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I

My 1nvent10n relates .to.an improved. arrange-
ment,.. for. selectively. amphfymg high-frequency :
alternating: voltages, and for-rendering-ancillary.
electric. circuits. responsive. to any desired one-
among a number of specific, frequencies -derived . 5
from a control circuit.

-Oscillation .generators and. amplifiers of a .ve-
locify-modulated. type.-known . as the Klystron.
are..known. in the.art, and .these function by -
projecting:. -2 -beam- of. ‘electrons -through a.first
alternatmg electric. field, then passing. them
through a substantlally field-free space for some
d1stance, 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 fi€ld, the.-electrons are. .subjected to a
vélocity modulation,. retardmg 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 ténds to set the space.-within.the cham-
ber.into. electrical vibration. The first-mentioned. -
cavity resonatoer.is referred.to-as the “buncher”
and'fr‘equ'ently takes th'e fbrm of a pair of spaced
Whlch is usually tuned ¢ +he saine frequency as
the resonant chamber through which the
bunched groups pass.”

It:'can be shown. .that tlie electrons. passing
through the field-frée space, first tend to bunch
themselves more cormpletely ‘as the faster mov-
ing eléctrons overcome the. slower moving elec-
tronis;. but this bunching can be shown to.reach
3 miaximum; after a time which is a funetion of
the velocity with. which the electron stream is.
projected into the. alternatmg -current field and
of ‘theintensity. of . that field.  However, after’
the termination of the optimum biinching time.
Just mentioned, it caii.be showii, that the bunch-
ing’ tendericy. ceases and is even “reversed. The’
effectiveness™ of the electron stream in. exc1t1ng;,
vibrations. in the resonarit. cavity is generally
greater when'the biiriching is most" complete, and
it will 'be evident, accordingly, that there is an
optimiim” separation between the resonant” cav- .
ity ‘and the alternating. exciting field -which will’
gerierste vibrations in the resonarit” cavity ‘most” 55
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" before ‘they pass through the resonant ‘cavity.

“to -cause.. the  elee
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‘ally mcreases ‘as ‘the  grodps. move toward: the*

25:

‘below-in- connectmn ‘with the. deta11ed ‘descrip=-

‘- resonant. cavrty ‘which -the-group is.to efficiénti

-the collectmg electrode
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'prov1d a.novel: type of: veloei
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effect1ve1y Af d1stances ‘either less “of greater
than. this: .optimum .separation, the effectlveness
of-the. arrangement is lesseried. .

In. accordance  with the~ preSent mventmn, I

" cause the.eléctron beam emerging from” the” ex-*

citing -alternating. fisld. to erter, not the" field=
free, space characteristic of ‘the prior-art, but a
unidirectional electric field, as a result’of’ ‘which~
the. electrons. underge’ ‘continious’: acceleration

have .discovered that_ it is possible, by properly”-
relatmg the. intensity of the alternating exciting.
field..and. umdxreetmnal electnc field to ‘the-‘ves~
locity. of. the electrons’ in’ entering® it;*
57to. form and . maintain
throughout theéir” passage in’ the aboVe-mentmned A
accelerating field a grolip of bunheh” formatlon in®
which the. eléctrons’ coistituting :any ‘one group,,
move .at equal .velocities so 'jthat ‘they maintain-
the- :group: formation unchangéd; ‘while-'the d1s-'

tance between any one. pair of groups contlnu-l

resonant .chamber. or.chanibers. The required’
relationship. to. efféct this result; W111 be'. descrlb d”

tion: of; the drawmg Since the successive group:
remain. substantlally intact throughoit their sub
sequent travel:to.the. colleetlng anode;” there
longer a smgle opt1mum distance by . whHich

excite- into . vibration. need be. spaced from th
alternatlng excltmg ﬁeld but‘a semes of reso

the- path; traversed by. the groups before stn
A severe l1m1 Bl

the resonant cav1ty at a fixed d1stance from the
exeiting field. is, accordingly,. obviated by, my»ar- ’
rangement.- It is,. therefoie, possmle 10

5. series- ofr resonant . cav1t1es,wwh1ch, 3, .
different characteristi quencies, at stccessive
positions along the path of t avel ‘of. the. eIectron,
ZLroups.- to-the collectmg Aanode.. :

One- obJect of my: invention

.1s,-according '1y, to.
‘modulate elec
trical d1scharge dev1ce in "which g
resonant. chambers..may be’ ex
eﬁie1ent1y by % sifigle véloeity modulated elec=
tronh beam.

Another obJect of my 1nvent10n i§ to prov '

trol: voltages 'rnay be’ selectwely /caus ¢
a plurahty .of separate-resonant cire C
‘feréht” cHaracteristic frequencies into “yibration:
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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 g novel type of veloecity modulated tube.

A still further object of my invention is to
provide a novel type of veloeity 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 cbject of my invention is to pro-
vide 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 respectlve frequen01es with hlgh
efficiency.

Other objects of my invention are to prov1de
ultra-short wave amplifiers or relays capable of
transmitting a broad range of different frequen-
cies between their output and input circuits.

Sueh objectives as I describe have applications
m relays and amplifiers useful in multi-teleph-
ony, television both ordinary and color, and in
the ultra-hlgh frequency electronic ﬁeld gener-
all,

gther objecis of my invention wﬂl 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-
txght électrical discharge tube | which may have
walls of insulating. material is provided at one
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, T, one of which is supplied with suit-
able potential from the voltage source 5. -The
exciting electrodes ;-7 are separated by a dis-
tance corresponding to an electrlcal transit angle
for the crossing electrons ‘of the desired value;
thls may preferably be180°. ‘The electrodes 6, 7
also form a portion of an input circuit preferably
comprising an exciting coupling 8 which may be
connected to an 1nput circuit comprlsmg a con-
centrlc line 9, {1.

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 1, {2, 13,117, 18 and
24. Inside this field: the beam first passes
through & pair of aligned apertures in g first pair
of work-circuit electrodes 12, 13 which constitute

portions of a resonant output chamber 14 which -

may bé connected to a load through a suitable
concentric line or other output transmission cir-
cuit i8. After passing through the first work-
circuit electrodes {2, 13, the electron beam passes
through s similar pair of work-circuit electrodes
11, 18 which are connected to a second resonant
output chamber {9 having an output transmis-
sion circuit 22.  The resonant frequency of the

<
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resonant chamber 18 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, 13, {4, 16 may be positioned
along the path of the electron beam, the dotted
portions of the walls of container 1 and the
arrangement designated by the reference numer-
als 23 to 25 being intended to- indicate such an
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
source 3{ impresses a suitable potential. It will

-usually be of advantage to make the voltage

source 3i of such polarity that the collector elec-
trode 29 is negative in potential relative to the
electrode 28 by an amount sufficient to reduce
losses and heating of the electrode 29.

It will be evident from-the above arrangement
that, if the exciting electrode T is made negative
to ground, as shown in the drawing, the electrons;
after passing through the aperture in this excit-
ing electrode, will undergo continuous accelera-
tion throughout the distance between the excit-
ing electrode 7 and the electrode 28.

" “The mode of operation of the above-described

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

the aperture in the anode § with a velocity deter-

mined by the potential of the latter, their num-

ber being confrollable by impressing suitable

voltages as desired upon the control electrode 3
in 2 ' manner well known in the art: The elec-

trons thus formed info a beam undergo further

acceleration and pass through the space between

the exciting electrodes 6, 1. An alternating con="
trol voltage is impressed on the latter through the

member 8 and the input circuit 8, f1.

The electrons in the beam prior to passage
through the aperture in electrode § will be, on the -
average, evenly spaced from each other. Let us
now consider an electron passing through -the
field between the exciter electrodes 8, T at a time -
when the alternating vcltage 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-
passing through the field between the electrodes
6 and 7T and will emerge into the space beyond .
the electrode T with a lower veloeity than it had
in entering the aperture in electrode 6. On the
other hahd, an electron which passes through the .
space between electrodes 6 and 7 when the alter-
nating voltage impressed. therebetween is zero -
will enter the space beyond electrode T at the
same veloeity it had oh passing electrode 6. -
Similarly, an electron: whlch enters the space
between the electrodes 8, T when the voltage
impressed on electrode 7 relative to electrode 6 is
at its positive maximum will undergo an accel~ "
eration and enter the space beyond electrode 1 at -
a higher veloecity than that with which it entered
the aperture in electrode 6. ’

However, a half period of the alternating. volt— )
age impressed by the input circuit 9, 11 has in--

tervened between the time that the first-men-

tioned electron passed through electrode 71 and

75 that .at which the ~last-mentioned electron



_ bagsed:through the.aperture; During that time.

going, further acceleration
electrical ﬁeld,»which» xjst
1

natmg »ﬁeld Hence,

‘and. second electron In short, all. three

“velocity at the. time -the last-mentioned

elec_ron passes the. electrode T. It 1may, in fact,.
be shown that most of the electrons entenng-,ﬂ

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 T.

Since all the electrons entering the unidi~
rectional field undergo .the. same. accelerating
force due;to the substantially - constant unidi-
rect1onal electnc field impressed .between -the

electrodes 1 and 28, they will all be accelerated‘
"ihe same Tate during their passage between‘

,electrodes, and will’ subsequently maintain

the1r spacings, unchanged Wlthm their- -group..

In short the.group traverses . the space betwéen
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 im-
pressed on electrodes 6, T by the input circuit
9, i1, the above-described action will be repeated
in per1od1c fashion, with the result that a second
bunch of electrons moving as a group with equal
velocity will pass through the fube. 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 welocities 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 § and 31. The
example of the three electrons fraversing the
electrodes 6, 71 at intervals 90° apart has only
‘peen 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 14, 19, 25,
etc.,, that power transfer to those cavities is 3

when the second electron’
‘the un1d1rect10na1 ﬁeld it ‘has the same .

peed. as that reached at that, instant by’

20
ns.. con51dered here. are mov1ng with the.
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magimuni; - I have found that for-a sinusoidaliy.
alternating:voltage:the best . bunching:is;achieved:
it electrons,. not- 0f »==90% but of -+102.7 -elec~
trical degrees.from thezero point of: alternating.:
current: _voltage..are: -exacily: focused with those::
of . the zero- - point.. This: ‘then -will produce:the.

most efficient: bun hing. -In ‘most-cases: a.:tran-,

sit angle of180°:-between electrodes 6.and T-is.

most advantageous..

‘By:reason-of the fact that each electron. group..
trayvels-as-a -unit: spaced :at: a.substantially: in-.
terval from other srouns; it is.capable;of exciting -
such. anoutput resonator-as.:14: efficiently -into -
vibration. regardless- of.-the . position- along the.
pathrbetween -electrodes. 1 and 28 at which. ‘the .
latter - is - located. The limitation; ment1oned
above as characteristic. of prior art Klystron:
tubes;. of .a-single optimum.position.-wherethe
resonator -must be-located to attain - efficient-ex~ -
c1tat1on from. the. electron stream .is..thus ,obh-.
v1ated in my arrangement Consequently, it is:,

nators at successwe pomts along the path of the -
electron path between electrodes T and- 28-and-
exclte ‘them successwely 1nto energet1c vibration:..
by.a. s1ng1e veloc1ty modulated electron: beam..
The efficiency ; with.. which an . electron .group -,
excifes. vibrations: in. 2. resonator.:is, . of ;course,.

'cr1t1cally dependent upon the: resonant frequency

of. the. latter, and..is:greatest. when. the. latter -
is equal to the frequency of the voltage 1mpressed .
by the input circuit 9, {1 on the, .electrodes 6,.1.-
Thus by giving the succes}sweresonators 14,19,
ete.,, different resonance. frequencies. and.. im-
pressing__on,lyaone of. these from. the input circuit.
{1, any_desired one.of the resonators.i4, 19:
and _their output. mrcmts 18, 22, ete.; _may be...
efﬁc1ently energized,. the other, output circuits
than that one being left undisturbed. My ar-
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 eircuit 9, 1i. 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 muitiplex 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 1.

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, {i. Any desired number of the’
frequencies to which the resonators 14, 19, ete.,
are tuned may be simultaneously impressed from
the input circuit 9, 11 and the corresponding
resonant chambers will all be excited to ener-
getic vibration. By spacing the frequencies im-
pressed by the input circuit 9, 1i 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 14, {9, etc. The arrangement thus
provides a2 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 nnpressmg proper input
frequencies on a single pair of execiting electrodes
in structures such as T have described.
By arranging feedback circuits between the
resonators 14, 19, ete., and the input circuit 9, {1

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-14, 19, étc., are designed, or even to
generate any plurality of such frequencies simul-
taneously.

While T have descnbed 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 g field-free Space beyond that electrode or even
ina retardmg field such as that in front of anode
29.
one input couphng, 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
said path for subjecting said particles to an alter-

[}
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It is also evident that, instead of using only
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nating electromagnetic field over & limifed: 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 dev1ce comprising-an
envelope having therein a source of charged par-
ticles and a collecting electrode forming a beam
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
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