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1. 
This invention relates to improvements in elec 

tron discharge devices and circuits therefor, 
eSpecially adapted for use at frequencies ranging 
from 500 megacycles into thousands of mega 
cycles. 
The present invention provides an electron dis 

charge device amplifier of the growing-wave 
(Sometimes called a traveling-wave) type tube 
capable of amplifying a wide band of high fre 
gluencies and which does not depend upon 
resonance phenoshena, in the input and output 
circuits. 

Briefly stated, the tube of the present inven 
tion comprises an evacuated envelope contain 
ing therein a coiled transmission line positioned 
on the longitudinal axis of the tube With means 
for projecting a hollow cylindrically shaped elec 
tron bean down the length of the tube and sur 
rounding the coiled line. Both ends of the coiled 
line are tapered in diameter and preferably in 
pitch for enabling the line to be substantially 
Anatched fron an impedance standpoint to input 
and output radio frequency current carrying 
lines. The tapering and change in pitch at the 
ends of the coiled line provide low impedance 
terminations for minimizing wave reflections at 
the junctions with the input and output lines. 
The invention is raore completely described in 

conjunction. With a drawing whose single figure 
illustrates one embodiment of the invention. 

Referring to the diaWing, there is shown in 
cross-section a wide-band groWing-Wave vacuum 
tube amplifier in which an elongated non 
magnetic metallic envelope () surrounds a coiled 
line lying on the axis of the tube. The coiled 
line is a plurality of wavelengths long at the 
mean operating frequency and may range in 
length from 20 to 100 Wavelengths. Both ends 
of the coiled line are tapered in diameter and 
pitch as shown in order to give low impedance 
terminations for the coiled line. The central 
portion of the coiled line has a relatively-high 
characteristic impedance. It should be noted 
that the diameter of the coiled line is decreased 
and its pitch or spacing between turns increased 
gradually as the ends are approached, until the 
ends of the coiled line come out as straight 
wires. This, in combination, if desired, with a 
smoothly tapering outer shield makes it possible 
to reduce the characteristic impedance of the 
coiled line gradually and Smoothly to a value 
which approximates the relatively low character 
istic impedance of a coracentric line, and as a 
result, waves of a broad range of frequencies may 
be passed in either direction between the two 
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types of line without substantial wave reflec 
tions taking place in the junction. At one end 
of the tube there is provided a cathode in the 
form of a coiled filament 2 within an enlarged 
Space in the envelope . Heating current for 
the filament is supplied by leads 3 and 4 which 
extend into the interior of the evacuated en 
Velope O through glass seals 5. The coiled fila 
ment may be thoriated or oxide coated. An elec 
tron repeller shield or electrode 6 serves to con 
centrate the electrons enlanating from the 
cathode and aids in directing them to pass to 
ward the electron collector electrode 7 at the 
other end of the tube. 
Surrounding the tube envelope there are pro 

vided magnetic field coils 20 which are supplied 
with unidirectional current from a battery 2 
arranged in series with a variable resistor 22. 
The field coil produces lines of flux which ex 
tend parallel to the longitudinal axis of the tube 
and focus the beam or strean of electrons which 
surround the coiled line and are projected 
from the cathode end of the tube to the other 
end of the tube. - - - - 

The collector electrode 7 is in the form of a 
ring and is maintained at a positive potential 
relative to the cathode or filament 2. Leads 23 
extend from the collector electrode out 
through the envelope of the tube. 
tor T is positive whereas the cathode 2 and the 
envelope are kept negative with respect to 
coiled line . . The electron strean expands 
radially where it reaches the more positive col 
lector electrode and the electrons therefore are 
easily collected. 
Input and output coaxial line couplings 27 and 

28 respectively, have their inner conductors con 
nected to the tapered ends of the coiled line 
through glass seals. These coaxial lines have a 
relatively low characteristic impedance (of the 
order of 50 to 75 ohms) compared to the higher 
characteristic impedance of the central portion 
of the coiled line which may be several hundred 
ohms. A direct current connection is made to 
the inner conductor of the input or output trans 
mission line at any convenient place, through a 
suitable filter circuit to isolate the D. C. Supply 
system from the high frequency circuits. 
In the operation of the tube of the invention, 

electrons are released from the coiled filament 
or cathode from regions lying approximately on 
an imaginary cylinder. These electrons are 
drawn radially inward by an electric field be 
tween the cathode and the inner coiled line if 
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which serves as an accelerating electrode, but due 
to the presence of an axial magnetic field the 
electrons are unable to travel to the coaxial line 

and are forced to follow spiral paths which 
cause them to travel more or less circumferen 
tially around the coiled line and also axially to 
ward the collector electrode . The magnetic 
field focusses the Whirling electron Stream in a 
hollow path parallel to but spaced from the coiled 
line if and, by suitable adjustment of electrode 
potentials the electrons are made to increase in 
axial velocity as they move from the region of 
the cathode 2 to the region of the collector elec 
trode T. 

It may be explained that the electrons from 
the cathode are accelerated toward the coiled line 
by giving the coiled line a, relatively large posi 
tive potential with respect to the cathode. How 
ever, because of the magnetic field, the electrons 
cannot reach the coiled line but follow paths 
tending to bend back toward the cathode. The 
result is that a dense space charge cloud is Set 
up in the space between the cathode and coiled 
line. As a result of the density, and the mutual 
forces of repulsion between electrons, a hollow 
Stream of the electrons is forced out of the end 
of the Cathode 2 toward the collector electrode 

7, aSSunning that envelope is at a potential not 
too different from the cathode potential. The 
repeller electrode 6 prevents the electrons from 
traveling in the opposite direction. 
Such an arrangement makes it possible to ob 

tain a Space charge limited electron beam of rela 
tively great electron density and current values. 
In fact, the beam current density may be much 
greater than the density of electron emission at 
the cathode surface. : 
The velocity of electrons in an axial direction 

(axial component of velocity) is made somewhat 
less than the axial velocity of the waves travel 
ing along the coil at the input end only of 
the coil. It will thus be seen that the input 
Waves applied by the input line coupling 2 to 
the coil it will deliver radio frequency power to 
the electron stream along a portion of the length 
of the coil. Along the major portion of the length 
of the coil if, however, the axial velocity of the 
electrons is greater than the axial velocity of the 
waves traveling along the coil. Thus along the 
major portion of the length of the coil the elec 
trons deliver energy to the coil it. The purpose 
of this velocity relationship is to make it pos 
Sible to deliver the maximum fraction of the 
input radio frequency power to the electron 
Stream in order to produce initial bunching of 
the electrons in the stream. This is because it 
is desired to produce maximum bunching of the 
electrons in response to the input waves as com 
pared to random bunching of the electrons due 
to thermal agitation, which produces noise. Once 
the greatest practical amount of signal-to-noise 
ratio is obtained in the electron bunching near 
the input end of the tube, the velocity relation 
ship of waves on the coil i? and the surrounding 
electron Stream is reversed in order for the elec 
tron stream to increase the power of the waves 
and to deliver this increased power to the coiled 
line. This is achieved (1) by the space charge 
and potential relationships in the electron Stream, 
and (2) if necessary, by the variation in the pitch 
of the coiled line throughout its length. There 
is a tendency for the electrons to be accelerated 
axially to increasing velocities as they move from 
the region of the cathode to the region of the 
collector electrode. The variation in pitch of 
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4. 
the coiled line throughout its length is arrived at 
in practice empirically. 
The feature of using an internal coil which is 

Surrounded by an electron stream has the ad 
vantage of enabling the coil to be supported more 
easily than an external coil can be. This in 
ternal coil if desired can be wound on and sealed 
to glass rod or tubing. Where the means oper 
atting frequency of the tube is of the order of 
many thousands of megacycles, the coiled line 
may be quite long, perhaps of the order of 20 to 
100 wavelengths. 
One method of constructing the coiled line is 

to take wire which has the same thermal coeffi 
cient of eXpansion as the glass rod and to wind 
the wire on the glass rod in a fixture for con 
trolling the diameter, while sufficient electrical 
Current is passed through the wire as it is wound 
to heat the glass to the softening point. Such 
coils are preferably made of an alloy known by 
the trade-names of “Kovar' and “Fernico' wound 
On and Sealed to a rod of Corning 7052 glass. This 
alloy is made of 29% nickel, 17% cobalt, 0.3% 
manganese and the rest iron. It has consider 
able magnetic permeability and high resistivity. 
These coils when wound of plain Kovar (Fernico) 
had too much high frequency attenuation so that 
in order to overcome this a thin layer of copper 
was applied over the Kovar and then a thin pro 
tective coating of oxidized chromium, before 
Winding the coil, thus resulting in a low loss 
line which could be easily sealed to the glass 
rod. The Specific steps in the manufacture of 
this coiled line included electroplating copper on 
top of the alloy (Kovar or Fernico). The wire 
Was then heated Sufficiently to liberate the gasses 
in the electroplated copper coating, and at the 
Same time to melt the copper sufficiently to pro 
duce a Smooth uniform dense coating of copper 
on the Kovar wire. Inasmuch as a copper-coated 
Kovar line cannot readily be sealed to glass with 
out Spoiling the copper coating, the copper-coated 
line was then coated with a layer of chromium 
plating. The resulting product was then heated 
in Wet hydrogen, as a result of which the chro 
mium layer (but not the copper) oxidizes. There 
is no very sharp dividing surface between the 
highly conducting copper and the highly insulat 
ing chromium oxide, as a result of which there 
is an absence of a high loss layer. The result 
ing Wire could then be sealed to glass without 
Creating a high loss layer between the Copper 
and the glass. The chromium oxide is, in effect, 
a dense protective coating which prevents OXygen 
from reacting on the copper where it would form 
a high loss layer. 

Since, in practice, it may be found very dif 
ficult to match the impedance of the coiled line 
Well enough over a large enough frequency band 
to prevent Oscillation it should be recognized that 
the attenuation can be made too low. Therefore the copper coating may be adjusted in thick. 
neSS to obtain a desired range of attenuation, or 
a portion of the line, between the ends may 
have the copper coating removed. Generally, the 
high loss part of the line should be in the re 
gion. Where the electron velocities increase 
through a value equal to the line velocity. 
In general, it will be convenient to ground the 

Outer metallic envelope O of the amplifier tube 
of the invention for direct Currents, although 
this is not essential. Moreover the metal tube 

can be somewhat magnetic without too ob 
jectionable effects, though this is not preferred. 
If desired, the metal tube 10 may be replaced by 
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a glass envelope provided the inside surface of 
the glass envelope is coated with metal to give it 
sufficient electrical conductivity to maintain the 
Coated Surface at a more or less uniform poten 
tial. 
A copending application of Nils E. Lindenblad, 

Serial No. 724,330, filed January 25, 1947, and 
assigned to the same assignee as the instant ap 
plication, discloses and claims a traveling wave 
tube. Wherein a coiled line is connected at One end 
to a coaxial line of which the inner conductor 
is a helix of uniform diameter with the turns 
more closely spaced near the coiled line than 
farther away therefrom. The coaxial line is dis 
placed laterally from the axis of the coiled line 
to permit the projection of an electron beam 
through the inside of the coiled line. 
What is claimed is: - - - 
1. An electron discharge device comprising an 

evacuated envelope containing therein a coiled 
line along the longitudinal axis thereof, said 
coiled line having an end portion Which tapers 
both in diameter and pitch, said end portion ex 
tending axially outside said envelope, means in 
cluding a cathode Within said envelope and Sur 
rounding said coiled line for projecting a hollow 
stream of electrons along the length of and 
around said coiled line, and means adjacent to 
Said envelope for producing a magnetic field hav 
ing flux lines running parallel to said axis. 

2. An electron discharge device comprising an 
evacuated envelope containing therein a coiled 
line along the longitudinal axis thereof, both 
ends of said coiled line being tapered downward 
in diameter in a direction away from the central 
portion of the line, an input circuit coupled to 
one tapered end of said line, an output circuit 
coupled to the other tapered end of said line, 
means within said envelope for projecting a 
hollow stream of electrons along the length of 
and around said coiled line, and means adja 
cent to said envelope for producing a magnetic 
field having flux lines running parallel to said 
aXlS. 

3. An electron discharge device comprising a 
metallic tube, a coiled line along the axis of said 
tube and extending over the major portion of the 
length of said tube, said coiled line having a cen 
tral portion of substantially constant diameter 
and oppositely disposed end portions which taper 
both in diameter and pitch, and means includ 
ing a cathode within said device and surround 
ing said line intermediate the ends of Said line 
for projecting a stream of electrons which 
travels circumferentially around said coiled line 
from said cathode toward one end of said line. 

4. An electron discharge device comprising a 
metallic tube, a coiled line arranged along the 
axis of said tube, said line having an intermedi 
ate portion of substantially constant diameter 
and end portions which taper in pitch and 
downward in diameter, a Source of input Waves 
connected to one end of said line, an output cir 
cuit connected to the other end of said line, and 
means including a cathode within Said device 
surrounding said line intermediate the ends 
thereof for projecting a stream of electrons 
which travel circumferentially around said coiled 
line from cathode toward one end of said line. 

5. An electron discharge device comprising a 
metallic tube, a coiled line arranged along the 
axis of said tube and having ends which taper 
toward smaller diameters as the ends are ap 
proached, a source of input Waves connected to 
one end of said line, an output circuit connected 
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6 
to the other end of said line, a cathode surround 
ing a portion of said line nearer said source of 
input waves than to said output circuit, a col 
lector electrode within said tube located at a 
point on said line between said cathode and said 
output circuit, and means adjacent to said tube 
for causing the electrons emanating from Said 
cathode to be projected toward said collector 
electrode as a whirling hollow stream which 
surrounds but is spaced from said coiled line. 

6. An electron discharge device comprising an 
evacuated envelope containing. therein a coiled 
conductor along the longitudinal axis thereof and 
having a central portion of substantially con 
stant diameter, both ends of said coiled con 
ductor being tapered in diameter and pitch, 
means for supplying high frequency waves to 
one end of said coiled conductor and means for 
abstracting high frequency waves from the other 
end of said coiled conductor, a source of elec 
trons and an electron collector electrode spaced 
from each other along the length of and located 
between the ends of said coiled conductor, and 
means adjacent to Said envelope for producing a 
magnetic field having flux lines extending paral 
lel to the length of Said coiled conductor for 
causing the electrons emanating from said source 
to travel circumferentially around said conduc 
tor as a whirling stream toward said collector 
electrode in a path parallel to but spaced from 
said coiled conductor. 

7. An electron discharge device comprising a 
metallic tube, a coiled line arranged along the 
axis of said tube and having ends which taper 
in pitch and downward in diameter, in a direc 
tion away from the central portion of said 
coiled line, an input coaxial line having an in 
ner conductor-connected to one end of said line, 
an output coaxial line having an inner con 
ductor connected to the other end of said line, 
connections of low impedance to energy of the 
operating frequency between said metallic tube 
and the outer conductors of said coaxial lines, 
and means at a location near the input end 
of said coiled line for projecting a stream of 
electrons which travels circumferentially around 
said coiled line toward the other end of said line. 

8. An electron discharge device comprising an 
envelope, an elongated coiled line within and 
extending through the ends of said envelope, 
said coiled line being made of an alloy of nickel, 
cobalt, manganese and iron and having coat 
ings of copper and chromium oxide, and means 
for supporting said coiled line for the major 
portion of its length. Within said envelope com 
prising an elongated glass rod having substan 
tially the same thermal coefficient of expansion 
as Said coiled line extending within and sealed 
along its length to said coiled line. 

9. A coiled line, for use at high frequencies, 
made up of an alloy of nickel, cobalt, manganese 
and iron and having coatings of copper and 
chromium oxide, said coiled line being Wound 
On and Sealed to a supporting glass rod having 
Substantially the same thermal coefficient of ex 
pansion as said line. 

10. In an electron discharge device, an evacu 
ated envelope containing therein a coiled line 
having an intermediate portion of substantially 
constant diameter and end portions which taper 
gradually in diameter from said intermediate 
portion toward the ends of said line. 

11. An electron discharge device comprising an 
evacuated envelope containing therein a coiled 
line having end portions which taper both in 
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diameter and pitch and an intermediate por 
tion of substantially constant diameter, and a 
cathode and a collector electrode Spaced from 
each other along the length of and located be 
tween the ends of said coiled line. 

12. An electron discharge device comprising 
an evacuated envelope containing therein a 
coiled line extending over the length of Said 
envelope, said coiled line having a central por 
tion of substantially constant diameter within 
said envelope and end portions of tapering di 
ameter and pitch extending axially through Said 
envelope, and a cathode and a collector electrode 
located within said envelope but spaced from 
each other along the length of said Central por 
tion. - 

13. An electron discharge device comprising 
an evacuated envelope containing therein a 
coiled line having end portions which taper both 
in diameter and pitch and an intermediate por 
tion of substantially constant diameter, said en 
velope having a metallic Surface Surrounding 
said coiled line over the entire length of said 
intermediate portion, a cathode and an electron 
collector electrode within Said enVelope and 
spaced from each other along the length of Said 
coiled line and between the ends thereof, and 
means external of said envelope for producing 
a magnetic field having components of flux lines 
extending parallel to said coiled line. 

14. Means for coupling together two spaced 
radio frequency transmission lines comprising 
a coiled conductor having a central portion of 
Substantially constant diameter and end por 
tions tapering gradually in diameter from Said 
central portion toward the ends of Said con 
ductor, one of Said end portions being adapted 
to couple to one of Said transmission lines while 
the other end conductor is adapted to couple 
to the other transmission line. 

15. Means for coupling together tWo spaced 
radio frequency transmission lines of relatively 
low characteristic inpedance comprising a coiled 
conductor having a central portion of Substan 
tially constant diameter and relatively high 
characteristic impedance and end portions ta 
pering gradually both in pitch and diameter, the 
diameter decreasing and the pitch increasing 
from Said central portion toward the ends of 
the conductor, One of Said end portions being 
adapted to couple to one of Said transmission 
lines while the other end conductor is adapted to 
couple to the other transmission line. 

16. An electron discharge device comprising 
an elongated coiled line, a hollow cathode 
coaxially Surrounding said line, means ad 
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8 
jacent said line and cathode for providing 
an axial magnetic field in the Space therebe 
tween, and a repeller electrode adjacent to but 
axially spaced from Said cathode at one side 
thereof to prevent emergence of electrons from 
Said cathode on said Side. 

17. An electron discharge device comprising 
an evacuated envelope containing an elongated 
coiled line extending axially through the ends 
of Said envelope, and iheans including a cathode 
Surrounding Said line in Spaced relation there 
With at a point Spaced from One end thereof 
for projecting a hollow stream of electrons longi 
tudinally along the outside of Said line. 

18. An electron discharge device according to 
claim 17, including a collector electrode spaced 
from Said cathode and Surrounding said line at 
a point intermediate Said cathode and the other 
end of said line. 

19. An electron discharge device according to 
claim 18, including means adjacent said en 
velope for producing a magnetic field having 
flux lines running parallel to the axis of said 
line. 

20. An electron discharge device according to 
claim. 19, including a repeller electrode surround 
ing Said line and located adjacent said cathode 
On the side thereof opposite from said collector 
electrode. 

21. An electron discharge device according to 
claim 17, including hollow conducting means co 
axially Surrounding Said line in spaced relation 
therewith along the entire length thereof, the 
ends of Said conducting means and the ends 
of Said line forming coaxial line input and out 
put COUplings for said device, 
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