March 31. 1925. ' 1,531,966
v G. M. J. MACKAY : v E

ELECTRICAL GLOW DEVICE

Filed Jan. 26, 1920

AMPERES

(@) VoLTS
Inverntor:
George TM.J.Mackay,
by A ? ﬁMt/\)’

His Attorney.



1

Patented Mar 31, 1025,

- UNITED STATES

1,531,966

PATENT OFFICE.

- GEORGE M. J. MACKAY, OF SCHENECTADY

NEW YORK, ASSIGNOR TO GENERAL ELEC-

.TRIC COMPANY, A CORPORATION OF NEW YORE.

ELECTRICAL

GLOW DEVICE.

. Application filed January 26, 1920, -8erlal No, 3'54,19.5.,

To all whom it may concern: .
Be it known that I, Georce M. J. Mackay,

- a citizenl of the Urited States, residing at
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Schenectady, in the county of Schenectady,
State of New York, have invented certain

new and useful Improvements in Electrical .

Glow Devices, of which the following is a
specification. . _ o

The present invention relates to eléctrical
glow devices and comprises a' means and a

- method of producing an electrical discharge
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having new and technically useful charac-
teristics. o ' :

My invention in one of its aspects ‘is an
electric lamp of higher efficiency than here-
before attainable. ) '

I have discovered .that an electric dis-

charge from an incandescent cathode in the-
vapor of an alkali metal at pressures below:

about fifty microns of mercury (0.05 mm.
Hg.) and preferably within a range of
vapor pressure corresponding to tempera-
tures between about 200° to 300° C. does
not ‘cause the cathode to disintegrate or
sputter.- What is still more remarkable, the

cathode does not disintegrate even when the -

discharge is operated at commercial volt-
ages, that is, over one hundred volts and
- with relatively large currents, say, over
100 . milliamperes.

- stable volt-ampere characteristic when the
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applied voltage is within this range and-
-the current is relatively large. The current-

increases with a rising voltagé up to a lim-
iting value, and thereafter remains substan-
tially constant over a relatively wide range
of voltage. This discharge has a high lumi-
nous efficiency, a large part of the energy
being emitted in the visible portion of the
spectrum. It does not require an energy-
consuming, steadying resistance, and there-
fore may be operated in shunt to an incan-
descent filament to constitute a lamp of
‘high efficiency. . o } :

. These and other novel features of my in-
vention will be pointed out with particu-
larity in the appended claims. For a com-

' plete understanding of my invention, refer-

N

ence may be had to the following descrip-

tion taken in connection with the- accom-

panying drawings. : :

Figs. 1 and 2 illustrate somewhat dia-

-grammatically two embodiments of my in-

vention; Fig. 3 is a modification having a
i-

The discharge has a-

double-walled container to reduce heat dis-
sipation, and Fig. 4 is a diagram of the
volt-ampere characteristics o therimionie
discharges in sodium vapor. . = - '

The device illustrated by Fig. 2 comprises

material not readily acted upon chemically
by the filling material, for example, the re-
fractory boro-silicate known in the market

a sealed envelope 5 consisting.of "a suitable’
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as “Pyrex” glass.” The cathode 6 con- -

sists of a coiled filament of refractory ma-
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terial, such, for exafiple, as tungsten.” It is

provided with leading-in conductors 7, 8,

sealed into the envelope, whereby current
may be supplied to the filament to heat the
same to incandescence. The anode 9 con-
sists preferably of tungsten although vari-
-ous conductive materials also may be used.
A leading-in conductor ‘10 for the anode is
sealed into the envelope in the usual manner.

- In preparing the device, the envelope- is.
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thoroughly exhaustéd the glass being heated

during exhaust nearly to ils softening point,
A guantity of pure -

to remove water vapor.
sodium is introduced into the bulb, after
residual gases and vapors have been re-
moved, as far as possible, and the. bulb
thereupon is sealed off. Preferably the
process of exhaust is carried out by first
introducing a small amount of sodium into
a dried and exhausted bulb, heating the
bulb and expelling the sodium vapor. This

~ quantity of purified and redistilled sodium is
introduced and allowed to remain in the bulb.
- .The bulb is operated at a temperature
high enough to volatilize a portion of the
sodium and maintain the pressure of the
sodium vapor high encugh to be ionized by
the electron discharge and within the range
throughout which the discharge has stable

characteristics. Preferably the bulb should

be maintained within a range of about 200

" 'to 800° C. This temperature may be ob-
“tained by proportioning the bulb so that

the dissipation of heat under ordinary ex-
ternal conditions is adjusted to maintain the
temperature within the desired range, or the
bulb may be heated or cooled externally to-
maintain the temperature within the desired
range. - S ,
With the cathode at.a suitably high tem-
perature, the application of current of suit-
able ‘voltage to the electrodes produces a
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process may be repeated. Finally a desired - -
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brill,ié,nt‘ glow in the bulb of the yellowish
tint characteristic of the sodium spectrum.

A peculiar characteristic of the glow is

" the uniform distribution of luminescence

. 10

‘of the order of a tenth

throughout the bulb which
optical resonance effects in the sodium
vapor. The light efficiency of the glow ap-
pears to be very high. Tt is approximately
of a watt per candle.
The presence.of the ionized vapor greatly

- increases the current-carrying capacity o

the device by substantial elimination of the

~ current limiting effect of the negative’ field
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of the electrons on each other which: is
usually known as space charge. For exam-
ple, a given device carrying in the substan-
tial absence of positive ionization about
three milliamperes at 125 volts carries in the
presence of sodium vapor at a suitable pres-
sure a current of about 500 milliamperes at
the same voltage. rily
temperature in_these devicés should corre-

spond to a luminous efficiency of about one-

watt per candle. At a higher cathode tem-
perature both'the total light emitted by the
glow discharge and the efficiency of the glow
appear to. be decreased. At materially
higher cathode temperatures the range over
which the discharge is stable is decreased.
The relation of the current to the applied
voltage is illustrated by a characteristic
curve 12, shown in Fig. 4, which is obtained
by plotting the applied volts as abscissae
and the correpsonding currents as ordi-
nates in a device embodying my invention
at a substantially eonstant tem:
perature.

- voltage from .zero, then remains substan-
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tially constant with further increase of volt-

age over a wide range until a second in--

crease of current occurs when the discharge

characteristic becomes negative, as indi-.

cated by the dotted line. From zero to a
limiting value of voltage oa, ‘the discharge
is stable without a series resistance, as the
current cannot increase without a rise of
applied voltage. Above the voltage oa the
discharge becomes unstable. An attempt to
increase the voltage further results in an

_arc-like or “runaway” discharge in which
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the current incrcases with a corresponding

decrease of voltage across the terminals of
the discharge electrodes. - B

When the temperature of the device is
increased, and hence the pressure of sodium
vapor is increased, the critical point of in-
stability ‘corresponds to lower voltage val-
ues, that is, the operating range of the de-
vice is contracted. At a sufficiently high
pressure of sodium vapor, corresponding,
S&Y,
rent voltage characteristic of the device- is
negative at ordinary commercial voltage
and is similar to the characteristic of incan-

may be due to’

Ordinarily the cathode

As illustrated by this curve the.
“current rises rapidy with an increase of

to a temperature above 400° C. the epr--

descent cathode devices operated in other

vapors or gases at relatively considerable
pressures. . ,

The device shown in Fig. 2 may be used
as a rectifier of alternating currents or as
a lamp. . o ' C

“Fig. 1 illustrates a lamp embodying my
invention containing a looped filament 14

‘consisting of tungsten, or other suitable re-

fractory material, and supported upon a
framework comprising a stem 15 upon
which are mounted two ‘buttons 16, 17, in
which are embedded hooks 18 upon which

the filament is supported. The stem 15 and .

the hooks 18 consist preferably of a material
more refractory than glass, for example,
such as tungsten, “Nichrome”-or; the like.
The buttons 16, 17, in which the hooks 18 are
embedded consist either of suitable heat-
resisting glass or of porcelain. Current
connection is made by conductors 19, 20,
consisting of relatively heavy wires com-
posed of tungsten, molybdenum or the like.
These wires preferably extend from the seal
91 to the opposite end of the frame-work
where attachment is made to the ends of the
filament in the usual manner.. The lamp is
exhausted and provided ;with a quantity of
metallic sodium, as already described in
connection with the device shown in Fig, 2.

When a lamp embodying my invention
constructed and prepared as above described
is operated in the usual way on either direct
or alternating current, a discharge will pass
through the sodium vapor across. the space
between the loops of the filaments by reason
of the difference of voltage between these
filament sections and cause the entire bulb
to be pervaded with a brilliant yellow glow.

The amount of light cbtained from a glow
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produced under these conditions is remark-

ably great and depending upon the size of

the bulb may emit several times the candle

power of the filament. ‘These effects, which~
are of such a different order from those
hitherto observed with gases at such low
pressures, may be partly due to the purity
of the sodium vapor. - The sodium vapor
itself seems to bring this about by * clean-
ing up ? any traces of foreign gases which
may be present. o

Tn an alternating current device the con-
ductors immediately adjacent the leading-in
wires have alternately the highest positive

otential and act as anode for the discharge

rom other more negntize filament sections. -
These sections therefore tend tc overheat as

shave

they are heated both as resistance con-
ductors and as anodes to a giow discharge.
In a direct current device the above would
apply only to the conduct::
positive lead. - :

In the devices shown in Figs
conductors adjacent the lead
tors consist. of stout wire th

1 and 8, the
in conduc-
oby prevent-
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ing -overheating of the same. The lamp
shown in Fig. 3 has a double-walled en-
velope, the space between the two. walls

- preferably being evacuated. This construc-

1o
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tion reduces the heat losses from the device.
When a lamp such as shown in Fig. 3 is
provided with a base, a suitable heat insula-
tor should be placed so as to prevent cool-
ing that portion of the inner bulb which is
not insulated by the outer bulb and the
evacuated space. : :

What I claim as new and desire to seeure

‘by Letters Patent of the United States, is:—

1. An electrical discharge device compris-
ing a cathode adapted to be heated to in-
candescence, heating means therefor, an

-anode, and means for furnishing, subject
* to the ionizing inflience of an electron dis-
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charge between said electrodes, a gas which
when ionized will leave said electrodes in-

- tact from electrical disintegration, said gas

" having a pressure at which a discharge of
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stable characteristics may be produced with
currents of the order of magnitude of 100
milliamperes at voltages materially above
the ionization voltage of said gas..

2. An electric discharge device comprising
a sealed envelope, means for producing
therein an ,electron discharge and a sub-

1)986 . . @

. I
_ 6. An electrical discharge device compris-
ing the combination of & tungsten cathode,
an angde, means for heating said cathode,

an enclosing bulb and a quantity of sodium -

in said bulb, said lamp being proportioned
to maintain the vapor pressure of said
sodium below the value at which the volt-

ampere characteristic of a-discharge there- = -

through becomes negative,
7. An electrical device comprising the

combination . of an enclosed envelope, a

cathode adapted to opeate at incandescence,
an anode, and a quantity of sodium in said
- envelope, said envelope being proportioned
to operate at a-temperature -at which the
vapor pressure of said sodium is sufficiently
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~high to enable an electric discharge there- .

through to ionize said vapor but below the

value at which a discharge through said -

~device has a negative .volt-ampere charac-
teristic. S S
8. An electrical device comprising the

combination of a sealed envelope, a cathode . .

of refractory material adapted to operate at
incandescence, an anode and-a quantity of
.sodium -within said envelope, said device
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‘having a heat dissipating capacity adapted .

to maintain ‘said device at a temperature
-corresponding to a .pressure of sodium va-

stance within siid envelope having a pres- . por less than about fifty microns of mercury. 95

sure less than about fifty microns of mer-
cury at the operating temperature of said
device and capable of becoming ionized in
the space between said electrodes to increase

-materially the current carrying capacity of

the space between said electrodes, said dis-
charge having a stable electrical character-
istic and leaving intact from electrical dis-
integration the Ssource of said electron dis-
charge. _

3. The méthod of converting electrical en-
ergy into light which consists in- passing

. an electrical discharge between-.an incan-
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descent cathode and an anode through
sodium vapor and maintaining the pressure
of said vapor at a value at which a luminous

" discharge is produced having a stable elec-
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trical characteristic. -
4. The method of converting electrical en-
ergy into light which consists in passing an
electrical discharge through sodium vapor
and maintaining the pressure of said vapor
within the range of vapor pressure of metal-
lic sodium corresponding to temperatures
between about 200 to 300° C. : '
5. An electrical device comprising the
combination of a sealed envelope, a refrac-

~ tory cathode adapted to operate at (incan-
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descence, an anode and a quantity of alkali
metal within said enyelope, said device hav-
ing a heat dissipating capacity adapted to
maintain the vapor pressure of said alkali

~ metal at a value at which an electrical dis-
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charge theréthrough: has stable electrical

characteristics, .

" 9. An electric lamp comprising a bulb, a
filament of refractory material capable of

- operating at incandescence and a substance

. in said bulb whieh is gaseous at the operat-
ing temperature of the lamp and is capable

“of conducting a luminous discharge from an -

end of said filament when at incandescence

to the opposite end, and in parallel with the

connecting part without disintegrating said
filament, said discharge having a constant
current value over a range of voltages.
10. An electric lamp comprising a bulb,
a conductor therein capable of conducting
-current with a voltage drop between termi-
_ nals of the order of magnitude of about one
hundred volts and a quantity of material
therein having at the operating tempera-
ture of the bulb a vapor pressure sufficiently
high to conduct current by a stable electri-
cal discharge.across the space in said bulb
“between a section of said conductor when at
. incandescence, and another section having a
positive potential with respect to said in-
- candescent section. - .
11. An electric lamp comprising a sealed
“exhausted container, a quantity of metallic
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sodium in said container, and a filament of
refractory material adapted to be heated to

_incandescence mounted . within said con-
tainer, said lamp being adapted to dissipate

125°

heat generated therein at a rate which will

maintain the operating temperature of said
lamp at a value at which the pressure of
said sodium is high enough to produce a

glow discharge, but below about 800° C. to
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* avoid the formation of an arc-like discharge

”

having an unstable electrical characteristic.
12. An electric lamp comprising the com-
bination of ‘a sealed evacuated container, a
tungsten filament, a quantity of metallic so-
didm in said bulb, said lamp being con-
structed to operate at ordinary external
temperatures with said sodium 1n a ‘vapor
state at a pressure high enough to be ionized
by a discharge theret%xrough ut below about
fifty microns of merecury. '
"13. An electric device comprising a bulb,

_a filament of refractory material therein,
. and a quantity of metallic sodium in said
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bulb, said device being operable with a dis-.
charge having a stable electrical characteris-

|  tic conducted through said sodium in a va-
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porized state, in parallel with a portion of-

said filament., = = - - ,

- 14. The method of increasing the current-
carrying ¢apacity of an electron discharge
which consists in maintaining in the path of
said discharge the vapor of an alkali metal
within pressure limits sufficiently high to
cause substantial positive ionization by col-

.lision but insufficient to permit of an arc-

like discharge having a mnegative volt-am-
pere characteristic. -

15. An electrical discharge device compris-

ing an evacuated envelope, electrodes there-
in, means for heating one of said electrodes
to incandescence independently of a dis-

-charge therebetween, an alkali metal con-
tained therein, said device being construct-
ed to maintai:q the vapor pressure of alkali

.my hand this 99nd day of January.

1,581,066

metal during operation high enough to in-

crease the current carrying capacity of said
device, but below the value at which an arc-
like discharge of negative volt-ampere char-
acteristic may occur. :

16. An electrical discharge devicé compris-

ing a container, cooperating electrodes
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therein, means for producing an electron .

discharge between said .electrodes, a quan-
tity “of an alkali metal in said container,
and means surrounding said container for
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maintaining the temperature of said device .

at a value at which the metal vapor has a
sufficiently high pressure to permit. substan-

tial positive ionization during operation but;

will not be so high as.to permit an arc-like
discharge. N -
17. An electrical discharge device compris-
ing a sealed evacuated envelope, a. filamen-
tary.cathode consisting of refractory mate-
rial, terminal conductors therefor whereby
a heating current may
cathode, an anode,
metal in said. envelope, said ;
proportioned, when dissipating heat under

ordinary external conditions, to operate at.
a temperature at which the vapor pressure

of said alkali metal is sufficiently high-to
enable an electric discharge therethrough to
ionize said vapor but below the value at

_which a discharge through said-device has

a negative volt-ampere _characteristié:.
In witness whereof, I have heiﬁétlxgg());set
GEORGE M. J. MACKAY.

50

55

be conveyed. to said
and a quantity of alkali
device being:
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