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This invention relates to high-intensity gaseous
electri¢ discharge lamps, and especially to high
pressure metal vapor ( H. P. M. V.) electric lamps
of the type wherein the brightness of the dis-
charge column exceeds 10,000 candles per sq. cm.
Here and hereinafter “prightness” means maxi-
mum brighthess in a “cross-plane” that is to
say, in a plane perpendicular to and intersect-
ing the shortest straight line between the elec-
trodes.

. In one kind of lamp of this type the length of
the envelope and the distance between the elec-
trodes are much greater than the diameter of
the envelope in a cross-plane midway hetween
the electrodes. It is then necessary to cool the
envelope with liquid applied to its outer surface.
But now the difficulty arises that, if the cooling
is sufficient to prevent the central part of the
envelope from being damaged by heat, it is dif-
ficult to prevent the parts behind the electrodes
from being so ccol that the requisite high vapor
pressure of the metal (usually mercury) can not
be maintained. It is overcome by providing with-~
in the envelope metal so much in excess of that
evaporated in full operation that the cool spaces
behind the electrodes are filled with metal. The
surface of this metal might actually be the elec-
trode, but it is usual to provide tungsten elec-
trodes, projecting slightly from the mercury.

These electrodes arée. kept below their melting :

point by the conduction of heat through the mer-
cury between them and the wall. But the pres-
ence of the excess mercury limits the operating
characteristics of the lamp, and the necessity for
keeping it around the electrode limits the form
of the lamp.

It has heretofore been proposed to avoid the
necessity for excess mercury by bringing solid
electrodes into sufficiently close contact with the
end wall of the envelope. It was also stated
that this device made it possible to make the
diameter of the central part of the envelope
greater than was usual in water-cooled H. P. M. V.
lamps at the date; but it was not suggested that
the prevailing practice of making the distance
between the electrodes much greater than the
diameter of the envelope should be abandoned.

A second kind of high brightness H. P. M. V.
lamp is known, in which the distance between
the electrodes is less than the diameter of the
envelope and indeed less than the distance of
either electrode from the envelope; the envelope
is approximately spherical and all the mercury
is evaporated in normal operation. In such
lamps, if a coolant has been applied to the ex-
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terior of the envelope during normal operation,
it has been a gas (usually air). A forced blast
of air may be provided; but it is impossible or
at least very inconvenient to make air cool-
ing as efficient as water cooling. Accordingly,
for the same power dissipated within the en-
velope, the area of the external surface of high
brightness lamps of the second kind has to be
larger than that of high brightness lamps of
the first kind. Moreover, if the area of the
envelope were reduced by water cooling, it would
not always be possible to reduce the size of the
electrodes so that they would still fit inside the
envelope, for the electrodes are cooled mainly
by radiation. For these reasons lamps of the
second kind are usually bulkier than correspond-
ing lamps of the first kind. But it is not a seri-
ous disadvantage so long as the power dissipated
by the lamp is less than 2 kw., for then the di-
ameter of the envelope need not be more than
60 mm. However when the power dissipated is
greater than 5 kw., the disadvantage is serious;
an object of the invention is to remove it.

We have discovered that it can be removed by

3 using as an electrode a stout rod of refractory

metal, on whose inner end the discharge ter-
minates and whose outer part fits closely into a
tube projecting from the main, approximately
spherical, envelope. The whole envelope can
then be water cooled. The conduction down the
rod to the part within the tube, through which
much of the heat developed at the electrode is
abstracted, is sufficient to prevent the inner end
from melting, and yet the space between the rod
and the tube is kept so hot by the rod that sub-
stantially all the metal is evaporated in normal
operation. If the lamp is run on A. C., both
electrodes must be of this kind; but if, as is now
usual with high brightness lamps, the lamp is run
on D. C., it may be possible to use as a cathode
an electrode of some other kind.

According to one aspect of the invention, in a
high brightness H, P. M, V. electric discharge
lamp, the envelope consists of a main, approxi-
mately spherical, part of external area S, hav-
ing at least one tubular neck portion projecting
therefrom; one electrode is a stout rod of refrac-
tory metal on whose inner end the discharge ter-
minates and whose outer part fits closely within
the said tube; the distance between the termina-
tions of the discharge in normal operation is less
than the diameter of the envelope in any cross-
plane; and the lamp is adapted, when the whole
exterior of the envelope is water-cooled, to dis~
sipate a power W, where W is not less than 4
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kw. and W/S is not less than 60 watts/sq. cm.

According to another aspect of the invention, a
source of light, adapted to cooperate with opti-
cal projection apparatus, comprises in combina-
tion a H., P, M. V. lamp according to the first
aspect of the invention and means for maintain-
ing liquid in contact with substantially the whole
of the surface of the said envelope. Preferably
the said means is a jacket, of the same materisl
as the envelope and forming part of the same
vitreous body, provided with apertures for the
entry and exit of the liquid.

One embodiment of a lamp comprising the in-
vention will now be described, by way of example,
with reference to the accompanying drawing
which is an elevation, in section, of such a lamp.

Here | is the main part of the envelope, being
a sphere 40 mm. in external diameter with a
quartz wall 2-3 mm., thick. 2 and 3 are tubes

forming tubular neck portions projecting from it -

at opposite ends of a diameter, the thickness of
their quartz walls being %-1 mm. The anode 4,
is a tungsten cylinder, 40 mm. long and 12 mm.
in diameter, fitting closely within tube 2 and
with its inner end projecting 2-3 mm. into the
sphere {; its outer end is connected to exterior
leads through the multiple strip seal 5. The seal
5 comprises a plurality of thin metallic strips 6
of molybdenum, for example, attached to the
outer end of the electrode 4 and fused between an
extension T of tube 2 and a quartz plug 8. The
cathode 9 is a tungsten rod, 50 mm. long and
6 mm. in diameter, fitting closely within the tube
3 and with its inner end projecting so far within
the sphere | that it is 10 mm. distance from the
inner end of the anode. Near its inner end it
carries the activated starting electrode 16; its
outer end is connected to exterior leads by the
lower strip seal 5. 11 is a quartz jacket surrouad-
ing the whole of the parts i, 2, 3, and sealed at
its ends to the outside of the seals 5, 5. There
is 3-6 mm. clearance between the jacket and the
parts 1, 2, 3. 12, 13 are respectively inlet and
outlet tubes for water passing through the jacket.

The lamp is designed to burn on a D. C. supply
with the axis vertical and the cathode lowermost.
The amount of mercury, practically all evaporated
in operation, is adjusted so that; when the dis-
charge is in series with a suitable stabilizing re-
sistance, the current carried by the discharge is 77
amps. and the voltage between the electrodes 65
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volts. The brightness of the discharge exceeds
20,000 candles per sq. cm.; the power dissipated is
5 kw.

‘What we claim as new and desire to secure by
Letters Patent of the United States is:

1. Ahigh-pressure electric discharge lamp com-
prising a globular envelope of vitreous material
and designed for operation under liquid cooling
conditions with a power input in excess of 60 watts
per square centimeter of the external surface of
said envelope and a total power input in excess of
4 kw., a predetermined amount of mercury in
said envelope which is completely vaporized dur-
ing operation of the lamp, a thin-walled elongated
tubular neck portion projecting from said en-
velope, an electrode in the form of an elongated
stout rod of refractory metal which fits closely
within but is not hermetically sealed to said neck
portion and terminates, at its inner end, close to
the inner wall of the envelope, current conductor
means connected to the outer end of said electrode
and hermetically sealed in the outer end of said
envelope neck portion, a cooperating electrode
sealed in the envelope at a point opposite the
first-mentioned electrode, the arc gap between
said electrodes being shorter than the diameter of
the envelope in any plane normal to the shortest
straight line between said electrodes.

2. A high-pressure electric discharge lamp com-
prising a globular envelope of vitreous material
and designed for operation under liquid cooling
conditions with a power input in excess of 60
watts per square centimeter of the external sur-
face of said envelope and a total power input in
excess of 4 kw., a predetermined amount of mer-
cury in said envelope which is complete vaporized
during operation of the lamp, a pair of thia-
walled elongated tubular neck portions projecting
from opposite sides of said envelope, a pair of elec-
trodes in the form of elongated stout rods of re-
fractory metal which fit closely within but are not
hermetically sealed to said neck portions, current
conductor means connected to the outer ends of
said electrodes and hermetically sealed in the
outer ends of said envelope neck portions, the
arc gap between said electrodes being shorter
than the diameter of the envelope in any plane
normal to the shortest straight line between said
electrodes.

VICTOR J. FRANCIS.
EVAN H. NELSON.




