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UNITED STATES PATENT OFFICE 
DIELECTRIC WAvE GUIDE sYSTEM 

Milan D. Fiske, Schenectady, N. Y., assignor to 
General Electric Company, a corporation of 
Nevy York 

Original application September 15, 1942, Serial 
No. 458,423. Divided and this application De 
cember 16, 1944, Serial No. 568,512 

The present invention is a division of my co 
pending application, Serial No. 458,423, filed Sep 
tember 15, 1942, and relates to dielectric Wave 
guides of the hollow-pipe type for transmitting 
electromagnetic waves of ultra high frequency, 
and more particularly to structures associated 
therewith for selectively controlling the propaga 
tion of electromagnetic waves through the guides. 

It is now quite generally appreciated that elec 
tromagnetic Waves may be propagated through 
the interior of a hollow pipe type guide Which 
may be constructed of a conductive material and 
which contains a dielectric medium Such as air 
or a gas through which the energy of the waves 
is transmitted. Of course, the frequency of the 
exciting electromagnetic Waves must be greater 
than the critical minimum frequency established 
by the dimensions, principally the transverse 
dimensions of the guide. 
There may be placed within the interior of a 

dielectric guide a metallic wall having an aper 
ture which is tuned to the frequency of the ex 
citing Waves to effect a concentration of the po 
tential due to the waves within or across a sub 
stantially Small dimension of the aperture. AS 
the intensity or the magnitude of the exciting 
electromagnetic waves is increased, the magni 
tude of the potential difference appearing be 
tween opposing surfaces of the aperture is also 
increased, and When the magnitude of this poten 
tial difference increasesto a predetermined value 
established by the configuration of the aperture 
and the dielectric strength of the medium sur 
rounding the aperture, an electric discharge is 
established across the aperture thereby material 
ly changing the propagation characteristics of 
the guide. 
One way in which a structure of this nature 

may be employed is in connection with a System 
which is subjected to electromagnetic Waves of 
considerable range of intensity and utilizing the 
characteristics of the aperture to effect trans 
mission or attenuation of the waves within the 
guide. 

It is an object of my invention to provide a neW 
and improveddielectric wave guide of the holloW 
pipe type and associated structure whereby the 
transmission of electromagnetic waves or the at 
tenuation thereof within the guide may be Selec 
tively controlled. '' . 

It is a further object of my invention to provide 
a new and improved resonant aperture Within a 
metallic wall enclosed within or associated With 
a wave guide of the dielectric type, and Whichis 
enclosed within an atmosphere, Such as a gas, 
atlow pressure. 

9 Claims. (CI. 178-44) 
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2 
It is a still further object of my invention to 

provide new and improved arrangements for con 
trolling or adjusting the natura resonance fre 
quency of an aperture mounted Withina holloW 
pipe wave guide of the dielectric type. 

It is a still further object of my invention to 
provide a neW and improved assembly formain 
taining, a resonant aperture in a dielectric Wave 
guide in an atmosphere of desired pressure, and 
Which is proportioned So that the reflection of 
the electromagnetic waves is reduced to a mini 
mum throughout that range of intensities Within 
Which it is desired to propagate the Waves. 

Briefly stated, in the illustrated embodiments 
of my inVention I provide a metallic Wallhaving 
an enclosed resonant aperture, Such as a resonant 
slot, tuned substantially to the frequency of the 
exciting electromagnetic waves and which is de 
signed to effect a breakdown of the surrounding 
atmosphere in the event the intensity of the elec 
tromagnetic waves attains or exceeds a predeter 
mined value. The presence of the electric dis 
charge across the slot varies the effective dielec 
tric constant of the dielectric medium through 
Which the electromagnetic Waves are propagated, 
thereby changing the wave guide from a propa 
gator to an attenuator of the electromagnetic 
Waves. A structure for housing a tuned aperture 
in a dielectric wave guide is provided whichis 
Sealed to maintain the aperture in an atmosphere 
of low pressure, and Which is also provided with 
eXternally accessible adjusting means to control 
or tune the aperture. 
For a better understanding of my invention, 

reference may be had to the following description 
taken in connection with the accompanying 
drawings, and its scope Will be pointed out in the 
appended claims. Fig. 1 diagrammatically illus 
trates One Way in which my invention may be 
incorporated in a hollow-pipe dielectric wave 
guide, and Figs. 2 and 3 are views of the sealing 
structure for the resonant aperture or slot. Figs. 
4 and 5 diagrammatically illustrate another 
modification of my invention wherein the seal 
ing structure constitutes a dielectric window of 
plane construction. Fig. 6 represents a further 
modification of my invention wherein a bulbous 
vitreous dielectric Window may be attached or 
sealed to the frame including the resonant aper 
ture by means of a sealing ring having a tem 
perature coefficient of expansion substantially 
equalto that of the dielectric material employed. 
Fig. 7 represents an assembly of the elements 
shown in Fig. 6, and Fig. 8 is a still further modi 
fication wherein the enclosing compartment for 
the resonant aperture comprises two bulbous type 
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vitreous Windows mounted on opposite Sides of 
the metallic Wall. Fig. 9 diagrammatically illus 
trates a still further feature of my inVention 
Wherein the resonant element is provided With 
means for controlling its effective dimensions, 
the means being externally controllable. Fig. 10 
diagrammatically illustrates another manner in 
Which externally accessible means may be em 
ployed for controlling the natural resonance fre 
quency of the slot and wherein the adjustable 
means is positioned so that it is not Subjected 
to the electric discharge when the magnitude of 
the waves exceeds a predetermined value. 

Prior to a detailed description of the Various 
embodiments of my invention, it is believed that 
it Will be helpful to describe generally the type 
of System to which my invention is applicable. 
It is now understood that ultra high frequency 
electromagnetic waves may be propagated dielec 
trically through hollow-pipe type guides Where 
the frequency of the exciting electromagnetic 
waves is greaterthan a critical minimum fre 
quencywhich, in turn; is determined principally 
by the transverse dimensions of the guide. The 
guide is preferably constructed of a conductive 
imaterial such as copper or brass. 

Rfany types of high frequency electromagnetic 
waves may be transmitted dielectrically through 
hollow-pipe type guides. These Waves have been 
generally indicated heretofore as being of the E 
and H types. Subscripts, as indicated, Enm and 
Hinm, have been assigned to these Waves in order 
to indicate the nature of the waves, where n rep 
resents the order of the wave and m represents 
the mode of propagation. The order of the wave 
is determined by themanner in which the field 
intensity varies circumferentially around the axis 
of the guide, whereas the mode is determined by 
the manner of its variation with radial distance 
from the axis of the guide. The E type Waves 
have both a longitudinal and a transverse com 
ponent of electric field but only a transverse 
component of magnetic field, whereas the H type 
waves have both a longitudinal and a transverse 
component of magnetic field but only a trans 
verse component of electric field. Although my 
invention is applicableto systems for transmit 
ting a great variety of Waves, in describing my 
invention hereinafter reference will be made par 
ticularly to the Hotype of wave. 

Referring now to Fig. 1 of the accompanying 
drawings, my invention is there illustrated as 
applied to a system including a hollow-pipe type 
wave guide of the dielectrictype. The dielec 
tric Wave guide may be of rectangular cross sec 
tion formed by conductive material, such as cop 
per or brass, having a height a and a base di 
mension b. Electromagnetic Waves are estab 
lished within the guide by suitable exciting elec 
trodes Which may have various configurations, 
depending upon the nature of the excitation re 
quired or desired. One form which the input 
electrodes or exciting means may assume is that 
of a concentric line including a tubular conductor 
i and a conductor 2, the former of which is con 
ductively connected to the bottom of the wave 
guide and the latter of Which may be conduc 
tively connected to the top, There ispositioned 
within the wave guide a metal wall 3, preferably 
constructed of copper or brass, and which is pro 
vided With an aperture 4 having an appreciable 
dimension transversèto the direction of propaga 
tion of electromagnetic waves through the guide. 
Where the wave guide is excited by electromag 
netic waves of the Hotype, for example, the slot 
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4 
affords a principal dimension tranSVerse to the 
electric component of the electromagnetic field 
and effects a concentration of the potential due 
to the Wave across the upper and lower edges of 
the sict. This accentuation or concentration of 
the potential due to the wave is effected by vir 
tue of the fact that the slot is tuned to the fre 
quency of the exciting Waves. If desired, the 
resonant aperture may be of the configuration 
illustrated wherein an elongated slit 5 is provided 
with enlarged openings, such as circular openings 
G and 7, at each end thereof, and the complete 
opening or aperture is tuned to be resonant at 
the frequency of the exciting Waves. 
The Wall 3 and the associated dielectric Win 

dOW constitute One end of the Sealed chamber 
or section of the dielectric Wave guide, the other 
longitudinal end of Such section being provided 
by the end Wall beyond the concentric electrode 
means t and 2. Of course it is to be understood 
that the concentric line may be sealed in any 
conventional way so that the region between the 
wall 3 and the end wall may be maintained at 
a desiredlow pressure. , 
Where the principal transverse dimension of 

the aperture isperpendicularto the electric com 
ponent of the electromagnetic field, the dimen 
sions of a rectangular aperture may be calculated 
With reference to the dimensions a and b of the wave-guide. Generally speaking, as the effec 
tive dimension of the aperture transverse to the 
electric component of the field is increased, the 
frequency to which the aperture is resonant is 
decreased. Furthermore, as the effective height 
of the aperture approaches zero, the effective 
length of the aperture approaches the limit 

2 
Where À is the wave length of the exciting elec 
tromagnetic waves. 
Where it is desired to Seal a portion of a di 

electric Wave guide or to maintain the aperture 
Within an atmosphere at the proper pressure in 
order to effect a selective response in accordance 
With the magnitude of the electromagnetic waves 
being transmitted, I provide a sealing structure 
for the aperture Which performs the sealing 
function Without sacrificing the wave transmit 
ting characteristics of the guide, For example, 
in Fig. 1 I provide a bulbous type dielectric win 
doW.8 for the resonant aperture and whichis de 
signed to neutralize. Substantially, any reflection 
ordiscontinuity in the wave propagating charac 
teristics of the guide incident to the wall 3 and 
the aperture 4. Stated in other words, the 
bulbous dielectric Window. 8 produces an effect 
Which is substantially equal and opposite to that 
of the Wall 3 and the aperture so that the amount 
ofenergyreflectedisminimized. - . . . 

The manner in which the dielectric window 8 
cooperates With the wall 3 and the associated 
aperture to minimize any discontinuity in im 
pedance of the dielectric guide may be more fully 
appreciated by reviewing certain fundamental 
concepts relative to the propagation of an Ho. 
type. Wave in a dielectric guide. The total im 
pedance Zo. of a rectangular wave, guide, which 
may, of course, be characterized as the ratio of 
the applied voltage V to the current I, may also 
be defined asfollows: , , , , , ; 

Z== éote a I 2 º i (1) 
Where eO is the dielectric constant of air, Xg is the 
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WaVe-length of the Wave, Within the guide, and c 
is the Velocity of:light. If the total, guide im. 
pedance, is constant along the guide, the Wave 
Wilbe, propagated with noreflection:To main 
tainthisimpedance constant for: changes in 
guide dimensions C and b, one must have at any 
particular wave-length the following relationship, 
for:a rectangular guide: 

(1) 

where X, the phase-wave-length of the waves 
transmitted through the guide, is: . 

N=1-()" (3) 

X= constant=k 

and where À is the wave length of the exciting 
waves in free space and where the electric com 
ponent of thefieldis perpendicularto the dimen 
sion b of the guide. “, “.. . . . 3. 
Where the transverse wall includes an aperture 

which is resonant to the frequency of the excit 
ing electromagnetic waves and Where the change 
in the guide dimensions occasioned by Such a 
structure is a small fraction of the wave length 
of the waves transmitted through the guide, the 
change in the total impedance offered by the 
guide is also relatively Small. 
Therefore, I provide a window 8 which offers 

an impedance effect substantially equali and op 
posite to that produced by the resonant aperture, 
so that a wave propagated through the guide ex 
periences substantially no reflection. 
The voltage or potential difference appearing 

between the upper and lower edges of the aper 
ture is effected by the resonant characteristics of 
the: aperture, and the magnitude of this Voltage 
difference increases as the magnitude of the ex 
citing Waves increases. Uponreaching a prede 
termined value, the dielectric material within 
the aperture breaks down; that is, the voltage 
difference is sufficient to cause ionization of the 
medium Which may be air, and an electrici dis 
charge takes place across the aperture. Upon 
occurrence of Such an electric discharge, the Wave 
transmitting characteristics of the guiderare 
radically changed, causing rapid attenuation of 
the electromagnetic waves within the vicinity of 
the wall 3. Without attemptingto enterinto any 
detailed discussion of the reason Why: the Waves 
are nottransmitted beyond the wall 3, suffice it 
tosay that the presence of the charged particles 
within the vicinity of the resonant aperture, due 
to the electric discharge, effectively changes the 
dielectric constant of the medium through which 
the Wavesare being propagated, as, for example, 
air, in the presenti discussion, thereby Substan 
tially, increasing the critical minimum frequency. 
for the particular guide employed so that the 
waves arenot propagated an appreciable distance 
beyond the Wall 3. 

Fig. 2: represents amore detailed cross Sec 
tionalView of that portion of the Wave guide in 
cluding the Wall 3 of the dielectric Window8. 
The: dielectric Window.8 may be constructed of 
a Suitable vitreous material, Such as a boron 
silicate glass, and sealed to the metal wall 3 by 
means of a cylindrical flange.9. The flange 9 
may be constructed of an alloy, Such as an iron 
nickel-cobalti alloy, to facilitate sealing of the 
glass to the metal Wall. 

En Fig. 3, an end view of the bulbous dielectric 
window and the resonant slot is also illustrated. 

Figs. 4 and 5represent two-views of a different 
form of the dielectric Windowforsealing a section, 
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of a dielectric Wave guide. The metallic wallina 
cluding the resonant aperture or slot may be 
formed integral With the Walls of the dielectric 
Wave guide, asshown in Fig. 4, Where the Walls 
constitute right-angle extensions of the top10 
and the bottom of a section of a rectangular 
Wave: guide. In this modification of my inven 
tion, the resonant aperture may be in the nature 
of a tuned or resonant rectangular slot 2 Which 
is also-tuned to the frequency of the exciting 
means Which establishes the electromagnetic 
Waves in the guide and in Which the height h 
and the length Lthereof bear a definite relation 
ship with respect to the excitation frequency and 
the transverse dimensions of the guide, particu 
larly the base dimension b. It is to be under 
stood that various dimensions of the resonant 
slot may be employed; that is, the dimensions of 
the slot may be varied and still: maintain its 
resonance With respect to the exciting frequency. 

I provide a sealing structure fora, dielectric 
Wave: guide Which not only affords mechanical 
Strength Where it is desired to Sea a Section of 
a dielectric Wave guide, but is also designed and 

5 arranged So that the aSSembly including the slot, 
the metallic Wall, and the dielectric Window, is 
substantially:: reflectionless. Furthermore, the 
dielectric Window construction Which I provide 
permitsa, portion of a Wave guide to be main 
tained at a partial Vacuum orat loW pressure. 
More particularly, asa, means for Sealing a sec 

tion of a Wave guide, I provide a dielectric Win 
dow 3, preferaby constructed of a vitreous ma 
terial Suchas glaSS and Which may be partially 
Supported in position by means of adioining 
metallic straps i 4 and 5 Which establish a Suit 
able conductive path between the top 0 and bot 
tom It of one section of a wave guide and a top 
6 and bottom of another Section of a, dielec 

tric Wave guide. It is to be understood that simi 
lar strapsic, and 5a shown in Fig. 5 are also 
placed along the sides of the guide to afford 
similarbridging means. In this manner, a con 
tinuous conductive pathis provided between the 
tWo Sections of the guide. If it is not desired to 
form the Wall or diaphragm 3, Which includes 
the resonant slot 2, integral With the top and 
bottom:members 0 and f, the diaphragmmay. 
be Sodered Or Welded to these memberS. . 
The WindoW. 3 is designed and positioned rela 

tive to the Wall. 8 So that the reflection from the 
slot i 2 cancels the reflection from the dielectric, 
Or Vice versa, depending upon the direction of 
Wave propagation through the guide. The Win 
dow 3 may be cemented to the diaphragmby 
UISinga, Vacuum cement 9 So that One of the 
sections or regions of the Wave guide may be 
maintained at a different pressure from an ad 
oiningregion. 
I have found that the length L. of the Slot 2 

required to make the Window 3 reflection:less 
depends very critically, upon the proximity or 
spacing of the dielectric material used in the win 
dow. To establish this distance and to allow 
space, for the cementi 9, a thin metal gasket: or 
Spacer 20 is inserted around the Slot 2. This 
gasket may be formed as an integral part of the 
Wall or diaphragm 8 and positioned as close to 
the slotas desired. Residual reflection from the 
WindoW 3 after construction may be canceled or 
neutralized by cementing to the outside Surface 
of the dielectric Window 3 a diaphragm 3' of 
prOperly chOSen characteristics. 

I have found that a Window constructed in ac 
cordance With the principles of my invention de 
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Scribed.herein, particularly that-type: of Window. 
construction represented in Figs. 4: and5, causes 
very little reflection of the electromagnetic Waves. 
For: example, al window constructed in accord 
ance with my.invention-reflectSSubstantially Only. 
0.3%ofthe energy incident uponit. - 
Figs 6 and 7 diagrammatically illustrate; a still 

further modification of the WindoW. constructioni 
fora dielectric Wave: guide Whereina metallic: 
Walli member 2 positioned inadielectric Wave. 
guide and preferabiy constructed of a metal, Such, 
as brass... or copper, isprovided With a resonant 
aperture 22 of the typehaving: anelongated slit 
withi circular openings ateither, end. Inorder to: 
establish a Seal of Suitable mechanical rigidity. 
andone:Whichis. Substantially reflectionleSS, by 
maintaining the dielectrici element of the WindoW: 
precisey.positioned relative to the Wall and the 
slot, I provide ani arrangement wherein the di 
electic Window.issealed to the Wall by means of 
a supporting frame orring: 23, preferably con 
structedofa metal such as an iron-nickel-cobalt 
alloy, thereby:facilitating the Sealing of a Vitre 
ous, orglassi dielectric Window 2 which, is of 
bulbous.or l'emispherical configuration. Theme 
tallic ring,23ispreferabiy, constructed: ofathin 
sheet and may be formed by a Suitable stamping 
operation So that it is provided With tWo sections 
24c and 24b of unequal dia.3meter.joined by a sub 
stantially, transverse section 25:So that a certai: 
degree of resilience is provided to compensate for 
StrainS incident to preSSue and temperature Vari 
ations. In this manner, variations in preSSure do 
noti change the position of the gla SS Window, and 
consequently do notº appreciably affect the net 
reflection from the Window. Furthermore, the 
glass Window. 26 is constructed of a Suitable glass, 
such as boron-silicate, having a temperature co 
efficient of expansion substantially equal to that 
of the metal constituting the ring 23. Wall. 2 is 
provided with an annular groove 2 in which the 
section 24a of ring 23 is Seated. Ring 23 may be 
Welded or soldered to Wall 2i. 

In the production of this type of Window, the 
ring 23 may be sealed to the Wall 2, and the glass 
Window,26 may be sealed to section 24b of the ring. 
by, placing the Window 26 lupon the, section 24b 
and subjecting the ring 23 to a heating agency 
such as a high frequencyfield, causing the glass 
toseal around the outer edge of Section 24b, the i 
diameter. and tnickneSS of the glaS3 being Such 
that an appropriate amount of Inatterialis pro 
vided for making a seal of desired Strength. 
As an agency for controlling the effective di 

mensions of the resonant slot or aperture, I pro 
vide externally accessible means for Varying the 
natural resonance frequency of the slot, and 
Which may comprise a screw 28 Which extends 
into the body of the wall 2 and into the aper 

I ture, and as illustrated may eXtend into one of 
the circular openings at the ends of the elongated. 
slit 22thereof. It Will be appreciated that as the 
position of the Screw is changed, the effective 
dimensions of the aperture are also changed, 
thereby adjusting or controlling the frequency at 
Which the aperture is resonant. 

If desired, the Screw 23 may be provided With 
an eXtension 28' of Substantially, paddle shape 

, Which may eXtend into one of the. circular open 
ings of the resonant slot, and the position of 
Which determines Or controls the naturali reso 
nance frequency of the slot. 
Where it is desired to maintain the reSonant 

aperture in a Suitable atmosphere and at the 
proper preSSure, thus maintaininga high degree: 
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8. 
of sensitivity of the aperture to the intensity of 
the electromagnetic Waves being: transmitted: 
through the guide, the aperture may be com 
pletely enclosed insuch an atmosphere. For 

i example, tWo arrangements: Such as-shown in: 
Fig. 6 may be employed, one-on each side. of the: 
Wall.2, in a manner illustrated in Fig. 8-Where 
in a Wall 29, provided With aresonant aperture: 
30, is Sealed by bulbous vitreous Windows 3 and 
32, Which are sealed to the wall 29 by rings 33 
and 34 of a construction and material similar 
toring 23 discussed in connection with Fig. 6. 
The atmosphere employed within the enclosure 

may be any suitable fluid orgas which Will sup 
I port an electric discharge When the voltage dif 
ference between the edges of the slot or aperture 
attains a predetermined value, and which per 
mitsa substantially, rapid extinction of the arc 
When the voltage difference decreases-below the 
critical value. For example, I mayemploywith-- 
in-the-enclosurean-atmosphere-of-hydrogenand 
Watervapor, anatmosphere of nitrogen, oran 
atmosphere of argon, 

It will be understood that in the application 
of the embodiment of my-invention shown in 
Fig. 8, to a dielectric wave-guide, Wall member 29 
isplaced in conductive contact with the metallicº 
or conductive walls of the-guide. For example, 
it may replace the Wall 3-and associated as 
sembly shoWn in Fig. 1. 
AS stated above, the dimensions of a resonanti 

slot in a System of this nature-are fairly critical; 
that is, Variations in the dimensions change the 
frequency-at whichthe aperture - or slotisères 
onant. In Some applications and in thè opera 
tion of dielectric wave guides, ... it may-be de 
sirable to tune or adjust the frequency at which 
the aperture is-resonant while maintaining the 
aperture in a region oflow pressure orina-region - 
ofa desired atmosphere. Consequenty, I pro 
vide externally- accessible means-for-controlling. 
the effective dimensions-ofia tunable aperture 
mounted in a metallic wall suitable for use in 
connection with a dielectric Wave guide. . One 

5 form ofmyinventionisillustrated in Fig. 9 where 
in a metallic wall 36 is employed and may be con 
structed in upper andlowersectidasi 37 and 38 
to facilitate the construction of the aperture and 
to permit the placement therein of the adjust - 
ing means to be described presently 
Theaperture 39 may be of the f6m; illus 

trated in:Fig. 7 comprising a restricted elongated 
Section and having circular openings at each 
end thereof. Furthermore, the aperture 39 may: 
be maintainedata lowpressure, ormay be main 
tained in a suitable atmosphere at the proper 
pressure by, means ofa pair. of bulbous vitreous 
Windows 40 and 4: whichare sealed to-and supe. 
ported by the Wall-36-bymeans-of metallic rings 
42 and 43 constructed in the manner explainedi 
above in connection with the apparatus shown 
in Fig. 6: Therings 42 and 43 maybe seated in 
annulargrooves in the end faces of wall 36. 
AS a means fortuning the resonant aperture 

39, I provide anadjustable member, suchasa. 
deformable diaphragmi 44, which may constitute: 
One boundary of the resonant aperture and may: 
be Welded or solderedito theupper section 37: of: 
Wall 36. 
The upper section37: of Wall 36 isprovided With: 

a receSS 45, Which may be of: rectangular:croSS. 
Section, andiSalso provided Witha, communicat 
ing circulàr Copening.46:Which extends to San 
Outer: periphiery of theupper:section 37. This 
arrangement permitSexternaladiustiment of the: 
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position of the diaphragmso that it is not neces 
sary to disturb the sealfor the resonant aperture 
in making an adjustment. I provide a metallic 
block: 47 whichisconnected to the diaphragm 
44 and Whichispositioned by means of a differ 
ential screw arrangement: 48which extends from 
the block: 47 to the recess 49. The block4Tis 
preferably constructed: of a material having a 
relatively high thermal conductivity and thermal 
capacity to facilitate the dissipation of the heat 
incident to the establishment of electrici discharge 
across the boundary of the resonanti aperture 
when the intensity of the electromagnetic waves 
exceeds the critical value. . ... . . 
For example, the block.47 may be constructed 

of copper. Upon adjustment of the differential 
screwarrangement 48, the block 4Tis raised or 
lowered, thereby deforming the diaphragm 44 
and effectively controlling the dimensions of 
the resonant aperture, Of course, the diaphragmi 
44 is sealed to the upper: section 37 of Wall 36 
so that the adjustment may be made Without, 
disturbing the condition of the atmosphere with 
in whichthe resonant aperture is enclosed. 
An alternative embodiment of my invention is. 

illustrated in Fig. 10 wherein the adjustable 
means for controlling the natural resonance fre 
quency of an aperture or slot 50 ispositioned in 
the slot so as not to be subjected to the electric 
discharge Which is produced when the magnitude 
of the electromagnetic waves transmittedthrough 
a wave guide attains or exceeds a predetermined 
value. Theresonant aperture or slot 50 comprises 
an elongated portion or slit 5i terminated at 
each endin enlarged openings 52 and 53. One : 
of the openings, such as opening 53, may be pro 
vided with an extension 54 in which is placed an. 
adjustable or deformable diaphragm 55 Whichis 
sealed to the body of the wall so that the region 
including the aperture may be maintained at loW 
pressure or within a desired atmosphere. A 
metallic member or block 56 of high thermal 
conductivity is attached to diaphragm 55 and 
may be actuated or positioned by a differential 
screw arrangement 57 similar to that shown in 
Fig. 9. In like manner, the adjusting means is 
made externally accessible by extending to a 
recess 58 in the body of the metallic Wall. 
- While I have shown and described my inven 
tion as applied to a particular system embody 
ing various devices diagrammatically shown, it 
wil be obvious to those skilled in the art that 
changes and modifications may be made Without 
departing from my invention, and I therefore 
aim in the appended claims to cover all Such 
changes and modifications as fall Within the true 
spirit and scope of my invention. N 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. In combination, a dielectric wave guide of 

the hollow-pipe type, exciting means forestab 
lishing electro-magnetic waves within said guide, 
a metallic wall positioned in said guide and ying 
in a plane substantially transverse to the direc 
tion of wave propagation through Said guide and 
provided with an elongated slit having a pair of 
substantially circular openings at each end 
thereof, said slit and associated openings con 
stituting an aperture tunable to the frequency of 
said exciting means, and a deformable diaphragm 
forming a boundary of said slit for controlling 
the effective natural frequency of Said aperture. 

2. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means forestab 
lishing electro-magnetic Waves within Said guide, 

O 

25 

O 
a metallic wall positioned in said guide andlying 
in a plane substantially transverse to the direc 
tion of Wave propagation through said guide and 
provided with an aperture comprising a slot hav 
ingits principal dimension transverse to the elec 
triccomponent of the field incident to the propa 
gation of Waves through said guide and havinga 
pair of circularopenings at each end thereof, 
means for providing an evacuated enclosure for 
that portion of saidwall including said aperture; 
a deformable diaphragm supported by Said Wall 
and constituting a boundary of said slot for con 
trolling the effective dimensions of said aperture, 
and externally accessible means for adjusting 
said diaphragm. , , ! 

3. In combination, a dielectric wave guide of 
the hollow-pipe: type, exciting means forestab 
lishing electro-magnetic waves within said guide, 
a metallic wall positioned in said guide andlying 
in aplane substantially transverse to the direc 
tion of wave propagation through said guide and 
provided with an aperture comprisinga slot havi 
ingits principal dimension transverse totheelec 
tric component of thefield incident to the propa 
gation of waves through said guide and havinga 
pair of circular, openings at each end thereof, 
means for providing an evacuated enclosure for 
that portion of said wall including said aperture, 
said wall being provided with a recessi adjoining 
said slot, a diaphragm constituting a boundary 
of said slot and attached to said wall, a metal 
block of substantialthermal capacity and con 

i ductivity in physical contact with said dia 
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phragm, and externally accessible means for ad 
justing the position of said; block and said dia 
phragm. . . ...3' i '', , , 3. 

4. In combination, a dielectric Wave guide of 
the hollow-pipe type, exciting means forestab 
lishing electro-magnetic Waves Within said guide, 
a metallic Wall positioned in Said guide andlying 
in a plane substantially transverse to the direc 
tion of wave propagation through said guide and 
provided with an aperture comprising a slot hav 
ingitSprincipal dimension transverse to the elec 
tric component of the field incident to the propa 
gation of Waves through Said guide and having a 
pair of circular openings at each end thereof, 
means for providing an evacuated enclosure for 
that portion of said wall including said aperture, 
said wall being provided with a recess adjoining 
said slot, a diaphragm sealed across said recess 
and constituting one boundary of said slot, and 
externally accessible means for adjusting the po 
sition of said diaphragm. 

5. In combination, a dielectric Wave guide of 
the hollow-pipe type, means for establishing 
electromagnetic waves within said guide, a metal 
lic wall associated with said guide andlying in 
a plane. Substantially transverse to the direction 
Of Wave propagation therethrough and including 
a reSonant aperture comprising an elongated Slit 
having at one end thereof an enlarged opening, 
a diaphragm forming a boundary of Said open 
ing, and means extending through the body of 
saidwall for positioning said diaphragm. 

6. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means forestab 
lishing electromagnetic waves Within said guide, 
a metallic Wall adaptable for use in connection 
With said guide and having a plane substantially 
transverse to the direction of Wave propagation 
therethrough and provided with an aperture 
tuned Substantially to the frequency of said ex 
citing means and comprising an elongated slit 
terminated in an opening in one end thereof, 
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and meansfor controlling the natural frequency 
of said aperture. icluding a member eXtending 
into said Opening and. actuating means for said 
memberlying within the body of said metallic 
Wall . 

7. In a System for the transfer of high fre 
quency electromagnetic Waves including a pipe 
wave guide, a protective electrical breakdown de 
vice Which.includesa, metallic conducting barrier 
located transversely of said Wave guide and hav 
ingan aperture of elongated contour With itS 
long. dimension oriented perpendicularly to the 
electric. Vector of Oscillation tranSmitted in Said 
wave, guide, the Width of said aperture being 
sufficiently small at least for a part of its length 
to permit the occurrence of an electrical break 
doWn discharge across said aperture. When oscil 
lations in said guide exceed a predetermined 
amplitude, said aperture being dimensioned and 
Shaped to reSonate: at a frequency in the: neigh 
borhood of that of oscillations desired to be 
transmittedthrough said Wave guide system, and 
a rotatable vane Within atleast a portion of Said 
aperture for adjusting the resonant frequency 
thereof. 

8. In a wave guide System, a protective device 
Which includes a conducting barrier positioned 
transversely of the direction of propagation of 
electromagnetic energy in said Wave guide and 
having an elongated aperture located in said bar 
rier, said aperture being so dimensioned in a 
direction parallel to the direction of the electric 
field of oscillations in said guide that a break 
down Will occur across said aperture in said 
direction when the amplitude of said oscillations 
exceeds a predetermined value, Said aperturebe, 
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ing further dimensioned whereby said aperture 
isresonant: at the frequency of Said. Oscillations, 
a rotatable Vane: positioned within atleasta por 
tion of Said aperture, for adjusting the resonant 
frequency thereof, and means external of Said 
guide forrottating saidvane. 

9. In a System for the transfer of high fre-. 
quency electromagnetic waves including a pipe 
Wave guide, a protective electrical break-down 
device Which,includes: a metallic. conductingbar 
rierlocated transversely of said Wave guide and 
having an aperture ofelongated contour With.its. 
long dimension oriented perpendicularly to the 
electric vector of Oscillations transmitted in said 
Wave guide, the Width of said aperture being 
Sufficientlysmall at least for a part of its.length. 
to. permit the occurrence of an electrical break-- 
down discharge across said aperture When oscil 
lations in said guide exceed a predetermined. 
amplitude, said aperture being dimensioned and 
shaped to resOnate at a frequency in the neigh-. 
borhood of that of Oscillations desired to be. 
transmittedthrough, said wave guide system, and 
means. fortuningSaid apertured barrier for ad 
justing the: frequency at Whichit-resonates. 

MILANO ESKE. 
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