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This inverition relates to sgace charge: deviess and
Hiore particilarly to-fiicrowave:
utilize the: cumulative initeraction betveen ar’ €léctron
Streamy and” an’ eléctromagiietic’ wave to- seéute gain to
the electtomaghietic: wave. , ‘

It’ is- the principal object: of this® inverition: to rediice
the effect of noise: fluctuationis'in: the election streatis of
siich devicesi:

Several kinds
curiulative: interaet
an’ electromagtietic: wave' to seciiré’ gain for
Artiong the miost ihportal esé T8

of devices' are’ known' which ufilize' the

fort- between -ani' electron- strédm- anid
thie” wave,

Tibl ; :59
Jatiuary T1; 1946, by I R:- Pi CE-L new Pateiit- 2,636

6,948
and" Seria} No. 99/757F; . fled June I7- 1949 by' &t NIl

man now Patént’ 2683,238)"
fler (of’ whieh somie” represerits
i the copendi

' tHe misghetton® anipli-
Ve fypes are” deseribed
g application: Setial” No. 707;812 filed
6°by! F: R.- Pieice; now’ Pafent: 2,768,328,
issued October 23, 1956. i

For the' pirposes: off analysis; it will bé convéiient to
deseribe: thet invention' mote Particularly with' réferenie
o traveling wave tubes;: b it will- be: appreciated that
the' principles: theteof are applicable! asy well: fo: other
arrafigements: whichtitilize: cimulative idteraction: of this
sort to: produce an: m‘e"r’éasingfiw“aveé-‘ ‘

Thie traveling: wave: tiube> cafi b ‘described ds a: vaditim
tabe: which: cofitains' an’ elect CiCuit - propagating radic
frequency: electromsghietic: waves' therethtsughisat veloe:
ities- lower: than - the ve otify " of Tight' andc 4t elegtron
stream passing through the: electric- field set up* b

ectri ik Ection: of - Wwave propugdtis

electric éirc : {
Propet adjustiient’ of ths: velocities ‘of the' proy
wave and the: electron stieamiy: the two can be 1
interdct’ cuslatively” whietsby: 5 L T
sucli :operation; the: radio” frequiciicy  wave of the eloviris
circuit aceeleratés elactromstisi the bEAn;- giving rise thera:
in-to an alternating-curfentvelotity cotpons ‘whighsets
up”anic A-C. convection curretit! component- Thi C
curfent comiponent-in tirn ' sets up-a radio freqiishey’ feld

e séciréd. - I

of its own'which ‘combines with’ the’ radio’ frequency field

of' the: electric: cifouit, When the radio’ frequency wave
and electron -stream: 288 properly synchiroiized;: the il
mulative: action-andt resction:b ctwesti-thecradio-fregusticy
field- of 'the’ circuit- and’ th _
the: stteant result inta wav -which” grows “in'- miagnituds
as’it' travels dlonig the electric: circuit, By utilization of
this property; such-a*tube’ can serve:as an ‘atiplifier; -

~C; curfent’ cotponent! irf

However; - in’ the” opération’ of ' such' tubes, any” ot -

homogeneity- of ‘theeléctron: stream- at- the point” of'ini:
jection' info~the - cireuit fEIE" serves® (o fntrodiice: a noise
level in the output wave: Initial thermal fluctuations in-
herent in conventional .clectron beam sources. and parti-
fion” effects” introduced” By decelerating electrodés are
among the most” significant " factors’ which prevent. com-
plete’ homogentity of the electror stream “at the point 'of

aipliffing devices which
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2
injection ifito" the region of initeraction' with' the eléctric
field. In practice it has been found that the electron
Str ‘cdti- bi: represénted, for purposes of analysis; as
havitig- dverage or 1€, velocity anid curtent componeits

about- which' fluctuate noise velocity and currént co-
po Stch' noise compornents’ interact with radic fre-

quency fields in the eléctric’ circuit and' thereby produce
SPUFiOus of nofSe’ comiporeiifs’ iry iF aniplified wave. In
PFactice; it is ﬁniadttahp' fo miniinize’ this' rioise if opera-
tior' atfow sigrat leveF is desived: o o

Actordinigly, arother object of thiis: invention is to
iniprove’ the performéincé’ of microwave devices of the
typé' which utilizes the cumufative inferaction Between
dn’ électron” stream and’ am eléctrotidgrietic wave and,
niore particularly; to' mitimize i tibes' of this type the
fig it each case from the
noitthemogenéity of the efection” siredri,

Analysis of traveling wave- interaction ini a' traveling
wave tiube shows that' thie propagation charicteristics of
the- trdvelitg' wave' wheti- in curmalative inferaction” with
the" eléttron stream cat' be représented by four natural
miodes’ of propagation alorig the' elettric circuit and- elec:
tron- stréam’  OF these, three are forward’ traveling
waves; dnd’ the: fourth: g backward” traveling” wave: If
reflections are’ ayoided; i is: possible’ to- disregard the
effect of thie-backward traveling wave and- confie attei-
tich {5 the' three” forward modes: Of thess; oné is an
inereasing’ wave: which' travels a-lifife miore slowly than
e electrons, & second is- & décreasing wave which' also
tEavelsta

Is 1o niote” slowly thar' the *electrons; and- the
thirdis ati- unatterinated Wwave which travels a bit faster

thatt the- feetrons. o .

In- operation, the* moise veldcity aiid- crirrent conipo-
nents in the electron stream set up perturbatiotis’ in' the
eleCtie circhit' which iy be represented as three for-

i ose” set” up’ by
sult, any sighificant noise
“of imfjection info" the
y* result in' a’ corresponding
noise level in-the" amplified: wave’ outpuf. However, in
the practice: of the' present invention, substanitial’ dimihu-
tioh of the efféct of this' rofse ii* the- electron’ streanm is
réalizéd” at- the- wave otitput’ by providing - cancellation
of’ thie* intreasing' wave' mode' of the- travelitig’ wave set
up’ by the' nioise’ coriiporients of' thie strean: o

T thi§ end, a featire of thi présernit invention -is- an
elettrie” circuit’ for propagation' of the- radit” frequency
wave which' includes a- preliminaty section’ and” a- tiain
sectioti” ifi' both of which the' eletron’ stream " arfd’ the
tiavéling' waves® interact to’ prodiice’ a- cumiilative ex.
charigs’ of energy and also” inclides & carcellation’ sec:
tion® inifermiediate therewith in which there is substantial-
Iy né-cuntulative exchange of eriergy ‘between the streari
and“waves; but' itistéad’ tHig intetihedidte” section” is- dé-
sighied* to* provideé” cancellation' of the ircreasitig’ wave
compbnetit of the 'noise wive in*the main'section: ,

 As~explainied" above, at the' point of injection into” ths
region' of infersction” with' the eletiric: circuit; the non:
homogetieous electron-stream- can’ bereprésented by ‘ot
ponents of direct-current or average velocity afid’ cut-
rent’ about’ which - fluctuate’ components of Hoise veloc-
ity- anid cufrent. In’a tiaveling wave titbe designed in
accerdaite” with- the' presetit: inventiod, . thefe " is cofise-
quently. set up in-the preliminary seciion” by the noise
comiponiénts; thiee forward waves which will travel there.
thiough” in’ ciimulative intéraction to the- beginning of
the" caiicelliition” section. .Then; since cuntulative inter-
action is there inhibited; the three waves will travel as
ordiniary waves along’ the’ electric circuit -and hence can
conveniently be represented by the composite wave which
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is their vector sum and which will travel therethrough
and be attenuated in accordance with the attenuation
characteristics of this section. However, at the begin-
ning of the main section where cumulative interaction
again results, this composite wave will act in the man-
ner of a signal input wave applied thereto and will ac-
cordingly set up three forward waves, in the manner
characteristic of cumulative interaction. Additionally,
at the origin of the main section, the noise components
there in the electron stream have the effect of setting
up three additional forward traveling waves. In the
practice of the present invention, the tube characteristics
are chosen to provide at the start of the main section
cancellation between the increasing wave component set
up by the noise wave which has traversed the prelim-
inary and intermediate sections and the increasing wave
component of the new noise wave set up originally at
this point by the noise fluctuations in the electron stream.
In particular, the attenuation and phase shift character-
istics of the cancellation section are chosen to make these
two increasing waves equal in magnitude but opposite
in phase. More particularly, the desired phase shift
characteristics of the cancellation section are achieved
by making the electrical length of the section relative
to the increasing wave component of the mnoise wave
different from the electrical length of the section relative
to the noise fluctuations on the electron stream. It will
be seen that, because of the dissimilarities in the man-
ner of injection between the signal and noise waves, the
condition for noise cancellation will not at the same time
seriously affect the amplification of the signal. By sup-
pression of the increasing wave of the noise components
in this way at the commencement of the main section
of the circuit, and by making the main section of suffi-
cient length so that the other waves of the noise compo-
nents become unimportant, relatively noise-free opera-
tion can be achieved over a considerable range of fre-
quencies.

By way of example, the invention will be described
with particular reference to a noise cancellation arrange-
ment for a helix-type traveling wave tube, although as
already pointed out hereinabove the invention can be
adapted to provide noise cancellation in other tube types
which utilize the cumulative interaction between an elec-
tron stream and an electromagnetic wave.

In the helix-type tube as known hitherto, the wave
transmission circuit comprises a helix continuously and
uniformly wound to a pitch which produces a slow wave
having an axial velocity in the direction of the electron
stream suitable for producing cumulative interaction be-
tween the stream and the slow wave. In the practice
of the present invention, the helix circuit comprises a
preliminary and a main section, uniformly wound to the
necessary pitch and properly positioned in the path of
the electron stream so that cumulative interaction re-
sults, and a cancellation section intermediate therewith
wherein cumulative interaction is inhibited. A preferred
embodiment utilizes a cancellation section in which the
helix is wound to a pitch which results in the velocity
of the traveling wave in the direction of the electron
beam being sufficiently dissimilar to the velocity of the
electron stream that there is substantially no cumulative
interaction therebetween. The characteristics of this
section are chosen to provide the cancellation effects de-
scribed.

The invention will be better understood with reference
to the following more detailed description taken in con-
nection with the accompanying drawings forming a part
thereof, in which:

Fig. 1 shows schematically an electric circuit of a kind
which can be used in the practice of the invention; Figs.
1A through 1E are a series of vector diagrams illustrat-
ing at the designated points of the circuit of Fig. 1 the
relative magnitude and phase of the noise wave compo-
nents characteristic of traveling wave tube operation; and
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4
Figs. 1F, 1G, 1H, 17 and 1K, respectively show the cor-
responding components of a signal wave;

Figs. 2 and 3 show, in schematic form, respectively,
a traveling wave tube and a magnetron amplifier in each
of which there is incorporated a helix-type circuit which
has been modified for the practice of the invention;

Figs. 4A through 4D show, in schematic form, various
modifications possible with helix-type circuits to inhibit
cumulative interaction between the electromagnetic wave
and the electron stream for the practice of the invention;

Fig. 5 shows in schematic form a filter type traveling
wave tube which can be adapted for the practice of the
invention; and

Figs. 6A through 6D show various modifications pos-
sible for adapting a filter type circuit for the practice
of the invention.

Before describing specifically illustrative embodiments
of the invention, it will be helpful first to analyze in a
qualitative sense the principles underlying the invention.
In this analysis reference will be made to Fig. 1 and its
associated vector diagrams, Figs. 1A to 1K, inclusive.

The circuit 10, which for purposes of exposition is
shown as a helix, comprises a preliminary section 11
which is adapted to provide cumulative interaction be-
tween the traveling wave and the electron stream, an
intermediate cancellation section 12 which is adapted
to inhibit cumulative interaction so that it serves as a
drift section, and a main section 13 which is also adapted
for cumulative interaction. An electron gun (not shown
in Fig. 1 but shown in Figs. 2 and 3) provides an elec-
tron stream which flows parallel to the axis of the helix
in coupled relation therewith. For traveling wave tube
operation, the circuit is immersed in a longitudinal mag-
netic field. In such an arrangement, the total electric
field is composed of two parts; one is associated with
carrying radio frequency power along the circuit and is
strong near the circuit and the other part results from
local space charge within the beam and is strong near
the beam.

In the more quantitative analysis which will be set
forth with reference to Fig. 2, both fields are accounted
for, but in the qualitative discussion which follows here,
it will be sufficient to discuss only the power carrying
component of the field. At the input to the circuit 10,
point a, there is a certain noise velocity vy, and a given
noise current gp, (the noise current and velocity being
entirely correlated with one another). Due to the noise
current and velocity, there are excited on the circuit
three noise components of electric field as illustrated in
Fig. 1A. Here B, represents the field component of
the increasing wave, E,, the field component of the de-
creasing wave, and Ej, the field component of the un-
attenuated wave. Since the resultant noise field at point
a is zero, the three waves are necessarily out of phase.
Moving down the electric circuit at the direct-current
velocity of the electron stream, the three electric field
vectors rotate in phase and change in magnitude. At
point b between the preliminary section 11 and cancel-
lation section 12, the three components will be as shown

in Fig. 1B. Since section 12 acts as a drift section,

the three waves designated Ejp, Eg, and Egy, correspond-
ing to the waves Ej,, Ega, Esa, respectively, can be rep-
resented by their sum at that point Egy,. This wave
will be propagated through section 12, being attenuated
by the factor «, and having its phase shifted through
the angle 6; with respect to a frame of reference mov-
ing with electron stream. Therefore, at point ¢, which
is the end of section 12 and the start of the main sec-
tion 13, the electric field Er, resulting from the noise
wave set up at point @ will be given by the expression

Erc=q|03ETs
At point ¢ cumulative interaction reoccurs and hence

the electric field By, may be represented as the three
waves Ejc, Egc, and B, as shown in Fig. 1C, in phase




with- the field Ey,, Additionally, at point e the. noise
current g, and noise velocity vy, in the electron stream
there set up three additional waves E’y,, B'e, and E's,,
of which the first is. the. increasing wave; the second the
-decreasing wave and the third is the unattenmated wave,
These are shown in Fig. 1D and again the sum of these
three: waves is zero-since the neise- eléctric. field at this
point resulting from noise velocity and noise current
is zero. For optimum realization of the advantages of
the invention;. the attenuationr «-and phase shift 6 must
be chosen so that the increasing wave component E;e
of ‘the wave Epg is equal and opposite to the increas-
ing wave component E’;, of the electric field set Bp by

- 2,008,844
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the noise current and velocity: in-the: stream: as shown in -

Fig. \1E. In practice, in.order to realize. cancellation
it may also be necessary to adjust parameters character-
istic of the electron gun and preliminary region of the
electric circuit. This will be made evident in the quan-
titative. analysis. to. follow.. Finally, it.is. important: to
make the length of the main section 13 beyond the point
c of sufficient length so-that only the single increasing
wave is of importance.

The vector diagrams of Figs. 1F through 1K correspond
respectively, to the diagrams of PBigs. 1A through 1E
which are used to illustrate that noise cancellation can be
effected witheut appreciable disturbance of the amplifi-
cation of the input signal. The basic factor that makes
noise cancellation independent of signal amplification is
the dissimilarity in input boundary conditions between
the noise and. signal waves. At point g, the electric field
resulting from the signal wave is. necessarily equal thereto
while signal velocity. and current components have not yet
been set up in. the electron stream: THhis is.in. contrast
witlr the input noise conditions which inclide noise veloc-
ity and-current components in the electron stream but o
noise’ field: Consequently, it can be appreciated” that
ordinarily the signal field and'the: signal velocity: and’ cur-
rent components in the stream at point ¢ will'be unrelated
to the corresponding noise. components. Accordingly,
since a point of cancellation: forr a given electric circuit
can only occur for particular relationships- between. the
several input components of electric field, if” this point is
chosen to cancel the noise; it- will-not ordinarily cancel the
signal. . . ]

It. may be convenient to think of the preliminary section
and intermediate- nofse cancellation section as integral
parts of the electron gun stream source independent of
the input signal source: since:it is possible to insert the
input signal wave at a point further along in the electric
circuit, as, for example,. at- the=start of the main section.
However, when the inpuit signal is inserted at a point other
than the input end of the'electric cireuit, measures should
be taken to insure that.this signal will be propagated
through the circuit only in the direction of electron stream
flow. 3

It can be appreciated ‘that‘these  principles of noise can-
cellation are: applicable: to-other. devices; as;. for example
the magnetron amplifier, which similarly utilizes.the cumu-
Iative interaction between an electron stream’ and an elec-
tromagnetic wave. It is characteristic of such devices that
comulative- interaction: may be represented as setting up
a plurality of waves at the origin of such interaction. In
the magnetron. amplifier; there are set-up twor principal
waves. of: which. one is. an increasing wave. in the manner
of.the traveling wave tube. To reduce the effect of noise
variations in the electron stream in these devices, there.
can be obtained cancellation of this increasing wave in
accordance -with. the -principles set forthi for the. traveling.
wave tube.

Fig. 2. shows, in schematic form, a:helix-type traveling
wave tube in which there is incorporated-a noise: cancella-
tion section of the kind described with reference to Fig.
1. The:traveling:-wave tube 100:utilizes-a-slow wave-elec-
trie interaction circuit 10 along which is transmitted an
electromagnetic wave supplied from an input source at

156

20

30

40

peinit- & at. the input: or upstreami-end of the circuit. 1t
will be convenient to use'the terms “upstream?” and “down=
stream” to denote relative separation from. the electrom
source: - An-electron gun- structure 20 positioned beyond
the input emd- of ‘the circuit projects an- electron: stream
therethrough parallel to: the circuit axis and. in, the direc-
tion- of wave propagationi The electron. gun- is. charae-
terized by a- direct-current: transit -angle 61 between: its
cathode 21 and anode 22. The anode 22 is separated
from the input end of the- eircuit; point q, by a direct-
current transit angle 6,. At the opposite end of the elec-
tric circuit, the electromagnetic wave is supplied to an out-
put wave circuit for utilization. Beyond the output end
of the electric circuit, there is positioned a collector anode
17 in target relation to the electron stream source.  To
ipsure alignment of the eleciron. flow, the solenoid 25
provides the longitudinal magnet field B.

As is well known, if the electron velocity supplied: by
the electron stream source is adjusted to be substantially
the same as the wave velocity in the electric circuit: in
the absence of the electron stream; the presence’ of and
interaction with- the electron- stream produces amplifica-
tion of the- electromagnetic wave propagated in the elec-
tric circuit in the direction of electron motion. In helix-
type traveling: wave' tubes: known: hitherto, the electric
interaction circuit has comprised a helix which; with: the

‘possible exception: of medifications at the terminals for

broad-band matching purposes, as, for example, tapering
the pitch, has: been: substantially uniformly and contin:
uously wound- to a- pitch which sought to achieve cumula-
tive interaction-between the:electron stream-and the tray-
eling. electromagnetic wave along the entire length of .the
helix.. However,. in: accordance with the invention,. the
electric circuit shown in. the. tube of Fig. 2 as discussed
with reference to Fig. 1, comprises a relatively short pre-
liminary amplifier section: 1%-and a relatively longer main
amplifier section 13 in which the helix is uniformly
wound to-provide cumulative interaction therealong, and
a relatively shorter intermediate cancellation: section 12
cannected therebetween from point b to point ¢ in which
the uniformity of the helix is changed. sufficiently so tHat
there is no cumulative interaction between .the electron
stream and.-the traveling wave. Such an interaction. cir-
cuit can be described as one having a relatively short pre-
liminary section 11 and a relatively long main section 13
of both: of whicli the. retardation: characteristic: is’ suited
for cumulative interaction between: the traveling wave and
stream and a relatively: short intermediate section: 12

. where the retardation characteristic is unsuited for cumu-

50

lative interaction between thic traveling wave and stream.
This uniformity can be changed either by varying the pitch
to disturb the synchronization between the traveling wave
and electron stream necessary: for. camulative interaction

. and/or by displacement of''this section of the helix to
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negative coupling between the stream and traveling wave.
It is a- characteristic” of 'such an eléctric circuit that by
suitable positioning’ and design, this' intermediate- section
can be utilized to effect substantial cancellation of spurious
neise components in-the traveling wave arising from noise.
fluctuations in the electron streamr; More rarticularly,
if the electrical lemgth of the wave propagation circuit in
thie’ cancellation or intermediate section is made to it
fer from the electrical length of the stieam path in the
cancellation section by a sufficient amount, the noise com-
penents of the wave on‘the wave propagation circuit will
be approximately 180° out of phase with the noise wave
induced on the main section by.the electron stream and
substantial cancellation of the noise wave results,

It may be helpful to analyze the noise cancellation
schiéme of the'present invention' in* 2’ more: quantitative
fashion for the case of a traveling wave tube of the kind
illustrated in Fig. 2. The theoretical noise figure- for. a.
conventional traveling wave. tube: has. already been. evalu-
ated for the case where the space charge- effects-may-be
ignored in the region beyond the anode of the electron
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gun of the stream source by J. R. Pierce and is set forth

on pages 145-156 of his book entitled “Traveling Wave
Tubes,” published in 1950 by D. Van Nostrand Company,
Inc., New York.

In the present analysis the space charge effect will be
considered, although partition effects introduced by the
tube elements will be ignored, and so the analysis is begun
with the expressions obtained by Pierce (supra) for the
noise current and velocity at the anode, namely

yanode—_y, e—°] 9]
I
Ganode™="— .77017)113_81 (2)
where
2 ETc
and

Vanode==T0ise Velocity at the anode

Ganode=n0ise at the anode

vp=root mean square of the thermal velocity fluctuations
at the potential minimum just off the cathode surface

I,=average beam current

ug==average velocity of the electrons at the anode

8, =direct-current transit angle from cathode to anode

T,=temperature of cathode in degrees Kelvin

k=Boltzmann’s constant

B=noise band width of the receiving system

Equations 1 and 2 express the input boundary conditions
for the drift region between the anode of the gun and the
input of the electric circuit. In such a drift region the
alternating current phenomena is characterized by two
space charge waves which propagate as
ejwt—-sz:tsz

(4)

where

3=jp\/40C3

40QC3=the space charge parameter of the beam defined
by Pierce (supra)

f=w/1y, and

z=—the distance along the circuit in the direction of elec-
tron flow

The electric field associated with each of the space charge
waves has been evaluated in terms of the velocity and
current as expressed by the relations

=1
v_—uoE/a (5)
_BLE
=I5, 2 (6)

With Equations 5 and 6 the electric field set up in each
wave by the input boundary conditions of Equations 1
and 2 can be readily obtained. Equation 4 then expresses
the manner in which the field propagates along the beam.
With the value of the electric field at the output of the
first drift region there can be utilized Equations 5 and 6
to find the noise current and velocity at the input to the
circuit, point a of Fig. 2, and they can be written as

V20a=0a/1F0,24QC3 cos pei(0rt0D) (7
Joal
qm=1;‘; %vm (8)
p=—=0,\/40C3}-tan—16,;\/4QC? ®
where
ag=tan ¢

g,=direct-current transit angle from the anode to the
circuit input point g
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With the input boundary conditions of Equations 7
and 8 the three waves set up on the circuit can be written
for the velocity

ta=gp g 101 (B8 [ (32+80) +eu (82— 4QC)] (10)

R o L N (CRR +al(5153—4Q0>1(11)

t50=— a5 L0 (8= 8) 81+ 82) e (5:02— 4QO)]
(12)

whei'e .
C.D.=(8;—382) (81—83) (8:—33) (13)
Incidentally, it should be pointed out that originally
Pierce defined

3p=(xn+iys) BC
but later changed to the notation employed here where

S =Xp+iVn
Also

(14)

with corresponding expressions for gz, and gs,.
Also

Eio= —%’wmm (15)

with corresponding expressions for Eg, and Ej,.

Now again note that E;, represents the total field as-
sociated with the amplified wave and, as is described in
an article by J. R. Pierce, entitled “Effect of Passive
Modes in TW Tubes,” Proceedings of Institute of Radio
Engineers, volume 36, pages 993 through 997 (1948),
the relation between Ej, and the power carrying com-
ponent, E;, is

— E la
T (14+4QC (b—j8)
Now at point b, the input to the cancellation section
2751C Ny

E (16)

915=q14€ a7

with corresponding expression for g, and gsp.
There can be written for the total components at point b

_.A) 1 v,
=I5, T CD.
Py
*—C.D.

¥0um Un
B 7 ﬂCC.D.CI

Ay (18)

B, (19)

(20)
where
A1=(5—8)[(8+53) +a1(5253—4QC)]€2"6‘CN'
(35— 81) [ (814 85) + o1 (8185 —4QC) JP2 M
+ (&—82)[ (611 82) +a1(3152—4QC’)]eZ7r530N1
(21)
— By=5,(8,— 85)[ (8+ 83) + s (283 —4QC) 21 O
+ 83 (83—81) [ (811 83) + o (818 —4QC) 127 2C M
+ 8 (81— 8:) [ (31 32) +a1(alaz—4cz0>]e2’“‘ﬂ°'$2)
and

C,= 8.2 (pe—83)
(1-+4QC(b—js:)]
+ 822 (83—81)
[14+4QC (b—j5)]
+ 852 (81— 382)
[1-+4QC (b—j&)]

[(834 85) 01 (5285 — 4QC) ] 2701 O 1Vt
[(8y+85) +at; (5,8, —4QC ) [272C Nt

[(81+82) + a1 (815, — 4QC) ]2 C M
(23)




- Now there.can. be computed the noise. velocity v, and
current. gq- at. point “c” at the output. of the cancellation
section: resulting: from. the  noise. components, vy and gy,

At point: “b” there: can. be: written. for the: fields. asso-
ciated with the two space charge waves.

 Eae 2{3%4@03[.7*7,‘,”17-‘!'5\/4-@03jﬂ Pl e
and . .
S oV T
Epp= “-QWQQ.C 3[ —J%oubflf ﬁ:\/“icha‘mﬂ)q b]j (25)
and:at point. “¢”
Epom Ty o/ VIGEONy

(26)
; =E1—b€i’i"
where #=2\/420C CN,_
and:
Ny=distance from “b” to “¢™"iii wavelengths.
A]SQ': )
Brre==FEpe ¥ (27)
and’
7 o - v
Vo= —————=—(Er.— E1s, 28
ju06\/4QC3‘( be 1rc) (28)
B8l . oy
Ge= 2VOB24QC3(E10+EIID)' (29)
fromiwhich;
u‘c,———v‘a[cos <I>+V4QC’% sin. @] (30)
. 1 p
and.
Qo= [cos@————Bi- sin. <I::r» (31)
Consider now the electric field on: the Helixi.. At point

“b” there is a field By, This field. will: propagate- to
poifits. “c™ withi slight regard: for the: presence of the
stream: and: wilk. be: attenuated: by: the: attenuationm char-
aeteristics: of the: helix: - Also,. assume:. that the: field: will
be: shifted: in: phase: with: respect: to. a. wave.traveling: at
the:velocity-of the electron:straam, o
Hence,. for the field on:the helix- at point: “c™ there: can.
be written: )
o Ep=alt38;,.

(32)

where. « is Iess than. unity and represents. the. attenua-
tion_bBetween: “6”" and “c” and 6; is the phase. shift of
the wave with: respect.to. a.wave. traveling at. the. velocity:
of the electron. stream. .

‘With, v, g, .and Ey, determined,. there. can. be derived
an._expression._for the. field. excited. on. helix in the in-
creasing wave:.
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cancellation. scheme. resolves into adjusting the pex'ﬁhént
parameters such that. E;,,=0. Or
(82483) + D1 (8385—40C ) - Fy=0 (36)

This: condition will result: in- a. noise figure of zero
decibels provided: the -conditions expressed. by: Equation
36: do: not. at the same time cancel the incoming radio
frequency signal By calculations: similar to these just
carried: out, it can be: shown. that: Equation 36: dees. not
express - the condition for- signal- cancellation.

In: Fig. 3: there is' shown schematically a: magnetron
amplifier. 200 in which: there is: incorporated: an: electric
cireuit. 10: of the kind: described before with reference
to; Fig.: 1. The: electron: stream: whicl: is. supplied. from
the cathode 121 of the:gun 120-has initially a component
in: a. direction: perpendicular to” the direction of travel
of the electromagnetic waves set. up: by: the: electric cir:
cuit but it is. bent: to the: desired direction along that. of
wave: propagation. by means. of a: magnetic. field: By, not
illustrated, which is-transverse. both: to:the wave ‘propaga-
tion direction. and: te: the: direct-current. electric field set
up between the cathode 121 and electrode 122 and: the
electric: circuit 10: For a more detailed description: of
this and other' forms. of magnetron. amplifiers;. refer:
ence is made to the: second-mentioned: Pierce: applicas
tion. The principles of the: invention, however; are little
affected: by: the- differences. between: the ma gnetron: ampli-
fier and traveling wave tube: amplifier. As with: the
traveling wave: tube,. there is:set up in.the: main: section
13 by the noise fluctuations: of the electron. stream, a
noise. wave which. includes an. increasing: component. In
accordance with the:invention, by: means of the prelimi-
nary section 11 and the intermediate’ cancellation: sec-
tion' 12; there. is set up in the main: section another noise
wave-of which: the: increasing component is-a wave equal
in magnitude and: epposite in phase to-that of the: other
increasing. wave whereby substantial. reduction. of the
effect. of noise fluctuations. in- the. electron stream: is
realized, in the same manner described above in detail
for the traveling wave tube amplifier.

It: can be appreciated that there- are. numerous tech-
niques- which may-be- adapted- for inhibiting: the: cumula-
tive interaction between the electrom: stream: and- the- elec~
tromagnetic- wave. for setting up.a second. cancelling: wave
and, making- possible thereby the practice of. the: present
invention. In. a. preferred. embodiment, this. effect is
realized by changing the axial. velocity: of wave propaga-
tion. (i.e. retardation: characteristic). in. an- intermediate
region- of the circuit. 'This can-be done easily by: madi~
fications - of the ecircuit geometry in the region affected:
Qne instance.of this technique has been- used- in the . ap-
rangement. of Fig.: 2 in- which. the pitch of the helis is
changed. in- the cancellation. section: to: vary. the- axial
wave velocity. Additionally, the axial  wave velocity:
can: be changed in-a particular region: by varying, the: di-
electric surrounding the circuit in: that region. Con-

Biny=vZ2 5 _00Bi( cos @+‘% Sin® Yo
. . C..D. .B,)_‘ .

whiere

1 <’\/4Q}CB]_‘GQSB‘ smo"}

D= — — - (34Y
NI (os s B o8
| : (cos,@_ +\/Z@6A1 sin <I>)
and. -
7 a@C]

= ———— v . (35)
o ‘B»Iée‘os;@-l—,\MQ_C’Efl; sin @,-—)_: R
. 1. /.

Now-in Equation 33 -there is expressed’ the field set
up-by-increasing wave-on the- Lielix output:seetion: ‘The

(1-+4QC (b —j5) )-[? *g{l[ _Z"f]
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versely, cumulative interaction can. be. inhibited by modi- -
fying the average velocity of the. electron. stream in a
particular- region. Stll another method is to-: displace
the cancellation portion. of the electric: circuit sufficiently,
to remove its field from the region of effective cou-
pling with the electron stream. However, it is im:

_portant that the arrangement employed permit good

matching between the several sections of the circuit so
that reflections in thie citcuit are avoided.

The techniques described briefly above are all suscepti-
ble: of many possible. embodiments, depending. on the
type of amplifier and wave circuit employed: However,
the same- principles- are- generally applicable, regardiess
of' the- particular- form of “electric: circuit employed ‘or
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type.of cumulative interaction operation utilized. It may
be helpful to describe with some particularity, by way
of illustration, a few representative embodiments, al-
though it can be appreciated that a much larger variety
is possible.

For the helix type electric circuit, the geometry may be
changed in several ways to vary the axial velocity of wave
propagation therethrough. As an alternative to changing
the pitch with which the helix is wound as described
hereinabove with reference to Fig. 2, the same result
may be had by changing the radius and keeping the pitch
uniform. In Fig. 4A there is shown a helix circuit 30
which comprises a preliminary section 31 and a main
section 32 of a first radius and an intermediate cancella-
tion section 33 of a larger radius to produce a decrease
in axial wave velocity therethrough.

In Fig. 4B, there is shown a helix circuit 40 in which
the intermediate cancellation section 42 has been dis-
placed with respect to the preliminary section 41, the
main section 43, and electron stream 44 to eliminate cou-
pling with the stream. Within this section, the helix
could be wound with various combinations of pitches and
radii.

In Fig. 4C, there is shown a circuit 50 which is a
variation of the circuit 40 of Fig. 4B. In this case, the
beam within the cancellation section 52 between the
preliminary section 51 and the main section 53 is sur-
rounded by a conducting cylinder 54. By providing a
difference in direct-current potential between the cylin-
der and the circuit, the average velocity of the electron
stream can be changed in the region of the cylinder. In
this way, the average velocity of the electron stream can
here be made to differ from the axial wave velocity in
the electric circuit.

In Fig. 4D, there is shown an arrangement in which
the axial wave velocity is modified by changes in the
dielectric surrounding a particular section. To this end,
dielectric 64 is added in the intermediate region 62 be-
tween the preliminary section 61 and the main section
63 in the helix circuit 60 to slow the velocity of wave
propagation therethrough.

In addition to helix-type circuits, another common
class of slow wave circuits is composed of wave-guiding
structures generally known as of the filter type. Fig. 5
shows, in schematic form, a traveling wave tube 300
which employs a filter type circuit. An electron stream
is projected from an electron gun 311 at one end of the
tube to a collector electrode 312 at the opposite end of
the tube. An electromagnetic wave is supplied for cou-
pling to the electron stream by means of a wave-guiding
circuit 313 which comprises a conductor having a series
of lateral slots along the path of the stream. Wave en-
ergy is supplied as an input at one end of the circuit and
derived for utilization at the opposite end. In operation
this tube acts in the manner of a helix-type traveling wave
tube. A more detailed explanation of the use of filter
type circuits in traveling wave tubes may be found in the
first-mentioned Pierce application. Also for the use of
filter type circuits in magnetron amplifiers reference is
made to the later-mentioned Pierce application.

1t is well known, however, that such filter type tubes are
merely modifications of the helix-type counterpart in
which the helix slow wave circuit has been replaced by
another form of slow wave structure. The techniques
described above. with reference to helix-type circuits for
setting up a combination noise wave in accordance with
the invention have their counterparts in the filter type
circuits.

In Figs. 6A through 6D, there are shown illustrative
arrangements for cancellation adapted to one typical cir-
cuit of the filter type. This particular circuit is a wave-
guiding structure made up of a conductor 70 having a
series of lateral slots 77 of the kind shown in the tube
of Fig. 5. With such a circuit, one expedient for chang-
ing the wave velocity in the direction of the electron
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12 '
stream in a particular section, to make possible.the prac-
tice of the invention, is to vary the geometry. In the
circuit shown in Fig. 6A, the spacings between slots in
the intermediate cancellation section 72 between the pre-
liminary and main sections 71 and 73 is varied to achieve
the desired effect.

In the arrangement of Fig. 6B, cumulative interaction
is inhibited by displacing the cancellation section 82 be~
tween the preliminary section 81 and main section 82 to
limit coupling with the electron stream. :

In the arrangement of Fig. 6D, the cumulative inter-
action is inhibited by varying the velocity of the electron
stream in the region of noise cancellation. To this end,
the cancellation section 92 of the electric circuit 90 is
insulated from the preliminary and main sections 91 and
93, respectively, by insulating strip 94. Additionally, it
is operated at a direct-current potential different from that
of the remainder of the circuit by means of source 95,
thereby providing a different accelerating voltage for the
electron stream within the cancellation section, whereby
a new average velocity results.

Fig. 6C shows another arrangement for varying the
wave propagation velocity. In this instance, the slots 97
in the cancellation section 102 between the preliminary
and main sections 181 and 103, respectively, are filled
with a dielectric to slow the wave velocity therethrough.

In all of the foregoing embodiments it will be readily
apparent to one skilled in the art that cancellation is
achieved by a variation in the electrical length of the
wave propagation circuit in the cancellation section rela-
tive to the electrical length of the electron stream in the
cancellation section by an amount sufficient to bring
about a phase shift of approximately 180° between the
first induced noise wave in the wave propagation circuit
and the noise wave induced in the main section.

It should be apparent at this point that the above-de-
scribed arrangements are merely a few of those available.
Numerous other arrangements can be devised by one
skilled in the art without departing from the spirit and
scope of the invention.

What is claimed is:

1. In a device which utilizes the cumulative interaction
between an electron stream and electromagnetic waves to
secure gain, a source supplying an electron stream charac-
terized by noise fluctuations about an average velocity,
and a continuous wave propagation circuit having a pre-
liminary section positioned in the path of said electron
stream and having a retardation characteristic for slowing
the velocity in the direction of the electron stream of
waves traveling therethrough to substantially the average
velocity of the electron stream thereby inducing a first
growing noise wave in said section which is in cumulative
interaction with the electron stream, signal input means
at the upstream end of said section for introducing signal
waves on to said section for interaction with the electron
stream, said wave propagation circuit further having a
main section positioned in the path of the electron stream
downstream of said preliminary section and having a re-
tardation characteristic for slowing the velocity in the
direction of the electron stream of waves traveling there-
through to substantially the average velocity of the elec-
tron stream thereby inducing a second noise wave which
is in cumulative interaction with the electron stream, sig-
nal output means at the downstream end of said main
section, said wave propagation circuit further having an
intermediate section between said preliminary and said
main sections defining a region of substantial noninter-
action between the electron stream and waves traveling
along said section, the electrical length of the noninter-
action region relative to noise fluctuations on said elec-
tron stream differing from the electrical length of the
section relative to the growing noise wave on said sec-
tion such that at the main section the first noise wave
includes a mode of propagation which is an increasing
wave equal in magnitude and opposite in phase to the
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increasing wave which. is a mode of ‘propagation. of. the
second noise wave. ‘ o

2.. A device according. to. claim. 1. ih which.the. inter-
mediate wave circuit section. is positioned so. that the
electric fields.in the direction. of electron flow. of waves,
propagating: therethirough. are substantially. negligible
along the path of the electron. stream..

3.. A device according to claim ‘1. in which. the inter-
mediate wave. circuit. section is: adapted for providing a.
wave propagation. of: velocity of waves. traveling there-
along substantially. different. from. the, average, velocity.
of. the electron. stream therealong.

4. A device. according to claim 1. which includes. volt-

age:supply means for. changing the, average. velocity. of the,

stream: along. the. intermediate  wave . circnit. section.
5..In an electron. discharge. device. utilizing: the inter-

action between an electron stream: and an electromagnetic,

wayve,. in -combination. an: electron stream source and. a.

collector defining a path. of: electron flow, said: stream:

being characterized by noise fluctuations about its, average.
velocity, a.continuous. wave: propagation. circuit,. signal
input means and signal output means connected to the
upstream. and. downstream. ends respectively of said cir-
cuit, said’ cifcuit having a first section adjacent its up-
stream end defining: an-interaction:region with said stream
for:inducing a first growing noise.wave on said first- sec-
tion, a second section located downstream of- said first
section. and. defining an interaction. region with: said
stream for inducing a noise wave on said-second: section,
and: means. for canceling the noise wave induced on-said
second ‘section comprising a third. section between - said
first and second sections defining a region of substantial
noninteraction: with said stream, said. third section being
adapted. to. shift the phase relationship. of:the noise wave
induced on said first section and.the noise fluctuations in
the: stream.. ] »

~+6:. Im:an electron discharge device, the. combination: as
claimed in claim 5 wherein the velocity of the noise
waves propagated: in- said: third: section: differs from the
velocity. of the electrons in said stream.

- 7..In an electron discharge device, the. combination. as
claimed in claim 5, in further combination with voltage
supply means for projecting the electron stream past said
third section at a velocity which differs from the velocity
of said stream as it traverses said first and second sec-
tions.

8. In an electron discharge device, the combination as
claimed in claim 5, wherein the velocity of propagation
characteristic of said third section of said wave propaga-
tion circuit differs from the velocity of propagation of
said first and second sections.

9. In an electron discharge device, the combination as
claimed in claim 5, wherein said first and second sec-
tions are adjacent said electron stream and said third
section is displaced from the path of said stream.

10. An electron discharge device comprising an en-
velope, an electron stream source and a collector for said
stream defining a path .of flow within said envelope, said
stream being characterized by noise fluctuations about
its average velocity, a continuous wave propagation cir-
cuit within said envelope adjacent said path of flow over
at least a portion of its length, signal input means for
launching a wave on said wave propagation circuit, sig-
nal output means at the downstream end of said wave
propagation circuit, said wave propagation circuit having
a first section adjacent the upstream end thereof de-
fining an interaction region with said stream for induc-

ing a first growing noise wave on said first section, a

second section downstream of said first section defining an
interaction region with said stream for inducing a second
noise wave on said second section, and means for can-
celing the noise wave induced on said second section
comprising a third section between said first and sec-
ond sections, said third section defining a drift region of
substantial noninteraction between the waves propagating
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therealong and said stream, the electrical length of. said'
drift region relative to the waves propagating along. said.
third: section being different than the electrical length of
said drift region relative to the electron stream.

1. The combination comprising an electron beam ve-
locity: modulation tube for signals at a predermined- oper-
ating frequency having an electron gun to produce a-beam.
of electrons along a path, a signal input coupling to said
path, means coupled to said path intermsdiate said gun,
and' said input coupling to derive a beam noise voltage,
and a signal path including only passive elements and
none. other between said intermediate means and said’
input coupling to. apply. noise. voltage to said input cou-~
pling, the path length differences between said signal path
and said beam path from. thie means coupling and the
input coupling being selected to provide at least some
compensation by signals substantially, in phase opposi-
tion. at said’ operating. frequency for signal to noise ratio
at the output,

12. The combination comprising an electron beam. tube
for signals at. a. predetermined operating frequency hay-
ing an electron gun to prodice a beam of electrons along
apath, an input. coupling to said tube at a signal input
coupling region along the beam path, an output coupling
to said tube at a region along said beam path more re-
mote from. said gun than said input coupling region,
means between said gun and said input coupling region to
derive a beam noise voltage, and a signal. path including
only passive elements to apply said noise voltage at said
input voltage region, said signal’ path being otherwise
decoupled from the beam path, the path length difference
between said signal path and said beam path from said
noise voltage dériving means to said' input region being
a selected difference to provide signals substantially in:
phase opposition at said operating frequency whereby:
an improvement in signal to noise ratio at the output is
secured. in tube operation at the operating frequency.

13. The: combination claimed in claim 12, said means
to derive a bedm noise voltage including a travelling
wave helix having a voltage wave velocity substantially
equal to the velocity of said electron beam adjacent to
and’ in signal coupling relation with said beam path.

14. The combination claimed in claim 12, said tube
including a travelling wave helix between said input and
output couplings adjacent to and in coupling relation
with said beam path to provide signal amplification.

15. The combination claimed in claim 12, said signal
path including a helix adjacent the beam path but not
coupled thereto, having a voltage wave velocity at a
selected operating frequency substantially different from
the beam velocity and intermediate said first mentioned
helix and said input coupling.

16. The combination claimed in claim 13, further com-
prising a drift tube through which the beam path passes
and intermediate said helix and said input coupling region.

17. The combination claimed in claim 12, said means
comprising a helix adjacent to and in coupling relation
with said beam path, and positioned intermediate said
gun and said input coupling region, said signal path com-
prising a further helix adjacent said beam but in non-
coupling relation thereto and having at least a portion
of substantially different pitch from that of said first
helix, said further helix being positioned intermediate
said first helix and said input coupling region.

18. The combination claimed in claim 12, further com-
prising a drift tube through which the beam path passes
and intermediate said gun and said input coupling region.

19. The combination comprising an amplifier having
means to provide a beam of electrons along a path,
beam velocity modulating means including an input cou-
pling to the beam path and an output coupling to the
beam path, whereby signals of a predetermined operating
frequency applied to said input coupling may be ampli-
fied and made available at said output coupling, means
between said beam providing means and said input cou-
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pling to derive a noise voltage from said beam, a passive
signal path to feed said noise voltage forward to said
input coupling and otherwise decoupled from said beam
path, the path lengths from the noise voltage deriving
means to said input coupling being related to provide at
said input coupling noise signals substantially in phase
opposition at said operating frequency from said signal
path for beam noise fluctuation compensation.

20. An electron beam device comprising: electron gun
means for producing an electron beam along a path and
containing noise fluctuations; input means, coupled to
said path, for modulating said beam in accordance with
an input signal at a predetermined operating frequency;
means coupled to said path between said electron gun
means and said input means, for extracting a noise volt-
age from said beam; and signal transmission means,
coupled between said voltage extracting means and said
input means, for applying said noise voltage to said beam
at said input means substantially 180° out of phase at
said operating frequency with the noise fluctuations pres-
ent in said beam at that point, whereby the effect of said
noise fluctuations on the operation of said device is mini-
mized.

21. An electron beam velocity modulation device for
operation at a predetermined frequency comprising: elec-
tron gun means for producing an electron beam along a
path and containing noise fluctuations; input means, cou-
pled to said path, for velocity modulating said beam in
accordance with an input signal of said frequency; out-
put means coupled to said path beyond said input means;
means, coupled to said path between said electron gun
means and said input means, for extracting a noise volt-
age from said beam; and signal transmission means, cou-
pled between said voltage extracting means and said
input means, for applying said noise voltage to said
beam at said input means substantially in phase opposi-
tion at said frequency with the noise fluctuations present
in said beam at said input means, whereby the effect of
said noise fluctuations on the operation of said device is
minimized.

22. A device as in claim 21, wherein all of the ele-
ments recited are contained within an evacuated envelope.
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23. In an electron discharge device uiilizing the inter-

action between an electron stream and an electromagnetic
wave, in combination, an clectron stream source and a’

collector defining a path of flow for the electron stream,
a continuous circuit extending along the path of flow for
a major portion of the length thereof for propagating

electromagnetic waves adjacent the path of flow; said:

circuit having input and output coupling means at the
ends thereof, said circuit comprising a coiled helical con-
ductor having a first section adjacent the input coupling
means of a helix pitch such that electromagnetic waves
on said section are in coupling relationship with the elec-
tron beam, a second section adjacent the output coupling
means of a helix pitch such that electromagnetic waves

on said section are in coupling relationship with said elec~

tron beam, said first and second helix sections having
substantially the same helix diameter, and an intermedi-

ate section between said first and second sections having’

the same helix diameter as said first and second sections
but having a helix pifch differing from those of the first
and second sections such that electromagnetic waves on
said section are decoupled from said electron beam,
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