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My invention relates to dielectric wave guides 
of the hollow pipe type for transmitting electro 
magnetic waves of ultra high frequency and, 
more particularly, to structures associated there 
with for sectionalizing such a guide to permit 
operation of adjacent sections under different 
pressure conditions. 

It is known that electromagnetic waves may 
be propagated through the interior of la hollow 
pipe type guide constructed of a conductive ma 
terial-and containing a dielectric medium, such 
as air or gas, through which the energy of the 
wave is transmitted. The frequency of the ex 
citing electromagnetic waves, of course, must be 
greater than the critical minimum frequency 
established by the dimensions, principally the 
transverse dimensions, of the guide. 
There maybe 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 
potential due to the waves within or across a 
substantially small dimension of the aperture. 
If the intensity or magnitude of the exciting 
electromagnetic waves is increased, the magni 
tude ‘of the potential diiference appearing be 
tween opposing surfaces of the aperture is also 
increased and, when the magnitude of- this poten 
tial difference increases to a predetermined value 
established by the con?guration of the aperture 
and dielectric strength of the medium surround 
ing the aperture, an electric discharge is estab 
lished across the aperture thereby materially 
changing the propagation characteristics of the 
guide. A structure of this nature may be em 
ployed, for example, in connection with an ultra 
high frequency system which is subjected to elec 
tromagnetic waves of considerable range of in 
tensity and which utilizes the characteristics of 
the aperture to effect transmission or attenuation 
of the Waves within the guide. 

It is an object of my invention to provide a 
new and improved dielectric wave guide of the 
hollow pipe type in which a transverse metallic 
wall, having a resonant aperture, is provided with 
a window to seal said aperture to permit opera 
tion of the regions on opposite sides of said wall 
at diiferent pressures. 

It is a further object of my invention to pro 
vide a new and improved means for sectionalizing 
a wave guide. 

It is still another object of my invention to 
provide a new and. improved window for a Wave ' 
guide which is substantially reflectionl‘ess over a 
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wide frequency band of the electromagnetic waves 
being propagated along said guide. I 

It is a still further object of my invention to 
provide a new and improved resonant aperture 
enclosed within or associated with a wave guide 
of the dielectric type and which is provided with 
a window having substantially zero phase exten 
sion along the guide. . " ' 

It is a still further object of my invention ‘to 
provide a new and improved resonant structure 
associated with the dielectric wave guide which 
has small frequency sensitivity. 

It is still another object of my invention to 
provide a wave guide of the hollow pipe type with 
a, glass window having a re?ection characteristic 
similar to that of a single tuned parallel circuit. 

It is another object of my invention to provide 
' a new and improved window structure associated 
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with a dielectric wave guide which is highly re 
sponsive to the magnitude of the exciting electro 
magnetic waves. ' 

It is a still further object of my invention to 
provide a, new and improved window for a wave 
guide having means to prevent sputtering of the 
glass surface by electrodeless discharge. 
One of the features of my invention is the pro 

vision in a metallic wall for sectionalizing a wave 
guide of a 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 
medium in the event the intensity of the electro 
magnetic 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. 

material, such as glass. The seal is substantially 
coplanar with the metallic wall and has substan 
tially zero phase extension along the wave guide 
so that electromagnetic waves of less than a cer 
tain intensity experience substantially no change 
in phase in passing through the seal or window. 
For a better understanding of my invention, 

referencemay be had to the following descrip 
tion 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; Fig. 2 is a cross-sectional view of the 

A seal is provided across the resonant. 
aperture and may comprise a vitreous dielectric ’ 
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window structure for the resonant aperture or 
slot in a wave guide; and Fig. 3 is a view of a 
modi?cation of the wave guide window of my 
invention. 

It is known that ultra high frequency electro 
magnetic WaVes may be propagated dielectrically 
through hollow pipe type guides where the fre 
quency of the exciting electromagnetic waves is 
greater than a critical minimum frequency which, 
in turn, is determined principally by the trans 
verse dimensions of the guide. Such guides pref, 
erably are constructed of a- conductive material, 
such as copper or brass. 
of high frequency electromagnetic waves, may be 
transmitted dielectrically through hollow pipe 
type guides. Of these waves, the transverse mag 
netic or TM type waves have both a longitudinal 
and a transverse component of electric ?eld but 
only a, transverse component of magnetic ?eldr 
whereas the transverse electric or TE type waves 
have both a longitudinal and a transverse com 
ponent of magnetic ?eld but only a transverse 
component of electric ?eld. Although my inven 
tion is applicable to systems for transmitting a 
great variety of waves, in describing my inven 
tion hereinafter reference will be made particu 
larly to the TEM type of wave. 
Referring now to Fig; 1 of the accompanying 

drawings, my invention is there illustrated as ap 
plied to a system including a hollow pipe type 
wave guide of the dielectric type. The dielectric 
wave guide may be‘ ofrectangular cross section 
formed by conductive material, vsuch as copper or 
brass, having a height a and a base dimension D. 
Electromagnetic waves are established within the 
guide by suitable exciting electrodes which may 
have various‘con?guratioris depending upon the 
nature 'of the excitation required or desired. One 
form which the input electrode or exciting means 
may assume is that of a concentric line including 
tubular outer conductor 1 and an inner conductor 
2, the former of which is conductively connected 
to the bottom of the waveguide and the latter of 
which may be conductively connected to the top. 
There is positioned within the wave guide a metal 
wall 3 which may be constructed of a suitable 
alloy, such as an iron-nickel-cobalt alloy. The 
wall 3 is provided with an aperture 4 having an 
appreciable dimension transverse to the direction 
of propagation of electromagnetic waves within 
the guide. Where the wave guide is excited by 
electromagnetic waves of the TEm type, for ex 
ample, the slot affords a principal dimension 
transverse to the electric component of the elec 
tromagnetic ?eld and effects a concentration of 
the potential due to the wave across the upper 
and lower edges of the slot. This accentuation or 
concentration of the potential due to the wave is 
effected by virtue of the fact that the slot is 
tuned to the frequency of the exciting waves, i. e., 
causes little re?ection of electromagnetic waves of 
this frequency. If desired, the resonant aper 
ture may be of the con?guration .illustrated 
wherein the slot 4 is rectangular in shape. A 
resonant slot of this type is described ingreater 
detail and claimed in my copending application. 
Serial No. 458,422, ?led September 15, 1942, and 
assigned to the assignee of the present invention. 
In ultra high frequency transmission systems 

which employ dielectric wave guides of the hol 
lowpipe type, it is desirable frequently to operate 
adjacent sections of a, wave guide at different 
pressures. 
atmospheric pressure while the adjacent section 
is either evacuated or ?lledwith a suitable gas at 
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4 
a pressure other than atmospheric. To this end, 
in the system'illustrated in Fig. 1, the complete 
opening or aperture 4 is sealed by means of a di 
electric window 5 constructed of a suitable vit 
reous material, such as a boron-silicate glass, hav 
ing substantially the same coe?icient of linear ex 
pansion as the alloy material of which the trans 
verse wall3 is constituted. . 
The wall 3 and the associated dielectric window 

constitute one end of a sealed chamber or section 
of the dielectric wave guide, the longitudinal end 

7’ of such section being provided by the end wall 
Moreover, many types - ' 
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Thus, one section may be operated at . 

75 

beyond the concentric electrode means I and 2. 
> It is to be understood that the concentric line may 
be sealedin any conventional way so that the 
region between the wall 3 and the end wall may 
be maintained at a desired low pressure. 

Referring to Fig. 2, it is seen that the trans 
verse metallic wall 3 on its side of lower pressure 
is provided with a shoulder portion 6 about the 
aperture 4 through which a constricted portion of 
the glass 5 extends and which provides greater 
strength to-v the glass-to-metal seal. After the 
glass is hermetically sealed in place,>the window 
may be ground on both sides to obtain precise di 
mensions so that the surfaces of the glass 5 are 
coplanar with the surfaces of the wall 3. So 
constructed, the window 5 lies nearly in a single 
electrical plane, that is, it has very little phase ex 
tension along the guide. Hence, the effect of the 
window 5 and the resonant slot 4 can be com 
pared to a single resonant circuit in a transmis 
sion line so far as their re?ection properties are 
concerned. The thin element constituted by the‘ 
window 5 and the resonant slot 4 behaves as a 
parallel resonant circuit shunted across the line, 
this circuit having negligible resistance because 
of the high conductivity of the metal wall 3 and 
low dielectric loss in the glass 5. It has been 
found that such an element can be made almost 
completely re?ectionless over a wide band of fre 
quencies. The‘effect, therefore, of such a thin 
element is considerably different from an element 
having a substantial phase extension along the 
wave guide, for such an element would be repre 
sented by two or more circuits of ?nite phase sep 
aration and, in general,'reflection from such’a 
combination would not vanish at any frequency. 
For a thin composite element comprising the 

metal wall 3 and a glass window 5 sealed across 
the gap 4, it has been found that the re?ection 
versus frequency curve of an incident electromag 
netic wave is almost identical with the ordinary ‘ 
resonance curve of a simple parallel resonant 
circuit. Such astructure, therefore, is not criti 
cal to a particular frequency but _is‘operative to 
provide optimum and efficient transmission of 
electromagnetic waves over a substantial band of 
frequencies. 
Where the principal transverse dimension of 

the aperture 4 is perpendicular to the electric 
component of the electromagnetic wave, the ‘di 
mensions of a rectangular aperture for resonance 
conditions may be'calculated by reference to the 
dimensions a and b of the wave guide. Although 
the presence of window E'affects to *a certain ex 
tent the exact resonance frequency, yet gen-u 
erally speaking, as the effective dimensions of the 
aperture transverse to the electric component of 
the ?eld is increased, the frequency to which the 
aperture is resonant is decreased. At the same 
time, the phase extension of the composite win 
dow structure increases with the height of the 
resonant slot 4. . 
.The voltage Or Potential difference appearing 
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between the upper and lower edges of the aper 
ture 4 is eifected by the resonant characteristics 
of the aperture and the magnitude of this volt 
age difference increases as the magnitude of the 
exciting waves increases. Upon reaching a pre 
determined value, the dielectric material or me 
dium adjacent to the window 5 across the aper 
ture breaks down, that is, the voltage difference is 
sufficient to cause ionization of the medium and . 
an electric discharge takes place across the, aper 
ture 4. Upon occurrence of such an electric dis 
charge the wave, transmitting characteristics of 
the guide are radically changed causing rapid 
attenuation of the electromagnetic waves within 
the vicinity of the wall 3. The presence of the 
charged particles within the vicinity of the reso 
nant aperture during the electric discharge effec 
tively changes the dielectric constant of the me 
dium through which the waves are being prop 
agated thereby substantially increasing the crit 
ical minimum frequency for the particular guide 
employed so that the waves are not propagated an 
appreciable distance beyond the wall 3. I 
The voltage or potential difference appearing 

between the upper and lower edges of slot 4 
effects a concentration of electric ?eld across the 
slot and across the window 5. Where the window 
is used to separate two wave guide sections hav 
ing different pressure conditions, it has been 
found that as the potential diiference across the 
slot 4 increases, an electrodeless discharge, i. e., an 
electric discharge which takes place by virtue of 
the electric ?eld strength being sui?cient to pro 
duce ionization without the presence of any elec 
trodes, occurs across the window 5 on its lower 
pressure side. In Fig. 3 there is shown a modi 
?cation of my invention wherein means is pro 
vided to reduce or eliminate sputtering onto the 
glass window 5 produced by this electrodeless dis 
charge. This sputtering arises whenever the dis 
charge, the area of which varies with the strength 
of the incident electromagnetic energy, becomes 
great enough that it extends over the entire win 
dow 5 and touches any portion of the metallic 
wall 3. 
layer of glass 1 connected to the glass window 5 
and extending over the portion of the metal wall 
3 adjacent to the aperture 4. The layer 1 has a 
minimum thickness and extends a substantial 
distance over the outer surfaces of wall 3 toward 
the walls of the wave guide. 
In constructing a wave guide system embody 

ing my invention, the section In may be provided 
at its end with a shoulder ll, against which the 
transverse wall 3 abuts. 
guide, at its end connecting with section l0 may 
be provided with an integral sleeve I 3 which slips 
over the outer surface of section In so that wall 
3 is held ?rmly between adjacent edges of sec 
tions l0 and I2. 
From the foregoing description, it is thus seen 

that my invention provides a new and improved 
window for sealing adjacent sections of a wave 
guide having differential pressures therebetween, 
the window having a small phase extension and 
causing a minimum re?ection of the electro 
magnetic wave being propagated along the guide. 
At the same time, the composite structure has a 
low frequency sensitivity, that is, provides effi 
cient transmission over a substantial band of fre 
quencies of the electromagnetic wave. The win 
dow, furthermore, may be employed as a break 
dawn element if the medium on one side thereof 
is readily ionizable. When electromagnetic waves 
of sufficient intensity impinge on the window the 

This means comprises a glaze or thin ‘ 

The section I2 of the F 
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6 
medium, which may be a low-pressure gas, breaks 
down and causes a very considerable attenuation 
of the waves passing through the window. 
While I have shown and described my inven 

tion as applied to one particular embodiment 
thereof, it will be obvious to those skilled in the 
art that changes and modi?cations may be made 
withoutdeparting from my invention, and I there 
fore intend in the appended claims to cover all 
such changes and modi?cations as fall within 
the true spirit and scope of my invention. 
What I claim as new and desire to secure by 

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

the hollow-pipe type and comprising a pair of 
adjacent sections having differential pressures 
therein, exciting means for establishing electro 
magnetic waves within said guide, and means for 
transmitting said waves between said sectionssub 
stantially without re?ection, said means com 
prising a metallic wall associated with said guide 
and lying between said sections within a plane 
substantially transverse to the direction of} wave _ 
propagation through said guide, said wall being 
provided with an aperture having an appreciable 
dimension perpendicular to the electric com 
ponent of ?eld incident to the propagation of 
waves through said guide, and vitreous means 
sealed across said aperture and substantially co_ 
planar with said wall, said aperture and said vit 
reous means being tuned to the frequency of said 
exciting means and having substantially zero 
phase extension along said guide. 

2. In a dielectric wave guide of the hollow 
pipe type and including a substantially closed 
section, exciting means for establishing electro 
magnetic waves Within said section, and means 
for facilitating transmission of said waves from 
said section substantially without re?ection, said 
means comprising a metallic wall de?ning a 
boundary of said section and lying in a plane 
substantially transverse to the direction of wave 
propagation through said guide, said wall being 
provided with an aperture having an appreciable 
dimension perpendicular to the electric compo 
nent of the ?eld incident to the propagation of 
waves through said guide and tuned to the fre 
quency of said exciting means, and a glass win 
dow hermetically sealed across said aperture and 
substantially coplanar with said wall, said win 
dow and said aperture having a minimum phase 
extension along said wave guide. 

3. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means for estab 
lishing electromagnetic waves within said guide, 
a metallic wall associated with said guide and 
lying in a plane substantially transverse to the 
direction of wave propagation therethrough pro 
vided with an aperture having an appreciable di 
mension perpendicular to the electric compo 
nent of the ?eld incident to the propagation of 
waves through said guide, and a vitreous mem 
ber sealed across said aperture, said vitreous 
member having a portion extending over the sur 
face of said wall adjacent said aperture to pre 
Vent injury to said member produced by an elec 
tric discharge established across said aperture in 
the presence of electromagnetic waves of sub 
stantial intensity. ' _ 

4. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means for estab 
lishing electromagnetic waves within said guide, 
a metallic wall associated with said guide and 
lying in a plane substantially transverse to the 
direction of Wave propagation through said guide 
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