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relates o a traveling wave electron dis-
ing a conira-wound helical slow wave
ng structure, or a modified form thereof, which
is designed to suppress the undesirable ring mode of oscii-
lation often prevalent in such devices.

Traveling wave amplifiers, particularly those capable of
handiing high power, sometimes utilize a contra wound
helix, or ils approximale u.p)vakl]t a ring-bar delay
consisiing of several rings, adjacent ones of
¢ joined tozether by a sirip or bar. Delay struc-
wound helix type are characterized by
nce in the forward wave fundamental and
lower impedance in the space harmonics than for a single

strogture,
which are
tures of the con

helix. S wh delay structures, unforitinately, are charac-
terized by a propagating mode in addition to the usual
kelix mo c‘zes normally used for ampliﬁcatioq This un-

desivable mo du referred to as the rmg mode, has a field
pattern cousisting of a phase shift of 360° around the cir-
cumference of the helix, that is, the circumference of the
helix is equal to one wave length for the ring mode. This
ring mode produces strong osciilations that prevent normal
traveiing wave tube ampliﬁcation This type of inter-
ference to amplification is especially prevalent in tubes
operating at relatively high power and gain, where the
beam current is large and the beam is located close to the
helix in order to achieve maximum coupling between the
kelix and the beam. Since the phase velocity of the ring
mode may be of the order of magnitude of the phase
velocity of the normal amplifying mode, strong coupling
may exist between the ring mode and the electron beam,
and the ring mode, COI‘SCC’HB-,.I] is readily excited.

The ring mode is derived thecretically from a helix
having zero pitch angle, which is equivalent to a series of
disconnecie ed rings resonating at a natural frequency equal
to the ratic of the veloc nj of light tc ﬂ:e product of 27

and the radius of t"xe ings. The physical orientation of
the ring mede in such a case is determined by the source
of excitation. In 1he practical ring-bar helix, however,
the cross-over or bar fixes the orientation so that a definite
relation exists between the fields around adjacent rings.
The plane of symmelry of such a structure passes mrough
the center linss of each of the bars. - A first set of alter-
nate bars is disposed colinearly while the other set of
alternate bars is disposed colinearly and diametrically
opposite the first set of bars. Conseguently, high cur-
rent pnm&s oceur in the region of the bars and high volt-
age points at regions $0° displaced from the bars. More-
over, the directions of the ring mode currents is across
the bar, as contrasted with the regular helix mode current,
which is along the bar. If the bar is siotted in a longitu-
dinal direction, the currents associated with the ring mode
may be perfurbed, without concurrently perturbing the
currents associated with the usual helix mode. The dis-
ruption of the ring mede, however, does not eliminate the
ring mode, but mc;eﬂv smfts its frequency, owing to the
capacitance presented by the slots at the high frequency
involved. The 1i ing mode also occurs in the basic contra-
wound helix & 1 ay structure and may be shifted, but not
eliminated, L‘y otting, just as in the case of the ring-bar
structure. :

In accordance with one embodiment of the invention,
a much more effective method of suppressing the undesired

involves placmﬂ resistors across the slots.
olective ai‘i wation of the ring mode then cccurs,
whereby the Q of the ring mode may be reduced to the
point WBF‘).C the ring mode cannot sustain itself in oscilla-
ticn The resistors have negligible effect upon the funda-
mental helix mode, since the currents associated there-
1th travel along the length of the bars on either side of

the resistor-flled slots. The resistors do not absorb ap-
preci iable 1,0'7@1 from the fundamental amplifying mode,

10 sinee little, if 'my currents from this mode pass through
the reaistors. Resisiors in this position do not absorb
power from the ring mode because oscillation is prevented.
Also in accordance with the invention, ring mode sup-
pression may be accomplished in a contra-wound helix or

15 ring-bar structure which is not slotied. The resistance in
such a case may be in the form of a sirip or layer of resis-
tive material whose thickness is greater than the skin
depth for the +'"°ﬂuf:n.,y mvowcd; this registive material,

in the case of the contra-wound helix, may be positioned

20 in the ragion of 11 2 crossover region of the two helices, or,
in the case of the ring-bar structure, mey be deposited on
one or more surfaces of {he ring bar u’zrucLLre in the region

I the bar. More specifically, the resistive material should

be placed as close as possible to the plane of symmeiry of

25 the delay lines ‘.*./hlr‘u, in the case of the contra-wound

helix, pas : each of the cressover regions of the
two i nd, in the case of the ing-bar structure,
passes uzh each of the bars of the structure at the
center of said bars.

30 The novel features of the inveniion, together with fur-
ther obiects "nd ﬁd\.'onmo 3 flﬁ reof, will be more fully

escription considered
it h ﬁe ac”ovnbaqymfr drawing, wherein:
ictorial view of a portion of a ring-bar type
ropagating structure, illustrating the cur-
fou for the fundamental mode and the ring

. 2 is a cross-sectional view of a iraveling wave tube

40 ing a slow wave propagating siructure accord-

175, 5 is a pictorial view of a portion of another type
45 of slow wave propagating siructure which may be used
in the tube of FIG. 2;
FIG. 6 is a detail view showing one of the resistive ele-
ments L,sed in the slow wave propagating structure of
5>

FIG. 7 is a detail view of a portion of a contra~wound
helix incorporating the principles of the invention; and
FIG. 8 is a detail view of a portion of a ring-bar struc-

ture incorporating the principles of the invention.
Referring to FiG. 1 of the drawing, a portion of a
ring-bar slew wave propagating structure 1€ is shown.
Such a delay stiucture includes a plurelity of rings 12,
adjacent ones of which are interconnected by bars 14
alternately disposed at diametrically Onpoqite points along
ths rings. The fundamental mode of prepagation along
delay structure 1§ is characterized by a current which
travels in a direction indicated by the solid arrows in
FIG. 1. This current travels around a half of each ring,
thence along the length of a bar, arcund half of the
next ring, etc. This current sp]its into two paths, some
traveling about one-half of a given ring and the remainder
traveling about the other half of the ring. The current
in the two paths meets at a bar and flows along the
length of the bar in the same direction. The current as-
sociated with the ring mode of oscillation follows a path
as indicated in FIG. 1 by the detached arrows. This cur-
rent follows paths around the entire periphery of each
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ring, with the direction of the current being reversed in
alternate rings. It hos been found that, even if the
bars 14 of the siructure 18 of FIG. 1 were slotted so
as to provide a discontinuity in the ring mode curremt
path, there woeuld still be some R.F. circulating cur-
rents associated with the ring mode, owing, for example,
to the capacity between the portions of the structure on
opposite sides of the slot. The practical effect of intro-
ducing slots in this structure merely is to tume the
ring mede to a higher frequency than that which would
be obtaired with the sclid structure shown in FIG. 1.

Referring now to FIGS. 2 and 3, a traveling wave
tube 15 is shown which includes a cylindrical evacuated
eavelope 17 which may consist of a major portion 174
made of an electrically-conductive material and one end
portion 170 made of glass or similar elecivically insulating
material. An electron gun 18 is positioned wiihin ths
envelope 17 adjacent one end of the traveling wave tube
15 and may be of a type commoenly used in traveling
wave tubes. The electren gun 18 shown in FIG. 2 in-
cludes a heater 19, a cathode 28 associated therewith,
a cylindrical focussing electrode 21 and &n accelerating
elecirode 22. The varicus elecirodes of the electron gun
I8 are conaected to an appropriate power supply 24,
whereby an electron bzam is produced and directed along
the longitudinal axis of the traveling wave tube toward
a coilecior elsctrode 25 mounted within the tube eavelope
at or adjacent the end of the tube remote from the
electron gun. The leads connecting the electron gun elec-
tredes 1o the external power supply 24 may be brought
out through the glass portion 175 of the tube envelope.
The entire enveiope 17, of course, may be made of
metal and the power supply ieads brought cut through
electrically insulating bushings in the end of the tube en-
velope adjacent the electron gun. The electron gun
electrodes are supported by structural means which have
been omitted from the drawing for the sake of simplicity
and clarity. The velocity of the eleciron beam is de-
pendent upon the potentials on the varicus electrodes
of the electron gun.

The slow wave propagating structure 18 is supported
along the longitudinal axis of the tube 15 between the
electron gun 18 and the collector 26 by means of elec-
trically insulating rods 28 which may be made, for ex-
ample, of glass or ceramic. These rods, in turn, are
supported from the tube envelope 17 by meaus of trans-
verse discoidal members 29 having recesses into which
the ends of rods 28 may be inserted. The delay structure
10 is maintained at a positive potential relative to the
cathode 28 by means of a lead 31 conunecting a porton
of the delay structure 1€ to the disccidal member 29,
which member is electrically connected to the grounded
envelepe 17. It should be understood that the tube en-
velope 17 nead not be at ground potential; it is necessary
only that the slow wave structure 18 be maintained at
the proper positive potential relative to the cathode.

Transverse motion of elecirons is kept within reason-
able grounds by means of the longitudinal magnetic field
produced by the cylindrical coil 33 swrrounding tube en-
velope 17 and energized by a unidirectional voltage source
34, Input energy may be supplied to the slow wave stroc-
ture 18 by means of a coaxial means 35 whose inner
conductor is atiached to the slow wave stiucture 1% at
or adjacent one end thereof. Output energy is removed
from the tube 15 by means of a coaxial output coupling
means 3§ whose inner conductor is connected to the slow
wave structure 16 at or adjacent the other end.

The details of the slow wave structure 1§ of the tube
15 are shown in FIG. 3 and include a ring-bar circuit
comprising a plurality of rings 12 and bars 14, each bar
interconnecting two adjacent rings alternately at points
along the rings which are displaced 180°. This structure
is symmeirical about a plane passing diametrically through
said strueture and passing through the center lines of
said base.
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In order to suppress the undesired ring mode, resistive
; § are applied to the surfaces of the slow wave
ructure 1¢ of tube 1% adjacent the plane of symmetry
of siructure 18, in the manner indicated in FiG. 3. The
' the sirvips preferably is at least equal io
of current penetration, or skin depth, for the
of the ring mode oscillation. The skin depth
current density is 1/e¢ of its value at

where !
¢ is the resistivity of the material

u is its permeability

f is the frequency invslved,
K is a constant.

and

it the thickness of the resistive strip 38 is too thim, its
effectiveness in lowering the Q of the slow wave struc-
for the ring mode weuld be decreased, since some
of the circulating currents would be able to travel beneath
the resistive strip.

Each resistive element 38 is disposed adjacent the plane
of symmetry of the slow wave structure @ and, in ad-
dition to passing along a bar 14, may span two adjacent
rings 12 in the region coextensive with the interconnecting
bar. The resistive material making up each resistive
element may be applied to both sides and ends of the
cerresponding portion of the slow wave structure, as il-
lustrated in FIG. 3. In many cases, however, it is not
essential that the strips 38 be in the form of continuous
loops. Indeed, it is possible, particularly at low power
levels, to damp out the ring mode with a strip which does
not span two rings and which is of lesser length than
that of a bar. This arrangement is shown in FIG. 4.

Although the resistive element 38 is shown in FIGS. 3
and 4 as a more or less elongated rectangular strip, the
element need not be limited to this configuration. It
has been found that the resistive element is more ef-
fective if positioned at or adjacent the plane of sym-
metry of the delay structure, since the current peaks in
the desired mode occur at the plane of symmetry,
that is at positions which are displaced 180° at or near
the center line of the various bars 14. The resistive ele-
ment may be skewed slightly with respect to the center
line of cach bar without causing substantial degradation
of selective cancellation of the ring mode. As the re-
sistive material is located farther from the plane of sym-
metry, more of the current in the main mode flows
through the resistive material and the main mode be-
comes more damped. Even with somewhat increased
damping of the main mode, however, selectivity against
the undesired ring mode continues quite high over a
considerable range of size of the resistive element. If
the resistive material were to be located on the entire
surface of each ring, however, the main mode obviously
would be damped unduly. For this reason, a limit is
placed on the amount of resistive material that can be
used in practice. In most cases a resistive strip located
within the confines of each bar is adequate for suppressing
the ring mode oscillation. The amount of resistive ma-
terial applied to the slow wave structure 10 is dependent
upon the power level. As the tube power increases,
more damping obviously will be required, that is, the size
of the resistive element 38 would have to be increased.
In some cases, the resistive material may extend over
the entire bar and over a portion of the adjoining rings.

Another arrangement for damping out the ring mode
of oscillation is indicated in FIGS. 5 and 6. The delay
structure 18 of FIG. 5, which may be substituted in the
tube of FIG. 2 for the delay structure shown in FIGS. 3
and 4, the bar 14 and the porticns of two adjacent rings
12 in alignment with said bar are slotted. The slots 41
extend in a longitudinal direction, and, although indicated
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in FIG. 5 as spanning two adjacent rings 12, the slots
may, in certain cases, be of shorter length, depending
upon the amount of damping necessary for the particular
tube to suppress adequately ring mode oscillation. In
each slot 41 a resistor assembly 45 is inserted. This as-
sembly, for example, may include a ceramic body 46
coated on at least one of two opposed surfaces with a
resistive material 47, such as carbon or powdered iron
suspended in an electrically insulating binder. Two edges
of the body 46 are metallized and have attached thereto
one or more metal lugs 48 bent in such a manner as to
permit one end thereof tc be fixedly mounted, as by
brazing, to delay structure 8. RBither or both of the
opposed surfaces may be coated with resistive material,
depending upon the amount of damping required for
the particular tube. Although the resistor assemblies
45 are shown at the same length as the corresponding
slot 41, these resistor assemblies need not be of the same
length as the slot in all applications. The size of the
resistor assembly 43, like that of the resistive strips 38 in
the delay structure 1@ of FIGS. 3 and 4, is dictated by
the characteristics of the particular tube, in the manner
already pointed out.

Although the invention described in FIGS. 1 to 6 illus-
trates a modified contra-wound helix, namely, a ring-bar
structure, the invention also is applicable to a contra-
wound helix. A portion of a contra-wound helical delay
structure 1¢ is shown in FIG. 7; this delay structure
may replace the ring-bar structure shown in the tube 15
of FIG. 2. The delay structure 10 of FIG. 7 comprises
a pair of oppositely wound helices 12z and 32b which
are electrically connected at the cross-over region 14’
A resistive element 38, such as described in FIG. 4 is
positioned in the region 14’, as shown in FIG. 7, so as to
selectively attenuate the ring mode without appreciably
perturbing the normal mode. The crossover region 14’
of FIG. 7 corresponds to the bar portion 14 of the ring-bar
structure 19 of FIGS. 1 to 5. As in the case of the ring-
bar structure 18, the resistive element 38 preferably is
disposed in the vicinity of the plane of symmetry of the
structure which passes through each of the cross-over
regions 14’ of the structure. The same considerations
regarding the effect of departures of the resistive element
from the plane of symmetry apply as in the case of the
ring bar structure already referred to. The type of con-
struction shown in FIGS. 5 and 6 may be incorporated
into a slotted contra-wound helix 1@, as shown in FIG. 8.

This invention is not limited to the particular details
of construction, materials and processes described, as
many equivalents will suggest themselves to those skilled
in the art. For example, although the resistive elements
38 are shown as resistive films in the drawing, the re-
sistive elements 38 may be thin solid members of resistive
material, either affixed to the surface of the delay struc-
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ture 10 or imbedded in recesses in the delay structure
18. MMoreover, the delay structure 10 could be made of
a resistive material in the region where the resistive ele-
ments 38 are shown in the drawing. Similarly, the re-
sistive elements 45 need not be in the form of a resistive
film coated on ceramic but may be thin solid members.
It is accordingly desired that the appended claims be
given a broad interpretation commensurate with the scope
of the invention within the art.

What is claimed is:

1. In combination, a traveling wave tube comprising a
slow wave structure including a plurality of spaced rings
and a bar intercomnecting each adjacent pair of rings,
each bar extending adjacent the plane of symmetry of
said structure, said structure as above defined being sub-
ject to operation in an undesired mode of oscillation hav-
ing associated therewith currents circulating about said
rings, each of said bars and a portion of each ring aligned
with said bar containing a slot, and resistive means
inserted within each of said slots, said resistive means
each comprising a ceramic block having two opposed
surfaces metallized and conaected between opposite edges
of said slot, said ceramic block further having at least one
remaining surface coated with a resistive material for
introducing a resistance between opposite edges of said
slot.

2. In combination, a traveling wave tube comprising
a slow wave structure including a pair of oppositely wound
helical conductors interconnected at crossover regions
disposed adjacent the plane of symmetry of said struc-
ture, said structure as above defined being subject to
operation in an undesired mode of oscillation having as-
sociated therewith currents circulating about said siruc-
ture, a portion of said structure at said crossover region
containing slots disposed substantially along said plane
of symmetry of said structure, resistive means inserted
within each of said slots, said resistive means each com-
prising a ceramic block having two opposed surfaces
metallized and connected between opposite edges of said
slotted structure, said ceramic block further having at
least one remaining surface coated with a resistive mate-
rial for introducing a resistance between opposite edges
of said slotted structure.
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