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1. 
This invention relates to an ultra-high fre 

quency electrical system and has particular rela 
tion to apparatus for controlling the transmission 
of energy through the electromagnetic energy 
transmission lines of such a system. 

In ultra-high frequency circuits including 
transmission lines, comprising guides for electro 
magnetic Waves, such as coaxial lines or hollow 
Wave guides, it is frequently desirable to effect 
Switching or tuning of the circuits. Prior artiar 
rangements for accomplishing such switching or 
tuning comprise mechanically-operated tuning 
ScreWS, plugs, irises, attenuators, and similar de 
vices. In these arrangements, the device is de 
Signed to effect a mechanical change within the 
Wave guide to change the electrical properties of 
the line. In addition to the manufacturing prob 
lems involved in the prior art devices, remote 
Control of the devices is rather difficult. 

It is, accordingly, an object of my invention 
to provide a new and improved apparatus for 
ising or switching an ultra-high frequency cir 
Cl. 
Another object of my invention is to provide a 

novel apparatus for tuning or switching an ultra 
high frequency circuit which may be controlled 
from a remote position. 
A further object of my invention is to provide 

a new and improved apparatus for tuning or 
Switching an ultra-high frequency circuit in 
Which no mechanical changes in the guides for 
electromagnetic waves are involved. 
A still further object of my invention is to pro 

vide a novel, electrically operated apparatus for 
tuning or SWitching an ultra-high frequency 
transmission-line circuit. 
My invention arises from the realization that 

if an electromagnetic wave, for example a plane 
Wave, is incident on a planar region containing 
essentially free electrons, some of the energy of 
the Wave is reflected at the planar region. Con 
Sequently, only a portion of the incident energy 
is transmitted into the region. The amount of 
the Wave energy which is reflected is proportional 
to the electron density up to a calculable limiting 
value of density. With an electron density 
greater than the limiting value, the region con 
taining the electrons acts somewhat like a metal 
in that the field within it is rapidly damped out, 
and the incident wave is entirely reflected. 
Within the range of electron densities for 

which the energy reflected is proportional to the 
density, the effect of the electrons is to reduce 
the dielectric constant of the region. Thus, the 
reflection may be considered as that produced be-, 
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tween two regions of different dielectric con 
stants. . - - - - Of course, if the region containing essentially 
free electrons has a finite thickness, the electro 
magnetic wave also has a reflected component 
at the second interface, as well as at the first 
interface. The net effect of the combined re 
flected components of the first and second inter 
faces for any given density depends upon the 
thickness of the region containing the free elec 
trons measured in wavelengths in the region. If 
the thickness is an odd multiple of a quarter wave 
length, the reflection is at a maximum. Of 
course, with increasing electron density, the Wave 
length in the region increases, so it is not possible 
to achieve the maximum reflection at all densities 
with a given thickness of region. However, any 
value of reflection up to complete reflection may 
be achieved by varying the electron density alone. 
In accordance with my invention, I propose to 

introduce a tube into a transmission line for elec 
tromagnetic waves. A portion of the tube is posi 
tioned in the path of the electromagnetic waves, 
with the walls thereof in the path of the waves 
constructed of a material permitting the waves 
to pass therethrough. Means are then provided 
to establish essentially free electrons within the 
portion of the tube in the path of the electro 
magnetic waves and to control of the electron 
density and thereby control the amount of wave 
energy which is reflected. 
To establish essentially free electrons within 

the portion of the tube in the path of the Waves, 
the tube may be filled with a suitable gas, vapor 
or gaseous mixture, such as neon, and a glow dis 
charge initiated in said portion. The electron 
density may then be adjusted by adjusting the 
flow of current in the glow discharge. The use 
of a glow discharge in this manner has several 
distinct advantages. The glow discharge enables 
2, high electron density to be achieved with but 
comparatively little power. In addition, the glow 
discharge permits the use of a tube having a low 
Q or a low ratio of the energy stored in the tube 
to the energy lost per half cycle of the electro 
magnetic Waves. Such a tube is considerably 
easier to design and manufacture and it does not 
have to be tuned. 

If a switching operation is desired within the 
transmission line, the electron density is adjusted 
to a value causing complete reflection of the elec 
tromagnetic waves. The means for establishing 
the free electrons within the tube may then be 
switched on or off by remote control or the ad 
justment of the means may be switched from one 

  



3 
producing a high electron density within the por 
tion of the tube in the path of the Waves to One 
producing a low electron density. As a result, 
the supply of energy through the transmission 
line is switched on or off. 
If it is desired to effect a gradual change in 

the amount of energy reflected by the tube, the 
electron density may be gradually varied. The 
variation in the electron density varies the re-. 
actance introduced by the tube in the transmis 
sion line. It has the same effect as mechanically 
changing the wave guide interior by plugs, screws 
and irises. 
The features which I consider characteristic 

of my invention are set forth with more particu 
larity in the appended claims. The invention 
itself, however, with respect to the arrangement 
and operation thereof, together with additional 
objects and advantages, may best be understood 
from the following description of specific embodi 
ments as illustrated in the drawing, in which: 
Figure i discloses my invention arranged to 

effect a switching operation in a hollow wave 
guide transmission line; and 

Fig. 2 illustrates my invention as employed to 
provide an adjustable reactance in a section of hollow wave guide. 
As shown in Figure 1, a hollow wave guide 1 

is provided to guide ultra-high frequency electro 
magnetic waves. The wave guide 7 may be 
rectangular in cross-section, and has an open 
ing at 9 in the top wall thereof through which 
a tube 3 is mounted. The tube 3 is preferably 
circular in cross-section and has an anode plate 
5 resting on the bottom wall T of the wave 

guide 7. A pin 9 is mounted on the bottom of 
the anode plate 5, and extends through a small 
opening in the bottom wall 7 of the wave guide 
7 to which it is firmly secured to hold the tube 3 in place. 
A cathode plate 2 is mounted within a verti 

cal cylindrical member 23 of the tube near the 
plane of the top wall f of the wave guide and 
the bottom of the cylindrical member 23, and is 
parallel to the anode plate 5. An insulating 
cylinder 24 separates the anode plate 5 and the 
cylindrical member 23 in which the cathode plate 
2f is mounted. This insulating cylinder 24 is 
formed of glass, or some other suitable material, 
through which electromagnetic waves may pass. 
It is to be noted that the length of the insulating 
cylinder 24 is such that although it is in the path 
of the electromagnetic waves through the wave 
guide, it does not effect any substantial reflection 
or loSS in the transmission of energy there through. 
A filament 25 is mounted within the upper 

part of the cylindrical member 23 above the 
cathode plate 2. The leads 27 and 29 of the 
filament extend outside the tube 3 through a 
pressed glass seal 3. The entire tube f3, in 
cluding the chamber formed between Seal 3 and 
Cathode plate 2 in which the filament is mount 
ed, and the chamber formed between the anode 
and cathode plates 5 and 2F, is filled with a 
suitable gas vapor or gaseous mixture, such as 
neon, and sealed off. 
As described hereinafter, the cathode plate 

2, and therefore the cylindrical member 23 in 
which it is mounted, is to be at a different poten 
tial from the anode plate 5 in contact with the 
Wave guide . Therefore, the tube 3 is mounted 
So that the cylindrical member 23 is spaced from 
the wave guide 7. A loss of energy through the 
Space between the cylindrical member 23 and 
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electron density in the chamber. 

general form d 
tending upward 
guide 7 a distan 
length. The elemer. E. 
and from the cyliné 
diameter of the outer emb 
little less than the width, 35 may of the rectangular wave gi top or of 
A voltage divider 37 is c. . . . . 2, 

source of direct-current potected 39. battery 39. The negative termina. 
is connected to one of the filament the 
other lead 29 being connected throuor 
mally open contactor 4f of a push buttoisveh 
43 to a first intermediate tap 45 on the di 
A second intermediate tap 4 on the div 
more positive than the first, is connected throu 
another normally open contactor 49 on push 
button switch 43 to the cylindrical member 23 
supporting the cathode plate 2. A third inter 
mediate tap 5 on the divider, more positive than 
either the first or second taps, is connected 
through another normally open contactor 53 on 
the push button switch 43 to the anode plate 5. 
When the push button switch A3 is open, the 

e just 2, 
o wall 

tube 3 does not effect any substantial reflection 
of energy, and the electromagnetic Waves paSS 
through the Wave guide. - 
. When the push button switch 43 is closed, cur 
rent flows through the filament 25 and, as the 
cathode plate 2 is more positive than the fila 
ment 25, a glow discharge is established between 
the filament and the cathode plate. At the Same 
time, the anode plate 5 is more positive than 
the cathode plate 2, and as holes 55 are provided 
in the cathode plate 2 f, the cathode plate acts 
as a virtual cathode, and a glow discharge is 
established between the anode plate 5 and the cathode plate 2. 
The gaseous glow discharge in the chamber 

between the anode and cathode plates 5 and 
2 provides essentially free electrons with a high 

By adjusting 
the positions of the intermediate taps on the 
voltage divider 37, the current in the glow dis 
charge may be adjusted to provide the high elec 
tron density necessary to effect complete reflec 
tion of the electromagnetic waves in the Wave 
guide 1. Thus, in changing the push button 
switch 43 from an open to a closed position, the 
tube 3 is changed from a condition permitting 
passage of electromagnetic waves through the 
wave guide to one preventing passage of the 
WaVeS. 

It is to be noted that while the use of a glow 
discharge permits the use of a tube having a low 
Q, such as is illustrated, a tube in which the dis 
charge is effected within a tuned cavity resonator 
can be employed if desired. It is also to be un 
derstood that, while the use of the filament 25 
in cooperation with the perforated cathode plate 
2 whereby the cathode plate acts as a virtual 
cathode, enables a fine control of the glow dis 
charge, such a filament is not absolutely neces 
sary. Electron emission into the chamber in the 
path of the electromagnetic waves may be accom 
plished in various other ways as, for example, by 
replacing the cathode plate 2! with an actual 
electron emitting cathode. . . 
The provision of a remotely controlled switch 

ing arrangement, such as is illustrated in Fig. 1, 
is particularly useful in a system wherein a plu 
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rality of wave guides are to be supplied from a 
single source of electromagnetic waves at differ 
ent predetermined times. A tube may then be 
interposed in each wave guide and the glow dis 
charges in all of the tubes controlled from a 
single commutator element to permit passage of 
power through different wave guides at selected 
times. 
A tube as described, with means for varying the 

electron density may be used in several ways. 
One of the principal uses is the incorporation of 
such a tube in front of an end plate in a side Sec 
tion or stub of a Wave guide, the effective position 
of which plate is to be varied to achieve various 
tuning effects. Such an arrangement is illus 
trated in Fig. 2. 
In Fig. 2, a main hollow Wave guide section 6 

is provided through which ultra-high frequency 
electromagnetic Waves are to be transmitted. An 
auxiliary section 63, known as a Side stub, is con 
nected to and branches out from the main Wave 
guide section 6A. The end of the side stub 63 is 
closed by an end plug or plate 65. It is Well known 
that the circuit may then be tuned by varying the 
effective position of the end plate 5. 
A tube 3, similar to that shown in Fig. 1, is in 

20 

25 

serted in the side stub 63 in exactly the same 
manner as the tube is mounted in the Wave guide 
section 7 of Fig. 1. The connection of the fila 
ment 25, cathode plate 2 and anode plate 5 to 
the voltage divider 37 is the same as illustrated 
in Fig. 1 but with the push button switch 43 
omitted. In addition, a hand-switch 67 is in 
serted between the voltage divider 3 and the 
battery 39. 
tron density within the chamber in the path of 
the electromagnetic waves may be varied by vary 
ing the positions of the intermediate taps. Pref 
erably, taps 45 and 4 remain stationary with a 
glow discharge established between the filament 
25 and the cathode plate 2 and tap 5 is adjusted 
to vary the current in the glow discharge between 
the cathode plate 2 and the anode plate 5 and 
thereby vary the electron density in the path of 
the electromagnetic waves. In varying the elec 
tron density, the reactance introduced into the 
side stub 63 is likewise varied. This, in effect, 
varies the effective position of the end plate 65 
and permits various tuning effects to be achieved. 

It is to be understood that to obtain satisfac 
tory operation of the apparatus, the amplitude of 
the field and the pressure of the gas within the 
tube are preferably both sufficiently low so that 
the energy gained by the electrons from the field 
does not cause then to make an appreciably 
greater number of collisions, either elastic or in 
elastic. Consequently, the apparatus is particu 
larly suitable for operation in low-level circuits, 
such as in receiver lines of radar Systems or other 
circuits where the source of electromagnetic en 
ergy is at a low level. 
Although I have shown and described preferred 

embodiments of my invention, I am aware that 
the principles thereof may be applied to several 
other modifications. I do not intend, therefore 
to limit my invention to the particular apparatus 
illustrated. 

I claim as my invention: 
1. In an electrical system, a hollow wave guide 

for guiding electromagnetic waves, a tube inter 
posed in said Wave guide and including a cham 

With the Switch 67 closed, the elec- 3: 

30 

3. 5 

(ii) 

...) 

6 
ber positioned in the path of said waves, said 
chamber being filled with gas and comprising an 
anode plate positioned at one side of said wave 
guide, a Cathode plate having openings there 
through positioned at the other side of said wave 
guide and insulating walls separating said plates 
and extending acroSS the path of said waves, said 
Walls being of a material through which said 
Waves may pass, said tube also including a second 
gas-filled chamber adjacent said cathode plate 
and a filament mounted within said second cham 
ber, means for establishing a difference in poten 
tial between said filament and cathode plate to 
effect a glow discharge therebetween, and means 
for establishing a difference in potential between 
Said Cathode plate and said anode plate whereby 
Some of the free electrons from said second 
chamber pass through the openings in said cath 
Ode plate and a glow discharge is effected in said 
first chamber. 

2. In an electrical system, a hollow wave guide 
for guiding electromagnetic waves, a tube inter 
posed in Said wave guide and including a cham 
ber positioned in the path of said waves, said 
chamber being filled with gas and comprising an 
anode positioned at one side of said wave guide, 
a metal plate having openings therethrough po 
Sitioned at the other side of said wave guide and 
insulating walls separating said anode and plate 
and extending across the path of said waves, said 
Walls being of a material through which said 
WaVeS. may paSS, said tube also including a sec 
ond gas-filled chamber adjacent said plate and 
a filament mounted within said second chamber, 
first means for establishing a difference in poten 
tial between said filament and cathode plate to 
effect a glow discharge therebetween and second 
ineans for establishing a difference in potential 
between said plate and said anode whereby some 
of the free electrons from said second chamber 
paSS through the openings in said plate and a 
glow discharge is effected in said first chamber 
to reflect Wave energy, said second means includ 
ing means for varying the magnitude of the po 
tential difference between said anode and plate 
thereby to vary the amount of energy reflected. 

3. In an electrical system, a hollow wave guide 
for guiding electromagnetic waves, a tube inter 
posed in Said wave guide and including a cham 
ber positioned in the path of said waves, said 
chamber being filled with gas and comprising an 
anode positioned at one side of said wave guide, 
a metal plate having openings therethrough po 
Sitioned at the other side of said wave guide and 
insulating walls separating said anode and plate 
and extending across the path of said waves, said 
Walls being of a material through which said 
Waves may pass, Said tube also including a sec 
Ond gas-filled chamber adjacent said plate and 

iii.; a filament mounted within said second chamber 
and means for establishing potential differences 
between said filament and plate and anode where 
by a glow discharge is produced in said second 
chamber with some of the free electrons there 
from passing through the openings in said plate 
and effecting a glow discharge in said first cham 
ber, said means including means for varying the 
potential differences thereby to vary the amount 
Of energy reflected, 

SIDNEY KRASIK. 


