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This invention relates to an arc discharge de-
vice in which the cathode has an active fused
surface film that is formed and rendered highly
incandescent by an arc of high current density
that is concentrated thereon when the device is
in operation and which produces a concentrated
source of white light of high intrinsic brilliancy,
and more particularly to an improved flood lamp
or spotlight for photographic and projection pur-
poses. The arc discharge device is of the type
disclosed in the Buckingham and Deibert Patent
No. 2,453,118, issued November g, 1048, the dis-
closure of which is incorporated herein by refer-~
ance.

In the use of light sources for photographic
purposes, such as flood lamps or spotlights em-
ployed in studios, it is highly desirable that 2
uniform color temperature of the light source
be maintained. Thus, for taking black and white
pictures, as in moving picture work, it is desirable
that the relative percentages of the various color
components of the light, which include both the
actinic and visible rays, remain constant so that
the proper light exposure and color balance can
be determined and reproduced for subsequent
scenes at a later date to insure that correet ex-

posure is obtained. In black and white photog--

raphy different colors should come out as different
variations of gray, so that if a light source should

be used which is weak in the blue and strong in

the red, a different effect would be obtained from
that where the light source was strong in the biue
and weak in the red portions of the spectrum. If
& light scurce is used which changes over a veriod
of time in its color temperature, then the values
on the film will change.

In color photography correct rendition of the
colors is the prime objective; they should look
the same on the ln as they do to the eye. If
& lght source is used which is weak in the blue
porticn of the spectrum, then the blues will ap-
pear darker than they should since we photo-
graph by reflected light. So it is important that
the color temperature of the light source used in
taking and projecting colored photographs be
known and remain constant; it is for that reason
that each type of color film is specified to be used
with a light of a given color temperature.

In motion picture photography - heretofore
tungsten flood lamps have generally been used,
but these lamps are subject to serious disadvan-
tages. They have a very short useful life, usually
about ten hours, and their color temperature
changes continuously during the entire period of
their life, and it is very difficult to maintain the
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color temperature constant by means of filters or
by changing the current flowing through the
tungsten filament. Also, if it is desired to vary
the intensity of the illumination on a scene to
obtain a desired effect in the film, for example,
as from simulated daylight scenes to twilight
scenes, it is necessary with tungsten lamps either
to move the light source towards or away from
the scene or to put non-selective light filters such
as wire mesh over the lamp. This is highly in-
convenient, but the intensity of a tungsten lamp
cannot be changed by changing the value of the:
current flowing in its circuit since this also
changes the color tempersture of the lamp. With
& lamp in accordance with the instant invention
the current flowing through the lamp may be
varied to any desired extent and hence any de-
sired degree of light intensity may be obtained,
without materially changing the color tempera-
ture of the lamp. This is because when the cur-
rent flowing through the lamp is varied, all that
happens is that the size of the spot of light, and
hence the quantity of light output, is changed.
Moreover, a lamp in accordance with this inven-
tion has a useful life which is many times longer
than the life of & tungsten lamp of comparable
size; life tests have shown that g 1 kilowatt lamp
of the character disclosed herein has a useful life
of 1000 hours or longer, which is of the order of
one hundred times greater than the useful life of
8 tungsten filament lamp of the same size used
for photographic lichting purposes,

" The lamp of the instant invention also develops
considerably less external heat than that devel-
oped with tungsten lamps, and in television stu-
dious where high intensity and large quantities
of illumination are required, it is highly desirable
that the heat be reduced as much as possible
since it not only tends to spoil the make-up on
the faces of the actors but also has an exhausting
effect which makes it difficult for the principals
to act for any considerable beriod of time under
such conditions.

One of the objects of the present invention is.
to provide a lamp suitable for photographic illu~-
mination purposes in which various of the dis-
advantages of the tungsten lamps heretofore em-
ployed are obviated, and which has a much longer
life than a tungsten lamp of comparable size.

Another object is a lamp of the character de-
scribed which has a high and substantially con-
stant color temperature throughout the life of the

. lamp.

&5

A further object is a lJamp in which the inten-
sity of its illumination may be varied by varying
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the current flowing through the lamp without
substantially changing its color temperature.

Another object is to provide a concentirated arc
lamp which may be made in large sizes and in
which the anode does not become overheated not-
withstanding that currents of large values are
passed through the lamp. :

Still another object is improved electrode
structure in concentrated arc lamps of the larger
sizes.

Other objects and advantages will be apparent
from the following detailed description of an
illustrative embodiment of the invention, taken in
connection with the accompanying drawings, in
which:

Fig. 1 is a front view, in elevation, of a 1 kilo-
watt concentrated arc lamp constructed in ac-
cordance with the invention;

Fig. 2 is a perspective view of the front and
side portions of the lamp of Fig. 1, with the glass
envelope broken away;

Fig. 3 is a sectional view taken along line 3—3
of Fig. 1;

Fig. 4 is a sectional view taken along the line
4—4 of Fig. 1, '

Fig. 5 is a side view of the lamp, with the enve-
lope broken away;

Fig. 6 is a longitudinal sectional view taken
along the line 6——6 of Fig. 5;

Fig. 7 is a fragmentary view of the electrode
structure suitable for concentrated arc lamps of
sizes larger than 1 kilowatt;

Figs. 8 and 9 respectively are detall views of
different forms of cathode structures for the
lamp; and _

Fig. 10 shows a suitable power supply circuit for
operating the lamp from & source of direct cur-
rent.

Referring particularly to Figs. 1 to 6 of the
drawings, the embodiment there illustrated com-
prises a sealed envelope 12 composed of a glass,
quartz or other suitable heat-resistant trans-
parent material.
prise copper thimbles {4 of the type disclosed in
Kruh et al. Patent 1,564,690, issued December 8,
1925. Each thimble has a ring {5 of glass sealed
to both the inner and outer edges of the rim of
the thimble which tapers down to a thin edge as
in Housekeeper Patent 1,294,466, issued February
18, 1919, or Kirwer Patent 1,716,140, issued June
4,1929. The base or terminal part {2g, Fig. 1, of
the lamp may be made as a separate glass body
and the electrode structure mounted directly
thereon, after which the glass body is sealed to
the neck of the envelope proper.

Received within and supported by the thimbles
14 are lead-in posts 16 of molybdenum or other
suitable metal, which posts at their lower ends
are silver-soldered to the thimbles (4. Secured
to the upper ends of the posts 16, as by machine
screws or bolts, are channel-shaped upright mem-
hers 1T and I8 which preferably are of molybde-
num. A bridging support member 20 of refractory
insulating material is clamped within the chan-
nel members {7 and 8. The member 28 conven-
iently may be made by cutting a piece of natural
soapstone, which may easily be shaped to the
proper size, and drilling the holes to receive the
machine screws; the piece of soapstone thus
formed is then heated to a temperature of ap-
proximately 1800° F. to produce lava which is
highly refractory and also is a good insulator.

A cathode pencil or tube 2f extends transverse-
ly with respect to the anode structure, the mem-
ber 21 being mechanically and electrically se-

10

15

20

25

30

35

40

The lamp terminals may com- -

50

66

60

66

70

78

4

cured to and carried by the upper end of the
channel member {8 by 2 machine secrew 22. The
front end of the cathode pencil 21 comprises the
active fused surface film 23, Figs. 1, 2 and 4,
hereinafter described in detail. .

The anode structure includes two heat-dissi-
pating plate members 25 and 26 having concave
or dish-shaped portions 25¢ and 26c¢ disposed in
opposed relation to each other and having round
central openings therein, as seen in Fig. 4. Tung-
sten, tantalum and molybdenum commonly are
used for anode structures because of their high
melting and volatilization point temperatures.
Of these, however, tantalum has relatively low
thermal conductivity; tungsten makes excellent
ancdes but is difficult to work; and hence molyb-
denum is preferred for the heat-radiating plate
members 25 and 26. A ring or washer 2§ of
tungsten is inserted between the dish-shaped
portions 25a and 26a so that the are strikes to
the inner circular edge 28a of the washer when
the lamp is in operation instead of striking to
either of the molybdenum plates. Molybdenum
is not readily susceptible of being welded to tung-
sten and therefore the inner edges of the two
dish-shaped portions 25¢ and 26a are soldered by
nickel to the tungsten washer 28; thin nickel
washers may be inserted between the edges of
the respective members and when the assembly
is heated during the initial formation of the ac-
tive cathode surface film in a manner herein-
after described, the thin nickel washers will melt
and solder the elements 25a, 26a and 28 to each
other.

The anode structure is mounted by means of
the plate member 25 which has its lower portion
firmly secured to the lava block 20, as by machine
serews which pass through the block and two
bent tongues 30, Figs. 3 and 5, that are punched
from the plate on either side of the block. The
bottom of the front plate 26 is spaced above the
upper end of the channel member {71 so as not
to contact the latter member.

Spaced between the dish-spaced portions 25a
and 26a, Figs. 4 to 6, are four refractory insulat-
ing pieces 35 having grooves in their outer faces
that receive and support the adjacent turns of
a wire coil 36, the turns of the coil holding the
insulating blocks in position. The blocks con-
veniently may be made by cutting and grooving
pieces of soapstone, after which the soapstonz is
heated to produce lava as in the case of the in-
sulating piece 20. One end of the coil 36 is
clamped at 38, Figs. 1 and 6, to the lower portion
of the larger plate 25 to provide a good electrical
connection thereto, while the other end of the
coil is clamped at 39, Figs. 2 and 5, to the channel
member (71 to provide a good electrical connec-
tion to this member. These connections cause tha
current traversing the arc stream to also flow
through the coil 36 and set up 2 magnetic field to
cause the arc stream to rotate rapidly around
the inner periphery 28a of the tungsten washer
in & manner and for the purpose hereinafter de-
seribed.

Fig. 8 is a fragmentary view of a cathode penc’l
2{ formed from a rcd of tantalum, molybdenum
or like metal having high melting and volatiliza-
tion point temperatures. In the end of the roil
21 a hole has been drilled which extends inwardly
2, distance of approximately three-eighths of an
inch, and this hole is filled with an electron emis-
sive material which is inserted and treated in a
manner hereinafter disclosed so as to form the
cathode., The filling material, when properly
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treated or activated, has the characteristic of
being a good electron emissive substance at very
high temperatures only; as disclosed in the afore-
sald Buckingham et al. patent an important
characteristic of a substance which will give
optimum results is that it is not & sufficiently
good electron emitter at lower temperatures to
cause electrons to be emitted in sufficient quan-
tity to support an arc
until the material, or at least the surface 23
thereof, has reached incandescent temperatures,
well above the melting point of the base metal of
which the substance is composed. Preferably,
zirconium oxide or hafnium oxide is employed as
the electrode material. ' Either of these oxides or
& mixture thereof, in the form of oxide powder,
i3 packed into the hole in the cathode pencil 21.
Affer the hole has been filled to the top thereot
with the oxide powder, the electrode assembly is
inserted within the glass envelope of the lamp.
The envelope and assembly are connected to a
vacuum pump and heated in an oven to a tem-
Perature of approximately 900° F., the heating
being effected while the envelope Is evacuated to
as high degree as practicable, for example, evacu-
ated down to a fraction cf g Inicron of mercury
pressure. The envelope and assembly are re-
moved from the oven, while maintaining the high
vacuum thereon, and treated further to assure
the degassing of the various parts, as by inserting
the envelope and electrode assembly within g high
frequency coil for heating and treating the same.

After the heating and degassing operations
above referred to, the envelope is filled with a
suitable gas or vapor which is Inert with respect
to the material of the electrodes, such as neon,
argon, krypton, and the like. Argon is preferred
because it operates exceedingly well in the tube
when used as a source of an intense light, and
also enables a lower starting voltage to be em-
ployed than do others of the inert gases. The gas
pressure in the envelope preferably is of the order
of one atmosphere when

The cathode is activated or formed by connect-
ing the anode of the tube in circuit with g suit-
able source of direct current of adjustable poten-
tial; for example, 8o that potentials up to 1000
volts may be obtained. In one side of the form-
Ing circuit is connected g variable resistance so
that the resistance of the circuit may progres-
sively be reduced. Starting with a high value of
resistance in the circuit the voltage is gradually
increased until
striking between the ancde and the end 23 of the
cathode. After a few seconds the cathode tube
21 becomes red hot and heats the oxide packed
In it to a temperature where the oxide becomes
electrically conducting. The arc then strikes be-
tween the anode and the oxide and raises the
temperature of the surface 23 of the oxide to or
above its melting point, so that the molten oxide
on the surface flows and bonds itself to the sides
of the metal tube 24, forming a smooth glassy
surface on the end of the cathode material,

Under the intense ionic )
arc some of the oxide in molten state is reduced
or decomposed to metallic zirconium or hafnium
depending upon which oxide, zirconlum or haf-
nium, was packed in the cathode pencil, forming
8 very thin layer of such metaj over the surface
of the cathode. Either zirconium metal or hat-
nium metal is a better electron emitter at high
temperatures than is its oxide, and it also has g
lower melting temperature; thus as soon as the
mmetallic zirconium or hafnium surface layer is

the lamp is in operation.’

an arc discharge appears, the arc -

bombardment of the

[

of high current density

10

6 .
formed, the temperature of the cathode drops
slightly and the underlying oxide solidifles and
supports the film of molten metal on its surface.
It is this film of miolten ‘metal which appears to
be the chief source of the visible radiation from
the lamp. The film, once initially formed as
above set forth, remains to be heated and to be- -
come incandescent whenever the lamp is re-
lighted. The film i3 s0 thin that apparently syr-
face tension holds it to the oxide backing so that
the lamp may be burned in any position. The

. film 23 of Fig. 8 ig supported by the semi-fused
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layer of oxide 42 immediately beneath, and this

layer merges into the white powder 43 of the
original oxide. The oxide powder 43, and also to
Some extent the semi-fused layer 42, thermally
insulates the active surface layer 23 to the extent
that it reaches ga temperature which is much
higher than the melting point of the metal of
which the oxide is composed. For a one-kilowatt
size lamp of the form Mlustrated, the outside di-
ameter of the cathode pencil 2 is approximately

~%’’; the inside diameter of the apertyre, i3 ap-
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proximately 40.5 lines of
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5

‘mass 44§

5 to locate and fix the

5 Volts across the lamp, o
arc stream i3 approximately 50 amperes when -
the lamp is powered from & 110-volt source. -

proximately ¥%'’; and the diameter of the active
spot or incandescent film 23 is approximately
#%’’; as above stated the filling is approximately
35"’ deep.
Hafnium oxide produces In-certain respects a
better light than does zirconium oxide, but it
costs considerably more than zirconium oxide.
Therefore, as shown in Fig. 9, the hole in the
cathode pencil 21 may be largely filled with a
of & material, such as magnesium oxide,
which tends to thermally insulate the hafnium
oxide. On top of the magnesium oxide is packed
& mass of hafnium oxide as Indicated at 48, which
mass need be only v’ to %'’ thick, It will be
understood that the hafntum oxide mass 45 em-
bodies three different layers, namely, a surface
film of hafnium metal, an underlying semi-fused
hafnium oxide layer and the
oxide layer, generally in the manner of the zir-
confum and zirconium oxide layer shown in Fig. 8.
The anode of a concentrated arc lamp serves
positive end of the arc
must dissipate the heat
released there without getting -hot enough to
vaporize or to produce any considerable radia-
tion due to its own incandescence, even at the
point where the arc stream strikes. If any part
of the anode becomes hot enough to vaporiza,
the vapor so released will migrate to the cathode
and in time spoil the lamp. With a one-kilowatt
lamp, and a voltage drop of approximately 20
the current flowing in the

stream and, therefore,

This relatively large current ordinarily would
8oon heat the anode and cause vaporization of a
portion of the anode and also Incandescence of
the anode. This is prevented, however, by the’
magnetic fleld which is set up by the coil 36,
which magnetic field causes rapid rotation of the
are stream around the inner circular edge 28q of
the tungsten washer embodied in the anode strue-
ture. Four turns of %0’’ molybdenum wire pro-
vide a suitable coil, giving a field intensity of ap-
force per square centi-
meter at the center of the coil when a current
of 50 amperes is flowing through the coil. The
rotatlon of the arc is due to the fact that the
arc stream acts like g conductor carrying a cur-
rent, and in accordance with Ampere’s law the
&rc experiences a force action which causes the
are stream to rotate repldly around the inner

Powdered hafnium -
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elrcular edge 28a of the anode structure. The
direction of the force action, and hence the di-
rection of rotation of the arc stream, may be
determined from the well known left-hand rule,
i. e., if the thumb and first and second fingers
of the left-hand are held in such position as to be
at right angles to one another and the forefinger
is made to point in the direction of the magnetic
fleld set up by the coil while the second finger

points in the direction of the current flowing in !

the arc stream, then the thumb will indicate the
direction of the force. The rotation of the arc
stream has three important advantages: (1) it
prevents localization of heating of the anode, i. e.,
it distributes the heat over the anode surface so
that it does not overheat or vaporize at any point;
(2) it distributes the heat and hence the radia-
tion of light more uniformly over the active por-
tion of the cathode surface because it also rotates
about the cathode surface; and (3) it controls the
arc flame which would tend to shoot out in front
of the cathode, with the likelihood of softening
or melti=:g the glass envelope, if it were not for
the magneatic field produced by the coil 36.

In the operation of a one-kilowatt lamp such
as hereinbefore described, it has been determined
that the arc stream rotates at the rate of 180
times per second. This was determined by oper-
ating the lamp from a three-phase full-wave
rectifier, so that a 360-cycle ripple appeared in
the rectified current. By adjusting the current
a stroboscopic effect was obtained in regard to
the spokes extending between the projected image
of the cathode and that of the hot anode, such
that two dark areas and two light areas were
projected onto a screen; since one revolution of
the are stream requires two cyecles, it was evident
that the arc stream was rotating at a speed of
180 revolutions per second or 10,800 revolutions
per minute.

Fig. 7 illustrates an electrode structure for a
5-kilowatt size lamp. In this case, the outside
diameter of the cathode pencil 21’ is approxi-
mately 34''; the inside diameter of the aperture

is 55'’, and- the active spot will almost fill this 4;

aperture. Since approximately 250 amperes will
flow through a 5-kilowatt lamp, the tungsten ring
28’ is made considerably heavier, and the mag-
netic coil may be composed of molybdenum wire
having a diameter of .2°’. Two additional heat
dissipating vanes 46 and 47 are added, thus giving
four vanes 25, 26’, 46 and 41, or four times the
radiating surface of the 5-kilowatt lamp. The
vanes 46 and 47 may be soldered by nickel to the
tungsten washer 28°.

Fig. 10 shows a suitable starting and running
circuit for the lamp when it is operated from
5 source of direct current supply 48. A ballast
resistor 50 is inserted in the positive side of the
circuit since the lamp has a negative-volt-am-
pere characteristic. With the main switch 5i
closed, and switch 54 thrown to the contact 55,
which is the starting position, direct current will
flow over conductor 52, winding 58 of a vacuum
switch 62, manually operable switch 54, contact
55, resistance 60, armature 63 and contacts of
the vacuum switch 62, and the ballast resistor 90.
The vacuum switch 62 is of the typein which the
circuit is made and broken between solid con-
tacts in a vacuum in response fo the magnetic
field set up by inductance 58, such a switch hav-
ing been found to be unusually effective to pro-
vide the surge required in starting vapor arc
lamps. Various kinds of such switches are well
known; one suitable for the purpose is disclosed
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in the Ruth Patent No. 2,076,162, issued April 6,
1937, and also in the Buckingham et al. applica-
tion Serial No. 35,928, filed June 29, 1948. The
inductance coll 58 has an open air gap and hence
& magnetic fleld which attracts the magnetizable
bar or armature 63 of the switch 62, opening the
circuit formerly through the switch contacts and
interrupting the current. When the current is
interrupted, an inductive pulse generated across
the inductance 58 breaks down the arc gap in the
lamp and the lamp becomes operative. The con-
denser 64 readily permits the voltage surge to
pass to the anode 28 of the lamp. The lamp cur~
rent flowing through inductance 58 holds the ar-
mature 63 of the switch in the open position, and
switch 54 can then be thrown to the operating
position, i. e., to the left as viewed in Fig. 10,
thereby shunting out the inductor §8. Various
other suitable starting and running circuits for
the concentrated arc lamp may, of cource, bhe
employed in lieu of the illustrative circuit shown
in Fig. 10.

While there is shown and described herein a
preferred embodiment of the invention, many

. other and veried forms and uses will present

themselves to those versed in the art without de-
parting from the invention which is, therefore,
not limited either in structure or in use except
as indicated by the scope of the appended claims.

1 claim:

1. A concentrated arc discharge lamp com-
prising & metallic anode and a cathode disposed
in an ionizable gaseous medium having a pres-
sure of the order of one atmosphere or more at
the operating temperature of the lamp, means
including said cathode for causing the color
temperature of the lamp to remain substantially
constant throughout the life of the lamp and for
enabling the quantity of light output to bhe
varied by varying the current flowing through
the lamp without substantially changing its
color temperature, the cathode having a re-
stricted fused surface portion formed by an
arc of high current density which is concentrated
thereon when the lamp is in operation, said
fused surface portion comprising a molten
incandescent film of a metal of the class con-
sisting of zirconium and hafnium when the lamp
is in operation, means comprising a body of a
refractory substance beneath and supporting
said ineandescent film and having low thermal
conductivity and a melting point above that of
said metal for maintaining the temperature of
said incandescent film considerably above the
melting point of the metal to greatly increase
its thermionic emission properties to support the
arc of high current density, and means operative
to prevent localization of heating of the metallic
anode and to distribute the radiation of light
more uniformly over the active portion of the
cathode surface comprising a coil of wire posi-
tioned adjacent to the arc stream and connected
in circuit with a source of current which flows
therein for setting up a magnetic field in a direc-
tion to induce rapid rotation of the arc over the
surface of the anode and about the cathode sur-
face.

2. A concentrated arc discharge lamp com-
prising a metallic anode structure and a cathode
disposed in an ionizable gaseous medium “hav-
ing a pressure of the order of one atmosphere
or more at the operating temperature of the
lamp, said cathode having a restricted fused
surface portion formed by an arc of high cur-

75 rent density which is concentrated thereon when
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the lamp is in operation, sald fused surface por-
tion comprising & molten incandescent film of
a thermionically emissive metallic substance
when the lamp is in operation, means comprising
& body of a refractory substance beneath and
supporting said incandescent film and having
low thermal conductivity and s melting point
above that of said metallic substance for main-
taining the temperature of said incandescent
film considerably above the melting point of the
metallic substance to greatly increase its therm-
ionic emission properties to support the arc of
high current density, said anode structure com-
prising at least two heat-radiating metal plate
members having annular concave portions dis-
posed in opposed relation to each other with their
concave surfaces facing outwardly, said anode
structure having an opening therein on which
- the arc terminates, and means operative to pre-
vent localization of heating of the metallic anode
and to distribute the radiation of light more
uniformly over the active portion‘;é): the cathode
surface comprising a coil of e positioned
between said plate members and connected in
circuit with the arc to cause current flowing in
the coil to set up an electromagnetic field and
induce rapid rotation of the arc around said
opening of the anode structure and about the
cathode surface.

3. A concentrated arc discharge lamp com-
prising a metallic anode structure and s cathode
disposed in an ionizable gaseous medium hav-
ing a pressure of the order of one atmosphere
or more at the operating temperature of the
lamp, said cathode having a restricted fused
surface portion formed by an arc of high current
density which is concentrated thereon when the
lamp is in operation, said fused surface portion
comprising a molten incandescent flim of a
thermionically emissive metallic substance film
when the lamp is in operation, means comprising
a body of a refractory substance beneath and
supporting said incandescent film and having
low thermal conductivity and a melting point
above that of said metallic substance for main-
taining the temperature of said incandescent
film considerably ahove the melting point of the
metallic substance to greatly increase its therm-
ionic emission properties to support the arc of
high current density, said anode structure com-
prising at least two heat-radiating metal plate
members having annular concave portions dis-
rosed in opposed relation to each other with their
concave surfaces facing outwardly, said heat-
radiating plate members having aligned open-
ings therein and an anode member interposed
between the plate members at said aligned open-
ings and mechanically and electrically secured
thereto, said anode member comprising a metal
having high melting and volatilization point
temperatures and having an opening therein on
which the arc terminates, and means operative
to prevent localization of heating of the metallic
anode and to distribute the radiation of light
more uniformly over the active portion of the
cathede surface comprising a coil of wire posi-~
tioned between said plate members and con-
rected in cireuit with the arc to cause current,
flowing in the coil to set up an electromagnetic
field and induce rapid rotation of the arc around
said opening of the anode member and about the
cathode surface.

4. A concenirated arc discharge lamp compris-
ing a metallic anode structure and o cathode dis-
posed in an ionizable gaseous medium having a
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bressure of the order of one atmosphere or more
at the operating temperature of the lamp, saild
cathode having a restricted fused surface por-
tion formed by an are of high current density
which is concentrated thereon when the lamp is
In operation, said fused surface portion compris-
ing a molten incandescent film of & thermioni-
cally emissive metallic substance when the lJamp
is in operation, means comprising a body of a
refractory substance beneath and supporting
said incandescent film and having low thermal
conductivity and a melting point above that of
said metallic substance for maintaining the tem-
perature of said incandescent film considerably
above the melting point of the metallic substance
to greatly increase its thermionic emission prop-
erties to support the arc of high current density,
said anode structure comprising at least two
heat-radiating metal plate members having an-
nular concave portions disposed in opposed rela-
tion to each other with their concave surfaces
facing outwardly, said anode structure having
an opening therein on which the arc terminates,
and means operative to prevent localization of
heating of the metallic anode and to distribute
the radiation of light more uniformily over the
active portion of the cathode surface comprising
a coil of wire positioned between said plate mem-
bers and . connected in circuit with the arc to
cause current, flowing in the cofl to set up an
electromagnetic fleld and induce rapid rotation
of the arc around said opening of the anode struc-
ture and about the eathode surface, said coil
being wound around and mounted on refractory
insulating pieces disposed between and supported
by the adjacent opposed portions of said metal
plate members,

5. A concentrated arc discharge lamp compris-
ing a metallic anode structure and a cathode dis-
bosed in an ionizable gaseous medium having s
pressure of the order of one atmosphere or more
at the operating temperature of the lamp, said
anode structure and eathode being supported by
anode and cathode terminal posts, said cathode
having a restricted fused surface portion formed
by an arc of high current density which is con-
centrated thereon when the lamp is in operation,
sald fused surface portion comprising a molten
incandescent film of g thermionically emissive
metallic substance when the lamp is in opera-
tion, means comprising & body of a refractory
substance beneath and supporting said incandes-
cent film and having low thermal conductivity
and a melting point above that of said metallic
substance for maintaining the temperature of
said incandescent film considerably above the
melting point of the metallic substance to greatly
increase its thermionic emission properties to
support the arc of high current density, said
anode structure comprising at least two heat-
radiating metal plate members having annular
concave portions disposed in opposed relation to
each other with their concave surfaces facing
outwardly, said anode structure having an open-
ing therein on which the are terminates, and
means operative to prevent localization of heat-
ing of the metallic anode and to distribute the
radiation of light more uniformly over the active
portion of the cathode surface comprising a cofl
of wire positioned between said plate members
and connected In series with the arc to cause
current flowing in the coii to set up an electro-
magnetic fleld and Induce rapid rotation of the
arc around said opening of the anode structure
and about the cathode surface, one end of said
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coil being electrically connected to one of said
metal plate members and the other end of the
coil being electrically connected to the anode ter-
minal post of the lamp.

6. A concentrated arc discharge lamp compris-
ing a metallic anode structure and a cathode dis-
posed in an ionizable gaseous medium having a
pressure of the order of one atmosphere or more
at the operating temperature of the lamp, anode
and cathode terminal posts, said cathode being
supported by the cathode terminal post and hav-
ing a restricted fused surface portion formed by
an arc of high current density which is concen-
trated thereon when the lamp is in operation,
said fused surface portion comprising a molten
incandescent film of a thermionically emissive
metallic substance when the lamp is in operation,
means comprising a body of a refractory sub-
stance beneath and supporting said incandescent
film and having low thermal conductivity and s
melting point above that of said metallic sub-
stance for maintaining the temperature of said
incandescent film considerably above the melting
point of the metallic substance to greatly increase
its thermionic emission properties to support the
are of high current density, said anode structure
comprising at least two heat-radiating metal
plate members having annular concave portions
mechanically connected In opposed relation to
each other with their concave surfaces facing
outwardly, said anocde structure having an open~
ing therein on which the src terminates, means
operative to prevent localization of heating of
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the metallic anode and to distribute the radia-
tion of light more uniformly over the active por-
tion of the cathode surface comprising a coll of
wire positioned between and carried by said plate
members and connected in series with the arc to
cause current flowing in the coil to set up an
electromagnetic fleld and induce rapid rotation
of the arc around said opening of the anode
structure and about the cathode surface, one end
of said coil being electrically connected to one of
said metal plate members and the other end of
the coil being electrically connected to the anode
terminal post of the lamp, and means for sup-
porting said anode structure comprising a body
of refractory insulating material extending be-
tween and secured to said anode and cathode
terminal posts, one of said plate members being
clamped to the body of insulating material.

' WILLIAM D. BUCKINGHAM.
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