the center 
E-vector in FIG. 5), and a source of reflections is pro 
duced. 
FIGS. 7 and 8 show plots of D and X, respectively, as 

a function (later discussed more speci?cally) of z, the 
distance along the guide from the rectangular end to 
the elliptical end. The total length of the guide or tran~ 
sition is shown as L. These plots of course correspond 
to longitudinal con?guration of the transition in the E 
plane and l-I-plane respectively. As illustrated, to corre 
spond with the embodiment of FIGS. 1 through 4, both 
D and X are greater at the elliptical end than at the 
rectangular end. However the principles are equally ap 
plicable where one or both dimensions of the rectangu 
lar end are larger than the corresponding dimension at 
the elliptical end. As may be seen from FIG. 7, the 
lengthwise transition in E-plane dimension (the direc 
tion of the electric ?eld vector in the central region in 
dominant-mode transmission) is made without angular 
discontinuity by employing a dimension which is a 
function of length having a change of sign of second 
derivative at some place along the length, with a zero 
?rst derivative at each end. The flare or taper of the H 
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plane dimension (perpendicular to the central electric 
?eld vector of the dominant mode) is likewise non 
linear, with a zero ?rst derivative at the rectangular 
end. At the elliptical end, however, although this may 
likewise terminate in a manner smoothly matching the 
major axis of the elliptical guide (i.e., with a zero ?rst 
derivative at this end) if so desired, such shaping is un 
necessary at this point. The apparent angular relation 
of the side wall of the transition to the corresponding 
portion of the elliptical guide at the point of juncture 
seen in FIG. 8 cannot cause re?ection by reason of the 
fact, not observed in FIG. 8, that the height of the side 
wall tapers to zero at this point so that the angle discon 
tinuity is merely apparent rather than existent. Accord 
ingly, although it is important that the shaping of the 
taper of X at the rectangular end correspond to a zero 
derivative, the function de?ning the manner of varia 
tion of X at the other end has no similar requirement. 

The end-to-end shaping thus generally described may 
obviously be accomplished with a large variety of de 
tailed implementations, particularly when it is consid 
ered that there is no necessity that the variation of cur 
vature of the top and bottom walls along the length 
conform to segments of true mathematical ellipses. Ac 
cordingly the invention may be practiced in its broader 
aspects without mathematical expression of intermedi 
ate cross-sectional shapes reached by application of the 
above principles. However for commercial manufac 
ture, wherein transitions have to be made from time to 
time for matching a variety of elliptical guides to a vari 
ety of rectangular guides, it is desirable to implement 
the generalized shapes described above by reasonably 
simple mathematical expressions from which a transi 
tion may be constructed without substantial experi 
mentation or subjective evaluation of the relative merit 
of passage-tapering geometries devised by artistic 
drawing or instinctive fabrication. The transition shape 
at any given point may be calculated from fairly simple 
formulae which have been devised to meet the above 
criteria. Formulae experimentally veri?ed to be highly 
suitable for this purpose are as follows: 

D = (8/2) cos2 (1rz/2L) + [2 sin2 (1rz/2L) 
X = a — (a — A/2) cos (1rz/2L) 

The calculated values of C and D of the above formulae 
are used in the general ellipse equation earlier given to 
obtain an x-y plot for a suf?cient number of spaced 
cross-sections to serve as an adequate guide in fabrica 
tion. 
The selection of the total length L of the transition is 

made in conventional fashion, except that shorter 
length may be used for a low vswr value. It will be ob 
served that for any given elliptical and rectangular ends 
the equations above are “universal” as regards the 
length of the transition to which they are applicable, 
the 2 variable being in essence in terms of fractional 
portions of the total length L, whatever that may be. 
FIGS. 9, l0 and 11 show the resulting cross-sectional 

shapes of the passage de?ned by top and bottom walls 
44 and 46 and side walls 48 and 50 in the speci?c con 
struction whose general features were earlier de 
scribed. The three cross-sections shown were calcu 
lated from the above expressions for a particular 
elliptical-to-rectangular transition between guides of 
the relative dimensions best seen in FIG. 4. The rectan 
gular end has a long dimension of approximately 1% 
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6 
inch and a short dimension of approximately ‘é inch, 
the elliptical end having a major axis of approximately 
1.6 inch and a minor axis of approximately 0.85 inch. 
The total length of the transition illustrated is approxi 
mately 3.2 inches. Although all the parameters used in 
determining the shape at each cross-section vary mono 
tonically along the length, this does not result, in the 
present instance, in a monotonic change in the height 
of the side walls 48. Both from FIG. 2 and from com 
parison of FIGS. 9, l0, and 11, it will be seen that in 
this embodiment the maximum height of the side walls 
48 and 50 occurs in an intermediate region rather than 
at either end. 
As in the case of prior art transitions, one or more 

tuning screws (not shown) may be used to further re 
duce vswr, either at particular frequencies or over an 
entire band. The present transition shape, where tuning 
screws are employed, greatly reduces the tuning re 
quired for making the vswr wholly negligible over a 
wide band of frequencies. 
As in the case of the broader aspects of the invention, 

utility of the above formulae is not con?ned to the type 
of embodiment speci?cally illustrated, wherein the el 
liptical guide at one end is larger in both dimensions 
than the rectangular guide at the other end, being 
equally usable with any other dimensional relationship. 

It will also be observed that a circular guide is a limit 
ing case of an elliptical guide, in this case with an ec 
centricity of zero as opposed to the unity eccentricity 
of the opposite limiting case of the top and bottom of 
the rectangle. Accordingly, the same general shaping of 
bottom and top walls and side walls (whether by use of 
the above formulae or otherwise) is desirably used in 
a transition from circular guide to rectangular guide. 
All intermediate cross-sections are generally similar to 
the type of progression of cross-section shown in FIGS. 
9 through 11. 
What is claimed is: 
1. In a waveguide transition for dominant-mode 

transmission of the type having a passage rectangular 
at one end, generally elliptical at the other end, and of 
continuously varying cross-section between said ends, 
the improvement wherein the cross-section at any point 
between the ends has concave top and bottom walls 
and straight side walls the concave curvature of said 
top and bottom walls extending continuously from one 
of said side walls to the other, the top and bottom walls 
each having concave curvature continuously increasing 
from straightness at the rectangular end to the form of 
semi-ellipses forming the elliptical end with the longitu 
dinal con?guration of the transition formed by said top 
and bottom walls in the E-plane forming a smoothly 
continuous curve represented by an equation which has 
a second derivative that changes sign along the length 
of the transition, and which has a ?rst derivative that 
is zero at both ends of the transition so that there are 
no angular discontinuities at the ends of said top and 
bottom walls, the side walls being tapered in height and 
having their top and bottom edges meeting at the ellip 
tical end. 

2. The transition of claim 1 wherein the rectangular 
and elliptical ends of said passage have different trans 
verse dimensions, and the longitudinal con?guration of 
the transition formed by said side walls in the H-plane 
forms a smoothly continuous curve represented by an 
equation which has a ?rst derivative that is zero at the 



3,818,383 
7 

rectangular end of the transition so that there are no 
angular discontinuities at the rectangular ends of said 
side walls. 

3. The transition of claim 1 wherein the distance X 
of each sidewall from the centerline at any longitudinal 
point is substantially equal to 
a — (a — A/2) cos [(1r/2) (z/L)] 

where a is half the major axis of the elliptical end, A is 
the width of the rectangular end, : is the distance of the 
point from the rectangular end. and L is the total 
length. 

4. The transition of claim 1 wherein the top and bot 
tom walls are of the cross-sectional general form of seg 
ments of ellipses tapering in eccentricity along the 
length of the transition. 

5. The transition of claim 4 wherein the passage at 
any distance 2 from the rectangular end has an E-plane 
dimension 20 substantially in accordance with 
D = (B12) cos2 (1rz/2L) + b sin2 (1rz/2L) 

where L is the total length of the transition, B is the E 
plane dimension of the rectangular end and b is half the 
E-plane dimension of the elliptical end. 

6. The transition of claim 5 wherein the passage at 
any distance 2 from the rectangular end has top and 
bottom walls which are substantially segments of the 
ellipse 

(x2/C2) + (y2/D2) = l 
where 
C = a/sin (rr 1/2 L) 

“a” being half the H-plane dimension of the elliptical 
end, and 
D= (8/2) cos2 (1r 2/2 L) + b sin2 (T 1/2 L) 
7. The transition of claim 6 wherein the spacing 2X 

between the side walls and any distance 2 from the rect 
angular end is substantially equal to twice the quantity 
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8 
a — (a —A/2) cos (tr/2) (z/L), 

“A” being the l-l-plane dimension of the rectangular 
end. 

8. In a waveguide transition for dominant-mode 
transmission of the type having a passage rectangular 
at one end, generally elliptical at the other end. and of 
continuously varying cross-section between said ends‘ 
the improvement wherein the cross-section at any point 
between the ends has concave top and bottom walls 
and convex side walls, the concave curvature of said 
top and bottom walls extending continuously from one 
of said side walls to the other. the top and bottom walls 
each having concave curvature continuously increasing 
from straightness at the rectangular end to the form of 
semi-ellipses forming the elliptical end with the longitu 
dinal con?guration of the transition formed by said top 
and bottom walls in the E-plane forming a smoothly 
continuous curve represented by an equation which has 
a second derivative that changes sign along the length 
of the transition, and which has a ?rst derivative that 
is zero at both ends of the transition so that there are 
no angular discontinuities at the ends of said top and 
bottom walls, the side walls being tapered in height and 
having their top and bottom edges meeting at the ellip 
tical end. 

9. The transition of claim 8 wherein the rectangular 
and elliptical ends of said passage have different trans 
verse dimensions, and the longitudinal con?guration of 
the transition formed by said side walls in the H-plane 
forms a smoothly continuous curve represented by an 
equation which has a ?rst derivative that is zero at the 
rectangular end of the transition so that there are no 
angular discontinuities at the rectangular ends of said 
side walls. 

* * * * * 


