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The invention herein described, and claimed 
relates to an improvement in wide-band micro 
wave systems. More particularly, the invention 
provides means capable of effecting a substan 
tially reflectionless, transition from a coaxial 
inode of wave propagation to a helical mode, or 
the reverse, over a very wide band of high radio frequencies. . . . . . . . 
While the invention is adapted to be used in 

various applications, the invention may be em 
ployed to particular advantage as a means for 
coupling, a traveling-wave amplifier tube to an 
external coaxial-line transmission system. . The traveling-wave tube is a comparatively 
new type of vacuum tube intended for use in the 
communications art. The structure, theory of 
operation, utilization and advantages of the 
traveling-wave tube, particularly as an amplifier 
of microwaves over a wide band of frequencies, 
have been described in recent publications in 
cluding Electronics, November 1946, pages 90-92; 
Wireless World, November 1946, pages 369-372; 
Bell Laboratories Record, December 1946, pages 
439442; and Proceedings of the I.R. E., Febru 
ary 1947, pages 108-127. 
As is described in the above publications, the 

traveling-wave tube includes, a helical trans 
mission, line, or helix, whose function will be 
readily understood from a brief description of 
the operation of the tube. The tube's operation 
depends upon the interaction between the electric 
field of an electromagnetic wave and an electron 
stream, both of which are traveling in the same 
direction at approximately the same Velocity. 
While an electromagnetic wave ordinarily travels 
at about the speed of light, electrons ordinarily 
travel at a much slower speed. An extremely 
high voltage, of the order of ten million 
volts, would be required to project an electron 
at a velocity approaching that of light. In order 
that the velocity of the wave may be approxi 
mately the same as, and preferably a little slower 
than, the velocity of electrons projected by a 
voltage of reasonable magnitude, there is in 
cluded, within the evacuated envelope of the 
traveling-wave tube, a helical transmission line, 
or helix, whose principal function is to retard 
the axial progress of the wave. It will be under 
stood that the wave continues to travel at approx 
imately the velocity of light but that it follows the 
turns of the helix, and in so doing travels a path 
substantially longer than the axial length of the 
helix. In some of the traveling-wave tubes now 
being tested and used experimentally, the helical 
path is thirteen times longer than the axis of 
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the helix. In such case, the axial electric field 
travels down the helix at about one-thirteenth 
the Speed of light. This is substantially the same 
as the Velocity of electrons projected by a poten 
tial of the order of sixteen hundred volts. 
The traveling-wave tube is particularly suited 

for employment as an amplifier of microwaves 
Over a wide band of frequencies, the width of the 
operating band being largely determined, at the 
present state of the art, by the impedance 
matches at the input and output ends of the 
helix, that is, by the impedance matches at the 
junctions between the ends of the tube's helical 
transmission line and the external transmission 
line system. 
In accordance with the present invention, mod 

ifications are provided, both to the prior art helix 
and to the prior art coaxial-line terminating sec 
tion, which permit the traveling-wave tube to 
be coupled into a microwave coaxial transmission 
line system without substantial reflection occur 
ring, at either the input or output junctions, over 
a very wide band of ultrahigh and superhigh 
frequencies. 
In accordance with the broader aspects of the 

present invention, improved transition means 
are provided for effecting transfer of electro 
magnetic wave energy from a coaxial line to a 
helical line, or from a helical line to a coaxial line, 
Whether or not a traveling-wave tube is involved. 

It is an object then of this invention to pro 
vide improved means for effecting transition 
from a coaxial to a helical mode of wave propa 
gation, or the reverse, i.e., from a helical to a 
coaxial mode of propagation. 

It is another object of this invention to provide 
improved means for accomplishing transfer of 
electromagnetic wave energy from a coaxial line 
to a helical line, or the reverse. 

It is another object of this invention to pro 
vide improved means for accomplishing transfer 
of electromagnetic wave energy from a coaxial 
line to a helical line, or the reverse, without in 
curring Substantial reflection at any frequency 
within a wide band of ultrahigh and superhigh 
operating frequencies. 
Another object of this invention is to provide 

improved means for coupling a helical transmis 
sion line directly to a coaxial transmission line 
system, without employing frequency-sensitive 
impedance-matching devices. 
Another object is to provide, for a traveling 

wave tube, improved input and output connec 
tions suitable for connecting the external coaxial 
system to and from the helix of the tube. 
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Another object is to provide means for Sub 
stantially effectively matching, over a wide band 
of ultrahigh and superhigh frequencies, the in 
pedances at the junctions between an external 
coaxial-line system and the input and output 
ends of the helix of a traveling-wave tube. 
These and other objects, features and advan 

tages of the present invention will become clear 
from a consideration of the following detailed de 
scription and of the accompanying drawing in 
Which: 

Figure 1 illustrates, in section, a traveling 
wave tube and coaxial transmission line inter 
connected by means of the present invention, and 

Figure 2 is an exploded elevational view of a 
portion of the structure of Figure 1. 

Referring now to Figure 1, there is shown a 
traveling-wave tube to which includes: a heater 

, cathode 2, accelerator anode 3, and col 
lector anode 4. Heater , cathode 2 and ae 
celerator anode 3 constitute a gun assembly, 
similar to that used in conventional cathode-ray 
tubes, for projecting a beam of electrons down 
the long barrel 22 of tube fo toward the target or 
collector anode 4. The beam of electrons is, in 
dicated in the drawing by the dashed line 5. 
In accordance with the present invention, the 

envelope of the improved tube to includes. a. pair 
of laterally projecting stubs, 8 and 19. One of 
the envelope stubs is located at the near end of 
barrel 22 just beyond the gun assembly, and the 
other is located at the far end of the barrel.just 
ahead of the collector anode 4. Each of the en 
velope stubs, 8 and 9, tapers, in cone-shaped 
manner, to a point, P and P', respectively. In 
Figure 1, the angle at which stubs 8 and 9 meet 
the main barrel 22 of tube fG, is shown to be 
substantially ninety degrees, but other angles may 
be employed. w 

The helix 23, of the improved tube of the pres 
ent invention, extends, from point P to point. P 
by way of stub 8, main barrel 22, and stub. 9. 
The helix may be supported within the envelope 
of the tube. by any. Suitable means, as, for ex 
ample, by a plurality of axially positioned rods 
of insulating material which in turn, are support 
ed by spacers of mica or other suitable material. 
At the point P of entry to, the tube, and at the 
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point P: of exit from the tube, the conductor . 
of the helix is completely without spiral, being 
in the form of straight conductors. 23a and 23b, 
to which the glass envelope of stubs. 8. and 9.is 
respectively sealed: Immediately after entry. at 
point P, the straight conductor 23a, begins to 
spiral in turns of constantly, increasing diameter 
until the desired maximum diameter of the helix 
is attained. This preferably occurs at the large 
end of the cone-shaped portion of stub 8. Helix 
23 then continues, preferably at constant diam 
eter, along stub. 8, makes, a bend into main 
barre 22, continues, therealong to the intersec 
tion with stub 9, makes a bead into stub 9, and 
continues therealong until the cone-shaped; por 
tion of stub. 9 is reached. Helix 23, then tapers, 
in spirals of constantly decreasing. diameter, un 
til the spiral completely disappears, and the helix 
conductor passes through the envelope at point 
P’ in the form of a straight conductor. 23b. 
Except for the tapered portions described above, 

the helix is preferably of constant diameter and 
constant pitch. The pitch of the tapered, por 
tions may also be constant, if desired. At the 
junction of stub 8 with main barrel. 22, the 
separation between adjacent turns, of the helix, 
along the outer radius of the bend, may however 
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4 
be slightly increased, and/or the diameter of the 
helical turns may be slightly varied, if necessary 
or desirable, to permit the electrons of the beam 
5 to enter the core of the helix without appreci 

able obstruction from the helical conductor. It 
will be understood that the electron beam at this 
point is sharply focused and very small in cross 
sectional area. At the junction between main 
barrel 22 and stub 9, the obstruction differed by 
the helix to the electrons, as they emerge from 
the core and proceed to the collector anode 4, 
may be slightly greater due to the fact that the 
electron beam is not so sharply focused at this 
point. Slightly greater obstruction is allowable 
at this point, however, since the desired transfer 
of energy from the electron beam to the traveling 
wave has been accomplished. 
The electromagnetic wave. W, which is to be 

amplified by means of the traveling-wave tube 
0, is shown in the drawing to be traveling along 

coaxial line. 24 in the direction indicated by the 
arrow. Except for the terminating section, to be 
described, coaxial line 24, is conventional arid 
comprises an outer cylindrical cond ctor 25 and 
an inner conductor 26. Inner conductor 26, 
which is coaxially, aligned within the outer cy 
lindrical conductor 25, may be either solid or 
tubular. In the drawing, inner condictor 26 is 
shown to be tubular. - 

In accordance with the preserit invention, the 
conventional coaxial line 24 is connected to a 
coaxial line terminating-section 27, as by means 
of a threaded coupling collar 28. The coaxial 
line terminating-section 27 is shown to comprise 
two parts, 27 a. and 27b, each of which is equipped 
with a flange, 34 and 35, respectively. Fiange 35 
includes an over-lapping projecting rim which is 
threaded externally to receive a coupling collar 
29, by means of which sections. 2fa and 27b are 
held together. Other forms of coupling may, of 
course, be used. , . . . . . -- 

Housed within the coupled, flanges 34,35, is a 
disc-shaped insulator 30, of polystyrene or other 
suitable material, having a ceriter hole 3 through 
which straight conductor 23d passes. The func 
tion of the disc-shaped insulator 30 is td. main 
tain conductor. 23a coaxially aligned within the 
outer cylindrical conductor of the terminating 
section. 27. The selected diameter of disc-shaped 
insulator 30 is a function of the dielectric coni 
stant of the material of which it is made. The 
diameter should be of such magnitude that no 
apparent discontinuity is offered to the electró 
magnetic wave W. 
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If the outside diameter of conductor 23d is 
smaller than the inside diameter of the tubular 
inner conductor 26 of the coaxial line 24, the tui. 
bular inner conductor of the terminating section 
2Ta is preferably tapered, as iridicated in the 
drawing, to avoid having, a sharp discontinuity 
at the point where inner conductor 26 joins con 
ductor. 23a. , 
The outer cylindrical conductor of section.27b 

terminates in a crown-like multi-pronged portion 
32, whose length is preferably, equal to the ta 
pered portion of helix, 23, In, the drawing, the 
crown-like portion 32 is illustrated as having four 
equi-spaced V-shaped prongs but may have other 
configurations. For purposes of clear illustra 
tion, the drawing includes, in Figure: 2; an ex 
ploded, view, of the crown-like portion. 32 and of 
the tapered portions of the helix. and tube. 
envelope stub. . . . v 
The function of pronged portion 32 is to assist 

in achieving a substantially reflectionless transi, 
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tion from the radial electric field of the coaxial 
mode of wave propagation to the axial or turn 
to-turn electric field of the helical mode. Ob 
serve that as the center conductor 23a of the 
coaxial line begins to spiral in turns of con 
stantly increasing diameter, the spiral conduc 
tor moves closer and closer to the outer cylin 
drical conductor 32, and unless some form of 
compensation is provided, the capacitance bel 
tween the inner spiraling conductor and the outer 
cylindrical conductor would steadily increase as 
the diameter of the spirals increased. In the 
structure shown in the drawing, the necessary 
compensation is provided by omitting portions of 
the outer conductor 32 at equally spaced points on 
the perimeter. The portions omitted are in 
creasingly large in the direction of the helix and 
reach a maximum at the extremity 33 of the 
Outer conductor 32, i.e., at the point where the 
Spiraling inner conductor is just about to at 
tain maximum diameter. Here the Outer con 
ductor comprises but four equi-spaced points of 
Conductive material. 
The transition means employed at the output 

end of the traveling wave tube, i. e., the means 
employed to connect the helix in stub. 9 with 
the outgoing coaxial transmission line 30, is iden 
tical in construction to that employed at the in 
put end of the traveling-wave tube, and just 
described above. The corresponding parts may 
be readily seen in the drawing. It is, therefore, 
believed to be unnecessary to further describe the 
output connection. 
The length of the tapered portions of the helix, 

and of the crowned portions of the coaxial ter 
minating Section, at both the input and Output 
ends, may be of the Order of five Wavelengths 
long, and preferably longer. In general, the 
longer the lengths of the tapered portions of the 
helix, and of the crowned portion of the coaxial 
Outer conductor, the Smoother the transition will 
be. 
I have ascertained that, by means of the Con 

struction shown in the drawing and described 
above, an electromagnetic Wave, having a coaxial 
mode of propagation, may be applied to the in 
put end of a helical transmission line without 
Substantial wave reflection occurring at any of 
the frequencies of an extremely wide band of 
ultrahigh and Superhigh freqeuncies, e.g., a band 
of the order of several thousand megacycles or 
more wide. And, by the use of similar con 
struction, the amplified wave may be removed 
from the output end of the tube's helical trans 
mission line and applied to the outgoing coaxial 
transmission line without incurring substantial 
reflections over a band of similar width. 

In my experiments, using relatively crude me 
chanical construction, the voltage standing wave 
ratio at the center of the band, for a band of 
frequencies extending from 2500 to 3500 mega 
cycles, was only 1.15, and at the edge of the band 
Was Only 1.30. The standing Wave ratio at fre 
quencies outside the 2500-3500 m.c. band should 
be correspondingly low, for the transition means 
of the present invention includes no resonant ele 
ments. 
The discovery of means capable of coupling to 

gether a coaxial and helical transmission line, 
without experiencing Substantial reflection of 
Wave energy, is of particular importance in the 
case of traveling-wave tubes. For heretofore, 
the gain and efficiency of the traveling-wave tube 
as a wide-band microwave amplifier have been 
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occurred at some of the frequencies, either in 
side or outside, of the intended operating band. 
To prevent oscillations, the prior art traveling 
wave tube has employed a helix constructed of 
material having Such a high attenuation Con 
stant that energy, which is reflected at any par 
ticular frequency, will be attenuated to an ex 
tent greater, ordinarily, than the gain realized 
from the tube at that same frequency. The 
use, in the prior art traveling-wave tube, of a 
helix of high attenuation necessarily reduces the 
R.-F. power level at the output of the tube and 
hence reduces the gain and efficiency of the 
tube. The present invention, by eliminating sub 
stantial reflection of wave energy at Substan 
tially all frequencies of an extremely Wide band, 
eliminates the necessity of employing a high at 
tenuation helix. Consequently, the gain and 
efficiency of the tube is increased materially. 

I have described my improved transition means 
as particularly applicable to a traveling-wave 
tube, since important advantages are derived from 
such application. It is to be understood, how 
ever, that the improved transition means of the 
present invention may also be employed in other 
applications. In general, the invention may be 
employed wherever it is desired to connect to 
gether a coaxial and helical transmission line 
without incurring substantial reflection of wave 
energy at Substantially any frequency of a very 
wide band of high frequencies. For example, 
the helix, instead of being a part of a travel 
ing-wave tube, may be employed as a matched 
delay line. Or the helix may be employed as 'a 
matched attenuator or power absorber, or as a 
power measuring device. Other applications will 
readily occur to those skilled in the art. 

Having described my invention, I claim: 
1. In a microwave system; a coaxial transmis 

sion line comprising an inner conductor and a 
hollow outer cylindrical conductor; a helical 
transmission line comprising a helix of prese 
lected diameter; and transition means for inter 
connecting said coaxial and helical transmission 
lines, Said transition means comprising: an outer 
hollow cylindrical conductor having one end por 
tion V-notched to form a multi-pronged crown 
like Section; and an inner conductor coaxially 
aligned with said outer conductor, said inner 
conductor including a cone-shaped helix termi 
nating at the Small-diameter end in a substan 
tially straight coaxially-aligned conductor and 
terminating at the large-diameter end in a heli 
cal turn whose diameter is substantially equal 
to Said preselected diameter of said helical trans 
mission line, Said cone-shaped helix of said in 
ner conductor of Said transition means being sub 
stantially coextensive with said multi-pronged 
crown-like section of Said outer conductor. 

2. In a microwave system; a traveling-wave 
tube including a helix having a mid-portion com 
prised of helical turns of preselected diameter 
and having at each end a cone-shaped portion 
Comprised of helical turns of decreasing diam 
eter terminating in a substantially straight con 
ductor coaxially aligned with the axis of said 
cone-shaped end portion; external input and out 
put coaxial transmission lines each having an 
inner conductor and an outer hollow cylindrical 
conductor; and means for connecting said co 
axial transmission lines to opposite ends of said 
helix, Said connecting means at each end com 
prising the connection of said inner conductor 
of said coaxial line to said straight conductor 

limited by the substantial reflections which have: 75 and the extension of decreasing portions of the 
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outer conductor of said - 
helix beyond the point, where said inner con 
ductor and said straight, conductor are connected. 

3. In a microwave system; a traveling-wave 
tube including a helix having a midportion con 
prised of helical turns of preselected diameter 
and having at each end a cone-shaped portion 
comprised of helical turns of decreasing diam 
eter terminating in a substantially straight con 
ductor coaxially aligned with said cone-shaped 
end portion; external input and output coaxial 
transmission lines, each having an inner con 
ductor and an outer hollow cylindrigal conduc 
tor; and means for connecting Said coaxial 
transmission lines to opposite ends of said helix, 
said connecting means at each end comprising 
means for connecting said inner conductor of 
said coaxial line to said straight conductor and 
for extending the outer conductor of said coaxial 
line toward said helix beyond the point where 
said inner conductor and said straight conductor 
are connected, said extended portion of said outer 
conductor being substantially coextensive with 
said cone-shaped end portion of said helix, said 
extended portion being so constructed that while 9: 
the cross-sectional diameter is substantially con 
stant the conductive area per unit length de 
creases in the direction of said helix. 

4. In a microWave systern; a traveling-wave 
tube including a helix having a mid-portion con 
prised of helical turns of substantially constant 
preselected diameter and having at each end a 
cone-shaped portion comprised of helical turns 
of decreasing diameter terminating in a substan 

coaxial line toward said 
t 

tially straight conductor coaxially aligned with 
the axis of said cone-shaped end portion; ex 
terral input and output coaxial transmission lines 

inner conductor and an outer 
drical conductor; and means for con 

ng said coaxial transmission lines to oppo 
site ends of said helix, said connecting means 
at each end comprising the connection of said 
inner conductor of said coaxial line to said 
straight, conductor and the extension of decreas 
ing portions of Said outer conductor of said co 
axial line toward said helix beyond the point 
where said inner conductor and said straight con 
ductor are connected, said extended portions of 
said outer conductor forming a multi-pronged 
structure substantially coextensive with said 
cone-shaped endportion of said helix. 
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