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[57] ABSTRACT 

The disclosed circular waveguide is provided on the 
inner wall surface with corrugated slots each having a 
width abruptly changed from a smaller value on that 
portion near to the axis of the waveguide to a larger 
value on the remaining portion of the slot. Also an elec 
tromagnetic horn is disclosed including such slots. 

6 Claims, 7 Drawing Figures 
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CORRUGATED WAVEGUIDE 

BACKGROUND OF THE INVENTION 
This invention relates to improvements in a corru 

gated waveguide. 
The conventional type of corrugated waveguide has 

a plurality of annular discs or waveguide irises of the 
same dimension disposed at predetermined equal inter 
vals and perpendicularly to the axis thereof to form 
slots between the adjacent irises while de?ning central 
openings aligned with one another. When a section of 
such a corrugated waveguide having a circular cross 
section is applied, for example, to an electromagnetic 
born, the resulting directional pattern has been able to 
be improved only over a frequency band of about one 
octave. ‘ 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to pro 
vide an improved corrugated waveguide device having 
frequency characteristics maintained substantially uni 
form in a frequency band wider than that previously 
obtained. 

It is another object of the invention to provide an im 
proved electromagnetic horn of the corrugated wave— 
guide type having directional characteristics substan 
tially uniform over a frequency band wider than that 
provided by the prior art practice. 
The invention accomplishes these objects by the pro 

vision of a cylindrical section of corrugated waveguide 
comprising a plurality of annular discs disposed at pre 
determined equal intervals and perpendicularly to the 
axis of the waveguide to form slots therebetween while 
defining central openings aligned with one another, 
wherein each of the corrugated slots has a width which 
varies in the direction of the depth thereof. 
The width of the slot may preferably vary stepwise 

transversely of the direction of the waveguide. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will become more readily apparent 
from the following detailed description taken in con 
junction with the accompanying drawing in which: 

FIG. la is a cross sectional view of a section of corru 
gated waveguide constructed in accordance with the 
principles of the prior art; 
FIG. lb is a longitudinal sectional view of the section 

shown in FIG. 1a with the longitudinal section taken 
along the line A-A’ of FIG. Ia; 
FIGS. 2a and b are views similar to FIGS. la and b 

respectively but illustrating one form of the invention; 
FIG. 3 is a longitudinal sectional view of an electro 

magnetic horn constructed in accordance with the 
principles of the prior art; 
FIG. 4 is a longitudinal sectional view of an electro 

magnetic horn embodying the principles of the inven 
tion; and 
FIG. 5 is a schematic Smith chart useful in explaining 

the principles of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

While the invention will be described as being ap 
plied to a cylindrical corrugated waveguide having a 
circular cross section it is to be understood that the 
same ‘is equally applicable to cylindrical corrugated 
waveguides having a cross section with the shape of any 
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2 
desired closed geometric figure such as a rectangular 
cross section. The term “cylindrical” is also used in ‘the 
broadest sense. It is assumed that the corrugated wave 
guide of circular cross section has a hybrid mode or the 
HE,, mode and the EH,, mode propagated there 
through. 

Referring now to the drawing and FIGS. 512: and b in 
particular, it is seen that the arrangement disclosed 
herein comprises a length of right circular cylindrical 
wave guide made up of a circular metallic tube 10, and 
a plurality of annular metallic discs 12 of the same 'di 
mension disposed at predetermined equal intervals and 
substantially perpendicularly to the axis of the tube 10 
to form slots 14 therebetween with ‘bottoms of the slots 
constituted by the inner wall surface of the tube 10. 

It is assumed that the annular discs 12 frequently 
called “waveguide irises” have a pitch of P, an inside 
diameter of 2a and an outside diameter of 2b as desig 
nated in FIG. 1b. The slots 14 shown in FIG. lb as hav 
ing a width of d have a depth equal to (12-0). It is also 
assumed that the waveguide illustrated has been con 
structed such that the pitch P is smaller than the wave 
length it in the free space. Under ‘the assumed condi 
tions, the inner extremity of the iris 12, that is, the slot 
14 at a point spaced from the axis of tube 10 by a dis 
tance a presents an admittance Ycrin the hybrid mode 
expressed by the following equation: 

where 
j = unit of an imaginary number equal to UV T 
so = permittivity of free space 
41.0 = permeability of free space 
J, = first order Bessel function of ‘a ?rst kind 
Y, = first order Bessel function of a second kind 
J ', = first order differential of Bessel function J, 
Y’, = ?rst order differential of Bessel function Y, 
K = phase constant in free space equal to Zn/A 

It is noted that the corresponding conductance is negli 
gibly small so that 

l 

where Bc is the susceptance. For large values of K‘, the 
equation (I) may approximate the equation 

v. =18, = —j(p/d) Vega-Lemme“); 
2 

If the susceptance BC is null in the EH" mode then the 
electromagnetic ?eld has a component in a plane nor 
mal to the propagation axis high in intensity of the cen 
tral axis of the waveguide and decreasing to a zero 
value at the distance a from the central axis or on a cir 
cularly cylindrical surface formedtto‘f the inner edges of 
the irises 12. 

In other words, when an electromagnetic horn is 
formed of a section of a corrugate'tl‘waveguide such as 
above described, the same has a directional pattern in 
the E plane coinciding with that in ‘the H plane. Such 
an electromagnetic horn is shown 1in FIG. 3 wherein‘ 
like reference numerals designate ‘the components cor 
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responding to those illustrated in FIG. lb. FIG. 3 will 
be self-explanatory. 

If BC is in?nitely large (or B.: = 0o) in the EH,l mode 
it can be considered that the circularly cylindrical sur 
face with the radius of a as above described is equiva 
lently shortcircuited. This results in the coincidence of 
the ?eld distribution in the EH1, mode with that in the 
TE°ll mode for a circular waveguide. Therefore for 
electromagnetic horns utilizing the directional charac 
teristics in the El-Iul mode such as shown in FIG. 3; the 
radius a is large so that the horns are superior in direc 
tion characteristics to conical horns operated in the 
TEu° mode in a frequency band holding the relation 
ship 

5 O 
3 

In this case it is to be noted that the frequency band sat— 
isfying the relationship Bc<0 is not used because the 
I-IEll mode presented in such a frequency band is of a 
slow wave. Also the component of the electromagnetic 
?eld in a plane normal to the central axis becomes 

higher in intensity thereon leading to the deterioration 
of the directional characteristics of the electromagnetic 
horn. 
Thus electromagnetic horns to which the conven 

tional type of corrugated waveguides are applied such 
as shown in FIG. 3 are disadvantageous in that a fre 
quency band in which the directional characteristics 
can be expected to be improved is restricted to a fre 
quency band of about one octave expressed by the 
above relationship v(3 ). 
The invention seeks to provide wide band frequency 

characteristics for corrugated waveguides and electro 
magnetic horns in the form of such waveguides. 

In FIGS. 2a and b wherein like reference numerals 
designate the components identical or similar to those 
shown in FIGS. la and b, there is illustrated a section 
of corrugated waveguide of a circular cross section 
constructed in accordance with the principles of the in 
vention. The arrangement illustrated is different from 
that shown in FIG. 1 only in that in FIG. 2, the annular 
discs 12 or waveguide irises 12 each are provided on 
one face with an annular land portion 16 radially ex 
tending from the inner edge thereof to a predetermined 
radius of b, with the land portions 16 all on the same 
sides of the irises 12 in the example illustrated, on the 
left side as viewed in FIG. 2b. Thus the resulting slot 14 
has an axial dimension of a width which varies in the. 
direction of the depth thereof. More specifically, the' 
slot 14 has the width varied step wise from a predeter-_ 
mined ?xed value d, in the region of the entrance 
thereof or for a S A 5 b1 to another predetermined 
fixed value of at greater than dl in the region of the bot 
tom thereof or for b, 5 A ; b where A represents a 
radial distance from the axis of the waveguide. 
FIG. 4 shows an electromagnetic horn embodying the 

principles of the invention. The arrangement illustrated 
comprises a throat portion 20 and a hom-shaped por 
tion 22 connected thereto. A plurality of waveguide 
irises 14 with central land portions 16 similar to those 
shown in FIG. 2b are disposed in both portions in the 
same manner as in the arrangement of FIG. 2b 
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4 
excepting that those irises 14 disposed in the horn 
shaped portion 22 follow in shape the latter to progres 
sively increase in outside and inside diameters toward 
the open end of the horn-shape portion 22. 
The arrangement of FIG. 2 will now be discussed in 

terms of the admittance of the slot 14. As in the ar 
rangement of FIG. 1 the conductance is also negligibly 
small and therefore it is required only to consider the 
susceptance. An admittance Y(b,) as viewed toward 
the bottom of the slot 14 at, a point at a radial distance 
of d1 from the axis of the waveguide is given by the 
equation 

4 

where Yd is a characteristic admittance of that portion 
of the slot having the width d,, as will readily be under 
stood from the deduction of the equation (2). The 
character B1 represents a corresponding susceptance. 
Similarly, the admittance Y(a) as viewed toward the 
bottom of the slot at a point at a radial distance of a is 
expressed by the equation 

where Ye, represents a characteristic admittance of 
that portion of the slot having the width d, and is ac 
cording to the relationship. 

Also B, is a corresponding susceptance. 
The principles of the operation of the corrugated 

waveguide as shown in FIG. 2 will now be described 
with reference to FIG. 5 wherein there is schematically 
illustrated a Smith chart. 
Conventional corrugated waveguides have a usable 

frequency band as determined by the equation (3). As 
suming that the frequency band is de?ned by frequen 
cies f,, and f" as the upper and lower limits respectively 
and that wavelengths in the free space are of AL and A" 
at the frequencies of fL and f" respectively, the normal 
ized B‘. in the equation (I) occupies a position A or B 
shown in FIG. 5 at the frequency f,_ or 1",, respectively. 
At any frequency f in the frequency band de?ned by 
the frequerples f‘, and f”, the normalized BC is on a cir 
cular arc AEB. 

It is now assumed that in the arrangement of FIG. 2, 
the slot has a total depth (b -— a) equal to M14 and that 
portion thereof having the width of d1 has a depth (b — 
bl) greater than A118 and less than A,j4. That is the fol 
lowing relationships hold: 

From the equation (4) and the inequality (8), it is ap 
parent that the susceptance Bl as viewed toward the 
bottom of the corrugated slot 14 at a point radially 
spaced away from the axis of the waveguide by a dis 
tance of b1 fulfils the inequality 
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Thié normalized susceptance ill/Yr, is on a circular arc 
ACB shown in FIG. 5. Assuming that it occupies a 
point C on the circular arc ‘(C-l3, the susceptance B2 
normalized by the characteristic inadmittance Yd or 
B2/Y,.2 will be moved from the point C toward the point 
A until it reaches a point D as will readily be apparent 
from the relationship (6). 
This means that, with an angle COD represented by 

6,, the normalized susceptance B2/Y2 presented by the 
slot 14 as viewed at a point at a radial distance of a 
from the axis of the waveguide is turned from the point 
A toward the load through the angle 0, until it is lo 
cated at a point E shown in FIG. 5. Therefore it will be 
understood that at the lower limit of the frequency 
band or the frequency fL, the susceptance of the corru 
gated slot becomes null for conventional corrugated 
waveguides and has a positive value for the present cor 
rugated waveguides. 
Considering the upper-limitfH of the frequency band, 

it is apparent from the relationship A” = )\,,/2 that the 
normalized susceptance Bl/Yc, of the corrugated slot as 
viewed toward the bottom thereof at a point at a radial 
distance of b, from the axis of the waveguide is turned 

10 

25 

from the point B through twice an angle a1'=Ll§OC’ . 
to a point F as shown in FIG. 5. Normalizing the sus 
ceptance B, by the characteristic admittance Yd of 
that portion of the slot having the width d1 causes the 
point F to be moved toward the point A to reach a 
point G. Then the normalized susceptance BzlYc2 of the 
corrugated slot as viewed at a point at a radial distance 
of a from the axis of the waveguidewis turnedfthr?ough 
an angle of 62 = /_ FOG toward the load until it is posi 
tioned at a point l-i shown in FIG. 5. 
According to the invention, therefore, a normalized 

susceptance of the slot is on a circular arc EFH at any 
frequency in the frequency band ranging from fL to f" 
whereby the susceptances Bz’s of the slots are positive 
even at frequencies either lower than the fL or higher 
than f”. Thus the undesirable HE“ mode has an upper 
cut off frequency less than fL. Also the upper limit of 
frequencies available for electromagnetic horns oper 
ated in the EHn mode such as shown in FIG. 4 becomes 
higher than f" with the result that such electromagnetic 
horns have a frequency band wider than the previously 
obtained. 
By properly selecting the depth (b — by) of that por 

tion of the corrugated slot 14, having the width d the 
susceptance of the slot can be maintained substantially 
constant over a wider frequency band. As a result, any 
electromagnetic horn including such slots is enabled to 
provide a distribution of an electromagnetic field in the 
radiation mode which is substantially constant over a 
wide frequency band, as compared with the prior art 
practice. 
While the invention has been illustrated and de 

scribed in conjunction with the application thereof to 
electromagnetic horns, it is to be understood that it is 
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6 
equally applicable to a variety of microwave devices 
other than electromagnetic horns. For example, the in 
vention may be effectively applied to transformers for 
connecting a section of a circular waveguide to a sec 
tion of a circular corrugated waveguide as disclosed 
herein. This is because the admittance presented by the 
slot of the invention as viewed at a point having a radial 
distance of a from the axis of the waveguide can be se 
lected to have any desired value by properly changing 
the parameters d, d‘, (b — a) and/or (b — b‘). Speci? 
cally a transformer for connecting a section of a circu 
lar waveguide to a section of a circular corrugated 
waveguide may be formed of a section of circular cor 
rugated waveguide designed and constructed in accor 
dance with principles of the invention such that corru— 
gated slots on that end portion thereof adjacent to the 
end of the section of the circular waveguide have ad 
mittances as high as possible. This is because the inner 
wall surface of the circular waveguide has an infinitely 
large admittance. Then as the slot gets nearer to the 
other end of the section, the slot has an admittance ap 
proaching that admittance of the corrugated slot of the 
circular corrugated waveguide to be connected. This 
results in a wide band matching. 
While the invention has been illustrated and de 

scribed in conjunction with a few preferred embodi 
ments thereof, it is to be understood that numerous 
changes and modi?cation may be resorted to without 
departing from the spirit and scope of the invention. 
For example, the invention is equally applicable to 
square and rectangular waveguides. 
What we claim is: 
l. A section of waveguide comprising cylindrical wall 

means de?ning a section of a closed geometric ?gure, 
a plurality of annular metallic plates attached to the 
inner surface of said wall means at predetermined 
equal intervals along and perpendicularly to the axis of 
the waveguide to de?ne between them a plurality of 
slots with the inner surface of said wall means de?ning 
the bottom of said slots, said plates having central 
openings aligned with one another, each of said slots 
having a width which varies in the direction of the 
depth thereof for causing said corrugated slots to have 
capacitive susceptances within a wide frequency band. 

2. A section of waveguide as claimed in claim 1 hav 
ing one end portion formed into a horn. 

3. A section of waveguide as claimed in claim 1 
wherein each of said slots has a width which varies step 
wise transversely of the axis of the waveguide. 

4. A section of waveguide as claimed in claim 3 hav 
ing one end portion formed into a horn. 

5. A section of waveguide as claimed in claim 1 
wherein each of said slots has a width which varies step 
wise from a smaller value at that portion thereof near 
the axis of the waveguide to a larger value at that por~ 
tion thereof near the inner wall surface of the wave 

guide. 
6. A section of waveguide as claimed in claim 5 hav 

ing one end portion formed into a horn. 
1k t 8 i it 


