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This invention is for electron tubes of the 
type commonly used in radio communication 
and connonly referred to as radio tubes. The 
present invention relates particularly to tubes 
Capable of operation on alternating or pulsating 
currents and in which the hum Ordinarily pro 
duced by Such pulsating currents is entirely 
eliminated. 

Various attempts have been made to indirect 
y heat an electron emitting cathode from a 
heating element energized from a Source of al 
ternating current, heat being transferred to the 
cathode either by conduction or by radiation. 
Such devices, while operable, do not entirely 
eliminate the hun due to the action of the field 
around the heating device resulting from the 
continuing phase reversal of the alternating cur 
rent therein. 

It is a common practice in the electrical in 
dustry to heat a member conductively from a 
heating element energized by an alternating cur 
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ent. This is found, for instance, in the Nernst 
lamp, in various electrically heated utensils, and 
to a certain degree in radio tubes using a Weh 
nelt cathode wherein the electron emitting coat 
ing is conductively heated by the filament which 
the coating encrusts. 
The present invention follows the general plan 

of heating a Cathode conductively from a re 
Sistance element, but it has for its object to so 
Organize and arrange the Several parts as to 
completely eliminate any noise or distortion re 
Sulting from phase reversal Or pulsations in the 
current Supplied to the resistance element. 

It is Well known that in the USual tube having 
a cathode Which is heated by the gassage of 
electric currents directly theirethrough, there is 
a graduation in the electron current between 
the cathode and the anode along the length of 
the cathode, by reason of the potential drop 
across the cathode. In other Words, One end 
of the cathode is positive and the other end 
negative, So that there is a graduation of cur 
rent along the entire length of the cathode. 
This necessarily results in a gradient for the 
electron current along the cathode. 

In a vacuum tube of the kind herein ShoWn 
the cathode is uni-potential. It is heated by 
means of a heater which is entirely separate 
from and independent of the cathode and from 
which heat is transferred fron the heater to 
the cathode. There is, therefore, no potential 
drop across any part of the cathode, but there 
is a temperature gradient which results in a 
graduated electron emission along the cathode, 

(C. 250-27.5) 

This application is a continuance of my ap 
plications Serial No. 12,477, filed March 2, 1925, 
Serial No. 16,711, filed March 19, 1925, and Serial 
No. 30,182, filed May 14, 1925. 
One object of the present invention is to so 

airange the grid as to overcome the gradient 
in the electron current along the length of the 
Cathode, 
In my application I show a grid whose metallic 

Surface, Or Whose effective surface, is graduated 
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according to the graduation in the electron cur. 
rent along the cathode. Such variation may re 
Suit either by reason of a temperature gradient 
along a cathode in the case of an equal potential 
Cathode, or by reason of a potential gradient 
along the cathode. 
A feature of the present invention is the pro 

Vision of a grid capable of effecting the greatest 
control where the electron current is the great 
est, and less control where the electron current 
is less. 

I show tWO methods by which the desired re 
SultS may be obtained, one wherein the spacing 
of the turns of the grid is graduated and the 
Other Wherein the size of the metal used as a 
grid is graduated. w 

The invention may be readily understood by 
reference to the accompanying drawing, in 
Which: 

Fig. 1. Shows a Section through a thermionic 
tube of my invention; 

Fig. 2 is a view of the grid having the spacing 
of the turns graduated; and 

Fig. 3 ShoWS a grid in which the metal is of a 
graduated size. '... x 

While I have Specifically illustrated a Small 
tube especially designed for radio receiving cir 
cuits, the invention is not to be considered as 
confined to receiving tubes, or to be restricted 
to the Specific arrangement and assembly of 
parts illustrated, 

In the drawing 2 designates a usual stem 
Structure for a tube, 3 is a cylindrical plate Sup 
ported thereon, 4 is the usual plate lead wire, 5 
is the grid, 6 is the grid Support, and 7 is the 
grid lead. 
Centered within the grid is a porcelain or 

other suitable body 8. This body is materially 
longer than the grid and plate, so that its upper 
end extends Well above the plate and grid. 
Around that portion of the body 8 which is Sur 
rounded by the grid and plate, is a metal shell 
9 on which may be a low temperature emitting 
Substance, of any preferred nature. A lead Wire 
9a may lead from this shell to the bottom of the 
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tube. This will take the place of the two fia 
ment leads usually coming from the botton of 
the tube, and Will serve to connect the shell, 
which is the cathode, in circuit with the plate 
or 'B' battery. 
In the upper portion of the body 8, above the 

part that is surrounded by the shell, is a looped 
heating resistance 10 having its terminals at the 
same end of the body whereby the magnetic 
field around the resistance is partially self-nell 
tralized. The lowermost end of this resistance 
preferably terminates above the grid, So that the 
resistance does not extend--at least to any ap 
preciable distance-into the Zone of influence 
Of the grid or control. 
The heating resistance 10 is connected with 

wires 12 preferably coming in through a Second 
stem 13 in the top of the envelope 14. 
The finished tube comprises the envelope 14, 

a suitable or standard base 15, with contact pins 
16. At the top of the tube is a cap 17 provided 
with contact pins 18 and 19 adapted to provide 
for a quick detachable connection of the resist 
ance leads 12 in a lighting or other Supply 
circuit. 
In operation, the alternating or other current 

energizes the resistance element 10, which is 
preferably of a nature capable of being highly 
heated by the passage of current therethrough. 
This heat is conducted through the body 8 to the 
shell 9, heating it to a temperature Sufficient, 
to Sustain electron emission. 
By reason of the resistance element 10 being 

entirely above the control and plate elements, 
the field variation around Such resistance ele 
ment is entirely or substantially above the field 
of the control element and the Space between the 
plate or anode and the cathode. Consequently, 
any alternating or varying field around the re 
sistance element will have no effect on the cur 
rent flow across the space between the anode and 
the cathode. 
By talking the energizing or alternating cur 

rent leads 12 out of the top of the tube, while 
the leads from the anode, cathode, and cointrol 
electrodes pass out the bottom, inductance from 
the alternating current leads to the electrode 
leads may be eliminated. Furthermore, it en 
ables the tube to be inserted in standard Sockets 
of present receiving apparatus, without modi 
fication thereof. 
The upper end of the shell 9 will become more 

highly heated than the lower end of the shell. 
Consequently, there will be a greater electron 
emission from the upper end of the shell than 
from the lower end of the shell, and this enais 
Sion will be graduated throughout the length of 
the Shell or cathode. 
The particular construction shown possesses a 

great advantage, by reason of the heating ele 
ment 0 being Substantially above the electrodes 
of the tube, and consequently so located that it 
may be heated by alternating currents without 
generating a field in the space between the elec 
trodes detrimental to the action of the tube. 
In order to overcome the gradient in the elec 

tron einission along the cathode 9, it not being 
possible to compensate for this by any biasing of 
the grid with respect to the cathode, as is possi. 
ble in the usual form of tube, I propose to so 
arrange the grid that it Will exert its control 
proportionately to and in accordance with the 
gradient in the electron stream. This is pref 
erably done by increasing the open area of the 
grid toward the cooler end of the cathode. 
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This will result in the grid having a greater 
metallic area, at the upper end of the cathode 
where the electron stream is greatest and in 
having a Srinaller metallic area at the lower end 
of the cathode where the emission is the lowest, 
This spacing of the grid is preferably graduated. 
approximately in accordance with the gradient 
of emission or with the temperature gradient 
of the cathode. 

I have shown in Fig. 2 the grid as consisting 
of a helix 20 secured to the grid Supporting 
member 21 with the upper convolutions of the 
helix more closely spaced than the lower con 
volutions, with the spacing gradually increased 
toward the lower end. From the foregoing, it 
will be readily seen that the upper end of the 
grid will have a greater control effect where 
the electron stream is the greatest, while the 
lower end in the field of lower election flow will 
have a less and proportionate control. 
The grid may be in the form of a coil 22 

shown in Fig. 3, the metal turns of Which are 
of larger diameter at one end than at the other, 
while the pitch of the coil may be constant, the 
decrease in the diameter of the Wire being grad 
ual. 
The heavier end of the grid has a greater 

mass, or greater metallic Suiface, than the other 
end, and has a greater control effect than the 
other end, and this propensity is graduated along 
the grid. 
In the type of tube shown, the heater is well 

above the greater portion of the length of the 
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cathode, whereby there is an appreciable tem 
perature drop along the cathode, the upper end 
being hotter than the lower. The grid is a C 
cordingly arranged with its heavier end toward 
the hotter end of the cathode, and its control 
ling effect graduated substantially in accordance 
With the emission gradient along the cathode. 

have illustrated but two forms of graduated 
grid, but it will be apparent that the same result 
may be achieved With grids of different con 
Struction but presenting a graduated controlling 
Strface. The Specific construction shown and 
described is to be considered as merely illus 
trative of an embodiment of the invention, to 
the construction of which I am not confined. 

Having described imy invention, what I claim 
as new and desire to secure by United States 
fetters Patent is: 

1. An electron tube, having a metal cathode, 
a grid around said cathode, a plate around said 
grid, a heat conducting body extending into 
Said cathode and in intimate contact therewith, 
and a resistance element for said heat conduct 
ing body for heating the same, said resistance 
element being positioned beyond the extremities 
of Said grid and plate whereby an alternating 
Current may be passed through said resistance 
element without creating a field between the 
Several electrodes detrimental to the desired 
action of the tube. 

2. An electron tube having a plate, a grid, 
a metal cathode, a resistance element, a body * 
extending within the cathode for transferring 
heat from the resistance element to the cathode, 
Said resistance element being located in the heat 
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transferring body outside the cathode so that 
the effect of an inductive field thereabout Will 
be negligible between the plate and the cathode. 

3. An electron tube having a plate electrode, 
a control electrode, and a metallic cathode, a 
body through which heat is transferred to the 
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cathode, and a looped resistance element hav 
ing its terminals extending out of one end of 
said body for Supplying heat to said body to 
heat the cathode and positioned above the upper 
extremities of Said metalic cathode and said 
plate electrode. 

4. An electron tube having a plate, a grid and 
a metal cathode, a body member through which 
heat is to be transferred to the cathode, a looped 
resistance element extending through orifices in 
the body member for supplying heat to said 
body to heat the cathode, said resistance ele 
ment terminating short of said cathode, said 
resistance element having both its terminals 
at the Same end of Said body member, and ter 
minal connections extending from the opposite 
end of said cathode, grid and plate for external 
connections. 

5. An electron tube having a metal cathode 
member, a grid encircling said cathode member, 
a plate encircling said grid, a body of electrical 
insulating material extending into Said cathode 
member and having a projected end portion ex 
tending outside the grid and plate, a looped 
electrical resistance element extending through 
orifices in said body of insulating material for 
heating the same, said resistance element ter 
minating short of said cathode, terminals for 
the cathode member, the grid and the plate 
extending out of the bottom of the tube, and 
terminals for the resistance element extending 
Out of the top of the tube. 

6. A vacuum tube including an envelope, a 
tubular metallic cathode within said envelope, a 
grid Surrounding Said cathode, a plate Surround 
ing Said grid, a resistance element in juxta-posi 
tion to said cathode for heating the same, a 
base for Said envelope, plate grid and cathode 
Connector terminals positioned in said base, a 
Connector cap on the opposite end of Said en 
velope, connector terminals in said cap, conduc 
tor leads extending away from said resistance 
element in one direction and connected with the 
terminals in Said cap, and cathode, plate, and 
grid leads extending away in the other direction 
to the connector terminals in said base. 

7. A heating cathode structure for audion 
tubes including a member of refractory mate 
rial, a metal shell over one end of said member 
of refractory material, and an electric heating 
element extending into the other end of said 
member of refractory material above the said 
metal shell So that an inductive field about the 
resistance element will substantially avoid pass 
ing through said shell. 

8. An electron tube of the character described 
including an envelope, an upper and a lower cap 
for said envelope, terminals secured to said caps 
for external connections, a grid, a plate and a 
cathode located within said envelope, connec 
tions extending in One direction from said grid, 
plate and Cathode to the terminals of one of 
Said caps, a looped resistance element for heat 
ing Said Cathode, and connections from said 
looped resistance element extending in the other 
direction to the terminals of the other of said 
CapS. 

9. An electron discharge tube of the character 
described including an envelope, a base for said 
envelope having terminal contacts, terminal con 
tacts for the other end of said envelope, a plate, 
a grid and a Cathode located within the said 
envelope, a heat conducting member extending 
within Said Cathode, a looped resistance for 
heating the said heat conducting member ter 
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minating without said cathode, conductors ex 
tending in One direction from said plate, grid 
and cathode to the terminals of said base men 
ber, and conductors from said resistance element 
eXtending in the other direction to the other 
Said terminal contacts at the other end of said 
envelope. 

10. A device of the character described in 
cluding an envelope, terminals for external con 
nection located at both ends of said envelope, 
a plate, a grid and a cathode located within 
Said envelope and Supported thereby, conductors 
extending from said plate, grid and cathode to 
the terminals at one end of said envelope, a heat 
conducting body extending into said cathode, 
a looped resistance element extending through 
lectilinear orifices in said body and having its 
terminals at one end thereof, said resistance ele 
ment terminating short of said cathode, and 
conductors extending from said looped resistance 
element to the terminals at the other end of 
Said envelope. 

11. A device of the character described in 
cluding a glass envelope, terminals located at 
both ends of Said glass envelope, a cathode with 
in Said envelope and supported thereby, a grid 
Within Said envelope around said cathode and 
Supported by Said envelope, a plate around said 
grid and Supported by said envelope, electrical 
conductors extending from said plate, grid and 
cathode to the terminals at one end of said en 
velope, a member extending within said cathode, 
a looped heating element extending through 
Substantially parallel orifices in said member, 
Said resistant member being located entirely be 
yond Said Cathode, and electrical conductors ex 
tending from Said heating element to the ter 
minal contacts at the opposite end of said en 
velope. 
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12. In a thermionic device, an elongated cath- . 
Ode, a grid in proximity to only one end there 
of, and heater means in proximity to the other 
end only thereof. 

13. In a thermionic device, an extended cath 
Ode adapted to be heated, a body having large 
heat inertia, in proximity to only one end of said 
Cathode, and a grid in proximity to the other 
end only thereof. 

14. An electron tube having a metal cathode, 
a grid around Said cathode, a plate around said 
grid, a member extending into said cathode and 
in contact therewith, the extremities of said 
metal cathode extending substantially above and 
below the extremities of said plate and a looped 
resistance element extending through orifices in 
Said member, said resistant member being locat 
ed entirely beyond said cathode, said resistance 
element being positioned with respect to said 
grid and plate that there is substantially no 
Overlapping of its inductive field with the space . . . 
between the plate, grid and cathode. 

15. An audion tube including an anode, a 
Cathode having an electron emitting surface, 
looped means for applying heat to one end of 
Said Cathode So that one end thereof becomes 
hotter than the other thereby producing a vary 
ing Space charge between said anode and cath 
Ode, and a grid of graduated size between said 
cathode and anode adapted to exert a grad 
luated control along the cathode. 

16. A thermionic tube having an anode, a 
Cathode, looped heater means located at one end 
of Said cathode for conductively heating the 
Sane, and a grid mounted between said anode 
and cathode and of a decreasing mass from one . 
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4. 
end thereof to the other, arranged to exert a 
gi'aduated control along the cathode correspond 
ing to the natural gradient of the electron cur 
rent flow along the cathode between the cathode 
and anode due to the gradient tenperatures 
along the cathode. 

17. A the Bionic tube having an anode, a 
uni-potential cathode, a looped heating wire lo 
cated at one end of the cathode for heating 
the Same by transmitting ineat along said cath 
Ode, and a grid formed of Wire the diameter of 
Which gradually decreases from one end there 
of to the other adapted to exert a greater con 
tirol at the end of the cathode nearest the heat 
iing neains. 

18. A thernionic tube having an anode, a 
Cathode, a looped heater for the cathode locat 
ed Substantially above the anode and designed 
to apply heat to one end of the cathode, means 
for conveying heat from the heater to the cath 
Ode So that there is a temperature gradient along 
the length of the cathode, a grid of graduated 
Size extending along the cathode out of contact 
thereWith and having its effective control grad 
lated along its length. With the more effective 
pOrtion at the end of the cathode nearest the 
heater. 

19. A theinionic tube having an anode, a 
Cathode, and a grid mounted in an envelope 
2nd means located above the anode for applying 
heat to the cathode at one end thereof produc 
ing a variable electron current flow along the 
cathode, portions of said grid being variably 
Spaced to compensate for the variation in the 
electron curitent between the cathode and the 
anOde along the length of the cathode due to 
the gradient of the heat along the cathode. 

20. A thermionic tube having an anode, a 
Cathode, a heating Wire terminating at one end 
of Said cathode for conductively heating the 
Cathode, and an intervening grid of graduated 
effective area, a ranged to exert a graduated 
control along the cathode corresponding to the 
natural gradient in the electron current flow 
along the cathode due to the gradient tengera 
tures along the same. 

21. A thermionic tube having an anode, a uni 
potential cathode, heating means terminating 
at the end of the cathode adjacent thereto for 
heating the same, and a grid having its parts 
arranged in graduated Spaced relation to exert a 
greater control at the end of the cathode inear 
er the heating means than at the end of the 
cathode further from the heating means. 

22. A thermionic tube having an anode, a 
cathode, ineans including a heating wire ter 
minating near Oile end of the cathode outside 
the electron emitting Surface of the cathode 
for heating the Same, and a grid interposed be 
tween the anode and the cathode having a grad 
lated open area which increases toward the 
end of the cathode away from the heating means, 
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and an envelope for said anode, cathode and 
grid. 

23. In a vacuum tube having an anode, a 
Cathode, a heater, means for transferring heat 
from the heate to One end of the cathode, 
theireby heating the cathode to variable tem 
peratures and causing a variable emitting acticn 
of the cathode surface, a grid between the anode 
and the cathode having the open area, thereof 
graduated inversely to the temperature gradi 
ent of the cathode. 

24. In a vacuum tube having an anode, a 
Cathode, a heater extending from the anode 
and the cathode, means for transferring heat 
f. On the heater to one end of the cathode there 
by producing a gradient temperature aiong the 
cathode, a grid between the anode and the cath 
Ode having the open area, thereof graduated in 
Versely to the temperature gradient of the cath 
Ode. 

25. In a therinionic tube having an anode and 
a Cathode, a heater for the cathode extending 
2.Way fi'On the anode and the cathode, means 
for conveying heat from the heater to the cath 
Ode so that, there is a temperature gradient 
along the length of the cathode, and a grid 
extending along the cathode out of contact 
therewith having its effective control area, grad 
uated aioling its length with the more effective 
portion at the end of the cathode nearer the 
heater. 
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26. An audion tube including an anode, a 
cathode, means for applying heat to said cath 
ode at one end thereof So that one end thereof 
becomes hotter than the other thereby produc 
ing a varying Space charge between said anode 
and cathode, and a graduated grid between Said 
cathode and anode adapted to exert a graduated 
COrtioi along the cathode. 

27. An audion tube including an anods, a 
Cathode, means including a heater Wire adapted 
to be energized by alternating current for apply 
ing heat to Said cathode at one end thereof So 
that one end thereof becomes hotter than the 
other, thereby producing a varying space charge 
between Said anode and cathode, and a graduat 
ed grid between said cathode and anode adapted 
to exert a graduated control along the cathode. 

28. An electron tube having a plate electrode, 
a control electirode, and a metallic cathode, a 
body through Which heat is transferred to the 
Cathode, leads from Said cathode plate and Said 
control electrode extending in one direction, and 
a resistance element in the body of Said cathode 
for supplying heat to Said body to heat the cath 
Cde, leads from Said resistance element extend 
ing in a direction opposite to said cathode plate 
and control electrode leads, and having both of 
its terminals at the same end of the body and 
at the end opposite to the terminals of said cath 
ode plate and control electrode. 

FREDERICK. S. MCCUTCUGH. 
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