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Description

The present invention relates to metal vapor
discharge lamps, and, more particularly, to an
asymmetrically shaped arc chamber for such
lamps.

EP-A-0 173 347 discloses an arc tube for a
metal vapor discharge lamp having the same
shape as the arc tube described in claim 1, the
envelope of said tube having one end larger than
the other end, first and second electrodes are
disposed in both said ends, and a discharge-sup-
porting medium is contained within said envelope,
said medium comprising mercury, inert gas and
metal halide such as NaJ and Scds.

Ca-A-508 525 describes an egg-shaped arc
tube containing a discharge-supporting medium
consisting of mercury, cadmium and/or zinc.

DE-A-29 30 328 describes a miniature arc tube
having a volume of less than 1 mil (for example,
0,11 ml) containing mercury and a mixture of metal
halides (Nal, Scls and Thls) the amount of which is
for example 1,98 mg/cm? of internal arc tube sur-
face and less than the amount of Hg.

Prior art efforts to improve the performance of
metal halide lamps which operate by vaporizing
mercury and selected metal halides have included
improvements in the materials used in the arc
chamber, changes in the electrodes and changes
in the metal halide dose. Some prior art metal
halide lamps have used an "excess amount” of
metal halide dose, so that when they are operating
at full power only a small fraction of the halide
dose is vaporized. The excess dose is provided to
avoid changes in the amount of metal halide vapor
(and consequent changes in lamp color and lumen
output) over the life of the lamp due to dose
reaction and/or loss, and because it has been
found empirically that if more metal halides are put
in the lamp, more are vaporized during lamp opera-
fion resulting in improved lamp lumen output and
color performance. Lamp color and lumen perfor-
mance are improved by high vapor pressure of the
halides in the arc which is dependent upon the wall
temperature of the arc chamber. Wall temperatures
of t he arc chamber in vertical operation are deter-
mined by the input power to the arc chamber, the
geometry and design of the electrodes and the arc
chamber shape. Wall temperatures are also af-
fected by convection speeds and flow patterns, arc
radiation efficiency and the amount of halide wall
coverage. Of particular significance with respect to
wall temperatures are convective flow patterns
which bring the arc close to the chamber wall
apparently due to flow instabilities in the arc fluid.
The amount of halide condensate wall coverage
affects wall temperature, because evaporation of
the halide from the arc chamber wall has a cooling
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effect, and evaporation of halide condensate from
the arc chamber wall causes the wall temperature
to be lower than it would be if the wall were clear.
The presence of metal halide condensate also af-
fects arc tube wall temperature distribution, since
the presence of extensive halide condensate
causes arc asymmetries which create local bare
spots running at somewhat higher temperatures
than the portions of t he arc tube wall coated with
condensate.

An object of the present invention is to provide
a shaped arc chamber for metal vapor discharge
lamps in which the electrodes are positioned and
the arc chamber walls are shaped so that distribu-
tion of metal halide condensate upon the arc cham-
ber wall is promoted. A more particular object of
the present invention is to provide an asymmetrical
arc chamber having a surface area at one end of
the arc tube greater than the surface area at the
other end.

Accordingly, the present invention provides an
arc tube as defined in claim 1. In a particularly
preferred embodiment the degree of electrode in-
sertion of each of the electrodes into the respective
ends of arc chamber and the dimensions of the arc
tube are selected in combination with the amount
of fill material so that a sufficient amount of vapor
is maintained within the arc tube during operation.
The present invention further includes a high inten-
sity discharge lamp having a vitreous outer en-
velope for enclosing the arc tube and supporiing
the arc tube such that the smaller end thereof is
located at the bottom during normal lamp opera-
tion.

Further objects and advantages of the present
invention together with its organization, method of
operation and best mode contemplated may best
be understood by reference to the following de-
scription taken in conjunction with the accompany-
ing drawings, in which like reference characters
refer to like elements throughout, and in which:

Fig. 1 is a schematic elevation view illustrating a
lamp incorporating the arc chamber construction of
the present invention;

Fig. 2 is a schematic partial cross sectional view
of one preferred embodiment of the arc chamber of
the present invention; and

Fig. 3 is a schematic partial cross sectional view
of an alternative embodiment of the arc chamber of
the present invention.

A lamp incorporating the present invention is
designed to be operated vertically with the base at
the top as illustrated schematically in Fig. 1. The
lamp 10 includes an outer envelope 12 of vitreous
material such as glass having a suitable composi-
tion for a high intensity discharge lamp and a base
14 having suitable electrical contacts for making
electrical connection to an appropriate socket. The
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space within the outer envelope 12 may be evacu-
ated or filled with nitrogen gas to 0.5 bar. The end
cap 14 surrounds the stem 16 of the lamp through
which electrically conductive terminal wires 18 and
20 extend. Terminal 18 is connected to support rod
22 to which support member 24 is attached. An
electrically conductive inlead 26 connected to sup-
port member 24 on one end is connected to foil
member 28 which is connected to electrode stem
30 of the electrode 32. A support lead 34 is con-
nected to terminal 20 and is connected directly to
inlead 36 which is connected to the foil member 38
connected to elecirode stem 40 of electode 42. An
anchoring dimple 44 is provided at the bottom end
of the outer envelope 12 so that a metallic collar 46
may be disposed thereon to support rod 48 con-
nected by support member 50 fo the stem 52 of
arc tube 54. The stems 52 and 56 of the arc tube
are sealed around the ribbon members 28 and 38
to seal the interior of the arc tube.

The arc tube 54 is shown in more detail in Fig.
2. The arc chamber 54 comprises an inner en-
velope of vitreous material such as thin walled
fused silica sealed at the respective ends as de-
scribed above with the electrodes 32 and 42 pro-
jecting into the interior from the respective ends
thereof. A suitable filling is disposed within the arc
chamber 54 and comprises a discharge medium of,
for example, a quantity of amalgam of mercury and
an excess amount of metal halide dose, for exam-
ple, about 15 to 25 milligrams of a 0 to 5 molar
percent cadmium/amalgam, and 25 to 45 milli-
grams of a combination of sodium iodide, scan-
dium iodide and thorium iodide in predetermined
nominal weight percents of Nal, Scls, and This,
plus an inert fill gas for example argon at a pres-
sure of 10640-15960 Pa (80 to 120 torr). The
quantity of metal halide dose is selected to be
substantially in excess of the amount which is
vaporized in operation of the lamp. For the arc
tubes of the present invention the dose is selected
to equ al at least 2.0 milligrams of metal halide
dose per square centimeter of arc tube interior
surface area. The tungsten wire electrodes 32 and
42 are wrapped into the form shown in Fig. 2 and
project into the interior of the arc chamber by a
predetermined distance so that the vaporization of
the amalgam and metal halide dosé is maintained
at the appropriate level during lamp operation. In
addition to the asymmetry of the arc tube shape
shown in Fig. 2, the top electrode 32 projects into
the interior of the arc tube at a distance different
from and generally greater than the distance the
bottom elecirode 42 projects. An infrared reflective
coating 66 as shown in Fig. 2 is applied to the
exterior surface 68 of the narrow end 60 of the arc
tube 54. The bottom bowl 80 of the arc tube 54 has
a generally hemispherical shape with a certain in-
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ternal radius and the upper bowl 70 of the arc tube
54 has a hemispherical shape with an internal
radius larger than that of bottom bowl 60. The
middle section 72 of the arc tube is a gene rally
tapered hollow member with one end having a
radius maiching the bottom bowl radius and the
other end having a radius matching the top bowl
radius, so that the transition between the middle
section and respective generally hemispherical
ends of the arc tube is smooth.

An alternative embodiment of the arc chamber
of the present invention is illustrated schematically
in Fig. 3. The arc tube 80 has an upper end 82
having a first radius a lower end 84 having a
second radius substantially smaller than the first
radius and a tapered mid section 86 whose upper
end has a radius equal to said first radius and
whose boftom end has a radius equal to said
second radius. Electrode 88 projects into the inte-
rior of the arc chamber such that the tip thereof 90
is located at a first distance from the surface of the
arc tube at the point 92 where the electrode stem
94 extends into the fused silica of the arc tube. The
electrode stem 94 is connected to a ribbon contact
96 at the location of a seal at the upper end of the

“arc tube and is connected to an inlead wire 98 for

connection to the contacts of a lamp as shown in
Fig. 1. The botiom electrode 100 is disposed in the
narrower end 84 of the arc tube and positioned
such that the tip 102 is located at a second dis-
tance less than the first distance from the surface
104 of the interior of the arc tube at the point
where the electrode stem 106 projects through the
fused silica to make contact with the ribbon contact
108 which is connected to the inlead wire 110. An
infrared coating 112 is disposed about the outer
surface of the narrow end 84 of the arc tube 80.
The amount of halide dose is selected to equal at
least 2.0 milligrams of dose per square centimeter
of interior arc tube surface area.

The present invention is not limited to hemi-
spherical shapss at the respective ends of the arc
tube, but includes any generally rounded shape so
long as the interior surface of the arc tube is
smooth with no discontinuities in the surface. For
example, either one or both of the ends could be
parabolic or ellipsoidal. Additionally, it is not re-
quired that both ends have similar geometric
shapes; for example, one end could be hemispheri-
cal and the other ellipsoidal. The requirement is
that one end be from 1.2 to 2.0 times the cross
section of the other end and that the two ends be
joined by a smoothly tapered middle section. Also
the arc tube of the present invention may be in-
stalled in a lamp having the base for connection at
the bottom, rather than at the top as shown in Fig.
1, or the arc tube may be installed in an outer
envelope designed for horizontal installation in a
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fixture. Any of these outer envelope configurations
can be used with the arc tube of the present
invention, so long as the mounting stru cture for
supporting the arc tube within the outer envelope
positions the arc tube vertically within manufactur-
ing tolerances with the smaller end of the arc tube
at the bottom.

For operation of the lamp- the end cap is
screwed into a suitable power supply system hav-
ing a suitable ballasting arrangement for operation
of the metal vapor discharge lamp. The application
of a sufficiently high voltage to the electrodes of
the arc tube causes ionization of the argon within
the lamp to create a glow discharge causing
vaporization of at least part of the metal halide
contained therein in non-vapor form. After a suit-
able quantity of the metal halide has been vapor-
ized, an arc discharge of the excited metallic halide
is established. During operation of the metal halide
lamp a continuous vaporization and condensation
cycle of the metallic halide is maintained as the
halide contacts the arc tube wall and condenses,
because a fraction of the impinging metal halide
moleculss fall below the condensation temperature.
The effect of distributing the condensate along the
arc tube surface is to filier the radiation emitted by
the arc tube thereby promoting a lower color tem-
perature in accordance with the light absorbing
properties of the condensate film. The presence of
the distributed condensate is also an indicator that
the condensate is not trapped in the cooler regions
of the arc tube and, therefore, that metal halide
vaporization is occurring at higher net temperatures
than if the halide were trapped in the cooler re-
gions, so that more halide is vaporized resulting in
more light emission by the metal halide in the arc
which generally increases luminous efficiency and
lowers color temperature. In the present invention
by providing at least 2.0 milligrams of halide dose
per square centimeter of interior arc tube wall
surface area, an excess of metal halide above the
amount vaporized in normal lamp operation is dis-
posed in the arc tube to ensure that not all the non-
vaporized amount of dose is confined to the arc
tube ends or small crevices in the arc fube wall.
Ideally, the arc chamber wall would be an isotherm
during steady state operation to enable maximum
halide vaporization for a minimum hot spot tem-
perature. Natural convective flow patterns tend to
cause a vertically operated arc tube with end to
end symmetry to operate with higher wall tempera-
tures at the top than at the bottom causing the
liquid condensate to reside virtually entirely at the
bottom of the arc chamber. By employing the
asymmetrical geometry illustrated in the figures of
the present invention, the wall femperatures of the
arc tube at the top and bottom can be more nearly
equalized and consequently the condensate will be
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more uniformly distributed when a sufficient
amount of metal halide dose is disposed within the
arc tube. In particular, the asymmetrical shapes
result in larger surface areas at the top of the arc
tube through which heat is dissipated and a smaller
surface area at the bottom so that a lesser amount
of heat is dissipated, so that the loss of heat at the
respective ends of the arc tube is balanced to tend
to maintain a more uniform wall temperature over
the entire surface of the arc tube. This uniformity of
temperature promotes a uniformity in the distribu-
tion of metal halide condensate on the interior
surface of the arc tube in the region between the
arc electrodes. We have found that complete uni-
formity of condensate coverage is not practically
possible due to slight imperfections in arc tube
construction and due to arc asymmetries resulting
from minor imperfections in construction and sen-
sitivity fo gravitational effects which result from
slight deviations from strictly vertical operation. The
arc tube construction and halide dose described
herein tends to cause more uniform condensate
distribution even when such imperfections and de-
viations occur. We have also found that an arc
chamber having a distributed condensate layer de-
posited thereon in the region of the arc provides
better lamp performance than the prior art symmet-
rical arc tubes. The arc tubes of the present inven-
tion provide lamps of higher luminous efficacy and
warmer color temperature due to higher metal ha-
lide vaporization rates and color filtering caused by
the condensate. In prior art metal halide lamps
lumen output from the lamp is diminished over
time by wall blackening which results from the
tungsten fransport from the electrodes. The present
invention diminishes this source of wall blackening
by lessening the deposition of a tungsten layer by
shielding a larger portion of the arc tube surface
with a film of the metallic halide condensate over
the surface of the arc tube, thereby improving the
lumen maintenance. The liquid condensate coating
also greatly retards sodium migration through the
coated portion of the wall of the arc tube which
generally occurs as the lamps are burned over long
periods of time.

The asymmetrical shape of the arc tubes
shown in Figs. 2 and 3 promotes the uniform
distribution of metal halide condensate on the inte-
rior wall surfaces due to uniform heat distribution.
In the vicinity of the top electrode the temperature
within the arc tube is so high that no condensate
can form on the arc tube wall. Therefore in the
vicinities surrounding the top electrodes essentially
no condensate collects on the interior surface of
the arc tube. Due to convective heat flow the area
of the arc tube surrounding the lower electrode is
cool and condensate would tend to collect in that
region. The heat reflective coatings shown in Figs.
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1-3 help raise the temperature of the lower end
regions of the respective arc tubes promoting
vaporization of condensed halide as it collects to-
ward the bottom of the arc tube. The positioning of
the electrodes within the arc tube relative 1o the
respective ends of the arc tube has also been
found to promote the desirable distribution of con-
densate upon the arc tube wall. The area of the
upper end of the arc tube not coated with a con-
densate layer is determined at least partially by the
.distance which the upper electrode projects into
the arc tube, so that by positioning the electrode
tip at a particular distance inside the arc chamber a
certain uncoated area is created. At the bottom of
the arc tube the elecirode projects only a short
distance into the arc chamber so that, together with
the reflective coating, the bottom bowl of the arc
chamber is kept heated adequately so that con-
densed halide is quickly vaporized.

A number of 130-watt metal halide lamps were
made incorporating the arc tube illustrated in Fig.
2. The total length of each of the arc tubes was
approximately 28 millimeters. The top bowl of each
of the arc tubes had a radius of approximately 7
millimeters, and each bottom bowl had a radius of
5.5 approximate millimeters. The middle section
was constructed as an arc of a circle centered at a
point along a line perpendicular to the arc tube
centerline and passing through the point at the
center of the hemispherical top bowl of such a
radius that the arc was tangent at its intersection
with the surfaces of each of the top bowl and
bottom bowl, respectively. Each upper electrode
was inserted into the respective arc chamber a
distance of approximately 5.0 millimeters, and each
bottom electrode was inserted into the respective
arc chamber a distance of approximately 3.5 mil-
limeters. The fill included about 20 milligrams of 3
molar percent cadmium/amalgam, four "pills" of
about 11.0 milligrams each of metal hali de dose
comprising nominally 85.1% Nal, 11.1% Scls, 3.8%
Thle, and a fill gas of argon at a pressure of
approximately 10640-15960 Pa (80 to 120 torr).
The IR reflective end coat on each bottom bowl
extended about 2 millimeters from the joint with the
arc tube stem. Tests of several lamps of this de-
sign showed typical efficacies in the range of 90-95
lumens per watt and color temperatures in the
range of 3000-3300 " K.

A second number of 130-watt metal halide
lamps were constructed using the arc tube design
iliustrated in Fig. 3 and having the approximately
same dimensions, except that the radius of each
bottom bowl was approximately 4 millimeters and
the insertion distance of each fop electrode was
approximately 4 millimeters. The fill included about
18 milligrams of 3 molar percent
cadmium/amalgam, and three "pills" of about 11.0
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milligrams each of metal halide dose having nomi-
nally 85.1% Nal, 11.1% Sclz and 3.8% Thls and an
argon fill pressure of about 10640-15960 Pa (80 to
120 torr). The reflective end coat extended about 1
millimeter from the junction between each arc tube
and the respective arc tube stem. This construction
reduces the possibility that liquid metal halide con-
tacts the electrode which causes flaring. A flare
occurs when a rivulet of condensate meanders
down the arc tube surface and strikes the hot
electrode shank giving rise to an eruptive burst of
evaporated halides. This causes the lamp 1o ap-
pear a pinkish color until the excess halide recon-
denses. The mode of operation of the arc tube
design of Fig. 3 decouples metal halide lamp initial
and life performance characteristics from manufac-
turing process fluctuations, since it minimizes the
impact of these fluctuations on the distribution of
halides in the gas phase. Tests of several lamps of
this design showed typical efficacies in the range
of 90-95 lumens per watt and color temperatures in
the range of 3000-3300 " K.

As will be appreciated by those skilled in the
art the present invention provides a discharge lamp
configuration which provides substantial perfor-
mance improvements over the prior art discharge
lamp designs.

Claims

1. An elongated, fused silica, light-transmissive
arc tube for a metal discharge lamp, said arc
tube being asymmetrically shaped with respect
to a median plane perpendicular to its longitu-
dinal axis and having electrodes disposed at
opposite ends thereof, one end of the tube
having a larger diameter cross section, the
other end having a smaller diameter cross
section, said ends being smoothly joined by a
tapered middle section having a diameter
cross section at said one end substantially
equal to said larger diameter cross section and
having a diameter cross section at said other
end substantially equal to said smaller diam-
eter, wherein the electrode disposed at the
-larger diameter end projects further into said
arc tube than the electrode disposed at the
smaller diameter end, said arc tube further
containing mercury, and metal halide consist-
ing essentially of a mixture of Nal, Scls and
Thls and present in said tube in an amount of
at least 2.0 milligrams per square centimeter of
internal arc tube surf ace fo insure an amount
of metal halide present in said arc tube in
excess of the amount vaporized during normal
operation of said arc tube, so that at least a
portion of the non-vaporized metal halide is
distributed over at least a portion of the inter-
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nal arc tube surface.

2. The arc tube of claim 1, wherein the larger
diameter end has 1.2 to 2.0 times the cross
section of the smaller diameter end.

3. The arc tube of claim 1 further containing an
inert fill gas.

4. The arc tube of claim 1 wherein said mercury
is contained in an amalgam comprising a mix-
ture of mercury and cadmium.

5. The arc tube of claim 4 comprising 15 to 25
mg of a 0 to 5 molar percent cadmium amal-
gam; a quantity of 25 to 45 mg of a combina-
tion of Nal, Scls and Thls; and a quantity of
argon gas to provide partial pressure inside
said arc tube in the range of 10640 - 15960 Pa
(80 to 120 torr).

6. The arc tube of claim 1 disposed in a metal
discharge lamp in a substantially vertical posi-
tion during operation, with the larger diameter
end being at the top thereof.

Revendications

1. Tube a arc allongé, en verre de silice, tran-
smettant la lumiére, pour lampe 2 décharge
métallique, le tube a2 arc étant fagonné de
fagon asymétrique par rapport & un plan mé-
dian perpendiculaire 4 son axe longitudinal et
comportant des électrodes disposées a ses
extrémités opposées, une extrémité du tube
ayant une section transversale de diametre
plus grand, l'autre extrémiié présentant une
section iransversale de diamétre plus petit, les
extrémités étant réunies régulidrement par une
section médiane allant en rétrécissant et pré-
sentant une section transversale diamétrale &
la premiere extrémité qui est sensiblement
égale a la section transversale de grand dia-
métre et ayant une section transversale diame-
trale a l'autre extrémité sensiblement égale au
petit diaméire, ol I'électrode disposée 2 I'ex-
trémité de grand diamétre est davantage en
saillie dans le tube & arc que |'élecirode pla-
cée a l'extrémité a petit diaméire, le tube & arc
contenant en outre du mercure et un halogénu-
re métallique constitué essentiell ement d'un
mélange de Nal, Scls st Thls et présent dans
le tube suivant une quantité d'au moins 2,0
milligrammes par centimétre carré de la surfa-
ce interne du tube & arc de fagon 2 assurer

une quantité d'halogénure métallique présent

dans le tube & arc en excés de la quantité
vaporisée pendant le fonctionnement normal
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10

du tube a arc, de sorte qu'au moins une por-
tion de i'halogénure métallique non vaporisé
est répartie sur au moins une portion de la
surface interne du tube & arc.

Tube & arc de Ia revendication 1, dans lequel
I'extrémité & grand diaméire a de 1,2 & 2,0 fois

la section transversale de I'extrémité 4 petit
diamétre.

Tube a arc de la revendication 1, contenant en
outre un gaz inerte de remplissage.

Tube & arc de la revendication 1, dans lequel
le mercure est contenu dans un amalgame
comprenant un mélange de mercure et de
cadmium.

Tube & arc de la revendication 4, comprenant
de 15 &4 25 mg d'un amalgame de cadmium
de 0 & 0,5 mole pourcent ; une guantité de 25
4 45 mg d'une combinaison de Nal, Scls et
This ; et une quantité d'argon gazeux pour
fournir une pression partielle & {'intérieur du
tube & arc comprise dans la plage 10640-
15960 Pa (20 3 120 torr).

Tube a arc de la revendication 1, disposé dans
une lampe & décharge métalligue dans une
position sensiblement verticale pendant le
fonctionnement, I'extrémité de grand diamétre
se trouvant & la partie supérieure.

Anspriiche

1.

Langgestrecktes, lichtdurchldssiges Entla-
dungsrohr aus Siliziumdioxydglas flir eine Me-
tallentladungsiampe, wobei das Entladungsrohr
mit Bezug auf eine senkrecht zur Ldngsachse
liegende Mittelebene asymmetrisch gestaltet
ist und an seinen gegeniiberliegenden Enden
Elekiroden aufweist, wobei ein Ende des Roh-
res einen Querschnitt gréBeren Durchmessers,
das andere Ende einen Querschnitt geringeren
Durchmessers hat und die genannten Enden
durch einen geneigten Mittelabschnitt glatt mit-
einander verbunden sind, der Mittelabschnitt
einen Querschnitt eines Durchmessers auf-
weist, der an dem genannten einen Ende im
wesentlichen gleich dem Querschnitt gréBeren
Durchmessers und an dem anderen Ende im
wesentlichen gleich dem Querschnitt geringe-
ren Durchmessers ist, die an dem Ende mit
gr6Beren Durchmesser angeordnete Elekirode
weiter in das Entladungsrohr hineinragt als die
Elektrode, die an dem Ende geringeren Durch-
messers angeordnet ist, das Entladungsrohr
weiter Quecksilber und Metallhalogenid enthilt,
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das im wesentlich en aus einer Mischung von
NaJ, Scds und ThJs besteht und in dem Rohr
in einer Menge von mindestens 2,0 mg/cm?
der inneren Oberfliche des Entladungsrohres
vorhanden ist, um sicher zu stellen, daf in
dem Entladungsrohr eine Menge von Metallha-
logenid vorhanden ist, die Uber die w&hrend
des Normalbetriebes des Entladungsrohres
verdampfte Menge hinausgeht, sodaB zumin-
dest ein Teil des nicht verdampften Metallhalo-
genides Uber mindestens einen Teil der inne-
ren Oberfliche des Entladungsrohres verteilt
ist.

Entladungsrohr nach Anspruch 1, worin das
Ende mit dem gr&Beren Durchmesser einen
Querschniit aufweist, der das 1,2 bis 2-fache
des Endes mit dem geringeren Durchmesser
betrégt.

Entladungsrohr nach Anspruch 1, das weiter
ein inertes Flillgas enthilt.

Entladungsrohr nach Anspruch 1 worin das
Quecksilber in einem Amalgam enthalten ist,
das eine Mischung aus Quecksilber und Kad-
mium umfaBt.

Entladungsrohr nach Anspruch 4, umfassend
15 bis 25 mg eines 0 bis 5 Mol- prozentigen
Kadmiumamalgams, eine Menge von 25 bis 45
mg einer Kombination von NadJ, ScJs und ThJds
und eine Menge an Argongas, um innerhalb
des Entladungsrohres einen Partialdruck im
Bereich von 10640 bis 15960 Pa (80 bis 120
Torr) zu schaffen.

Entladungsrohr nach Anspruch 1, das in einer
Metallentladungslampe in einer wdhrend des
Betriebes im wesentlichen vertikalen Position
angeordnet ist, wobei das Ende mit dem gr8-
Beren Durchmesser das obere Ende bildet.
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