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My invention relates to electric discharge lamps 
generally and more particularly to high pressure 
metal vapor arc lamps. 
One of the objects of my invention is to provide 

5 a lamp of this type in which the temperature of 
the envelope or bulb during operation is as nearly 
uniform as possible. Another object is to provide 
a lamp having an envelope so shaped as to permit 
operation of the lamp at an extremely high tem 

10 perature and metal vapor pressure without danger 
of having the said envelope bulge out or burst. 
Another object is to provide such a lamp which 
will operate eficiently without the usual enclos-- 
ing vacuum jacket. 

15 An advantage' of my lamp is that, because of 
the comparatively uniform temperature through 
out the envelope at operation, it makes possible 
the operation of the lamp at temperatures rather 
close to the softening point of the glass used for 

20 the envelope which in turn permits the attain 
ment of the desired high vapor pressures. ..In 
lamps having envelopes of conventional shapes, 
the temperature differential in different parts of 
the envelope is so great that when the hot portion 

25 is kept safely below the softening point of the 
glass envelope, the comparatively cooler portion is 
at too low a temperature to provide the desired 
high pressure because of the condensation there 
of the vaporizable metal. 

80 According to my invention the envelope of the 
lamp is so shaped and the electrodes are mount 
ed in such a manner that the temperature of the 
bulb during operation is as nearly uniform as 
possible, while the shape of the envelope is rea 

is sonably practical. The said envelope is of larger 
diameter at the top than at the bottom, the mid 
portion of said envelope preferably increasing in 
diameter substantially uniformly from the bot 
tom to the top. The said envelope is preferably 

40 somewhat oval-shaped. The electrodes are dis 
posed in the vertical axis of said envelope so that 
the positive column path therebetween is in the 
said vertical axis, the upper electrode being pref 
erably disposed adjacent the largest diameter of 

45 said envelope. 
Further features and advantages of my inven 

tion will appear from the following description of 
species thereof and from the drawing. . 
The drawing is a vertical elevation of a high 

0 pressure metal vapor (mercury) arc lamp con 
structed in accordance with my invention. 

Referring to the drawing, the lamp comprises 
a glass envelope or bulb ?o containing a readily 
ionizable gas, such as argon, and a vaporizable 

(C. 176 -122) 
pair of electrodes 2, 8 are disposed in the Wer 
tical and longitudinal axis of the envelope 0. 
The said electrodes may consist of blocks of 
tungsten impregnated with an electron emissive 
material, such as barium or strontium oxide or a 
mixture of such materials. The upper electrode 
2 is mounted on a lead wire 4, preferably of 
tungsten, which extends through an axial hole 
in said electrode. An angular piece of wire S, 

1 preferably a molybdenum wire, is spot welded to 
the said lead f4 and electrode 2 to secure the 
electrode on the lead. The lower electrode 8 is 
similarly mounted on a lead wire 6 and secured 
by an angular wire . 
A lamp of the particular proportions illustrated 

in the drawing has been constructed and Op 
erated successfully in a 400 watt capacity size, 
operating at 70 volts and 6.35 amperes. The 
envelope O in this case was filled with argon 
gas at a pressure of 8 mm. and contained .033 cc. 
of mercury. As shown, the upper electrode 2 
is substantially at the center of curvature of the 
spherical upper end of the envelope , that is, 
it is adjacent the largest diameter of said en 
velope. The lower electrode 3 in this particular 
case is below the center of curvature of the 
smaller spherical lower end of said envelope. 
The said upper and lower spherical portions of the 
bulb are joined by a slightly curved intermediate 
portion which increases in diameter substantially 
uniformly from the lower to the upper end be 
tween the electrodes. 
taining end or surface 8 of the upper electrode 
2 is approximately three times as far from the 

upper end 19 of the envelope 0 as the active 
end or surface 20 of the lower electrode 3 is 
from the lower end 2 of said envelope. The dis 
tance from the said surface or end 8 of electrode 
2 to the side wall of the envelope O opposite 

thereto is approximately fifty per cent greater 
than the distance from the surface or end 20 
of electrode 3 to the side wall opposite thereto, 
that is, the diameter of the envelope O adjacent 
the end 8 of electrode 2 is approximately fifty 
per cent greater than the diameter of said en 
velope adjacent the end 20 of electrode 3. 

During operation of a lamp of the proportions 
described above in a surrounding globe 22, the 
temperature of the envelope at various points 
was measured and the results were approximately 
as follows: at the lower end, 405 C.; midway be 
tween the electrodes, about 470 to 480° C.; at the 
elevation indicated by the marker 23,490° C.; and 
at the top, 470° C. Thus, the difference between 

The active or arc-sus 
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2 
85° C.-that is, the maximum temperature of 
the envelope was less than twenty per cent great 
er than 6he minimum temperature. The operate 
ing pressure of the lamp was approximately two 
atmospheres. It is important in a lamp operat 
ing at a pressure in excess of about one atmos 
phere that the temperature is either the same at 
all points betweep the electrodes Or that it is 
creases uniformly from the lower to the upper 
electrode, that is, there must not be a dip in the 
temperature gradient between the electrodes e 
cause the arc would is that case bow out toward 
the cooler region. When a lamp is made with a 
plain cylindrical envelope large enough in di 
ameter so that the top is not overheated, the tem 
perature at the bottom is so much lower that the 
desired mercury pressure cannot be reached due 
to condensation of the mercury at the botton. 

It will be understood by those skilled in the art 
that the actual ratios of Small botton diameter 
to large top diameter of the envelope Will vary 
With changes in arc length, Operating pressure, 
electrode size and shape, total Watts, etc. For a 
lamp operating in the open, that is, without the 
enclosing globe 22, the bottom diameter is prefer 
ably smaller than that of the envelope illustrated 
in the drawing, more nearly resembling a 'top' 
than an oval, because of the cooling effect of the 
air passing upward along Said envelope. 
The electrodes in the lamp may also be of the 

indirectiy heated or directly heated type. How 
ever, they are solid electrodes as distinguished 
from electrodes of metallic liquid such as mer 
Curry. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A high pressure metal vapor arc lamp adapt 

ed to have its longitudinal axis vertically dis 
posed and Comprising an envelope containing a 
quantity of vaporizable metal, upper and lower 
electrodes in said envelope disposed in said longi 
tudinal axis, the upper electrode being located 
at a substantially greater distance from the top 
of said envelope than the lower electrode is from 
the bottom of said envelope, the diameter of 
said envelope adjacent said upper electrode being 
greater than the diameter of said envelope ad 
jacent said lower electrode, and the portion of 
said envelope between said electrodes increasing 
substantially unifornly in diameter from the 
bottom to the top. 

2. A high pressure metal vapor arc lamp 
adapted to have its longitudinal axis verically 
disposed and Comprising an envelope contagg 
a quantity of vaporizable metal, upper and lower 
electrodes in said envelope disposed in said longi 
tudinal axis, the distance from the arc sustairing 
surface of the upper electrode to the upper end 
of said envelope being at least twice the distance 
from the arc sustaining surface of the lower 
electrode to the lower end of said envelope, the 
diameter of said envelope adjacent said upper 
electrode being greater than the diameter of said 
envelope adjacent Said lower electrode, and the 
portion of Said envelope between said electrodes 
increasing Substantially unifornly in diameter 
from the bottorn to the top. 

3. A high pressure metal vapor arc lamp 
adapted to have its longitudinal axis vertically 
disposed and comprising an envelope containing 
a quantity of vaporizable metal, upper and lower 
electrodes in said envelope disposed in Said longi 
tudinal axis, the distance from the arc sustaining 
surface of the upper electrode to the upper end 
of said envelope being approximately three times 

2,093,892 
the distance from the arc sustaining surface of 
the lower electrode to the lower end of said er 
velope, the diameter of said envelope adjacent 
said upper electrode being greater than the di 
ameter of said envelope adjacent said lower elec 
trode, and the portion of said envelope between 
said electrodes increasing substantially unifornly 
in diameter from the bottom to the top. 

4. A high pressure metal vapor arc lamp 
adapted to have its longitudinal axis vertically 
disposed and comprising an envelope containing 
a quantity of vaporizable metal, upper and lower 
electrodes in said envelope disposed in said longi 
tudinal axis, the distance from the arc Sustain 
ing surface of the upper electrode to the upper 1 
end of said envelope being at least twice the dis 
tance from the arc sustaining surface of the 
lower electrode to the lower end of said envelope, 
the diameter of said envelope adjacent Said arc 
sustaining surface of said upper electrode being 
at least twenty-five per cent greater than the di 
ameter of said envelope adjacent said arc sus 
taining surface of said lower electrode, and the 
portion of said envelope between said electrodes 
increasing substantially uniformly in diameter 
from the bottom to the top. 

5. A high pressure metal vapor arc lamp adapt 
ed to have its longitudinal axis vertically disposed 
and comprising an envelope containing 8 clan 
tity of vaporizable metal, upper and lower elec 
trodes in said envelope disposed in said longiti 
dinal axis, the distance from the arc sustaining 
surface of the upper electrode to the upper end 
of said envelops being at least twice the distance 
from the arc sustaining surface of the lower elec 
trode to the lower end of said envelope, the dian 
eter of said envelope adjacent said arc sustair 
ing surface of said upper electrode being approxi 
mately fifty per cent greater than the diameter 
of said envelope adjacent said arc sustaining sur 
face of said lower electrode, and the portion of 
said envelope between said electrodes increasing 
substantially uniformly in diameter from the bot 
ton to the top. 

6. A high pressure metal vapor arc.la: Rip Cons 
prising a substantially oval-shaped envelope and 
adapted to have its longitudinal. 8xis vertically 
disposed with the larger end of Said envelope 
uppermost, said envelope containing a quantity of 
vaporizable metal, upper, and lower electrodes in 
said envelope disposed in said longitudinal axis, 
the upper electrode being disposed substantially 
adjacent the largest diameter of said envelope 
and the lower electrode being disposed substana 
tially adjacent the lower end of said envelope. 

7. A high pressure meta Vapor arc lamp Corne 
prising a substantially oval-shaped envelope and 
adapted to have its longitudinal axis vertically 
disposed with the larger end of said envelope 
uppermost, said envelope containing a quantity 
of vaporizable metal, the upper and lower end 
portions of said envelope being substantially 
spherical, upper and lower electrodes in said en 
velope disposed in said vertical axis, the upper 
electrode being disposed substantially at the cer 
ter of curvature of the upper end portion of said 
envelope and the lower electrode being disposed 
below the center of curvature of the lower end 
portion of Said envelope. 

8. A high pressure metal vapor arc lamp adapta 
ed to be mounted with its longitudinal axis ve 
tically disposed and to operate at a pressure in 
excess of one atmosphere and comprising a 
vitreous envelope containing a quantity of readily 
vaporizable metal, upper and lower solid eleco is 
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rodes in said envelope. in said longitudinal axis, 
the upper electrode being located at a substantial 
ly greater distance from the top of said envelope 
than the lower electrode is from the bottom of 
said envelope, and the diameter of said envelope 
adjacent said upper electrode being substantially 
greater than the diameter of said envelope adja 
cent said lower electrode. 

9. A high pressure metal vapor arc lamp adapt 
ed to be mounted with its longitudinal axis ver 
tically disposed and to operate at a pressure in 
excess of one atmosphere and comprising a 
vitreous envelope containing a quantity of readily 
vaporizable metal, and upper and lower solid 
electrodes disposed in said longitudinal axis, said 
envelope being of substantially uniformly in 
creasing diameter from a point adjacent said 
lower electrode to a point adjacent said upper 
electrode so that the temperature gradient along 
the wall of said envelope between said electrodes 

3 
during operation of the lamp is substantially 
uniforn. 

10. A high pressure metal vapor arc lamp 
adapted to be mounted with its longitudinal axis 
vertically disposed and to operate at a pressure 
in excess of one atmosphere and comprising a 
vitreous envelope containing a quantity of readily 
vaporizable metal, and upper and lower solid 
electrodes disposed in said longitudinal axis, the 
diameter of said envelope opposite the upper elec 
trode being greater than the diameter of said 
envelope opposite the lower electrode, and said 
envelope between said electrodes being of sub 
stantially uniformly increasing diameter from 
said lower electrode to said upper electrode so that 
the maximum temperature therein during opera 
tion of the lamp is not more than approximately 
twenty per cent greater than the minimum tem 
perature. - 
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