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This.invention relatesto improvements in ultra 
high frequency electronic devices, andi particu 
lary to a electronic device in which the opar 
atting parameters are controlled by an oscillating 
electiclens. 

In ultra high frequency electronic devices the 
transiti tiane and the course or path of the elec 
trons are i ?aportanti factors. 
electron may ce altered by subjecting the elec 
tirOn to the influence of a magnetic or electro 
sistic field. I the field is appropriately shaped, 
sì electric lens will ba forned. Electrons pass 
ing ètrough Such a lens Will be focused just as 
light Waves are focused by a conventiona lens. 

VVinile suici electric lenses have been used in 
elect:’Oa aicrosgopes, to iorm images of electron 
trasparent sp35ineas, and in other electronic 
?evices, these Sasas are adjusted primarily to ob 
t&ia a fiXed focus. 
invention, means are provided whereby an elec 
triceas of oscillatory focal length may be used 

The path of ara 
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AS an object of the present 
2 

o amplify orto modulate ultra, high frequency 
crrents. Another object is in the provision of 
neans, in a ultra high frequency amplifier, for 
focusing electrons upon different portions of a 
ceSOnant output, circuit as a function of the input 
Curreats Whereby amplification is obtained, An 
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other object is to provide means for modulating 
u?ra high frequency oscillations by directing 
electrons through a focusingfield Which is varied 
at thenodulation requency. 
The invention Wii be described by referringto 

the Sccompanying drawing, in which Fig. 1 is a 
schenatic illustration of an electron lens; Figure 
2 s a circuit diagram of one embodiment of the 
invention; Figure 3 is a circuit diagram of an 
embodimento the invention in Which push-pul 
operation is employed; Figures 4 and 5 are frag 
mentary vieWS o modified output circuits; and 
Figure 6 is a grapia representing the operating 
characteristics of the invention. Similar refer 
ence characters indicate similar elements. 
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Referring to Fig. 1, if a pair of hollow cylinders 
g andare suitaby polarized, an electriclens Will 
be formed. The curved lines C indicate the field 
through which are passed the electrons to be 
focused, The foca lengths f andi fa are indi 
cated by the equation 

where Va and Vibare, respectively, the potentials 
of the cylinders. “As the ratio of the cylinder 
potentias increases, both focal lengths decrease. 
: an alternating potentialis applied to one of 
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the cylinders, a variation in the foca lengths o 
the lens will be produced. Under the influence 
of Such a lens, the passing electrons Will cover 
a Variable area, at a fiXed distance from the lens, 
as the focus changes. 
One application Othe Variable electric lens to 

an ultra high frequency device is illustrated in 
Fig. 2. Within an evacuated envelope 4 are 
mounted an electron gun 3, a first hollow cylin 
drica electrode 5, a second hollow cylindrical 
electrode I, a third hollow cylindrical electrode 
9, and an output circuit A. The three hollow 
cylindrical electrodes forman electron lens in 
Which the center electrode is connected through 
a transformer secondary Winding 3 and a, bias 
ing winding 5 to ground. The primary wind 
ing è is connected to a source of signals to be 
amplified or applied to modulate an ultra high 
frequency oscillation as hereinafter described. 
The output circuit is preferably of the con 

ceratric line typa and includes a pair o coace 
trically arranged electrodes AS, 2 which are con 
nectadi, respectively, to the inner and Outer con 
ductors. The output circuit is biasedi positively 
by means of a battery 23. The Output connection 
may ba made by coupling to the line or by a con 
dulctive connectionato points Of Suitable imped 
ance o8tWeen the inner and Outer conductors. 
The output circuit may include a feedback con 

nection 25. This connection consists of a tuned 
circuit 2. Which may be connected to the first 
cylindrical electrode 5, or other electrode inter 
mediate the output, circuit and the gun S. The 
tuned circuit is coupled to the output circuit 2 
by a primary Winding 29 and a connection 3 to 
the inner electrode of the output circuit. The 
feedback circuit, Which may be of the concentric 
line type, is used to establish regeneration orultra, 
high frequency oscillations. If no regeneration 
Or Self-Oscillation is required, the feedback cir 
cuit may be eliminated. 
The mode of operation is as follows: Electrons 

from the electron gun 3 are directed through the 
severa cylindrical electrodes 5, 7, 9 toward the 
concentric electrodes 9, 2A. The lens is ad 
justed by Varying the bias 5 until the electrons 
are focused on the inner electrode 9 in the 
absence of signals. The transformer 3, 7 con 
nections are adjusted so that the potential ofan 
applied signal Will change the focus of the lens 
and Will cause some of the electrons to impinge 
upon the outer electrode 2. Theadjustmentmay 
be made so that an applied signal of one polarity 
will focus the electrons on the inner electrode, 
and the signal of opposite polarity Will focus the 
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majority of the electrons on the outer electrode. 
I6 should be understoodthat not al of the elec 
trons focused on the oute electrode Will fall on 

I that electrode because the impinging electrons 
vill covera disc shape area, which Will include 
che inner electrode. In any event, if the fre 

i quercy of the output circuit is Stably adusted, 
the alternate focusing of the electros Will estaba 

cuit. 
The Reedback circaitay be adjusted to esta 

lish ultra aigh reguency Osciliations, and these 
oscillations nay be odiate oy appSing ne 
moduleting signa o he les electrode. L'ae 
nedigtag sigals Wi vary, the fccuLF of the 
ens, and nece vii Very che electro Boegaa in 
pigining on the electrodes o the olio Cici. 
Ehe reSan Latia higia regLeC57 CLEReis 
oving in le output, circuit vi e 3 cduated 

at Sig2 reguec. 
I che 8agngelaeni o Fig. 2, 3, sigle 2d2S 

able oc3 electric les is 2seó Sì e 22:35ie 
o oscillato. Le Vegato: is o igaite O 3. 
single Begas, out may be USeco advext:gge i 2. 
piaii o leases a.C. With giga-giap 2S 
sov in Fig. 3. A ne space ceveen ne guLa 8 
and the output electrodes G 9, 2 G 2 e 2'Egged 
two push-pii con?Rolle 2enses 33,95. Ethe Est 
lens 33 includes Gro 2olov cylindrica electrodes 

i 33, 39 Vinici are connected to the balancesi 
Secondary of an inpuò transione . Tine ce 
ter tag of the secondary may be connected 
through a biasing battery A 5 to ground. Ine pi 
mary of the input, transformer fÈ is connectad to 
the Source 3 of current:S Vinicare to e ampli 
fied. Ene secondi les 33 includes siaila2 eleca 
trodes 8, 39 vinich are connected througià a 
simila transforme (3 to the Input Source d. 
A. phasing circuit 33 may be included in the con 
nections to One o the lenses so that thephase o 
the currents applied to the lenses m9y be prop 
erly adusted. Viile che device o ig. 3 3s 
been described as an amplifier, it. 257 be sedì GS 
an oscillator oy coupling the otput and input 
circuits as descrised in connection with Fig2. 
Instead oi using inductive coupling the capacitive 
coupling between the lens elements may be used. 
to couple the output to the input. 

f the maximum variation of loca length is de 
sired, both the electron beam velocity and the 
electrode spacings shouldbeso adjusted that a 
half period is required for an electron transit 
from the first lens to the second lens. 
transit time through a lens should be a half 
period or less. Thus adusted, the device Will 
pass electrons through Successive lenses at the 

i same part of the cycle. The phasing circuit 45 
permits other adustments of phase and transit 
times to be made with respect to the circuit ele 
ments between which thephasing circuitis intere 
poSed. - - 

- As the focal --- 
velocity modulation Will occur. Electrons con 
verging upon the nearer or inner electrode l9 

lish amplified signai currents in the output cir 

will have been accelerated in passing through the 
lens system and will have a shorter overali tran 
sit time. In some cases this velocity modula 
tion may be large enough to distort the wave 

5 

2 

2 

8) 

2,878,887. 
ferences. The diameter of the inner electrode 
should be made approximately equal to the di 
ameter of the electron beam with no high fre 
quency voltage applied to the lens. The diameter 
of the outer electrode should be made equal to 
the diameter of the electron beam with the max 
imum high frequency Voltage applied to the lens. 

Instead offocusing the electron beam On alter 
nate electrodes which are connected to the reso 
ant circuit, the beam may be alternately focused. 

On the Outer portion. 53 and then on the inner 
portion 55 of a resonant cavity 57, as shown in 
Rºig. 5. The electrons passing through apertures 
i te cavity establish Waves therein. e Ot 
put: currents are induceci in a coupling loop 59. 
A positively biased target electrode 6 f is posi 
tionedioehind the apertures in the resonant cav 
it. E' snoad be understoodi that the electrons 
Coving through the cavity give up energy Sust 
as the electrons impinging on the target eiec 
Groes (9 and 2 give p energy. In either mode 
o op22io Gine device may be adiusted to opere 
a&2 about the reference ine marked O oreither 
of the reference fines garized 63 and 86 of Fig. 6 
OS Saitalo biasing the lens. If the device si 
oiesed to operate about the point O, frequency 
diOuoig Wi take placeif e potentials applied 
to the lens extend from - Eto --E. 

E. c3. Sny avertio: 
. A3a electronic device inciulding in combina 

tioa a Sorce of electrons, a output, circuiti 
cAdigelectrodes upor Which electrons from Said. 
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gource 2re impinged, neans for feeding energy 
ro?a Saidi output circuit to vary the electrons 
?oving frora said source thereby to establish 
Lltrg Knigh frequency oscillations, an electric lens 
of Variable focus located between said source and 

- Said electrodes, and means for applying a modu 
Etion sign al to Said lens to vary its focalength 
2nd thusto focus electrons from said source upon 
fiEstone then the other of Said electrodes So that 
saici ultra high frequency oscillations are modul 
late?. 

2. AI electronic device including an electron 
As source, an output circuit including a pair of con 

centrically dispoSed electrodes of opposite in 
stantaneous polarity, an electric lens of variable 
focali length entirely disposed between said source 
and Said electrodes, means for directing electrons 

50 from said source through said lens to one of said 

e . 

length of the lens isvaried, some 

form of the amplified currents. By extending the 
outer electrode 5 withrespect to the inner elec 
trode 49, as shown in Fig. 4, the distancesto the 

i electrodesmay be arranged to compensate for the 
i differences in transit times. Moreover, by curv 
ing the electrodes the efficiency may be increased 
by further compensating for the transittime dif 

O 

electrodes, and means for varying the focai 
length of said lens to direct said electrons upon 
the other of saidi electrodes. º - 

3. An electronic device including an electron 
55 source, an output circuit including a pair of con 

centrically disposed electrodes of opposite in 
stantaneous polarity, a pair of electric enses of 
variable focal lengths disposed between said 
source and said electrodes, means for directing 
electrons from said source through said ensesto 
one of 3aid electrodes, and means for applying 
potentials in push-pull relation to said pair of 
lenses to vary their focal lengths.to direct said 
electrons upon the other of said electrodes. 

4. A device according to claim2 in which said. 
pair ofelectrodes are positioned at different dig 
tances from the center of said Iensalongits axis. 
- 5. A device according to claim. 2 in which said 
pair of electrodes form curved surfaces for com 
pensating for differences in electron transit 

6. An electronie device including a source o 
electrons, a resonant cavity including a pair of 
electrode surfaces separated byan aperture for 

s passing electrons through sald cavity an electric 
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ens disposed bet7eea Said source and Said Saga 
faces, means for directing electrons ro SSi? 
Source through Said lans upon said surfaces, 2A 
means for varying the focus of said lens so that 
said electrons alternately impinge on SSi saro 

- faces and pass through Said aperture, 
7. An electronic device for generatiag 1ito 

high frequency potentials inclulding in coabitato 
tiOa, a Source o electrOS, 2G olt9uÈ circa Cao 

Gding elacodes o Vihich electros rom 
Sai Sorce 3e rapiaged, ata etectriciens of Varia 
Sable fcc3 dispose bat7een said source and said 
electrodes, ad aeas or feediag energy Iron 
3al Giapa, cucitto S3di legas to. Vary the elec 
:SOg 3oviagoga gaid source tnereby to estab 
isa Saiga frequency osciato Cas. 

ERNES G. L.NDER. 


