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UNITED STATES 

2,087,252 

PATTENT OFFICE 
2,087,252 

ULTRA-HIGH FREQUENCY TUBE 

Ross Gunn, Chevy Chase, Md. 
Original application July 26, 1932, Seria No. 
624,877. Divided and this application Novel 
ber 2, 1935, Serial No. 48,062 

4 Claims. (C. 250-2.5) 

(Granted under the act of March 3, 1883, as 
ameraded April 30, 1928; 370 O. G. 757) 

This invention relates to high frequency com 
munication Systems, and imore particularly to an 
Ultra-high frequency tUlbe for tSe in communi 
cation Systems of the type disclosed in my ap 
plication Seriali No. 624,877, filed July 26, i 932, 
Which has rmatured into Patent No. 2,020,310 
covering an Ultra-high frequency communication 
System, of Which this application is a division. 
An object Of this invention is to pro Wide a tUbe 

for , uSe. in a System i for prodUcing considerable 
amountS of poWer in the form of Ultra-high fre 
qüency - OSC:illatiOnS. 
Another object of this invention is to provide 

a tUibe for a System employing electronic i oscilla 
tions wherein the electrons or ions oscillating 
within the tube are controlled as to phase where 
by neUtralizing effectS. of a multitUde of electrons 
or iOnS OSCillating in different phases are avoided. 
AnOther object Of this in Vention is to provide 

electron diSchlarge apparatUS of novel construc 
tion that is particularly adapted for use in con 
nection With the production and reception of 
Ultra high frequency oscillations. 
With the above, and other objects:in view, the 

invention consists in the construction, combina 
tiOn, and arrangement Of partS. aS, Will be i de 
Scribed more fully hereinafter. 

OSCillation generators of the conventional type 
employing negative resistance in combination 
with resonant circuits usually do not work, well 
or at all in the ultra-high frequency orº quasi 
Optical range. GeneratorS of the i So-called 
Barkhausen-Kurtz or Gill-Morrell type employ 
ing electronic OSCillations are found to work at 
quasi-optical frequencies, but the output and 
efficiency of this type of generator have been 
eXtremely Small. 
The present invention is concerned with im 

provements of Systems employing electronic oscil 
lations wherein their properties are greatly en 
hanced by proper adjustment of the phase of the 
moving particles. 
The nature and purpose of the invention may. 

be more readily understood by º reference to the 
accompanying drawings, in which: 

Fig. 1 is a perspective - view of the elements of 
a transmitter type tube, the envelope of Which 
has been partially removed for the purpose of 
clearneSS; 

Fig. 2 is a similar view of the elements of a 
receiver type tube; M 

Fig. 3 is a diagrammatic showing of a trans 
mitter employing a tube similar to the tube shoWn 
in Fig. 1; M 

Fig. 4 is a diagrammatic Showing of a receiver 
employing a tube similar to the tube shown in 
Fig, 2; 

Fig. 5 ShoWS diagrammatically a beann trans 
mitter With means to concentrate, reflect, dif 
fract, and scatter ultra-high frequency radiation. 

Referring now to Fig. i, a filamentary cathode 
is shown, at i G mounted within an evacuated 
envelope 3 and provided with leads i and 2 for 
SUpplying heating current thereto. Displaced 
from the filament i Ö0 Within the envelope S are 
a plurality of tuned resonant Systems 5—6, 7—8, 
0- , 2-3. Tuned conductors 5-6 and 
7-8 i lying within the same plane are supported 
nodailly at their midpoints by a conductor 4 
Which constitutes a lead for Supplying the neces 
Sary direct, CUITrent potential to these elements. 
Tuned conductors - and 2-3 are sup 
ported Inodaily at their midpoints by a conductor 
9. Which constitutes a lead for Supplying the nec 
essary direct current potential to these elements. 
Leads 4 and i 5 coupled to the resonant element 
T—8 are for the purpose of transferring the high 
frequency Oscillations existing on this element 
to a tuned radiator of appropriate type. In Fig. 
1, leads i 4 and 5 are shown associated with 
tUned element 7-8, although it is to be under 
St??d that these leads could be connected tO 
other of the tuned elements of the System as for 
instance, tuned i element 0-f i connected to and 
SUppOrted by conductor 9 as shown in Fig. 3. 
The structure of the tube shown in Fig. 2, is 

identical. With that of Fig. 1. except that tuned 
element 8-9 supported at its midpoint by a 
conductor 20, which serves as a lead thereto, has 
been added. The tuned element 8-9 occupies 
a position Within the Space generally surrounded 
by tuned elements 5-6, 7-8, 10— É, 2-3, and 
is parallel thereto. 

Because of the high Voltages desirable for. Ultra. 
frequencies, the tube structure must be quite 
rigid. It is desirable: that the , oscillating con 
ductor tuned elements be supported at the node. 
Evidently the tuned elements 5—6, etc., can be 
approximately any nUmber of half Wave-lengths 
long Or they can contain concentrated induc 
tance Or capacity values for Securing special ad 
justments of phase Without departing from the 
basic ideas. It is evident, moreover, that arrays 
of tubes properly arranged in Space Will give rise 
to directive beams, etc. 

Fig. 3 is a diagrammatic showing of the tube 
of Fig. 1 connected in circuit with appropriate 
Sources of potential for the generation and radi 
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ation of high frequency oscillations. Coupled 
to the tuned resonant element 7-8 is a radi 
ating System 5 located at an appropriate dis 
tance in front of a parabolic metallic mirror 50. 
Tuning devices 54 and 55 are connected in the 
coUlpliing leads i 6 and 7 between the radiating 
System 3 and the tuned resonant system 7—8 
Within the tube for adjusting the circuit for effi 
Cient transfer of energy to the radiating System. 
The battery 56 is i connected to leads í and 2 so 
as to energize the filament i 90. The battery 57 
is Connected between the filament and the turned 
reSomant System 5—6, etc., and is so poled that 
the tuned system is normally positive With respect 
to the filament. The battery 58 is connected be 
tWeen the filament and the radiating system 
0- i, etc., and is so poled that the turned sys 

tem 10-i , etc., is normally highly positive with 
reSpect to the filament. In the drawings, the po 
tential applied between the filliament 60 and the 
tUned System : — is shown as being derived 
from batteries 57 and 58 in Series although it is 
to be Understood that – a Separate battery or 
other SOULrce of potential of proper value may 
be Used instead of the two batteries connected in 
Series. - 
A magnetic field is applied to the tube - for use 

at the highest freqUuencies. This magnetic field 
may in general be applied by mean S of two UnitS, 
one designed to produce a Very intense field, Say 
5000 gauss, in a direction parallel to the electric 
field, the other of moderate value between 0 
and 2000 gau SS, depending on the frequency de 

35 

40 

sired and the spacing of the elements, is applied 
in a direction at right angleS to both the electric 
field and the oscillating dipole. 
The Units for applying magnetic fields to the 

tube 3 are ShoWn in Fig. 1. (A ShoWing of these 
tunits has been omitted from Fig. 3 for the sake 
of clarity.) Magnetizing coils 6 and 6 i are dis 
posed on opposite - sides of the tube 3 with their 
axes passing through the tube normal to the os 
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potential. 

cillating dipoles and the principal electric field 
Within the tube. These coils are shown connected 
in Series and provided With leads 62 and 63 Which 
?may be connected to an appropriate SOUrce Of po 
tential by Way of a, variable resistor. Magnetiz 
ing coils 64 and 6 are diSpoSed on Opposite Sides 
Of the tUibe 3 With their a:XeS paralle to the prin 
cipal electric field Within the tube. . . Coils 6A, and 
65 are shown connected in series, although it is 
to be understood that they may be connected in 
parallel as may the coils 60 and 6 . 
and . 65 are provided with leads 66 and 67 which 
may be connected to an appropriate source of 

On the drawings coils 60-6 and 
64-6ë are shown as being of the air core type 
although it is is to be understood that paramag 
netic Substances may be used for cores of these 
magnetizing coils. 
The Oscillations of ultra, frequency, or , ultra. 

high frequency that We may expect in this system 
86 

(Cd) : Electronic oScillations. W 

(b) Oscillations in tuned resonators as a re 
SUult of electronic shock excitation. 

(c) Phase oscillations. 
In general, the electronic oscillations of Bark 

hausen-Kurtz are very feeble because there are 
a great many electrons in the tube and they have 
no definite phase relation to each other So that 
the mutual radiation largely cancells out. 

Consider in Fig. 1 a Single electron from the 
hot filament connected to electrodes i and 2, and 
suppose that it heads for the rod 7-8, passing 

Coils 64 

2,087,252 
midway between the electrodes i 0—1 i and 2—— 
3. When the electron passes through the plane 
determined by 0— — 2—3 it has its maxi 
mum energy and velocity which will be lost by 
the time it reaches the electrode 7-8. The di 
rection of the force reverses as it passes through 
the plane of electrodes f 0-— I — 2—3 and there 
fore by proper positioning of the electrodes, the 
electric field on each Side of the plane can be 
made : roughly proportional to the distance from 
the plane. That is to say, the electric field is 
potripOSEy made irah OmogeneOLS. 
Suppose the Space charge is Small and let this 

proportionality be expressed by 

E=-ky (1) 

where E is the electric field, y the distance of 
the Selected point from the plane and kc the pro 
portionality factor. We can estimate kc from the 
applied potential V and the spacing S of the elec 
trodes 5-6 (or 7-8) from the plane of reference, 
l. C., 

* 2 V= Edy= (2) 
9 

Now the force Fº on the electron is 

where e is the electronic charge and ei is itS. abso 
lutte magnitude. Thus the electron executes Sim 

-- pe harmonic motion Of frequency 

F=/kel =VG (3) 2 r. W X 2Tirs ? 

T?This relation shows clearly that for extremely 
high frequencies the applied potential W mUst 
be moderately high and the Spacing S kept aS 
Small as is consistent with Structural diffiCultieS. 
The operation of the system shown in Fig. 3, 

While not definitely understood, is believed to be 
as follows: The filamentary cathode ! 90 is eated 
by current from source of potential 56 and emits 
electrons. The electrons emitted from cathode 

} - are transferred to the region betWeen the 
tuned elements by the Source of potential 3 op 
erating Wia lead 4 and the element 5—6 Which acts 
aS a Space charge electrode. The SOUrce of po 
tential 57 is of such value that high current den 
Sities are not required. The electrons passing 
into the region betWeen the tuned elements of the 
System are accelerated toward the plane formed 
by the anode elements i 0- : and 2-3 as a, 
result of the electric field produced by the battery 
Or other SOUrce of potential 58. Due to non-sym 
metry in the way the electrons initially come off, 
the tuned resonant : Systems 5—6, 4 -- I and 
2-3 indiVidually and as a System are shock eX 

cited and reSonate at their OWn natural freqüency. 
The electric field, due to the oscillating potential 
of the resonators, calUISes the electric field be 
tween the filament : 00 and parts of the reso 
nator 5-6 to change with time; thus, When the 
end 5 is at a higher positive potential with re 
Spect to the filament than its mean (steady) 
Waile, mOre electrOns Will come acroSS, at that end 
than at the end 6. One-half a cycle later more 
electrons will come across at the end 6, while the 
end 5 will be so charged as to block the flow of 
electrons adjacent thereto and the phase of the 
electronic oscillations will be controlled by the 
Varying potential on the dipole resonators and 
radiation from the electron oscillations will re 
Sullit. 
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2,087,252 
The receiver is - shown in Fig. 4 employing a 

tube with an auxiliary - electrode similar to i the 
tube ShoWn in Fig. 2. . . The filament A 600 is en 
ergized from i battery 3 by means of the leads 
and 2. i Positive potential is applied to the tuned 
resOnant System comprising elements. 5-6, etc., 
from battery 32 connected to :: the filament i 30 
and lead 4. Positive potential is, applied to the 
tUned i reS?nant . . System comprising i elementS 
f - , etc., from battery 33 via lead 9. Thus 
far the receiver is identical with the transmitter 
eXCept that the batteries 3 and 32. are of lower 
potential than are used in the i transmitter, in 
Order that the electron emission be kept at a 
proper Walue for receiving purposes. I The tuned 
reS?nant electrode. 8-9 is connected at itS mid 
point by means of lead 20. to one end of the pri 
mary Winding 34 of transformer 36. The other 
end of the - Winding 344 is adapted is be connected 
to the battery 32 at a point more positive than the 
filament. Coupled to the primary 34 is a sec 
ondary 35 Which is connected to the filament 33 
and grid 39 of a Suitable thermionic amplifying 
de Vice. A battery. 37 is connected to the filament 
38 for heating the same. A battery 43, is con 
nected to the filament 38 and through the re 
ceiver 4 or other type of indicator to the anode 
Or plate 4 of the tube. 
nected betWeen the anode 49 and the filament. 
Coupled to the tUned System ?--8, etc., is a receiv 
ing antenna, 26 located at the proper, distance in 
front of a parabolic metallic mirror 25. Leads 
27 and 28 between the antenna, 26 and the tuned 
System 7-8 are provided With tuning condensers 
29 and 3 for tuning the system to effect the 
most efficient transfer of energy therebetween. 
The operation of the receiver, While not defi 

nitely understood, is believed to be as follows: The 
radiated waves from the transmitter traverse 
the distance from the transmitter to the receiver 
where they are converged or focused upon the 
receiving antenna 26 by the mirror 25. Antenna 
26 then has induced therein high frequency os 
Cillations of the frequency of the transmitted 
Waves to which it is tuned. These high frequency 
oscillations are coupled by way of the condensers 
29 and 30 to tuned resonant system T-8, etc., 
Which is caused to oscillate at the frequency of 
these waves. The total space current through 
the tuned system i 8-9 is controlled by these os 
cillations in Some manner not well understood. 
This Current controlled in accordance with the 
received OScillations passes through lead 29 to 
the transformer primary 34 and thence back to 
the battery 32 and filament ? 00, inducing cur 
rentS in the secondary to control the output of 
the amplifier tube in well known manner. Ob 
Viou Sly, any type of amplifier could be used in 
Stead of the one shown, or the output of the re 
Cei Wing tUibe could be coupled directly to a re 
ceiver or other type of indicator instead of to the 
transformer Winding 34. 
The ultra frequencies have substantially opti 

cal properties and normally can, be propagated 
Only in straight lines. In general, a beam trans 
mitter is used and the energy in the beam is very 
large and confined to a small area. Suppose it 
Should be desired to transmit to stations A, B, 
and C (Fig. 5), as well as station N. This may 
Still be accomplished by placing a scatterer, or 
director at the point Li, say, which absorbs and 
emits or refracts some of the incident energy 
toward the desired stations A, B, or C. Many 
devices will serve to scatter or refract the waves, 
as for instance: 

A condenser 42 is con 

: (a) Tuned resonant circuits or arrays of them. 
(b) Lens systems. 

" (C) Diffraction gratingS , of . Vario:US kinds. 
(d). Metallic reflectorS. 
This method of diffraction permits the trans 

mission of the ultra frequency beyond the bulge 
of the earth around skyscrapers, bridges, etc. 

It is to be understood that any appropriate 
System of modulation may be used in connection 
With the above disclosed transmitter. . . The i am 
plitude, frequency or phase or any combination of 
the three may be controlled by electrical means, 
or the beam transmitted may be controlled di 
rectly by shutters in much the same way as is 
done With : Visible light in. heliograph - signaling 
SyStemS. 
The in Vention herein deScribed may be manu 

factured and used by or for the Government of 
the United States of America, for governmental 
purposes without the payment of any s royalty 
thereon. 
What is claimed is: 
1. A thermionic device comprising an evacu 

ated enWellOpe encloSing all the following: a cath 
Ode, a tuned anode System and an additional 
tUned System adjacent the electronic path be 
tWeen Said cathode and anode System for control 
ing the electron flow theirein ia accordance With 
the. OSCiiations excited in Said additional: turned 
SyStern. 

2. An electrOn discharge device comprising an 
eWaCUated en Ve?Ope containing all the following: 
A ilinear cathode, an anode System comprising a 
plurality of electrically resonant linear elements, 
and an additional tuned SSytem comprising a. plu 
rality of electrically resonant linear elementS. 

3. An eiectIron di Scharge device comprising an 
evacated envelope containing all the following: 
a, linear cathode, an - anode system comprising a 
plurality of electrically resonant linear elements, 
and an additional tUned System comprisinga, plui 
rality of electrically resonant linear elements, 
Said Cathode and Said electrically resonant elle 
Innents being mutually paralle. 

4. An electron di Scharge device comprising an 
evacuated envelope containing a linear cathode, 
an anode System comprising a plurality of elec 
trically resonant linear: elements, an additional 
tuned System comprising a plurality of electrically 
resonant linear elements, and means nodaily sup 
porting said electrically resonant elementS. 

5. A thermionic device comprising an evacu 
ated envelope enclosing a cathode, a. tuned anode 
System, an additional tUned System adjacent the 
electronic path, between Said cathode and anode 
System for controlling the electron flow therein 
in accordance With the oScillations excited in Said 
additional tUned System, and electrically conduct 
ing leads connected betWeen potential nodal 
points of said tuned System and terminals on the 
OutSide of Said envelope. 

6. A thermionic device comprising an evacuat 
ed envelope enclosing a cathode, a tuned anode 
System, an additional tuned system adjacent the 
electronic path between said cathode and anode 
SyStem for controlling the electron flow therein 
in accordance With the oscillations excited in said 
additional tUned system, electrically conducting 
leads connected between potential nodal points of 
Said tuned System and terminals on the outside 
Of Said en Velope, and electrically conducting leads 
Connected betWeen Varying potential points of at 
lea,St one Of Said tuned Systems and other ter 
minals on the outside of Said envelope. 

7. An electron discharge device comprising an 
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evacuated envelope, a cathode within said: en 
velope, an anode comprising at least one oscillat 
ing dipole Within Said envelope, lead means con 
nected to the electrical center of Said anode, and 
means comprising at least one oscillating dipole 
Within said envelope for controlling the Space 
charge between said cathode and anode. 

8. An electrora discharge device conprising an 
evacuatedenvelope enclosing a linear cathode, an 

10 anode system comprising a, pair of linear elements 
defining a plane, a space charge controlling Sys 
tem comprising a pair of linear elements defining 
a plane intersecting the plane defined by Said an 
ode system, said cathode being mutually parallel 

15 to the elements of said anode system and said 
space charge controlling System. 

9. An electron discharge device comprising an 
evacuated envelope enclosing a linear cathode, an 
anode System comprising a pair Of linear elle 

20 ments defining a plane, a. space charge control 
ing System comprising a. pair of linear elements 
defining a plane intersecting the plane defined by 
Said anode system, said cathode being mutually 
parallel to the elements of said anode System and 

25 said space charge controlling System OutSide of 
the planes defined by said Systems, and an addi 
tional linear element parallel to said Cathode. 

10. A thermionic device comprising an eVaCull 
ated envelope enclosing a cathode, a tuned anode 

- 30 system, an additional tuned System adjacent the 
electronic path between said cathode and anode 
system for controlling the electron flow therein 
im accordance with the oscillations excited in Said 
additional tuned system, and means for appiying 

35 a intenSe magnetic field to Said device in a direC 
tion parallel to the electric field between the elle 
mentS thereOf. 

11. An electron discharge device comprising an 
evacuated envelope containing a linear cathode, 
an anode - System comprising a plurality of elec 
trically resonant linear elements, an additional 
tuned system comprising a plurality of electrically 
resonant linear elements, and means for apply 
ing a magnetic field to said device in a directiOn 
perpendicular to the linear - elements thereof. 

12. An electron discharge device comprising an 
evacuated envelope containing a linear cathode, 
an anode system comprising a. plurality of elec 
trically resonant linear elements, an additional 
tuned system comprising a plurality of electrical 
ly resonant linear elements, and means for apply 
ing a magnetic field to said device in a direction 
perpendicular to the linear elements thereof and 
parallel to the electric field between said elle 
rentS. 

13. An electron discharge device comprisingan 
evacuated envelope containing a linear cathode, 
an anode system comprising a plurality of elec 
trically resonant linear elements, an additional 
tuned system comprising a plurality of electrical 
ly resonant linear elements, means for applying 
a magnetic field to said device in a direction per 
pendicular to the linear elements thereof and 
paralle to the electric field between said elements, 
and additional means for applying a magnetic 
field perpendicular to said elements and to Said 
electric field. 

14. A generator of high frequency oscillations, 
comprising an electron emitting cathode, and 
means for controlling the phase of electrons emit 
ted along said cathode comprising an electrically 
resonant element adjacent Said cathode. 
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