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UNITED STATES PATENT OFFICE. 
HOMER CLYDE SNOok, OF CYNWYD, AND EDWIN w. KELLY, OF PHILADELPHIA, 

. . . . . . . . . . . . . . . PENNSYLVANIA. 

1,143,827. 
vacuuM REGULATION. 

To all whom it may concern: 
Beit known that we, HoMER 

and EWIN.W. KELLY, citizens of the United 

i. 

States, of Cynwyd and Philadelphia, State 
of Pennsylvania, have invented new and use ful Improvements in Vacuum Regulation, 
of which the following is a specification. 
Our invention relates to a method of and apparatus for regulating the degree of 

i yacuum of an X-ray tube or other electrical 
lischarge vacuum tube or device. 

. : " - By. olur - inventign we make u?e of the 
: principle of osmosis for the introduction of 
5 
gas into or removal of gas from the vacuum, 
though as to some features of our invention 
vacuum regulators operating on other prin 
ciples may be employed. 

20 

In accordance with our invention gas may 
beintroduced into the vacuum to lower the 
vacuum, or removed from the vacuum to 
raise the vacuum, at will; or a current of 

25 

gas, of either constant or varying quantity, may be continuously or intermittently 
passed through the vacuum tube. And in 
accordance with our invention the vacuum 
lowering regulator and the vacuum raising 

I regulator may be operated differentially, by 

30 
either manual or automatic control, and in response to electrical conditions, reflecting 
vacuum conditions, of either the low tension 

i: or high tension sides of the source of current Supply. 

S5 . 

forms our invention may take reference is 

Our invention resides in the features here 
inafter described. 

For an illustration of some of the many 
to be had to the accompanying drawings, in 

40 

45 

which: : 
Figure 1 is a longitudinal sectional view 

through an X-ray tube and its regulators. 
Fig. 2 is a horizontal sectional view taken through the regulators of Fig. 1. Fig. 3 is 
a diagrammatic view illustrating a mode of 
manually controlling the vacuum regula 
tion. Fig. 4 is a diagrammatic view illus 
trating a modified form of manual control 
for the regulation. Fig. 5 is a diagram 

50 
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matic view of regulation by manual control 
: in the low tension side of the circuit. Fig. 
6 is a diagrammatic view of a modification 
of part of Fig. 5. Fig. 7 is a diagrammatic 
view of a further modification of a part of 
Fig. 5. Fig. 8 is a diagrammatic view of 
automatic regulation by use of low tension 
current. Fig. 9 is a diagrammatic view of 
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automatic regulation in response to high 
potentials. Fig. 10 illustrates a mode of 
automatic differential regulation in response 
to high potentials. Fig. 11 illustrates a 
mode of regulation responsive to high poten 
tials. Fig. 12 is a sectional view of a form 
our regulator may take. Fig. 13 is a sec 
tional yiew of another form our regulator 
may take. . . . . - - 
In Fig. 1 is illustrated an X-ray tube 

fitted with regulators and with means for 
cooling the X-ray tube and its cathode and 
anti-cathode. A tube so cooled by air or 
other suitable medium coöperates advan tageously with our system of regulation, 
though it is to be understood that our in 
vention is equally applicable to vacuum 
tubes or X-ray tubes which are not cooled 
or which may be of any other type. 

Referring to the drawing, B is the usual 
glass bulb of an X-ray tube having the 
usual glass anode stem D and the usual glass 
cathode stem E. Within the tube are the 
usual anode or target A and cathode C. In 
the example illustrated the head 1, of copper 
or other suitable material is secured to me 
tallic tube 2, as of steel, which fits over the 
tubular glass stem 3 joined to the stem D 
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at 4. A tube 5, of copper or other suitable 
material, is set into the head 1 and prefer 
ably welded thereto forming a vacuum tight 
joint. The tube 5 extends through the stem 
D and at its end is welded or soldered at a 
vacuum tight joint to the platinum or other 
tube 6 which is sealed into the end of the 
glass stem D forming a vacuum tight joint. 
A corrugation 6 in the tube 6 yields, under 
expansion and contraction of the tube 5 due 
to temperature changes, and thereby pre 
vents breakage of seal between tube 6 and 
glass stem D. Within the tube 5 is disposed 
a metallic tube 7 which at its inner end has 
any suitable metallic projection 8 forming 
'electrical contact with the tube 5 or head 1. 
Near its outer end the tube 7 is connected, as by soldering or brazing, to the metal ferrule 
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9 embracing the end of the glass stem D. 
Electrical connection is made from the posi 
tive terminal of a suitable high tension 
source of current with the ferrule 9 or the 
tube 7. The extreme end of the tube 7 is 
connected by rubber hose or otherwise with 
a supply of any suitable cooling medium, 
for example, a supply of air under pressure. 
Accordingly the air will pass into and 

105. 

10 
  



O 

through the tube 7, strike the head 1, from 
which the tube 7 is suitably spaced, extract 
ing heat from the head 1 which conducts the 
heat away from the target proper, the air 
then passing outwardly as indicated by the 
arrow through the annular space between 
the tubes 5 and 7 to the outer air through 
perforations 10 in the cap or ferrule 9. 
The cathode C is counterbored to receive 

the tube 11 of copper or other suitable mate 
rial, there being a vacuum tight joint be 
tween the cathode C and the tube 11 as by 

5 

welding, brazing, soldering, etc. At its 
other end the tube 11 is welded, soldered or 
brazed to the platinum tube 12 sealed in the 
outer end of the glass cathode stem E mak 
ing vacuum tight joints. Within the tube 
11 is a metallic tube 18, spaced at its inner 
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end from the cathode C and having the pro 
jection 14 making electrical connection with 
the cathode C or the tube 11. The other end 
of the tube 13 is soldered or otherwise con 
nected to the metallic ferrule 14, making an 
air tight joint therewith, the ferrule 14 be 
ing secured upon the end of the outer tube 
or sleeve 15 of glass or any other suitable 
material. Electrical connection is made 
from the negative terminal of the aforemen: 
tioned source of current with the ferrule 14 
or the tube 13 which communicates electri 
cally with the cathode C. The sleeve or 
tube 15 is supported upon the glass cathode 
stem. E by the member 16, of cork or other 
suitable material, which has a plurality of longitudinally extending grooves 17 forming 
air passages. The tube or sleeve 15 prefer 
ably terminates in the bell 18, which extends 
around the bulb B to any suitable distance. 
Air or other cooling medium is introduced 

into the tube 13, passes therethrough and 
strikes the cathode C, cooling the same, and 
then passes outwardly in the annular space 
between tubes 11 and 13 into the sleeve or 
tube 15 thence through the passages 17 over 
the outside of the cathode stem. E into the 
bell. 18 from which it issues over the outer 
surface of the bulb B, all as indicated by 
the arrows. And we have found that the 
air or other medium issuing from the bell 18 
clings or remains close to the bulb B even be 
yond its middle or equator. 

Sealed to the bulb B is a tube 19 whose 
interior space 20 is in communication with 
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the interior of the bulb B. Supported by 
the tube 19 is the glass bulb or vessel 21 
into which projects the tube 22 of platinum, 
palladium or any other suitable metal or ma 
terial which is capable of operation as an 
osmotic member or membrane. The free 
end of the tube 22 is closed and its other end 
is sealed in the glass and its open end com 
municates with the space 20. An electrical 
connection is made by conductor 23 from the 
tube 22 to the platinum or other wire 24 
sealed through the wall of the bulb 21. A 
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second platinum or other suitable wire 25 is 
Sealed through the wall of the bulb 21 and is 
referably provided at its inner end with a 
utton or head 26 of copperor other suitable 

material, preferably tipped with platinum, 
the head or button 26 being spaced from the 
tube 22 to form a spark gap, that part of the 
tube 22, directly opposite the button 26 be 
ing preferably thickened or provided with a 
layer of metal, such as a coil of wire 27, preferably of platinum, to prevent burning 
the tube 22. In the vessel 21 is confined a 
mass of gas or gases which are to be intro 
duced into the bulb B for lowering the 
vacuum. The gas in the bulb 21 at the time 
of manufacture may be at atmospheris pres 
Sure, or above or below atmospheric pressure, 
but in any case preferably at a pressure high 
compared with the vacuum within the bulb 
B. This amount of gas or gases is sufficient 
for a great number of regulations of the 
vacuum in the bulb B, because of the very 
great amount of gas in bulb 21 as compared 
with the amount in the bulb B at anytime. 
The gas in the bulb 21 is preferably hydro 
gen, though it is to be understood that any 
other suitable gas or mixture of gases may be 
employed. For example the monatomic 
gases such as argon, helium, neon, Zenon, etc., 
may be employed either singly, or in combi 
nation with hydrogen or other gas. 
A second tube 28, provided with a coil 27, 

is sealed in the glass and has its open end in 
communication with the space 20 while its 
outer closed end is within the tube or bulb 
29, in this case shown open to the atmosphere 
at 30. An electrical connection from the 
tube 28 is made by conductor 31 to the plati 
num or other wire 32 sealed in through the 
wall of the bulb 29. And disposed opposite 
the tube 28 is the button or head 26 in elec 
trical communication with the platinum or 
other wire 33 sealed through the wall of the 
bulb. 29. 
While the bulb 29 is shown open to the 

atmosphere, it is to be understood that the 
same may be closed to the atmosphere, like 
bulb 21, and may be more or less evacuated, 
or may contain gas other than any of the 
gases admitted to the bulb B through tube 
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22. And when the bulb 29 is open to the 
atmosphere as shown, the gas or gases admit 
ted to the bulb B through tube 22 should be 
other than the nitrogen or oxygen of air or 
any other gas present in the air in substan 
tial concentration. When it is desired to 
lower the vacuum within the bulb B a cur 
rent of sufficiently high tension is passed 
across the gap between the head or button 26 
and the tube 22 to heat the same to suf 
ficiently high temperature, as, for example, 
above red heat. 
We have found that by making the tube 

22 the cathode and the button 26 the an 
ode of the spark gap the heating is most 
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the membrane wall of the tube 22 to t 

O 

,48, 
advantageously accomplished, particularl 
when the pressure of the gas in the ????????????? : 
gap is very much higher than that within 
the bulbB. The waii of the tube 2 being 
now heated, hydrogen, for example, will 
pass by osmosis from the bulb 21 through 

interior of the tube 22, thence to the space 
20 and thence to the bulb B, lowering the 
vacuum, the pressure of the hydrogen or 
other gas within the bulb B being slight in 
deed as compared with the pressure within 
the bulb 21. If on the other hand it is de 
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sired to raise the vacuüm, that is, take hy 
drogen or other gas out of the bulb B, cur 
rent is passed across the gap between the 
button or head 26 and the tube 28, the lat 
ter again being the cathode by preference, 
and when the tube 28 is heated, and there 
being substantially no hydrogen in the air 
or within the tube 29, hydrogen will come 
out of the bulb B by osmotic action through 
the tube 28 and through its wall into the 
bulb 29, notwithstanding the fact that the 
gas pressure in the bulb 29 is very many. 
times higher than the gas pressure within 
the bulb B. By preference, particularly 
when hydrogen is in the bulb 21, we make 
the tube 22 of platinum and the tube 28 of 
palladium. That is, in the lowering regu 
lator we prefer to use a material for the 
tube 22 through which the gas does not so 
readily pass by osmotic action, while the 
tube. 28 is preferably made of a material 
through which the gas will very readily 
pass by osmotic action. Temperatures, 
thicknesses of walls or osmotic membranes 
and differences in concentration of gas with 
in and without the osmotic membranes be 
ing the same, the tube 22 may be said to 
have a lower osmotic co-efficient than the 
tube 28. Palladium has so high an osmotic 
co-efficient that we prefer not to use it in 
the lowering regulator, though it is to be 
understood that it may be there used. And 
this property makes it particularly desir 
able for the raising regulator as described. 
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In electrical communication with the wires 
25 and 33 may be provided the conductors 
34 and 35 spaced from each other to form a 
Spark gap. ---- 

In Fig. 3 is illustrated a mode of con 
nection of the X-ray tube and the regula 
tors. Here the positive conductor R from 
the source of high tension current for op 
erating the X-ray tube is connected to the 
switch arm 36 normally engaging with the 
contact 37 connected by conductor 38 with 
the anode of the X-ray tube B. N is the 
negative conductor of the high tension 
source, and is connected to the switch arm 

65 

39 normally in engagement with the contact 
40 connected by conductor 41 with the ca 
thode of the X-ray tube. Either of the switch 
arms 36 or 39 may be swung over into en 

gagement with contact 42 by pul . . 
45 and 46 attached respectively to the switch 
arms 89 or 86. However switch arm 86 for the present purposes may remain in contact 
with contact 37. In communications with 

raising regulator. With the parts in the po 
sition shown in Fig. 3 the X-ray tube is en 
ergized to produce X-rays. If it is desired 
to lower the vacuum, the conductor 47 is 
is pulled, transferring the switch arm 39 to 

the cords 48 or 44 wrapped around pulleys 

70 
I contact 42 is the conductor 47 which may 
be connected to either the wire 24 of the lowering regulator or the wire 32 of the 

75 

hooked on to wire 24 and then the cord 43. 
80 

contact 42, whereupon current will pass 
from the positive conductor P through 
switch arm 36, conductor 38 and conductor . 
48 connected with wire 35, then leaping the 
gap between wires 35 and 34 will pass 85 
through wire 34 and button 26 across the 
gap to tube 22, thence through conductor 
23 and wire 24 and conductor 47 and switch. 
blade 39 to the negative conductor N. The Osmotic tube 22 will accordingly be heated 
and gas will pass into the bulb B to lower 
the vacuum. If on the other hand it is de 
sired to raise the vacuum, instead of con 
necting the wire 47 to wire 24 it will be con 
nected to wire 32. Since it may be more 

90 

often required to lower the vacuum, the wire. 
47 may be left normally in connection with 
wire 24. And if the wire 47 is of consider 
able length it has substantial electrostatic 
capacity, and for this reason the gap be-, 10( 
tween the conductors 35 and 34 is provided 
to prevent charging the wire 47 while the 
X-ray tube is in operation, the displacement 
current otherwise resulting would cause the 
lowering regulator to operate slightly and 
so undesirably lower the vacuum. 
In Fig. 4 the arrangement is similar to 

that in Fig. 3 except that to the contact 42 
is pivoted a switch arm.49 normally retract 
ed by spring 50 into engagement with con 
tact 51 connected by conductor 47 to wire 
24. With the parts in this position, to lower 
the vacuum, it is simply necessary to swing 
the switch arm 39 over on to contact 42. If 
it is desired to raise the vacuum, the cord 
52 is pulled, moving the switch arm 49 in 
oppositions to spring 50 into engagement 

O 
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with contact 53 connected by conductor 47 
with wire 32, the switch arm 39 being in this 
case also in communication with contact 42. 
In Fig. 5 G is a source of alternating cur 

rent, for example, a motor generator or in 
verted rotary, supplying current through. 
the reversing switch S and adjustable resist 
ance R to the primary p of the transformer 
T having the high potential secondary st 
delivering current through the synchronous 
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high potential rectifying switch F to the 
positive and negative high tension conduc 
tors P and N connected respectively to the 30 

  



anode A and cathode C of the X-ray tube. 
One terminal of the low tension alternating 
current circuit is connected by conductor 54 
with one terminal of each of the transformer 
primaries p, and p, whose other terminals 
connect respectively with one terminal of 
the resistance r, and r, adapted to be swept 

10 
over or engaged by the manually or other 
wise operated switch arm 55 connected to 
the other conductor 56 of the low tension al 
ternating current circuit. Associated with 
the primaries p, and p, are the secondaries 

5 
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" is a secondary of a transformer whoše pri-º 
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s, and s, in whose respective circuits are in 
cluded the lowering and raising osmotic 
tubes 22 and 28. Since these tubes 22 and 
28 communicate with the interior of the X 
ray tube, during operation of the X-ray 
tiše these regulator tubes assume high po 
tentials, and consequently between the pri 
maries p, and pe and their secondaries s 
ands, is provided high potential insulation 
57. By this arrangement the X-ray tube 
may b? kept in operation by energy deliv: 
ered by the high tension conductors P and 
N and while in operation, the vacuum may 
be lowered by bringing the switch arm 55 
into engagement with resistance , where 
upon the secondary S will pass current 
through the tube 22, the resistance of the 
tube 22 and the current strength being such 
that the tube 22 is raised in temperature, 
the temperature increasing as the amount 
of resistance r in the circuit is decreased. 
And similarly if it is desired to raise the 
vacuum the switch arm 55 is brought into 
engagement with resistance r. Whereupon 
the tube 28 is similarly heated by current de 
rived from the secondary S. 

Instead of connecting the tubes. 22 and 28 
in the manner shown in Fig. 5, they may be 
connected in the manner shown in Fig. 6 
with relation to the secondaries s, and S. 
In this case these secondaries deliver current 
at potential high enough to leap the gaps 
of the characters described in connection 
with Fig. 1. Or, as illustrated in Fig. 7, sa 
mary is in the low tension alternating cur 
rent circuit of Fig. 5. Here one terminal 
of the secondary s is connected to the inter 
connected tubes 22 and 28, a variable con 
nection 58 being made with the resistance ra 
both of whose terminals are connected to the 
other terminal of the secondary sa. By this 
arrangement heating current is passed 
through both tubes 22 and 28 so that both are continuously respectively admitting and 
extracting gas from the bulb B. By shift 
ing the connection 58 along the resistancer 
one tube or the other maybe heated at will 
to higher temperature than the other and 
thus secure a differential regulation in that 
gas may be admitted more rapidly than it 
is extracted or extracted more rapidly than 
it is admitted. And whatever the position 
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of the variable connection 58 there will be in 
effect a continuous stream of gas flowing 
into and out of the X-ray tube, unless, in 
deed, the temperatures of the tubes 22 and 
28 are too, low. A similar differential ac tion may be secured by the arrangements 

... shown in Figs. 5 and 6 by simply connecting 
the free ends of the resistances r, and r. 
And Fig. may be modified in accordance 
with Fig.6 so that differential regulation is 
available when the spark gaps are used for 
passing current to the tubes 22 and 28. 
In Fig. 8 the source of alternating cur 

rent and high potential rectifying switch 
of Fig. 5 are omitted, it being understood 
that the secondary 8 delivers high potential 
alternating current through the rectifying 
switch through the high potential conduc 
tors P and N. Here there is connected in 
parallel with the ?????? p of the high ten sion transformer T the winding of an elec 
tromagnet 59 whose armature 60 is car 
ried by the lever 61 pivoted at 62. Connec 
tion from conductor 56 of the low tension alternating current circuit is made with the 
lever 61 carrying the contact 63 adapted to 
engage either of the stationary contacts. 64 or 65 adjustable laterally by the adjusting 
screws 66 and 67 respectively. The con 
tacts 64 and 65 are connected respectively 
with one terminal of each of the primaries 
p, and p, whose other terminals connect with 
the conductor 54 of the low tension alternat 
ing current circuit. Attached to the lever 
61 through spring 68 is the member 69 car 
rying pointer 70 coöperating with the scale 
71. The pointer 70 may be moved to any 
point on the scale 71 and then clamped in 
the adjusted position. When the trans 
former T has sufficiently low magnetic leak 
age, the potential difference between the ter 
minals of the primary p will rise and fall 
with the vacuum in the X-ray tube, since 
with higher vacuum the potential across the 
anode and cathode of the X-ray tube is high, 
and with lower vacuum the potential across 
the anode and cathode is lower while the 
tube is in operation. In consequence when 
the vacuum in the tube becomes higher the 
potential across the terminals of the primary 
p will become higher with resultant greater 
current through the winding of electro-mag 
net 59 which accordingly more powerfully 
attracts its armature 60, thereby bringing 
contact 63 into engagement with contact 64 
energizing primary p, and causing its sec 
ondary 8, to deliver current either con 
ductively through the tube 22 as shown in 
Fig. 5 or across a spark gap as shown in 
Fig. 8 and Fig. 6. In any event when 
the primary p is energized the osmotic tube 
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22 of the lowering regulator is heated and the vacuum is in consequence automati 
cally lowered. If on the other hand the 
vacuum should become lower, the potential 30 

  



across the primary p will fall, and the elec- that i 
tro-magnet 59, will be weakened * * Äte 

3.0 

5 

20 

25 

30 

whether or not the high tension transformer. 

x. 

spring 68 will then gain control of the leyer. In :? 
6 bringing contact 63 into eagagement with 
contact 65 ????? | 3 ----. ? - ? causing current from the secondary is to 

energizing primaryp, minâ72 
heat the raising regulator tube 28, to cause g p 
an automatic raising of the vacuum. By set-le 
ting the pointer 70 to any desired point in 
scale 71, which may be calibrated in degrees 
of hardness of the X-ray tube, or in lengths 
of parallel spark gap corresponding with X 
ray tube resistances, automatic regulation 
may be obtained for the desired degree of 
vacuum in the tube. And the apparatus will 
then operate automatically to keep the vacu 

the X-ray tube substantially that 
84 and the spring 76 maintaint 
balanced as shown...If however. 

... O 

corresponding with the scale indication 
The margin of fluctuation to either side of 
this value will be made smaller by adjust 
ing the Screws 66 and 67 inwardly so as to 
bring contacts 64 and 65 nearer the contact 
68. Or by adjusting these screws outwardly, 
and separating the contacts 64 and 65 from 
contact 63, the margin of fluctuation of 
vacuum to either side of that indicated by 
the scale will be increased. 

In Fig. 9 the automatic regulation is pro 
cured in response to fluctuations in poten 
tial of the high tension circuit across the 
anode and cathode of the X-ray tube. This 
method of regulation is therefore available 
T has small magnetic leakage. The high 
tension positive and negative conductors P 
and N connect with the anode and cathode 
respectively as described. However, in one 
of these conductors, as P, there is a spark 
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gap between the stationary terminal 72 and 
the adjustable terminal 73, the energy 
passed through the X-ray tube passing over 
the gap between these terminals. In this 
case the current for heating the regulator 
tubes 22 and 28 passes over the spark gaps 
similar to those described in connection with 'Fig. 1. Connection for this purpose is made 
from positive conductor P to the conducting 
member 74 pivoted at 75 and controlled by 
the torsion spring 76 whose free end carries a pointer. 77 which may be clamped in any 
desired position with respect to the scale.71 
similar to the scale 71 in Fig. 8. The- mem 
ber 74 carries the adjustable contacts 78 and 
79 coöperating respectively with the spark 
gap terminals 26 and 26 and normally sepa 
rated therefrom by spark gaps. To the insu 

| lating member 80, attached to the beam or 
member 74, is attached the metallic arc. 81 disposed oppositely to the stationary metal 
lic arc. 82 which latter is connected with the 
negative conductor N. The arcs. 81 and 82 
may be electrically connected to each other 

85 

by the small easily flexible wire 83. Ori the opposite end of the beam 74 is an adjustable 
counterweight 84 for balancing the beam so 

these regulato spark gaps 

74 in a cloc 

will pass through there 

the beam 74 will be so great as to bring 

On the other hand if the vacuum of the tube 
is taa low it will be automatically raised be 

By adjusting the screw contacts 73,78 and 

attract each other. And this attractive 

cgnditions the electrosaic charges on arcs ########: go : 
??????? ?????????????????????????????????????????” ...” force coöperating yith the conter ? 

of the X-ray tube should raise, 
across the X-ray tube termi 
grease and the potential of the arcs: 
82. will b? higher and they will f?p 
other with force, tilting...t 

wise direction about its piyot 90. 
75 bringing the terminal 8 closer and . 
closer to the conductor 26 so that eventually. 
the spark gap at these regulator. terminals 
is shorter than the spark gap between the . . . 
terminals 72 and 73 whereupon the current 95 

Y ... - lator spark gaps 
at the right heating the lowering regulator 
tube. 22 causing the vacuum to be automati 
cally lowered. And if the yacuum has 
raised to a great extent the unbalancing of 100 
contact 8 into engagement with contact 26, . 
which latter then acts as a stop for the beam. . . 

105 
cause of the decrease of potential of the 
arms 81 and 82 allowing the beam 74 to 
move in a counterclockwise direction on its 
pivot 75 to shorten the gap at the terminal 
26 thereby causing the current to pass: 
across the spark gap between 79 and 26 to heet the raising regulator tube 28, caus 
ing the autairaatic raising of the vacuum. 

110 

79 the amount of variation of vacuum to 115 
either side of that indicated by the scale 
74? mày be adjusted. If the connection 83 
between the arcs 81 and 82 is omitted and 
when in such case the arc. 81 reniains as in 
dicated in the drawing or is connected to the 120 
positive conductor P, in such latter case. 
substantial insulation intervening between 
arcs 8i and 82, the arcs 81 and 82 will carry. 
charges of gpposite signs and will therefore 

125 
force will vary with the potential difference 
across the X-ray tube terminals and there - 
fore with the degree of vacuum. With fall . 
ing vacuum the attraction between the arcs 
8í and 82 will become less and the beati 74 430 
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will then move in a clockwise direction 
about its pivot 75. Accordingly for this 
arrangement the arcs 81 and 82 and the 
counterweight 84 should be interchanged as 
to their positions with respect to the beam 
74, or the spark gaps for the regulator tubes 
should be interchanged. 
In Fig. 10 is illustrated a mode of auto 

matic differential regulation responding to 
variations in potential conditions between 
the terminals of the X-ray tube, the same 
being operative while the X-ray tube...is in 
operation. In this case an electrostatic in 
strument, which may be of the character 
illustrated or which may be of the quadrant 
electrometer type, responds to variations of 
potential to control the vacuum regulators. 
ere the two spark gaps of the regulators' 

are in series with each other between the 
20 

25 
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85 

positive conductor P and the anode A of the 
X-ray tube. In shunt to these two spark 
gaps in series is the high resistance 1 Sepa 
rated by a small spark gap from the ter 
minal 85 on the conducting member 86 piv 
oted at 87 and controlled by the torsion 
spring 88 at whose end is carried the pointer 
89 coöperating with the scale 71, similar to 
scales 71 and 71 of Figs. 8 and 9, the pointer 
89 being movable to any point along the 
scale and there clamped. The member 86 
carries the arc shaped conducting plate 90 
coöperating with the stationary arc shaped 
conducting plate 91 connected to the nega 
tive conductor N. Suitable high tension in 
sulation 57 intervenes between members 90 
and 91 to prevent sparking across them. 
The plates 90 and 91 become oppositely 
charged at high potential and their differ 

40. 

45 

50 

55 

60 

ence in potential fluctuates with the vacu 
um in the X-ray tube. As the vacuum in 
the X-ray tube raises, the potential differ 
ence between the plates 90 and 91 increases 
and the attractive force between them in 
creases with the result that the member 86 
rotates in a counterclockwise direction on 
its pivot 87 with the result that that part of 
resistance r in shunt with the spark gap 
between tube 28 and the button 26 of the 
raising regulator is decreased so that this 
regulator spark gap will be more or less 
completely robbed of its current and there 
fore the tube 28 will cool; simultaneously 
more current will pass from positive con 
ductor P through resistance r, to the ter 
minal 85 and thence to button 26 and across 
the gap to the lowering regulator tube 22, 
with the result that the tube 22 will increase 
in temperature and admit gas into the tube 
to reduce the vacuum. As the vacuum is 
reduced the potential across the X-ray tube 
terminals decreases and the member 86 
moves in clockwise direction with relative 

SS 

decrease in temperature of tube 22 and in 
crease of temperature of tube 28. 
In Fig. 11 a mode of automatic regulation 
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employing high tension potential differences 
is illustrated. Here the terminal 85 on the 
member 86 pivoted at 87 and having the 
control spring 88 is separated by a sub 
stantial spark gap from the arc shaped con 
tact 92 connected to both of the regulator 
tubes 22 and 28. With the terminal 85 
which may serve also as a pointer is asso 
ciated a scale 71 similar to the scale 71 
of Fig. 10. The length of spark gap be 
tween members 85 and 92 is greater than 
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that of each of the regulator spark gaps. 
And the length of each of the gaps between 
member 92 and members 93 and 94 is greater 
than each of the regulator spark gaps. The 
positive terminals 26 and 26’ of the regula 
tor spark gaps are connected with the ter 
minals 93 and 94 which contact 85 is adapt 
ed to very closely approach or engage. The 
member 86 carries an arc shaped conduct 
ing plate 90 coöperating with the stationary 
plate 91 and separated by insulating ma 
terial 57 as in Fig. 10. The plate 91is con 
nected to the negative conductor N and the 
positive conductor P connects with the 
member 86. When the vacuum of the X-ray 
tube raises the potential difference between 
the plates 90 and 91 increases with the result 
that the member 86 partakes of clockwise 
movement about its pivot 87, current in the 
meantime passing from positive conductor 
P across the gap between members 85 and 
92 and thence directly to the anode A, and 
thence through the X-ray tube to conduc 
tor N. When the potential rises sufficiently 
the contact 85 approaches orengagesthe con 
tact 93 whereupon current will pass across 
the gap at the regulator tube 22 increasing 
the temperature of the regulator tube 22. 
Fall of vacuum of the X-ray tube is accom 
panied by movement of the member 86 in 
opposite direction, and when it closely ap 
proaches or engages the contact 94 the regu 
lator tube 28 is similarly heated with re 
Sultant raising of the vacuum. The con 
tacts 93 and 94 may be placed at any de 
sired positions along the scale 71; and as 
the contacts 93 and 94 are placed nearer 
and nearer together the margin of regula 
tion is progressively decreased. 
In Fig. 12 is shown a form of regulator 

which may be used both for raising and 
lowering the vacuum of the main bulb or 
X-ray tube and in which the gas to be in 
troduced into the tube is liberated or pro 
duced as and when required. Here the os 
motic tube 22 consists of palladium, though 
other suitable material may be employed. 
In the bell or bulb 29 open to the air at 
29, is a cork or other member a through 
which extends the glass or other tube bin 
whose outer end is a cork or other stopper 
member a through which extends the wire 
or conductor di terminating in the space e 
between the part a and the wall f of porce 
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lain or other orous material through which 
extends the platinum or other conductorg, 

5. 

the tube 22 extending into the mouth of 
the bottle or tube band separated by a gap. 
from the conductor g. The tube 22°is con 
nected by conductor 23 to the wire 24 
which may be sealed through the wall of 
the member 29. A wire 25 may be sealed 
through the wall of the member 29 and ter minate in a button 26 separated by a ap 
from the tube. 22". In the space e within. 
the bottle or tube b may be placed water, It will be understood that the structure alcohol, oil, such as mineral oil, or any other suitable hydrocarbon or source of hy drogen or other gas required. When it is place of the two regulators in any of the 
desired to lower the vacuum of the main 
bulb or X-ray tube current is passed from 
the positive conductor d throu or electrolyte in the space e to the conductor 

20 g and thence across the gap to the tube 22 which is again preferably a cathode. The 
passage of the electric energy through the 
material in the space e causes by electrolysis 

5 through the porous member f 
the evolution of hydrogen, which passes 

into the space 
surrounding the end of the tube 22, and 
since such tube is heated by passage of the 
current the gas will pass through the os 
motic wall of the tube 22 into the space 20 
communicating with the interior of the 
main bulb or X-ray tube, to lower the vacu 
um. Or when oil or other hydrocarbon is 

- in the space e, the wires d and g may be 
5 
connected together, in which case some of 
the oil or other material will be carried 
through member f. by electrostatic action, 
and then decomposed into hydrogen or other 
gas which then 

49 

passes through the heated 
wall of the tube 22a into the main bulb or 
X-ray tube to lower the vacuum. The same 
tube 22 may be used for raising the vacuum, 
by connecting the wire 25 with the positive 

45 

conductor of the circuit and causing the 
current to leap the gap to the cathode 22' 
heating the same, whereupon hydrogen or 
other gas will pass into the main bulb or 
X-ray tube through the wall of the tube 
22 which is surrounded by air, and opera 
tion being the same as hereinbefore de 
scribed. 
In Fig. 13 there extends through the cork 

or other stopper a a member h, of porcelain 
or other porous substantially non-conducting 
material. The member h may be hollowed out 

around the member h several times. 
30 

at its inner end as shown to receive the end 
of the tube 22. And the positive conductor 
d may be connected to the member h in any 
suitable way as by wrapping the same 

The 
pores of the member h are charged with an 
oil or hydrocarbon or other suitable ma 

65 

terial as described in connection with Fig. 
12. On passage of current from the cont 
ductor : d to the tube 22e which is connected 
to the negative side of the circuit by wire. 

:9248 

across the gap to the tube 22, which is sur 

both automatic and manual regul 
the water 

# will be liberated and collect within 
the hollow end of the member h around the 
end of tube 22 which is heated by the spark 
or arc with the result that the gas will pass 
through the walls of the tube 22 into the 
space 20 in communication with the main. bulb or X-ray tube, thus lowering, the 
vacuum. And the vacuum may also be 
raised by passing current from the wire 25 
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75 
rounded by air, with resultant raising of the 
vacuum as hereinbefore described. . . 

of either Fig. 12 or Fig. 13 may be used in 
arrangements hereinbefore described for 

lation. , 
While we have shown an osmotic regula 

tor for lowering the vacuum of the main 
bulb or tube it is to be understood that other 
types of regulator may be employed for this 
purpose and coöperate in the differential 
and other regulations, both automatic and 
manual, hereinbefore described. For ex ample, any other type of lowering regula 
tor may be used, such as those involving ma 
terial in communication with the interior 
of the main tube or bulb and which may be 
caused to liberate gas, when heated or other 
wise acted upon. In such case, however, it 
is preferred that the gas liberated from such 
regulator shall be of such character as may, 
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be removed from the main bulb or tube by a 
raising regulator of the character described. 
And the osmotic members hereinbefore de 
scribed may take other than tubular forms, 
any form of osmotic membrane being com 

100 

prehended within our invention, except 
where expressly otherwise stated. 
Air cooling of the X-ray tube is of gen 

eral advantage in connection with an X-ray 
or vacuum tube, but is of particular advan 
tage in connection with a raising regulator 
of the character herein described because by 
the air cooling, particularly of the glass wall 
in the vicinity of a cathode, prevents heat 
ing which is otherwise likely to occur at this 
region with resultant devitrification of the 
glass with resultant liberation into the 
vacuum of gases of a character which may 
not pass through the raising regulator mem 
brane. V- 

What we claim is: 
1. The method of regulating the vacuum 

of a vacuum tube, which consists in simul 
taneously introducing gas into and extract 
ing gas from the vacuum. 

2. The method of regulating the vacuum 
of a vacuum tube, which consists in simul 
taneously introducing gas into and extract 
ing gas from the vacuum at different rates. 

3. The method of lowering the vacuum 
of a vacuum tube, which consists in extract 
ing, gas from the vacuum, and simultane: ously introducing gas into the vacuum at a 
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eater rate than gas is extracted there 
'O. 

4. The method of raising the vacuum of a 
yacuum tube, which consists in introduc ing gas into the vacuum, and simultaneously 
extracting gas from the vacuum at a greater 
rate than gas is introduced into the vacuum. 

5. The method of operating a vacuum 
tube, which consists in impressing electrical energy thereon, and during the impression 
of energy thereon introducing gas into and 
extracting gas from the vacuum. 

6. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon introducing gas into and ex 
tracting gas from the vacuum at different 
rates. 

7. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon introducing gas into the 
vacuum and extracting gas from the vacuum 
at a lower rate. 

8. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon introducing gas into the 
vacuum and extracting gas from the vacuum 
at a higher rate. 

9. The method of operating a vacuum 
tube, which consists in simultaneously intro 
ducing gas into and extracting gas from the 
vacuum, and automatically controlling the 
rates of introduction into and extraction of 
gas from the vacuum, 

10. The method of operating a vacuum 
tube, which consists in simultaneously intro 
ducing gas into and extracting gas from the 
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vacuum, and automatically controlling the 
rates of introduction into and extraction of 
gas from the vacuum in response to a change 
in the degree of the vacuum. 

11. The method of operating a vacuum 
tube, which consists in simultaneously in 
troducing gas into and extracting gas from 
the vacuum, and automatically controlling 
the rates of introduction into and extraction 
of gas from the vacuum, and simultaneously 
impressing energy on the vacuum tube. 

12. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, simultaneously introducing 
gas into and extracting gas from the vacu 
um, and automatically controlling the rates 
of introduction and extraction of gas in re 
sponse to variations in difference of poten 
tial between the vacuum tube terminals. 

13. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
and a terminal external to the vacuum sepa 
rated from said membrane by a spark gap. 

14. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane 
and a terminal external to the vacuum sepa 
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rated from said membrane by a spark gap 
said membrane constituting the cathode 6 
said gap. 

15. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
a bulb closed to the atmosphere and charged 
with gas, said membrane separating said gas 
from the interior of said tube, and a spark 
gap terminal separated in said, gas from 
said membrane. 

16. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
a bulb closed to the atmosphere and charged 
with an isolated mass of gas, said membrane 
?????? said gas from the interior of said tube, and means within said gas for heating 
said membrane. .." 
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17. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, a 
bulb closed to the atmosphere and charged 
with an isolated mass of gas, said membrane 
separating said gas from the interior of 
said tube, and means within said gas for 
electrically heating said membrane. , 

18. A regulator for the vacuum of a vacu 

85 

90 
um tube comprising an osmotic membrane, 
a bulb closed to the atmosphere and charged 
with gas, one side of said membrane exposed 
to said gas, and a terminal separated from 
said membrane within said gas to form a 
Spark gap. 

19. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
a bulb open to the atmosphere inclosing said 
membrane, and a terminal within said bulb 
spaced from said membrane to form a spark 
gap, said membrane constituting the cathode 
of said spark gap. 

20. The combination with a vacuum tube, 
of a bulb integral therewith and open to the 
atmosphere, an osmotic membrane forming a 
wall between the interior of said vacuum 
tube and the interior of said bulb and 
housed within said bulb, and means for elec 
????' heating said membrane within said 
UIO. 

21. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
a bulb open to the atmosphere inclosing said 
membrane, and a terminal within said bulb 
spaced from said membrane to form a spark 
aO. 

g 22. An X-ray tube comprising a main 
bulb, a second bulb carried by said X-ray 
tube and sealing a charge of regulating gas, 
an osmotic membrane separating said main 
and second bulbs, and means within said 
second bulb for heating said membrane. 

23. An X-ray tube comprising a main 
bulb, a second bulb sealed thereon, a charge 
of elemental gas sealed within said second 
bulb, an osmotic membrane forming a wall 
between said gas and the interior of said 
main bulb, and means for heating said mem 
brane. 
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10 
separating said bulbs, and an electrical con 

20 

. . 24. An X-ray tube comprising a main 
bulb, two bulbs integral therewith, one of 
said two bulbs closed to the atmosphere and 
containing a charge of regulating gas, the 
second of said two bulbs open to the atmos 
phere, and osmotic membranes intervening 
between said two bulbs and said main bulb. 

25. The combination with an X-ray tube. 
having a main bulb, of a second bulb in 
tegral therewith, an osmostic membrane 
nection to said membrane, a terminal spaced 
from said membrane to form a spark gap, 
and an electrical connection through said 
second bulb to said terminal. 

26. The combination with an X-ray tube 
having a main bulb, of a second bulb in 
tegral therewith, an osmostic membrane 
separating said bulbs, and an electrical con 
nection to said membrane, a terminal spaced 
from said membrane to form a spark gap, 
an electrical connection through said second 
bulb to said terminal, and a spark gap be: 
tween said terminal and a main terminal o 
said X-ray tube. 

27. An X-ray tube comprising a main 
bulb, two bulbs integral therewith, one of 
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said two bulbs closed to the atmosphere and 
containing a charge of regulating gas, the 
second of said two bulbs open to the atmos 
phere, osmotic membranes intervening be 
tween said two bulbs and said main bulb, 
spark gap terminals spaced from said mem 
branes, and a spark gap between said spark 
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ap terminals. 
28. The combination with an X-ray tube 

having vacuum lowering and raising regula 
tors, of electrical switching means for dis 
simultaneously electrically controlling said 
regulators. 

29. The combination with an X-ray tube 
having vacuum lowering and raising regu 
lators, of a source of energy for operating 
said X-ray tube, a switch for electrically 
controlling either of Said regulators, and a 
switch for disconnecting a terminal of said 
X-ray tube from said source and connecting 
said first named Switch to said source. 

30. The combination with an X-ray tube 
having vacuum lowering and raising regula 
tors, of a source of low potential energy, 
means for' converting said low energy to en 
ergy of high potential for operating said 
X-ray tube, and means deriving low poten 
tial energy from said low potential source 
for controlling said regulators. 

31. The combination with an X-ray tube 
having vacuum lowering and raising regula 
tors, of a source of low potential energy, 
means for converting said low energy to en 
ergy of high potential for operating Said 
X-ray tube, and means deriving low poten 
tial energy from said low potential source 
for controlling said regulators alternately. 

1,433 

between the terminals of said X-ray tube. 

82. The combination with an X-ray tube having vacuum lowering and raising regula 
65 

tors, of a source of low potential energy, . 
means for converting said energy to energy 
of high potential for operating said X-ray 
tube, and means deriving low potential en 
ergy from said low potential sourcefor con 
trolling said regulators differentially. . . . . 
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33. The combination with an X-ray tube 
having vacuum lowering and raising regula 
tors, of a source of low potential energy, 
means for converting said energy to energy. 

75 

of high potential for operating said X-ray 
tube, and means deriving low potential en 
ergy from said low potential source for con 

80 trolling said re gulators automatically. I 
34. The combination with an X-ray tube having vacuum lowering and raising regu 

lators, of a source of low potential energy, 
means for converting said energy to energy 
of high potential for operating said X-ray 
tube, and means deriving low potential en 
ergy from said low potential source for con 
trolling said regulators automatically in re 
sponse to changes in difference of potential 
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.90 
35. The combination with an X-ray tube having vacuum lowering and raising regula 

tors, of a high potential circuit for impress 
ing energy upon said X-ray tube, and auto 
matic means responsive to changes in differ 
ence in potential between the terminals of 
Said X-ray tube for controling said regu 
lators. . . . . . . . · 

36. The combination with an X-ray tube 
having vacuum lowering and raising regula 
tors, of a high potential circuit for impress 
ing energy upon said X-ray tube, and auto 
matic means responsive to changes in differ 

said X-ray tube for differentially control 
ling said regulators. . 

37. The combination with an X-ray tube, 
of means for cooling the same, and auto 
matic means responsive to change in degree 
of vacuum of said tube for raising the vacu 
um thereof. m 

38. The combination with an X-ray tube, 
of means for cooling the same, and auto 
matic means for raising and lowering the 
vacuum thereof in response to change in de 
gree of vacuum. w . . . . . 

39. The combination with an X-ray tube. 
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ence in potential between the terminals of 
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comprising a bulb, an anti-cathode and a 
cathode, of means for cooling the exterior 
of said bulb in the vicinity of said cathode, 120 
and automatic means responsive to change in 
degree of vacuum of said tube for raising the 
vacuum within said bulb. 

40. The combination with an X-ray tube 
comprising a bulb, an anti-cathode and a 25 

cathode, of means for cooling the exterior of 
said bulb in the vicinity of said cathode, 
and automatic means responsive to change 

  



in degree of vacuum of said tube for rais. 
ing and lowering the vacuum within said 

41. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
and a terminal external to said tube sepa 
rated from said membrane by a spark gap, 
said membrane constituting the cathode of 

O 
said spark gap. 
42. A regulator for raising the vacuum 

of a vacuum tube comprising an osmotic 
membrane forming a wall between the in 
terior of said tube and a region at higher 
pressure, and a terminal external to said 
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tube separated from said membrane to form a spark gap. 
43. Means for regulating the vacuum of a 

vacuum tube comprising a raising regulator. 
and a lowering regulator, said lowering reg 
ulator comprising an osmotic membrane, 
and a terminal external to said tube sepa 
rated from said membrane to form a spark 
gap. • 

44. Means for regulating the vacuum of 
a vacuum tube comprising a lowering regu 
lator and a raising regulator, said raising 
regulator comprising an osmotic membrane, 
and a terminal separated from said mem brane to form a spark gap. 
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45. An X-ray tube comprising a main 
bulb, a second bulb sealed thereon, a charge 
of hydrogen gas sealed within said second 
bulb, an osmotic membrane forming a wall 
between said gas and the interior of said 
main bulb, and means for heating said mem 
brane. a 

46. Means for regulating the vacuum of 
a vacuum tube comprising a plurality of reg 
ulators, each of said regulators comprising 
an osmotic membrane, said membranes 
formed of different materials, and means for 
heating said membranes. V 

47. Means for regulating the vacuum of a 
vacuum tube comprising rRising and lower 
ing regulators, said regulators comprising 
osmotic membranes of different materials. 

48. Means for regulating the vacuum of 
a vacuum tube comprising raising and low 

, ering regulators, said regulators compris 
50 

55 

SO 

ing osmotic membranes of different mate 
rials allowing passage of gas therethrough 
at different rates under like conditions. 
49. Means for regulating the vacuum of a 

vacuum tube comprising lowering and rais 
ing regulators comprising osmotic mem 
branes, means for supplying gas to the outer 
side of the lowering regulator membrane, 
said membranes allowing passage of gas 
???through with different degrees of free 
0. 

50. Means for regulating the vacuum of a 
vacuum tube comprising lowering and rais 
ing regulators comprising osmotic mem 
branes, means for supplying gas to the outer 
side of the lowering regulator membrane, 
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the membrane of said lowering regulator al 
lowing passage of said gai 
with less freedom than the membrane of 
said raising regulator. 

51. Means for regulating the vacuum of a 
vacuum tube comprising lowering and rais 
ing regulators comprising osmotic mem 
branes, means for supplying gas to the outer 
side of the lowering regulator membrane, 
said membranes allowing passage of gas 
therethrough with different degrees of free 
dom, said membranes being of different ma 
terials. 

52. Means for regulating the vacuum of a 
vacuum tube comprising lowering and rais 
ing regulators comprising osmotic mem 
branes, means for supplying gas to the outer 
side of the lowering regulator membrane, 
the membrane of said lowering regulator al 
lowing passage of said gas therethrough 
with less freedom than the membrane of 
said raising regulator, said membranes be 
ing of different materials. 

53. Means for regulating the vacuum of a 
vacuum tube comprising lowering and rais 
ing regulators comprising osmotic mem 
branes of platinum and palladium, respec tively. 

54. Means for regulating the vacuum of a 
vacuum tube comprising lowering and rais 
ing regulators comprising osmotic mem 
branes of platinum and palladium, respec 
tively, and hydrogen gas in contact with 
the outer face of said platinum membrane. 

55. The method of operating. a sealed 
vacuum tube, which consists in impressing 
electrical energy thereon, and during im 
pression of energy thereon extracting gas 
therefrom automatically in response to 
change in degree of vacuum. 

56. The method of operating a vaccum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon extracting gas from or in 
troducing gas into said tube automatically 
in response to change in degree of vacuum. 

57. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon extracting gas from or in 
troducing gas into said tube automatically 

- in response to change in difference of poten 
tial between the tube terminals. 

58. The method of controlling the vacu 
um of a sealed vacuum tube, which consists 
in cooling said tube, and extracting gas 
therefrom automatically in response to 
change in degree of said vacuum. 

59. The method of controlling the vacu 
um of a vacuum tube, which consists in cool 
ing the tube, and extracting gas from or in 
troducing gas into said tube automatically 
in response to change in degree of vacuum. 

60. The method of operating a vacuum tube, which consists in impressing electrical 

as therethrough 
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energy thereon, and during impression of 
energy thereon controlling the temperature 
of said tube, and extracting gas therefrom 
automatically in response to change in de 
gree of vacuum. 

61. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon controlling the temperature 
of said tube, and extracting gas therefrom 
and introducing gas into said tube automati 
cally in response to change in degree of 
V?Cll). 

62. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon controlling the temperature 
of said tube, and extracting gas from and 
introducing gas into said tube automatically 
in response to change in degree of vacuum. 

63. The method of operating a vacuum 
tube, which consists in impressing electrical 
energy thereon, and during impression of 
energy thereon controlling the temperature 
of said tube, and automatically introducing 
gas into and extracting gas from said tube 

, simultaneously at different rates. 
64. The combination with an X-ray tube 

having a vacuum raising regulator, of auto 
matic means responsive to fall of vacuum 
for controlling said regulator. 

65. The combination with an X-ray tube 
having a vacuum raising regulator, of auto 
matic means responsive to change in differ 
ence of potential between the terminals of 
said X-ray tube for controlling said regu 
lator. 

66. The combination with an X-ray tube, 
of a vacuum regulator comprising spark gap 
terminals, and automatic means responsive 
to changes in vacuum for controlling the. 
length of said spark gap. 

67. The combination with an X-ray tube, 
of a vacuum regulator therefor comprising 
an osmotic membrane, a terminal external 
to said tube separated from said membrane. 
to form a spark gap, a second terminal sepa 
rated from said terminal to form a second 
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spark gap, and automatic means responsive 
to changes in vacuum for changing the 
length of Said second spark gap. 

68. The combination with an X-ray tube, 
of a vacuum regulator comprising an os 
motic membrane, a bulb on said tube inclos 
ing said membrane, said membrane forming 
a vall between the interior of said X-ray 
tube and said bulb, a transformer external 
to said bulb, and connections from the sec 
ondary of said transformer into said bulb, 
said membrane included in the secondary 
circuit of said transformer, said secondary 
circuit being in its entirety external to the 
vacuum of said X-ray tube. 

69. The combination with an X-ray tube, 
of a vacuum regulator comprising an os 

LL 

motic membrane, means external to the 
vacuum of said tube for heating said mem 
brane, and a transformer whose secondary 
delivers energy for heating said membrane, 
the current in the primary of said trans former automatically varying with changes 
of difference of potential between the ter 
minals of said X-ray tube. 

70. The combination with an X-ray, tube, 
of a vacuum regulator therefor comprising 75 
an osmotic membrane, a terminal external to 
said tube separated from said membrane to 
form a spark gap, and a transformer in 
cluding said spark gap in its secondary cir 
cuit. . . . 

71. The combination with an X-ray tube, 
of a step-up transformer for exciting the 
same, a vacuum regulator comprising an 
osmotic membrane, a transformer whose 
secondary delivers energy for heating said 
membrane, and means for connecting the 
primary of said second transformer in a cir 
cuit in shunt with the primary of said first 
named transformer, whereby the current in 
the secondary circuit of said second named 
transformer automatically varies with 
changes of difference of potential between 
the terminals of said X-ray tube. 

72. The combination with an X-ray tube, 
of a step-up transformer for exciting, the 
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same, a vacuum regulator comprising an 
osmotic membrane, a terminal separated 
from said membrane to form a spark gap, a 
second transformer whose secondary circuit 
includes said spark gap, the primary of said 
second transformer connected in a circuit 
in shunt with the primary of said first 
named transformer. 

73. The combination with a vacuum tube, of a scale having markings corresponding 
with degrees of vacuum, an index associated 
with said scale, a vacuum regulator, means 
for controlling said regulator, said means 
comprising means set by movement of said 
index. - 

74. The combination with a vacuum tube, 
of vacuum lowering and raising regulators, 
a scale having markings corresponding with 
degrees of vacuum, an index associated with 
said scale, means for controlling said regu 
lators, and means determining ?e operation 
of said controlling means set with said 
index. . 

75. The combination with a vacuum tube, 
of vacuum lowering and raising regulators, 
a scale having markings corresponding with 
degrees of vacuum, an index associated with 
said scale, automatic means for controlling 
said regulators, and means determining the 
operation of said controlling means set with 
said index. 

76. A regulator for the vacuum of a vacu 
um tube comprising an osmotic membrane, 
a member thereon forming the terminal of a 
spark gap, and another terminal external 
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to said tube forming the 
said spark gap. " . . . . . . . . . ;': ?? ""; 

77. A regulator for the vacuum of a vacu 
um tube comprising a tube of osmotic mate 

5 rial, a protecting member on said tube form 
ing the terminal of a spark gap, and a sec 
ond member forming the other terminal of 
said spark gap. - - - 

78. The combination with an X-ray tube, 
10 of means for cooling the same, an 

other terminal of 

of vacuum of said tube for introducing into 
said tube an elemental gas. ... . 

79. The combination with an X-ray tube, 
15 of means for cooling the same, and auto 

matic means responsive to change in degree 
of vacuum of said tube for introducing into 
said tube hydrogen gas. .? ...? ? 

80. The combination with an X-ray tube, 
20 of means for cooling the same, automatic 

means responsive to change in degree of 
vacuum of said tube for introducing into 
said tube an elemental gas, and automatic 
means responsive to change in degree of 

Office. 

SEAL.) 

said tube. . . . . . . 
81. The combination with an X-ray tube, 

of means for cooling the same, automatic 
means “?????????????? to change in degree of 

auto-. 
matic means responsive to change in degree 

1,148,387 
vacuum of said tube for extracting gas from 

vacuum of said tube for introducing into 
said tube hydrogen gas, and automatic 
means responsive to change in degree of 
vacuum of said tube for extracting gas from said tube. . . . . . - ? 

82. The combination with an X-ray tube, 
of means for cooling the same, and means automatically responding at different times 

2 

to change in degree of vacuum of said tube 
for raising and lowering the vacuum of said tube. 

In testimony whereof we have hereunto affixed our signatures in the presence of the 
two subscribing witnesses. 

HOMER CLYDE SNOOK. 
EDWIN. W. KELLY. 

Witnesses: ? 
ALICE S. MARSH, 
NELLE FIELD. 

It is hereby certified that in Letters Patent No. 1,143,827, granted June 15, 1915, 
upon the application of Homer Clyde Snook, of Cynwyd, and Edwin W. Kelly, of 
Philadelphia, Pennsylvania, for an improvement in “Vacuum Regulation,” errors 
appear in the printed specification requiring correction as follows: Page 2, line 95, 
after the comma, insert the words or in combination, page 5, line 107, for the word 
“arms’ read arcs, and that the said Letters Patent should be read with these cor 
rections therein that the same may conform to the record of the case in the Patent 

Signed and sealed this 29th day of June, A. D., 1915. 

J. T. NEWTON, 
Acting Commissioner Qf Patente. 
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