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Travelling wave tiibes with c¢rossed electric ‘and mag-
netic ‘fields -generally - comprise -a “conductive delay -line
afid a ‘conductive negitive electrode, getrierally known as
a sole. “The delay line and ¢lectrode bound what is
called the iriteraction space, and the potential of the delay
Tine is-high with respect to that of the negative électrode.
An ‘glectron beam is projected into the interaction space
for propagation in a direction parallel to the delay line.
A miagnetic field is provided in -this space; -perpendicu-

~Yarly 1o ‘the directions of the ‘beam and of the electric
field due to the potential difference bétween ‘the -delay
line and the negative electrode.

As is 'well known, in tubes of this type, and more par-
ticularly in high power tubes, some of ‘the beam . elec-
“trons 'reach the negative electrode and give rise therein
-t0 “an ‘undesirable current which increases the noise in
the tube.

It is an object of the present invention to provide a
tube -of the above described type which does ‘not present
this disadvantage.

The tube, according to the invention, has an interaction
space-of constant width and -is provided with -a negative
electrode ‘made . of - lossy - material ‘and with means ‘for
maintaining the whole of ‘the-negative electrode at the

* same -contintious potential with respect to the delay line,
in spite of the current due to the impact of the beam
electrons on this electrode.

The invention will be better understood from the en-
suing description, taken in:connection with the appended
drawing, wherein:

Fig. 1 represents a transverse section of a cylindrically
shaped amplifier according to the invention;

Fig. 2 is a radial section along line AA’ of Fig. 1;

Fig. 3 shows a detail of Fig. 1, on a larger scale.

In the tube shown by way of example in Fig. 1, a nega-
tive electrode 1 and a delay line 3, parallel to each other,
and having a circular structure, are located in a cylin-
drical envelope 4, closed at its ends by flanges 15 (Fig.
2). The delay line is coupled to an input § and an out-
put 6. - A cathode 7 is located opposite a focusing elec-
trode 8, which is-insulated from' the envelope 4 by sup-
ports 16.. Cathode 7 is adjacent input 5 and is positioned
for shooting an electron beam into the interaction space
bounded by electrodes 1 and 3. - This beam is collected
at-the end of its path by a collector 9, adjacent output
6. The collector 9 may be integral with a screen 10
which uncouples input 5 and output 6. - Feeding con-
nections 11 are provided for bringing cathode 7 to a nega-
tive potential with respect to envelope 4, delay line 3 and
collector 9, for bringing electrode 1 to a negative poten-
tial with respect to delay line- 3 and for bringing plate 8
to a suitable positive potential with respect to the cath~
ode 7. Polar pieces 12, shown in Fig. 2, supply an axial
magnetic field, which in fact is transverse to the direction
of electron flow. All above mentioned elements are en-
tirely conventional.

According to the invention, electrode 1 is built of a
lossy material and is inserted into a peripheral groove

(3

156

20

30

35

40

45

50

556

60

65

70

2 ‘
'provided in- the circularly shaped metal $upport 2, car-
fied by :a disc 13 secured ‘6n insulating cross:piéees ‘14,
‘as may be seen in Figs. 1 and 2. The lossy electrode 1
presents a smooth ‘continuous €longated strip:like sufface
substantially ‘the width ‘of thé negative electrode -struc-~
ture -and -having its ‘major dimension:generally: in-the di-
rection of the ‘¢lectron beam. - Thus, not only is the cur-
rent which may be caused to flow in the sole 1, underthe

impact of electrons, ‘reduced to a small intensity because
‘of 'the high resistivity of the material ‘of this-electrode 1,

but also the whole of the sole 1 is kept at a coiistant

~eleetrical "potential by ‘the -highly ‘conductive suppoit 2.

Of .course any ‘other connections -may be ‘used ‘to ‘the
same effect.

‘The thickness ‘of the ‘negative electrode 1 s “of the
iorder .of :one ‘or several ‘times ‘the penetration ‘depth ‘of
the wultra “high frequency -current ‘into ‘the ‘mhaterial ‘of
which it is built.

This -penetration depth @ is ‘given by the well ‘known

‘formula
d=2.804/22
7]

where d 1§ expressed in rhillimeters, ‘the résistivity of the
material » in ohms:m.; ‘the ‘wave-length X in the free
space -of -the ‘Wave -propagating iii the line in meters and

the “magnétic “périsability & in -elecfro:magnétic units

s,

I, for imstance, N==0.10 ‘m., p==50 ohis-cih. -and

p==1, otie '6btains: ‘

d==6.5"1m,
ie. the thickness of the negative electrode.is of a few
millimeters. ‘ :

According to a theory developed by applicant, 1t has
been. established that the noise is- generally -reduced to
a minimum when the resistivity .p is tied to the.respec-
tive values of the. dielectric constant e and of the angular
velocity w i.e. 2r times the frequency of the wave con-
céined, by the relation:

9,101

€.

where p is in ohm-cms. and e in c.g.s. units. This con-
dition corresponds to a loss angle of 45°,

For instance, for the .1 m. wave length, which corre-
sponds to ’

p

w=6.10%r

and. for e=1, p==50 chm-cms.

It is obvious that the above formula is given only by
way of example, and that the value of p may be varied
within very wide limits.

Of course the tube described has been given by way
of example only. - The invention may be obviously ap-
plied to any traveling wave tube with crossed electric
and ‘magnetic fields, i.e. direct or backward travelling
wave amplifiers or oscillators, of circular or linear type.

What I claim'is:

1. A travelling wave tube, of the type in which an
electron beam is used and which includes means for
providing crossed electric and magnetic fields in the in-
teraction space for the electron beam, comprising a
delay line and an electrode parallel to said delay line
and bounding therewith said space, having an elongated
continuous strip-like surface of lossy resistive material
with its major dimension generally in the direction of
the -electron beam, said surface extending substantially
the width .of said electrode, said material serving to re-
duce the noise within said tube normally produced there-
in by primary stray electrons of said electron beam when
reaching said electrode during operation of the tube,
said electrode including electrically conducting meang
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-offsetting the effect of said resistive material for keeping
the electric potential thereof constant all along this
electrode.
2. A travelling wave tube comprising a smooth strip-
. like electrode made of a lossy material having at the
operating wave frequency a loss angle of the order of
45°, a delay line parallel to said electrode and bounding
‘therewith an electron and wave interaction space, means
-for producing in said interaction space transverse crossed
-electrostatic and magnetic fields, means for producing an
- electron beam propagating in said interaction space per-
‘ pendiéuldr to said crossed fields and means for maintain-
ing a constant electrostatlc potent1a1 all along said elec-
~trode.
35 A travellmg -wave ‘tube comprising-a smooth stnp-
- like electrode’ made of ‘a lossy material having at the
operating wave frequency a loss angle of the order .of

-45°,-a-delay line parallel to said electrode and bounding

‘ therewith an electron and wave interaction space, means
- for producing in said interaction space transverse crossed
electrostatic and magnetic fields, means for producing
- an electron beam propagating in said interaction space
perpendicular to said crossed fields and a conductive
support having a groove for supporting therein said elec-
trode, said conductive support being brought to a con-
stant negative potential with respect to said delay line.
-4, A travelling wave tube comprising a smooth strip-
like electrode made of a lossy material having at the
- operating wave frequency a loss angle of the order of
45°, a delay line parallel to said electrode and bounding
therewith an electron and wave interaction space, means
« for producing in said interaction space transverse crossed
electrostatic and magnetic fields, means for producing
an electron beam propagating in said interaction space
‘perpendicular to said crossed fields and a conductive
" support having a groove, said electrode being located in
said groove and having a thickness of the order of skin
depth at said- operating frequency, said conductive sup-

port- being brought to a constant negative potential with .

respect to said delay line.
“" 5. A travelling wave tube according to claim 1, where-
~in- said electrode has a longitudinal configuration of a

10
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25.

¢ircular arc and said last-mentioned electrically conduct-
ing means includes support means made of highly con-
ductive material to support the portion of said electrode
made of lossy material, said highly conductive material
extending substantially throughout the circular arc de-
fined by said strip-like surface of said electrode.

6. A traveling wave tube of the type comprising an
anode shaped as a delay line, a smooth strip-like elec-
trode made of lossy material and bounding with said
delay line an eleciron and wave interaction space, means
for producing in said interaction space transverse elec-
trostatic and magnetic fields in essentially perpendicular
relationship to one - another, and means for producing
an electron beam propagating through said interaction
space essentially perpendicularly.to said fields, said tube
including means for maintaining substantially the entire
surface of said lossy electrode at a constant negative
potential with respect to said delay line, and said delay
line ‘being. parallel to said lossy.smooth electrode.

7. A tube in accordance with claim 6, including a

-‘conductive support in contact with substantially the whole
--face .of said smooth electrode remote from said inter-

action space, and means for maintaining said conductive

_support’ at a constant negative potentlal with respect to

said- delay line,
8. A tube in accordance with claim 7, wherein said lossy

- ‘electrode has a loss angle of the order of 45° at the oper-

- ating wave frequency.

80.-

2,600,509

35-

40

) Lerbs ______ - _______ June 17, 1952
2,652,513 ° Hollenberg ____._.______ Sept. 15, 1953
2,680,825 ‘Warnecke —___________ June 8, 1954
2,742,588 Hollenberg oo ____ Apr. 17, 1956
2,834,915 Dench -__.____ .. ___ May 13,1958
. : FOREIGN PATENTS )

1,067,300 - France —eeee—_oo__l_- Jan. 27, 1954
1,081,937 France o ___ June 16, 1954

- 705,783 Great Britain _______.__ Mar, 17, 1954

- 1,100,854 France L Apr. 13, 1955

References Cited in the file of this patent
- UNITED STATES PATENTS

st

M‘.—.v—‘

P

r-



