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Our invention relates to ultra high frequency 
control systems and more particularly to sys 
tens for controlling the propagation of electro 
magnetic waves through dielectric wave guides 
of the hollow-pipe type. 

It has been appreciated for some time that 

(C. 179-1715) 
2 . 

It is a still further object of our invention to 
provide new and improved apparatus including 

ultra high frequency electromagnetic waves may 
be transmitted through dielectric wave guides 
of the hollow-pipe type if the electromagnetic 
waves are of a frequency greater than the critical 
or minimum frequency established by the di 
mensions of the wave guide, particularly the 
transverse dimensions. 
The types of waves which may be transmitted 

dielectrically through guides of this nature are 
great in number and have heretofore been classi 
fied generally into the E and H types. In the E 
type wave, the electromagnetic waves have both 
longitudinal and transverse components of 
electric field, but only a transverse con 
ponent of magnetic field. By the use of the 
WOrd 'transverse' is meant transverse to 
the direction of wave propagation through the 
guide. In the H type of wave, the electronag 
netic waves have both longitudinal and trans 
verse components of magnetic field, but only a 
transverse component of electric field. The 
Waves which may be transmitted through guides 
of this nature have been identified by the use 
of the subscripts as indicated, Enm and Hinm. 
The subscript in indicates the order and the sub 
script m indicates the mode of propagation. 
The order of the wave is determined by the man 
ner in which the field intensity varies circum 
ferentially around the axis of the guide, where 
as the mode is determined by the manner of its 
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controlled space charge regions associated with 
a tuned aperture or slot positioned in the di 
electric wave guide whereby the electromagnetic 
waves may be modulated. 

Briefly stated, in the illustrated embodiments 
of our invention we provide within a dielectric 
wave guide of the hollow-pipe type apparatus for 
establishing a region of charged electric par 
ticles, such as an electron space charge region, 
associated with an aperture which is tuned to the 
frequency of the exciting means which estab 
lishes the electromagnetic waves within the 
guide. The region of charged electric particles 
may be established by providing a source of elec 
trons which constitutes a cathode and which CO 
operates with the wall comprising the tuned 
aperture. The magnitude of the space charge 
may be controlled in a number of ways, one of 
which is the variation of the potential difference 
between the cathode and the wall comprising the 
slot; another way in which the Space charge 
may be controlled is the provision of control 
means, such as electrostatic means or grids, po 
sitioned between the cathode and the Wall. 
Variation of the density of the space charge 
controls the effective dielectric constant of the 
medium through which the electromagnetic 
waves are propagated, thereby controlling the 
waves themselves. For example, by control of 
the density of the space charge, or, in other 
words, control of the number of charged elec 
tric particles within the vicinity of the resonant 
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variation with distance from the axis of the guide. 
"Although our invention is applicable to many 
types of waves, in the following description of 
our invention the H01 type will be referred to. 

It is an object of our invention to provide new 
and improved electric high frequency control 
Systerns. 

It is another object of our invention to pro 
vide new and improved electronic control means 
for dielectric guides of the hollow-pipe type. 

It is a further object of our invention to pro 
vide new and improved arrangements for con 
trolling the propagation characteristics of di 
electric wave guides by establishing a control 
region of charged electric particles, such as elec 
trons or ions. in the vicinity of an aperture 
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slot the propagation constants of the guide may 
be controlled at will, thereby modulating the 
electromagnetic waves which are transmitted. 
Of course, the entire guide may be evacuated 

and maintained at a sufficiently low pressure 
to permit ready control of the Space charge 
density, or an isolated or sealed region may be 
established within the guide surrounding the 
slot and the associated structure which con 
stitutes the anode, cathode, and control means. 

For a better understanding of our invention, 
reference may be had to the following descrip 
tion taken in connection with the accompany 
ing drawing, and its scope will be pointed out in 
the appended claims. FigS. 1 and 2 diagram 
natically illustrate an embodiment of our in 
vention as applied to a dielectric wave guide 

tuned substantially to the frequency of the ex 
citing means which establishes the electromag 
netic waves within the guide. 

having a rectangular cross section and which is 
provided with a metallic transverse wall includi 
ing a resonant aperture or slot which is con 

55 trolled by means of a space charge established 
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between a thermionic cathode and the trans 
verse wall. Figs. 3 and 4 represent a further 
modification wherein the modulation of the elec 
tromagnetic waves is controlled by an electro 
static grid or grids positioned between the Cath- 5 
ode structures and the wall which constitutes an 
anode for the electric discharge path; Figs. 5 
and 6 represent views of a further modification 
including variations of the cathode structure 
and means for modulating the waves. 

Prior to a detailed description of our invention, 
it is believed that it may be helpful to point out 
particularly certain general aspects concerning 
the propagation of ultra high frequency electro 
magnetic waves through dielectric wave guides, 
with particular attention to dielectric wave 
guides having rectangular cross sections. There 
is a critical minimum frequency or cut-off fre 
quency for each dielectric guide, the value of 
which is determined by the dielectric constant 
of the medium within the guide through which 
the electromagnetic waves are propagated and 
the transverse dimensions of the guide. Below 
this value of critical frequency, the electromag 
netic waves are rapidly attenuated and the en 
ergy thereof is not transmitted an appreciable 
distance along the axis of the guide. Above the 
critical frequency, the electromagnetic waves are 
propagated with an attenuation and velocity de 
termined by the propagation constant of the 
guide. This propagation constant P may be 
expressed as follows: 

PFa--is (1) 
where or is the attenuation constant and B is the 
phase constant and both are real quantities 
whose magnitudes depend upon frequency, and 
isV-I. -- 

if the frequency f is great enough, or is very 
small compared to 8 and waves are propagated 
without appreciable attenuation at a phase ve locity 

2af 
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which varies with the transverse dimensions of 
the guide. When the excitation frequency is 
below the critical frequency, the expression (1) 
may still be used but now g and a both become 
imaginary with the result that e determines the 
attenuation and determines the extent of wave 
action. Since below the critical frequency B is 
again much larger than ar, the attenuation is very 
pronounced and the wave action is very small. 
Physically, this means that transmission of 
waves through the guide is virtually non-existent 
at frequencies below the cut-off frequency. 
Although our invention may be applied with 

equal facility to dielectric wave guides of various 
configurations, in the following discussion in 
order to present some fundamental considera 
tions relative to the description of our inven 
tion, the fundamental aspects will be described 
with particular reference to dielectric wave 
guides having a rectangular Cross section and 
wherein the height of the guide is a and the 65 
base is b. 
The phase constant p may be expressed: 

B-44-(F)- (y) 
where w is the angular velocity of the wave prop 
agated through the medium, (oy=2arf), f is the 
frequency of the wave, p1 is the permeability of 
the medium and e1 is the dielectric constant of 
the medium. The quantities n and m are, of 75 
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2 (2) 

the order of the wave becomes larger. 
more, it will be noted that as either dimension a 

4. 
course, the order and mode of the particular 
wave being transmitted through the guide. 
The critical frequency fo may be defined as 

follows: 

i-s(t)+() (8) 
The phase-wave length \g of the electromagnetic 
waves propagated through the guide may be de 
fined as: 

(3 (4) 
An inspection of the above equations, particul 

larly Equation 3 indicates that the critical fre 
queny is smallest for the lowest order wave and 
increases as either n or m is increased, that is as 

Further 

or b of the wave guide is decreased, the critical 
frequency increases. In addition, it should be 
noted that the critical frequency may also be de 
creased by increasing the value of the dielectric 
constant or by employing a material having a 
larger dielectric constant. 
In order to simplify still further the presenta 

tion of the subject matter of our invention, it 
will be assumed that the dielectric is air and that 
the System is arranged for the transmission of an 
H01 type wave where the electric component of 
the field is perpendicular to b, in which case the 
phase constant and critical frequency expressed 
by Equations 2 and 3, become: 

02 
where c is the velocity of light in air. / 
The electromagnetic waves are propagated 

through the guide; that is, the expression for 
the progressive wave may be expressed as a func 
tion of the propagation constant and time. The 
electric intensity and the magnetic field may be 
expressed as follows: 

E= (real) Ee-it-hit 
He (real) He-Pac--it 

(5) 

(6) 

(7) 
(8) 

An inspection of Equations 7 and 8 indicates 
that for given values of ac, which is the distance 
along the axis of the guide for excitation above 
the Critical frequency, the magnitude of the wave 
varies sinusoidally with time; and furthermore 
at a given instant the Wave has a sinusoidal dis 
tribution along the axis. 
As will be understood from the description of 

Our invention to be discussed presently, we pro 
vide methods and apparatus to be used in a di 
electric wave guide of the hollow-pipe type which 
Comprises a structure providing a resonant aper 
ture or slot and wherein the effective dielectric 
constant of the medium within the vicinity of 
the aperture is controlled by means of a region of 
charged particles, such as an electron stream, 
thereby modulating the electromagnetic waves 
within the guide. 
While in the specific description of our in 

vention, We have chosen to describe the electric 
discharge means which produces the region of 
charged particles as being one which produces a 
stream or beam of electrons, it will be appreciated 
that we contemplate the provision of electric dis- . 
charge means for establishing within the vicinity 
of the resonant slot or aperture a region of 
charged electric particles. For example, we may   
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also employ within the purview of our invention 
electric discharge means comprising: a gas or 
vapor which is capable of ionization and which 
may be controlled by suitable means such as 
electrostatic control means for initiating the es 
tablishment of the ionized condition of the me 
dium. For example, the isolated or sealed region 
may contain proportions of inert gases such as 
neon, argon or Zenon, or may include an ionizable 
vapor such as a mercury vapor. Furthermore, 
combinations of ionizable gases and vapors may 
be employed. 
Since it is not the purpose of the present de 

scription to enter into a highly theoretical and 
rigorous analysis of the phenomena, associated 
with apparatus embodying our invention, it may . 
be sufficient to state that the effective dielectric 

O 
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constant of the medium through which the elec 
tromagnetic waves are propagated is a function 
of the difference of the dielectric constant of the 
medium. With no charged particles present and 
a quantity which is directly proportional to the 
number of charged particles per unit volume, the 
square of the unit charge of each particle, and 
inversely proportional to the mass of each charge 
and some function of the frequency of the field. 

Referring now to Fig. 1 of the accompanying 
drawing, We have there illustrated our inven 
tion as applied to a dielectric Wave guide of the 
hollow-pipe type for controlling the transmission 
of ultra high frequency electromagnetic waves. 
For purposes of facilitating the description of 
our invention, we have chosen to illustrate the 
dielectric wave guide as being of rectangular 
cross section comprising a top plate and a bot 
tom plate 2, preferably constructed of a highly 
conductive metal such as copper or brass. It will 
be understood that similar side Walls 3 and 
(Fig. 2) are also included to provide with end 
Walls 5 and 6 a confining and directional chan 
ber for the electromagnetic waves. 

In order to establish within the wave guide 
electromagnetic waves, we may employ exciting 
electrode means, such as a coaxial or concentric 
transmission line comprising an Outer tubular 
conductor and a conductor 8, the former of 
which is conductively connected to the bottom 
plate 2 and the latter of which may be conduc 
tively connected to the top plate 6. The conse 
ductor 8 may be welded or soldered to plate . 
It will be appreciated that although We have 
chosen to represent the exciting means for the 
wave guide as comprising a particular structure 
we may employ other types of exciting means 
such as probes, or the like, to establish within 
the guide waves of desired frequency and type. 
Output electrode means may also be associ 

ated with the dielectric wave guide and may be 
similar in construction and arrangement to the 
input electrode means, that is, may also com 
prise a concentric transmission line including a 
tubular conductor 9 conductively connected to 
the guide and an inner conductor. B. If desired, 
both the input and output electrode means may 
be provided with a seal, such as a vitreous seal, 
where it is not desired to employ within the main 
section of the guide an isolated or evacuation 
region of low pressure. 

It should be understood that in place of en 
ploying output electrode means for extracting 
energy from the guide, the end of the guide may 
be open to permit radiation of the propagated 
waves into space. For example, the end of the 
guide may be open and terminated in a flared 
horn (not shown) for radiation purposes. 
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6 
We employ within the dielectric wave guide a 

metallic wall which is conductively connected 
to the top, bottom and sides of the guide and 
Which lies in a plane substantially transverse to 
the direction of propagation of the electromag 
netic waves through the guide. The wall is 
designed to have a resonant aperture, such as an 
elongated slot 2, having an appreciable dimen 
sion transverse to the electric component of the 
H01 type wave transmitted through the guide. 
The aperture 2 may be of rectangular shape 
having a height h and a principal dimension . 
(see Fig. 2). The dimensions of the resonant, 
slot f2 may be chosen so that substantially the 
entire voltage difference due to the electromag 
netic waves within the guide appears across the 
horizontal dimensions of the slot. Of course, 
there is a definite relationship between , the 
dimensions he and I, to establish this resonant 
condition. As the dimension h approaches zero 
as a limit, the dimension L. approaches the value 

A. 
2 

where x is the wave length of the exciting means. 
For a more detailed description of the char 
acteristics of the resonant aperture or slot, refer- . 
ence may be had to the copending patent ap 
plication of Milan D. Fiske and J. M. Lafferty, 
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Serial No. 458,422, filed September 15, 1942, and 
which is assigned to the assignee of the pres 
ent application. The vector E represents the di 
rection of the transverse or electric component, 
of the electromagnetic field of the waves trans 
mitted through the guide. 
We provide means for establishing within the 

Vicinity of the resonant aperture 2 a region of 
charged electric particles which may be an elec 
tron stream or beam to control the propagation 
of the electromagnetic waves. The region of 
charged particles or the electron stream may in 
clude a cathode comprising a thermionic fila 
ment 3 which cooperates with the wall to 
provide an electric discharge path, the wall 
constituting the anode. . If desired, a similar 
cathode structure may be provided on the other 
side of the wall and may comprise a thermionic 
cathode 6, in which case the wall functions as 
an anode for both cathodes. 
Where it is desired to localize the evacuated 

region around the wali or the slot 2, we 
may provide a Sealed section or region within the 
guide. The sealed region may be defined by 
dielectric walls 5 and fs preferably constructed 
of a vitreous, material such as glass and which 
are sealed to the top, botton and side wall. Evac 
uation may be effected by providing a suitable 
glass tubulation ( not shown) extending into the 
localized region and which after evacuation may 
be sealed off in the conventional manner. 
A more complete understanding of our inven 

tion shown in Fig. 1 may be obtained by referring 
to the top cross-sectional view thereof illus 
trated in Fig. 2 where corresponding elements 
have been assigned like reference numerals. The 
thermionic cathodes 3 and 4 may be supported 
in spaced relation relative to each other and to 
the slot 2 by means of rigid metallic conduc 
tors 7-20, inclusive, which are insulated from 
the side walls 3 and 4 by means of suitable vitre 
ous or glass insulators 2-24, respectively, which 
may be sealed to the metallic walls by employing 
an alloy including iron, nickel and cobalt. 
The thermionic cathodes 3 and 6 may be 

energized from any suitable source of current 
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such as a battery 25. We provide means for 
controlling or modulating the electromagnetic 
waves transmitted through the guide, and this 
means may comprise a source of signal potential 
such as an alternating current source 26 which is 
connected between the metallic Wave guide 
through a conductor 2. The other terminal of 
the source 26 is connected to the thermionic 
cathodes 3 and through the lead-in con 
ductors and 8. 
The operation of the embodiment of our inven 

O 

tion illustrated in Figs. 1 and 2 will be explained 
first by considering the system when the poten 
tial difference between the cathodes 8 and 4 and 
the Wall is such that no electrons flow from 
cathodes 3 and f4 to the wall fl. In view of 
the discussion above, it will be understood that 
if the wave guide is excited at a frequency great 
er than the critical minimum frequency the elec 
tromagnetic waves will be propagated through 
the guide and will obtain a wave length. Ag de 

20 

termined principally by the phase constant f8. 
As evidenced by Equation 2 discussed above, it 
will be understood that a is determined in a 
measure by the dielectric constant of the medium 
through which the waves are being transmitted. 
Upon change of the potential difference between 

the cathodes f, f and the wall f to permit 
electron flow from the cathodes to the wall, 
there will be established a region of charged 
particles, that is a stream of electrons consti 
tuting a space charge which affects, that is de 
creases, the magnitude of the effective dielectric 
constant of the region immediately surrounding 
the tuned aperture. Consequently, the phase 
constant B also decreases, thereby changing the 
wave length of the Waves transmitted through 
the guide. The critical frequency of the waves 
transmitted through the wave guide is also 
changed. In this instance, however, the critical 
frequency is increased. If the change in the 
effective dielectric constant is sufficiently great, 
it will be appreciated that the critical frequency 
may become greater than the frequency of the 
exciting means so that electromaginetic waves 
are not transmitted an appreciable distance be 
yond the wall fl; that is, the electromagnetic 
waves are substantially completely attenuated. 

It is to be appreciated that in the systems which 
we contemplate, the variation in the effective di 
electric constant of the medium within the guide 
may not be varied or changed to a value which 
effects this substantially complete attenuation, 
but may be varied or modulated within limits 
above those corresponding to the minimum or 
critical frequency for the particular guide. That 
is, electromagnetic waves may be transmitted 
through the guide, the controlling effect being 
that obtained by modulating the waves so trans 
mitted. 
As will be understood from the discussion above 

relative to the variation of the phase constant f8 
as a function of the effective dielectric constant 
of the guide, by controlling the magnitude Or 
density of the charged particles a wave guide em 
ploying our invention may be used to phase 
modulate high frequency electromagnetic waves. 
For example, in the arrangement of Fig. 1 by con 
trolling the density of the electrons in the dis 
charge path within the vicinity of the resonant 
aperture 2, the phase of the electromagnetic 
waves received at the output electrode means 
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comprising conductors 9 and O may be modu- . 
lated relative to the voltage or excitation of the 
input electrode means. Furthermore, by con 

wall ff. 

- 8 

trolling the length of the guide or the distance 
between the input and the output electrode 
means, frequency modulation may also be 
obtained. 
As an additional matter, attention is directed 

to the fact that apparatus embodying the subject 
matter of our invention may be employed as a 
wave filter inasmuch as the transverse Wall in 
cluding the resonant slot and the associated 
region of charged particles is highly selective 
to waves of a frequency determined by the der 
sign of the slot or to waves within that region, 
thereby reflecting waves of different frequency. 
The arrow I shown in Fig. 2 represents the 

direction of the incident wave and the dotted 
arrow R represents the reflected waves. Arrow 
T cates the transmitted waves through the guide. 
Although we have illustrated a source of alter 

nating current 2 as a means for controlling the 
potential difference between the wall if and the 
cathodes 8 and 4, it will be appreciated that 
we may employ other means of a periodic na 
ture, or intermittent nature, for controlling the 
propagation of electromagnetic waves through 
the guide and for effecting complete attenuation 
of the Waves. F. 

Figs, 3 and 4 diagrammatically illustrate a 
further modification of our invention which may 
be applied to a dielectric wave guide and may 
constitute a portion of the arrangement shown 
in Fig. 1. In this modification of our invention, 
the density of the charged particles, or the den 
sity of the space charge, is determined by con 
trol means which may be electrostatic control 
members or grids 28 and 29 which are positioned 
between the slot 2 and cathodes 3 and 3 which 
may also be of the thermionic type. In this 
arrangement, the wall also serves as an anode. 
The lead lines for cathodes SD and 3 and grids 
28 and 29 are insulated from the side walls 3 
and 4 by means of glass insulators 32-35, in 
clusive, which are sealed to the side walls. 
The density of the space charge and, hence, 

the propagation characteristics of the guide are 
controllable by means of the grids 28 and 29. 
The potential of these grids may be controlled, 
if desired, by joint means such as a signal source 
36 of alternating current which cyclically affects 
the potential of the grids with respect to the 

If desired, a separate source of current 
may be employed for energizing the electric dis 
charge paths provided by the wall f f and cath 
Odes. 3 and 3. This source may comprise a 
battery 37 which impresses a positive potential 
on the walls of the guide and consequently in 
preSSes a positive potential on Wall . 

In operation, the embodiment of our inven 
tion shown in Figs. 3 and 4 may also be employed 
to modulate the waves transmitted through the 
guide and also may be employed to completely 
attenuate the waves by exciting grids 28 and 
29 in Such a manner as to establish a space charge 
of sufficient density to decrease the effective 
dielectric constant of the medium surrounding 
the tuned aperture so that the frequency of the 
aperture is changed to a value less than the 
Critical frequency. 

Referring now to Figs. 5 and 6, there is illus 
trated a still further modification of the struc 
ture which may surround the tuned aperture to 
control its characteristics and the wave propa 
gating characteristics of the dielectric wave 
guide. In this modification of our invention, the 
cathode structure may comprise a metallic cyl 



inder 38 which is opposite slot f2 and substan 
tially parallel to the plane of the wall and 
which is substantially co-extensive with or slight 
ly greater than the principal dimension of the 
resonant aperture 2. The surface of cylinder 
38 may be coated with an alkaline earth metal 
to provide an electron emissive surface. A fla 
ment or heating element 39 is placed within the 
cylinder 38 and may be embedded in a suitable 
insulating and heat conductive material. Cylin O 
der 38 may be supported within the guide by 
means of a vitreous or glass insulator 40 which 
may extend into the cylinder 38 an appreciable 
distance at one end and which is supported at 
the other end by a metallic collar 4 which may 
be welded or soldered to the side wall 3. At the 
other end the cylinder 38 may be supported by 
rigid conductors which extend through a suitable 
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tially to the frequency of said exciting nearis, 
and means comprising a thermionic means for 
establishing a space charge within the vicinity 
of said aperture to control the wave propagation 
characteristics of said chamber, 

3. In combination, a chamber for confining 
and propagating electromagnetic waves, exciting . 
means for establishing electromagnetic waves 
within said chamber, a wall within said chamber 
lying in a plane substantially transverse to the 
direction of wave propagation through said cham 
ber and comprising an aperture tuned substan 
tially to the frequency of said exciting means, 
and a thermionic filament substantially parallel 
to the principal dimension of said aperture for 
establishing a space charge within the vicinity 
thereof for controlling the wave propagation 

vitreous seal 42, the latter of which is main- . 
tained or supported by a flanged cylinder 3 
which is welded or soldered to wall 4. 

In this embodiment of our invention, the space 

20 

charge may be controlled by controlling the po 
tential of cylinder 38 and may be effected by 
employing a conductor 44 which also extends 
through the insulator 42 and is conductively 
attached to the surface of cylinder 38. The po 
tential of cylinder 38 may be periodically, inter 
mittently, or cyclically varied in response to a 
predetermined signal which may be derived from 
an alternating current source 45 which may be 

25 

3. 

of either high, low, or intermediate frequency. 
The filament 39 may be energized from a suit 
able source of current such as a battery 46. 
A similar cathodestructure may be positioned 

on the other side of the wall of the resonant 
structure and may comprise a metallic cylinder 
8 and an associated filament or heating element 
68. The potential of the cylinder may also 
be controlled to control or vary the density of 
the space charge and may be varied in Synchro 
nism with the potential of cylinder 38. To effect 
this result, conductor 49 may be connected, in 
the manner illustrated, to conductor 44 and 
Source 5. 
While we have shown and described our in 

vention as applied to particular systems embody 
ing various devices diagrammatically shown, it 
will be obvious to those skilled in the art that 
changes and modifications may be made without 
departing from our invention, and we, therefore, 
aim in the appended claims to cover all such 
changes and modifications as fall within the true 
Spirit and scope of our invention. 
What we claim as new and desire to secure by 

letters Patent of the United States is: 
. In combination, a chamber for confining and 

propagating electromagnetic waves, exciting 
means for establishing electromagnetic waves 
within said chamber, a wall within said chamber 
lying in a plane substantially transverse to the 
direction of wave propagation through Said cham 
ber and comprising an aperture tuned Substan 
tially to the frequency of said exciting means, 
and means for producing a region of charged par 
ticles within the vicinity of said aperture to con 
trol the wave propagation characteristics of said 
chamber. 

2. In combination, a chamber for confining and 
propagating electromagnetic waves, exciting 
means for establishing electromagnetic Waves 
within said chamber, a wall within Said chamber 
lying in a plane substantially transverse to the 
direction of wave propagation through said cham 

O 
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characteristics of said chamber. 
4. In combination, a chamber for confining and 

propagating electromagnetic waves, exciting 
means for establishing eletromagnetic waves 
within said chamber, a wall within said chamber 
lying in a plane Substantially transverse to the 
direction of wave propagation through said 
chamber and comprising an aperture tuned sub 
stantially to the frequency of said exciting means, 
and a pair of thermionic filaments one on each 
side of said aperture and extending substantially 
parallel with the principal dimension thereof for 
establishing a Space charge and for controlling 
the Wave propagation characteristics of said 
chamber. 

5. In combination, a dielectric wave guide of 
the hollow-pipe type, means for exciting said 
wave guide at a frequency greater than the criti 
cal frequency and for establishing electromag 
netic waves within said guide, a wall within said 
guide lying in a plane Substantially transverse to 
the direction of wave propagation therethrough 
and comprising an aperture of appreciable di 
mension tuned to the frequency of the exciting 
electromagnetic waves, and means comprising a 
filament extending substantially parallel with the 
principal dimension of said aperture for estab 
lishing a space charge thereby controlling the 
Wave propagation?characteristics of said guide. 

6. In combination, a dielectric wave guide of 
the hollow-pipe type, means for establishing 
within said guide electromagnetic waves of a fre 
quency greater than the critical frequency of said 
guide, a wall within said guide lying in a plane 
Substantially transverse of the direction of wave 
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propagation through said guide and comprising 
an aperture tuned substantially to the frequency 
of said exciting waves, and means for producing 
a Space charge within the vicinity of said aper 
ture to control the wave propagation character 
istics of said guide. 

7. In combination, a dielectric wave guide of 
the hollow-pipe type comprising a substantially 
conductive Wall, exciting means for exciting said 
guide at a frequency greater than the critical fre 
quency and for establishing electromagnetic 
waves within said guide, a wall within said guide 
lying in a plane substantially transverse to the 
direction of wave propagation therethrough and 
comprising an aperture of appreciable dimension 
tuned substantially to the frequency of said ex 
citing means, and a pair of thermionic flaments 
extending substantially parallel with the princi 
pal dimension of said aperture for establishing 
a space charge and for controlling the Wave prop 
agation characteristics of said guide. . 

8. In combination, a dielectric Wave guide of 
ber and comprising an aperture tuned substan- 75 the hollow-pipe type, means for exciting Said 
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wave guide at a frequency greater than the criti 
cal frequency and for establishing electromag 
netic waves within said guide, a wall within said 
guide lying in a plane substantially transverse 
to the direction of wave propagation there 
through and comprising an aperture of appreci 
able dimension tuned to the frequency of the 
exciting electromagnetic waves, means compris 
ing a filamentary cathode within the vicinity of 
said aperture for establishing a space charge, 
and means for controlling the potential of Said 
filament for modulating the waves transmitted 
through said guide. 

9. In a system for transmitting electromagnetic 
waves through a dielectric Wave guide which in 
cludes within the guide a resonant aperture tuned 
to the frequency at which the guide is excited, 
the method of controlling the transmission of 
said waves through said guide which comprises 
establishing a region of charged particles within 
the vicinity of said aperture and controlling the 
propagation of electromagnetic waves through 
said guide by establishing an electrostatic field 
between said guide and the means which produces 
the charged particles. 

10. In combination, a dielectric wave guide of 
the hollow-pipe type comprising a metallic con 
fining member, means for exciting Said wave 
guide at a frequency greater than the critical 
frequency and for establishing electromagnetic 
waves within said guide, a metallic wall within 
said guide lying in a plane substantially trans 
verse to the direction of wave propagation there 
through and comprising an aperture of appreci 
able dimension tuned to the frequency of the 
exciting electromagnetic Waves, means for estab 
lishing a space charge within the vicinity of said 
aperture and comprising a filament within the 
vicinity of said aperture, said filament being elec 
trically insulated from said confining member, 
and means connected between said confining wall 
and said filament for varying the potential dif 
ference between said filament and Said confining 
member. 

11. In a system for transmitting electromag 
netic waves dielectrically through a metallic wave 
guide which comprises a transverse wall within 
the guide having an aperture tuned substantially 
to the exciting frequency of said guide, the 
method of modulating the electromagnetic waves 
transmitted therethrough which comprises es 
tablishing a space charge within the vicinity of 
said aperture and modulating the waves by vary 
ing the density of Said space charge in accord 
ance with a modulating signal. 

12. In combination, a dielectric wave guide of 
the hollow-pipe type, means for exciting said wave 
guide at a frequency greater than the critical fre 
quency and for establishing electromagnetic 
waves within Said guide, a Wall within said guide 
lying in a plane Substantially transverse to the 
direction of wave propagation therethrough and 
comprising an aperture of appreciable dimension 
tuned to the frequency of the exciting electro 
magnetic waves, a pair of filaments positioned on 
each side of Said aperture for establishing a Space 
charge, and means for controlling the potential 
of said filaments relative to said guide for modul 
lating the electromagnetic waves transmitted therethrough. 

13. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means for estab 
lishing within said guide electromagnetic waves 
of a frequency greater than the critical frequency 
of said guide, a wall within said guide lying in a 
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plane substantially transverse to the direction of 
Wave propagation therethrough and comprising 
an aperture tuned substantially to the frequency 
of said exciting means, means for establishing a 
space charge within the vicinity of said aperture 
comprising a filamentary cathode which consti 
tutes with Said wall a discharge path, and elec 
trostatic control means positioned between said 
wall and said cathode for controlling the magn 
tude of Said space charge. 

14. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means for estab 
lishing within said guide electromagnetic waves 
of a frequency greater than the critical frequency 
of said guide, a wall within said guide lying in a 
plane substantially transverse to the direction of 
wave propagation therethrough and comprising 
an aperture tuned substantially to the frequency 
of said exciting means, means for establishing a 
space charge within the vicinity of said aperture 
comprising a flamentary cathode which consti 
tutes with said wall a discharge path, and a grid 
positioned between said cathode and said wall for 
controlling said Space charge. 

15. In combination, a dielectric Wave guide of 
the hollow-pipe type, exciting means for estab 
lishing within said guide electromagnetic waves of 
a frequency greater than the critical frequency of 
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said guide, a wall within said guide lying in a 
plane substantially transverse to the direction of 
wave propagation therethrough and comprising 
an aperture tuned substantially to the frequency 
of said exciting means, means for establishing a 
space charge within the vicinity of said aperture 
comprising a filamentary cathode which consti 
tutes with said wall a discharge path, a grid po 
sitioned between said wall and said cathode, and 
means for controlling the potential of Said grid 
for modulating the electromagnetic Waves trans 
mitted through said guide. 

16. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means for estab 
lishing within said guide electromagnetic waves 
of a frequency greater than the critical fre 
quency of said guide, a wall within said guide 
lying in a plane substantially transverse to the 
direction of wave propagation therethrough and 
comprising an aperture tuned substantially to the 
frequency of said exciting means, a pair of fla 
mentary cathodes mounted on each side of Said 
aperture and constituting with said wall a pair of 
electric discharge paths, and a pair of grids each 
positioned between said wall and a different One 
of said cathodes for controlling the magnitude of 
the Space charge. 

17. In combination, a dielectric wave guide of 
the hollow-pipe type, exciting means for estab 
lishing electromagnetic waves within said guide . 
of a frequency greater than the critical frequency, 
a wall within said guide lying in a plane Sub 
stantially transverse to the direction of Wave 
propagation through said guide and comprising 
an aperture tuned substantially to the frequency 
of the exciting means, a thermionic cathode 
within the vicinity of said aperture and compris 
ing a cylinder and a filament within said cylinder, 
means for energizing said filament, and means for 
controlling the potential of said cylinder to Con 

, trol the magnitude of the Space charge. 
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18. In combination, a dielectric Wave guide of 
the hollow-pipe type, input exciting means for 
establishing, electromagnetic waves within said 
guide of a frequency greater than the critical fre 
quency thereof, a Wall within Said guide lying in 
a plane substantially transverse to the direction 
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of wave propagation therethrough and compris 
ing an aperture tuned substantially to the fre 
quency of the input electrode means, output elec 
trode means connected to said guide and on a 
side of said wall opposite to the input electrode 
means, and means for establishing within the 
vicinity of said aperture a region of charged elec 
tric particles for phase modulating the electro 
magnetic waves received at said output electrode 
means. 

19. In combination, a dielectric wave guide of 
the hollow-pipe type and filtering means selec 
tively responsive to an electromagnetic wave of 
predetermined frequency comprising a wall within 
said guide lying in a plane substantially trans 
verse to the direction of wave propagation there 
through and having an aperture tuned substan 
tially to said frequency and means associated with 
said aperture for establishing a region of charged 
electric particles. 

20. In combination, a dielectric wave guide of 
the hollow-pipe type, filtering means for control 
ling the selectivity of said guide comprising a wall 
lying in a plane Substantially transverse to the 
direction of wave propagation and having therein 
an aperture tuned to a resonance frequency, and 
means comprising an electric discharge path for 
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varying said resonance frequency for controlling 
the wave propagating characteristics of said aper 
ture. , , , 

21. In combination, a dielectric wave, guide of 
the hollow-pipe type, and means for controlling 
the wave propagating characteristics of said guide 
comprising a wall lying in a plane substantially 
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transverse to the direction of Wave propagation 
therethrough and having therein an aperture 
tuned to a resonance frequency, and means asso 
ciated with said aperture for establishing within 
the vicinity thereof a region of charged electric 
particles. 

22. In combination, a dielectric wave guide of 
the hollow-pipe type, and means for controlling 
the wave propagating characteristics of said guide 
comprising a conductive member having therein 
an aperture tuned to a resonance frequency, said 
member having a phase extension in the direc 
tion of wave propagation through said guide 
which is a small portion of a Wavelength at Said 
resonance frequency, and means associated with 
said aperture for establishing within the vicinity 
thereof a region of charged electric particles. 

MILAN ID. FISKE. 
CEAUNCEY C. SUS. 
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2.413,963-Milan, D. Fiske and Chauncey G. Suits, Schenectady, N.Y. UTRA 
HIGH FREQUENCY CoNTROL SYSTEM. Patent dated Jan. 7, 1947. Dis- --- 
claimer filed June 14, 1951, by the assignee, General Electric Company. rim. 

Hereby enters this disclaimer to claims 1, 6, 9, 19, 20, 21, and 22 of Said - patent. 
- Official Gazette August 7, 1951. 

  


