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This invention relates to guided electromagnetic wave 
transmission and more particularly to impedance elements 
for wave guides. This application is a division of ap 
plication Serial No. 610,956, ?led August 17, 1945, now 
Patent 2,607,850, issued August 19, 1952, which, in turn, 
is a division of application Serial No. 452,851, ?led July 
30, 1942, now Patent 2,432,093, issued December 9, 1947. 
An object of the invention is to provide series-resonant 

impedance branches and parallel-resonant impedance 
branches for use in Wave guides. 

Another object of the invention is to provide means for 
tuning such resonant impedance branches. 
A uniform metallic sheath with or without a dielectric 

?ller will serve as a guide for suitable electromagnetic 
waves. In cross section the sheath may be circular, 
rectangular, or of other shape. For all frequencies above 
a minimum, known as the cut-off frequency, the guide acts 
like a transmission line and has a speci?c propagation 
constant and characteristic impedance. For any particu 
lar frequency there are an in?nite number of cross-sec 
tional sizes and shapes of guide which will have the same 
characteristic impedance. 

Shunt reactive elements are obtained by placing partial 
obstructions across the wave guide. For dominant trans 
verse electric waves a shunt reactive element may be pro 
vided by a transverse metal partition having a slit therein 
which extends substantially from one side to the other. 
If the slit is perpendicular to the direction of polarization 
of the electric ?eld the element is primarily capacitive, 
and if parallel with the ?eld the element is primarily in 
ductive. v 

In accordance with the present invention an aperture 
in a transverse partition in a wave guide is proportioned 
to provide both inductive and capacitive components in 
the right amounts to resonate at a particular frequency. 
Depending upon the shape of the aperture the resonance 
thus produced may be either of the parallel type, offering 
a high shunt impedance across the guide, or of the series 
type, offering a low shunt impedance. For example, a 
rectangular aperture may be proportioned for parallel 
resonance or, if made suf?ciently narrow, for series reso 
nance. The resonance may be sharpened by providing 
inwardly extending projections on opposite sides of the 
opening. A wider opening may be used if the opposed 
edges of the aperture are made thicker, or if the two 
halves of the partition are made to overlap. The res 
onant frequency may be controlled by adjusting an ef 
fective dimension of the aperture or by controlling its 
eiiective con?guration. 
The nature of the invention will be more fully under 

stood from the following detailed description and by ref 
erence to the accompanying drawings, in which like ref— 
erence characters refer to like parts and in which: 

Figs. 1 and 2 are perspective views of wave guides 
having therein partitions with apertures which provide 
reactive elements; ' 
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Fig. 3 shows a wave-guide termination employing a _- ; 
parallel-resonant element; 
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Fig. 4 shows an impedance element in accordance with 
the invention that may be adjusted for either parallel or 
series resonance; and 

Figs. 5 and 6 show series-resonant elements in accord 
ance with the invention. 

Taking up the ?gures in more detail, Fig. 1 is a per 
spective view of a section of a metallic wave guide 1 in 
the form of a rectangular sheath which has, been cross 
sectioned just ahead of the transverse metallic partition 
comprising an upper portion 2 and a lower portion 3 
with‘ an aperture 4 therebetween extending from one side 
of the guide to the other. If the guide 1 is carrying 
dominant transverse electric waves with the electric ?eld 
E polarized in a direction perpendicular to the length of 
the aperture 4, as indicated by the arrow, the partition 
will provide a shunt capacitive reactance. The mag 
nitude of this reactance depends upon the width of the 
aperture 4 in the direction of the electric ?eld E and de 
creases as the Width is decreased. 

Fig. 2 is similar to Fig. 1 except that the aperture 4 
extends from the top to the bottom of the guide 1 and 
has its length parallel to the direction of the electric ?eld 
E. A partition of this type provides a shunt inductive 
reactance, the magnitude of which also decreases as 
the width of the aperture 4 decreases. 
A By properly proportioning the aperture, a partition 
in a wave guide may be made to provide both inductive 
and capacitive components in the right amounts to res 
onate at a particular frequency. This may be either a 
parallel resonance or a series resonance. For example, 
Fig. 3 shows a parallel-resonant element, that is, one 
providing a high shunt impedance, in a rectangular wave 
guide 1. The partition 11 has a symmetrically placed 
aperture 12 having a height V in a direction parallel to 
the. electric ?eld E and a width W perpendicular thereto. 
There are an in?nite number of different apertures which 
will produce parallel resonance but, once either the 
height V or the width W has been chosen, the other dimen 
sion is thereby determined. The line 13 gives the locus 
of the upper right-hand corner 14 of all possible rectangu 
lar apertures that will provide parallel resonance in the. 
wave guide 1. Such an element placed in the guide. and 
followed by a solid metallic partition such as 15 placed 
one-quarter of a wavelength behind the element 11 will 
serve as a re?ectionless termination for the guide 1. 

Fig. 4 shows a circular guide 7 having therein an im 
pedance element which may be adjusted for either parallel 
resonance or series resonance. The partition 16 has a 
rectangular aperture into which project a pair of threaded 
studs 17 having their axes along a diameter of the guide 
7 and parallel to the electric ?eld E. The two internally 
threaded sleeves 18, each with a circular metal plate 19 
fastened to one end, may be screwed onto the studs 17. 
The separation between the plates 19, and therefore the 
resonant frequency of the element, may thus be adjusted 
as desired. For series resonance, only a small separation 
is required. For parallel resonance the spacing will be 
greater, and in this case the plates 19 may not be re 
quired. An advantage of using an aperture with one or 

‘ more inwardly extending projections, as shown in Fig. 4, 
is that sharper resonances may be obtained. 

Fig. 5 shows an element more particularly adapted for 
series resonance, providing a low shunt impedance. The 
partition 16 has a symmetrical aperture 20 having its 
length perpendicular ot the electric ?eld E and its width 
constricted toward the center by means of the inwardly 
extending projections 21 and 22, to which are attached, 
on opposite sides of the partition 16, two overlapping 
metal ?aps 23 and 24. These ?aps 23 and 24 may be bent 
toward or away from each other to adjust the spacing. 
therebetweenv and thereby the resonant frequency of the 
element. 
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‘ Fig. 6 shows a modi?cation'of the series-resonant ele 
ment of Fig. 5 in which the ?aps 23 and 24 are replaced 
by two opposing metallic plates 25 and 26 which are per 
pendicular to the partition 16 and attached to the ends of 
the projections 21 and 22. 7 

Since a metallic obstruction in a wave guide usually 
produces a point of lowpotential and high current, it is 
preferable that the partitions be secured to the walls of 
the guide by soldering, welding, or in some other appro 
priate manner such that a good electrical contact is ob 
tained. It should also be noted that thinner partitions 
than those shown in the drawings will, under some cir 
cumstances, produce more satisfactory results. The par 
titions have been shown thicker in the drawings only in 
the interest of clarity. In Figs. 3, 4, 5 and 6 a portion of 
the wave guide has been cut away to show the partitions 
more clearly. 

It is to be understood that the above-described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may 
be devised by those skilled in the art without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. In combination, a conductively sheathed wave guide, 

means for establishing electromagnetic waves therein, 
a transverse partition within said guide, said partition 
having an aperture which is resonant at the frequency 
of said waves, two opposite projections and opposed plates 
at the inner ends thereof which constrict the width of 
said aperture and form a comparatively narrow central 
opening and a wider opening at each end thereof, and 
means for adjusting the spacing between said plates. 

2. The combination in accordance with claim 1 in which 
said projections extend in a direction parallel to the elec 
tric ?eld of said waves. 

3. The combination in accordance with claim 1 in 
which said aperture is series resonant at said frequency. 

4. In combination, a hollow-pipe wave guide, a con 
ductive transverse partition therein, said partition con 
taining an aperture which is dimensioned for resonance 
at a frequency freely transmissible by said guide, a pair 
of opposed projections extending from opposite sides of 
said aperture to form a comparatively narrow central 
opening and a wider opening at each end thereof, means 
for increasing the capacitance between the inner ends 
of said projections, and means for adjusting an effective 
dimension of said aperture to control the frequency at 
which said aperture is resonant. 

5. The combination in accordance with claim 4 in 
which said aperture is series resonant at said frequency. 

6. In combination, a conductively sheathed guide for 
for the transmission of electromagnetic waves, a partition 
transversely disposed at a point in said guide, said parti 
tion containing an aperture dimensioned to provide at said i 
point a shunt impedance which is resonant at a frequency 
transmissible by said guide, a pair of opposed projections 
extending from opposite sides of said aperture in a direc 
tion parallel to the electric ?eld of said Waves to form a 
comparatively narrow central opening and a wider open 
ing at each end thereof, means for increasing the capac 
itance between the inner ends of said projections, and 
means for adjusting the effective con?guration of said 
aperture to adjust said resonant frequency. 

7. The combination in accordance with claim 6 in 
which said aperture is series resonant at said frequency. 

8. In combination, a conductively sheathed guide for 
the transmission of electromagnetic Waves and a parti 
tion transversely disposed in said guide, said partition 
having an aperture which is resonant at a frequency trans 
missible by said guide, and said aperture comprising a 
comparatively narrow, adjustable central opening and 
a wider opening at each end thereof. 

9. The combination in accordance with claim 8 in 
which said aperture is series resonant at said frequency. 
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10. In combination, a metallic pipe-shaped wave guide, 

means for establishing electromagnetic waves therein, a 
partition substantially perpendicular to the direction of 
propagation of said waves, said partition being provided 
with an aperture which is resonant at the frequency of 
said waves, a pair of opposite projections and opposed 
plates at the inner ends thereof which constrict the width 
of said aperture in a direction parallel to the electric ?eld 
of said waves and form a comparatively narrow central 
opening and a wider opening at each end thereof, and 
means for adjusting the spacing between said plates. 

. 11. The combination in accordance with claim 10 in 
which said aperture is series resonant at said frequency. 

12. In combination, a hollow-pipe wave guide, means 
for establishing electromagnetic waves therein, a metal 
lic wall member associated with said guide, said member 
being positioned transversely to the direction of wave 

I propagation through said guide and having an opening 
which is resonant at the frequency of said waves, a pair 
of opposed projections extending into said opening from 
opposite sides thereof in a direction parallel to the elec 
tric ?eld of said waves to form a comparatively narrow 

. central opening and a wider opening at each end thereof, 
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means at the inner ends of said projections for increasing 
the capacitance therebetween, and means for adjusting 
said capacitance to adjust said resonant frequency. 

13. The combination in accordance with claim 12 in 
which said opening is series resonant at said frequency. 

14. In combination, a pipe-like wave guide, means for 
establishing electromagnetic waves therein, a wall mem 
ber substantially perpendicular to the longitudinal axis 
of said guide, said member having an aperture dimen 
sioned to be resonant at the frequency of said waves, 
a pair of opposed projections extending into said aper 
ture from opposite sides thereof in a direction parallel 
to the electric ?eld of said waves to form a comparatively 
narrow central opening and a wider opening at each end 
thereof, a pair of opposed plates connected, respectively, 
to the inner ends of said projections, and means for con 
trolling an effective dimension of said aperture to con 
trol said resonant frequency. 

15. The combination in accordance with claim 14 in 
which said aperture is series resonant at said frequency. 

16. In combination, a wave guide of the hollow-pipe 
type,~ exciting means for establishing electromagnetic 
waves therein, a metallic Wall positioned in said guide, 
said wall lying in a plane substantially transverse to the 
direction of propagation of said waves and being pro 
vided with an aperture which is resonant at the frequency 
of said exciting means, a pair of opposed projections ex 
tending into said aperture from opposite sides thereof in 
a direction parallel to the electric ?eld of said waves to 
form a comparatively narrow central opening and a wider 
opening at each end thereof, means at the inner ends of 
said projections for increasing the capacitance therebe 
tween, and means for adjusting said capacitance to adjust 
said resonant frequency. 

17. The combination in accordance with claim 16 in 
which said aperture is series resonant at said frequency. 

18. In combination, a metallic pipe-shaped wave guide, 
means for establishing electromagnetic waves therein, a 
radiative wall substantially perpendicular to the direc 
tion of propagation of said waves, said wall'being pro: 
vided with an aperture which is resonant at the frequency 
of said waves, a pair of opposed projections extending 
into said aperture from opposite sides thereof in a direc 
tion parallel to the electric ?eld of said waves to form a 
comparatively narrow central opening and a wider‘ open 
ing at each end thereof, a pair of opposed plates connected, 
respectively, to the inner ends of said projections, and 
means for adjusting the spacing between said plates to 
adjust said resonant frequency. ' 

19. The combination in accordance with claim 18 in 
which said aperture is series resonant at said frequency. H 
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20. In combination, a hollow-pipe wave guide, a trans~ 
verse partition therein, said partition having an aperture, 
and adjustable means for constricting the width of said 
aperture near its center, said means comprising a pair of 
oppositely disposed threaded studs projecting into said 
aperture and a pair of internally threaded sleeves screwed 
onto said studs. 

21. In combination, a hollow-pipe wave guide, a trans 
verse partition therein, said partition having an aperture, 
and adjustable means for constricting the width of said 
aperture near its center comprising a pair of oppositely 
disposed threaded studs projecting into said aperture, a 
pair of internally threaded sleeves screwed onto said 
studs, and a pair of metal plates fastened to the opposed 
ends of said sleeves. 

22. In combination, a hollow-pipe wave guide, a trans 
verse partition therein, said partition having an aperture, 
and adjustable means for constricting the width of said 
aperture near its center, said means comprising a pair of 
overlapping metallic ?aps. 

23. The combination in accordance with claim 22 in 
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which the spacing between said flaps and the area of 
overlap are selected to make said aperture series resonant 
at a frequency freely transmissible by said guide. 

24. In combination, a conductively sheathed wave 
guide, means for establishing electromagnetic waves there 
in, a transverse partition within said guide, said partition 
having an aperture which is series resonant at the fre 
quency of said waves, two opposite projections and op 
posed plates at the inner ends thereof which constrict the 
width of said aperture, and means for adjusting the spac 
ing between said plates. 
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