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" Original application filed August 91,1906 Serial No. 276,008,

UNITED STATES PATENT OFFICE.

ANIEL MFARLAN MOORE, OF NEWARK, NEW JERSEY, ASSIGNOR TO

"MOORE ELECTRICAL COMPANY

RATION OF NEW YORK. =

'N. Y., A CORPO-

VACUUM-TUBE REGULATOR.

No. 820,365.

Specification of Letters Patent.
Divided and this application filed February 7, 1906, Be

. Patented Mﬂ.y 8, 1906.

T0 all whom it maly concerw:

Be it known that 1, DANIEL MOFARLAN%

MOORE, a citizen of the United States, and a
resident of Newark, in the county of Hssex
and State of New Jersey, (whose post-ofiice
address is 52 Lawrence street,) have invented
certain new and useful Improvements in

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

The present invention relates to vacuum-
tube or vapor electric lamps,
por rectifiers, X-ray tubes, vacuum
oraphs, wireless - telegraph receivers,
other devices which are provided with suit-

able electric terminals whereby electric en- |

ergy may be passed through the gaseous con-
tents of the tube for any purpose and which
senerally may be classi e£ under the head of
vacuum-tubes.

The present application is a division of my
prior application filed in the United States
Patent Office August 21, 1905, Serial No.
275,003, and relates more particularly to a
method of maintaining a constancyin theten-
sion or condition of the gas within the tube.

The invention is of special utility in main-
taining the gaseous :
vacuum-tube lamps, and has for its object,
generally speaking, to remove the difficulty
hitherto met with in the operation of this
general class of apparatus from deterlora-
t1on or variation of the vacuum or gaseous
or vapor tension, or,in thecase of lamps, trom
the gas becoming spent or losing 1ts hight
oiving and conducting function as the vacu-
um gets higher. Hitherto when the tube
fails through change ot the gaseous tension
or gaseous condition it has been necessary in
this art to either open the tube and renew
ihe contents and then reéxhaust the same or
else to provide within the tube some sohd
material which would act as a generator or
regenerator of gas to automaticaﬁy repair the
imEa,ired vacuuin. N

riefly stated, the invention consists in
automatically maintaining the vacuum in a

vacuum-tube at a substantially constant de-

oree by feeding gas to the tube from a body
of gas having a higher density or tension
than that to be maintained in said tube and
regulating or determining the rate of feed au-
tomatically by changes in the vacuum or gas
tension within sald tube.

vacuum or va-.
oscillo-
and

tension or condition 1n

“controlled or operated

‘materal 1s

[ Te—

In carrying out my invention the feed at
the required rate may be continuous or an in-
termittent feed, and, as will be obvious, the
densitv of the body of gas which is fed or ad-

‘mitted to the tube at the regulated rate may
be anything above the normal low pressure

or density maintained in the tube. 'The
changes 1n the gaseous tension or density
within said tube may be made effective 1n
any desired way and by any desired devices
automatically 1n re-
sponse to or in accordance with the varia-
tions of such gaseous tension in said tube.
Preferably in carrying out my invention I
employ a feed device in the nature of a valve

which is interposed in a passage between the

body of gas of higher density and the tube in
which the lower tension or higher vacuum is
to be maintained. As a valve illustrated, 1
show a form of valve in another application

for patent filed by me August 21, 1905, Se-

rial No. 275,003, and comprising substan-
tially porous material, through which' the
oas from the source is permitted to perco-
late in amounts determined by the level of a
sealing liquid in which the mass of porous
immersed. While it is possible
to utilize the changes in tension of the gas
within the vacuum-tube in various ways, 1
prefer to show them as made effective
through the operation of an electromagnet
responsive to cﬁanges in the resistance of the
gas which accompany such changes of ten-
sion. . B _

My invention is particularly useful as a
method of maintaining a constant lumi-
nosity in vacuum-tube lamps, and when em-
11:;1{137@.';(1 for this purpose it is preferable to

eep the density or tension in the tube at
such a degree that a decrease of the density
will have the effect of lowering the resistance
of the gas to the passage of an electric cur-
rent. The magnet may be made to respond
directly or indirectly to the changes of elec-
trical resistance in the tube by connecting 1t
into circuit in any desired way.
tube is operated from a transformer, 1t may
be placed either in the primary or the sec-
ondary circuit of said transtormer. When
so connected, a decrease in the resistance to
the passage of the current through the gas 1n
the tube consequent upon a decrease of the

density, or, in other words, an Increase of the

When the

rial No, 208,883,
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- about in any way—as,
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vacuum, will cause more current to flow in
the magnet and strengthen the same. This
Increase of strength m the magmet is em-
plt)ﬁed to operate upon any suitable devices,
such as the valve, in such way as to admit

more gas to the tube, and thus bring the vacu-

of the ma
mission of gas from the source is automatic-
ally cut off. = . o

In the accompanying drawings, Figure 1
illustrates dia ammatically an arrangement
of circuits and devices suitable for practicing
my invention. Fig. 2 shows '

a modification
In the manner of connecting up the magnet.

Fig. 3 is a vertical section through the elec-

tromagnet and a form of valve that may be
employed. o S |

he invention will be herein descriBed as

carried out in connection with 8 vacuum-
In which air or any other gas is |

tube lam
employed. | . | )
11s the tube. of glass, and 2 the internal

electrodes joined to conductors sealed in the

tube and furnished with electric energy sup-
plied from an source—as, for instance, tlll)e
secondary 3 of a transformer the primary 4
of which is connected to the mains 5. .
At 6 I have indicated a pipe sealed to the

tube 1 at any ﬁoint through which pipe the
t

as 18 fed in the required amount into the
amp and which tube leads from any body or
source of
the tube. o
Referring to Fig. 3, 7 indicates & mass of
any porous material-—as, for instance, car-
bon—which is sealed like a stopper in the
end of a tube 8, joined or leading to pipe 6
and the lamp. The exposed end of the
OT mass 7 is lCl:::)t:&i;ed in & chamber 9, wherein
1s maintained a pressure of air or other oas
suitable for use in the lamp. Tubes 8 a,ng 9
are preferabl _
as shown, to form an annular chamber
receives the lower end

which

of liquid consisting of mercury or other lig-
uid which surroungs the mass of porous ma-
terial 7, leaving the
same exposed or adapted to be exposed by a
slight change of level of the liquid 11, brought
-a8, for instance, by the
operation of the displacer 10, which for that
purpose 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 ma

ternately exposed and sunk beneath tge 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. The plunger 10 is preferably of glass, like
chamber or tube 9, to permit the ﬁlg 7 and
the position of its tip in the liquid to be ob-
served. The plunger or displacer may be at-

qI

gas of greater density than that in -

plug

concentric and are arranged,

of a plunger or liquid-
displacer 10, and in the chamber 9 is a ody

upper terminal of the

| the

I

WIres,;

be al- |

degree of vacuum in the tube or any

880,365

| tached to the core 12 by means of indurated-

ber tube 13, which carries core 12 of iron

with any

with the spaces in the tube 9,

| which' ldtter receive the air or other gas
through pipe 15. An adjustment of the ver-

the displacer to determine
extent to which the ti
shall be normall

the liquid may Ee secured by adjusting the
position of the coil 16 of
vertically on the tube 9. Mercury is pre-
ferred, because it forms an effective air seal

tical position of

ressure—as, for

of the mass 7 ~
exposed above the level of ]

the electromagnet

‘es.  The space within the cylindrical dis-
placer: 10 is. in ‘communication

“Source or body of gas under . .

. _ instance, the atmosphere—through a hole 14,

um back to normal, whereupon the strength | communicating E

et decreases and the flow or ad-
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and does not clog the pores of the porous

mass 7.

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 in Fig, 1, they may be
In series with the lamp and secondary coil:
but they might be in series with the primary
core when the lamp is operated on & con-
stant potential system. . ,’Fhey might, as well
understood in the art, be connected in other
ways to the circuit of the translating device.
As 1s well known, there is a critical tension or

degree of vacuum in the tube, at which the re-

sistance to the passage of electric eneriy
through the gas from one electrode to the

othe_r of the tubeis atitslowest. - Ifthe vacu-

um Increases beyond this critical point, the
resistance increases and the current falls, It

is preferable to operate the tube below the

degree of vapor or gas tension at which the
resistance and current change from a de-
creasing value of current to an ‘increasin

value of resistance and decreasing value o

| current; but for economy the degree of vacu-
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um should be maintained as near as possible -

to the point where. the resistance is least

though sufficiently below such point to avoid
the possibility of changes of tension extend-
i:n§l over to the degree where the resistance
Wil

In the operation of the apparatus when the
vacuum in the lamp deteriorates slightly
through continued action of the electric en-
ergy upon the gaseous contents the resist-
ance decreases and sligchtly more current
flows
causes the height of the li

uid-level to fall by
hifting the displacer 10.

his permits gas to

flow through the tip of the plug or pencil 7

into the lamp until the normal gaseous condi-

Increase with an increase of the vacuum,

through the magnet, which thereupon

LIO
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tion therein is restored and the tube is made

to conduct less current, so that the magnet

‘will let the displacer 10 fall again.

By adjustment of the magnet any desired
desired
degree of intensity of light can be maintained

within narrow limits. R
20 18 a suitable stop-cock in the connection
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lamps having interna

thereto from a body of gas maintained at a

between feed-tube 6 and the valve. Kig. 2 |
shows simply a modification of the circuits
wherein the magnet is connected to the pri- |
mary instead of to the secondary of the trans-
former. ' )

My invention is applicable not only to
electrodes, but also to
those having external electrodes wherein the
energy is transmitted by electrostatic induc- |
tion to the contents of the lamp.

It is obvious that my invention is applica~
ble to tubes supplied either with alternating
or direct currents. _

In the foregoing description and in the
claims appended the term ‘‘gas’ is to be un-
derstood as including the aeriform condition
of any solid or liquid and commonly known
as ‘‘vapor.” o

The constructions of apparatus shown in
the present case as one of the forms of appa-
ratus or devices suitable for use in practicing |
my invention are not herein claimed, as they
form the subject-of claims in my applica-
tion, filed August 21,1905, Serial No.275,003. |
The special construction of valve is not here-
in claimed, but forms the subject of a sepa-
rate application for patent filed by me April
16, 1906, Serial No. 311,316. -

What I claim as my invention 1s—

1. The method of maintaining a constant-
luminosity in a vacuum-tube by feeding gas |

density greater than that within the tube and |

S
regula.tin% the amount fed by changes of the
densiiﬂo gas within said tube.

2. The method of maintaining the vacuum
in a vacuum-tube at any desired tension by
feeding gas thereto from a body of gas main-

tained at a density greater than that within
the tube and adjusting the admission of gas

from said body of gas by variations In the

electrical resistance of the gas within the tube.

3. The method of maintaining the lumi-
nous condition of a vacuum-tube lamp at its
normal by regulating the admission of gas to
said lamp through variations in the electrical

resistance of the gas within the tube accom-

panying changes in luminosity.

4. The herein-described method of main-
taining a constant luminosity in a vacuum-
tube lamp, consisting in maintaining the
vacuum at such degree of tension or density
that a decrease of density will have the etfect
of decreasing the resistance of the gas to the
passage of an electric current, ut izing. the
decrease. of resistance to effect a change m
the flow of an electric current and employing
the changed strength of current to regulate

the flow of gas to the tube.

Signed at New York, in the county of New
| York and State of New York, this

_ 28th day-
of November, A. D. 1905. 3
DANIEL McFARLAN MOORE.
Witnesses: |
~ C. T. TiSCHNER, Jr.,
LirLiAN Br.oxbp.
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