
June 10, 1941. H. J. LeMMENs ET AL 2,245,406 
ART i FICIALLY COO LED Qi - PRESSURE MERCURY - WAPOR DISCHARGE TUBE 

Filed May 6, 1940 

inventors: 
Hendricus J. Lemmens, 
Equard G.Dorpelo, 

bu (G. --> 
( heir Attorneu. 

  



Patented June 10, 1941 2,245,406 

UNITED STATES PATENT OFFICE 
2,245,406 

ARTIFICIALLY COOLED HIGH-PRESSURE 
MERCURY...WAPOER DESCHARGETUBE 

Hendricus Johannes Lemmens and Eduard 
Gerardus Dorgelo, Eindhoven, Netherlands, as 
signors to General Electric Company 
Application May 6, 1940, Seria No. 333,654 

In Germany April 14, 1939 

(CI. 176-122) 2 Claims. 

Artificially cooled high-pressure mercury 
vapor discharge tubes are known comprising 
Solid electrodes extending but slightly (less than 
5 mms.) from a quantity of vaporizable metal 
partly surrounding them. This supply of metal, 
Constituted by nercury or amalgan, is heated 
by the discharge which emerges from the ends 
of the Solid electrodes and produces the high 
preSSure mercury vapor necessary for the use 
of the tube. The distance to which the elec 
trodes extend from the supply of metal influ 
ences the resultant value of the vapor-pressure. 
If this distance is reduced the heating of the 
supply of metal is intensified and the atmosphere 
of vapor acquires a higher pressure. 

If such a tube is operated with direct current 
a larger quantity of heat is evolved at the anode 
than at the cathode so that the supply of metal 
is heated to a greater extent on the anode side 
than on the cathode side. If the initial dis 
tances over which the anode and the cathode 
extend from the vaporizable supplies of metal 
are identical more metal is first vaporized on the 
anode side than on the cathode side and in some 
cases a slight quantity of mercury may even be 
condensed on the cathode side. A state of equi 
librium is set up very rapidly after the tube 
is put into use, the anode extending from the 
Supply of metal Surrounding it for a larger dis 
tance than the cathode. Due to this larger dis 
tance the cooling of the anode is, however, re 
duced and this exercises an unfavourable influ 
ence on the life of the anode and thus of the 
tube. 
According to our prior British patent specifica 

tion No. 484,143 this difficulty is met by choosing 
the cross-section of the part of the anode which 
extends from the supply of metal so that it is 
larger than the cross-section of the part of the 
cathode which extends from the supply of metal. 
In SOme cases the improvement obtained in this 
manner may, however, lead to other disadvant 
tages since if the discharge tube according to 
the prior specification is to be rendered suitable 
for heavy currents, e. g. higher than 5 or 10 amp., 
it is necessary for the Cross-section of the anode 
to be made very large compared with the cross 
Section of the cathode. Such a large increase 
may have the effect that the annular slot be 
tween the anode and the tube Wall becomes SO 
narrow that the vaporizable metal which is in 
tended to surround the anode does not fill the 
slot at all points, with the result that the heat 
transmission from the anode to the tube wall 
is greatly hampered. A considerable increase of 

O 

Section below a practical limit. 

the -anode cross-section may also lead to a di 
ameter of the discharge tube which is larger 
than the diameter desirable in view of the high 
Vapor-pressures. 
The invention has for its object to improve the 

discharge tube according to the prior Specifica 
tion in order to remove these disadvantages. 
According to the invention the anode is con 

structed as a hollow body adapted to be trave 
ersed by a cooling medium. This cooling medium 
conducts away a part of the heat evolved at the 
anode so that it is possible to maintain its cross 

The cross-sec 
tion of that part of the anode which extends 
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from the supply of metal is preferably less than 
10 times the cross-section of the part of the cath 
Ode that extends from the Supply of metal. 

In order that the invention may be clearly 
understood and readily carried to effect, it will 
noW be described more fully with respect to the 
accompanying drawing, which represents, by 
Way of example, one embodiment thereof. 
The discharge tube f shown in the drawing 

and serving for the emission of rays is made of 
quartz and has an internal and an external di 
ameter of 6 and 9 mms, respectively. At one of 
its ends the tube contains a cathode 2 of tung 
Sten having a diameter of 1.5 mm. In some cases 
this Cathode may be coated with oxides capable 
of Copiously emitting electrons. The leading-in 
Wire 3 for this cathode is sealed in the quartz 
tube in known manner by means of one or more 
transition glasses, 
At the other end of the tube there is the 

anode 4 which is constituted by a hollow tung 
sten tube which is also sealed in the quartz by 
means of transition glasses. The external di 
ameter of the tungsten tube is 4 mms. and the 
Wall thickneSS is 0.8 mm. The bottom of the 
tungsten tube, which is adjacent the discharge 
path, has a thickness of 1.5 mm. The distance 
between the cathode and the anode 4 is 20 mms. 
The discharge tube contains an ignition gas, 

constituted by argon for example, and a supply 
of mercury Surrounding the cathode and the an 
Ode respectively in SUch manner that these elec 
trodes only extend from the mercury 5, 6 for 
a Small distance (about 1 mm.). A small tube 
arranged laterally of the tube f serves in man 

ufacturing the tube to adjust the distance to 
which the electrodes extend from the mercury 
since shortening of the tube results in a Sma' 

SS 
quantity of mercury being urged into the di. 
charge tube proper So that the distance OW 



2 
which the electrodes extend from the mercury 
is reduced. 
The anode tube has arranged in it a small 

tube 8 which merges at one end into a tube 
of larger diameter. This tube 9 and the end of 
the anode tube are engaged by a cylindrical tube 
O in which apertures are formed. 
The discharge tube is arranged within a 

cylindrical glass cooling vessel 2. The ends of 
this cooling vessel are closed by plugs is and 
4. The leading-in wire for the cathode is led 
through the plug 3 and is separated from the 
cooling water which is led through the cooling 
vessel 2 by an insulating coating 5. W 
When the tube is in use cooling water is passed 

through the tube 9 to cool the anode 4 and this 
water enters through the apertures if into the 
cooling vessel 2 in order to leave this vessel 
through the outlet tube 6. The cooling liquid 
for the discharge tube is supplied through the 
tube 7 and also leaves the cooling vessel 2 
through the outlet tube 6. 
The tube is supplied from a source of direct 

current with the interposition of a series resist 
ance, the negative terminal of said source be 
ing connected to the leading-in wire 3 for the 
cathode, whereas the positive terminal of the 
source, similarly to the cooling water, is con 
nected to earth. The tube of the form illus 
trated was experimentally operated with a cur 
rent of 50 amp. and an operating voltage of 100 
volts so that the absorption of energy was 5 kW. 
What we claim is: 
1. A lighting apparatus comprising in combi 

nation, a light transmitting vessel having aper 
tures for the passage of a cooling medium there 
through, a high pressure vapor discharge lamp 
mounted in said vessel, said lamp comprising an 
elongated tubular envelope having an anode 
mounted at one end thereof and a cathode at the 
opposite end thereof, a quantity of vaporizable 
metal about each of said electrodes, the part of 
said anode projecting from said vaporizable metal 
being approximately 2.66 to 10 times larger in 
cross section than the corresponding part of Said 
cathode, a current in lead wire for said cathode 
extending from said lamp through the wall of 
said vessel, said anode being an elongated hol 
low body having a closed end extending into the 
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space defined by said envelope and an Open end 
protruding from said envelope, a tube extending 
from the exterior of said vessel to the interior 
of said hollow anode for providing a flow of the 
cooling medium to the closed end of Said anode, 
the part of said tube in Said anode having an 
external diameter substantially less than the in 
ternal diameter of said anode to provide an an 
nular passage between these elements and a per 
forated tube physically connecting said anode 
and said first named tube together in said ves 
Sel, said annular passage and said perforated tube 
permitting the flow of the cooling medium from 
the interior of said anode to the interior of said 
Wessel. 

2. A lighting apparatus comprising in combi 
nation, a light transmitting vessel having aper 
tures for the passage of a cooling medium there 
through, a high pressure vapor discharge lamp 
mounted in said vessel, said lamp comprising an 
elongated tubular envelope having an anode 
mounted at one end thereof and a cathode at 
the opposite end thereof, a quantity of vaporiz 
able metal about each of said electrodes, the part 
of said anode projecting from said vaporizable 
metal being approximately 2.66 to 10 times larger 
in cross section than the corresponding part of 
said cathode, a current inlead wire for said cath 
ode extending from said lamp through the wall 
of Said Wessel, Said anode being an elongated hol 
low body having a closed end extending into the 
space defined by said envelope and an open end 
protruding from said envelope, a tube extending 
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from the exterior of said vessel to the interior 
of Said hollow anode for providing a flow of the 
cooling medium to the closed end of said anode, 
the part of said tube in said, anode having an 
external diameter substantially less than the in 
ternal diameter of said anode to provide an an 
nular passage between these elements and a per 
forated tube physically connecting said anode 
and said first named tube together in said vessel, 
said annular passage and said perforated tube 
permitting the flow of the cooling medium from 
the interior of said anode to the interior of said 
vessel and being mounted adjacent the outlet for 
the cooling medium in said vessel. 
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