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| The present 1nventmn reletes to the e,rt 1nclud-- |
_ing velocity variation electron discharge devices
~ such as of the type shown in Varian- Patent
2,242, 275 issued May - 20, 1941,
vention relates more pertrculer y. to improve-;

'I'he present in-

'rnents on such devrces :Eor reduclng losses in-

| | PTUJEGtEd through the elternatlnn' electromag-
 netic field of a hollow cavity resonator containing:

a, COi

Aned eleotromegnetlc field. The interaction

. of the electron beam with this fleld recurrently

~varies the velocities of the electrons. These ve- !
. locity-varied ‘electrons are then projected
- through a field-free drift space i Wl’llch the

_ faster electrons are pernntted to overteke the

~ slower electrons thereby producing Tecurrent.
~ bunching of the electrons -in the. beem The
bunched beam is then passed through a second -

y cew.ty resonator of the same type and gives up
high frequenoy energy to this second “ca,tcher” o
Arst or “bunoher” resone,tor may -
- be separately excited, in which case . the device . 2¢

The

~ resonator.

: acts as an ampiifier to produce an amphﬁed out-
- pub from the catcher resonetor
a portion of the output from. the second or
 «gatcher” resonator may be fed back to- the
. “pbuncher” resonetor and the. devrce thereuponl
- will generete sustemed oscﬂletlons
' modifications, the device may also. act in many
other cepe01t1es such as a regeneretwe emph- o
~fier, a meduletor 2 deteotor frequency multi-
 7plier, superheterodyne mixer or other weve tra,ns--
- lating apparatus. - - !
- In order to produce retlsfeotory opera,tlon a,t'

the ultra high frequencies, such as of the order .
ened drift tube

ever, the lowered electron velocity in the drift
‘tube is obtained without the formerly necessary e
concurrent increase in the electron transit angle,

" of 108 cycles per second or higher, it is necessary'

. 40
the power cepeclty and outnut of the device de-

to provide rele,twelp hlgh electron velooltles since

Alternetwely,“ -

10

potentlels but closely cepamtwely ooupled SO as o
" not to impair the action of the device as a useful ]
| "Each.of these parts

-may then be provided. Wlth an electron-permeable
~grid for coupling the resonator with the electron .~
beam.. The entrance grid adjacent the cathode .

~creasing effective. input shunt 1mpedenoe end.- ~ is operated as an accelerating grid at a high posi-

 permitting larger power outputs.- s |
- The present mventlon is. e,pphed to a veloclty-
~ variation device, in which an electron beam is -1

hollow cavity resonator.

y .grrd whereby a retarding field is produced be-

~ tween the two grids, causing deceleration of the
15 BT
 velocity. The electrons enter the drift space with . -

electrons end o resultant lowered electron exit

 may be materially. shortened over previous tubes

 cited Patent 2,242,275.

-~ having the sa.me beam current or entrence elec-

2(} “tron velocity..

~The present derlce also has further edventeges

over the prior art devices illustrated by the above
Thus an electron beem in

o passmg through the “buncher” 'resonator absorbs

29

30

By slight

- tron velocities permitting reduced trensﬂ: tlmes )
35 & o

“nends upon the current of the eleotron beam, and

‘since certain of the losses within the. resonators
How-,-
4D
 long drift spaces to per nnt Q. setlsfectory bunch—- |
ing of the electron beam.. In order to be able to -
 utilize reasonable and convenient-sizes for such

- are greater for smeller electron velocltles
ever, such high electron velocltles require unduly

-'epperetus it is necessery to reduce the drift space

length in some way. . Th1s can be done eccordmg

- static potential as in prevrously known devices,
the ‘“buncher” resonetor is spllt into. two perts

e isolated from one enother euth respect to St&tlc

55

25 g definite, if small, amount of energy from the . .
““  field within the resonator in order to ‘produce
- the recurrent variations in electron velocity. -
 This energy loss is dependent upon . the electron =

transit time- w1th1n the resonator: that is, the

and trensrt anﬂ'les within the resonetor

77 In the prror art devices, this condrtlon was 1n-- o
| jcompatlble with the desired low average electron

~ yelocity within the drift space permitting a short-
By the present invention, how-

~since the average velocity of the electrons in the - -
~ resonator is now much greater than its velocity =
‘in the drift space, permitting the advantages of = -
| j'both the shortened drift tube and the decreesed__ e
. power lcss contrary to teachlng of the prror ert_

"devmes L
“The present devme hes a further edva,ntege R
- | ;50'aover prior art devices in that by the use of the _ |

" to the present invention, in. which, instead of op-

- split buncher resonetor a smaller hlgh frequency SR E :.:"
erating the entire “buncher” resonator at a single

_drrvmg voltege between the grlds of the reso--_.'-.; L
~ nator will produce .an equal output eﬁect In
 this way, lower buncher field intensities may be
used further reducmg losses Wlthln the resona,tor 7. e

~ tive potential with respect to the cathode, where- =~
by a high-velocity electron ‘beam and therefore

high beem current is produced The second or

' exit grid of the bunching resonator is operated B
“at a lower. dlrect potential than the ‘entrance

- this lowered velocity whereby the drift space o

0 longer the transit time and the greater the tr ansit s
‘angle, up to a half cycle of the operatmg fre-
quency, the greeter W111 be this power loss.

| To .
- prevent this loss, it is desirable to have high elec-

.....
.




o and its dleleetric

the device, especially Where it operates as an am-

- plifier, and permits its use where input impedance |
- requirements would prevent the use of erd1na,ry"'_,

- electron discharge devices of this type. .

- Accordingly, it is an object of the present in-
~_vention to provide an improved velogity variation
~ electron discharge device having smaller overall
- - dimensions than previously obtamable Wlth de--
- vices of the same character.

This is equwelent to an in-
- crease in the effective input shunt impedance of

o ,' 2,444—, 434

10+

It is another object of the present invention te-';:_ |
provide an improved velocity-variation discharge =

- device having decreased power lesses and eonse_ .

: quently increased efficiency. |
It is a further object of the present mventmn

”te prov1de an 1mprovec1 velocity variation dis-
charge device requiring decreased driving or -
buncher voltage and havmg 1ncreesed mput'
20 |
- an amplified -version of this energy at eutput 2G.

| - shunt impedance. - |
It is & still further ebJect oi the present 1n-

vention to provide an improved electron velocity-
- variation discharge device ut111z1ng a2 -Split
- resonator having insulated pertlens operetmg at o
- 25
1t is still another object of the present inven-

| different static potentials.

threugh the secend or “cateher” eseneter 22 by'

- way of its grids 23 and 24, and gives up its hlg.:l-‘
o flequency energy to the ficld within resonator
22,
any des1red utilization device by way of 2 Simi-- =
. lar coupling. connection 26. .
" through grid 24 are then eelleCued by eny eu;t- -
'-.eble electrode such as 2T. -

This energy may then: bﬂ dlrected toward

Resenetors 16 and 22 are fe*ﬁmed a5 bDb&ll}-

enclesed cenductmg heusmgs defining their 1..... S
spective resonant cavities and operating at
| smgle static petentlel
~are c¢onnected to ground as 111ustreted in the

Generally, these membere"

drawing at 28, the cathode ! being insulated

15

therefrom and epereted at a high negative poten~-

tlal with respect to ground by means. of beu-"-'_"_' “

tery 171, - )
It hlgh frequency cnergy is supphed to resona- N

“tor 16 from an external source, by coupling 48,

the device will operate as an amplifier to plodune

- If desired, resonator 22 may operate at or ke

__'tmn to provide an improved electwn velocity- )
connectors 26 and 18 together b; suitabie means,

. possibly including a phase “adjustor, the device

- variation discharge device hemng deerea,sed elec-
tron transit time within the resonators thereof,.

 without secnﬁemg compectness and efficiency.

30

Further objects and advantages. will beeorne-

' epperent from consideration of the - follomng’. 2

speelﬁcetlen and drawings, wherein

~ Fig. 1 shows a schematic diagram ef a prmr'
§ art type of Veleelty Verlat1en electren dlecha,rge_"

- device.. | |
 Pig. 1A shows a dlegram useful in explemmg

_' '_ -the operation of the device of Fig. 1.

Fig. 2 shows a schematic representetmn of a
medlﬁcetlon of the device of Fig, 1 mcerporatmg--
some of the advantages of the present invention.
__ Fig. 2A is a diagram useful in eXplemlng the_ |

- operation of the device of Fig. 2. | -

- Pig. 3 shows.a schematic representetmn of a
| IIlOdlﬁF'd form of the present invention,

reeenent at a hermenlc of the reeonent fre-

~ quency-of the resonator 16, whereby the device

will operate as an empllﬁer and frequency multi--
plier elmulteneeuely

will act as a self-excited oscillator, and will pro-

. duee sustained eoscillations which may be sup-

- plied to any desired utilization device, either by -
~ connector 26 or by a ‘similar independent con- -

- -nector coupled to resonator 22.
35

By further modi-

fications of the apparatus, it may operate as a
- regeneretwe empll
tector, or as a super-regenerative detector, all =
of which have been deeerlbed in prler ert pe,tenue._

er, as a modulator, as a de-

- - '&Ild DUbIIC&tIOIlS

40

To reduce’ the. beam power less W‘lthl“‘l th;"

| bunehlng resonator 18, caused by the absorption o
of energy fro*n the resonator to produce the

Figs. 4 and 5 show schematic representa,tlen.:,.

of further modified forms of the invention, and

Fig. bA shows a diagram useful in explelnlng |

_-'the operation of the device of Fig. 3. |
Considering Fig. 1, there is shown schema,tl—

variation of the veleclty of the electrons of the o '
- beam, it is desirable to space grids i3 and 14

45

close together and to- provide a high election

velocity, thereby producmg a low transit time or-

transit angle within resonator 6. Such high

~ velocity electrons, however, require a long drift

~ Space to produce the proper bunching of the..f_'_' |
50

cally an electron velocity variation discharge de-

- vice of the type disclosed in the abeve-mentloned'

- Varian Patent 2,242,975, This device includes a

i ~ suitable thermmmc cathode 11 energized by.a
“heater 12 and providing an elecétron beam which -
is projected. toward one grid. {3 ef a first or

~ “buncher” resonator 6, by means of a suitable
accelerating voltage derived. from g, bettery [k}

'.The elecirons passing between grids 13 and | 4'
_of resonator 18 have their veleeltles recurrently
and veriodically varied by the resonator electro-

‘magnetic field existing between grids 13 and 4.
~ This field may be supplied to. resonator (6 frem

- any suitable source, 1nclud1ng the eutput of the -

present device, by means of a. suitable coupling
- connection. 18 111ustreted as be:tng a concentric

o transmission line with a coupling loop 19 at its -

end - within resenetor 16.

The Velemty-vemed

- electrons passing ‘through grld 14 then. proceed

‘within a ﬁeld-free drift space defined by drift -

~ tube 21, having a lensth suitable to permit the

' .fester eleetrens to overtake the slower electrons
~ to produce recurrent bunchmg of the electron
'bee,m |

The bunched_ electren beam then passes

60
--_._m two separate portions 16’ and 16'’, respectively-
 insulated from one another but closely capaci-

beami in order that it may efficiently give up
energy to the catcher resonator ¢d. This unduly

increases the overall lene'th of the device, which
- 1s undesirable for reasons of compactness and
o .e;de;ptetmn to Verlous eppllea,tmns of use of the .
55 |

device.

) Accordmgly, 1t is de31rab1e to prmude meens.".... o
' for reducing this power loss while retaining the
~advantages of reasonable length of drift tube.

This may be done by the device of Fig. 2. In this
case, the ‘casing of resonator 16 has been divided

- tively coupled, whereby the resonator continues

65

~_to operate fully satisfactorily as a resonant en-
iclosure for the- hlgh frequency electromsagnetic

-~ field, ‘but permlttmg different static potentlals_ "

- to'be applied by means of a battery 29 to the

| respeetwe grlds {3 and 14 connected. to - thSB .

'portions 16’ and 16"’ of resonator (8.

~ As shown in Figs 2-and 2A cathode: H 15 stlll.'" '

"memteined at a negative potential by battery {7

 whereby- grid 13 is maintained at a high positive |

'_{_.'potentlal with reepect to cathode 11, this poten- -
“tial being indicated as Vo.in Fig. 2A and being the

75

sum of the Volteges of the betterles H and 29

- Electrons  passing =

If energy is supplied to - o
‘resonator 16 from resonator 22, as by coupling



o at dr
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- @Grid 14, bemg connected to the grounded sec-
 tion 16’’ of resonator 18, now has a static po-

tential V’o with respect to grid 13, as. well as an

~ alternating potential V1 cos of. produced by.the
 high frequency field within the resonator 6. I
‘desired, of course, battery T alone. could have g
potential Vo, so that. grld 13 could: be at ground
 potential, and grid {4 at a negative potential of

~an amount. V’e. This contrasts with the situa-

tion in Fig. 1 and Fig. 1A, where the only poten-
tial between grids 13 and I4 IS the alternatmg
o potentral V1 cos of. )
- In Pig. 2 the statlo potentlal between grlds l3'
and {4 produces a refarding field upon the elec-

tron beam and.is therefore indicated by a nega-

tive sign in Fig. 2A. As a result of this condi-
tion, the exit velocity of the electrons from grid
{4 is materially reduced with respect to their
a: shortened . drift
~ space, while the average velocity of the electrons

 within the resonator, that is, between grids 13

‘entrance .velocity, permitting a

and {4, which determines the electron transit
time withm the resonator 16, is. materially in-
creased over the oorrespondmg electron velocity

in the device of Fig. 1 neoessary to produce the

same drift space velocity. As discussed above,

"':oﬁers several advantages over the split catcher ' |
“resonator arrangement of the aoovementoned ap~-

6

" --conneoted respeotwely to resonator 16 and reso-

nator 22, at differing static potentials by battery
35. the same accelerating effect may be produced.

‘These two portions may be of dlf‘ferzng dlameters
_"1f desired. -

It is to be noted that the present arrangement -

~ plication Serial No. 417,229. First, the transit

10

‘time of the electrons in the space between catcher
grids 23 and 24 is reduced, since the average

 velocity in the grid space is materially increased.
_-In this way, the resultant losses in the resonator

15

2 are reduced, as discussed above.
Furthermore the accelerating a,rrangement also
prowdes or. may be adapted to provide some

- focusing action. As is well known, electrons In

20

. an electron stream being of the same charge
| polarlty, tend to repel one another whereby the

beam - is dispersed and defooused This has a

“harmful  effect upon the operation of electron

~beam tubes, especially of the present: type, and

must be avoided. Alrangements of the types

shown in Figs. 3 and 4 will act to focus the beam

256

this carries the concurrent -advantages of de-
- tained by electron lens action. Similarly, the

creased power loss in the bunohlng resonator IB

- and reduced drift tube length.

‘The electron beam in the apparatus of Flg 2
~ proceeds from the drift tube 21 to the seoond'_
“In-

‘rescnator 22’ to give up its energy: thereto.
the present illustration resonator 22’ is shown as

having g resonant frequency which is a harmonic
of the resonant fregquency of resonator 16, where- .

by the device will act as a frequency multlpher

It is to be understood, however, that this is

shown so for illustrative purposes only, and that

‘the invention of Fig. 2 may be applied equally to. B
40

an amplifier, oscillator, detector, modulator, or

- | _.other type of velocity variation translating device.
The power loss described above occurring in

the buncher resonator due to the eiectron trans1t
time therein also occurs in the catcher resonator,
such as 22. A similar. splitting of the catcher

30
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resonator 1nto two insulated -portions operatmg. |

| Tering static potentlals may be utilized, as
‘shown and described in oopendlng Hansen appli-
 cation Serial No. 417,229, for High frequenoy tube
struoture filed October 31, 1941, and assigned 1o
‘the same assignee as the present application.

- The same advantages as exist in this Hansen
application may be obtained by accelerating the -
~electrons of the beam before they reach the catch-

~er resonator. This may be done as shown in
~ Pig. 3 by providing a pair of electrodes 31, 32

and prevent it from dispersing. If desired, cyl-
“inders 31 and 32 of Fig. 3 may be made of differ--
ing diameters whereby increased focussing is ob-

seetions of drift tube 21 shown in Fig. 4 may be
made of different srzes to produce
,-focussmg actron | | o
- This focussing action ‘becomes espeolally ad- .-

s1m11ar |

vantageous in very high frequency tubes, in which
case the grids 23 and 24 may be completely

omitted, sufficient coupling between the resonator
‘and the electron beam being obtained merely by

'passmg the beam through the opening where the
.grid crdinarily would be. |
.~ catcher resonator, the focussing action of the

accelerating electrodes on the heam permu;s a

‘smaller diameter beam passing through the tube.
- In gridless resonators, the effective electron tran-

sit time or effective transit angle through the

resonator ‘is propoltwnal to the radius of the -

opening. Smaller beam diameters therefore per-

mit a smaller opening which, in turn, reduces the

~ equivalent electron transrt tlme and reduces the |

50

di
increases the available high  frequency energy

1osses dlsoussed above.

As a further advantage the increased potent1al;
erence through wh:loh the electron beam falls

' _};whleh may be.derived from the beam.

55

~ coupled to the beam and maintained at different
static potentials by means of a battery 38 where-

by the eleciric field between these two eleetrodes'

31, 32 will accelerate the electron beam passlng

60

'therethrough These electrodes 31, 32 are illus- -

trated as being coaxial: oyhnders surroundmg the
- beam and are preferably but not necessarily thus

~ formed and arranged. Actually electrodes 31, 32
' may be ring electrodes or grid electrodes or any

If desired, of course, the accelerating action of

the apparatus shown in Figs. 3 and 4 could be
fcombmed with the split catcher of the prior ap-
;plroatmn Serial No. 417,229, and a retarding field
applied to the catcher thus sp_ht into two sections,
a5 shown in Fig. 5.
‘transit time loss and other resonator losses are
further reduced, thereby 1noreasmg tbe eﬂ‘iciency
'and power output |

‘Fig. bA shows the potent1a1 arrangement for

In this way, the electron

| the tube of Fig. b, having the split catcher reso-

85

other electrodes suitable for coupling to an elec- -

tron beam without impeding the flow of the elec-
trons thereof.

' - resonator 22.

- Instead of utlllzmg separate eleotrodes 3[ 32 |

the drift tube 21 of Fig. 1 may be split into two.
portions providing a gap 20 therebetween as shown
in Fig. 4. By mamtaming these two portlons :

~ tery il
| Preferably also, the accelerating -

~ getion of these accelerating electrodes 31,
produced near the entranoe grld 23 of the oatohe1

32 is

70

76

nator 22.

Here an acoeleratmg voltage Vo be-
tween cathode 11 and entrance grid 13 of reso-
nator {6 is provided, as by the accelerating bat-
The alternating electromagnetic field

‘within buncher resonator. 6 produces the poben-

tial V1 cos of between grids 13 and {4 and there-
by velocity modulates the electron beam pass-
ing therethrough. In the drift space between
srid 14 and grid 23 a potential Vs is applied
from battery 33 to electrodes 31 and 32 forming

g field providing further aoceleratlon of the eleo-

trons

“With such a gridless




- means  further

By sphttmg the catcher resonator 22 and-

~ and 28 thereof, the pcrtentlal between grlds 23
- . and M Wlll be | | | |

—i/'4—]—V2 cﬂs wt

instantaneous maximum amplitude of the output
voltage. Because of the accelerating and retard-

‘ing flelds preduced by voitages V3 and Vi, the

2 444: 434

_connected thereto for producmg a retardmg uni-
| a.pplymg a retarding field Vs between grids 23

directional electrlc ﬁeld between sald Walls act-
ing on said stream. = - -- .
3. High frequency apparatus comprlsmg means

for producing a stream of electrons, means along

: | | ~ the path of said stream for velocity modulating
as mdmated m .t‘lg 5A the valtaﬂ'e V2 bemg the

. said stream, and means a,long said stream path.

- for utilizing said. mudulated electmn stream, said

10

~ electrons have a decreased transit time in reso- -

. hator 22 with 1espect to the situation in Fig. 1

if the same voltage Vo 1s used, and dec:teased' |

 losses and improved power output occur. |

- Itis a,lso to be understood that the appara,tua
-~ of Fligs. 3 and 4 may incorporate the split buncher =~
resonator of Fig. 2, if desired, and that apparatus
just described is not restricted to any particular

15

- type of apparatus but may be used with all types

- of velocity modulation electron discharge tubes.

20

| II']. this - Way, thelﬁ" 18 promded an- Imprgved'__-
VEIGGIW variation electron discharge device pro-

- viding higher efiiciency and greater pc}wer out-— =

‘puts than heretofore obtainable.

Since many changes. could be 'made in. thez5

~different embodiments of this invention could be

- above construction and many apparently widely

made without departing from the scope. thereof

it is intended that all matte; contained in the

above description or shown in the accompanying go
- drawings shall be 1n+erpreted as 1llustratlve and

“noting limiting sense.,

‘Having described my inventicn, Wha,t I cla,lm--

.'an‘.l desire {0 secure by Letiers Patent is: .
‘1. High frequency apparatus compmsmg means.;'

for producing a stream of electrons, means along

~ the path of said stream for velocity modulating

modulating means comprlsmg 9 palr of electron

permeable grids positioned along said stream
~ path, means coupled thereto for: impressing an
‘alternating high frequency field between said
-grids, and further-means coupled thereto for im-
~pressing a retarding unidirectional electrie ﬁeld_ S
on said stream between said grids, . -

4, High frequency apparatus for producmn' a.

'-low-veloclty, velocity-modulated electron stream, -

~ comprising means for producing a stream of elec-
trons, a hollow camty resonator having a. pairof .
'electron-permeable grids along the path of said -
-stream and insulated from one another with. re- -
‘spect to direct currents, means coupled to said
~resonator for exciting said resonator with ulfra-
 high-frequency energy, snd means coupled to
said grids for impressing a unidirectional elec-
tron- retardmg electric field between said grids..
~ 5. High frequency apparatus for producmg a
low velocity, velocity-modulated electron stream, e
comprising means for producing a stream of elec- .
trons, a pair of electron permeable grids aleng
~ the bath of smd stream, means coupled thereto
for- impressing  an - alterna,tlnﬂ* high - frequency
- voltage between said grids, and means coupled

' thereto for producmg a unldlrectlonal electron-_ |

30

‘said stream, means pmwdmg a field-free drift

space around the path of said modulated stream
- to permit said electrons to become grouped, and

 means along the path of said grouped stream for.

retarding electric field between said grids, where~
- by said electrons are velocity-modulated by said
“alternating voltage and have their average Velﬂc—
ity lowered by said unidirectional Held. |

6. High frequency apparatus, comprising meana -
for producing a stream of electrons of predeter— -

mined velocity, means along the path of said

utilizing said grouped electron stream, said modu-

- lating means comprising g hollow cavity reaonatm

~having a pair of electron permeable grids as

45 along said stream path for reducing the average

- portions of the- walls - thereof, said grids bemg
insulated from one another with respect to d:.rect

| ~currents and positioned in high frequency cou-
- 'pling relation to said stream, said modulatmg'
comprising means connected
thereto for producing g reta,rdmg umdlrectmnal
electric field between said grids actmg on said
_stream ‘whereby said drift space may be reduced
in size and the losses in saig. resonator decreased. -
- 2. High frequency. apparatus comprising means =
for producing a stream of electrons, means along
said stream- for velcr(‘:lty modulating

“the path of

50

stream for veloclty medulatmg said - stream,
‘means defining a field-free drift space enclosing
- the path of said modulated stream, and means

- velocity of the electrons in said drift space to

“less than said predetermlned Velocuty, said last-
- named means including electrede means for im-
- pressing a retarding electric field on said stream
simultaneously WIth the Velomty IIlUdlﬂ&thIl':_'_'

._'Q?thereof

said stream, and means along said stream path

for utlllzmg said ‘modulated stream, said modu-_ .
lating means cemprising g hollow cavity resonator .
“having a pair of electron- -permeable walls insu- .

ao

lated from each other and positicned in high fre-

‘quency coupling relation. to said stream, ' said

modulatmg means fulther campmsmg means
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