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This invention relates to micro-wave tubes and more 
particularly to a traveling-wave tube incorporating a slow 
wave circuit constituting a periodic waveguide device hav 
ing unidirectional or selective attenuation characteristics. 

In the conventional traveling-wave tube, a slow-wave 
structure is generally employed to propagate an electro 
magnetic signal wave along the path of an electron stream 
at a velocity to effect interaction between the electro 
magnetic wave and the electron stream. In that this type 
of tube provides gain over a broad range of frequencies, 
it is very difficult to provide an output circuit with an 
impedance that matches that of the slow-wave structure 
over this entire range of frequencies. This results in a 
portion of the energy of the electromagnetic waves appear 
ing at the output circuit being reflected and being propa 
gated back towards the input circuit by the slow-wave 
structure. When this reflected portion of the output wave 
arrives at the input circuit, a portion of its energy may 
again be reflected and propagated along with the electron 
stream towards the output circuit. This last reflected por 
tion of the electromagnetic wave is progressively amplified 
along its return path. When this reflected portion is am 
plified to the extent that it has a magnitude greater than 
that of the initial wave appearing at the output circuit, the 
tube is said to be in self-oscillation. Thus, it is apparent 
that a traveling-wave tube may self-oscillate at any fre 
quency where the gain is greater than the reflection and 
propagation losses through the tube. 

In accordance with the present invention, a traveling 
wave tube is provided wherein the tendency to self 
oscillate is substantially eliminated whereby gain and 
power output may be increased. Self-oscillations are 
eliminated by employing a periodic waveguide device hav 
ing unidirectional or selective attenuation characteristics 
for the slow-wave structure of the tube. These unidirec 
tional or selective attenuation characteristics are achieved 
by utilizing the gyroresonance properties of ferrite ma 
terials in conjunction with the magnetic field normally 
employed for constraining the electron stream. Proper 
ties of ferrite materials of the gyroresonance type are de 
scribed in an article entitled, "Ferrites in microwave 
applications," by J. H. Rowen, which appears on pages 
1333-1369 of the Bell System Technical Journal for 
November 1953, published in New York. 

In a first embodiment of the invention, a folded wave 
guide structure is employed to propagate an electro 
magnetic wave along a path through the central portion 
of each waveguide section. In order to provide this struc 
ture with unidirectional attenuating characteristics, slabs 
of ferrite material are disposed within the sections of the 
waveguide normal to the path of the electron stream, the 
successive slabs being spaced from the wall of the guide 
on alternate sides of the electron stream. A single iongi 
tudinal magnetic field is then developed to direct the 
electron stream along the path and to produce gyro 
resonance within the slabs of ferrite material at frequen 
cies where, the unidirectional attenuating characteristics 
are desired. The frequency at which gyroresonance with 
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its concomitant maximum attenuation occurs depends on 
the magnetic field within the ferrite material. Thus, the 
frequencies at which unidirectional attenuation is desired 
may be staggered throughout the band wherein gain is 
provided by controlling the magnetic field within the indi 
vidual ferrite slabs. In that the same magnetomotive 
force energizes all the ferrite slabs, the magnetic field 
through any one slab may be determined by its thickness 
or lessened by a magnetic shunt. In addition, it may 
be desirable to progressively increase the coupling of the 
ferrite slabs to the wave being attenuated so as to dis 
tribute the heat dissipation uniformly over all of the slabs. 
This may be accomplished by progressively increasing the 
spacing between the ferrite slabs and the wall of the 
waveguide. 
An alternative embodiment of the present invention is 

similar to that described above except that the ferrite 
slabs are spaced contiguous to the wall of the guide so as 
to attenuate waves propagated by the guide equally in 
both directions. This attenuation, however, is effected 
only for frequencies on both sides of the operating fre 
quency range by suitable energization of the ferrite ma 
terial by the electron stream focusing field. In this man 
ner both forward and backward waves are attenuated at 
frequencies adjacent the operating range where self 
oscillations are likely to occur. 
Another embodiment of the present invention employs 

a helical waveguide coupled to an electron stream by 
appropriate openings at either the center or at one side 
thereof. A longitudinal magnetic field is used for both 
focusing the electron stream and for developing uni 
directional attenuating characteristics in the waveguide 
structure by simultaneously energizing a ribbon helix con 
stituted of ferrite material disposed parallel to and spaced 
from an inner wall of the guide. This structure has the 
advantage in that it does not have any discontinuities to 
detrimentally reflect portions of the electromagnetic wave 
being propagated along the path of the electron stream. 

It is therefore an object of the present invention to pro 
vide an improved traveling-wave tube wherein the tend 
ency to self-oscillate is minimized. 
Another object of the invention is to provide a traveling 

wave tube incorporating a slow-wave structure having uni 
directional attenuating characteristics. 

Still another object of the invention is to provide an 
improved apparatus employing ferrite materials in con 
junction with the electron stream focusing field to effect 
unidirectional attenuation in the wave guiding structures 
of traveling-wave tubes. 
A further object of the present invention is to incor 

porate a plurality of ferrite slabs in a traveling-wave tube 
to effect unidirectional attenuation wherein substantially 
equal quantities of heat are dissipated in each ferrite slab. 
A still further object of the present invention is to 

provide a traveling-wave tube having selective bidirec 
tional attenuating characteristics adjacent its operating 
frequency range. 
The novel features which are believed to be character 

tic of the invention, both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which several embodiments of 
the invention are illustrated by way of example. It is 
to be expressly understood, however, that the drawings 
are for the purpose of illustration and description only, 
and are not intended as a definition of the limits of the 
invention. 

Fig. 1 is a diagrammatic sectional view of an embodi 
ment of the traveling-wave tube of the present invention 
together with associated circuitry; 
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Figs. 2 and 3 are sectional views of the tube of Fig. 1 

taken on lines 2-2 and 3-3 of Fig. 1, respectively; 
Figs. 4, 5 and 6 are explanatory views of the magnetic 

field configuration in the tube of Fig. 1; 
Fig. 7 is a graph illustrating the permeability charac 

teristic of a typical ferrite for positive and negative cir 
cularly polarized waves; 

Fig. 8 is a graph illustrating the relative attenuation of 
forward and backward waves in the wave propagating 
structure of the tube of Fig. 1; 

Figs. 9 and 10 are respectively a sectional and an ele 
vational view illustrating an embodiment of a magnetic 
shunt for the ferrite members of the tube of Fig. 1; 

Fig. 11 is a sectional view illustrating a modification 
of the embodiment of Fig. 1; 

Fig. 12 is a graph illustrating the relative bidirectional 
attenuation characteristic for the wave propagating struc 
ture of the tube of Fig. 11; and 

Figs. 13 and 14 are diagrammatic sectional views of an 
alternate embodiment of the device of the present in 
vention. 

Referring now to the drawings, there is illustrated in 
Fig. 1 an embodiment of the present invention com 
prising an evacuated envelope 10, an electron gun 12 
disposed within the envelope 10 at the left extremity 
thereof as viewed in the figure for producing an electron 
stream, a folded waveguide structure 14 for propagating 
an electromagnetic signal wave to be amplified along a 
predetermined path for the electron stream, and a sole 
noid ló disposed concentrically about the path for pro 
ducing a magnetic field along the longitudinal axis of the 
tube. 
More particularly, electron gun 12 comprises a cathode 

20 with its associated heater 22 for providing an electron 
emitting surface, a focusing electrode 24, and an acceler 
a ting ancde 26. Heater 22 is energized by a connection 
across a battery 28, one terminal of which is connected 
to cathode 20. In operation, the cathode 20 is main 
tained at a potential of the order of 2000 volts negative 
with respect to ground. This is accomplished by means 
of a connection from the cathode 20 to the negative ter 
minal of a battery 30, the positive terminal of which is 
connected to ground. The focusing electrode 24 pro 
vides a conductive surface of revolution about the path 
cf the electron Stream at approximately 67.5 thereto. 
In accordance with this configuration, electrode 24 is 
maintained at the same potential as that of cathode 20 by 
means of a connection therebetween. Accelerating elec 
irode 25 is disposed concentrically about the path of the 
electron stream to the right of and adjacent the focusing 
electrode 24, as shown. Electrode 26 is maintained at a 
potential of the order of 200 volts positive with respect 
to ground by means of a suitable connection to battery 32. 

Folded waveguide structure 14 for propagating an elec 
tromagnetic wave along the path of the electron stream 
comprises a length of rectangular waveguide 40 that is 
periodically folded back and forth across the path of 
the electron stream. Suitable apertures are disposed in 
the waveguide walls to enable the stream electrons to pro 
ceed along the path. The electric field within the wave 
guide is caused to concentrate about the path of the 
ciectron stream by means of ferrules 42 which connect 
adjacent apertures of the folded waveguide structure and 
protrude slightly inwards into the guide. Annular rings 
33 and 44 are disposed about the periphery of the first 
and last apertures in the waveguide along the path of 
the electrol stream, respectively, to provide similar pro 
trisions into the guide from the end apertures. Di 
electric seas 46, 47 are disposed across the input and 
cutpit ends of the waveguide, respectively, as shown 
to as to enable the envelope 10 to be evacuated. The 
waveguide 40 is maintained at ground potential by suit 
;: he connections thereto. 
A collector electrode 50 for intercepting and collect 

ing the electron stream is disposed at the extremity 
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4. 
of its path farthest from the electron gun 12. Electrode 
50 is maintained at a potential of the order of from 100 
to 200 volts positive with respect to ground so as to mini 
mize secondary electron emission from its surface exposed 
to bombardment by the electron stream. The above is 
accomplished by a connection to the positive terminal 
of a battery 51, the negative terminal of which is con 
nected to ground. 

In accordance with the present invention, ferrite slabs 
60, 61 are disposed on alternate sides of the electron 
stream for at least one period of the folded waveguide 
structure 14. Sectional views indicating representative 
locations of ferrite slabs 60, 61 are illustrated in Figs. 2 
and 3. Referring to these figures, ferrite slabs 60, 61 
are spaced distances a and b, respectively, from the walls 
of the waveguide section 40, The dimensions a and b 
of the slabs 69, 61, respectively, may both equal ap 
proximately 25% of the width of the waveguide for maxi 
mum unidirectional attenuation. Alternatively, if it is 
desired that the power dissipated in each of the ferrite 
slabs 60, 61 be substantially equal, the distances a and b 
may be made to progressively increase for each half-period 
of the waveguide section 40 but retained within the range 
of 10% to 40% of the waveguide cross section. On the 
other hand, the attenuation of an electromagnetic wave 
propagated by folded waveguide section 14 may be made 
bidirectional by making each of the distances a and b 
equal to Zero. In this latter case, the selective attenua 
tion characteristic of the ferrite material is made to occur 
outside of and adjacent to the operating frequency range 
as will be hereinafter explained. 

Ferrite slabs 60, 61 have a thickness of the order of 
0.025 inch and preferably extend completely across the 
narrow dimension of the waveguide 40 coextensive with 
the portion thereof normal to the path of the electron 
stream. The exposed edges of the ferrite slabs 60, 61 
are slightly tapered, as shown in Fig. 1, so as to mini 
nize their tendency to reflect portions of electromagnetic 
Waves propagated through the guide. Ferrite slabs 60, 
61 may be composed of, for example, ferrite material 
known commercially as "Ferramic A,” “Ferramic G, 
"Ferramic R-1," "Ferroxcube 104,” or "Ferroxcube 106." 
The solenoid 16, for producing the longitudinal mag 

netic field, is connected across an adjustable potential 
source 54. The voltage output of source 54 is adjusted 
So that Solenoid 16 develops a magnetomotive force along 
the length of the tube depending upon the frequency of 
operation and the type of ferrites used which may be of 
the order of 1500 oersteds. In accordance with the pres 
ent invention, this magnetic field is employed to both 
focus and direct the electron stream along its path and 
to produce transverse magnetic fields through the ferrite 
slabs 60, 61. 
To illustrate more clearly the magnetic field portion 

of an electromagnetic wave propagated along the path 
of the electron stream, reference is made to Fig. 4, which 
shows a developed portion of the folded waveguide sec 
tion 40 of Fig. 1. In this figure, the instantaneous mag 
netic field for an electromagnetic field being propagated 
along the developed waveguide section 40 is shown by 
dash lines 70. In the operation of the tube of the present 
invention, magnetic fields of this configuration are propa 
gated along the folded waveguide section 40 at a velocity 
designated as the phase velocity of the wave. 

In order to consider the characteristics of the magnetic 
fields represented by dash lines 70 in the region occupied 
by ferrite slab prime e. g. 61, the field will be viewed 
from a single point within the slab such as, for example, 
at point A. It is seen that the portion of the magnetic 
field that will intercept point A for the particular instant 
shown may be represented by vectors a, b, c and das il 
lustrated in Fig. 4. As the wave is propagated along the 
waveguide section 40, point A will be successively cut 
by these points of the magnetic field. Thus, as viewed 
from point A, it is seen that, as shown in Fig. 5, the mag 
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netic field appears as a vector that rotates in a clockwise 
direction at an angular velocity as. When the moment 
of this rotating vector coincides with the direct-current 
magnetic field through the ferrite slab 61, the component 
of the wave described is said to be positive circularly 
polarized. Alternatively, if the moment of the rotating 
vector is in an opposite direction, the particular com 
ponent described would be negative circularly polarized. 
Similarly, point B within slab 60' sees successive mag 
netic vectors e, f, g, and h as indicated in Fig. 4. As be 
fore, these vectors appear at point B as a single vector 
rotating in the counter-clockwise direction at an angular 
velocity was illustrated in Fig. 6. 

In accordance with the present invention, a direct-cur 
rent magnetic field is produced in opposite directions 
through ferrite slabs 60 and 61 with respect to the direc 
tion in which the electromagnetic wave is propagated 
through the developed waveguide structure. This direct 
current magnetic field is directed in a manner such that 
the magnetic field components of the wave being propa 
gated in the forward direction will be negative circularly 
polarized. In that the magnetic field intercepting ferrite 
slabs 60, 61 rotates in opposite directions, it is apparent 
that in order to have components of the propagated wave 
on both sides of the waveguide section 40 polarized in 
the same direction it is necessary that the direct-current 
magnetic field through ferrite slabs 60 be in a direction 
opposite to that through slabs 61. In accordance with 
the present invention, this is accomplished by folding 
back-to-back the successive portions of the waveguide con 
taining ferrite slabs 60 and 61 which are disposed on op 
posite sides thereof. 
As is generally known, the permeability characteristics 

for positive and negative circularly polarized waves of 
ferrite material are different. More particularly, the per 
meability for the negative circularly polarized wave is 
Substantially constant, whereas the permeability for the 
positive circularly polarized wave goes through resonance 
for changes in frequency or magnetic field. During this 
resonance the power dissipated in the material increases 
substantially, thereby making the permeability for a posi 
tive circularly polarized wave a complex quantity. A 
typical permeability characteristic for a ferrite material 
is shown in Fig. 7 wherein u represents the permeability 
for the negative circularly polarized wave and use u"-ia' 
represents the permeability for a positive circularly po 
larized wave. As illustrated in this figure, lines 74, 76 
and 78 represent the variation in u, u' and u', respec 
tively, versus frequency for circularly polarized waves. 
The magnitude of u', i. e. the imaginary part of u, de 
termines the extent to which the positive circularly po 
larized wave will be attenuated. As shown in the figure, 
maximum attenuation of the positive circularly polarized 
wave occurs at the resonant frequency. The point at 
which this resonance occurs is both a function of the 
frequency of the circularly polarized wave as seen by the 
ferrite material and the strength of the direct-current mag 
netic field through the ferrite. 
Thus, in the operation of the device of the present in 

vention, the current through solenoid 16 which determines 
the direct-current magnetic field is adjusted by means of 
adjustable potential source 54 to produce a magnetic 
field within the ferrite material corresponding to resonance 
at the operating frequency. 

In operation of the device of the present invention, the 
function of the ferrite slabs 60, 61 is to attenuate electro 
magnetic wave energy being propagated by the waveguide 
section 40 in the direction from the collector 50 to elec 
tron gun 12, i. e. in the "backward' direction, without 
appreciably attenuating waves being propagated in the 
forward direction. The relative attenuation characteristics 
for a forward and backward wave for the device of the 
present invention are shown in Fig. 8 as lines 80 and 82, 
respectively. 
As is evident from Fig. 8, when a single magnetic field 
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strength is used through the ferrite slabs 60, 61, the at 
tenuation of backward waves occurs for only a compara 
tively narrow range of frequencies. This attenuation 
range may be broadened by causing resonance within the 
ferrite slabs 60, 61 to occur at different frequencies within 
the band wherein it is desired to attenuate the backward 
waves. This may be accomplished by employing different 
types of ferrite material or, alternatively, by developing 
different magnetic fields within each of the ferrite slabs 
60, 61. The magnetic fields within the ferrite slabs may 
be varied, for example, by employing slabs of different 
thicknesses or magnetic shunts 84, 86 shown in Figs. 9 
and 10. In the latter case, the magnetic shunts 84, 86 
are composed of a material which presents a low re 
luctance to the magnetic field produced by solenoid 16 
so as to shunt a portion of the field around the ferrite 
slabs 60' and 61. 

In an alternative embodiment of the present invention, 
ferrite slabs 90 and 92 as shown in Fig. 11 are disposed 
in contact with the walls within the portions of the folded 
waveguide section 40 normal to the path of the electron 
stream. When disposed within a waveguide in this man 
ner, both forward and backward waves are attenuated 
by substantially equal amounts. This attenuation, how 
ever, is a maximum at frequencies corresponding to 
resonance for the ferrite slabs 90 and 92. In accordance 
with the present invention, each of the ferrite slabs 90 
and 92 are of at least two different thicknesses. Thus, 
when energized by the magnetic field produced by sole 
noid 16, different magnetic field intensities are developed 
within each of the slabs 90 and 92 which produce reso 
nance at frequencies f1 and fx which are adjacent the 
operating frequency range of the tube. In this manner, 
attenuation of both forward and backward waves is ef 
fectuated in the regions adjacent the operating frequency 
range of the tube as indicated, for example, by lines 94, 
96 of Fig. 12 thereby minimizing any tendency of the 
tube to break into self-oscillation due to a poor impedance 
match of folded waveguide structure 14 with the input 
and output circuits in these ranges. It is evident that 
this selective attenuation may be produced by magnetic 
shunts or by the use of different ferrites in the manner 
previously described. 

In another embodiment of the present invention illus 
trated in Fig. 13, a helical wave propagating structure 
100 is employed in lieu of the folded waveguide struc 
ture 14 of the device shown and described in connection 
with Fig. 1, the remaining elements being substantially 
the same. Helical wave propagating structure 100 com 
prises a length of rectangular waveguide 102 which is 
edge-wound about the path of the electron stream at a 
uniform pitch. The wall of the waveguide within the 
evacuated envelope and adjacent the path of the electron 
stream is removed so that an electromagnetic wave propa 
gated within each turn of the waveguide will combine 
to form a wave capable of interacting with the electron 
Stream, 

In accordance with the present invention, a ribbon 
helix 104 of ferrite material is disposed within the wave 
guide 102 coextensive with the edge-wound portion there 
of and Spaced from the outer wall 106. In general, the 
distance between the ribbon helix 104 and the outer wall 
106 of the waveguide may be from 10% to 30% of the 
width of the guide to produce optimum unidirectional 
attenuation. In operation, the magnetic field produced by 
Solenoid 16 provides focusing for the electron stream 
and in addition, constitutes the field which energizes the 
ferrite helix 104 in a direction transverse to the wave 
guide 102. As before, voltage source 54 is adjusted to 
produce a magnetic field necessary to effect resonance 
in the ferrite material at the desired frequency. In the 
event that it is desired to effect resonance over a broad 
range of frequencies, the thickness of the ribbon helix 
104 could be tapered to cause the magnetic field within 
the ferrite material to progressively increase or decrease. 
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What is claimed is: 
1. A traveling-wave tube comprising a waveguide 

structure having a periodic relationship with respect to a 
predetermined path whereby electromagnetic waves ca 
pable of being propagated by said waveguide structure 
form concomitant waves along said path having ve 
locities substantially less than the velocity of light, at 
least one ferrite member disposed within said waveguide 
structure, said ferrite member being composed of lon 
gitudinal segments parallel to said predetermined path 
and transverse to the direction of propagation of said 
electromagnetic waves through said waveguide structure, 
means for producing an electron stream, and means for 
producing a predetermined longitudinal magnetic field 
through said waveguide structure and parallel to Said 
predetermined path to constrain said electron stream 
therealong and to develop a magnetomotive force across 
said longitudiual segments to attenuate at least a portion 
of the circularly polarized components of said electro 
magnetic waves. 

2. A traveling-wave tube comprising a conductive 
member providing a longitudinal rectangular enclosure 
for propagating electromagnetic waves, said longitudinal 
rectangular enclosure having periodically spaced aper 
tures and being folded back and forth in a manner to 
cause said apertures to define a predetermined path, a 
plurality of ferrite members disposed within said en 
closure, said ferrite members being constituted of lon 
gitudinal segments parallel to said predetermined path 
and transverse to the direction of propagation of said 
electromagnetic waves through said longitudinal rec 
tangular enclosure, means for producing an electron 
stream, and means for producing a predetermined lon 
gitudinal magnetic field through said conductive member 
and parallel to said predetermined path to constrain said 
electron stream therealong and to develop a magnetomo 
tive force across said longitudinal segments to attenuate 
at least a portion of the circularly polarized components 
of said electromagnetic waves. 

3. A traveling-wave tube comprising a conductive 
member providing a longitudinal rectangular enclosure 
for propagating electromagnetic waves, said longitudinal 
rectangular enclosure having periodically spaced aper 
tures through the broad sides thereof, and being folded 
back and forth in a manner to cause said apertures to 
define a predetermined path, a plurality of ferrite slabs 
disposed on alternate sides of said path within said lon 
gitudinal enclosure, said ferrite slabs being constituted 
of longitudinal segments disposed parallel to said path 
and transverse to the direction of propagation of said 
electromagnetic waves through said longitudinal rectan 
gular enclosure, means for producing an electron stream, 
and means for producing a predetermined longitudinal 
magnetic field through said conductive member and paral 
lel to said predetermined path to constrain said electron 
stream therealong and to develop a magnetomotive force 
across said longitudinal segments to unidirectionally at 
tenuate said electromagnetic waves. 

4. The traveling-wave tube as defined in claim 3 where 
in said ferrite slabs are of different thicknesses whereby 
different magnetic field strengths are produced within 
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individual ones of said longitudinal segments of said 
ferrite slabs, thereby to unidirectionally attenuate said 
electromagnetic waves over a broad band of frequencies. 

5. The traveling-wave tube as defined in claim 3 where 
in said ferrite slabs are spaced from 10% to 40% of the 
width of said rectangular enclosure from the nearest 
respective side thereof. 

6. The traveling-wave tube as defined in claim 3 in 
cluding additional means for providing a magnetic shunt 
across the longitudinal segments of at least one of said 
ferrite siabs, thereby to unidirectionally attenuate said 
electromagnetic waves at selected frequencies. 

7. A traveling-wave tube for amplifying microwave 
Signals over a predetermined frequency range, said tube 
comprising a conductive member providing a folded 
longitudinal rectangular enclosure for propagating elec 
tromagnetic waves, said longitudinal rectangular en 
closure having periodically spaced apertures through the 
broad sides thereof to define a predetermined path, at 
least one ferrite member having a surface disposed con 
tiguous to a narrow side of said rectangular enclosure, 
means for producing an electron stream, and means for 
producing a predetermined longitudinal magnetic field 
through said conductive member and parallel to said 
predetermined path to constrain Said electron stream 
therealong and to develop a magnetomotive force across 
said ferrite member to bidirectionally attenuate electro 
magnetic waves having frequencies adjacent said pre 
determined frequency range. 

8. A traveling-wave tube comprising a slow-wave 
structure for propagating electromagnetic waves, said 
slow-wave structure including a rectangular waveguide 
edge-wound at a uniform pitch about a predetermined 
path, said waveguide having a longitudinal aperture in 
the side thereof adjacent said path, and a tape helix 
composed of ferrite material disposed within said edge 
wound waveguide and spaced from the side thereof 
farthest from said predetermined path; means for pro 
ducing an electron stream; and means for producing a 
predetermined longitudinal magnetic field through said 
slow-wave structure and parallel to said predetermined 
path to constrain said electron stream therealong and to 
develop a magnetomotive force across the width of the 
tape of said tape helix to unidirectionally attenuate said 
electromagnetic waves. 

9. The traveling-wave tube as defined in claim 8 
wherein said tape helix is spaced from 10% to 40% of 
the width of said rectangular waveguide from the side 
thereof farthest from said predetermined path. 

10. The traveling-wave tube as defined in claim 8 
wherein the thickness of said tape helix is progressively 
increased thereby to unidirectionally attenuate said elec 
tromagnetic waves over a broad range of frequencies, 
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