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The invention relates to wave-type:tubes. and::more.
partrcularly to a device for. decreasing. the.normal dis-
persion of the helical slow-wave. structire.of :a traveling..
wave tube whereby the electronic tuning range.of -wave-
type oscillators-may.be.increased or the bandwidth. -of -a-
traveling-wave amplifier tube widened.- "20

Traveling-wave tubes are commonly-employed:in-oscil-
lators,. modulators, and amplifiers.. Travelmg‘wave tubes
normally. are constructed of a helical-conductor which is
disposed. within an.evacuated.-envelope. about the path”
of the electron stream, the helix having an organization
such that the electromagnetic wave propagated by’ the .
helix .has electric field components in’ thé direction of-
electron. flow.and a velocity approxrmately ‘equal to that.
of the electrons of the stream.. The. stream ‘then mter-'
acts with the wave to increase its amphtude as it is, propa-
gated by.the helix. )

Traveling-wave tubes are conventionally incorporated,
into external feedback path traveling-wave tube_ oscilla-
tors. The necessary conditions for sustalned oscrllatlons
in this type of oscillator are that there be an 1ntegra1"
number of wavelengths around the feédback loop with, ‘a’
gain greater. than unity. A specrﬁc number of wave—j
lengths around the feedback loop is gener y desrv
as a mode of osc1llat10n In order to provrde O
electronic tuning, it is necessary that the oscilla
restricted to one of these modes of oscr]latlo )
cordance with the present invention, the width of this
electronic tuning range may be substantlally mcreased by
makmg the wave transmission path anomalously drs-i45
persive.

Dispersion, in general, is proportional to the rate of
change of phase velocrty with frequency When th1s rate,_
is negative, d1spersron is said to be negatrve or, “normal.”
When' the rate is pos1t1ve dlspersron is sard to be . Pt
tive or anomalous 1t is known that a travehng— W
tube hehx and an . oscrllator feedback path

25

tages of an anomalously dlspersrve structu e m con
with_an electromcally tuned travelmg—w
tor,- see copending, ap 9, G
September 12, 1952, by lohn R. Whm‘,ery, now.aban:..
doned..

In accordance with the present.invention, a helix.may.,
be, made‘anomalously dlsperswe

2
tance, to, the wave t.ransrmssmn .path, which addition re:.
ICes. the, phase velocmes of waves propagated alorg the.
pathA The structure, reduces the  phase velocity of.the.
lowe frequency waves miore than for. the higher. fre-
queng? WAVES, S0, that the rate of charige of phase. veloc-
frequency ;may be made positive thereby eﬁectmg .
anomalous_dispersion. -

The invention also has .advantages attendant upon-its
employment in traveling-wave or otherwave-type tubes in-
general, For .example, a. lossy material ‘is. often em-
ployed.along a.traveling-wave tube. helix for . attenuatmgz
reflected - waves. which: sometimes. produce undesirablé.’
self-osclllatron When _the lossy material is.employed,”
gain s not.only decreased but varies with: frequency- be-"
cause..of -nonunifority in’the phase velocity of ‘the pro-
pagated. wave.produced by interference effects of -cer-
tain, space. charge waves. which . aré. propagated- by the
electron stream. = Compensation may.be made for this
nenuniformity: in. phase velocity, however, by using the
present.invention.. Further, the present invention may
be..employed: in. conjunction with a hehcal “slow-wave’
structure to provide a. wave transmission path having | zero
dispersion..for use -either in-a ultra-broadband traveling-
wave:tube oras a delay dev1ce that is entrrely mdependent:‘
of. frequency

It: is - therefore -an- object -of the mventlon to. provide.
apparatus for use in conjunction with a helical slow-wave‘
structure. to decrease the phase veloclty of a propagated,_
wave ‘and to make 1ts _dispersion more posrtrve '

It-is- another object of the invention to provrde a wave:
type- oscrllator hayving a substantlally 1ncreased electromq
tuning range.

Sl anotheér .object of this invention is to provrde an.
ultra-broadband travehng—wave type tube

Itis a further object of the invention to provrde means..
for delaying microwaves of all frequencres by. substan-'
tially. equal perlods of tlme

It is 2’ still further ob]ect ‘of the 1nvent10n to. provrdeei
means for compensatmg for. the nonumformlty in, the.’
phase velocities of microwaves propagated along 2 cony:
ductive helix through an attenuator, region.

’Ihe novel features whrch are beheved to. be character-..
1st1c of the 1nvent10n, both as to its orgamzatlon and, meth-.‘t
od of operatlon together with further objects, and ad-.
vantages, thereof will be better understood from: the fol- .
lowing, descnptron considered in connection with the ac-.
com anylno drawing in. Wthh an embodiment , of;, the-;
invention is. jllustrated by. way of. example it is.to. be.
expressly understood however, that the drawing.is f the;
purpose of, rllustratron and description only, and.is not,in-,
tended. as a definition. of the limits of the invention,

Frg. 1 is_a_sectional view. of one embodlment of -the -
present, mventlon employed ina travehng—wave tube con- .
nected to, functlon as.an. electromcally tuned, osc1llator

Flg., 2 is_the section. 2—2’ of Fig. 1.

Fig,.3 shows typical phase -velocity; characteristics. in-.
volved .in the, employment of the. invention which: are.
explanatory of its operation..

Referring now to the drawing, there.is shown.in Fig..
1.and embodiment of thg, disglosed -microwave oscillator
whic} v, compnses a. travelmg—wave tube. 10 including. in-’
put:and output. matchmg cayities, 12 :and. 14, respecttvely,
w1th »feedback circuit such-as, for, example,. a-coaxial:
cable, 16, completmg the connection.. between .cavities 12»-

An envelope 18, whrch
es the evacuated chamber of travehng—wave ‘tube.
onsrsts of.a long cylindrical structure which has -an-

ortlon at the left extrem1ty, as. vrewed in.the.
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trons which is directed along a predetermined path that
lies on the longitudinal axis: of elongated envelope 18.

A solenoid 20 is axially positioned symmetrically about
the complete length of envelope 18. An appropriate
direct current is maintained in solenoid 20 by means of
a connection across a potential source, such as a battery
21,.50 as to produce a magnetic field which may be of
the order of 600 to 1000 gauss running axially along the
entire length of the tube. The purpose of this magnetic
field is to keep the electron stream focused or constrained
while traversing the path along the longitudinal axis of
envelope 18.

Electron gun 19 comprises a cathode 22 with a heat-
ing element 24, a focusing electrode 26, and an accelerat-
ing anode 28." Heater 24 is connected across a source of
potential, such as battery 25, the negative terminal of
which may be connected to cathode 23. Cathode 22 is,
in turn, maintained at an adjustable potentia] -of the order
of from 500 to 2000 volts negative with respect to ground
by means of a connection through a resistor 27 to the ad-
justable tap of a potentiometer 29 which is in turn con-
nected across a battery 30, the positive terminal of which
is connected to ground. A capacitor 31 is coupled di-
rectly to cathode 22 to provide a means of varying the
velocity of the electron stream along the predetermined
path in accordance with a signal. Focusing electrode 26,
sometimes called ‘a Pierce electrode, is designed to have
a frustro-conical shape with a surface of revolution at
67Y% mechanical degrees from: its axis of symmetry and
is maintained at a potential of zero volts with respect to
cathode 22 in order to simulate the space charge effect
of an infinitely large stream so as.to focus the electrons
emitted from cathode 22 into a solid cylindrical electron
stream. . Focusing electrode 26 is accordingly connected
directly to cathode 22 to accomplish this result. Anode
28 is maintained at a potential sufficiently positive with
respect to the potential of cathode 22 to accelerate the
electrons to a desired velocity by means of a connection
therefrom to ground.

Disposed concentrically about the electron stream path
in the direction of electron flow within envelope 18 are
a matching ferrule 32 connected over a lead 34 to helix
36, which is in turn connected over a lead 38 to a match-
ing ferrule 40. Helix 36, and ferrules 32, 40 are main-
tained at the same potential as anode 28 by means of a
shitable connection thereto. A collector electrode 42 is
disposed at the right extremity of envelope 18, as viewed
in the drawing, to intercept and collect the stream elec-
trons. ~Collector 42 is maintained at a potential of the
order of 200 volts positive with respect to the potential

of ferrule 40 so as to minimize the number of secondary -

electrons. This voltage is impressed on collector 42 by
a connection to the positive terminal of a battery 44, the
negative terminal of which is connected to ground.
Helix 36, which serves as a slow-wave circuit .for
traveling-wave tube 10, preferably has an inner diameter
substantially equal to the inner diameter of ferrules 32

and 40 so that the stream electrons can be made to pass’

as closely to helix 36 as possible without being inter-
cepted by the latter. A material such as tungsten is
suitable for making helix" 36, the principal requirement
being that it retain its form, especially with respect to its
pitch and diameter.

As previously mentioned, helix 36 is connected to
ferrules 32 and 40 by leads 34 and 38, respectively.
Leads' 34 and 38 are located parallel to the electric fields
excited within matching cavities 12 and 14. Matching
cavity ‘12 has the configuration of. a rectangular ‘toroid
with a ‘concentric collar 46 disposed about matching
ferrule 32 and a slot opening coextensive with and adja-
cent to lead 34. An opening 48 in the end plate of cavity

12 facing the left end of helix 36 allows the full length:
of lead 34 to be energized and, in addition, decreases the -

tendency of the electric field produced by the potential on
the cavity to disturb the flow of the stream electrons.
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Cavity 14 is similarly shaped, having a corresponding con-
centric collar 50 arranged about matching ferrule 40 and
an opening 52 facing the right end of helix 36.

The coaxial cable 16 couples input cavity 12 to output
cavity 14 through a band pass filter 55 to provide an ex-
ternal feedback path for the oscillator. The center con-
ductor 54 of coaxial cable 16 extends through the aper-
tures in the end plates of cavities 12 and i4 to connect
to collars 46 and 50, respectively, while the outer con-
ductor of cable 16 is bonded to the periphery of the
apertures. Band pass filter 55 restricts the frequency of
the emergy feedback to input cavity 12 so as to limit
oscillation to a band of frequencies coextensive with a
desired mode of oscillation. Also, the electrical length
of the connection between output cavity 14 and input
cavity 12 should be as short as possible for maximum
range through which the oscillator of the present inven-
tion can be electronically tuned. An output for the oscil-
lator is provided by a loop 56 which extends through an
aperture in cavity 14 to couple to the electric field there-
in. Cavities 12 and 14 are fabricated with an inner sur-
face composed of a highly conductive material and arc
broadly resonant so as not to control the frequency of
oscillation. The configuration shown for cavities 12 and
14 in the drawing may provide, for example, suitable
matching from helix 36 to coaxial cable 16 over a 2:1
range of frequencies extending from 2000 to 4000 mega-
cycles:

Due to the fact that traveling-wave amplifiers are
broadband amplifiers, it is difficult to obtain a proper im-
pedance matching for all frequencies at the output. A
resistive coating 58, which may be of carbon black, is
applied on the outside of envelope 18 about the center
turns of helix 36 for the purpose of attenuating waves
which may be reflected from the output end of tube 10
because of an impedance mismatch. Resistive coating
58, which may be applied to any structure in the vicinity
of its present position, is thus employed to decrease the
tendency of the tube to break into oscillation by means
of interna] feedback. Forward waves traveling along with
the stream electrons are not appreciably attenuated since
they are propagated partially by the stream. It is to be
noted that there are numerous methods of attenuating an
electromagnetic wave and that the method described is
merely for the purpose of illustration.

Coating 58 serves an extremely useful purpose; how-
ever, there are certain inherent disadvantages in its em-
ployment. In the first place, its use decreases the phase
velocity of a wave being propagated through it. This
causes the gain of the tube to vary unfavorably with fre-
quency because of the interference effects of space charge
waves which are propagated by the electron stream which
produce narrower operating frequency bands and appreci-
ably decrease the gain of the tube. These reduced gain
and bandwidth effects may be minimized by decreasing
the phase velocity of a wave within the unattenuated
regions of the wave transmission path to a velocity equal
to that of the wave within the attenuated region. In ac-
cordance with the present invention, equalization of the
phase velocities is accomplished by the employment of
two. cylinders 59, 60 disposed lengthwise of and spaced
about the unattenuated regions of helix 36 and a third
cylinder 64 disposed concentrically about the remaining
portion of helix 36 wherein the electromagnetic wave is
attenuated.  Cylinders 59, 60 and 64 each comprise a
plurality ‘of conductive strips 61 which are spaced uni-
formly about the helix 36 with a suitable dielectric binder
62 'interposed” between the conductive strips 61. The
diameter of cylinder 64 is larger than the diameters of
cylinders 59, 60 so as to compensate for the effect of
resistive coating 58 on the phase velocity.

With respect to cylinders 59, 60, it is not necessary
for strips 61 to be outside envelope 18, nor is it necessary
for them or equivalent structure to be at any critical posi-
tion; however, if the diameter of helix 36 is not kept small
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for, high.frequenicy- operation,.a self-oscillation. of a wave
renders;the tube.uses.

called a backward wave.ordin nders; {
less for other purposes, From this standpoint, it is more
practicable to employ;strips 61 on the putside of envelope
18. Strips 61 should be .composed of a highly conductive

_material: such ias, for example,-copper-or silver.. Alterna-.
tively,.strips: 61. may, be replaced. by .a .continuous. con-.
ductive multifilar helix having a substantially smaller num-

ber:of turns per unit length than that.of helix.36;;, Equiva-

lent impedance may also be produced. by a mesh- of insu- -

lated.,.plaited ‘conductors constituted .of ;two  multifilar

heliges-of reverse, pitch :and of the. same.relative. dimen-.

sions. :

Strips. 61 should usually: be spaced apazt: by a distance.,

supstantially shorter: than. the diameter. of .cylinders 59,
60, Likewise,.their maximum,cross-sectional. dimension

shgiglgi also. be-as ;small : as; possible consistent. with -the .

dimensions of the helix 36 and envelope 18. A cross
section of cylinder 5%-at section 2—2" is shown in Fig. 2.

In this figure, the symbol-“a” is-employed to denote the 2

outside radius of helix 36 and “b” is used as the inside

radius:of -the cylinder 59 constituted of strips. 61 and di--

€6 .00

electric 62, The ratio .of “b” ‘to-“a” determines. the
effectiveness--of . the strips 61 ‘with: respect. to- the extent
that-the phase velocity is decreased.: More-particularly,

forzemployment .in-the traveling-wave- tube : osbilla}torA of :

the:present inventor, the ratio-
b

a.

is.less than the quantity -

[25-2 +10-18]

and as small as practicable in order to produce maximum
anomalous.dispersion in the wave transmission path. In

the aforementioned quantity,. e, is -the relative dielectric

constant of the infervening medium between helix 36 and
the conductive strips 61. With regard to the application of
the present:invention to-.an -external. feedback path elec-
tronically tuned..traveling-wave .tube .oscillator shown in
Fig. 1, it is desirable to make the wave-transmission path
ancmalously- dispersive-so--as--to- increase. the frequericy
range through-which-the- oscillator -can-be electronically
tuned. - It can be.shown. that-this: frequency range, Aw, is
approximately equal-to-- . ’

W,
7(1—-D)

wherein wm is the mean angular frequency of oscillation
for a mode having n wavelengths about the feedback loop,
and D is the dispersion of the wave transmission path.
It is readily apparent that if this: dispersion is positive
i..e..anomalous, the frequency range Aw is.considerably. in-
creased over what it would be.if it were negative,. as is
usually the case.

To show more. clearly the-manner-in which the phase
velocity is;compensated throughout the length:of the feed-

back path, reference is made to Fig. 3.: In:this figure.the .

frequency range Aw extending from wi, t0 w2 and having
a mean frequency wmr represents the electronic tuning
range of the oscillator for a mode of oscillation having %
wavelengths around the feedback loop. Within the fre-
quency range Aw, a line 70 represents the phase velocity
versus frequency characteristic for the unaltered helix
36, a line 72 represents the phase velocity versus frequency
characteristic of the helix 36 with only the resistive coat-
ing 58, and a line 74 represents the desired phase velocity
characteristic of the wave-transmission path of the oscil-
lator. In the present case, the cylinders 59, 60 reduce the
phase velocity throughout the unattenuated portions of
helix 36 from velocities represented by line 70 to those
represented by line 74 while the velocities throughout
the region coextensive with resistive coating 58 are reduced

ey
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from the, velocities represented by, line 72-to. those repre-..
sented by the same line 74. This difference in the amount.
that it is required to reduce the phase velocity in the at-
tenuated region mecessitates the cylinder 64 being some-

. what larger than the .cylinders. 59, 60. disposed about the

" unattenuated regions. . In this manner the wave transmis:

15

sion path is maintained uniform throughout the wave.
transmission path and at the same time, the dispersion. of
the path is made anomalous.

In the .operation of the oscillator, oscillations are re-
stricted to a single mode by band pass filter 55. The fre-.
quency of the oscillations are tuned through this mode by -
varying the velocity of the electron stream along the wave
transmission path.. The velocity of the electron stream.
is preferably varied by changing the potential impressed
on cathode 22 of electron gun 20. As previously pointed
out, the frequency range through which the oscillator may ,
be electronically tuned in this manner is substentially in-
creased by making the wave transmission . path: anoma-

. lously dispersive in accordance with the present invention.

In order to explain more clearly the operation of the -
present invention, an analogy may be made to a conven-
tional transmission line where the phase velocity of a prop- .
agated wave varies inversely as the square root of the .

5. product of the series inductance and shunt capacitance per

" unit length of the line. In this. respect, the conductive

. conductors at right angles to each .other.

strips 61 have no substantial effect on the series inductance
of the helix 36 in that they are disposed lengthwise there-
with, noting that there is no inductive coupling between
Conductive

" strips 61 do, however, substantially increase the effec-

tive shunt capacitance of the helix 36 to, effect -a de-
crease in the phase velocity of a wave propagated by
the helix 36 in accordance with the aboye relation. '

‘As the transit time required for -current flow along

" strips 61 is a finite length of time, their effect with respect

40,

to increasing the shunt capacitance of helix 36 increases as
the frequency of the propagated wave is decreased. This
effect is particularly noticeable where the period of the.
propagated wave is comparable to this transit time.
It is apparent from the structure shown in Fig. 1 and-
the foregoing teachings that the apparatus of. the present i
invention may be incorporated with any traveling-wave
tube having an attenuating region along a portion of the

., wave fransmission path.to.réduce the phase velocity along

" the remaining portion of the path to make the phase

50;

(18
(24

60

70

velocity uniform for the entire length of the path: "In-
this case, the ratio of the diameter of the cylinder con-
stituting conductive strips 61 and dielectric material 62 to
the diameter of the helix 3§ would be a function of the
characteristics of the resistive coating; (i. e. the extent to
which the electric fields external to the helix are attenu-
ated) and the dielectric constant of the material -inter-
posed between the helix 36 and the cylinder. In. this_

respect, the proper ratio is a matter of design to be deter-

mined by the particular characteristics of the tube.

In addition to the above, the present invention may also’
be employed to provide a delay line for delaying a wide
range of frequencies by a constant period. of ‘time, A
delay line of this type could be incorporated into a travel-:
ing-wave tube to provide an ultra wide-band-traveling-
wave microwave amplifier tube. This ultra wide-band
amplifier is obviously realized because waves of the entire
band of frequencies are all propagated at the same velocity
in synchronism with the electron stream velocity so as to
effect substantially uniform gain at any frequency within
the band.

This constant time delay structure is provided by em-
ploying a cylinder 59 constituting a plurality of conductive
strips 61 disposed uniformly about the helix 36 lengthwise
along the entire length of the delay path in the same
manner as shown in Figs. 1 and 2. In this case, however,
the ratio

b
a
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of the radii of Fig. 2 is made approximately cqual to the

quantity .
1
[2'5 e 0.18]

wherein e, is the relative dielectric constant of the inter-
vening medium between the helix 36 and the conductive
strips 61.

What is claimed as new.is:

1. In a traveling-wave tube having a conductive helix
for propagating electromagnetic waves along a path
whereby the higher frequency components of said waves
are propagated along said path at velocities less than the
lower frequency components, and having electron beam
means for projecting a beam of electrons in interacting
relation with the helix, means comprising a plurality of
longitudinal conductors disposed lengthwise of and spaced
uniformly about said helix to cause the lower frequency
components of said waves to be propagated along said
path at velocities less than the higher frequency com-
ponents, and a medium having a predetermined relative
dielectric constant, e, different from that of a vacuum,
interposed between said helix and said plurality of longi-
tudinal conductors, the ratio of the inside diameter of the
cylinder formed by said plurality of lengitudinal con-
ductors to. the outside diameter of said helix being less
than the quantity

(2.5—-;;10—.—1?3)

2. A broadband traveling-wave amplifier tube includ-
ing a conductive helix for propagating an electromagnetic
signal wave over a wave transmission path, electron beam
means for projecting a beam of electrons in interacting
relation with said helix, a plurality of longitudinal con-
ductors disposed lengthwise of and spaced uniformly
about said helix, and a medium having a predetermined
relative dielectric constant, ., interposed between said
helix and said plurality of longitudinal conductors, the
ratio of the inside diameter of the cylinder formed by
said longitudinal conductors to the outside diameter of
said helix being substantially equal to

[2.5—;@]

whereby all the frequency components of said signal wave
are propagated along said path at substantially the same
velocity.

3. A traveling-wave tube delay line comprising electron
beam producing means for providing an electron stream,
a conductive helix disposed about said stream in energy
exchange relation therewith for propagating an electro-
magnetic. signal wave over a wave transmission path, a
plurality of jongitudinal conductors disposed lengthwise
of and spaced uniformly about said helix and spaced
from each other by a distance which is very small rela-
tive to the diameter of said helix, and a medium of pre-
determined dielectric constant, ¢, interposed between
said helix and said plurality of longitudinal conductors,
the ratio of the inside diameter of the cylinder formed by
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said longitudinal conductors to the outside diameter of
said helix being substantially equal to

[26- 53]

whereby all the frequency components of said signal
wave are propagated along said path at substantially the
same velocity.

4. A microwave oscillator comprising a conductive
helix having an input circuit and an output circuit at
opposite extremities thereof, a plurality of longitudinal
conductors disposed lengthwise of and spaced uniformly
about said helix, a medium having a predetermined. di-
electric constant, ¢, interposed between said helix and
said plurality of longitudinal conductors, the ratio of the
inside diameter of the cylinder formed by said longitudinal
conductors to the outside diameter of said helix being

less than
1
[2'5—e,+0.18] ‘

to effect an anomalous dispersion, D, in said helix, means
for preducing an electron stream, and means for directing
said electron stream contiguously along the length of said
helix; a filter having an angular frequency passband coex-
tensive with a predetermined tuning range, Aw, having a
mean frequency, «m; and means including said filter
coupled from said output circuit to said input circuit to
provide a feedback loop to restrict the operation of said
oscillator to a single mode of oscillation coextensive with
said predetermined tuning range whereby an integral
number, 5, wavelengths exist about said feedback loop
whence said tuning range, Aw, is approximately equal to

wm
7(1—-D)

whereby the velocity of said electron stream along the
length of said helix may be varied to electronically tune
said oscillator to a desired frequency within an unusually
large tuning range.
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