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This invention relates to travellmg-wave tubes com-

‘ — prising a delay-line helix, which is spaced from a sur-

- rounding conductive cylinder, and comprising input- and
output-coupling means,

The conductive cylinder surrounding the delay-line
helix limits the mode of oscillation of the helix to one
mode of oscillation and moreover prevents stray. radi-
ation.

The input- and output-coupling serve to match the im-
pedance of a coaxial line or hollow wave guide to the im-
pedance of the delay-line helix and moreover to convert
the mode of oscillation of the delay-line helix into the
mode of oscillation of the input- and output line.

In general, the input- and output-coupling should be
of simple construction, high mechanical rigidity and, in
particular, small axial dimensions.

Transition couplings are known, in which the delay-line
helix has a pitch angle following an exponential law in
order to secure matching to the impedance of a hollow
wave guide.

Furthermore, input- and output-coupling means are
known, by which the pitch angle of the delay-line helix
gradually increases to 90° so that the end can be directly
coupled to the inner conductor of the coaxial line. Since
the helix is usually wound from thin wire, the imped-
ance of the coaxial line formed therefrom at the end
would become extremely high. Therefore, it is neces-
sary for the diameter of the transition part to increase
with an increase in spacing from the delay-line or for
the diameter of the conductive cylinder surrounding the
delay-line to decrease with an increase in spacing from
the delay-line, since otherwise the impedance does not
acquire a suitable value.

Both the aforesaid known constructions have the dis-
advantage of a fairly considerable length and difficult
manufacture.

In another known construction, the end of the delay-
line helix is connected to a tube having an equal outside
diameter, and a helical slot is cut into the tube, the pitch
angle of which increases gradually to 90°. In this way
direct coupling to a coaxial line is possible. However,
the manufacture is extremely difficult, particularly of
tubes for frequencies above 10,000 mc./s.

The object of the present invention is to provide input-
and output-coupling means which are simpler than the
existing couplings.

In accordance with the invention, in a travelling-wave
tube comprising a delay-line helix, which is spaced from
a surrounding conductive cylinder and furthermore com-
prising input- or output-coupling means, the coupling
consists of a helix having an outside diameter equal to
that of the delay-line and a constant pitch the conductor
length being ¥ A to 3% A, where X is the wave-length at
the centre of the frequency band for which the tube is
designed, while the helix has a pitch angle 2 to 6 times
that of the delay-line and is connected to a straight cyl-
indrical tube of equal diameter.

The invention makes use of the so-called quarterwave
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¢ transformer in travelling-wave tubes and therefore the
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impedance Z,, is preferably chosen to be such that if Zh
is the impedance of the delay-line helix and Z, the im-
pedance of the coaxial line, into which the straxght con-
ductor passes over, Z,,?=Z.Z,.

It is to be noted that the impedances of the delay-line
together with the surrounding cylinders are not neces-
sarily the same as those given by E,2/8,2 in Pierce’s no-
tation.. Preferably, the axes of the delay-line, transition
helix and coaxial conductor coincide. :

The delay-line helix is preferably between %o A and
1o X long, and the pitch angle is 3 to 5 times that of
the delay-line. .

The fact that the transition now has a constant pitch:
renders manufacture extremely simple, while the axial
length of the transition is extremely small,

In order that the invention may be readily carried into
effect two examples will now be described with reference
to the accompanying drawing, in which

Fig. 1 shows an input- and output-coupling means to
a coaxial line, and

Fig. 2 shows a coupling to a hollow wave guide.

Referring now to Fig. 1, the delay-line helix is denoted
by 1, the constant-pitch transition by 2 and a cylindrical
conductor by 3. The outside diameters of the parts 1,
2 and 3 are equal and these axes coincide. A coaxial

- conductive cylinder 4 surrounds the glass wall 7. An

electron gun or collecting electrode is arranged in the
space 5 or 6 according as to whether the beam extends
inside or outside the delay-line.

In Fig. 2, parts corresponding to Fig. 1 are provided
with the same reference numerals.

The cylindrical conductor 3 passes over, via a conical
transition, into a part 8 of greater diameter in order to
couple the coaxial line to a hollow wave guide 10 and
particularly to its narrow part 11. The impedance of
the narrow section 11 is equal to that of the coaxial line
3, 4. The diameter of the trickened part 8 is at least
0.15 a, where a is the width of the normal part 9 of the
hollow wave guide 10,

Leakage of energy is limited by a quarter wave-length
space 12.

In both examples, the delay-line is a helix having a
pitch of 0.028 cm. and an axial length of 18.5 cms. The
transistion 2 had a pitch of 0.1 em. and was 0.25 cm.
long. In this instance, the length of the transition was
only 1.3% of the transition jointly with the delay-line.
the helix and the transition may be wound on an ordi-
nary lathe,

Although the transition may only be one quarter wave-
length long for a given frequency, vet the travelling-wave
tube according to the invention may advantageously be
used over a wide frequency band. In a given case,
coupling to a coaxial line proved feasible with a power
loss less than 1 decibel over-a band-width of 2.000 mc./s.,.
the centre of this band. being situated at 10.000 me./s.
In the case of coupling to a standard hollow wave guide,
the band-width was 3.000 mc./s. with the same centre and
a loss less than 2 decibels.

What is claimed is:

1. A travelling-wave tube comprising a delay-line helix
having a given pitch angle; a cylindrical conductor; a
coupling helix having ‘a constant pitch angle and having
one end connected to one end of said delay-line helix:
and the other connected to one end of said cylindrical
conductor, the diameter of said delay-line helix being
substantially equal to the diameter of said coupling helix
and the diameter of said cylindrical conductor, said con-
stant pitch angle of said coupling helix being between 2
and 6 times as great as said pitch angle of the delay-line:
helix, the length of said coupling helix being between ¥5 A
and 36\ where \ is the wave length of the center frequen~



3

cy of the band of frequencies over which the tube oper-
ates; and the surrounding conductive cylinder coaxial with
and extending over at least a portion of said cylindrical
conductor.

-2, A travelling-wave tube as claimed in claim 1 in
which the impedance of said delay-lme helix is Z, and
the impedance of the coaxial line formed by said cylm-
drical conductor and said. outer conductor is Z, and the
impedance of said couphng hehx is Zm, whc;re
Zn2=ZpZ,.

3. A travelling-wave tfube as claimed in claim 1 in
which the length of said delay-line helix is between %¢ A
and 4o X and said pitch angle of said coupling helix is
between 3 and 5 tlmes the pitch angle of said delay-lme
helix.

10

15

2,017,855

4

4. A travelling-wave tube as claimed in claim 3 in
which said outer cylindrical conductor also extends over
said delay-line helix and said coupling helix.
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