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The present invention relates to microwave coupling 
and magnetic beam controlling means for travelling 
wave tube devices. 

It is required in travelling wave tubes to produce and 
direct an electron beam whose diameter remains con 
stant along a slow wave propagating structure such as 
a helix. This is generally accomplished in high pow 
ered tubes by providing a beam which is initially elec 
trostatically focussed and converges from the gun cath 
ode to a minimum diameter at a predetermined point 
within an aperture through a magnetic pole piece be 
tween the electron gun and helix, the beam being con 
trolled along the helix by an axial magnetic field estab 
lished between the aforementioned pole piece and a fur 
ther pole piece at the output end of the tube. 
As is disclosed in U.S. Patent 2,707,758 in the name 

of C. C. Wang, dated May 3, 1955, if the beam electrons 
from the gun are made to enter without radial velocity 
into a magnetic field of proper flux density curving into 
the pole piece at the input end of the tube, a magnetic 
field of minimum flux density may be utilized between 
such a pole piece and the further pole piece at the output 
end of the tube for causing the beam electrons to travel 
in helical paths of constant radii within the slow wave 
propagating helix. A problem arises in such a device, 
however, in coupling the helix to input and output micro 
wave transmission devices without disturbing the uni 
formity of the axial magnetic field along the helix re 
quired for satisfactory control of the beam. It has 
been found that interruptions in the magnetic field can 
cause severe defocussing problems and degrade the tube's 
performance due to beam interception by the helix in 
the vicinity of such interruptions. 

Therefore, it is an object of the present invention to 
provide an improved travelling wave tube device- having 
magnetic beam controlling means together with electro 
magnetic coupling means for supplying and deriving mi 
crowave energy from the slow wave propagating struc 
ture of the tube without causing any significant disturb 
ance in the uniformity of an axial magnetic beam-con 
trolling field. 

It is another object of the invention to provide a 
travelling wave tube having input and output transmis 
sion line coupling devices connected to the slow wave 
propagating structure of the tube, the coupling devices 
being supported by magnetic pole piece assemblies at 
the input and output of the tube. 

it is a further object of the present invention to pro 
vide a device as aforedescribed which is of rugged and 
compact construction. 
The foregoing together with other objects and advan 

tages- of the present invention, which will become more 
apparent from the detailed description thereof, are at 
tained by providing first and second magnetic pole piece 
means positioned at opposite ends of the slow wave 
propagating structure of a travelling wave tube for pro 
viding terminating paths for an axial magnetic field 
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"of the pole pieces. 
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established between the pole pieces by means such as 
a solenoid extending between the pole pieces, the ends 
of the solenoid being closely adjacent respective ones 

Each end of the slow wave propa 
gating structure is terminated in the vicinity of an axial 
aperture through a respective one of the pole piece 
means, the pole piece means including transverse aper 
ture means for receiving input and an output micro 
wave coupling devices, respectively, for exchange of 
energy with the slow wave propagating structure. Thus, 
a uniform axial magnetic field can be established be 
tween the pole piece means from one end of the slow 
wave propagating structure to the other for optimum 
control of the electron beam therealong, the coupling 
devices providing substantially no interruption in the 
axial magnetic field controlling the beam. 

Referring to the drawings, 
Fig. 1 is a view, partly in section, of a travelling 

wave tube device having a magnetic focussing assembly 
and external transmission line coupling devices associat 
ed therewith in accordance with the present invention; 

Fig. 2 is a cross-sectional view of the device taken 
along the line 2-2 in Fig. 1; and, 

Fig. 3 is a further cross-sectional view of the device 
taken along the line 3-3 in Fig. 1. - 

Referring now to Fig. 1, the travelling wave tube of 
the present invention includes an electron gun assem 
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bly 11 for producing and directing an electron beam 
through a conductive helix 12 in alignment therewith, 
the beam being received at the output end of the helix 
12 by a collector assembly 13 also axially aligned with 
the helix, The inner conductors of input and output 
coaxial line connector assemblies 16 and 17 are con 
nected, to the opposite ends of the helix 12, respective 
ly, for coupling the helix 12 to input and output external 
microwave devices, respectively. vN 
The electron gun assembly 11 includes a spherically 

concave cathode button 19, a focussing ring electrode 
20 and an apertured accelerator electrode 21 positioned 
in coaxial alignment as shown in Fig. 1 for providing an 
electron beam. The electron beam is imitially con 
vergent and focussed electrostatically by the electrodes 
20 and 2 to converge to a minimum diameter at a 
predetermined region within the aperture of electrode 
21 prior to entry of the beam into the helix 12. The 
design of the electron gun 11 is generally similar to that 
described in the aforementioned U.S. Patent 2,707,758. 
The electrode 2A is comprised of a cylindrical block 

of highly permeable magnetic material having appreci 
able thickness along the axis of the tube. Block.2i in 
cludes an axial aperture 22 for passage of the electron 
beam therethrough. Block 21 also includes a radial 
aperture extending in a direction transverse the axis 
of helix 2 from aperture 22 to the exterior of block 
2 for receiving the coaxial line receptacle 16 as shown 
in Fig. 1. Receptacle 16 is brazed to the wall of the 
aforementioned radial aperture in block 21 for preserv 
ing a vacuum seal for the tube, Suitable means also being 
provided within receptacle 17 between the inner and 
outer conductors thereof for preserving the aforemen 
tioned vacuum. . . 

The collector electrode 13 is conventional in the art, 
being similar to that shown and described in copending 
U.S. application Serial No. 520,445, filed on July 7, 1955, 
in the name of John R. De Prado, for example, now 
U.S. Patent No. 2,863,078, issued November 2, 1958. 
A planar surface 23 and an inner cylindrical surface 24 
of the assembly 13 receives the beam electrons after they 
have passed through the helix 12. - 
The collector electrode assembly 13 is brazed to a 

cylindrical block 28 of highly permeable magnetic mater 

  



. . 3. 
rial positioned on the helix side of assembly 13. The 
block 28 has a coaxial aperture 29 therethrough for pas 
Sage of the beam at the output end of the tube into the 
collector electrode assembly 13, the aperture 29 being 
flared at its right hand end for insuring that none of 
the beam electrons are intercepted thereby. The block 
28 also includes a radial aperture therein extending in a 
direction transverse the axis of helix 12 from aperture 
29 to the exterior of block 28 for insertion of the output 
coaxial line assembly 17 whose inner conductor is con 
nected to the end of helix 12 as shown. The outer 
conductor of connector 17 is permanently fixed, as by 
brazing, to the wall of the aforementioned radial aper 
ture in block 28 so as to preserve a vacuum seal. Suit 
able means are provided between the inner and outer 
conductors of receptacle 7 for further preservation of 
the vacuum. 
The helix 12 is supported in coaxial alignment with the 

electron gun and collector assembly 11 and 13, respec 
tively, by means of three dielectric rods designated by 
numerals 31 supported by and extending from the block 
21 to the block. 28. The three rods 31 are spaced apart 
around the axis of the tube so as to be 120° apart, the 
ends of each of rods 31 being received in suitable grooves 
provided along the inner coaxially apertured wall of 
each of blocks 21 and 28, respectively. 
The space along the helix 2 is sealed off in a vacu 

um by means of input and output metallic transition sec 
tions 33 and 34 and an intermediate metallic cylindri 
cal section 35 connected therebetween as by brazing. 
The members 33 and 34 are brazed to the blocks 2 and 
28 to thereby form a rugged tubular construction. The 
cylindrical section 35 should be of sufficient radius such 
as the order of three times the radius of the helix 12 
so as to have only a very small effect on the axial com 
ponent of the electric fields of the helix for microwave 
energy propagated therealong. 
The transition sections 33 and 34 together with the 

portions of blocks 21 and 28 between such sections and 
the input and output connector sections, respectively, 
effectively comprise continuations for microwave energy 
of the outer conductors of the coaxial line connectors 16 
and 17, respectively. The coaxially apertured inner sur 
faces of sections 33 and 34 are flared as shown for pro 
viding impedance matched transitions between coaxial 
line and helix energy at the input and output ends of 
the tube. The particular design of the aforementioned 
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transition sections is determined in accordance with the 
principles set forth in the disclosure of U.S. application 
618,153, filed on Oct. 24, 1956, in the name of Warren 
D. McBee, now U.S. Patent No. 2,887,608, issued May 
19, 1959. 
The input pole piece assembly means of the present 

invention includes the block 21 plus a further plate-like 
member 36 of highly permeable magnetic material hav 
ing an axial aperture therethrough for support upon the 
block 21. The member 36 includes a radial groove 
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37 in coaxial alignment with the radial aperture in block. . 
21 so that room is provided for inserting the coaxial 
line connector assembly 16 into the block 21. 
The block 28 forming part of the pole piece means at 

the output end of the tube includes a radial flange section 

60 

39 of highly permeable magnetic material having a radial 
groove 40 in coaxial alignment with the radial aper 
ture in block 28 for receiving the coaxial line connec 
?tor device 17 as illustrated in Fig. 1. The output pole 
piece assembly means is further comprised of apertured 
plate like member 41 of highly permeable magnetic ma 
terial adjacent the flanged extension 39 of block 28 in 
face to face abutment thereagainst. The aperture through 
member 41 is substantially coaxial with the tube axis, 
the aperture having a sufficiently large radius so that 
member 41 does not cause the magnetic field along helix 
12 to diverge prematurely before entering the main body 
28 of the output pole piece means. 
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Three L-shaped members 42 affixed by screws 43 
to the flange 39 are provided around flange 39 at inter 
vals of 120. A leg of each of members 42 contains a 
threaded aperture and a screw 44 extending therethrough 
radially of the axis of the tube with the ends of the 
screws 44 Supporting the apertured plate member 41. 
The screws 44 are adjustable for regulating the axial 
relationship between the plate like member 41 and the 
axis of helix 12. 
A tubular form 46 of non-ferromagnetic material is 

Supported between the two plate members 36 and 41, 
each plate member being provided with a circular groove 
therein for receiving form 46. The form 46 is pro 
vided for the purpose of supporting a sectionalized sole 
noid comprised of winding sections 47, 48 and 49 along 
the tube as is shown in Fig. 1. Each of the winding sec 
tions is provided with a separate source of potential not 
shown, for energization thereof, thin non-ferromagnetic 
Spacer elements 51-54 separating the winding sections 
from each other and the solenoid from the pole piece 
members 36 and 41. Since one end of the solenoid sup 
porting form 46 is mounted upon the plate member 41 
whose radial position can be regulated by screws 44, the 
axial position of the solenoid structure can be changed 
slightly relative to the axis of the electron beam for 
obtaining optimum magnetic control of the beam at out 
put end of the helix 12. Further control of the magnetic 
field at the input and output ends of the tube is attained 
by utilizing the separately energized winding sections 47 
and 49, the flux provided by each winding section de 
pending on the degree of energization thereof. 
The operation of the tube is conventional to travelling 

wave tubes known in the art. Each of the solenoid sec 
tions 47-49 is suitably energized for establishing a mag 
netic field which is axial along helix 12 and curves into 
the input and output pole piece means within apertures 
22 and 29 of blocks 21 and 28, respectively, the field 
strength along the axis of helix 12 being substantially 
uniform. The electron beam, which is initially focussed 
electrostatically by the gun 11, converges to a minimum 
diameter slightly less than that of helix 12 at a predeter 
mined point within the aperture 22 of pole piece 21 prior 
to entry into the helix 12. The face of pole piece 21 
opposite cathode 19 comprises an accelerator electrode 
plane for the gun. The minimum diameter of the beam 
is made by proper design of the gun 11, in accordance with 
the principles disclosed in the aforementioned U.S. Patent 
2,707,758, to occur at the effective plane of entrance into 
the magnetic field established within the aperture 22 of 
the input pole piece means by the solenoid sections 47-49. 
The beam electrons are thereafter caused by the magnetic 
flux to travel in helical paths of constant radii along the 
axis of helix 12 with the boundary of the beam being 
contained within the helix in close relationship with 
the turns thereof by the axial component of magnetic flux 
extending through helix 12. 
The sectionalized solenoid means 47-49 extend axially 

of the tube substantially from one to the other of the 
pole piece members 36 and 41 so there is no undesired 
air gap between the solenoid and input and output pole 
piece means which might cause an interruption in uni 
formity in the axial magnetic field between the pole piece 
assemblies. The coaxial line connector assemblies 16 
and 17 are close enough to the solenoid means so that 
the axial portion of the magnetic field will extend all 
the way through helix 12 before diverging into the pole 
piece assemblies, the ends of the helix 12 extending only 
a short distance into the axial apertures 22 and 29 of the 
pole piece members 2 and 28, respectively. The mag 
netically permeable plate member 36 of the input pole 
piece means between the coaxial line connector assembly 
E6 and the solenoid should only be thick enough to be 
structurally rigid and provide a continuous and sym 
metrical ferromagnetic path between the left hand end 
of the solenoid and the main body 21 of the input pole 



2,945,154 
5 

piece means without becoming magnetically saturated. 
This is desired since further insurance of the uniformity 
of the axial component of inagnetic field along the helix 
12 at its left hand end is provided. 
The magnetically permeable plate like member 41 of 

the output pole piece means together with the portion of 
flange 39 between the output connector assembly 17 
should also be thick enough to be structurally rigid and 
provide a continuous and symmetrical ferromagnetic path 
between the right hand end of the solenoid and the main 
body 28 of the output pole piece means without becom 
ing magnetically saturated. In general, the output pole 
piece means should be designed and the coaxial line con 
nector assembly located therein so that the axial com 
ponent of the magnetic field at the output end of helix 12 
is substantially uniform for insuring that the beam does 
not diverge prematurely before passing through the helix. 
If the beam were to diverge too soon, the beam electrons 
would be intercepted by the end turns of the helix 12 
and/or the connection from helix 12 to the inner con 
ductor of assembly 17 and cause the aforementioned turns 
or connection to burn out. The aforementioned con 
nection from helix 12 to the inner conductor of assembly 
17 should be as close to the left hand face of the mag 
netically permeable member 28 as feasible since the 
axial component of the magnetic flux becomes decreas 
ingly less proceeding to the right along aperture 29 of 
the member 28. 

It has been found that the provision of the radial aper 
tures in the input and output pole piece assemblies for 
receiving the coaxial line receptacle devices 16 and 17 
do not unduly disturb the symmetrical uniform field dis 
tribution of the axial magnetic field through the helix in 
the region of the beam. Therefore, control of the beam 
is not affected by the aforedescribed radial apertures 
nor the coaxial line receptacle devices therein, so that 
a highly practical and efficient tube assembly is provided 
by the present invention. 
While the invention has been described in its preferred 

embodiments, it is to be understood that the words which 
have been used are words of description rather than of 
limitation and that changes within the purview of the 
appended claims may be made without departing from 
the true scope and spirit of the invention in its broader 
aspects. 
What is claimed is: 
1. An electron beam tube comprising a vacuum en 

velope that contains means for producing and directing an 
electron stream along a predetermined path within said 
envelope, a magnetic pole piece forming part of Said en 
velope, said pole piece having a first aperture in said 
path for passage of the stream through the pole piece, 
means including said pole piece for producing a magnetic 
field that maintains the diameter of said stream. Substan 
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tially constant along an appreciable portion of said path, 
said pole piece having a second aperture that extends from 
said first aperture to the exterior of the pole piece in 
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a transverse direction, a section of transmission line sup 
ported in said second aperture in vacuum sealed rela 
tionship with the wall of said second aperture, a slow wave 
propagating structure for carrying electromagnetic energy 
which interacts with said stream, and means for coupling 
one end of said slow wave propagating structure to one 
end of said section of transmission line. 

2. A travelling wave tube comprising a vacuum en 
velope that contains means including a cathode and an 
anode for producing an electron stream within said 
envelope, a collector electrode for receiving said stream, 
first and second magnetic pole pieces located at the 
anode end and the collector end of said tube, respectively, 
each of said pole pieces forming part of said vacuum en 
velope and having a first aperture for passage of said 
stream therethrough, a solenoid magnet extending from 
one to the other of said pole pieces for producing a 
magnetic field that maintains the diameter of said stream 
substantially constant between said pole pieces, a slow 
wave helix disposed within said magnet for passage of 
the stream therethrough, the ends of said helix being termi 
nated with the first apertures of said pole pieces, respec 
tively, each of said pole pieces having a second aperture 
that extends from said first aperture to the exterior of 
the pole piece in a transverse direction, and a pair of 
coaxial line sections supported within the second aper 
tures of said pole pieces in vacuum sealed relationship 
with the walls of said second apertures, respectively, the 
inner conductors of said coaxial lines extending into the 
first apertures of said pole pieces for connection to the 
respective ends of said helix. 
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