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To a,Zl whom it may concern:

" Be it known that I, JOEHN W ARING, “a-citi-
zen of the United Stabes, and a res1dent of
Hartford, in the county of Hartford and State

-of Connectlcut (with post-office address at

No. 141 Washmgton street; ) haveinvented a
certain new and . useful Process of Gaging
High Vacuums, of whlch the following is a
specifieation.

This invention relates t0-a method of gag-
ing or measuring the degree of tension of a
eonfined body of gas, and has especxal refer-

ence to obtaining equal vacua in the like re-

ceptacles or chambers.

The principal object of the invention is the
‘production of a method whereby incandes-
-eent electric lamps in their manufacture may
be exhausted to the same. degree of vacuum

‘atid whereby. it may be readlly determined
-when that degree of vacuum is reached,

- Another obJect of the invention is the pro-
tection of the filaments of the lamps by auto-
‘matieally cutting off current therefrom shouid

_the vacuunm therein be unduly lessened while

they are buriing.
The funda,mental principle underlying: the

operation of this method of gaging vacua is:

that the rate of transmission of heat in a rare-
fied gaseous medium depends upon the den-
sity of that medium. The rate of transmis-

sion also varies with the kind or quahty of the

gaseous medinms. -

To this end the invention consists in gag-
ing the degree of tension of the gaseous con-
tents of a closed receptacle—such, for in-
stance, as an incandescent lamp.
 In the accompanying drawings, which form

a part of this specification, Figure 1 illus-
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ieompared a resistance mclosed in some suit-
‘able chamber, said chamber being connected

LA

trates, mainly in diagram, an arrangement of
apparatus and circuits by which this method
may bs carried out. Fig. 2 is a side elevation
of the automatic eut-out switch used in the
system illustrated.

In applying the invention a known resist-

ance is taken as a standard, and with thisis

t0 the lamp- -bulbs or other chambers under-
‘going exhaustion: Carbon has been found
10 bean excellent material for the resistance
and is preferably used. . It has been found

bhat the resistance of a lamp- fllamenn when
warmed or heated varies with the variations
in the tension of the gaseous contents of the
lamp-bulb or with the variations in the de-
gree of vacuum. This comparison can best

‘be made by using for the standard resistance

oueor more standal d incandescent lampsand
comparing therewith one or mnore like lamps

-whose bulbs are in communication with the

exhaust-pipe to which'one or more lamps or
forks of lamps are connected for exhaustion
and by using a galvanometer to show when
the proper degree of vacuum or attenuation
has been reached. The theory of its opera-
tion, in connection with the exhaustion of an
mcandescen‘t lamp whose filament is heated,
is that the deflection of the galvanowmeter or
gage is proportional to the change in resist-
ance of the filament. This is pr opoxtlona,l to
the change in temperature, that is propor-
tional to the number of molecules iinpinging
upon the filament, and the number of said
molecules is ploportlona,l to the degree of
vacuum. ‘Therefore the deflection of the gal-
vanometer is proportional to the vacuum. In
the drawings these lamps are shown in a
\Vheatstone -bridge arrangement, 3 and 4 in-
dicating the standard lamps used as resist-

‘ance and 5 and 6 those connected to the ex-

haust-pipe. 7, to which. are shown connected
two forks of lamps 8 and 9. The galvanom-
eter may be of any type suited to the kind of
current used. The d’Arsonval type with tor-
sion head and wooden armatutre-core isillus-
trated at 10 as connecting the two sides of
the budcre

‘The lam pson the forks are burned as usual
during the exhaustion, the -current therefor

~being supphed from the generator (indicated

at 11) and antomatlcally controlled by the
switch 12, Joined to this switech for joint

- and also automatic operation is the switch 13,
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by which the magnets for unlocking the -

switch 12 arve cut out. - The cirenit to these

magnets is controlled by the galvanometer.
The cireuit-closer at the gdl\ anometer may

be of any desired form. It is shown as con-

sisting of a conducting-pin 14, carried by the.

wooden core of the movable coil of the gal-
vanometer-armature, and a post, as 15, plef—
erably of carbon, located in the path of said
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pin. A fine copper wire 14’ preferably leads
the current to this pin from some stationary
part of the circuit.

The switehes 12 and 13 are connected by a
bar of insulation, from which suitable catches
extend and take under the armature of the
magnet 17. A spring, as 18, opens the
switches 12 and 13 when released by the en-
ergization of magnet 17 through the closing
of its eircuit at 14-and 15.

In carrying the invention into effect by the
apparatus just deseribed the lamps at 8 and
9 are preliminarily exhausted, say, to about
one-sixtieth of an atmosphere, usaally with
the cock 19 closed.” This may be approxi-
mated by the length of time the pumps have
acted. Then the pointer 20 of the galvan-
ometér is set well over so as to carry pin 14
away from post 15. A current is allowed to
flow through the lamps 3, 4, 5, and 6 sufficient,
to warm their filaments and bring those o A
Tamps 3 and 4 to a dullred if viewed in dark-
ness, Then as the Qegres of vacuum. in-
creases the resistances in the sides of the

‘bridge approach equality, and when that iS

reached the.lamps:at’s and 9 are sealed off
and the cock 19 closed. :

Ininitially equalizing thesides of the bridge
the lamps 5 and 6 are brought up to the de-
sired vacuum, and if the galvanometer does
not then-stand at zero additional resistances
are ‘placed in the approximate branch to
bring the galvanometer to zero.

In exhausting a bank of lamps should the
vacuum be too low when current is turned
onto the lamps the pointer 14 will immedi-
ately swing against the post i5 and causethe
switehes 12 and 13 to open. The pointer 20
may then be turned around still farther to
carry the pin 14 away from the post again.

‘pin 14 would immediately swing to the
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When the exhaustion has reached the point
where the pointer 20 may be brought back to

“zero without allowing the pin 14 to leave zero

position, then the exhaustion in lamps 5 and
6 has reached the standard and likewise that
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in the lamps 8 and 9, and the latter may be

sealed off. L
Should a break occur while sealing off, the
_ post
15 and so indieate that fact. - = . <
Many variations in the construction of the
apparatus and many changes.in the arrange-
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ment thereof may be devised for carrying

out the spirit of the invention. - -
The invention claimed is— ~

or measuring the tension of & confined body

1. The herein-described method of gaging -

of gas consisting in measuring the resistance -

of a conductor while heated in the gas.:

2. The herein-described method of gaging’
or measaring the degrée of vacuum of acham-
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ber, consisting in electrically heating a con-" -

ductor therein and measuring the electrical

resistance of said conductor while heated. .-

3. The method of standardizing the vacua-

65

of incandescent lamps consisting ‘in gaging -

the resistance of the filaments-while heated " ‘

during the exhaustion of the lamp-bulb: -
4. The method of gaging the tension‘of-a
confined body of gas counsisting in passing an

o

electric current through a heated conductor
in the body of gas and measuring the elec- -

trical resistance of said conductor. -
Signed at New York, in the county ¢

York and State of New York; this 15th-day

of May, A. D. 1900. R
Witnesses:

D. H. DECKER,
EtHEL L. LAWLER.
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JOHN WARING. -



