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tends through the end plate 24, Electrical connection to the 
cathode may be provided by an electrical lead 58 connected 
to the end plate 22. 

Referring now to FIGS. 2 and 3, six anodes, A-F, are sym 
metrically arranged around cathode 12. The tips 44 of the 
anodes are canted toward and face the conical tip 36 of the 
cathode 12, and are spaced a discharge gap 42 from the tip 36 
of the cathode 12. 
The disposition of the anodes in a pattern surrounding the 

cathode removes them from the direct line of the hot-gas 
cathode jet. Although the electron or negative ion stream 
flows to each anode in turn, the hot-gas cathode jet is electri 
cally neutral and does not depart from its axial flow direction. 
In the arrangement, according to the invention, this jet with its 
initial velocity of several hundred feet per second can pass 
through the central opening 59 between the ring of anode tips 
44, and gradually slows and spreads as it moves in the flow 
direction. It is eventually stopped and cooled by the water 
cooled end 24 of the lamp. The cathode jet, thus, does not add 
its head load to that of the electron stream which is being ap 
plied to each anode tip 44. 
The lamps are assembled by bolting the end plates 22 and 

24 to the flanges 18. Electrical leads 56 and 58 are connected 
to a power source, as shown in FIGS. 4 and 5. Sufficient 
operating gas which may be any of the gases chosen from the 
glass comprising neon, argon, krypton, xenon or their mix 
tures is introduced into the evacuated and moisture-free in 
terior of the envelope 10 through the gas inlet tube 30 which is 
then pinched off, or a pressure-indicating gauge is installed at 
that location. Typical internal pressures are greater than at 
mospheric pressure, suitably about 30 to 100 p.s.i.g. at am 
bient temperature which increases to about 70 to 250 p.s.i.g. 
at operating temperature. 

During operation, water is circulated through both of the 
hollow electrode supports or through the electrodes if they are 
provided with cooling passages. Typically the cathodes and 
anodes are about three-fourths inch in diameter and are 
separated by a discharge gap of about one-halfinch. On appli 
cation of an electrical power input to the anodes and cathode, 
a negative ion or electron stream and a positive ion arc stream 
is created between the anode and cathode. 
The arc lamp of the invention is operated from a suitable 

polyphase input. One mode of connecting the anodes and 
electrodes is illustrated in FIG. 4. A three-phase AC input 60 
is connected in a star configuration 62. The cathode 12 is con 
nected to the common ground 61 of the star connection 62. In 
the configuration of FIG. 4 opposed pairs of anodes such as 
AD, CF, and BE are connected to common legs 66, 68 and 70 
respectively, of the star connection 62. Each anode connec 
tion contains a current-limiting resistor 72 and a diode 74 as a 
rectifying element in series with the anode. 
Current will flow to each pair of anodes in turn during the 

passage of an electrical cycle, and only to that pair of opposed 
anodes that has the momentary maximum (positive) potential. 
The other pairs of anodes are inoperative during the part of 
the cycle when they do not have maximum positive potential. 
Each anode thus, has a duty cycle of one-third for the three 
phase input, but each anode can handle its normal design max 
imum as a long-time average load. Thus, the single cathode 
with three pairs of anodes has a power capability of three 
times that of a single anode lamp, although the luminous 
emitting area and location are little changed from that of a sin 
gle-anode lamp. The use of opposed pairs of anodes which are 
simultaneously fired preserves symmetrical location of the hot 
spot, 
The pair of opposed anodes could be connected to the ter 
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minals of a three-phase 60-cycle, star-connected, current 
limiting transformer with the cathode return connected to the 
neutral point of the transformer. As illustrated in FIG. 5, the 
anodes may also be separately connected to the terminals of a 
six-phase transformer. In this case the three-phase AC input 
60 is connected to the terminals 80 of the primary 84 of the 
transformer. The cathode 12 is connected to the common 
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4 
return 86 of the star-connected secondaries 88 of the trans 
former. The line connecting...each secondary to each anode 
again contains a diode 74 in series with each anode as a recti 
ifying element to prevent a reverse discharge from anode to 
cathode during polarity reversal of the AC line supply. 
The three-phase input will produce a six-phase output and 

the anodes will be sequentially fired in turn by the half-wave 
outputs. With this arrangement, the lamp is self-rectifying and 
each anode operates at full power for a duty cycle of one 
sixth. With a sixty cycle supply and six-phase output, the 
power input duration for each anode is 2.8 milliseconds and 
the quiescent period for each anode is 13.8 milliseconds. For 
all practical purposes, the slight dip between phase outputs 
will have no appreciable effect on the light output of the lamps 
since the dips occur at 360 cycles per second. 
A three-anode structure was built and operated. A tungsten 

cathode was utilized with three one-quarter inch diameter, 
tungsten-tipped water-cooled copper supports as anodes. The 
lamp was pressurized at 75 p.s.i.g. with argon gas. The lamp 
was first operated as a single-cathode, single-anode lamp by 
connecting all three transformer outputs to one anode and 
operating the lamp. The anodes were raised to the melting 
point at 60 amperes. This would normally be the operating 
limit of such a single-cathode, single-anode lamp. 
The three transformer outputs were then connected 

separately to each of the three anodes and the current needed 
to raise the tips of the tungsten anodes to the melting point 
was then 150 amperes (50 amperes in each anode leg) and 
150 amperes through the single cathode. The 150 amperes 
would then be the operating limit for the lamp as a single 
cathode, three-anode lamp. The inability to achieve an operat 
ing limit of 180 amperes was attributed to the hot radiation 
from the anode tips radiating additional heat load to adjacent 
neighboring anodes. With the use of water-cooled copper 
tipped anodes, the copper would not reach its melting point of 
1,083 C. and the additional heat load would not cause a 
reduction in the attainable operating limit of 180 amperes. 
The lamp operated, as expected, with the cathode light spot 

being timed-modulated to the extent of 16 percent which cor 
responds to the current modulation in a three-phase current. 
A six-phase operation would give a 4.2 percent modulation 
and presumably a 4.2 percent light modulation. Such modula 
tions with fractional second periods are far faster than any 
conceivable time constant of elements to be tested in simula 
tors and thus are acceptable. 

it is to be realized that only preferred embodiments of the 
invention have been disclosed and that numerous modifica 
tions, substitutions and alterations are all permissible without 
departing from the spirit and scope of the invention, as 
defined in the following claims. 
What is claimed is: 
1. A system for operating a high-intensity, arc discharge 

lamp comprising in combination: - 
a plurality of anode electrodes disposed axially and symmet 

rically with respect to a common axis, each anode elec 
trode terminating in a tip disposed in a plane normal to 
the axis; 

a single cathode disposed on said axis and having a tip 
spaced from said plane and spaced an equal discharge gap 
distance from each of said anode tips; 

a sealed envelope surrounding said electrodes containing a 
discharge gas consisting essentially of at least one gas 
selected from the group consisting of neon, argon, xenon 
and krypton at a pressure greater than atmospheric at 
room temperature, at least a portion of the envelope 
being transparent to emitted radiation; and 

polyphase power input means connected to said cathode 
and to each of said anodes for sequentially firing said 
anodes and for developing across said gap an arc 
discharge having a stationary, small, maximum brightness 
fireball disposed just above the apex of the cathode tip a 
neutral gas jet stream flowing axially from said fireball 
into the volume between the anode tips and an ion stream 
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between said stationary fireball and sequentially rotating 
across the tip of the anode having the momentary max 
imum positive potential. 

2. A system according to claim 1 in which the tip of each 
anode is canted toward said cathode. 

3. A system according to claim 1, in which said anodes are 
provided in multiples of three and said polyphase input means 
contains three phases. 

4. A system according to claim 1 in which the gas is xenon 
and the pressure of the discharge gas within the envelope at 
ambient temperature is from 30 p.s.i.g. to 100 p.s.i.g. 

5. A system according to claim wherein 2n anodes are 
provided, said polyphase input has n phases and each opposed 
pair of anodes in a line in said plane through said axis is con 
nected to a single phase of said polyphase input. 
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6 
6. A system according to claim wherein said polyphase 

input comprises a three-phase alternating current line supply 
and each connection to said anode from said supply contains a 
current-limiting device and a rectifying element in series with 
said anode. 

7. A system according to claim 6 in which said rectifying 
element is a diode. 

8. A system according to claim 6 in which said current-limit 
ing device is a resistor. 

9. A system according to claim 6 in which said current-limit 
ing device is a transformer. 

10. A system according to claim 1 in which said electrodes 
contain hollow passageways for receiving a flow of coolant. 

k k 


