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UNITED STATES PATENT OFFICE.

DANIEL McFARLAN MOORE, OF EAST ORANGE, NEW JERSEY.

ELECTRIC-LIGHTING SYSTEM.

SPECIFICATION forming part of Letters Patent No. 548,127, dated October 15, 1895,
Application filed July 19, 1895, Serial No. 556,457, (No model.

To all whom it may concern:

Be it known that I, DANIEL MOFARLAN
MOORE, a citizen of the United States, and a
l‘esident of East Orange,in the county of Ks-
sex and State of New Jersey, have invented a
certain new and useful Electric Lamp, of
which the following is a specification.

My invention consists of a novel method of
and apparatus for electric lighting.

It has lately been proposed to produce light
by incandescence of conduetors in a highly-
rarefied receiver subjected to the action of
electric currents of enormous frequency and
excessively-high potential. Atan earlierstage
of the art others employed electric energy of
considerable potential acting upon a rarefied
cgasor vapor, rarefied to the deﬂ'ree best suited
to exhibiting luminous e ects under the ac-
tion of the electric vibrations or undulatory
disturbances conveyed to it through conduc-
tors connected with the secondary of an in-
duction-coil.

in myinvention I donot depend upon an ex-
cessively-high electric stress or potential. In
fact, so far as potential is concerned, experi-
ment seems to indicate that the disturbances
venerated in my system, as indicated by the
length of spark in dry air, do not necessarily
have as great a potential as that employed
heretofore in efforts to produce luminous ef-
fects by electric energy derived from induc-
tion-coils, Leyden jars, &c., wherein the at-
tempt was to get a high potential, with the
idea that the higher the potential the greater
the intensity of the light produced.

My present invention consists, essentially,
in generating electric waves or vibrations
suitable for producing luminous effects by in-
terrupting the flow of electric current or cur-
rents through a circuit of induection in a high
vacuum as contradlsmnﬂ*ulshed from a par tlal
vacuum or one in which the rarefaction has
not been carried beyond the point suitable for
exhibiting luminous eifects. 'I'he current or
currents may be derived from any suitable
source and be confinuous, intermittent, pul-
sating, or alternating, as may be desired. 'he
electrie waves or vibrations so generated are
made to produce luminous eﬂ:’eu‘rs in any of
the ways known in the art, but preferably by
actioninorupon a reeewel containing a rare-
field gas or vapor, rarefied to &}aeh den'r'e“ that
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the whole body of contained gas or vapor wiil
be rendered luminous, as well understood in
the art. The interruptions are preferably
produced, however, in a vacuum or vacuous
space in which the exhaustion is carried as
far as possible beyond the degree of rarefac-

. tion suitable for producing lummous effects

so as to produce as nearly as possible an ab-
solute vacuum, the Iuminous effects of the
ﬂ‘enerated elecbrlc waves or disturbances be-
ing produced in another light-giving source
eonsisting, preferably, of a receiver “wherein
the properdegree of rarefaction for producing
light effects emsts such wavesordisturbances
belﬂﬂ‘ conveyed thereto through snitable elec-
tric conductors or made to operate thereon
inductively or conductn ely, as may be found
desirable. A By interrupting the circuit in an
absolute or nearly as possible absolute vac-
num each interruption of the continuity of
the circuit at the interrupter therein results

in the sudden or instantaneous interposition

of what may in effect be regarded as an infi-
nite resistance, and one part of my invention
accordingly consistsin generating electric dis-

turba,nees or Vlbratlons for producmﬂ' lumi-

nous effects in a rarefied gas or vapor or any
other suitable light-giving source by inter-
mittent and sudden interpositions of the infi-
nite electricresistance of an absolute vacuum
in a circuit of induction supplied with cur-
rents from any suitable source.

By “ecircuitof induction” I mean any circuit
in which electric current flows and which is
adapted by its self-induction or by its indue-
tion upon a parallel circunit to generate an

electromotive force of somewhat higher elec-:

tromotive force than that of the current flow-
ing upon sudden interruption of the flow of the
but I prefer to use the electromotive
force of self-induction of the circuit as gener-
ated in a coil instead of using a secondary coll,

as I find that with a self-inductive coil of very

small size the whole body of rarefied gas or va-
por in a receiver exhausted to the proper de-
oree, as well understood in the art, may be ren-
dered luminous. W here, however itis desired
to use a small prime generator of very low elce-

tromotive force and very small coils, a second-
ary coil may be used to get the desired poten-
tial; but even then the 1ength of coil which

it is necessary to use is much less than that
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heretofore employed in rendering rarefied re-
ceivers luminous, when even the very best
form of coil and cirecuit-breaker is employed.
The sudden or instantaneous electromotive
forces or disturbances thus generated by the
interruption of current-flow in a vacuum are
conducted inany suitable way by electiric con-
duactors to the field in which the luminous ef-
fects are to be generated, and there induct-
ively or conductively applied. When a self-
induction coil is employed, the conductors
which convey away the electrie currents or
vibrations are simply connected in shunt to
the coil or terminals thereof in the well-un-
derstood way.

It will of course be understood that the
waves of energy developed by the sudden in-
terruptions above desecribed of the circuit of
induction may undergo any desired transfor-
mation or transformations before application
tathe light-giving source. |

When the interrupter works in an absolute
vacuum, the break of circuit i1s necessarily
very abrupt, since, owing to the difficulty or
inability of the current to flow through a high
vacuum, a complete interruption of current-
flow is necessarily established just so soon as
mechanical contact ceases. In other words,
the interruption is instantaneously complete
and the rate of change of electric condition
in the circuit of the generator is correspond-
ingly rapid. Moreover, when the interrup-
tions are produaced in the circuit of a coil, the
extra current of which is conveyed by branch

or shunt wires to the lamp, it will be obvious |

that the vacuum is of service in cutting off
the flow of such high-potential currents across
the break. It is'therefore desirable to make
the vacuum as high as possible when the
lamp consists of a receiver containing a rare-
fied gas or vapor, or,in other words, to make
the degree of rarefaction of the latter low, as
compared with that of the interrupter, both
for luminous effects and to avoid shunting of
the extra current acrossthe break in the inter-
rupter. Ingeneral therefore I prefer to make
the vacuum in which the interrupter works
as high as possible, and especially when the
lamp-circuit is of high resistance; but I donot
wish to beunderstood aslimiting myselftoany
particular degree of exhaustion of the space
in which the interrupter works, provided the
exhaustion is earried bevond what is known
as a ‘“partial” vacuum, in which a blue light
immediately surrounding the metal portions
of a hammer or interrupter of an induction-

c¢oil placed under a bell-glass receiver may be |

produced. The degree of exhaustion which I
herein term a “high” as contradistinguished
from a “low” or partial vacuum cannot be
mathematically expressed, but is best ex-
plained by reference to the fact stated by pre-
vious experiments that the degree of exhauns-
tion best sulted to the rendering a body of
rarefied air luminous is about one one-mil-
lionth of an atmosphere, which is far beyond

548,12%

able under a bell jar,and that the high vacu-
um which I employ is even greater than that
best adapted for luminous effects, and resides
in the further degree of exhaustion in which
such luminous effects as have been heretofore
produced in the whole body of a rarefied gas
or vapor disappear.

I am not able to state with exactness to
what the superior effects produced by break-
ing the circuit in the manner above described
are attributable; but I believe them to bedue
to the fact that the abruptness of the change
contributes to the production of rapid mag-
netie oscillations resulting in oscillatory elec-
trie currents or discharges of high frequency,
the frequeney of which is aided by the rela-
tively small self-induction of the coil which
it is permissible to use as compared with that
of thesecondary of induection-coils having the
length of winding heretofore necessary to em-
ploy. It may alsobe that the shortness of the
time required to effect the break of eircuit
aids in attaining the result by giving a longer
period in which oscillations may take place
before circuit is re-established.

Another part of my invention relates to a
receiver in which light effects are produced
by the electric disturbances or variations ot
electric energy generated as hereinbefore de-
scribed. 1t is possible to produce the effects
by the use of a receiver having metal elec-
trodes within it; but the disintegration of the
latter renders the use of them objectionable.
I find, moreover, that by the improved re-
ceiver now to be described 1 can generally
obtain higher luminous eifects. In my im-
proved receiver no interior electrodes are em-
ployed, and it is unnecessary to have, there-
fore, any metallic connection passing through
the walls of the receiver. Instead of interior
electrodes I use exterior electrodes consisting
of some metallicor conducting paint applied
directly to the surface of the bulbor receiver
in any suitable manner and directly con-
nected by econductors with a source of energy
suitable for rendering the rarefied interior
luminous. |

My invention consists, further, in the com-
bination, broadly, of a self-induction coil in
the circuit of a suitable generator, a cireuit-
interrupter for producing rapid interruptions

of said cirenit in a vacuum of any desired de-

oree of exhaustion, and a lamp or other trans-
lating device operated by the electric currents

IC

IC

II

or disturbances thereby generated insaid coil, .

“and for that purpose connected as a shuntor

branch to the same,

In the accompanying drawings I have
shown in general diagram, in Figurel, appa-
ratus suitable for carrying out my invention.
Fig. 2 illunstrates a modification in the elec-
tric connections of the circunit of induction
with thelamps. Fig. 8 shows a modified form
of interrupter. IKig. 3* 18 a side view thereof.
Iig. 4 illustrates thav modificatien of my in-
vention whieh consists in the use of a sec-

what exists in any partial vacuum maintain- | ondary coil conneeted to the electric lamp.
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~Aisanyg senerator of eleetrlelty either con- |'may -be obtained if it:-be-no more than -one-

tinuous, altematmg, or varying; adaptedto .

‘supply a'current to a cireuit 5° of self-indue-:
“tion.

- "Phis cireuit conta,ms the coil C; wound.
upon a core of magnetic material to mtenmfy

the reactive e fects produced by interraption
- This core is preferably well

D is a receiver or bulb within whlch is a

vacuous space. ethausted to the highest de-
gree practicable to produce as nea,rly as may

'bea

perfect vacuum and contalnlnw an-in-
terrupter of the circuit 5.
may be of any desired kind and may-vibrate |
or have other niotion;as found most eXpe- |
dient, and ‘may be operated in: any desired. |
I obtain good: e]‘_feets, however,-by |
operating this vibrator or mterrupter by

‘means of an’ electromagnet in the eircuit,
“which is interrupted at cach movement of the |
vibrating portion ‘of ‘the device, said inter-

rupter havmn' a bias which tends:to re-estab- |

lish the cir cmt as well understood m theart.

I obtain good results also by using-as the op-
eratmn‘-maﬂnet the coil of " self-induction’in

“which the electric waves or disturbances are

3O

ﬂenm ated by interruption of cireuit &.
F is an insulated contact, with -which. the

vibrating spring -G, carrying an-armature I |

for electroma,ﬂ'net C makes connection, the |

“eireunitd being carued through the parts after
“the manner of any rheotome --

“The bulb D 18 convementlj made of frla,ss X F1

“and has the conductors carrying the current

on circuit 5 sealed in-it, -
6 isa cirenit by which the energy develeped
in the ¢oil C by mterruptlon of the cireuit

“may be conveyed awayin a branch around |

10

said coil for: operatmn upon the receiver R.

‘This receiver may be in the form ot a tube, |

as shown, made of glass, and may take any

~ letter of the alphabet for advertising

 poses.
‘rarefied gas or vapor of ‘any desired character |

5

desired form—as, for instance, the form of a

It is made of glass-and contains a

- which may be varied to produce different col-

ors, as well understood in the art. -This tube |

“or receiver is devoid of interior electrodes,

but is provided with exterior electrodes S S’
‘These may be in the form of bands or rmﬂ's

to which wires'6 7 are directly connected. It

is desirable that the metal electrodes should
- be in intimate contact or umon mth the ﬂ'ld,SS

55
 ing-paint.
“do not require to be of the same size, and |

60

of the bulb or tube.
I obtain superior results by using cond uct-

I also find thattheelectrodes SS’ |

that if the electrode S, connected to the end
of the coil nearest the brake, be of the-size
which will give the highest lummosny tothe-

rarefied gas -or vapor-the size of the other

electrode S’ may be largely reduced in area,

~ thus exposing a larcrer Voluma of the luml—
- nous vaporfor giving light.

Inother words,

‘while it is necessary to use a certain area of
electrode for S to get the best effect, the other
S’ does not have to be so wreat

Good resnlts

- This mterrupter - preferably made rather short.

“pur- |

“third thesize-of:S. < A number of electrodes
-applied to: the:tube at intervals may beem-
ployed, thus making it possible to use a-very

long -tube -and:-yet obtam a-uniform: lumi-

nosﬂsy Tt isadvantageous not to make these
Tingsor bandstoonarrow. It is advantageous
'also.-- to-construct thecoil O with special: "refer-

-ence-to-the potential of a-generatorA. .  ‘With

a generator of ‘one hundred and-ten volts I

70-

75

obtaln eood -tesults- by using: No. 30 wue, |

~wound.upon a five-eighths meh core, which is
With a one-
‘hundred:-and-ten-volt cireuit a number of

«turns—~say:three thousand--sufficient to give

‘approximately a resistance of ninety ohms in
-theeoil, will give good results when thelength
.of eoil is,say, two inches. : ThIS applies to
the form-of ‘lamp shown in Fig. 1

In practice it will be found that the adjust-

ment of the:coil or magnet-C, which operates
the interrupter-to and from the armature: ol
-the interrupter, will affect the degree of lumi-
‘nosity produced. - “The best degree can -be ob-

~tained by trial, which seems to be due to the.
-faect that the -r&te:' of vibration of -the inter-

‘rupter is ehanged-in a way to permit the full-
-@st charging- of the circuit of-self-induetion,
“each closure of cirenit- thereby securing the
‘best and strongest reactive effects at mterrup
tlona |
In tne arranwement of circuits -shown :in
1 it will be seen- that -the-electric waves
or dlsturba,nces induced at each Interruption
by the circuit breaker or interrupter fiow in
~a-eirenlt mdependent of the generator A, and
I find in practice that the best resulta are
‘obtained by this arrangement.- -Fig. 2, how-
ever, represents another arra,nﬂ*ement in
-which the waves or disturbances pmd uced by
the-interruption of tbe:circuit of 1nduction
~must flow through the generator.: The dia-
“gram- explains 1tself In this ﬁfrure I have
also shown a form of lamp havmﬂ Interior
electrodes -within- the rarefied: space, which
form-of lamp is specifically described and
claimed in my prior application, filed April
10 1895.
“When a lamp having interior electrodes is
employ d with an arranﬂ*ement such as shown
in Fig. 1, experiments seem to indicate that

‘a lower-resistance coil C—say as low as fifty

ohms in the circuit of the generator A—will
produce better results, thoughthere are many
~conditions-affecting the degree of luminosity
of which it is -difficuit to take account; and I
-only state quantities herein as approximating
those which my experiments seem to indicate
will give the best resuits. It is, of course, to
-be understood that-with-a change in the po-
tential - of the generator a-corresponding
-change in the winding and proportioning of
‘the reactive portion of the circuit would ‘be
“made. - With such an arrangement as shown
in Fig. 1, very superior Inminous effects can
“be obtained, and without the use of the cum-
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condensers, &ec., which have heretofore been

used in this art for producing currents of
enormous frequency and excessively-high
poteqtml

It is obvious that my mventmn is not con-

fined to the use of a vibrating interrupter
workinginthe vacium. - Thus,asindicatedin
IFig. 3, a rotary interrupter may be employed.

In this case the interrupting portions-are, as-
before, closed in an exhausted bulb D, and
rotation is effected, preferably, by SOme ex--

terior device.  In the form shown the rota-

tion is effected by the action of & motor-mag--
net exteriortothe bulb, the circuit-interrupter |

for the circuit of induction operating as a
commutator therefor. R is the interrupter-

spring,engaging with contact-wheel O, mount-

ed upon a rotary shaft n, suitably su'pported

within the bulb. The electromagnet B/, out-

side the bulb, is in the c¢ircuit of the gener-

ator C, which circuit includes the bearing of

shaft n, the wheel 0, and the spring », as-in-
dicated. . The magnet B’ is placed in proper

relation to the armatures 2, carried by shaft
n, to attract the same and give rotation to the
shaft, the circuit being broken by the inter-
rapter as each armature approaches the pole:

of the magnet, and the momentum carrying
the shaft around to make circuit again. As

in the case of Fig. 1, the extra currents or

electric waves of disturbances generated in

the coils B’ by the interruptions of circuit

within the vacucus space, produces the lu-
ninous effects preferably by circulating over
wires or conductors independent of the gen-

erator C to the bulb after.the same manner

as indicated in Kig. 1.

It will be observed that in the form of in-

terrupter herein shown the circuit-breaking

parts alone are placed in the exhausted re- |
ceiver and the magnets or other devieces for

operating the same are exterior to the said
receiver. This is important as reducing to
a minimum the presence of parts within the
receiver from which the occluded gases may
escape to gradually impair the vacuum.

In Fig. 4 of the accompanying drawings I

have merely indicated diagrammatically that

modification of my invention which consists
in the nse of a secondary circuit parallel to
the circuits of induction, whereby the electric
waves or disturbances are transtformed, and,
if desired, may be raised in potential. It will
beunderstood thatin this case the interrupter

works in a high vacuum as contradistin-

onished from a low vacuum--that is to say,

the exhaustion is carried not only beyond

the degree at which a luminous haze may
appear at or around the metal points within
the vacuous space, but also beyvond that
higher degree of exhaustion in which the

whole body of rarefied gas or vapor may be

made luminous. These transformed and in-
tensified waves or disturbances may be used
for producing the light; but in this case it
will be found that, owmﬂ‘ to the vigor of the

~disturbances whleh may be produced by the

--rr'-—‘-'r-—m--;—'\-r"—"'\-—" ""-.
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absolute and instantaneous interruption of
the primary circuit of induction, the lumi-
nous effects may be obtained by the use of &
secondary coil far less in length than has

-heretofore been employed for similar pur-

. poses.

Other forms of circuit-interrupting dévices
will readily occur to those skilled in the art

| as applicable to the purposes of my invention.

1 :

"-"‘-ﬁl ..- .-"‘:-"-""-.-" --q

~consisting of & recewe
of exh&uqtlon, |

- By the term “ mechanical interrupter” as

claimed herein I mean any device acting by

make and break of mechanical contact be-

tween two bodies of conducting material.

What I claim as my invention is—
- 1. The herein described improvement in

deseribed and utilizing the electric waves or

distarbances so wenerated to produee lumi-
‘nous effects.

2. The herein described improvementinthe

art of electric lighting, consistingin setting up
electric waves or pulsations by repeated me-
chanieal interruptions of a circuit of induec-
| tion in a high as contradistinguished from a

partial vacuum, as deseribed, and utilizing the

electric energy so generated to produce lumi-

nous effects.
3. Theherein described 1mpr0vement in the

art of electrie lighting, consisting in produec-
ing a s'uccessi'on- of -interruptions in a circuit

| of induection by rapidly repeated sudden 1n-

terpositions of an infinite resistance therein
and leading off the electric disturbances or ef-
fects so produced- through a separate circuit
connected to said circuit of induction for op-

eration on the light giving source.

4, The eombma,tmn substantlally as de-

scrlbed of an electric frenemtor g clircuit in-
-terrupter in a high as contradistinguished

from a partial vacuum, a generator of electro-
motive force arising from induction placed in
the circuit, and a light giving source consist-
ing substantlally of a recelver containing a

'rareﬁed gas or vapor.

5. As a means for developing electric en-
rgy suitable for producing luminous effects,
a circuit interrupter connected with a source
of electricity and operatingin a vacuous space
exhausted as described beyond the degree aft
which the contained body of rarefied air or gas
may be rendered luminous. |
6. The combination, substantially as de-

seribed, of a cireuit of induction containing

an 1nterr11pter working in a high vacuum, smd

| alight giving source in the cirenit of the
waves or disturbances of electric energy gen-

erated by the operation of sald interrupter and
*having a lower degree

7. The combination with a self-induective
coil, of a circait interrupter therefor working
in & high vacuum, and a shunt to said coil
leading to translating devices. .

8. TJe combination with a- self mduetmn

'pI'OdllCIH‘U‘ light by electricity, consisting in

‘causing repea,tea absolute -interruptions of a
eirenit of induction by sudden interpositions
of an infinite resistance substantially such as
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coll,of a cn'cmt interrupter therefor working | coil, a generator h&vmw clrcmt therethmuwh

in an absolute vacuum, and in a branch
around said coil a lamp consisting of a re-
ceiver having a rarefied gas or vapor.

9. The combination of a circuit of induction
containing a current generator and inter-
rupter workingin a hlgh vacuum, and alamp
consisting of a receiver contmmng a rarefied

~gas or vapor and provided with electrodes

both external to such receiver, as and forthe
purpose described.

10. The combination of a.self-inductive |

[E T —

a rap1dly operating mterrupter plaeed in sald
circuit and having its contacts in a vacuum, 15
and a lamp in a 5hunt or branch around said

coll.
Signed at New York,in the county of New

York and State of New York, this 13th day

of July, A. D. 1895.

DANIEL MOFARL AN MOORE.

Witnesses:
Wwu. H. CAPEL,

HeNry T. HIRSCH,




	Drawings
	Front Page
	Specification
	Claims

