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To all whom it may concern: 
Beit known that I, EZECHIEL WEINTRAUB, 

a citizen of the United States, residing at 
Lynn, county of Essex, State of Massachu 
setts, have invented certain new and useful 
Improvements in Vapor Electric Devices, of 
which the following is a specification. 
The present application is in part a con 

tinuation of my former application, Serial 
No. 698,741, filed May 21, 1912. 
My invention relates to vapor electric de 

vices, particularly to what is known as the 
high pressure arc lamp which consists essen 
tially of a light-transmitting refractory en 
velop, such as a fused quartz tube in which 
a mercury, or other vapor arc, is operated at 
a relatively high temperature. 
One of the best distinctions that may be 

drawn between the well-known low pressure 
mercury arc lamp and the high pressure 
lamp is the following: A low pressure lamp 
takes about the same voltage and energy at 
starting as it does at normal operation, while 
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a high pressure lamp starts at a much lower 
voltage and at starting takes less energy 
than under normal operating conditions 
when the lamp has come to a final equilib 
rium. On multiple circuits the starting cur 
rent is high and is reduced as the lamp as 
sumes equilibrium. The high pressure lamp 
as now commonly constructed and propor 
tioned operates with an energy consumption 
of more than 25 watts per inch in a tube 
about one-half inch in diameter. In fact, 
the energy consumption commonly is about 
80 to 100 watts per inch in a tube of this 
size. The conditions in a lamp of this char 
acter differ materially from those of the 
long, low pressure glass-inclosed mercury 
arc lamp. A number of conductive mate 
rials may be used for the anode in the low 
pressure lamp. Mercury, iron, platinum, 
and graphite may be interchanged for one 
another without a marked change in the arc. 
In a high pressure lamp conditions are quite 
different. All the single walled high pres 
sure mercury arc lamps that have appeared 
on the market have been provided with 
ground plug seals for the introduction of 
current and this construction practically 
precludes the use of a solid anode on ac 
count of the high temperature developed at 
the anode which would endanger the seal. 
The use of mercury as anode material not 
only limits the lamp to a narrow range of 

service, as will be more fully explained, but 
what is equally important, a mercury anode 
needlessly increases the vapor pressure in 
the lamp by its rapid volatilization. The 
increased vapor pressure results in an in 
creased electrical resistance, and with a 
given impressed voltage correspondingly de 
creased energy input. As the efficiency of 
the lamp decreases at a greater rate than the 
energy consumption, the economy of a high 
pressure lamp on commercial 110 volt cir 
cuits has been iow and this fact has prac 
tically limited the high pressure mercury 
lamp to large units operated at higher volt 
ages. In the so-called German type of 
quartz lamp cooling fins are used at the elec 
trodes for the purpose of reducing this va 
por pressure, and in the French type a large 
anode condensing chamber is used for the 
Same purpose but these devices themselves 
waste energy and lower the efficiency. At 
110 volts the efficiency of either lamp is only 
about 1.3 to 1.6 watts per candle power 
when losses in a series resistance, etc., are 
included. 
By the use of the so-called graded seal 

comprising a tungsten wire sealed into a 
sodium-magnesium boro-silicate glass which 
blends or merges with the quartz wall to 
form a continuous structure, a high pressure mercury lamp may be built having a solid 
anode. In experimenting with different 
solid conductive materials for the anode, I 
have discovered that most of them rapidly 
disintegrate and blacken the tube so that 
their successful commercial use is practi 
cally excluded on account of the inefficiency 
of the lamp due to the effect mentioned. 
This rapid disintegration is observed even 
in the leading-in conductor joined to the 
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anode. In my opinion it is not solely due 
to the temperature of the anode as a material 
like graphite, which is highly refractory 
and does not easily vaporize disintegrates 
very rapidly under the peculiar conditions 
existing in a lamp of this kind although its 
temperature is not much higher than 1100 
to 1200 degrees. A graphite filament will 
operate almost indefinitely in an incandes 
cent lamp at this temperature. Another. 
difficulty encountered with anode materials 
even as refractory as platinum is the melt 
ing of the anode by the high starting cur 
rent of the lamp. 
My invention as will be pointed or a 2h 
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greater particularity in the claims com 
prises a high pressure vapor lamp having a 
solid anode, in particular, a tungsten anode, 
situated remote from both condensing space, 
or other cooling means and liquefied Iner 
cury in the tube. Other novel features will 
be pointed out with particularity in the 
claims. 
In the attached drawings, Figure 1 is a 

perspective view of a single-walled vapor 
lamp illustrating my invention; Fig. 2 illus 
trates a modification; Fig. 3 is a detail view 
showing the cathode under operating con 
ditions; Fig. 4 shows a lamp adapted for 
use in alternating current circuits; Fig. 5 
shows volt-ampere curves contrasting my 
improved lamp with the prior form; and 
Fig. 6 shows the relation between energy input and efficiency in my improved lamp. 
When a solid anode preferably of pure 

tungsten, in a ductile state is used in the 
lamp, the resistance of the arc is lowered 
enabling it to be utilized with high efficiency 
on low voltage circuits. The blackening of 
the tube is entirely avoided or is reduced to 
such a small amount as to be of little harm. 
When carefully prepared pure ductile 
tungsten is used and the sealing-in process 
carried out so as to avoid all oxidation; the 
blackening of the tube is in fact entirely 
absent. Other refractory materials such as 
molybdenum and tantalum may also be 
used. I have found also that under these 
conditions, the relation between energy in 
put and efficiency when plotted respectively 
as abscissa and ordinate are represented by 
a constantly rising curve without minimum 
point. A lamp thus constructed having a 
length of say 3g' and a diameter of about 
'may be operated on a 110 volt circuit in 

series with a resistance of about 6-8 ohms, 
with an efficiency of 0.45 to 0.5 watts per 
mean spherical candle power across the arc 
or even higher. The efficiency of the unit 
with all accessories is about 0.7 watts per 
mean spherical candle power. This in 
cludes all losses, such as loss in the series 
resistance, absorption of light in a clear 
globe, and the like. The voltage drop in a 
lamp operating at this efficiency is about 22 
volts per inch of length. The voltage drop 
depends to a large extent upon the shape of 
the tube near the cathode and the size of the 
cathode mercury surface. The change from 
mercury to a solid anode material, together 
with the structural changes made possible 
thereby, so modifies the volt-ampere curve 
of the high pressure lamp that a new field 
is opened up for it, namely, its operation. On 
series, or constant current, variable voltage, 
lighting circuits. Up to the present the high pressure vapor lamp has not been avail 
able for economical operation on series cir 
cuits for reasons more fully explained here 
inafter, and this fact has greatly limited the 

1,188,102 

use of the lamp in this country. On series 
circuits, the efficiency of my improved lamp 
is even higher than on multiple circuits be 
cause of the absence of a steadying re 
sistance. In a unit of 600-700 watts the 70 
very excellent efficiency of 0.35 watts per 
mean spherical candle power is obtained. 
Another very important advantage result 
ing from the use of a solid refractory anode 
is to be found in the simplicity and high effi 
ciency of the high pressure alternating cur 
rent mercury lamp. It has been attempted 
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heretofore to use mercury anodes in this 
type of lamp but their use necessitates a 
complicated lamp structure to avoid arcing 
between anodes. In a lamp provided with 
solid anodes, and properly proportioned, 
arcing is absent. 

Referring to Fig. 1, the envelop 1 of fused 
quartz is provided with a cathode 2 of mer 
cury or other easily vaporizable material 
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and a coöperating tungsten anode 3. The 
tungsten anode is preferably in the form of 
a coiled wire, the outer turn of the spiral 
being continued as the leading-in wire 4 so 
that a unitary structure results. As the 
point of greatest heat is at the center this 
method is conducive to keeping the seal 
cooler than when the wire joins the center 
of the anode. The anode leading-in wire 4 
and also cathode lead wire 5 consist of tung 
sten and are both sealed by fusion into a 
sodium-magnesium boro-silicate glass, or 
equivalent low expansion glass, which is in 
tegrally. joined to the silica wall by gradu 
ally merging therewith in composition. In 
other words, the basic constituents of the 
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glassy material decreases until the material 
blends with the pure quartz. 
above the anode is contracted as much as 
possible so that practically no idle condens 
ing space exists near the same. The flat 
shape of the anode favors the attainment of 
this result. The lamp is started by tilting 
so that the cathode material comes in con 
tact with the anode and thereby strikes the 
arc. Tilting mechanism of this kind is well 
known in the art, so will not be described herein. 
In the modified form of lamp shown in 

Fig. 2, the idle condensing space back of 
the anode 6 is filled up by refractory mate 
rial such as quartz block 7 embedded in 
granules of quartz silica. 8 in order to com 
pletely fill out the space. This construction 
prevents any small globules of condensed 
mercury from dropping through the arc. I 
find that this disturbs the equilibrium of the 
arc and in some cases may even put it out 
entirely. It is one of the important features 
of my invention to avoid the presence of 
either condensing space or mercury near the 
anode. 
The cathode construction shown in Figs. 

2 and 3 provides space for a free develop 
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ment of the are in a direction perpendicu 
lar to the cathode. If the mercury were per 
mitted to remain at the level at which the 
body of mercury line assumes in Fig. 1 the 
quartz near the bend of the arc would be 
heated to redness and in some cases soften 
and blacken. By providing a space back of 
the cathode the pressure developed within 
the tube lowers the mercury level by push 
ing the mercury upward into the chamber 9 
as shown in Fig. 3. The arc is thus removed 
from proximity with the silica envelop. 
The advantage of a solid anode in a series 

lamp has already been referred to but its 
effect may be more fully understood by ref. 
erence to Fig. 5 in which the volt ampere 
relations in the lamp having a mercury 
anode and a lamp having a solid anode are 
plotted as ordinate and abscissa as indicated. 
As will be noted, by reference to curve A, 
the volt ampere curve for a lamp with a 
mercury anode rises very sharply at the cur 
rent value between two and three amperes. 
At this value of current the lamp is unsta 
ble as its voltage constantly increases. In 
a constant current variable voltage circuit 
the voltage soon becomes great enough to 
destroy the lamp. If it were desired to op 
erate such a lamp on a constant current cir 
cuit it would have to be run at a very un 
economical low current value. When a solid 
anode is used the volt-ampere curve while 
maintaining its general shape does not begin 
to rise sharply until the current value has 
become considerably larger, as shown very 
clearly by curve B. This change in the volt 
ampere characteristic makes it possible to 
run the arc at a higher current value with 
out instability and this difference in operat 
ing current improves the efficiency by 
50-100%. As a series resistance which con 
sumes about 25% of the total energy of a 
unit is not required in a series circuit a cor 
respondingly higher efficiency may be 
lived with the quartz lamp in this new 
eld. a 

The structure of the alternating form of 
lamp shown in Fig. 4 is very simple; the 
anodes 10 and 11 are placed quite close to 
gether in the branched ends 12 and 13 of 
the envelop. The two half wave arcs run 
ning to the cathode. 14 from the two anodes 
may be superimposed in the same tube there 
by getting higher efficiency. The construc 
tion is so chosen that no mercury can con 
dense and drop on the anodes as this might 
cause arcing as already described. 
As already stated and as shown in Fig. 6, 

the curve obtained when plotting energy 
input against efficiency rises sharply. An 
increase in energy consumption thus results 
in considerably more than a proportionate 
increase in efficiency. 
In order that the high pressure vapor arc 

may be clearly distinguished from the low 
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pressure arc the following characteristics 
already indicated above are enumerated for 
the purpose of explaining the language of 
the appended claims: 1. The high pressure 
are requires a starting current substantially 
higher than the operating current. 2. After 
the envelop becomes heated and the arc is 
operating normally the high pressure arc 
contracts to a comparatively narrow Zone in 
stead of filling the entire space within the 
envelop as does the low pressure lamp. 8. 
As indicated in Fig. 5, the high pressure arc 
operates when the voltage exceeds a certain 
value with a substantially constant current, 

In my copending application Serial No. 
753,947, filed concurrently with the present 
application I have described and claimed 
a method of operating the type of lamp em 
bodying the present invention. According 
to this method the cooling capacity of the 
cathode or of the lamp in the immediate 
vicinity of the cathode is so adjusted that 
the arc may be run at higher current input 
before approaching the critical value of cur 
rent at which the voltage increases so ab 
ruptly with increases of current as to make 
the operation of the arc unstable on series 
circuitS. 
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What I claim as new and desire to secure 
by Letters Patent of the United States, is 

1. A vapor electric device comprising a 
quartz envelop, a mercury cathode at one 
end of said envelop, an anode consisting of 
a metal more refractory than platinum at 
the opposite end of said envelop, and cur 
rent-conveying conductors for said elec 
trodes the part of the anode conductor adja 
cent the anode proper also consisting of a 
metal more refractory than platinum, and 
the envelop section surrounding the anode 
and the anode conductor being proportioned 
to assume a temperature at which substan 
tially no mercury will condense when said 
device is operating with an energy input 
sufficient to produce a high pressure arc. 

2. A vapor electric lamp comprising a 
mercury cathode, a tungsten anode, cur 
rent-conveying conductors for said elec 
trodes sealed into said envelop, the part of 
the anode conductor adjacent the anode also 
consisting of tungsten, and an inclosing 
quartz envelop which is contracted upon the 
anode conductor to proportion the space 
back of the anode so that mercury will not 
condense therein when said device is operat 
ing with an energy input sufficient to pro 
duce a high pressure arc. 

3. A vapor electric lamp comprising a 
mercury cathode, an anode of material more 
refractory than platinum, an inclosing silica 
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envelop and current supply wires for said 
electrodes, the part of the anode wire ad 
joining the anode consisting of a metal more 
refractory than platinum, and the parts of 
said envelop surrounding the anode being ar 
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ranged and proportioned to assume a tem 
perature at which no globules of mercury 
will form large enough to drop through the 
arc path when said lamp is operated with 
an energy input sufficient to produce a high 
pressure arc. m 

4. A lamp comprising a tubular envelop 
consisting largely of silica, a cathode of 
mercury at one end of said envelop, an anode 
of metal more refractory than platinum at 
the opposite end of said envelop, current 
conveying conductors for said electrodes, the 
anode conductor consisting of metal more re 
fractory than platinum, and a seal of zones 
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of vitreous material merging from quartz, 15 
to a glass having the same coefficient of ex 
pansion as said conductor surrounding said 
conductor, the envelop wall being contracted 
upon the anode conductor so that but a 
negligible condensing space remains back 20 
of the anode. 
In witness whereof, I have hereunto set 

my hand this 28th day of February, 1913. 
EZECHIEL WEINTRAUB. 

Witnesses: 
JoHN A. McMANUs, Jr. 
FRANK. G. HATTLE. 


