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My invention relates to apparatus for gen 
erating high frequency electrical Oscillations and 
has particular relation to the generation and 
transmission of oscillations having a wavelength 
of the Order of Several decimeters, 

It is an object of my invention to provide ap 
paratus for efficiently transmitting high fre 
quency oscillations. 
Another object of my invention is to provide 

apparatus for efficiently transmitting high fre 
quency oscillations in any desired direction. 
A further object of my invention is to pro 

wide a generator of decimeter Wavelength Oscil 
lations that shall have Small dimensions but 
shall nevertheless be capable of delivering sub 
stantial pOWer. . 
A further object of my invention is to provide 

an efficient resonator for electrical oscillations 
having a wavelength of the Order of several 
decimeters. 

More concisely stated, it is an object of my 
invention to apply the properties of dielectrics 
to improve the generation and transmission of 
-electrical oscillations of high frequency. 
My invention arises from the realization that 

several dielectric materials may be arranged in 
layers in Such manner that they transmit OScil 
lations impinging thereon with inconsequential 
iOSSes at the boundary Surfaces. High frequency 
radiant energy may thus be transferred without 
Substantial loSS to a low loSS dielectric channel 
for transmission by interposing one or more lay 
ers of other dielectric material having properly 
selected properties. Preferably a single layer of 
a low dielectric constant material having a thick 
ness substantially equal to One-quarter of the 
wavelength of the OScillations in the material is 
interposed. In general, the thickness may be 
equal to any odd number of quarters of the wave 
ength. Because of the interference which ex 
ists at the boundary between the Outside atmos 
phere and the low dielectric Constant material, 
the reflected wave is substantially suppressed and 
the total energy impinging on the layer is trans 
mitted through the high dielectric constant 
channel. 
The most propitious relationship between the 

dielectric constants of the materials may be de 
rived mathematically. Let k be the dielectric 
constant of the material on which the high fre 
quency waves first impinge and K the dielectric 
constant of the low loss channel. In such a case 
the reflection coefficient as applied to the ampli 
tude of a wave transmitted through air and in 

pinging on the material of dielectric constant k 
is equal to 

Wk-1 

The reflection Coefficient for a wave passing 
from the medium of constant k to that of con 
stant K is equal to 
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VK-V. 
The coefficient which measures the transmis 

sion of the wave impinging on the material kfrom 
air is equal to 1 less the coefficient measuring 
the reflection, and therefore the former is equal 
to 

1-y-l 
Vk-- 

This coefficient represents the energy which is 
incident on the boundary between the two di 
electric materials. The portion reflected from 
the boundary is in such a case represented by the 
incident energy multiplied by the coefficient. of 
reflection for the boundary or 

(1 Lyk-1YWK-VE 
Wk--1/VK--Vk 

As the Wave reflected from the inner dielectric 
layer is transmitted through the boundary be 
tween the dielectrick and air, it is again reflected 
at the latter boundary and the portion trans 
mitted is measured by the coefficient 

1-y-l 
Wk+1 - 

To obtain the portion of the amplitude of the 
originally impinging energy which is reflected 
to the air, the last mentioned coefficient should be 
multiplied by the one representing the ampli 
tude of energy transmitted from the interdielec 
tric boundary. The result is 

The thickness of the layer of dielectric con 
stant k may be chosen equal to 

A 
4. ? 

or any other odd number of quarter wavelengths 
i. e., 



2 
where n is an even integer, where A is the wave 
length of the oscillations in air or a vacuum. 
in such a case the wave impinging on the di 
electric k from the air and reflected may be 
counteracted by the wave returning from the 
inter-dielectric layer if their amplitudes are 
equal. The condition for equal amplitudes is 
that the coefficient last derived shall be equal 
to the coefficient of reflection of the original 
wave. That is to Say 

ye-YvK-VEV-1 
Vk-1/ WK-Vk Vk-1 

from which it appears that 
(V-1) 

That no difficulty is to be anticipated in com 
plying with the relationship and providing a low 
reflection loss transmission System may be seen 
if we consider an actual example. Assume that 
a 27 centimeter wave is to be transmitted and 
that the dielectric constant of the incident layer 
is 9 to correspond to many available materials. 
The thickness of the incident layer is in such 
a CSe 

27 
4/k 

The dielectric constant of the channel is 

K-(his 
Materials having a dielectric constant 81 are 
not so frequently encountered as those having 
a constant of the order of 9. However, I have 
found that rutile, a crystal form of titanium di 
oxide, has a constant of the order of 100 and 
it may be utilized with advantage in the present 
situation. Other materials such as water have 
also been found to be useful. When titanium 
oxide is used in the practice of my invention, it 
may be provided in the form of a powder and 
packed as tightly as the situation may require. 
The powdered rutile may also be properly treat 
ed and fired to form a compact Solid. 

In the actual practice of my invention, I pro 
vide an arrangement for transmitting high fre 
quency oscillations which comprises an incident 
layer of a low dielectric constant substance 
such as polysterene, a phenolic Condensation 
product, compressed paper, artificial resin or 
other similar materials to which a channel com 
prising a container filled with finely divided or 
fired rutile is contiguous. The channel may be 
bent in any desired form to direct the radiant 
energy as may be required. At the receiving end 
a further layer of the low dielectric constant 
material may be provided to suppress reflection 
losses. In both cases the thickness of the mate 

= 2.25 cm. 

k = 81 
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which is to function as an electrical resonator is 
filled with rutile or any other high dielectric 
constant material. Because of the effect of the 
dielectric, the hollow body may be smaller for 
a given Wavelength and the attenuation is sub 
stantially decreased. The radiation of energy 
from the resonator is expedited by the interposi 
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rial is preferably equal to one quarter of the . 
... wavelength of the radiation to be transmitted 
in the material. 
In accordance with another aspect of my in 

vention, the principles developed here are used 
to improve the operation, and the structure of a 

70 

tion of a quarter wavelength layer of a suitable 
low dielectric constant material. 
The novel features that I consider character 

istic of my invention are set forth with particu 
larity in the appended claims. The invention 
itself, however, both as to its organization and 
its method of operation, together with additional 
objects and advantages thereof will best be un 
derstood from the following description of spe 
cific embodiments when read in connection with 
the accompanying drawing, in which: 

Figure 1 is a diagrammatic view showing an 
embodiment of my invention, and 

- Fig. 2 is a diagrammatic view showing a modi 
fication of my invention. 
The apparatus shown in Fig. 1 comprises a 

hollow container 3, preferably composed of sheet 
metal which is highly evacuated. At one end 
of the container an emissive filament 5 is dis 
posed. The filament may be heated in the usual 
manner from a source available, symbolically 
shown as a battery. The filament 5 is enclosed 
Within a metallic cap 9 having a small perfora 
tion f in its center. The cap 9 is connected 
directly to ground and the filament is connected 
to the negative terminal of a power source 3, 
preferably of the order of several thousand volts. 

Because of the field between the filament is 
and the cap 9, electrons are drawn from the 
flament and concentrated into a narrow beam 
as they pass through the perforation . The 
electron beam then passes through a pair of 
hollow body resonators 5 and disposed within 
the container 3. Each resonator is a hollow 
doughnut shaped conductor, preferably composed 
of sheet metal and disposed with its axis of revo 
lution along the line of the electron stream. In 
the regions of their surfaces which are in the 
path of the electron stream, the solid sheet 
metal is replaced by open work 19 so that the 
stream may pass through the resonators unim 
peded. On being emitted from the second res 
onator 7, the electron stream is disposed by a 
metal plate 2 to the walls of the container which 
are, in turn, grounded. 
The resonators 5 and 7 are so dimensioned 

that for the node of electromagnetic oscillation 
for which the electric field is parallel to the 
stream, the frequency of one is equal to that for 
the other. They are coupled together by a con 
ductor 23 so that there is an interchange of the 
energy between them. Within the resonators, 
the coupling conductor 23 has the form of a loop 
so oriented as to be threaded by the magnetic 
field produced by the Oscillations. 
As the stream passes through the first reso 

nator 5, a sinusoidal component corresponding 
to the electrical oscillations existing within the 
resonator is impressed on the velocity of the 
electrons. The modulation in the velocity causes 
the electrons to collect in clusters periodically 
and the second resonator 7 is so disposed as to 
absorb energy from the electrons as they pass 
through it. A portion of the energy absorbed 
by the second resonator 7 is fed back to the first 
resonator 5 through the conductor 23 so that 

hollow body resonator. A hollow conductor 75 a short time after the operation is initiated sub 
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itantial oscillations are built up. Radiant energy 
may be derived from the second resonator T 
through a suitable antenna 25 coupled thereto. 
To transmit the derived energy in any desired 

direction, a hollow semi-sphere 2 of a material 
of low dielectric constant is disposed over the 
antenna 25 so as to receive its radiation. The 
semi-sphere 27 is embedded in a mass of rutile 
29 disposed within a metallic tube 3 bent in a 
manner corresponding to the direction of trans 
mission desired. The thickness of the Wall of 
the semi-sphere is equal to one quarter of the 
wave length of the frequency of the radiant 
energy in the material of which the semi-sphere 
is composed, i. e., to 

A. 
4k 

where k is the dielectric constant of the ma 
terial and M the Wavelength in air or a vacuum. 
At the emitting end of the channel 29-3, an 
other layer 33 of the same thickness of the low 
dielectric constant material may be disposed 
adjacent to the rutile mass. The dielectric con 
stant of the semi-sphere 27 is SO Selected with 
reference to the constant of the rutile that the 
reflection at the boundary surfaces is suppressed. 
The radiant energy generated in the container 3 
may thus be guided in any desired manner and 
amitted at any given point. 

In Fig. 2, an efficient generator of oscillations 
in accordance with my invention is provided. 
The structure shown in this view is to a large 
2xtent similar to that ShoWn in Fig. 1. However, 
the resonators 35 and 37 are in this case filled 
with rutile 39 so that they may be substantially 
smaller, while at the same time, they operate 
with substantially greater efficiency. Moreover, 
the derivation of radiation from the energy ab 
orbing resonator 37 is carried. Out in a SOme 
what more convenient manner than in the Fig. 
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1 modification. In this case, a tube 4 filled with 
rutile 43 extends from the radiating resonator 
and the energy is transmitted through the tube 
it and through a greater wavelength layer 45 
if low dielectric constant material disposed in 
its end, which is properly selected to suppress 
eflection losses. As shown, the energy from the 
resonator is emitted in the air. However, the 
tube 4 may have any length and any form de 
sired and may thus be used in the same manner 
as the rutile channel in Fig. 1. 
The resonators disclosed in Figs. 1 and 2 may 

ge provided with the usual additional electrodes 
and grids as taught in the cathode-ray art. Since 
he specific structure of the latter elements does 
hot primarily concern the present invention, it 
has not been disclosed in detail. 
Although I have shown and described certain 

specific embodiments of my invention, I am fully 
ware that many modifications thereof are 
possible. My invention, therefore, is not to be 
restricted except insofar as is necessitated by 
the prior art and by the spirit of the appended 
claims. 
I claim as my invention: 
1. In combination, a generator of high fre 

quency electrical oscillations having an output 
element, a layer of dielectric material having a 
dielectric constant of the order of 10 cooperative 
with said element to receive said oscillations and 
a channel of a dielectric material having a di 
electric constant of the order of 100 contiguous 
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3 
said oscillations are passed efficiently from said 
layer to said channel. 

2. In combination, a generator of high fre 
quency electrical oscillations having an output 
element, a layer of dielectric material having a 
different dielectric constant than said element 
and cooperative with said element to receive said 
oscillations and a channel of a dielectric mate 
rial having a dielectric constant of the Order of 
ten times the dielectric Constant of said layer 
contiguous to said layer, said layer being dimen 
sioned so that said oscillations are passed effl 
ciently from said layer to said channel. 

3. In combination, a generator of high fre 
quency electrical oscillations having an output 
element, a layer of dielectric material having a 
thickness substantially equal to 

n-1 
4. 

where n is an even integer and X is the Wave 
length of said oscillations in said material, co 
operative with said element to receive said OScil 
lations and a channel of a dielectric material 
having a dielectric constant of the order of ten 
times the dielectric constant of said layer con 
tiguous to said layer so that said oscillations 
paSS from said layer to Said channel. 

4. In combination, a generator of high fre 
quency electrical oscillations having an output 
element, a layer of dielectric material having a 
low dielectric constant and a thickness substan 
tially equal to 

n ---N 
4. 

where n is an even integer and A is the wave 
length of said oscillations cooperative with said 
element to receive said oscillations and a channel 
of rutile contiguous to said layer so that said 
Oscillations pass from said layer to said channel. 

5. In combination, a generator of high fre 
quency electrical oscillations having an output 
element, a layer of dielectric material having di 
electric constant of the order of 10 and a thick 
ness substantially equal to 

72-1 
- - A 

where n is an even integer and A is the Wave 
length of said Oscillations in said material co 
operative with said element to receive said oscil 
lations and a channel of rutile contiguous to said 
layer so that said Oscillations pass from said 
layer to said channel. 

6. In combination, a first resonator comprising 
a hollow conductor substantially filled with a ma 
terial having a dielectric constant of the order 
of 100, means for transmitting a stream of elec 
trical charges through said resonator in such 
manner that the velocity of said stream is modul 
lated by the oscillation of said resonator, a sec 
ond resonator comprising a hollow conductor sub 
stantially filled with a material having a di 
electric constant of the order of 100 tuned to the 
same frequency as said first resonator and so 
Spaced from said first resonator as to receive said 
stream of electrical charges and absorb energy 

70 
therefrom, means for intercoupling said reso 
nators electrically, and a channel of a material 
having a dielectric constant of the order of 100 
in communication with said second resonator to 
derive energy therefrom. 

7. In combination, a first resonator compris 
to said layer said layer being dimensioned so that 75 ing a hollow conductor, Substantially filled with 



4. 
rutile, means for transmitting a stream of elec 
trical charges through said resonator in such 
manner that the velocity of said stream is modul 
lated by the oscillation of Said resonator, a sec 
ond resonator comprising a hollow conductor 
substantially filled with rutile tuned to the same 
frequency as said first resonator and so spaced 
from said first resonator as to receive said stream 
of electrical charges and absorb energy there 
from, means for intercoupling said resonators 
electrically, and a channel of rutile in communi 
cation with said second resonator to derive 
energy therefrom. 

8. In combination, a first resonator compris 
ing a hollow conductor substantially filled with 
a material having a dielectric constant of the 
order of 100, means for transmitting a stream 
of electrical charges through said resonator in 
such manner that the velocity of said stream 
is modulated by the oscillation of said resonator, 
a second resonator comprising a hollow con 
ductor substantially filled with a material have 
ing a dielectric constant of the order of 100 
tuned to the same frequency as said first 
resonator and so spaced from said first resonator 
as to receive said stream of electrical charges 
and absorb energy therefrom, means for inter 
coupling said resonators electrically, a channel 
of a material having a dielectric constant of the 
order of 00 in communication. With said Second 
resonator to derive energy therefron, and a layer 
of a material having a dielectric constant of the 
order of 10 contiguous to said channel to trans 
hit Said energy. 
9. In combination, a first resonator compris 

ing a hollow conductor Substantially filled with 
a material having a dielectric constant of the 
order of 100, means for transmitting a stream 
of electrical charges through said resonator in 
such manner that the velocity of said stream 
is modulated by the oscillation of said resonator, 
a second resonator comprising a hollow conduc 
tor substantially filled with a material having a 
dielectric constant of the order of 100 tuned to 
the same frequency as said first resonator and 

O 
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so spaced from said first resonator as to receive 
said stream of electrical charges and absorb 
energy therefron, means for intercoupling said 
resonators electrically, a channel of a material 
having a dielectric constant of the order of 100 
in communication with said second resonator to 
derive energy therefrom, and a layer of a mate 
rial having a dielectric constant of the order 
of 10 and a thickness substantially equal to 

- 
a 

where n is an even integer and M is the wave 
length corresponding to said frequency in said 
material. 

10. In combination, a generator of high fre 
quency electrical oscillations having an output 
element, a layer of dielectric material having a 
thickness substantially equal to . 

in - 
- 

where n is an even integer and A is the wave 
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length of said oscillations in said material, co 
Operative with said element to receive said oscil 
lations and a channel of a dielectric material 
having a higher dielectric constant contiguous 
to said layer so that said oscillations pass from 
Said layer to said channel, the dielectric con 
Stants of Said layer and said channel being so 
selected that boundary reflection losses are sup 
pressed. 

11. In combination, a generator of high fre 
quency electrical oscillations having an output 
element, a layer of dielectric material coopera 
tive with said element to receive said oscillations 
and a channel of a dielectric material, having 
a substantially higher dielectric constant than 
the material of Said layer, contiguous to said 
layer so that said oscillations pass from said 
layer to said channel, the dielectric constants of 
said layer and said channel and the thickness 
of said layer being so selected that boundary re 

45 
flection losses are suppressed. 

BENED CT CASSEN. 


