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My invention relates to...an improved arrange 
ment.for selectively... amplifying high-frequency 
alternating voltages, and for-rendering ancillary. 
electric circuits, responsive to any desired one 
among a number of specific, frequencies derived 
from a control circuit. w 

Oscillation generators and amplifiers of a ve 
locity-modulated type known as the Klystron. 
are...known in the art, and these function by . 

O projecting: a beam of electrons... through a first 
alternating.: electric field, then passing them 
through a substantially field-free space for some 
distance, and-then, passing.them through a, por 
tion of a resonant. chamber or cavity and then 
collecting them. On a collecting electrode posi 
tioned beyond the confines of the latter. In 
passing through the first-mentioned alternating. 
electric field, the -electrons are subjected to a 
velocity modulation, retarding them when the 
alternating field is at one polarity and accelerat 
ing them. on the subsequent half cycle when the 
alternating field is of the opposite polarity. The . 
electrons, accordingly, pass into the field-free 
space with differing. velocities which tend to sep 
arate them into. a series of groups or."bunches' 
moving in spaced relation to each other. They, 
accordingly, pass into the resonant chamber in 
this "bunched' condition, and it can be shown. 
that this tends to set the space within the cham 
ber into electrical vibration. The first-mentioned 
cavity resonator...is referred to- as the “buncher' 
and frequently takes the form of a pair of spaced 
grids forming a portion of a resonant chamber 
which is usually tuned to the same frequency as 
the resonant chamber through which the 
bunched groups pass. 

It can be shown that the electrons, passing 
through the field-free space first tend to bunch 
themselves more completely as the faster mov 
ing electrons overcome the slower moving elec 
trons; but this bunching can be shown to reach 
a maximum, after a time which is a function of 
the velocity with which the electron stream is. 
projected into the alternating-current field and 
of the intensity of . that field. However, after 
the termination of the optimum bunching time. 
justmentioned, it can be shown that the bunch 
ing tendency ceases and is even reversed. The . 
effectiveness of the electron stream in exciting. 
vibrations in the resonant. cavity is generally 
greater when the bunching is most complete, and 
it will be evident, accordingly, that there is an 
optimum separation between the resonant cav 
ity and the alternating.exciting field which will 
generate vibrations in the resonant cavity most 
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effectively. At distances either less or greater 
than this optimum separation, the effectiveness 
of-the-arrangement is lessened. 
In accordance with the present invention, I. 

cause the electron beam emerging from the ex 
citing-alternating field to enter, not the field 
free space characteristic of the prior art, but a 
unidirectional electric field, as a result of which 
the electrons undergo continuous: acceleration 
before they pass through the resonant cavity. I 
have discovered that it is possible, by pro 
relating the intensity of the alternating exciting 
field-and- junidirectional electric field to the ve 
locity of the electrons in the beam entering it; 
throughout their passage in the above-mentioned 
accelerating field a group or bunch formation in 
which the electrons.constituting any one group, 
move at equal velocities so that they maintain 
the-group formation unchanged, w *the dise“ 
tance-between any one pair of groups continu-` 
ally increases, as the groups, move toward the 
resonant chamber or chambers. The required 

25 relationship. to effect this result will be described 
SSS SSS qqSS S S S SqSqSSSS SSqSS S SScSqS etailed descripë 

tion of the drawing. Since the successive groups. 
remain-substantially intact throughout their sub 
sequent travel-to-the-collecting anode, there is 
longer a single, optimum distance by which 
excite-into vibration-need be spaced from the . 
alternating: exciting field, but a series of resor. 
nant chambers, may, if desired, belocated alon the-pathtrayersed by the groups before striking 
the collecting electrode. A severelimitation, 
present in the prior art Klystron, to location of 
the resonant cavity at a fixed distance, from 
exciting field is, accordingly, obviated by m. 
rangement. It is, therefore, possible to pos 
a series of resonant caviti ? ?? ? ? ??• ”?• - ? ” •?•• -? 

different characteristic f 
if travel of the electron 

  



- - - - - - - 2,605,444 
3 

Still another object of my invention is to pro 
vide an arrangement by which any one of a 
plurality of resonant chambers may be excited 
selectively into vibration by means of a single 
control voltage of proper frequency. 

Still another object of my invention is to pro 
vide a relay device by which a plurality Of dif 
ferent control circuits may be selectively ener- . 
gized by impressing a proper control frequency 
on a novel type of velocity modulated tube. 
A still further object of my invention is to 

provide a novel type of velocity modulated elec 
trical discharge tube in which an alternating 
control voltage is employed to excite vibrations 
through the agency of an electron beam in a 
resonant circuit. 
A still further object of my invention is to pro 

wide an amplifier or relay device in which a plu 
rality of control voltages of different frequencies 
may be caused to separately excite resonant cir 
cuits of their respective frequencies with high 
efficiency. . . . . 
other objects of my invention are to provide 

ultra-short wave amplifiers or relays capable of 
transmitting a broad range of different frequent 
cies between their output and input circuits. 
Such objectives as I describe have applications 

in relays and amplifiers useful in multi-teleph 
ony, television both ordinary and color, and in 
the ultra-high frequency electronic field gener 
ally. . 

???her objects of my invention will become 
apparent upon reading the following description, 
taken in connection with the drawing in Which 
the single figure is a schematic showing of an 
electrical discharge tube suitable to embody the 
principles of my invention for certain purposes. 

Referring in detail to the drawing, a Vacuum 
tight electrical discharge tube which may have 
walls of insulating material is provided at 9ne 
end with an electron gun capable of projecting 
a concentrated beam of electrons and comprising 
a cathode 2, a control electrode 3 and an anode 
4 of conventional type for this purpose, and Sup 
plied from a suitable source of direct-current voltage 5 having its positive terminal grounded. 
The beam from the electron gun is projected 
through a pair of aligned openings in exciter 
electrodes 6, 7, one of which is supplied With Suit 
able potential from the voltage source 5. The 
exciting electrodes 6, 1 are separated by a dis 
tance corresponding to an electrical transit angle 
for the crossing electrons of the desired value; 
this may preferably be 180°. The electrodes 6,7 
also form a portion of an input circuit preferably 
comprising an exciting coupling 8 which may be 
connected to an input circuit comprising a con 
centric line 9, ii. 
After passing through the apertures in the 

exciter electrodes 6, 7, the electrons of the beam 
enter a unidirectional accelerating field, prefer 
ably constant and homogeneous which is adjusted 
and maintained by electrodes 7, 2, 3, 7, 8 and 
24. Inside this field the beam first passes 
through a pair of aligned apertures in a first pair 
of work-circuit electrodes 2, 3 which constitute 
portions of a resonant output chamber which 
may be connected to a load through a Suitable 
concentric line or other output transmission cir 
cuit is. After passing through the first Work 
circuit electrodes 2, 3, the electron beam passes 
through a similar pair of work-circuit electrodes 

1, 8 which are connected to a second resonant 
output chamber 9 having an output transmis 
sion circuit 22. The resonant frequency of the 

4 
resonant chamber 9 may be different from that 
of the resonator. 4, if SO desired. 
Any desired number of output circuits similar 

except for their resonant frequency to the 
arrangement 2, 3, 4, 6 may be positioned 
along the path of the electron beam, the dotted 
portions of the walls of container and the 
arrangement designated by the reference numer 
als 23 to 25 being intended to indicate such an 

0 arrangement. After passing through some or all 
of such a series of output, chambers, the electron 
beam passes through an aperture in an electrode 
28, which is preferably grounded, and is collected 
by a suitable electrode 29 on which a voltage 

15 source 3 in presses a suitable potential. It Will 
usually be of advantage to make the voltage 
Source 3 of such polarity that the collector elec 
trode 29 is negative in potential relative to the 
electrode 28 by an amount sufficient to reduce 

20 losses and heating of the electrode 29. 
It will be evident from the above arrangement 

that, if the exciting electrode 7 is made negative 
to ground, as shown in the drawing, the electrons, 
after passing through the aperture in this excit 

25 ing electrode, will undergo continuous accelera 
tion throughout the distance between the excit 
ing eiectrode 7 and the electrode 28. 
The mode of operation of the above-described 

arrangement I consider to be substantially as fol 
30 lows: Electrons from the cathode 2 pass through 

the aperture in the anode 4 with a velocity deter 
mined by the potential of the latter, their num 
ber being controllable by impressing Suitable 
Woltages as desired upon the control electrode 3 

35 in a manner well known in the art. The elec 
trons thus formed into a beam undergo further 
acceleration and pass through the space between 
the exciting electrodes 6, 7. An alternating con 
trol voltage is impressed on the latter through the 

40 member 8 and the input circuit 9, f. 
The electrons in the beam prior to passage 

through the aperture in electrode 6 will be, on the 
average, evenly spaced from each other. Let us 
now consider an electron passing through the 
field between the exciter electrodes 6, 7 at a time 
when the alternating voltage impressed on the 
electrode 7 relative to the electrode 6 is at its neg 
ative maximum. For simplicity let us assume 
the transit angle between 6 and 7 is very small. . 
The case of larger transit angles does not change 
the principle discussed. In this latter case, the 
field found by the electron at the midpoint of the 
alternating current field is then the critical value. 
This electron will obviously be slowed down in 

55 passing through the field between the electrodes 
6 and and Will emerge into the space beyond 
the electrode 7 with a lower velocity than it had 
in entering the aperture in electrode 6. On the 
other hand, an electron which passes through the 

60 Space between electrodes 6 and 7 when the alter 
nating voltage impressed therebetween is zero 
will enter the space beyond electrode 7 at the 
same velocity it had on passing electrode 6. 
Similarly, an electron which enters the space 

65 between the electrodes 6, 7 when the voltage 
in pressed on electrode relative to electrode 6 is 
at its positive maximum will undergo an accel 
eration and enter the Space beyond electrode 7 at 
a higher velocity than that with which it entered 

70 the aperture in electrode 6. 
However, a half period of the alternating volt 

age impressed by the input circuit 9, has in 
tervened between the time that the first-men 
tioned electron passed through electrode 7 and 

75that at which the last-mentioned electron 
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electrodes 7 and 28 to the alternating. voltage. 
on exciter. electrodes 6, and 7, * - - N - M 1 m - - - - - - - ncrease un, 

the velocity of the first-mention 

it just cancels the de 
natingfield: Hence 

at that instant by 
and second electron. In short, all three 20 

- - - - - - f the first-mentioned, electron 
during said half. period, can be made such that 

in which, due to the 
the space with the . 

eléctrons. considered here åre moving with the, 
same velocity at the time the last-mentioned 
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electron passes the electrode 7. It may, in fact, 
be shown that most of the electrons entering. 
the space during one cycle of the control voltage 
undergo substantially a similar experience so 
that they form a group all moving with nearly 
the same velocity at the time the last electron 
of the group passes the electrode 7.' 

Since all the electrons entering the unidi 
rectional field undergo the same. accelerating 
force due to the substantially constant unidi 
rectional electric field impressed between the 
electrodes 7 and 28, they will all be accelerated 
at the same rate during their passage between 
aid electrodes, and will subsequently maintain their spacings unchanged within their group. 
In short, the group traverses the space between 
the electrodes 7 and 28 as a unit; this group is, 
however, undergoing a continual acceleration to 
higher velocities as it moves along its path. 
After the lapse of a cycle of the voltage in 

pressed on electrodes 6, 7 by the input circuit 
9, , the above-described action will be repeated 
in periodic fashion, with the result that a Second 
bunch of electrons moving as a group with equal 
velocity will pass through the tube. By the 
time that happens, however, the first-mentioned 
group will have traversed a Substantial distance 
along its path and will have been accelerated 
so that it is moving at a higher velocity than 
the second. The result of this is that the elec 
tron beam is modulated into a Series of electron 
groups or bunches moving along the path to 
ward the aperture in electrode 28 With con 
stantly increasing velocities as they proceed 
along the path and with the Spacing between 
any two groups continually increasing as time 
passes while the spacings of the electrons with 
in one group remain essentially frozen. 

After passing through the aperture in elec 
trode 28, the electrons are, of course, collected 
by electrode 29 and returned to the cathode 
through the voltage supplies 5 and 3. The 
example of the three electrons traversing the 
electrodes 6, 7 at intervals 90° apart has only 
been cited for convenience of explanation. In 
case of sinusoidal alternating voltage, not all 
the electrons will attain exactly the same Speed 
in the unidirectional field. It is therefore under 
stood that the magnitude of the unidirectional 
field shall be so adjusted to that of the alter 
nating field that optimum bunching is achieved; 
id est a time-current relation is produced at 
passage through the output chambers 4, 9, 25, 
etc., that power transfer to those cavities is a 
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6. 
maximumi, I have found that fora sinusoidally, 
alternating; voltage the best bunching is achieved: 
if electrons, not of +90°, but of +102.7 elec 
trical degrees, from the zero point of alternatings 
current voltage are exactly, focused with those; 
of the zero point. This then will produce the 

| most efficient.bunching. In most cases: a tran 
sit angle of 180° between electrodes 6 and Tris. 
npst advantageous. 

By:reason of the fact that each electron, group. 
travels as a unit; spaced at a substantially in-, 
terval from other groups, it is capable of exciting: 
such an output resonator-ass 4: eficiently into 
vibration; regardless of the position along the 
path between selectrodes 7 and 28 at which the 
latter is is located. The limitation, mentioned 
above as characteristic of prior art Klystron, 
tubes, of a single optimum position: where the 
resonator-must be located to attain efficient ex-. 
citation from the electron stream is thus ob-, 
viated in my arrangement. Consequently, it is 
possible to position any desired number of reso-, 
nators at successive points along the path of the 
electron path between electrodes 7 and 28; and 
excite them. Successively...into energetic vibration. 
by, a single velocity...modulated electronbeam. 
The efficiency with which an electrons group. 

excites vibrations, in a resonator is, of course, critically dependent, upon the resonant frequency 
of the latter, and is; greatest, when the latter, 
is equal to the frequency of the voltage impressed 
by the input circuit 9, 1 on the electrodes 6, 7. 
Thus by giving the successive, resonators, 4, 9, 
etc., different resonance frequencies. and lim 
pressing only one of these from the input circuit. 
9, f, any, desired one of the resonators, 4, 19. 
and their output circuits. 6, 22, etc., may be. 
efficiently energized, the other output, circuits 
than that one being left undisturbed. My air 
rangement obviously makes possible a relay or 
amplifier in which any one of a number of out 
put circuits may be energized selectively and at 
will by impressing the proper frequency on the 
input circuit 9, f. This provides an arrange 
ment which is an effective relay for enabling an 
input circuit to control at will any one of a 
number of output circuits. Such relays find ap 
plication in multiplex telephony, television, and 
the alternating-current technology generally. It 
will usually be found advantageous to position 
the resonant chambers of highest frequency 
most distant from the exciter electrodes 6 and 7. 

However, the use of the above-described ar 
rangement is not confined to employment of a 
Single modulating frequency impressed by the 
input circuit 9, f. Any desired number of the 
frequencies to which the resonators 4, 9, etc., 
are tuned may be simultaneously impressed from 
the input circuit 9, and the corresponding 
resonant chambers will all be excited to ener 
getic vibration. By spacing the frequencies im 
pressed by the input circuit 9, over a band 
of any desired Width, a similar broad band of 
frequencies may be excited in an output circuit 
which is coupled to all of the corresponding 
resonators 4, 19, etc. The arrangement thus 
provides a broad band amplifier which may be 
designed to transmit any predetermined band of 
frequencies efficiently. Such broad band ampli 
fiers will find many applications in high fre 
quency alternating-current techniques. 

It is, in fact, possible to show that the effec 
tiveness of the bunching action of the electrodes 
6 and 7 is so little dependent on the frequency as 
Well as on the distance by which they are sepa 
rated from the resonant chambers 4, 19, etc., 
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that the efficienéy with which they excite vibra 
tions in chambers resonating over the range 
1500 megacycles to 4500 megacycles varies by 
only about 10%. . In short, the outputs of reso 
nators of a wide variety of frequencies may be 
efficiently controlled by impressing proper input 
frequencies on a single pair of exciting electrodes 
in structures such as III have described. 
By arranging feedback circuits between the 

resonators 4, 9, etc., and the input circuit 9, 
in a manner well known in the Klystron art, the 
arrangement I have described may be made to 
act as an oscillation generator capable of oper 
ating at any one of the frequencies to which the 
resonators: , 9, etc., are designed, or e Ven i to 
generate any plurality of such frequencies simul 
taneously. 
While I have described my arrangement as 

employing electrons to constitute the projected 
beam, it will be evident that the above-described 
principles are applicable to beams comprising 
any electrified particles. Also while I have de 
scribed the resonant output chambers as posi 
tioned within the region traversed by the uni 
directional accelerating field due to electrode 28, 
it is within my invention to position any of them 
in a field-free space beyond that electrode or even 
in a retarding field such as that in front of anode 
29. 
One input coupling, Several input couplings or 
resonators, preferably spaced closely to each 
other, may be used. 

I claim as my invention: 
1. An electron discharge device comprising an 

envelope having therein a Source of charged par 
ticles and a collecting electrode forming a beam 
path therebetween, resonant input means along 
Saidpath for subjecting said particles to an alter 
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8 
nating electromagnetic field over a limited por 
tion of their path, means including an electrode 
in said envelope adjacent said collecting elec 
trode adapted to produce a homogeneous field for 
accelerating said particles after emerging from 
said portion of their path, and a plurality of 
output cavity resonators along said path inter 
mediate said resonant input means and said field 
producing electrode. 

2. An electron discharge device comprising an 
envelope having therein a source of charged par 
ticles and a collecting electrode forming a bean 
path therebetween, resonant input means along 
said path for subjecting said particles to an 
alternating electromagnetic field over a limited 
portion of their path, means including an elec 
trode in said envelope between said collecting 
electrode and said resonant input means adapted 
to produce a homogeneous field for accelerating 
said particles after emerging from said portion 
of their path, and a plurality of output cavity 
resonators along Said path intermediate said 
resonant input means and said field producing 
electrode. 

MAX GARBUNY. 

REFERENCES CTED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Ntimber . Nanne Date 
2,280,026 Brown ------------ Apr. 14, 1942 
2,314,794 Linder ------------ Mar. 23, 1943 
2,409,608 Anderson ---------- Oct. 22, 1946 
2,425,748 Llewellyn ---------------- Aug. 19, 1947 
2,446,572 Bull -------------- Aug. 10, 1948 
2,494,721 Robertson.---------- Jan. 17, 1950 


