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UNITED STATES PATENT OFFICE,

DANIEL McFARLAN MOORE, OF NEWARK, NEW JERSEY, ASSIGNOR TO

MOORE ELECTRICAL COMPANY,

TION OF NEW YORK.

OF NEW-YORK, N. Y., A CORPORA-

VACUUM-TUBE REGULATOR.

No. 820,364,

Specification of Letters Patent.

Patented May 8, 1906,

Application filed August 21,1905, Serial No, 275,003.

To all whom it may concern:

Be it known that I, Danier, McFARLAN
MooRE, a citizen of the United States, and a
resident of Newark, in the county of Essex
and State of New Jersey, (whose post-office
addressis 52 Lawrence street,) have invented

‘certain new and useful Improvements in

Vacuum-Tube Regulators, of which the fol-
lowing is a specification.

The present invention relates to vacuum-
tube or vapor electric lamps, vacuum or va-
por rectifiers, X-ray tubes, vacuum oscillo-
graphs, wireless - telegraph receivers, and
other devices which generally may be classi-
fied under the head of ““vacuum-tubes” and
which are provided with suitable electric ter-
minals whereby electric energy may be ap-
plied to the gaseous contents of the tube for
any purpose. '

The object of the present invention is to
remove the difficulty hitherto met with in the
operation of this general class of apparatus
from deterioration or variation of the vacu-
um or gaseous or vapor tension or in the case
of lamps from the gas becoming spent or los-
ing its light-giving and conducting function
as the vacuum gets higher.

My present invention consists, substan-
tially,in combining the tube with a body or
source of gas of greater density than that in

. the tube and connected with the tube by a

suitable pipe or passage and in employing

- suitable means whereby the gas may be fed

from such source automatically in response
to changes in the gaseous condition within
the tube and in determinate or regulated
amount such as will maintain a practically
normal gaseous condition within the tube.

My invention is especially useful for vacu-
um-tube lamps, since it permits them to be
run for an indefinite time and with any de-
sired degree of luminosity and with any de-
sired gas. o '

By my invention the necessity of resx-

‘hausting the tube and the difficulties incident

to the use of a solid material inclosed in the
tube and used as a generator or Tegenerator
of gas or vapor may be entirely removed or
obviated. '

The regulated flow of gas is preferably se-
cured by devices operating after the manner
of a valve and controlled in their action by
some means automatically responsive to
changes-of the gaseous condifion or tension
within the tube. Thus, for instance, in the
case of vacuum-tube lamps in which air or
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similar gas is used the valve may be operated

or controlled by an electromagnet connected
to the electric circuit of the lamp in such
manner as to respond to the decrease of elec~
tric resistance within the lamp when through
use the vacuum rises or the gas loses its light-
giving power.

The invention consists also in the special
combinations of devices for automatically
regulating the flow of the gas and in other

 features of construction more particularly

hereinafter described and then
in the claims. S

In the accompanying drawings, Figure 1 is
a general side elevation of a form of vacuum-
tube lamp combined with means for practic-
ing the invention. Fig. 2 shows a modifica-
tion in the manner of connnecting up the
regulating-magnet when a magnet is em-
ployed.
the electromagnetic gas-regulator which it is
preferred to employ.

The invention will be herein described as
carried out in connection with 4n electric
tube-lamp in which air or other gas is em-
ployed. . ' : :

1 is the tube, of glass, and 2 the internal
electrodes joined to conductors sealed in the
tube and furnished with electric energy sup-
plied from any source—as, for instance, the
secondary 3 of a transformer the primary 4
of which 1s connected to the mains 5. C

At 6 is shown a pipe sealed to the tube 1 at
any point. Said ‘pipe is a gas-feed pipe;
through which the air or gas 13 fed into the

pointed out

Fig. 3 is a vertical section through-
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tube to compensate for any increase of: the

vacuum through a suitable valve and at a
slow rate automatically determined by
changes in the pressure of the air or gas in
the tube. ‘ R

Inpractice it will be found desirable to per-

mit the air or gas from the source to perco--
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- to form an annular chamber which receives.

- 10, and in the chamber 9 is a body of liquid"
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late through a mass of porous material, since
by this means any sudden influx of air or gas
and any consequent sudden fluctuation of
the gaseous tension within the tube can be
avoided.

One of the forms of valve that may be
used in carrying out my invention is as fol-
lows: Referring to Fig. 3, 7 indicates a mass
of any porous material—as, for instance, car-

bon—whichis sealed, liké astopper,in the end

of a tube 8, joined or leading to pipe 6 and the
lamp. The exposed end of the plug or mass
7 is located in a chamber 9, wherein is main-
tained a pressure of air or other gas suitable
for use in the lamp. Tubes 8 and9 are pref-
erably concentric and are arranged, as shown,

the lower end of & plunger or liquid-displacer

11, consisting of mercury or other liquid,

-which surrounds the mass of porous material

7, leaving the upper terminal of the same ex-
posed or adapted to be exposed by a slight
change of level of theliquid 11, brought about
in any way—as, for instance, by the opera-
tion of the-displacer 10, which for that pur-
pose can be suspended from the core 12 of an
electromagnet. By moving the displacer
the tip of the mass 7 may be more or less ex-
posed: or by a suitable adjustment may be
alternately exposed and sunk beneath the
level of the liquid; so.as to vary the extent of
the porous surfaces through which gas under

pressure may leak into and through the mass’

7. As indicated in Fig. 6, the mass might

have its tip constantly exposed, the minute-

size

leakage- being determined by the smallI
t is

of the tip-and the length of the mass:

preferred to taper the point of the tip for the

purpose’ of preventing a marked change in

the extent of exposure for a small change in.

the level of the liquid. As will be seen, the
mass 7.interposes resistance to the flow of gas,
regulated by the height of the liquid in which

‘it isimmersed. The plunger 10 is preferably

of glass, like chamber or tube 9, to permit the
plug-7 and the position of its tip in the liquid
to be observed: The plunger or displacer
may be-attached to the core 12 by means.of
indiirated fiber tube 13, which carries core 12,
of iron:wires. The-space within the cylin-
drical displacer 10 is in communication. with
any source or: body of gas under pressure—as,
forinstance, the atmosphere—through-a hole
14, communicating with the spacesin the tube

9, which: latter receive- the air.or other gas-

through pipe 15: An adjustment of the ver-
tical position of the displacer to determine

the extent to which the tip of-the mass 7 shall’

be normally exposed above the level of. the
liquid may be secured by adjusting the posi-
tion.of the coil:16 of the-electromagnet verti-
cally onthe tube 9. Mercury is preferred, be-

820,364

cause it forms an effective air seal and does
not clog the pores.of the porous mass7. In-
asmuch as the plunger works in the same
body-of liquid in which the tip of the valve
proper is located and is exposed to the same
pressure of incoming gas, it is obvious. that
any changes in such pressure will not affect
the height of the liquid so as to disturb the
adjustment of the valve, and the same will
therefore work in a uniform manner in re-

sponse to the action of the magnet and irre-.

spective of variations in the pressure of the
body of gas constituting the source of supply.

The coils 16 of the electromagnet may be

connected in a variety of ways so as to feel
the effect of a change of resistance within the
lamp: As shown i Fig. 1, they may be in
series with the lamp and secondary core; but
they might be in series with the primary core
when the lamp is operated on a constant-pe-
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tential system. They might, as well under-. -

stood in the art, be connected in other ways
to the circuit of the translating device so as
to be responsive to change in the resistance
or change in the vapor or gas tension therein.
As is well known, there is a critical tension or
degree of vacuum in the tube, at which the re-

85
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sistance to the passage of electrical energy

through the gas from one electrode-to the
other of the tube is at its lowest.  If the vacu-
um increased beyond this critical point, the
resistance increases and the current falls. It
is preferable to operate the tube below-the de-

' gree of vapor or gas tension at which the re-

95

sistance and current change from:a decreas-

ing value of resistance and. increasing value

of current to an increasing value of resistance.

100

and decreasing value of current; but for econ " -

omy the degree of vacuum should be main-
tained as near as possible to the point where
the resistance is least, though sufficiently be-

low such point to avoid: the possibility of

changes of tension extending over to the de-

gree where the resistance will- increase: with:

105

an increase of the vacuum. In.the operation. -

of the apparatus when the vacuum in the
lamp becomes slightly higher through con-
tinued action of the ‘electric energy upon
the gaseous contents the resistance decreases
and slightly more current flows through the
magnet, which.thereupon causes the height
of the liquid-level to fall by lifting the dis-

placer 10. This permits gas to flow through.

the tip of the plug or pencil 7.into the lamp

110
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until the normal gaseous condition therein is- :

restored and the tube is made to conduct less

current, so that the magret: will let- the dis-
placer-10 fall again. - :

By adjustment of the magnet any desired
degree of vacuum in.the tube or any ‘desired.
degree- of intensity of light can.be. main=
tained within narrow limits. ]

It will be seen that the liquid 11 by buoy-
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ing the plunger 10 acts to counterbalance the
weight of the parts operated by the magnet.
The constancy of condition in the tube can
obviously be maintained by an adjustment
of the parts such that each excursion of the
plunger to and fro will result in an uncover-
ing and complete covering of the tip of the
plug, or the tip may be at all times exposed

and the action be by an increase and decrease |

of the amount of tip that is exposed. By
placing a stop-cock 25 in the connection be-
tween the valve and the lamp it is practical
to produce a portable apparatus—that is,
after the tube is placed in operative condi-
tion at the. factory stop-cock 25 is turned
off, the tube as a whole inverted, or by
other means the mercury 11" is removed.
This permits the gas-pressure to become
high up to the stop-cock 25. When the
lamp is again set up for use after shipment,
the correct amount of mercury is first poured
into the glass tube 9, and then the stop-cock
25 is very gradually opened—that is, by slow
stages—so that the tube gradually uses up
the air which was entrapped between the
bottom of the porous plug 7 and the stop-
cock 25. After it.is all used up, which can

"be determined in a number of ways, but

principally by the appearance of the light,
the stop-cock 25 will Ee turned on full, and
the feeding of the gas to the tube will then
become automatic, as before described.

Fig. 2 shows simply a modification where-
in the magnet is connected to the primary
instead of the secondary of the transformer.

My invention is applicable not only to
lamps having internal electrodes, but also
to those having external electrodes wherein
the energy is transmittéed by electrostatic
induction to the contents of the lamp.

For the porous plug I find a rather dense
arc-light carbon to be suitable. The densér
the carbon the less the length of plug neces-

sary. The utility of the arc-light carbon is.

due largely to the fact that it holds its par-
ticles in a constant fixed relation, so as to
maintain a constant resistance to the flow of
the gas. Moreover, it is generally of uniform
porosity and free from the presence of large
spaces through which the gas might pass in
unduly large amounts. ‘

By the insulation of the displacer from the
core the high-tension electricity of the lamp
is prevented from working tack to the coils
of the magnet. i

It is obvious that my invention is appli-
cable to tubes supplied either with alternat-
ing or direct currents.

The pressure or density of the body of gas
which is fed into the tube may be anything
higher than the vapor or gas tension or den-
sity within the tube itself. In practice and
as well understood in the art the tension or

S

density of the gas within the tube is much
less than that of the atmosphere and would
be ordinarily & small fraction of a millimeter,
varying, however, to some extent with the
length and diameter of the tube, the kind
of gas employed, and the use to which the
vacuum-tube is put. :

In the present case the special construc-
tion of gas check or valve for regulating the
flow of gas is not claimed per se, but only in
combination with the vacuum-tube; nor do I
claim herein the method of keeping the lu-
minosity constant by feeding the gas from
a body of gas under pressure into the tube in
determinate automatically-regulated amount
or rate such as will keep the gaseous con-
tents constant in tension or nature, nor the
method of maintaining the vacuum at the
desired tension to produce the required lu-
minosity by automatically regulating the
flow through changes in the current-supply,
inasmuch as the construction of gas valve or
check itself and the general methods of
maintaining the vacuum form the subject
of another application for patent filed by me
as a division of the present application on the
7th day of February, 1906, Serial No.
299,883. I have also claimed in said divi-
sional application the combination, with the
vacuum-tube lamp, of a transformer and a
magnet connected with the primary circuit
for controlling the flow of gas to the lamp.

What I claim is—-

1. The combination of a vacuum-tube con-
nected to a body of gas of greater density

“than that in the tube, and means responsive
to changes in the gaseous condition within
the tube for automatically feeding gas from
such body of gas into the tube in determinate
or regulated amounts proper for maintaining
the gaseous contents of the tube in the stand-
ard or normal condition. ’

2. The combination of a vacuum-tube con-

nected with a body of gas of greater density
than that in the tube, a mass of porous ma-
terial interposed in the passage between the
tube and such body of gas, and means for
varying the extent of surface of porous ma-
terial exposed to the pressure of said body
of gas in order to regulate the flow of gas to
the tube.

3. The combination of a vacuum-tube, a
source of gas, a valve between the source and
tube and an actuating-magnet for said valve
responsive to changes in the gaseous condi-
tion within the tube.

4. The combination of a vacuum-tube, a
source of gas-of greater density than that in
the tube, and a body of porous material in-
terposed in a passage between the source and
the tube, as and for the purpose described. -

5. The combination of a vacuum-tube, a

source of gas of greater density than that in
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the tube, and a body of carbon interposed
in a.passage between the souree and the tube,
as and for the purpose described. -

6. The combination of a vacuuin-tube, a
source of gas of greater density than that in
the tube, a body of porous material interpos-
ing an obstacle to the free flow of the gas, and

. ‘means for varying the amount of material in

B 1)
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action, as and for the purpose described.

7. The combination with a vacuum-tube
of a sourge of gas of greater density than that
in the tube, a mass of porous material inter-
posing an obstacle to the free flow of the gas,
a body of liquid, and means for varying the
extent of the porous material exposed above
the liquid to vary the flow of gas.

8. The combination of a vacuum-tube, a
source of gas of greater density than that in
the tube, & mass of porous material having a
tapered terminal and interposing an obstacle
to the free flow of gas to tlll)e tube, a body of
liguid surrounding said terminal, and means
for varying the exposure of the terminal
above the hiquid. - :

9. The combination of a vacuum-tube, a

source of gas of greater density than that in -

the tube, & mass of porous material restrict-
ing the free flow of gas to the tube and hav-
ing a tapered terminal, a body of liquid sur-
rounding said terminal, and means for vary-
ing the height of the liquid.

10. The combination of a vacuum-tube, a
source of gas of greater density than that in
the tube, a gas-valye between the source and
the tube, and means responsive to variations
in the gaseous condition within the tube for

. actuating the valve.

40

45

11. The combination of a vacuum-tube, &
source of gas of greater density than that in
the tube, a gas-valve between the source and
the tube, and means responsive to changes of
electric resistance between. the two electrode
for actuating the valve. ‘ :

12. The combination of a vacuum-tube, a.

source of gas of greater density than that in

the tube, a valve for governing the flow of

. such gas to the tube, and an electromagnet

50
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responsive to changes of the electric resist-
ance of the tube for actuating the valve.

13. The combination of & vacuum-tube, a.

source.of gas of greater density than that in
the tube, a mass of porous material interpos-
ing resistance to, the free flow of gas, and
means responsive to changes of gaseous con-
dition in the tube for varying the resistanece.

. -14. The combination of a vacuum-tube, a
source of gas of greater density than that in
the tube, a mass of porous material interpos-
ing ‘resistance to the free flow of gas, and

mesang responsive to variations in the eleetric
resistance of the tube for determining the ef--

fective resistance of the mass of porous mate-
{ . .

820,364

15. The combination of a vacuum-tube, &
source of gas of greater density than that in
the tube, a mass of porous material interpos-
ing resistance to the free flow of gas, an elec-
tromagnet and means actuated thereby for
varying the ‘effective resistance of the mass
of porous material.

16. The combination of a vacuum-tube, a
source of gas of greater -density than that in
the tube, a mass of porous material surround-
ed by a liquid and adapted to restrict the
free flow of gas, an electromagnet and means
actuated thereby for varying the exposure of
the porous material above the level of the
liquid. :

17. The combination of a. vacuum-tube, a

source of gas of greater density than that in
the tube, a body of porous material, restrict-
ing the free flow of gas and having a pointed
terminal, and a body of liquid in which the
terminal-is immersed.

18. The combination of a vacuum-tube, a
mass of porous material interposed in a gas
connection of said tube, a body of liquid sur-
rounding the terminal of said mass, an elec-
tromagnet, and means for varying the expo-
sure of the terminal above the liquid.

19. The combination of a vacuum-tube, a

65
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mass of poroeus material interposed in a gas

connection of said tube, a body of liquid in

| which the mass of porous material is im-

mersed, and means for displacing the liquid
to vary the éxposure of the porous material.
20. The combination of a vacuum- tube,

electric terminals therefor, an adjustable gas--

valve in a passage comimunicating with the
tube and means responsive to variations in
resistance between the terminals of the tube
for actuating-the valve.

21. The combination with a vacuum-tube,

95
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a gas-valve comprising porous material and -

liquid, a displacer in the body of liquid, an
actuating-electromagnet and means for insu-
lating the displacer and magnet.

22, The combination with. a vaeuum-tube
and a gas-valve provided with a body of mer-
cury by whose rise and fall the flow of gas is
determined, a liquid-displacer of insulating
material and an actuating-eleetroemagnet..

103

110

23. A vacuum-tube lamp containing air in -

a rarefied condition as a luminous agent com-
bined with means responsive to variations in

‘the degree of rarefaction for admitting air to

the tube in regulated amounts to maintain a
normal luminosity. ‘ : :

_ 24. A vacuum-tube lamp containing a gas
in a rarefied condition acting as the luminous

agent combined with means responsive to va-

riations in the degree of rarefaetion for-ad-

120

mitting gas to the tube in regulated amounts - ‘

to maintain a normal luminosity.
25: A vacuum-tube containing a.gas in
rarefied condition combined with means re~

125
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the flow of gas.
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‘with variationsin the electrical condition of

© 820,364

sponsive to variations in the.degree of rare- l
faction for admitting gas to the tube in regu-
lated amounts to maintain the desired de-
gree of vacuum,

26. The combination with a vacuum-tube
of a source of gas of greater density than that ]
in the tube, a mass of porous material be- |
tween the tube and source, a body of mercury
and means for varying the extent of porous !
material exposed above the mercury to vary :

27. The combination with a vacuum-tube’
lamp, of a piece of porous arc-light carbon in-
terposed in a passage between the tube and a
body of gas under pressure, a body of mercury
in contact with the carbon, and means for ad-
justing or regulating the extent of contact.

28. The combination of a vacuum-tube
and a piece of porous arc-light carbon inter-
posed in a passage leading to the tube and
acting as a resistance to the free flow of a gas.

29. The combination of a vacuwm-tube
lamp and a plug or pencil of porous carbon
through whose pores gas can leak to the tube.

30. The combination of a vacuum-tube
lamp, a porous plug, mercury in contact with
said plug, and means for changing the level of
the mercury with relation to.the plug.

31. The combination of a vacuum-tube
lamp, a porous plug, mercury in contact with
said plug and means for automatically chang-
ing the level of the surface of the mercury
with relation to the plug when the condition
of the vacuum in the tube changes.

32." The combination of a vacuum -tube
lamp, a porous plug, immersed in mercury
and an electromagnet varying in strength

the tube for changing the level of the surface
of the mercury. S

33. The combination of a vacuum-tube
lamp, a porous plug, a body of mercury in
contact with said plug and a displacer to
raise or lower the surfade of the mercury.

34. The combination of a. vacuum -tube
lamp, a body of mercury whose changes of
level regulate the flow of gas to the lamp, and
a displacer of mercury for adjusting its level.

35. The combination of a vacuum -tube
lamp, a body of mercury by whose changes of
level the flow of gas to the tube may be
changed, and means for regulating the level
of the mercury.

36. The combination of a vacuum -tube
lamp, and means for regulating the vacuum
comprising a transformer, a magnet connect-
ed to the secondary circuit of said trans-
former and a valve actuated by the inagnet
and controlling the flow of gas to the tube.

37. The combination of a vacuum-tube, a
chamber. containing mercury and communi--
cating with a source of gas of greater density

than that in the tube, a porous plug im- |

mersed in the mercury of said chamber and
through which the air or gas under pressure
may passfromsaid chamber to the tube,and a
liquid-displacer working in the mercury to
allow the whole surface of the mercury to be
exposed to the gas-pressure, as and for the
purpose described. ‘

38. The combination of a vacuum-tube, a
porous plugin a passage leading to the tube, a
body of mercury in which the plug is im-
mersed, a displacer of the mercury, and an
actuating-magnet adjustable for the purpose
of adjusting the level of the liquid, and con-
sequently the flow of gas.

39. The combination of a vacuum-tube, a
valve operating by changes of liquid -level
and controlling the admission of gas to the

>
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tube, a liquid-displacer for changing the level -

of the liquid and an actuating-magnet there-
foradjustableinposition for the purpose of ad-
justing the position of the displacer and
thereby adjusting the degree of vacuum
maintained 1n the tube.

40. The combination of a vacuum-tube
lamp, a valve operating by changes of aliquid-
level and connected to the lamp, a liquid-dis-
placer for changing the level of the liquid,
and an actuating-magnet therefor adjusted
in position for the purpose of controlling the
intensity of the light.

41. The combination of a vacuum-tube and
means automatically responsive to changes
in the vacuum for admitting gas to the tube
from a body of gas of greater density than
that of the gas within the tube. -

42, The combination of a vacuum-tube
lamp and means automatically responsive to
changes in the vacuum for admitting gas to
the lamp from a body of gas of greater den-
sity than the gas within the lamp so as to
keep the luminosity practically constant.

43. The combination of a vacuum-tube and
a valve comprising a containing-chamber,
porous material in a passage leading from the
chamber to the tube and adapted to allow
gas to percolate from the chamber, a suitable
liguid 1n said chamber and a displacer for va-
rying the level of the liquid.

44. The combinaticn of a vacuum-tube,
and automatic magnetic means for feeding gas
to the tube.

45. The combination of a vacuum-tube
lamp and automatic magnetic means for
feeding gas to the lamp to keep the lumi-
nosity constant.

46.- The combination of a vacuum-tube,
devices for feeding gas to the tube and elec-
tromagnetic means acting in response to
changes in the vacuum for bringing the feed-
ing devices into action-in order to admit gas
to the tube.

47. The combination of a vacuum-tube, a
valve, and means responsive to changes in
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the electrical resistance of the gasin the tube
for feeding gas into the tube through the
valve.

48. The combination of a vacuum-tube

lamp, a valve, and means responsive to |

changes in the electrical resistance of the gas
in the lamp for feeding gas into the lamp
through the valve. )

49. The combination of a vacuum-tube
and means for feeding gas to the tube auto-.
matically when the electrical resistance of
the gas in said tube decreases.

820,364

50. The combination of a vacuum-tube
lamp and means for feeding gas to the lamp

automatically in response to decrease of the 15

electrical resistance of the gas in the lamp. .
Signed at New York, in the county of New

York and State of New York, this 16th day

of August, A. D. 1905. ,
’ DANIEL McFARLAN MOORE.
Witnesses: . ’ :
C. F. TiscHNER, JT.,
JosEPH CAMPBELL.



