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To all whom it may concern: 
Beit known that I, EUGENE. W. CALDw ELL, 

a citizen of the United States, and resident 
of the city, county, and State of New York, 
have made a certain new and useful Inven 
tion Relating to Vacuum Valve-Tubes, of 
which the following is a specification, taken 
in connection with the accompanying draw 
ing, which forms part of the same. 
This invention relates especially to vacuum 

valve tubes which are related to those of the 
general Villard type and are provided with 
a cathode arranged to coact with coöperat 
ing regulating means so as to automatically 
regulate the vacuum or condition of the tube 
and promote uniformity of operation along 
the general lines described in my Patent 
1,076,949 of October 28, 1913. 
According to the present invention the 

effectiveness and efficiency of the valve ac 
tion is promoted by the use of a cathode 
having a large effective diameter or capac 
ity; and a highly desirable regulating action 
is secured by arranging the gas generating 
material or salt in a separate regulating 
chamber having a suitable regulating dia 
phragm between it and the cathode cham 
ber of the valve tube. When the tube is in 
normal operating position the gas generat 
ing material in this regulating chamber is 
more or less in contact with the regulating 
diaphragm so as to cause the evolution of 
gas and consequent regulating action when 
ever the tube gets into the regulating con 
dition which causes heating effects on the regulating diaphragm or other exposed parts 
of the regulating chamber so that the tube 
is promptly, restored to its normal critical 
condition in which such regulating action 
is imminent but no longer actually takes 
place. The valve tube may also for some 
purposes be with advantage provided with a 
plurality of separated anodes so that they 
may be simultaneously connected to different 
Sources of potential which may be out of 
phase with each other so as to combine in 
a single tube the current impulses from these 
different sources of electricity. 
In the accompanying drawing showing in 

a somewhat diagrammatic way several illus: 
trative E. of this invention Figure 
1 is a vertical section. Fig. 2 is a diagram 
showing a somewhat modified form of tube 
connected in circuit; and Fig. 3 is another 
diagram showing still another form. 
The tube may have a body of any suit 
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able size, shape and material and as indi 
cated in Fig.1 the substantially cylindrical 
tube body may have mounted therein ad 
jacent one end a cathode terminal 2 con 
nected to the cathode stem or support 3 which may be firmly supported by being 
more or less surrounded and supported by a 
glass reinforcement 4 extending up from 
the wall of the tube at this point. The 
cathode 5 is preferably given a large effec 
tive diameter or capacity which seems to ma 
terially increase the effectiveness and effi 
ciency of the valve action of the tube. The 
cathode may be conveniently formed of a 
number of electrically connected strips 6 
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of aluminum or other suitable material 
which may be bent up into generally cylin 
drical or tumbler shaped form so as to be, 
for example, about two and one-half inches 
in diameter and three or three and a half 
inches long when the main cathode chamber 
30 in the tube body is about two and three 
quarters inches in diameter and about six 
inches long inside with the approximate con 
tour indicated in Fig. 1. 

It is desirable to have a separate regulating 
chamber to hold the gas generating material 
or salts, such as sodium formate or the like 
and for some purposes it is desirable to have 
this regulating chamber in part within the 
cathode chamber or subject to the heating or 
regulating action caused when the tube gets 
into regulating condition while part of the 
chamber is preferably so arranged as not to 
be substantially exposed to such heating or 
regulating effects. This may be conven 
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iently effected by using a separate glass tube 
or extension such as 21, fused into the top 
19 of the tube body, so that the lower orinner 
portion 20 of this regulating chamber 33 
which may be suitably enlarged as indicated 
extends sufficiently near the cathode to be 
exposed to the heating effects caused when 
the tube gets into Fegulating condition. Any 
suitable regulating diaphragm may be ar 
ranged between this regulating chamber and 
the cathode chamber 30 and a suitable thin 
metallic regulating diaphragm 23 of alumi 
num, for instance, may be conveniently se 
cured on the outwardly flaring end 22 of the 
regulating chamber by bending the securing 
clips or extensions 24 of this diaphragm 
around the same and securing them in posi 
tion in any desired way. A suitable some 
what porous washer or packing is preferably 
used to close the joint around this dia 
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phragm and an asbestos washer, such as 28, 
may be interposed between these parts so as 
to prevent all Substantial leakage of the gas 
generating material or salt 26 within the 
chamber while allowing the gas generated 
under regulating conditions to pass into the 
cathode chamber. For some purposes it is 
desirable to break up the aggregations of 
the gas generating salt which is sometimes 
caused by the heat developed in the portions 
adjacent the regulating diaphragm and this 
may be readily effected by suitable loosening 
devices, such as lumps or particles of glass 
or other inert material or metal which may 
be mixed with the gas generating salt in the 
regulating chamber so as to break up lumps 
or aggregations by gently agitating the tube. 
By arranging the regulating chamber so 
that part of it such as the Outer extension 21, 
for instance, is outside or removed from the 
action of the heating or regulating effects 
caused under regulating or high yacuum or 
resistance conditions of the valve tube, the 
initial pumping or exhaustion of the tube 
may be considerably facilitated by transfer 
ring the gas regulating salt to such inoper 
ative or inactive portion of the regulating 
chamber as by keeping the tube in an invert 
ed position and preventing any substantial 
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portions of the gas generating material from 
coming in contact with the regulating dia 
phragm until the tube is fully exhausted. 
This allows current to be run through the tube during the pumping or exhausting 
process which facilitates the elimination of 
the gases therefrom and enables any desira 
ble degree of exhaustion to be readily Se 
cured after which the tube may be sealed in 

The finished tube may then 
be turned into its normal operating position 
as shown in Fig. 1 and connected in circuit 
when the initial high vacuum and resistange 
which may be caused by the exhaustion will 
at once cause a regulating condition in the 
tube in which sufficient heating effects are 
caused on the regulating diaphragm 28 as 
by the concentration of the cathode stream 
in the tube because of the well known elec 
trical repulsion of the stream of cathode 
particles on increase of vacuum and poten 
tial, so as to cause the generation of gas from 
the gas generating material in substantial 

be connected to a separate source of poly contact with the regulating diaphragm. 
This quickly brings the tube into its normal 
critical condition where the vacuum and re 
sistance conditions are such that no further 
regulating action takes place, although such 
effects are immiment and are again brought 
into play by a relatively slight increase in 
the vacuum, resistance and so forth. This is 
shown by the action of the electrical measur 
ing instruments in circuit with the tube 
which show a gradual decrease in the tube 
resistance, the normal resistance being 
quickly attained after which the tube resist. 
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ance remains practically constant under all 
normal working conditions. 
Any suitable anode electrodes may be ar 

ranged in connection with the tube and 
either a single anode or any desired number 
of Separated multiple anodes may be used 
for some purposes in a vacuum valve tube 
of this character. As indicated the anode 7 
may be mounted on the stem 8 so as to be 
electrically connected with its terminal 9 
outside the anode extension 12, the anode 
being mounted within a restricted glass 
shield, such as 10, and arranged in connec 
tion with a coöperating constricted anode 
passage 11 between the anode chamber 31, 
and the cathode chamber 30. If desired one 
or more additional anodes may be arranged 
in the tube each preferably separated from 
the other anodes so as to maintain the de 
sired electric insulation under working con 
ditions. The anode 15 may as indicated be 
mounted on a stem, such as 13, and con 
nected with the terminal 14 outside of the 
tube or anode extension 16 fused thereon. 
This anode may be mounted within the usual 
restricted glass shield 17 and arranged so as 
to coöperate with the constricted anode pas 
sage 18 between the anode chamber 32 and 
the cathode chamber 30. Such valve tubes 
have given highly effective and efficient valve 
or rectifying action with high potential cur 
rents up to a few hundred milli-amperes or 
more, suitable for X-ray work, etc., and the 
tubes have maintained their high efficiency . 
and run cool when operated in a number of 
instances continuously for hours at a time. 
With a vacuum tube of this character hav 
ing a main cathode chamber about two and 
three-quarter inches in internal diameter 
and about six inches in length, the valve ac 
tion was very pronounced and the direct 
resistance of the tube was found to be very 
low so as to give the tube a correspondingly 
high working efficiency. The potential re 
quired to break down the starting resistance 
in the direction of the normal operation of 
the tube was in the neighborhood of 1,000 
volts, while a potential of about 30,000 to 
40,000 volts was required to overcome the 
starting resistance of the tube in the reverse 
direction. By using multiple separated 
anodes in such valve tubes each anode may 
phase high potential electricity so as to allow 
periodic current impulses to pass through 
the tube in the desired direction and super 
impose through a single tube currentim 
pulses from a number of branches of a poly 
phase circuit. Fig. 2 shows diagrammati 
cally such an arrangement, the tube 34 being 
provided with the cathode terminal 35 and 
with the three separated anode terminals 36, 
37, 38 which are shown as each connected to 
one of the branches 41, 42 and 43 of a-three 
phase high potential circuit, the neutral 

( 

( 

2 

2: 

v 

3 

  



O 

5 

20 

25 

30 

35 

40 

lating 
45 

50 

55 

60 

1,174,676 

point of which may be connected to the 
working circuit 39 by which the working 
device 40, such as an X-ray apparatus, for 
example, is connected to the cathode termi 
nal 35. 

Fig. 3 shows diagrammatically a four 
phase arrangement in which the tube 44 is 
provided with the cathode terminal 45 and 
with the terminals 46, 47, 48 and 49 con 
nected to the separated anodes within the 
tube which are not shown. A four-phase high 
potential circuit of any description may 
have its branches 51, 52, 53 and 54 each con 
nected to one of the anode terminals, whily 
the mid or neutral point of the four-plbase 
circuit may be connected to the working cir. 
cuit 50 including a similar utilizing de 
vice 40. 
This invention has been described in con. 

nection with a number of illustrative em- . 
bodiments, forms, proportions, sizes and 
materials, parts, arrangements and methods 
of preparation and operation, to the details 
of which disclosure the invention is not of 
course to be limited, since 
What is claimed as new and what is de 

sired to be secured by Letters Patent is set 
forth in the appended claims. 

1. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided adjacent one end with a 
cathode formed of a plurality of electrically 
connected strips of sheet metal arranged in 
substantially hollow cylindrical form and 
having large effective diameter and capacity 
to secure correspondingly high valve effi 
ciency, said vacuum tube having a regulat 
ing chamber containing loosening devices 
and gas generating material retained in said 
regulating chamber by a metallic regulating 
diaphragm and an interposed somewhat 
porous washer arranged between said regul 

chamber and said cathode chamber, 
said regulating diaphragm being arranged 
in coöperation with said cathode to haye 
heating effects developed therein when said 
tube is in regulating condition, said regulat 
ing chamber having an inoperative exten 
sion outside of the tube body and beyond the 
substantial influence of Said regulating ef 
fects and into which said gas generating ma 
terial may be transferred when the tube is 
inverted, said vacuum tube having a plu 
rality of separated anodes each communi 
cating with the cathode chamber through a 
constricted anode passage. 

2. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode formed of a plurality of electrically connected strips of 
sheet metal arranged in substantially hollow 
cylindrical form and having large effective 

... diameter and capacity to secure correspond 
65 

ingly high valve efficiency, said vacuum tube having a regulating chamber containing gas 

s A 
generating material retained in said regulat 
ing chamber by a regulating diaphragmar 
ranged between said regulating chamber and 
said cathode chamber, said regulating dia 
phragm being arranged in coöperation with 
said cathode to have heating effects devel 
oped therein when said tube is in regu 
lating condition, Saidyacuum tube having a 

70 

plurality of separated anodes communicat 
ing with the cathode chamber through con 
stricted anode passages. 

3. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 

75 

chamber provided with a cathode having 
large effective diameter and capacity to se 
cure correspondingly high valve efficiency, 
said vacuum tube having a regulating cham 
ber containing gas generating material re 
tained in said regulating chamber by a reg 
ulating diaphragm arranged between said 
regulating chamber and said cathode cham 
ber, said regulating diaphragm being ar 
ranged in coöperation with said cathode to 
have heating effects developed therein when 
Said tube is in regulating condition, said 
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vacuum tube having a plurality of separated 
anodes communicating with the cathode 
chamber through constricted, anode pas 
Sages. 

4. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided adjacent one end with a 
cathode having large effective diameter and 
capacity to secure correspondingly high 
valve efficiency, said vacuum tube having a 
regulating chamber containing gas generat 
ing material retained in said regulating 
chamber by a metallic regulating dia 
phragm arranged between said regulating 
chamber and said cathode chamber and in 
coöperation with said cathode to have heat 
ing effects developed therein when said tube 
is in regulating condition, said regulating 
chamber having an inoperative extension 
beyond the substantial influence of said reg 
ulating effects and into which said gas gen 
erating material may be transferred, said 
vacuum tube having multiple separated 
anodes each arranged around said regulat 
ing chamber in an anode chamber communi 
cating with the cathode chamber through a 
constricted anode passage. -- 

5. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided adjacent one end with a 
cathode, said vacuum tube having a regulat 
ing chamber containing gas generating ma 
terial retained in said regulating chamber 
by a regulating diaphragm. arranged be 
tween said regulating chamber and said 
cathode chamber and in coöperation with 
said cathode to have heating effects de 
veloped therein when said tube is in regu 
lating condition, said vacuum tube having 
multiple separated anodes each arranged 
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around said regulating chamber in an anode 
chamber communicating with the cathode 
chamber through a constricted anode pas 
Sage. 

f The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided adjacent one end with a 
cathode, said vacuum tube having a regulat 
ing chamber containing gas generating ma 
terial retained in said regulating chamber 
by a regulating diaphragm arranged be 
tween said regulating chamber and said 
cathode chamber and in coöperation with 
said cathode to have heating effects devel 
oped therein when said tube is in regulating 
condition, said vacuum tube having multi 
ple separated anodes arranged around said 
regulating chamber in an anode chamber. 

7. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode and hay 
ing a regulating chamber containing loosen 
ing devices and gas generating material re 
tained in said regulating chamber by a me 
tallic regulating diaphragm and an inter 
posed porous asbestos washer arranged be 
tween said regulating chamber and said 
cathode chamber, said regulating diaphragm 
being arranged in coöperation with said 
cathode to have heating effects developed 
therein when said tubeisin regulating condi 
tion, said regulating chamber having an in 
operative extension outside of the tube body 
and beyond the substantial influence of said 
regulating effects and into which said gas 
generating material may be transferred 
when the tube is inverted. 

8. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode and hav 
ing a regulating chamber containing loosen 
ing devices and gas generating material re 
tained in said regulating chamber by a me 
tallic regulating diaphragm arranged be 
tween said regulating chamber and said 
cathode chamber, said regulating diaphragm 
being arranged in coöperation with said 
cathode to have heating effects developed 
therein when said tube is in regulating condi 
tion, said regulating chamber having an in 
operative extension outside of the tube body 
and beyond the substantial influence of said 
regulating effects and into which said gas 
generating material may be transferred. 

9. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode and hav 
ing a regulating chamber containing loosen 
ing devices and gas generating material re 
tained in said regulating chamber by a reg 
ulating diaphragm arranged between said 
regulating chamber and said cathode cham 
ber, said regulating diaphragm being ar 
ranged in coöperation with said cathode to 
have heating effects developed therein when 
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said tube is in regulating condition, said 
regulating chamber having an inoperative 
extension beyond the substantial influence of 
said regulating effects and into which said 
gas generating material may be transferred. 

10. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode and having a regulating chamber containing loosening 
devices and gas generating material retained 
in said regulating chamber by a regulating 
diaphragm arranged between said regulat 
ing chamber and said cathode chamber, said 
regulating diaphragm being arranged in co 
operation with said cathode to have heating 
effects developed therein when said tube is 
in regulating condition. - 

11. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode and hav-. 
ing a regulating chamber containing gas 
generating material retained in said regulat 
ing chamber by a metallic regulating dia 
phragm arranged between said regulating 
chamber and said cathode chamber, said 
regulating diaphragm being arranged in co 
operation with said cathode to have heating 
effects developed therein when said tube is 
in regulating condition, said regulating 
chamber having an inoperative extension 
outside of the tube body and beyond the sub 
stantial influence of said regulating effects 
and irito which said gas generating material 
may be transferred. -- 

12. The self-regulating vacuum valve 
tube comprising a vacuum tube having a 
cathode chamber provided with a cathode 
and having a regulating chamber contain 
ing gas generating material retained in said 
regulating chamber by a regulating dia 
phragm arranged between said regulating 
chamber and said cathode chamber, said regulating diaphragm being arranged in co 
operation with said cathode to have heating 
effects developed therein when said tube is 
in regulating condition, said regulating 
chamber having an inoperative extension 
beyond the substantial influence of said 
regulating effects and into which said gas. 
generating material may be transferred. 

13. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode and having 
a regulating chamber containing gas generat 
ing material retained in said regulating chamber by a regulating diaphragm ar 
ranged between said regulating chamber and 
said cathode chamber, said regulating dia phragm being arranged in coöperation with 
said cathode to have heating effects developed 
therein when said tube is in regulating con dition. 

14. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided adjacent one end with a 
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cathode formed of a plurality of electrically 
connected strips of sheet metal arranged in 
substantially hollow cylindrical form and 
having large effective diameter and capacity 
to secure correspondingly high valve effi 
ciency, said vacuum tube having multiple 
separated anodes each arranged in an anode 
chamber communicating with the cathode 
chamber through a constricted anode pas 
Sae. 

5. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode arranged 
in substantially hollow cylindrical form 
and having large effective diameter and 
capacity to secure correspondingly high 
valve efficiency, said vacuum tube having 
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multiple separated anodes each arranged in 
an anode chamber communicating with the 
cathode chamber through a constricted 
anode passage. 

16. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 
chamber provided with a cathode having 
large effective diameter and capacity to 
secure correspondingly high valve efficiency, 
said vacuum tube having a plurality of 
separated anodes each arranged in an anode 
chamber communicating with the cathode 
chamber through a constricted anode pas 
sage and gas generating material coöper 
atting with said cathode to be exposed to the 
heating effects therefrom when said tube is in regulating condition. 

17. The self-regulating vacuum valve tube 
comprising a vacuum tube having a cathode 

5 

chamber provided with a cathode, said 
vacuum tube having a plurality of separated . 
anodes each arranged in an anode chamber 
communicating with the cathode chamber 
through a constricted anode passage and 
gas generating material coöperating with 
said cathode to be exposed to the heating 
effects therefrom when said tube is in regu 
lating condition. 

18. The vacuum valve tube comprising a 
vacuum tube having a cathode chamber pro 
vided adjacent one end with a cathode 
formed of a plurality of electrically con 
nected strips of sheet metal arranged in 
substantially hollow cylindrical form and 
having large effective diameter and capacity 
to secure correspondingly high valve effi 
ciency, said vacuum tube having an anode 
arranged in an anode chamber communi 
cating with the cathode chamber through 
a constricted anode passage. 

19. The vacuum valve tube comprising 
a vacuum tube having a cathode chamber 
provided with a cathode arranged in sub 
stantially hollow cylindrical form and hav 
ing large effective diameter and capacity to 
secure correspondingly high valve efficiency, 
said vacuum tube having an anode arranged 
in an anode chamber communicating with 
the cathode chamber through a constricted anode passage. 

EUGENE. W. CALDWELL, 
Witnesses: 

HARRY L. DuNCAN, 
JESSIE B. KAY. 

40 

45 

50 

55 

60 

65 


