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To all whom it may concerw: - and the energy of such current will be induced
Be it known that I, PETER CooPER HEW-. in it if the rate of change is suitable. The
ITT, & citizen of the United States, and a resi- | energy of such current will manifest itself mn 55
dent of New York, in the county of New York ; the form of licht and heat if sufficient hnes of
g and State of New York, have - vented a cer- | force are cut by the vapor to overcome its
tain new and useful Improvement in Methods | tendency to resist becoming a conductor. .
of Producing Electric Light, of which the tol-|  The induced current in the lamp and its
Jowing is a specificaticn. ° , | voltage depend upon the general laws of m- 60
 The existing state of the art of lighting by | duction—namely, the relation of the turnsm
to _electricitﬁ resents various forms of lamps | the primary to those in the secondary and
and met oga of lighting. In my lamp the | the rate of ‘change of the pulsations or varia-
actual light-generating current 1is ‘nduced in | tions in the actuating or primary current or,
the medium where the light is generated, the | in other words, the rate at which the mag- 65
current being whatisknown asa “sécondary” | netic lines due to the primary current are cat
1§ current. . . 7 | by the secondary circutt. This rate is the
" The present invention relates to a method | measure of the electromotive force given to
of lighting by means of my improved lamp, | the secondary circuit. T
the .apparatus itself and the system under | - In the form of lamp which I have devised 70
which it operates being claimed In & separate | it 1s Pra,ctica,ble to emp o
so application, filed April 18, 1900, Serial No. | circuil a simple closed circuit of vapor having
13,291, of which this applicationis & division. | effectively one turn in connection with a mul-
- Broadly, it relates to a method of lighting | tiple-turn primary giving a suitable ratio of
which shall yield a practical light without any | step-down ransformation. A

conductor leading into the lamp, thus mak- | For the purpose of developing an electro- -
s5 ing it possible to dispense with any break or | motive force In the secondary sufficient to
joint in the electric circuit. This I accom- | place it in a'state where it will become readily
plish by using vapor or gases of proper char- | conductive—that 1s, & true vapor-conductor
acter and under proper condifions as the | of low resistance—I malke use of a current of 8o
medium for transforming the electric ener such quantity and rate of variation in a pri-
go into light, the energy eing caused to be’| mary of such multiplicity of turns and such
- present’in the vapor.or gases which serve as a | interlinkage as will induce in one turnof &
conductor by induction. In this wa T dis- | secondary an electromotive force which shall
pense with conductors leading into the con- | be sufficient to break down the tendency of 8s
tained vapor or gas through the walls of the | the vapor to resist ‘becoming a conductor,

4§ container. o e notwithstanding the decrease of electromo-
- It may be‘fenerally stated that.a coil of | tive force which must result from the use of
wire traversed by a varying current of elec- | such multiple-turn primary as will give the -
tricity is surrounded by a varying ‘magnetic | required interlinkage with the said vaporsec- go
field consisting of so-called “msgnetic lines | ondary:. . SR

g0 of force.”’  The field of force thus established, | The vapor which Ifind most convenient in - -
however, ¥aries In proportion with the varia- | use is that obtained from mercury, becauseof
tions: of the current;and if & closed circuit— *

- _ . its low resistance; but other materials magr be i
such, for instance, as a coil of wire—be prop- used, the use of any vapor being dépendent 95 -
erly placed within: this varying field of force | only upon the requiremen’ that there shall ~ -

¢s there will ‘be induced in it- 8 current corre- ;

sponding to the variationsin the field of force. n 1N
device of this character 1s usually termed an, | pors added to the vapors which are selected: - ¢
‘¢ induction-coil”? or ‘‘transformer.” ' Ifthere *-E)r forming the secondary: or light-emitting: rdo-
be substituted for the secondary coil of the i circuit éxercise such’ a'reluctance to the pas- » =
go transformer a closed circuit of some vapor or sage of the electric current that it is -almost -

be indiiced in‘it’ & voltage sufficient to over- -

come its resistanee. - Certain impuritiesor vé-" - oo

gas of the proper character and under the | impossible: with the most rapid variation of’ - Vo

proper conditions, it will act as & conductor, | current to induce & secondary current in the
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lamp when they are present. Such VAPOIS
as will be obtained from water and some OXY-
gen compounds seem to have this state of
non-conductivity in a marked degree. Also
the vapors usually present in a elobe until it
has been exhausted, heated, and the current
induced in it, which current liberates more
non-conducting vapors, would seem to ren-
der the desired state of conduectivity almost
impossible to attain; but by properly prepar-
ing the lamp and supplying the globe  with
the conducting-vapor freed from the objec-
tionable ones a condition is reached where g

practical and enduring lampis obtained. The

conducting-vapor when in its conducting
state, being a conductor requiring a rate of
change in the primary that will induce in a

secondary of one turn an electromotive force

of, say, from three to fifty volts per inch in
case the secondary is, say, three inches in di-
ameter, the inducing-current need not be
over a few hundred volts when the current is
passing in' the vapor, the voltage depending
upon the material of the vapor, its density,
and other conditions.

The amount of light emitted by the gas
readily shows at what time during the proc-
ess of manufacture the lamp is completed.

I am aware that others have proposed cer-
tain lamps claimed to bLe indlflction-la.mps
having a luminous band induced therein: but
in none has any considerable amount of light
been produced. -

My lamp yields a large quantity of light and
possesses other characteristics which clearly
distinguish it from the faint luminosity of the
electrostatic effect produced in the lamps
above alluded to. ’the difference is also at
once apparent in the source of current.

In tie operation of t:e lanip tle voltage
required to cause current to pass in tie ring
or body of vapor appears to decrease sud-
denly after a suitabie degree of induction is
arrived at, indicating trat some radical
ciange of claracteristics takes place. T:.e
resistance tends to vary inversely with tre
curient passed, as sLown by ot.er experi-
nents wita vapor conductivities, where t. e
vapor secondary is included in inductive re-
lation to an oscillatory current flowing in an
oscillatory circuit.
practically annulled as tt.e vapor secondary,
wien tlis condition is arrived at, will ab-
sorb-in t}.e first oscillation practically all of

the energy that is present in tle oscillatory

circuit. ‘Tiis may be demonstrated by
means of a tertiary circuit of a single turn of

wire, including an incandescent lamp, wiich

wien the vapor secondary is not present will
become luminous and carry current; but
wlen a vapor secondary l avi

teristics of mylampis introduced ininductive ! _ * ' :
' may be induced therein, and tLe light emit-

relation to tte primary it will absorb tle
energy delivered to tle primary, and trus
rob tle tertiary circuit, so tkat the incan-

Ll
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| descent lamp will no longer be illuminated

and practically no current will flow in t! e
tertiary ciceuit. ,

Tl e invention will be described more in
detaill in connection with tie acconipanying
drawings,

Figure 1 is a diagrammatic view of one
form cf my lamp connected with, a genera-
tor. Iig. 21s an elevation of one forin of my
lamp, using two primary coils.  Figs. 3, 4, 5,
6, and 7 are views s-owing ctler forms of
lamp. Fig. 8iz a diagraniniatic view of sev-
eral-lamps and a forni of generator in circuit
therewit:. - '

Referring to the drawings, 1 is any suitable

source ¢f rapidly-varying currents, and 2 is a
closed container, the s ape of W ic': may be
varied to sult t'e circunistances. Wit 1n
t:ie vessel 2 tiere is placed t: e desired vapor
or gas of suitable density to be rendered
lg. t-radiant or light-emitting. A ccil 3 of
nsulated wire of tr e preper number of turns
constitutes the priniary coil of tle trans-
former, tie vapor or gas wit’ in t! e vessel be-
Ing tie secondary circuit. Tie coil 3 is con-
nected with tie energizing-coil 1. On tie
passage of a current of t: e proper ¢ aracter
tiirough the coil 3 a current is induced in t: e
vapor. Immiediately tl'e vessel becomes
brig: tly luniinous. A ¢! ange in pesition of
tie piimary coil causes a corresponaing
ciange in t” e position of te lun.incsity. By
increasing th:e amount of energy 1nparted
from t! e primary source practicaily all of the
vapor In the lamp may be niade to act as a
secondary and to give t. e lanip a very in-
tense brig’.tness. I e addition of a second
coll 4 on t! e globe of t"e vessel 2 (see Fig. 2}
causes an increase of luniinosity.
- In Fig. “
one bulb 2 is made wit.. a narrow neck and a
coll 3 encircles t’ e narrow portion. T: e op-
eration is essentially tte sane as t! at de-
scribed with reference to Fig. 1. '

In Fig. 4 a form is sl.own consisting of two
Lemisp. erical bulbs 2 2, I aving suitable de-

pressions in their faces for receiving tie coil
3. Tie bulbs are then placed toget’ er witiy

t'e coil 3 between t: em, and currentst’ rough

tis coil act upon the contents of bot’, bulbs.

In Fig. 5 a modification is s’ cwn in w: ici

t.-Tee bulbs 2 2 2 are s" own arranged in close
proximity to éack: ot’ er witl: ccils 3 3 3 placed
between tlem. Tiese tiree coils may be
connected 1n series or in parallel, as desired.
~ As already sialed, ihe vapor which I find
very convenlent for use is thai of mercury.
This vapor offers a low resis.ance and pro-
duces a very iniense whiie licht. Oiher

" gﬂses or vapors may, however, be used, care

emng taken {o select such as will receive cur-
rent under the influence of such a volinge as

ted thereby will correspond to the spectrum
of that gas or vapor. - -

3 a form of lamp is s .own in w'ich
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The operation of the lamp depends upon | been pumped out and the gas or vapor which

the possibility of obtaining a current of suit-
~ able rate of variation. I have obtained ex-
cellent results by the use of the discharge-cur-

s rents obtained from condensers; but a prop- |

erly-constructed mechanical generator would
produce the necessary current.

~ In Fig. 8 I have represented diagrammat- -
~ ically one form of apparatus giving a rapidly-

1o varying current suitable for use to operate
-~ my lamp. This generator is indicated at 11

and produced an alternating current of, say,
one hundred and twenty-five to three hun-

| dred periods per second and of a voltage of,
15 say, from fifty to one hundred volts. The
- generator supplies the primary coil 12 of a
transformer, tE

an induced current of, say, six thousan
volts. This induced current is delivered to
20 condensers 15 of suitable capacity, which
may be arranged to be discharged through
“theline 16. I usually prefer, however, to use
two condensers 15 15, as shown, using the
current induced between them through the
25 line 16. The discharge-gaps 17 limit the
charge of the condensers and serve to dis-
' vices may be employed —as, for instance, the
 well-known vapor-discharge devices disclosed
3o tn manyof my early patents and applications.
Fach time the condensers are cEagrged and
discharged the current induced between
them will flow back and forth through the
~ line 16. One of the glass vessels 2 being
35 placed in the field of the coil 3 will act as &
secondary, tapping off the amount of current

that the lamp is constructed to take. The

coil 3 thus becomes the primary and the
. vapor in the vessel the secondary of my

40 vapor transformer or lamp. With a pres-

sure of six thousand volts and a bulb six-
»+ inches in diameter a coil 3 of fifteen turns

will serve to illuminate the bulb. With

bulbs having other characteristics the best
45 number of turns may be determined b¥ trial.
In manufacturing my lamp I usual g pro-
. an eéxhaust-pump to remove the water and
~ any. vapors that may be contained in the
so glass of the bulb; the bulb being heated dur-
~ 1ng the process of exhausting. I then intro-
duce or generate in the lamp the/vapor upon

ceed as follows: The lamp is connecte

which I desire to operate and which is te act
as the secondary, still retaming the connec-
55 tion with the exhaust-pump, usually intro-

“ducing more of the vapor than it is intended |
- shall remain in the lamp when completed.

While still connected with the exhaust-pump

I place a coil, such as the ]:l)rim&.ry 3, Fig. 2,1n
6o such position that its field may include the
bulb and its inclosed vapor. There i1s then
passed through this primary coil a rapidlﬁr-
varying current, and the effect upon. the
vapor in the bulb is carefully noted. After

65 the -foreign and objectionable gases have

e secondary coil 14 delivering :

charge them. Other forms of discharge de-

‘consists in opposing to the flow of the current "

is to be illuminated has reached the proper
density the bulb receives the desired amount

of current and becomes brilliant. It 1s thenl

sealed off from the pump and'is finished. 70
The light produced by this'lamp is an in-
tensely luminous light in distinction from the
foggy or hazy condition which may be pro-
duced by means of electrostatic effect. In
the producton of niy lamps this foggy or hazy 75
effect is produced during their preparation,

| usually during the period of exhaustion be-

fore the density of the ultimate conducting
vapor has been regulated and always m
highly-rarified gases with exceedingly rapid 8o
rate of variaton of the current obtained from
the use of small condensers and very high
voltage. This electrostatic effect usuaﬁy

‘appears striated radially in a band in the

tube, the striations appearing like the open 85
spaces in an ordinary carriage-wheel. o
The c,om_Fleted apparatus acts like an ordi-

nary transformer, the primary in this case

being the coil 3 and the secondary being the

part 2 with its contained vapor or, more 9o,
strictly, the contained vapor itself. Unless
current is drawn off by the secondary the

primary, as.in an ordinary transformer,

chokes back the current in the line and pre-

vents the passage of current through the pri- g5

mary coil. | S T L
The invention claimed 18—

- 1. The method of producing light through

the medium of an inclosed gas or vapor,
which consists in inclosifig in a suitable cham- 1oc¢
ber, a gas or vapor of such density as to be
the secondary of an in-
subjecting the gas or

capable of becornin%
ductive eircuit, and

| vapor to the influence of such inductive cir-

cuit, the said ¢ircuit being of such a charac- 103

ter as to induce. in the vapor-circuit currents

of sufficient quantity to cause the gas or
vapor to attain its state of maximum con-

| ductivity.

+ 2. The method of _?produé'iﬁg light from the ‘110
energy 'of a varying electric¢ current, which

through & ‘circuit, & counter-eélectromotive

|

force approximately equal to' the applied =

electromotive force, and subjecting &n in- 11§
closed gas or vapor to the inductive inflience’ *
of said circuit, thereby modifying'the coun- " °
ter electromotive force in proportion to the -

energy consumed by the current traversing

the gas or vapor. o 120
3. The method of operating a vapor-lamp
by electromagnetic imf ction, which method
consists in subjecting said lamp to a rapidly-
varying magnetic field of such rapidity of va-
riation and of such total energy as will cause 125
the inclosed vapor to become a low-resist-
ance vapor-conductor. |

4. The method of operating a vapor device
which method consists in transferring to the

vapor by electromagnetic induction, suffi- 130
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cient electric current to cause said vapor to
pass 1ts critical breaking-down point as a di-
electric and to beconie a low-resistance vapor-
conductor.

5. The method of operating a vapor device

which niethod consists in transferring to the

vapor by electromagnetic induction, suffi-
cient electric current to cause said vapor to
pass 1ts critical breaking-down point as a di-
electric and to becoinie a conducting second-
ary of a resistance so low as to absorb sub-
stantially all the energy flowing in the pri-
INAary circuit.

6. The method of increasing the efficiency
of a ligh-frequency transformer, having a
secondary composed of an inclosed vapor,
normally non-conducting but adapted to be-
come a low-resistance vapor-conductor act-
ing as a single-turn secondary, which method

consists in adjusting the ratio of the step- |

down transformation to the characteristic
and conditions of the inclosed vapor consti-
tuting the secondary. -
7. The method of increasing the efficiency
of a transformer having a secondary com-
osed of a material normally non-conducting
gut adapted to become a low-resistance con-
ductor, wlich method consists in adjusting
the ratio .of step-down transformation to
tlie characteristies and conditions of the ma-
terial constituting the secondary, by adjust-
g thie number of turns of a multiple-turn
primary coil. - |
8. Ti.e method of increasing the quantity
of current floning in the secondary of a step-
down transformer comprising a primary cir-
cuit and a single-turn secondary consisting of
an mclosed vapor normally non-conducting
but capable of becoming a conductor of low
resistance, which method consists in prede-
termining ti:e number of turns of the primary
to decrease the voltage and increase tie

quantity of tl.e said current to a ratio most

sultable to the characteristics and conditions
of said mnclosed vapor. ' . .

9. The metihod of increasing the quantity
of current llowing in tlhe secondary of a step-

- down transformer comprising a primary cir-

5{,‘-

cuit and a secondary consisting of a material
normally non-conducting but capable of he-
commg a conductor of negative temperature

coeflicient and low resistance, wlich method !
consists 1n predetermining the number of

turns of tlie prinary to secure the interlink-

i
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age and quantity current with respect to the
characteristics and conditions of said ma-
terial in such manner as to cause said second-
ary to reach tlhie condition of a low-resist-
ance conductor. L

10. The method of breaking down a dielec-

tric_consisting of a body of vapor, which

electromagnetic induction, t

method consists in subjecting tle vapor to a
rapidly - varying elecromagnetic field of
which the energy and interlinkage is prede-
termined to tle reluctance and current-car-
rying capacity of said vapor. .

11. The method of preventing oscillations
in an excited oscillatory circuit wlich metlod
consists in absorbing tle energy tlereof in a
vapor secondary of such volume, density and

conductivity and so interlinked with the

primary circuit as to absorb substantially all
of the energy of tl.e latter within the time of
the natural period of a single oscillation
thereof. -

12. In the art of producing light by elec-
tromagnetic induction in an inclosed vapeor,
the method of impressing large amounts of
energy upon said vapor, which method con-
sists In causing rapidly-varying currents to
traverse the multiphceity of turns of a pri-

5

6o

70

75

8o

mary coll in inductive relation to said vapor

and predetermining or adjusting the quan-
tity of tke current-supply in accordance with
the number of turns of the primary and the
characteristics and conditions of tke vapor.
13. In the art of opera,tingilvapor—lamps b

consists in constituting the vapor of said
lamp the secondary of a step-down trans-

former and compensating for the resulting

reduction of the voltage impressed upon the
vapor by increasing the quantity of the cur-

rent flux in the primary coil.

14: The method of operating a vapor-lamp
which method consists in transferring to the
vapor by electromagnetic induction, suffi-
cient current to cause said vapor to pass its

- critical breaking-down point as a dielectric to

|

!
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ga,ss the condition of Ligh resistance and to
ecome a low-resistance vapor-conductor.
Signed at New York, in the county of New
York and State of New York thLis 24th day
of September, A. D. 1900. o
PETER COOPER HEWITT.
Witnesses:
WM. H. CaPEL,
WiLLiamM L. HEwsoN.
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