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1 
This invention relates generally to electromag 

netic wave generators, particularly for the wave 
length region between presently known micro 
Waves, on the one hand, and infra-red on the 
Other, or in other words, in the mega-megacycle 
region. The present invention may be charac 
terized generally as dealing with improvements 
and refinements in the type of micro-microwave 
generator disclosed in my copending application 
entitled “Radiovision System,' filed August 30, 
1943, Serial No. 500,577. As more fully disclosed 
in Said Copending application, such a generator 
is employed in a System designed to detect or 
visualize objects obscured by darkness, fog, dust, 
haze, or the like, the generator being utilized, 
for instance, to direct a beam of generated waves 
of micro-micro dimensions to the field of view, 
and a suitable receiver device being provided 
which is designed to respond to rays reflected 
back from objects in the field of view. Or, as 
another instance, the receiving device may re 
spond to a beam received directly from the gen 
erator; for example, a receiver carried by an 
airplane may receive waves radiated from gener 
ators outlining or indicating a landing strip. 
The generator comprises, generally speaking, 

a multiplicity of minute metal particles mounted 
On an insulation base, and periodically charged 
by a suitable high voltage, and then permitted 
to discharge. During the discharge, the particles 
oscillate at their own resonant frequency, and 
in this oscillating state, generate micro-micro 
waves which may be reflected or beamed to the 
field of view. The particles OScillate at a resonant 
frequency governed by their size, and it is hence 
possible to generate micro-microwaves of various 
wave lengths by choosing particle sizes of various 
gradings. A particle size of approximately one 
hundred mesh results in generated frequencies 
of approximately two million megacycles, such as 
are Suited to the purposes at hand, being not 
seriously interfered with by fog, snow, and the 
like. This is given, or course, as merely typical 
of the invention, and not as limitative thereon. 
The general object of the present invention is 

the provision of an improved and relatively high 
power micro-microwave generator of the type in 
dicated. 
With this brief preliminary outline of the sub 

ject in mind, the invention, including its various 
specific objects, features, and accomplishments, 
will be most readily understood by referring to 
the accompanying drawings and detailed descrip 
tion, disclosing one present preferred and illus 
trative embodiment thereof. 
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In the drawings: 
Fig. is a diagran showing One for in of the 

improved generator and an energizing System 
therefor; Fig. 2 is a longitudinal section through the 
generator, the view being somewhat diagraria 
matic in nature; 

Fig. 3 is a detailed section online 3-3 of Fig. 2; 
Fig. 4 is a vertical sectional view showing the 

generator tube mounted within a parabolic rear 
flector; Fig. 5 shows a modified genei'atoir afad energi2. 
ing System; 

Figs. 6 and 7 show further modified generators 
in accordance with the invention; and 

Figure 8 is a section online 8-, -8 of Figure 7. 
Referring first to the embodiment of Figs. 1-4, 

the generator includes a generator tube fo come 
prising an evacuated envelope i? in which are 
mounted a filament f2, a grid f3, and a plate or 
anode 4. Overlying the plate is an insulation 
element 5, and mounted on the lattei, Oh its face 
away from the plate 14, is a layer 6 of fine netal 
particles or filings, arranged to be insulated froÉii. 
one another. The wave length that will be ge. 
erated depends largely upon the particleSize and 
hence may be varied to suit requirements by 
choice of the particle size employed. Using 
Alnico metal and a particle size of approxi 
mately the order of one hundred mesh, I have 
produced wave lengths in the approximate region. 
of 153 mu, or in other words, of around two 
million megacycles. Contacting and connected 
to this layer of raetal particles is a connector 
trip or element f7. By means presently to be 
described, a high. Woltage is periodically impressed 
between the plate f4 and the connector strip , 
whereby the particles are subjected to a high 
voltage gradient and heihee become charged. 
Each metal particle becomes in effect a part of 
a condenser plate, and thus assumes a high 
charge. When the charging voltage is subsea 
quently dropped or interrupted, the particles dis 
charge and are set into a state of oscillation, 
generating the desired micro-microwaves, which 
are picked up and utilized as later to be described. 

In Fig. 2, I have shown a present preferred 
form of generator tube in accordance with the 
invention, which will now be described in more 
detail. The filament f2, as indicated, is of a 
double helically wound type, and has leads 2 and 
22 extending through the base end of the en 
velope ff. The grid 3 is illustratively shown as 
comprising a helix, mounted on supports 23 and 
24, to one of which is connected a grid lead 25 
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extending through the base end of the envelope. 
The plate 4 comprises a sleeve surrounding the 
grid, and mounted on Supports 28, which extend 
through the head end of the envelope and have 
connected thereto the plate lead 29. The insula 
tion element 5 illustratively comprises a sleeve 
mounted on the cylindrical plate 4, and this 
sleeve may be made of a suitable ceramic sub 
stance Such as porcelain. The metal particles 
are mounted on the exterior Surface of the sleeve 
5. They may be imbedded directly in the sur 

face of the sleeve, or cemented thereto in any 
Suitable manner. For instance, they may be 
mounted on the sleeve by incorporating them in a 
coating of glaze applied thereto. One preferred 
method of producing the layer consists in spray 
ing the ceramic sleeve With a Solution of colloidal 
Silver and then firing below the melting point of 
Silver, no glaze being used. The metal particles 
of the final layer are closely Spaced from one an 
other, or in contact; they may be regarded either 
as Surface insulated from One another, or as in 
Conductive relation. With One another, but with 
Small resistances between particles. 
The particle connector element or strip 7 

which is in electrical contact with the particle 
layer, extends lengthwise of the sleeve 5 and 
contacts or overlies a band of particles 6. It 
may be sealed to the ceramic sleeve by a coat 
of glaze. The connector strip f is connected by 
a short lead 30 to a support 3 mounted in the 
base of the envelope and provided with an ex 
terior connection lead 32. 
The power of the generator is increased by use 

of a metal plate 36 extending longitudinally along 
the Outside of the sleeve 5 at a point diametri 
cally opposite from the connector strip 7, and it 
is mounted on and electrically connected to the 
particle layer 6 by means of a connector strip 
37, which may be similar to the connector strip 
7. This connector strip 37 and the plate 36 are 

not connected to the external circuit. 
The present illustrated energizing system for 

the generator tube is shown more particularly in 
Fig. 1. The filament leads 2 and 22 are ener 
gized from the Secondary of a step down trans 
former 40, the primary of which may be sup 
plied With current from a 120 volt line. As here 
shown, the Secondary of this transformer is 
center-tapped and connected to the lead 32 which 
Connects with particle layer connector strip 7. 
The external plate and particle connector strip 

leads 29 and 32 are supplied with a suitable 
source of high direct current voltage, for in 
stance, twenty-five to thirty kilovolts. This di 
rect current power may be obtained from any 
Suitable Source, as for instance from a suitable 
rectifier, such as the one conventionally indicated 
generally by the numeral 42. 
An OScillator 5), for instance of 100 kilocycles, 

though this is not to be taken in a limitative 
Sense, has its output amplified by a suitable 
vacuum tube amplifier 5, and the output ter 
minals of the latter are connected one to gen 
erator grid lead 25, and the other to particle 
connector strip lead 32. The oscillator 50 is 
preferably either of a saw-tooth or square wave 
type, producing steep wave front voltage waves, 
or in other Words, producing voltage changes 
within minimum time intervals. 
The direct current power supply 42 normally 

impresses a high voltage between the plate 4 
Of the generator tube and the particle connector 
strip fl, thus subjecting the metal particles to 
an extremely high voltage gradient, and causing 

O 

15 

20 

40 

50 

60 

4. 
them to be charged to high potentials. This 
charging voltage to which the metal particles 
are Subjected is periodically varied in accordance 
With the output of the Oscillator 50, which will 
be seen to be improssed across the filament 2 
and grid 3. 
When the grid voltage relative to the filament 

(governed by the amplified Oscillator voltage) 
SWings more negative, the filament to plate space 
Current of the tube is decreased or interrupted, 
and the full D. C. charging voltage is impressed 
between the plate and particle layer f6. When 
the grid voltage then Swings back (becomes less 
negative or more positive) a substantial space 
current flows from filament to plate, and it will 
be seen that this space current flow is in parallel 
with the condenser formed by the plate and par 
ticle layer, with the result that the voltage drop 
across the latter is substantially decreased, so 
that the charged particles are permitted to dis 
charge, and are thus set into Oscillation. By 
employing an oscillator 50 of saw-tooth or square 
wave characteristics, the voltage impressed be 
tween the charging plate and the particle layer 

5 can be increased and/or decreased within min 
imized time intervals. I have found it of advan 
tage to charge the particles with a relatively steep 
front voltage wave, and it is likewise of advan 
tage to discharge the particles by removing the 
charging voltage in a minimum time interval. 
Obviously, use of a saw-tooth wave will permit 
the particles either to be charged or discharged 
with a steep sided Wave, and use of a square wave 
oscillator will permit both. 
The plate 36 acts as a kind of capacitor or 

energy distributing element, which tends to cause 
an equal distribution of potential over the pe 
riphery of the particle surface, and is found in 
practice to increase the radiation from the 
generator. 
The generator tube of Fig. 2 is shown in Fig. 

4 as mounted within a parabolic reflector 60, be 
ing understood to be located With its particle 
layer in the region of the focal point of the re 
flector. The reduced rearward end portion of the 
tube is shown as fitted within an aperture at the 
back of the reflector, While the plate lead 29 is 
shown as passing through the wall of the reflec 
tor by means of an insulator 6. 
The discharging metal particles of the par 

ticle layer 6 are set into intensive oscillation, as 
previously described, and the frequency of this 
oscillation will vary depending principally upon 
particle size, all as heretofore described. The 
Oscillating particles generate micro-microwaves 
which are radiated therefrom, and these are re 
flected by the parabolic reflector 60 and beamed 
to the field of vision. 

It Will be evident that my wave generator is 
in the nature of a condenser, comprising a con 
denser plate mounted adjacent One face of an 
insulation layer and another condenser plate in 
the form of a particle layer applied to the op 
posite face of said insulation layer, directly op 
posite the first-mentioned plate. A connector 
element then contacts the particle layer. By this 
arrangement the condenser structure of the gen 
erator has a maximum capacity, a maximum po 
tential gradient is established, and each particle 
aSSumes a large charge. Each individual parti 
cle is charged proportionately to the potential 
difference between the plate and the particle. 
The resistance between particles is relatively 
Small, and under the high charging voltage, elec 
trical activity oscillating over the particle layer 



2,621,857 
5. 

or over or between the particles, i. e., electricity. 
jumping from particle to particle, may be ob: 
Served, during both charge and discharge. 
The charging System for the generatornaay be 

of Various types, such for instance as that, dis 
closed in my copending application entitled "Ra 
diovision. System,' Serial No. 500,577, filed August 
30, 1943, in which case, a Space current not being 
required, the evacuated envelope might be 
omitted. Other typical modifications in both the 
charging Systems, and the generator will OW be 
described. 

Fig. 5 shows schematically a generator without 
an envelope, and a modified charging system. 
The generator comprises an insulation sleeve 50, 
On the outside surface of which is a layer 5 of 
metal particles forming One plate. Of the COn 
denser structure. The other plate consists of a 
metallic sleeve 52 contacting the inside surface 
of sleeve 50. Contacting particle layer 5 is a 
metallic connector strip 53, while diametrically 
opposite from the latter is a metallic strip 54 
carrying a plate element 55, the latter elements 
not being connected into the external circuit 
Ilg. 
A Suitable source of direct current power is 

provided, here being shown as in the form of 
a rectifier-filter combination 56. The positive 
output terminal of the latter is connected by a 
lead 57 to the plate 60 of a triode 6. The nega 
tive output terminal of the DC power supply is 
connected by lead 64 to plate 52. An Oscillator 
65, preferably either square wave or saw-tooth, 
has one output terminal connected by lead 66 to 
the grid 67 of triode 6, and its other output 
terminal connected by lead 68 to the filament or 
cathode 69 of said triode. A C-bias battery 7 O 
may be provided in the filament-grid circuit of 
this triode, as indicated. Particle layer contact 
Strip 53 is connected by lead f to Cathode lead 
68, which is grounded. 
The wave generator will be seen to be included 

as a condenser in Series in the plate circuit of 
triode 6. The output saw-tooth or Square wave 
from Oscillator 65 impressed on the grid of the 
triode controls the total voltage and causes 
abrupt Voltage changes acroSS the generator, 
which periodically charge the particles of the 
layer 5 and permit said particles to discharge 
at their resonant frequency. 
I have also shown in Fig. 5 the optional use 

of a variable tuning inductance 75 connected 
across the condenser structure of the generator. 
This inductance permits the generator circuit to 
be tuned to resonance, whereby an optimum de 
livery of power from the generator may be 
gained. 

have now disclosed one case (Figs. 1-4) 
Wherein the generator is enclosed in an evacu 
ated envelope, and a Second (Fig. 5) wherein the 
generator is not So enclosed. Enclosure in an 
evacuated envelope, while not essential, is ad 
vantageous in that under such conditions the 
particles will accept a higher charge before dis 
charge takes place. On the other hand, use of 
a generator enclosed within an envelope in which 
a Small amount of gas, like neon, is introduced 
is advantageous because of lowered resistance be 
tween particles, which is conducive to increased 
duration of the Oscillatory discharge. 

In Fig. 6 I have disclosed a modified generator 
enclosed Within a glass or ceramic envelope 80, 
which may be either evacuated, or gas contain 
ing. This envelope is here illustratively shown 
as in the general form of a parabola, with a 

10 

6. 
closed front, Wall 8. The inside of the parabolic: 
side: wall 82 is coated with a layer 83 of fine:metal. 
particles, which are contacted toward the front. 
end wall of the envelope by a metallic: bandt 84 
corresponding to the plate 36 of Fig. 2, A. Conr. 
tact, button 85, at the rearward end of the enr. 
velope; makes, connection with the particle layer. 
and an outside:metallic plate or shell 86, contacts 
the outside surface, of the parabolic side wall. 
The external connections 87 and 88 are made 
to button 85, and shell 86, respectively. It will be 
evident that the generator of Fig. 6, may be used, 
for example, in such a circuit as is shown in 
Fig. 5. 
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Finally, in Figs, 7 and 8, E have shown a simir 
plified but effective generator structure in accord 
ance with the invention, comprising a flat insula 
tion plate 90, a metallic condenser-plate 9 con 
tacting one surface thereof, a particle layer 92 
contacting the opposite surface thereof, and a 
contact strip 93 extending transversely across 
the center of layer 92 and making contact there 
With. Metal strips 94, parallel to strip 93, con 
tact the upper and lower edges of the particle 
layer. External connections 95 and 96 are made 
to strip 93 and plate 9 f, respectively. It will be 
evident that here again, as in each of the earlier 
described embodiments, the particle layer com 
prises one plate of a condenser structure, where 
by the individual particles may be charged to 
optimun potentials, and will hence deliver opti 
mum power upon resonant discharge. 
The invention has now been described by way 

of a specific disclosure of several present illus 
trative embodiments thereof. It will be under 
StOOd, however, that this is for illustrative pur 
pOSes Only, and that various changes in design, 
Structure, and arrangement may be made with 
Out departing from the Spirit and Scope of the 
invention or the appended claims. 

I claim: 
1. A Wave generator embodying an insulation 

layer, a layer of metal particles adjacent one face 
of Said insulation layer, a metal plate adjacent 
the Opposite face of said insulation layer, and a 
connector element overlying and contacting said 
particle layer immediately opposite an area of 
Said plate. 

2. A Wave generator embodying an insulation 
sleeve, a layer of metal particles adjacent one face 
of Said sleeve, a cylindrical metal plate adjacent 
the opposite face of said sleeve, and a connector 
element overlying and contacting said particle 
layer immediately opposite said cylindrical plate. 

3. A Wave generator embodying an insulation 
layer, a layer of metal particles adjacent one face 
of said insulation layer, a metal plate adjacent 
the opposite face of Said insulation layer, a con 
nector element overlying and contacting Said 
particle layer immediately opposite an area of 
said plate, and an evacuated envelope enclosing 
said members. 

4. A wave generator system embodying a layer 
of metal particles, a metallic connector element 
contacting said layer, a plate parallel to but 
spaced from said layer, an electronic tube includ 
ing anode, grid and cathode elements, an anode 
circuit for said tube including a Source of direct 
current power and said plate and connector ele 
ment in series and a source of alternating current 
impressed across the grid and cathode elements 
of said tube. 

5. A wave generator system embodying a layer 
of metal particles, a metallic connector element 
contacting said layer, a plate Spaced and insul 
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lated from said layer, a tuning inductance con 
nected between said connector element and plate, 
an electronic tube including anode, grid and 
cathode elements, an anode circuit for Said tube 
including a source of direct current power and 
Said plate and connector element in Series and a 
Source of alternating current impressed across 
the grid and cathode elements of said tube, 

JOHN MI. CAGE. 
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