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RNEYE) (JP); Yoshiharu A metal vapor discharge lamp including an arc tube 1 that 
s includes a container 10 and power transmission members 

Correspondence Address: 20a and 20b. The container 10, made of translucent ceramic, 
Snell & Wilmer L.L.P. is divided into a main tube portion 11 and narrow tube 
Suite 1200 portions 12a and 12b extending out from both ends of the 
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Irvine, CA 92614-7230 (US) and 20b respectively include electrode pins 21a and 21b 

made of tungsten. Coils 22a and 22b made of tungsten are 
(21) Appl. No.: 10/641,147 respectively wound around ends of electrode pins 21a and 

21b, which are respectively joined with electrode Supporting 
(22) Filed: Aug. 14, 2003 members 23a and 23b made of conductive cermet. Electrode 

length L1 is set to (0.041P+0.5) mm to (0.041P+8.0) mm, 
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narrow tube portion length L2 is set to (0.032P+3.5) mm to 
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METAL WAPOR DISCHARGE LAMPAND 
LIGHTINGAPPARATUS CAPABLE OF STABLE 
MAINTENANCE OF CHARACTERISTICS 

BACKGROUND OF THE INVENTION 

0001) (1) Field of the Invention 
0002 The present invention relates to a metal vapor 
discharge lamp, Specifically to a metal vapor discharge lamp, 
and a lighting apparatus having the metal vapor discharge 
lamp. 

0003) (2) Description of the Related Art 
0004. The arc tube contained in the metal halide lamp 
includes a transparent container in which a halogenated 
metal is Sealed as a light emission metal. The transparent 
container contains a pair of electrodes that are deposited to 
face each other. The metal halide lamp emits light at a high 
temperature when the electrodes receives power Supply from 
outside and discharge electricity. 
0005 Conventionally, many arc tubes have been made of 
quarts glass. In recent years, however, arc tubes made of 
alumina ceramic are often used Since alumina ceramic is 
Superior to quarts glass in heat resistance. 
0006 To seal the electrodes in an arc tube made of quarts 
glass, heat and pressure are applied to both ends of the arc 
tube So that the ends are crushed. In the case of the arc tubes 
made of alumina ceramic, a container, which is divided into 
a main tube portion and narrow tube portions extending out 
from both ends, is first prepared. Two power transmission 
members are then respectively inserted into the container 
through the narrow tube portions. A Sealing material Such as 
a frit glass in a molten form is then poured into Spaces 
between the inner Surfaces of the narrow tube portions and 
the power transmission members at both ends, So that the arc 
tube is sealed by the Sealing material (Japanese Laid-Open 
Patent Application No. S57-78763). 
0007 Meanwhile, alumina ceramic arc tubes have vari 
ous advantages, and thus are expected to achieve high 
performance lamps. 

0008 For example, since alumina ceramic arc tubes can 
emit light at a higher temperature than quarts glass arc tubes, 
it is possible to increase the vapor preSSure of a material that 
is to be enclosed in the arc tubes. This is advantageous to 
achievement of both color rendering and high efficiency. 
0009. Also, alumina ceramic has higher reactivity with 
the halogenated metal enclosed in the arc tube than does 
quarts glass. This is advantageous to extension of life of the 
metal halide lamp. 
0.010 However, metal halide lamps using such an alu 
mina ceramic arc tube have a problem that the color tem 
perature changes during the lamp life. That is to Say, even 
though the metal halide lamps have enough color tempera 
ture characteristics to maintain predetermined color tem 
peratures for the lamps at the beginning, the more the lamps 
are lighted, for example, for 100 hours, 1,000 hours and so 
on, the lower the color temperature characteristics are. 
0.011 The reason for this is considered as follows. 
0012. In alumina ceramic arc tubes, which are sealed in 
a manner described above, each main tube portion Side of 
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the Space between each narrow tube portion and each power 
transmission member is not filled with the Sealing material. 
0013 The light emission metal in liquid form gradually 
Slips into the Spaces while the lamps are lighted. Especially, 
when Such a lamp is lighted with electrodes being held 
Vertically, the light emission metal enclosed in the arc tube 
SinkS into the Space that is lower than the main tube portion 
of the container. 

0014. As the metal sinks into the space, the amount of the 
metal that contributes to the lighting in the discharge Space 
is reduced. This prevents enough vapor pressure of the metal 
from being provided, resulting in a change of color tem 
perature. 

0015. One might think that this problem could be solved 
by enclosing enough amount of the light emission metal to 
prevent the color temperature change. However, when the 
light emission metal is enclosed too much, the reaction 
among the metal, electrodes, alumina, and Sealing material 
is promoted. This decreases the lamp life. 
0016 Alternatively, the sealing material may be poured 
into the Spaces deeper to reduce the amount of the light 
emission metal sinking into the Spaces. In this case, how 
ever, ends of the inserted Sealing material come close to the 
discharge Space where the temperature rises to a consider 
able extent. This promotes the reaction between the Sealing 
material and the light emission metal, resulting in decreased 
lamp life. Furthermore, cracks are apt to occur to the Sealing 
material inserted in the Spaces. 

SUMMARY OF THE INVENTION 

0017. The first object of the present invention is therefore 
to provide a metal vapor discharge lamp that prevents the 
light emission metal from Slipping into the Spaces and shows 
leSS change especially in the color temperature and in other 
characteristics even after a long-time, continuous lighting of 
the lamp, and to provide a lighting apparatus that includes 
the metal vapor discharge lamp. 
0018. The second object of the present invention is to 
solve another problem of metal halide lamps in which an 
alumina ceramic arc tube is used, the problem is that if the 
light emission metal contains cerium, the lamp may go out 
immediately after it is turned on, the phenomenon occurring 
especially at the initial aging lighting process that is per 
formed immediately after the lamp is manufactured. 
0019. The above objects are fulfilled by a metal vapor 
discharge lamp having an arc tube, wherein the arc tube 
includes a container made of translucent ceramic, the con 
tainer being divided into a main tube portion and two narrow 
tube portions respectively extending out from both ends of 
the main tube portion, a discharge Space is formed in the 
main tube portion with a light emission metal being enclosed 
in the discharge Space, an electrode is deposited in each 
narrow tube portion, a coil being wound around the elec 
trode at an end thereof facing the discharge Space, an 
electrode Supporting member is inserted in each narrow tube 
portion and connected to the other end of the electrode, the 
arc tube is Sealed by a Sealing material that is inserted into 
each Space between each electrode Supporting member and 
each narrow tube portion, and a length of each electrode 
(electrode length L1) is in a range of (0.041P+0.5) mm to 
(0.041P+8.0) mm inclusive, wherein “P” represents a lamp 
power in watts. 
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0020. In the above formula, the electrode length L1 is 
defined as a distance between a tip of the electrode and the 
end of the electrode connected to the electrode Supporting 
member. Also, the lamp power P indicates a lamp power 
when the lamp is Stably lighted. 
0021 With the above-stated construction in which the 
electrode length L1 is set to no larger than (0.041P+8.0) mm, 
the light emission metal enclosed in the arc tube is prevented 
from Slipping into the Spaces between the inner Surfaces of 
the narrow tube portions and the electrodes. This makes it 
possible to maintain a Satisfactory level of the Steam pres 
Sure in the discharge Space, which contributes to the 
achievement of a metal vapor discharge lamp that shows leSS 
change especially in the color temperature and in other 
characteristics even after a long-time, continuous lighting of 
the lamp. 
0022. Also, the setting of the electrode length Ll to no 
Smaller than (0.041P+0.5) mm suppresses the reaction 
between the Sealing member and the light emission metal, 
and prevents cracks from occurring in the Sealing member. 
0023. In the above metal vapor discharge lamp, it is 
preferable that a length of a portion of each electrode 
projecting from each narrow tube portion into the discharge 
Space is in a range of 3.0 mm to 6.5 mm inclusive. 
0024. Also, it is preferable that each electrode has heat 
conductivity of no smaller than 130 W/m K, and each 
electrode Supporting member has heat conductivity of no 
larger than 100 W/m*K. 
0.025 Also, it is preferable that each electrode contains 
tungsten and/or molybdenum, and each electrode Supporting 
member contains cermet. 

0026. Also, it is preferable that a length of each narrow 
tube portion (narrow tube portion length L2) is in a range of 
(0.032P+3.5) mm to (0.032P+8.0) mm inclusive to ensure 
the advantageous effect of Suppressing the amount of the 
light emission metal Slipping into the Spaces. 
0027. Also, it is preferable that the sealing material is 
inserted into each narrow tube portion from an outer end not 
facing the discharge space, and a length (represented as 
“12) of the Sealing material in each narrow tube portion is 
in a range of 3.7 mm to 5.5 mm inclusive to enhance the 
reliability of the Sealing member during life and to maintain 
the characteristics. 

0028. It should be noted here that it has been confirmed 
through experiments that metal vapor discharge lamps hav 
ing 70 W to 400 W of lamp power show satisfactory levels 
of the above-stated effects when the electrode length L1 is 
set to the range of (0.041P+0.5) mm to (0.041P+8.0) mm 
inclusive. 

0029. The above objects are also fulfilled by a metal 
Vapor discharge lamp having an arc tube, wherein the arc 
tube includes a container made of translucent ceramic, the 
container being divided into a main tube portion and two 
narrow tube portions respectively extending out from both 
ends of the main tube portion, a discharge Space is formed 
in the main tube portion with a light emission metal being 
enclosed in the discharge Space, an electrode is deposited in 
each narrow tube portion, a coil being wound around the 
electrode at an end thereof facing the discharge Space, an 
electrode Supporting member is inserted in each narrow tube 
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portion and connected to the other end of the electrode, the 
arc tube is Sealed by a Sealing material that is inserted into 
each Space between each electrode Supporting member and 
each narrow tube portion, and a length of each narrow tube 
portion (narrow tube portion length L2) is in a range of 
(0.032P+3.5) mm to (0.032P+8.0) mm inclusive, wherein 
“P” represents a lamp power in watts. 
0030. With the above-stated construction in which the 
narrow tube portion length L2 is Set to no larger than 
(0.032P+8.0) mm, the light emission metal enclosed in the 
arc tube is prevented from Slipping into the Spaces between 
the inner Surfaces of the narrow tube portions and the 
electrodes. This makes it possible to maintain a Satisfactory 
level of the Steam pressure in the discharge Space, which 
contributes to the achievement of a metal vapor discharge 
lamp that shows leSS change in the color temperature and the 
characteristics after being lighted for a long time in con 
tinuation. 

0031. Also, the setting of the narrow tube portion length 
L2 to no smaller than (0.032P+3.5) mm suppresses the 
reaction between the Sealing member and the light emission 
metal, and prevents cracks from occurring in the Sealing 
member. 

0032. Also, when the narrow tube portion length L2 is set 
to the above-mentioned range, occurrence of the lamp 
turn-on failure is reduced. This effect is observed to be 
prominent especially when the enclosed light emission metal 
contains cerium. 

0033. It should be noted here that it has been confirmed 
through experiments that metal vapor discharge lamps hav 
ing 70 W to 360 W of lamp power show satisfactory levels 
of the above-stated effects when the narrow tube portion 
length L2 is set to the range of (0.032P+3.5) mm to 
(0.032P+8.0) mm inclusive. 
0034. The advantageous effects of suppressing the 
amount of the light emission metal slipping into the Spaces 
and of reducing occurrence of the lamp turn-on failure can 
be improved when the narrow tube portion length L2 is set 
to the range of (0.032P+3.5) mm to (0.032P+6.0) mm 
inclusive. 

0035 Also, it is preferable that the sealing material is 
inserted into each narrow tube portion from an outer end not 
facing the discharge space, and a length (represented as 
“12) of the Sealing material in each narrow tube portion is 
in a range of 3.7 mm to 5.5 mm inclusive to enhance the 
reliability of the Sealing member during life and to maintain 
the characteristics. 

0036). In general, the problem of the light emission metal 
Slipping into the Spaces is apt to occur in a metal vapor 
discharge lamp in which the thickness of each narrow tube 
portion is no smaller than 1.15 times the thickness of the 
main tube portion, or in which the main tube portion and the 
narrow tube portions are formed in one piece without any 
Shrinkage fitting, or in which the arc tube is deposited in an 
outer tube in which nitrogen is Sealed. The present invention 
is therefore especially effective on these types of metal vapor 
discharge lamps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. These and the other objects, advantages and fea 
tures of the invention will become apparent from the fol 
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lowing description thereof taken in conjunction with the 
accompanying drawings which illustrate a specific embodi 
ment of the invention. 

0038 
0.039 FIG. 1 is a front view of a metal vapor discharge 
lamp in an embodiment of the present invention, showing 
the construction thereof; 
0040 FIG. 2 is a sectional view of the arc tube 1, 
showing an example of the construction thereof; 
0041 FIG. 3 shows the construction of a lighting appa 
ratus in an embodiment of the present invention; 
0.042 FIG. 4 is a sectional view of the arc tube 1, 
showing an example of the construction thereof; 
0043 FIGS. 5A and 6B are sectional views of the arc 
tube, provided for the explanation of the electrode length L1, 
and 

0044 FIG. 6 is an illustration related to the mechanism 
of turn-on failure occurrence. 

In the drawings: 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

004.5 The following describes preferred embodiments of 
the present invention with reference to the attached draw 
ings. 

0046 Embodiment 1 
0047 Construction of Entire Metal Vapor Discharge 
Lamp and Arc Tube FIG. 1 is a front view (including a 
partial Sectional view) of a metal vapor discharge lamp in 
Embodiment 1, showing the construction thereof. 
0.048. As shown in FIG. 1, the metal vapor discharge 
lamp includes an Outer tube 3 in which nitrogen is Sealed at 
a certain pressure. In the outer tube 3, an arc tube 1 made of 
translucent ceramic is held at a certain position by power 
transmission lines 2a and 2b. Abase 4 is attached to a Sealed 
end of the outer tube 3. 

0049) 
0050. As shown in FIG. 2, the arc tube 1 includes a 
container 10 and power transmission members 20a and 20b. 
The container 10 is divided into narrow tube portions 12a 
and 12b and a main tube portion (light emission portion) 11. 
The power transmission members 20a and 20b are inserted 
into the container 10 through the narrow tube portions 12a 
and 12b, respectively. A typical translucent ceramic used as 
the material of the container 10 is alumina ceramic. 

FIG. 2 is a sectional view of the arc tube 1. 

0051) The power transmission members 20a and 20b 
include electrode pins 21a and 21b, respectively. Coils 22a 
and 22b made of tungsten are wound around ends of 
electrode pins 21a and 21b, respectively. The electrode pins 
21a and 21b are respectively joined with electrode Support 
ing members 23a and 23b made of conductive cermet, at the 
other ends thereof. It should be noted here that the conduc 
tive cermet is produced by mixing metal powder with 
ceramic powder and baking the mixture, and its coefficient 
of thermal expansion is approximately equal to that of 
ceramic. 

0.052 The electrode pins 21a and 21b are respectively 
joined with the electrode supporting members 23a and 23b 
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by laser beam welding. By the butt resistance welding, they 
are apt to be joined weakly Since cermet has a large 
resistivity. In contrast, the laser beam welding joins them 
Strongly enough to almost prevent Separation during the 
lamp life. 

0053) The electrode pins 21a and 21b are joined with the 
electrode Supporting members 23a and 23b in the narrow 
tube portions 12a and 12b of the container 10. 
0054 The electrode pins 21a and 21b thrust out into the 
main tube portion 11 of the container 10 from the narrow 
tube portions 12a and 12b so that both ends thereof, with the 
coils 22a and 22b wound around them, face each other in the 
main tube portion 11, where the Space in the main tube 
portion 11 functions as a discharge Space. 

0055. The electrode supporting members 23a and 23b 
extend out from the narrow tube portions 12a and 12b to 
outside, respectively. The Spaces between the electrode 
supporting members 23a and 23b and the narrow tube 
portions 12a and 12b are Sealed at the ends near outside 
respectively by Sealing members 24a and 24b that are 
formed by pouring a glass frit into the Spaces from outside. 
The glass frit includes a metal oxide, alumina, and Silica. 
0056 Mercury, rare gas, and light emitting metal are 
enclosed in the discharge Space in the main tube portion 11. 
0057 The metal vapor discharge lamp with the above 
described construction continues to emit light while an 
external driving circuit keeps applying to the power trans 
mission members 20a and 20b a sine wave voltage with 60 
HZ of frequency and 283 volts of peak voltage, via the base 
4 and the power transmission lines 2a and 2b. 
0058 Construction of Lighting Apparatus 
0059 FIG. 3 is a sectional view of a lighting apparatus 
to which the metal vapor discharge lamp is attached. 
0060. As shown in FIG. 3, the lighting apparatus 30 is 
composed of a main body and the above-described metal 
Vapor discharge lamp 34 attached to the main body. The 
main body is composed of a foundation 31, a Socket 32, and 
a reflective hood 33. The foundation 31 is used to fix the 
lamp to the ceiling or the like. The Socket 32 is attached to 
the foundation 31. The metal vapor discharge lamp 34, while 
it is positioned base side up, is attached to the Socket 32, with 
the base 34 being fitted into the socket 32. The reflective 
hood 33 is conical, and its inner Surface is reflective. The 
reflective hood 33 is fixed opening side down, with the metal 
Vapor discharge lamp 34 Surrounded by the reflective Sur 
face thereof. Note that a lighting circuit apparatus (not 
illustrated) is provided at a place Separated from the lighting 
apparatuS. 

0061 The metal vapor discharge lamp 34 emits light 
when power is Supplied from the lighting circuit apparatus 
via the socket 32, and some part of the emitted visible light 
travels downward directly through the opening, other part 
being reflected from the reflective surface of the reflective 
hood 33 and traveling downward. 
0062 Relation between Electrode Length L1 and Lamp 
Characteristics 

0063. In the present embodiment, the length of the elec 
trode pins 21a and 21b is referred to as an electrode length, 
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and the electrode length is set to a value Satisfying the 
conditions of the following Formula 1. 

0064 where “L1” indicates the electrode length (mm), 
and “P” the lamp power (W). 
0065. As will be described in detail in this section, by 
Setting the electrode length L1 to a value in the range 
Specified by the Formula 1, the light emission metal 
enclosed in the arc tube is prevented from Slipping into the 
Spaces between the inner Surfaces of the narrow tube por 
tions and the electrode pins 21a and 21b. This setting of the 
electrode length also prevents cracks from occurring in the 
Sealing member, and Suppresses the reaction between the 
Sealing member and the light emission metal. This prevents 
the color temperature from changing for a long time, and 
achieves a long life of the lamp. 

0066. This will be described in detail. 
0067. Whether it is easy for the light emission metal to 
Slip into the Spaces depends on the temperature in the gap G. 
Here, the gap G is all spaces between the electrode pins 21a 
and 21b and the narrow tube portions 12a and 12b, not filled 
with the Sealing material. Especially, the temperatures in the 
vicinities of ends of the sealing members 24a and 24b are 
important. 

Formula 1 

0068 More specifically, if the temperature of the elec 
trode pins 21a and 21b are lower in the narrow tube portions 
12a and 12b than in the discharge Space, and if the tem 
perature of the inner Surfaces of the narrow tube portions 
12a and 12b surrounding the electrode pins 21a and 21b is 
lower than the discharge Space, the enclosed light emission 
metal becomes liquid in the gap G, and the liquid of the light 
emission metal sinkS into the gap G. 
0069. In contrast, when the electrode length L1 is set to 
a value of no larger than (0.041P+8.0) mm, the temperature 
in the gap G is kept high enough to have the liquid of the 
light emission metal vaporized. 

0070 The mechanism is considered as follows. 
0071. The electrode pins 12a and 12b, having high heat 
conductivity, are apt to conduct the heat from the positive 
column. In contrast, the high heat conductivity, having low 
heat conductivity, are difficult to conduct the heat from the 
electrode pins 12a and 12b. Accordingly, the temperature in 
the gap G, especially in the vicinities of ends of the Sealing 
members 24a and 24b, is affected greatly by the length 
(thermal capacity) of the electrode pins 21a and 21b. The 
longer the electrode pins 21a and 21b are, the greater the 
thermal capacity is, and the temperature in the gap G, 
especially in the vicinities of ends of the Sealing members 
24a and 24b, becomes lower (conversely, the shorter the 
electrode pins 21a and 21b are, the higher the temperature 
in the gap G is). 
0.072 AS described above, in the present embodiment, the 
temperature in the gap G, especially in the vicinities of ends 
of the Sealing members 24a and 24b, is kept high, and this 
prevents the light emission metal from Sinking into the 
Spaces between the inner Surfaces of the narrow tube por 
tions and the electrode pins 21a and 21b. 
0.073 Conversely, if the electrode length L1 is too short, 
the temperature of the ends of the Sealing members 24a and 
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24b on the gap G side becomes too high, which promotes the 
reaction between the Sealing material and the light emission 
metal. 

0074. In case the electrode pins 21a and 21b are joined 
with the electrode supporting members 23a and 23b by laser 
beam welding, the Surface of the welded portion becomes 
alumina-rich, and the reaction between the welded portion 
exposed to the gap G and the light emission metal is 
promoted. The reaction of the light emission metal increases 
the tube Voltage, which is apt to make the lamp go out in an 
early Stage, reducing the lamp life. 

0075 Also, if the temperature at the ends of the sealing 
members 24a and 24b becomes too high, cracks are apt to 
occur in the Sealing members 24a and 24b. 
0076 On the other hand, if the electrode length L1 is set 
to a value that is no smaller than (0.041P+0.5) mm, the 
temperature at the ends of the Sealing members 24a and 24b 
does not rise to too high a level. This prevents cracks from 
occurring in the Sealing members 24a and 24b, and prevents 
the reaction between the Sealing material and the light 
emission metal. 

0.077 Projected Electrode Length 11 
0078. It is preferable that a length of a portion of the 
electrode pins 21a and 21b projecting from the narrow tube 
portions 12a and 12b into the discharge Space, which is 
referred to as a projected electrode length in the present 
document, is Set to no Smaller than 3.0 mm and no greater 
than 6.5 mm. The reasons are as follows. 

0079 If the projected electrode length is smaller than 3.0 
mm, the tube wall becomes too close to the positive column 
in the vicinities of the boundaries between the main tube 
portion 11 and the narrow tube portions 12a and 12b. This 
promotes the occurrence of cracks due to the thermal shock 
and promotes the reaction between the tube wall and the 
enclosed metal (light emission metal). Also, if the projected 
electrode length is larger than 6.5 mm, the distances between 
the positive column and the narrow tube portions 12a and 
12b become too large, which makes the temperatures of the 
narrow tube portions 12a and 12b and the gap G to be too 
low. This allows the enclosed metal (light emission metal) to 
Sink into the Spaces between the inner Surfaces of the narrow 
tube portions and the electrode pins 21a and 21b. It should 
be noted here that the boundaries between the narrow tube 
portions 12a and 12b and the discharge Space are portions 
where the inside diameters of the narrow tube portions 12a 
and 12b Start to increase Substantially. 
0080 Examples of Coils 25a and 25b 
0081. In the example shown in FIG. 2, the gap G exists 
between the inner surfaces of the narrow tube portions 12a 
and 12b and the outer surfaces of the electrode pins 21a and 
21b, the distance between the Surfaces in the gap G is equal 
to a difference between their diameters. 

0082 FIG. 4 shows an example in which coils 25a and 
25b made of molybdenum are wound around the electrode 
pins 21a and 21b at the portions surrounded by the narrow 
tube portions 12a and 12b. 
0083. With Such an arrangement, the gap G is filled with 
the coils 25a and 25b to a great extent, reducing the amount 
of light emission metal that Sinks into the gap, and making 
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it difficult for the reaction between the Sealing material and 
the light emission metal. However, Since the gap G is not 
entirely filled with the coils 25a and 25b, the light emission 
metal SinkS into the gap and the reaction between the Sealing 
material and the light emission metal occurs. 
0084. Here, the construction can be combined with the 
Setting of the electrode length L1 (mm) to a value Satisfying 
the condition of the Formula 1 to obtain the same effect as 
in the example shown in FIG. 2. That is to say, with this 
combination, the light emission metal is prevented from 
Sinking into the Spaces between the inner Surfaces of the 
narrow tube portions and the electrode pins 21a and 21b, and 
the reaction between the Sealing material and the light 
emission metal is also prevented. 
0085 Shape of Electrodes and Electrode Length L1 
0.086 FIGS. 5A and 5B are sectional views of the arc 
tube, provided for the explanation of the electrode length L1. 
Generally, the length of electrode (electrode length L1) is 
defined as the length of the electrode pin 21a (21b), or a 
distance between a tip of the coil 22a (22b) and the end of 
the electrode Supporting member 23a (23b) on the discharge 
space side. This applies to the example shown in FIG. 5A, 
in which the end portion of the electrode pin 21a (21b) is 
embedded into the electrode supporting member 23a (23b). 
In this case, the electrode length L1 is equal to the length of 
the electrode pin 21a (21b). 
0087. On the other hand, in the example shown in FIG. 
5B, in which the coil 25a (25b) is wound around the 
electrode pin 21a (21b) and the electrode Supporting mem 
ber 23a (23b) in succession in the narrow tube portion 12a 
(12b), the electrode length L1 is defined as a distance 
between (i) a tip of the electrode pin 21a (21b) or the coil 
22a (22b) in the discharge space and (ii) the end of the coil 
25a (25b) (on the outside side). 
0088. Heat Conductivity of Electrodes and Electrode 
Supporting Members 
0089. As described above, tungsten, which is a refractory 
metal, is used as the material of the electrode pins 21a and 
21b and the coils 22a and 22b. Tungsten has a heat con 
ductivity of no lower than 130 (W/mK). Also, as shown in 
FIG. 4, coils 25a and 25b made of molybdenum may be 
wound around the electrode pins 21a and 21b. Molybdenum 
also has a heat conductivity of no lower than 130 (W/mK). 
0090 Accordingly, both of (i) electrodes composed of 
electrode pins 21a and 21b and coils 22a and 22b, and (ii) 
electrodes composed of electrode pins 21a and 21b, coils 
22a and 22b, and coils 25a and 25b have a heat conductivity 
of no lower than 130 (W/m K). 
0091. On the other hand, a conductive cermet is used as 
the material of electrode supporting members 23a and 23b. 
It is preferred that the heat conductivity of the conductive 
cermet used as the material of electrode Supporting members 
23a and 23b is lower than that of the electrodes and that it 
is no higher than 100 (W/m K). 
0092. This is because, as apparent from the results of 
Experiment 2 which will be provided later, when the heat 
conductivity of the electrode Supporting members 23a and 
23b is as high as the electrodes, heat is apt to escape from 
the electrode pins to the electrode Supporting members. This 
decreases the temperature in the gap G, causing the light 
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emission metal to Slip into the Spaces between the inner 
Surfaces of the narrow tube portions and the electrode pins. 

0093. Relation between Narrow Tube Portion Length L2 
and Lamp Characteristics 
0094. In the present embodiment, the length of the nar 
row tube portions is referred to as a narrow tube portion 
length, and the narrow tube portion length is Set to a value 
Satisfying the conditions of the following Formula 2. 

0.032P+3.5s L2s 0.032P+8.0, Formula 2 

0.095 where “L2” indicates the narrow tube portion 
length (mm), and “P” the lamp power (W). 
0096. Here, the narrow tube portion length L2 is a length 
of a portion of the narrow tube portion 12a (12b) extending 
from an end to a position where the tube diameter Starts to 
increase. Generally, the diameter of the arc tube is Substan 
tially constant through a portion that corresponds to the 
narrow tube portion length L2. 
0097 AS apparent from the results of Experiment 3 that 
will be shown later, with this arrangement of Setting the 
narrow tube portion length L2 to a value Satisfying the 
conditions of the following Formula 2, the enclosed light 
emission metal is prevented from Sinking into the Spaces 
between the inner Surfaces of the narrow tube portions and 
the electrode pins 21a and 21b. This setting of the narrow 
tube portion length also prevents cracks from occurring in 
the Sealing member, and Suppresses the reaction between the 
Sealing member and the light emission metal. This prevents 
the color temperature from changing for a long time, and 
achieves a long life of the lamp. 
0098. To increase the reliability of reducing the amount 
of light emission metal sinking into the Spaces, it is prefer 
able to Set the electrode length L1 to a value Satisfying the 
conditions of Formula 1, and to Set the narrow tube portion 
length L2 to a value Satisfying the conditions of Formula 2. 

0099] This will be described in detail. 
0100 Whether it is easy for the light emission metal to 
Slip into the Spaces depends on the temperature in the gap G. 

0101 More specifically, if the temperature of the elec 
trode pins 21a and 21b are lower in the narrow tube portions 
12a and 12b than in the discharge Space, and if the tem 
perature of the inner Surfaces of the narrow tube portions 
12a and 12b surrounding the electrode pins 21a and 21b is 
lower than the discharge Space, the enclosed light emission 
metal becomes liquid in the gap G, not vaporized, and the 
liquid of the light emission metal SinkS into the gap G. 
0102) In contrast, when the narrow tube portion length L2 
is set to a value of no larger than (0.032P+8.0) mm, the 
temperature in the gap G is kept high enough to have the 
liquid of the light emission metal vaporized. 

0103) The mechanism is considered to be as follows. 
0104. The temperature in the gap G, especially in the 
vicinities of ends of the sealing members 24a and 24b, is 
affected greatly by the narrow tube portion length L2. The 
longer the narrow tube portion length L2 is, the longer the 
distance from the positive column is, the greater the thermal 
capacity is, the lower the temperature in the gap G, espe 
cially in the vicinities of ends of the Sealing members 24a 
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and 24b, is (conversely, the shorter the narrow tube portion 
length L2 is, the higher the temperature in the gap G is). 
0105 Conversely, if the narrow tube portion length L2 is 
too short, the temperature of the ends of the Sealing members 
24a and 24b on the gap G side becomes too high, which 
promotes the reaction between the Sealing material and the 
light emission metal. 
0106. In case the electrode pins 21a and 21b are joined 
with the electrode supporting members 23a and 23b by laser 
beam welding, the Surface of the welded portion becomes 
alumina-rich, and the reaction between the welded portion 
exposed to the gap G and the light emission metal is 
promoted. The reaction of the light emission metal increases 
the tube Voltage, which is apt to cause the lamp to go out in 
an early Stage, reducing the lamp life. 
0107 Also, if the temperature at the ends of the sealing 
members 24a and 24b becomes too high, cracks are apt to 
occur in the Sealing members 24a and 24b. 
0108. On the other hand, if the narrow tube portion length 
L2 is set to a value of no smaller than (0.032P+3.5) mm, the 
temperature at the ends of the Sealing members 24a and 24b 
does not become too high. This prevents cracks from occur 
ring in the Sealing members 24a and 24b, and prevents the 
reaction between the Sealing material and the light emission 
metal. 

0109 Relation between Narrow Tube Portion Length L2 
and Lamp Turn-On Failure 
0110. When a metal vapor discharge lamp uses a light 
emission metal that contains cerium, the lamp may go out 
immediately after the lamp is turned on. The phenomenon 
occurs especially in the initial aging lighting process that is 
performed immediately after the lamp is manufactured. 
However, occurrence of this problem can also be reduced by 
Setting the narrow tube portion length L2 to a value Satis 
fying the conditions of Formula 2. 
0111. The effect of reducing the turn-on failure can be 
enhanced by Setting the narrow tube portion length L2 to a 
value satisfying the conditions of the following Formula 3. 

0112 where “L2 indicates the narrow tube portion 
length (mm), and “P” the lamp power (W). 

Formula 3 

0113 Now, the mechanism of turn-on failure occurrence 
and its Suppression achieved by Setting the narrow tube 
portion length L2 to a small value will be described. 

0114 FIG. 6 is an illustration related to the mechanism 
of turn-on failure occurrence. 

0115) In FIG. 6, “Vm” represents a Supply voltage input 
to a driving circuit, and "Vla' a lamp Voltage applied to a 
lamp. 

0116. In FIG. 6, the voltage at the peak of the lamp 
Voltage waveform corresponds to a restrike Voltage. 

0117. After the lamp is turned on, the lamp voltage Vla 
increases gradually. Here, if the light emission metal con 
tains cerium (Ce), the restrike Voltage is apt to increase 
drastically Several Seconds after the lamp is turned on. In 
regard with the graph shown in FIG. 6, it is found that the 
restrike Voltage increases drastically at the fifth wave. This 
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is because cerium is vaporized abruptly when the tempera 
ture of the walls of the arc tube increases to a certain level 
after the lamp is turned on, causing an irregular arc dis 
charge. 

0118. Here, when the speed at which the temperature of 
the arc tube wall increases is low, it takes a long time before 
the temperature of the arc tube wall rises to the level that 
causes cerium to be vaporized. In this case, when the restrike 
Voltage increases drastically due to the Sudden vaporization 
of cerium, the lamp Voltage Vla has increased to a consid 
erable level, which causes the restrike Voltage to increase 
even more. As a result, it may happen that the difference VA 
between the Supply Voltage Vm and the restrike Voltage at 
this point is “0”. 
0119). In the graph shown in FIG. 6, it is observed that the 
restrike Voltage increases drastically at the fifth wave, So that 
the difference VA between the Supply voltage Vm and the 
restrike Voltage is 0. 
0120) The lamp goes out the moment the difference VA 
between the Supply Voltage Vm and the restrike Voltage 
becomes 0, as is the case described above. 

0121. In contrast, when the narrow tube portion length L2 
is Set to a Small value, the Speed at which the temperature of 
the arc tube wall increases becomes fast, and cerium is 
Vaporized in a short time period. In this case, when cerium 
is vaporized, the lamp Voltage Vla has not risen to Such a 
considerable level, and even if the restrike Voltage increases 
here, there is little possibility that the difference VA between 
the Supply voltage Vm and the restrike voltage becomes “0”. 
0122) It has been confirmed through experiments that in 
a metal vapor discharge lamp in which 13.5 mg of light 
emission metal has been enclosed in the discharge Space, 
and the light emission metal is composed of CeI3 (5.4 mg 
of cerium); NaI(7.1 mg of sodium); TII (0.6 mg of thallium); 
and Inl (0.4 mg of indium), the lamp turn-on failure can be 
Suppressed by Setting the narrow tube portion length L2 to 
no larger than (0.032P+8.0) mm. Sealing Material Insertion 
Length 12 and Thickness of Arc Tube Container 
0123. In the present embodiment, the length of the seal 
ing material inserted into the narrow tube portion is referred 
to as a Sealing material insertion length 12, and it is preferred 
that the Sealing material insertion length is set to a value 
Satisfying the conditions of the following Formula 4. 

3.7s. 12s5.5, Formula 4 

0.124 where “12 indicates the sealing material insertion 
length (mm). 
0.125 AS apparent from the results of Experiment 4 that 
will be detailed later, the Setting of the length enhances the 
reliability of the Sealing member during life, and Stabilize 
the characteristics. 

0.126 In the case of ordinary ceramic light emission 
container, thickness t2 of the narrow tube portions is no 
smaller than 1.15 times thickness t1 of the main tube portion. 
0127. As in this case, when the narrow tube portion is 
thicker than the main tube portion (that is, t2>t1), the 
temperature in the gap G, especially in the vicinities of ends 
of the sealing members 24a and 24b, is apt to be low. In such 
a case, Setting the narrow tube portion length L2 to a value 
satisfying the conditions of the Formula 2 or 3 is effective in 
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preventing the light emission metal from Sinking into the 
Spaces between the inner Surfaces of the narrow tube por 
tions and the electrode pins 21a and 21b. 
0128 Variations and Others 
0129. The problem of the sinking light emission metal 
mainly occurs to a lower narrow tube portion when the 
electrodes are held vertically. Accordingly, when it is known 
in advance which of the narrow tube portions 12a and 12b 
is positioned lower, the above-explained Settings of the 
lengths including the narrow tube portion length L2 may be 
applied only to the lower narrow tube portion. This is 
expected to provide the same effects. 
0130. Otherwise, it is preferable that the above-explained 
Settings of the lengths are applied to both of the narrow tube 
portions 12a and 12b Since any of these may be positioned 
lower. 

EXAMPLES 

0131 Examples of the metal vapor discharge lamp in the 
present embodiment were prepared, with the lamp power 
P=300 W. The types and sizes of the components were as 
follows. 

0132) The narrow tube portion length L2 was set to 15.8 
. 

0133. The electrode pins 21a and 21b had an outside 
diameter of 0.71 mm and a length of 17.8 mm. 
0.134. The conductive cermet for the electrode Supporting 
members 23a and 23b was formed by baking a mixture of 
molybdenum and alumina. The coefficient of thermal expan 
Sion of the conductive cermet was 7.0x10-6, and the heat 
conductivity was 70 (W/m K). The electrode supporting 
members 23a and 23b had an outside diameter of 1.3 mm 
and a length of 30 mm. 
0135 The amount of light emission metal enclosed in the 
discharge Space was 13.5 mg. The light emission metal was 
composed of 2.6 mg of DyI, 2.6 mg of Hols, 2.6 mg of 
TmI, 3.3 mg of NaI, and 2.4 mg of TII. Also, 20 kPa of 
argon was enclosed in the discharge Space as a rare gas. 
0.136 The narrow tube portions 12a and 12b had an 
inside diameter of 1.3 mm. The thickness t1 of the main tube 
portion 11 was set to 1.1 mm, and the thickness t2 of the 
narrow tube portions 12a and 12b was set to 1.35 mm. 
0.137 For each of the examples of metal vapor discharge 
lamps, the following experiments were conducted. In these 
experiments, electrode pins 21a and 21b made of molybde 
num, with coils 25a and 25b wound around thereof, were 
used. 

0138 Experiment 1 
0139 A 3,000-hour life test was conducted on the 
examples of metal vapor discharge lamps in which the 
electrode length L1 was set to 11.8 mm, 12.8 mm, 16.3 mm, 
19.8 mm, and 20.8 mm, respectively, and the increase in the 
tube voltage (V) and change in the color temperature (K) 
were measured. 

0140. The length of the gap G (a distance between a 
discharge Space Side end of the narrow tube portion 12a 
(12b) and an end surface of the sealing member 24a (24b)) 
was fixed to 4.5 mm. 
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0141 Table 1 shows the results of the experiment. 

0142. In the “Estimation” column in Table 1, the sign 
“O'” indicates “good”, and the sign “X” indicates “no good” 
(this also applies to Tables 2-6). 

TABLE 1. 

Color 

Tube voltage temperature 
Electrode increase change (Q 3,000 

length L1 (mm) (a 3,000 hours hours Estimation 

11.8 27 V 13OK X 

12.8 15 V 145K O 

16.3 7 V 2OSK O 

19.8 10 V 28OK O 

20.8 6 V SSOK X 

0143. The experiment results of Table 1 indicate that the 
examples of metal vapor discharge lamps having 12.8 mm or 
larger of electrode length L1 have very Small increases in the 
tube voltage per 3,000 hours. 

0144. It is considered that this is because the temperature 
at the ends of the Sealing members 24a and 24b increases 
enough to promote the reaction with the light emission metal 
when the electrode length L1 is 12.8 mm or Smaller, and in 
contrast, the temperature is Suppressed from rising when the 
electrode length L1 is Smaller than 12.8 mm. 

0145 The experiment results of Table 1 also indicate that 
the examples of metal vapor discharge lamps having no 
smaller than 19.8 mm of electrode length L1 have very small 
changes in the color temperature per 3,000 hours. 

0146 It is considered that this is because the temperature 
at the inner wall Surfaces of the narrow tube portions is kept 
high enough to Suppress the light emission metal from 
Sinking into the gap. 

0147 AS understood from the results of the experiment, 
in the metal vapor discharge lamps with the lamp power 
P=300 W, the tube voltage increase and color temperature 
change can be Suppressed when the electrode length L1 is Set 
to a value in a range of 12.8 mm to 19.8 mm (that is, the 
range specified by Formula 1). 

0.148. A 3, 000-hour life test was also conducted on the 
examples of metal vapor discharge lamps with the lamp 
power P=70W in which the electrode pins 21a and 21b have 
an outside diameter of 0.35 mm, and the electrode length L1 
was set to 3.0 mm, 3.5 mm, 7.0 mm, 10.8 mm, and 11.3 mm, 
respectively, and the increased tube Voltage increase (V) and 
the color temperature change (K) were measured. 

0149 Table 2 shows the results of the experiment, and as 
understood from the results, the tube Voltage increase and 
color temperature change can be Suppressed when the elec 
trode length L1 is set to a value in a range of 3.5 mm to 10.8 
mm (that is, the range specified by Formula 1). 



TABLE 2 

Color 
Tube voltage temperature 

Electrode increase change (Q 3,000 
length L1 (mm) (Q 3,000 hours hours Estimation 

3.0 24 V 155K X 
3.5 18 V 17OK O 
7.0 7 V 2OOK O 
10.8 5 V 24OK O 
11.3 5 V 51OK X 

0150. It should be noted here that similar experiments 
were conducted on metal vapor discharge lamps with the 
lamp power P=70 W to 400 W as well, and it was confirmed 
that the tube Voltage increase and color temperature change 
during life can be Suppressed when the electrode length L1 
is Set to a value Satisfying the conditions Specified by 
Formula 1. 

0151. Similar experiments were also conducted for vari 
ous ratioS of the compositions of the light emission metal, 
and it was confirmed that the tube Voltage increase and color 
temperature change during life can be Suppressed when the 
electrode length L1 is Set to a value Satisfying the conditions 
specified by Formula 1, regardless of the ratio of the 
compositions of the light emission metal. 
0152 Experiment 2 
0153. A 3,000-hour life test was conducted on the 
examples of metal vapor discharge lamps in which the 
electrode length L1 was fixed to 17.8 mm and cermets with 
70, 100, and 110 W/m K of heat conductivity and molyb 
denum with 138 W/m K of heat conductivity were used as 
the materials of the electrode Supporting members, respec 
tively, and change in the color temperature (K) was mea 
Sured. 

0154 Table 3 shows the results of the experiment. 

TABLE 3 

Electrode Color 
Supporting Heat temperature 
member conductivity change (Q 3,000 
material (K/m K) hours Estimation 

Cermet 70 2OOK O 
Cermet 1OO 24OK O 
Cermet 110 38OK X 
Molybdenum 138 525K X 

O155 AS understood from the results, when a material 
with no smaller than 100W/m Kof heat conductivity is used 
as the material of the electrode Supporting members 23a and 
23b, the color temperature changes greatly during life. It is 
considered that this is because when the electrode Support 
ing members have high heat conductivity, the heat is apt to 
escape from the electrode pins to the electrode Supporting 
members, which decreases the temperature in the gap G, 
especially in the vicinities of ends of the Sealing members 
24a and 24b, and causes the light emission metal to Sink into 
the gap. 
0156 Experiment 3 
0157. A 3,000-hour life test was conducted on the 
examples of metal vapor discharge lamps in which the 
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narrow tube portion length L2 was set to 10.0 mm, 11.6 mm, 
13.1 mm, 15.0 mm, 17.6 mm, and 19.1 mm, respectively, 
and probability of crack occurrence and change in the color 
temperature were measured. 

0158. The electrode length L1 was fixed to 17.6 mm, and 
the Sealing material insertion length 12 was fixed to 4.5 mm. 

0159 Table 4 shows the results of the experiment. 

0160 In the “Estimation” column in Table 4, the sign 
“O'” indicates “excellent” (this also applies to Table 5). 

TABLE 4 

Probability of Color 
Narrow tube crack temperature 
portion length OCCCCC change (Q 3,000 
L2 (mm) G 3,000 hours hours Estimation 

1.O.O 4/8 155K X 
11.6 1/10 185K X 

13.1 Of 10 22OK O 
15.6 Of 10 23OK GD 
17.6 Of8 3OOK O 

19.1 Of7 43OK X 

0.161 AS understood from the results, cracks occurred to 
metal vapor discharge lamps in which the narrow tube 
portion length L2 was Set to no larger than 11.6 mm, but the 
probability of crack occurrence was very low in the 
examples in which the narrow tube portion length L2 was Set 
to no Smaller than 13.1 mm. It is considered that this is 
because when the narrow tube portion length L2 is no 
Smaller than 13.1 mm, the temperature of the electrode 
Supporting members and Sealing members in the narrow 
tube portions does not rise to too high a level while the lamp 
is lighted, which prevents these members from reacting with 
the light emission metal and from thermal expansion. 

0162. As described above, it is understood that in the 
metal vapor discharge lamps with the lamp power P=300 W, 
the crack occurrence and color temperature change can be 
Suppressed when the narrow tube portion length L2 is Set to 
a value in a range of 13.1 mm to 17.6 mm (that is, the range 
specified by Formula 0.2). 

0163 A 3,000-hour life test was also conducted on the 
examples of metal vapor discharge lamps with the lamp 
power P=70 W in which the narrow tube portion length L2 
was set to 4.0 mm, 5.0 mm, 5.8 mm, 8.0 mm, 10.0 mm, and 
11.0 mm, respectively, and the crack occurrence probability 
and the color temperature change (K) were measured. 

0164. Table 5 shows the results of the experiment, and as 
understood from the results, in the metal vapor discharge 
lamps with the lamp power P=70 W, the crack occurrence 
probability and the color temperature change can be Sup 
pressed when the narrow tube portion length L2 is Set to a 
value in a range of 5.8 mm to 10.0 mm (that is, the range 
specified by Formula 2). 
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TABLE 5 

Probability of Color 
Narrow tube crack temperature 
portion length OCCCCC change (Q 3,000 
L2 (mm) G 3,000 hours hours Estimation 

4.0 3/8 165K X 
5.0 2/8 18OK X 
5.8 Of 10 190K O 
8.0 Of 10 21OK GD 

1.O.O Of 10 295K O 
11.0 O/5 SOOK X 

0.165 A 3,000-hour life test was conducted on the 
examples of metal vapor discharge lamps in which the 
electrode length L1 and narrow tube portion length L2 were 
fixed to 17.6 mm and 15.8 mm, respectively, and the Sealing 
material insertion length 12 was set to 3.2 mm, 3.7 mm, 5.5 
mm, and 6.0 mm, respectively, and probability of crack 
occurrence in the Sealing members and change in the color 
temperature were measured. 

0166 Table 6 shows the results of the experiment. 

TABLE 6 

Sealing Probability of Color 
material crack temperature 
insertion OCCCCC change (Q 3,000 

length 12 (mm) (a 3,000 hours hours Estimation 

3.2 Of6 455K X 
3.7 Of8 28OK O 
5.5 Of 10 22OK O 
6.O 2/7 2OOK X 

0167 AS understood from the results, the probability of 
crack occurrence was very low when the Sealing material 
insertion length 12 was no larger than 5.5 mm. It is consid 
ered that this is because when the Sealing material insertion 
length 12 is no larger than 5.5 mm, the temperature of the 
electrode Supporting members and Sealing members in the 
narrow tube portions does not rise to too high a level while 
the lamp is lighted, which prevents these members from 
reacting with the light emission metal and from thermal 
expansion. 

0168 On the other hand, it is understood from the results 
shown in Table 6 that the color temperature changed leSS 
during life when the Sealing material insertion length 12 was 
no smaller than 3.7 mm. It is considered that this is-because 
when the Sealing material insertion length 12 was no Smaller 
than 3.7 mm, the temperature of ends of the Sealing members 
was kept high enough to prevent the light emission metal 
from Sinking into the gap G. 

0169. Although the present invention has been fully 
described by way of examples with reference to the accom 
panying drawings, it is to be noted that various changes and 
modifications will be apparent to those skilled in the art. 
Therefore, unless Such changes and modifications depart 
from the Scope of the present invention, they should be 
construed as being included therein. 
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What is claimed is: 
1. A metal vapor discharge lamp having an arc tube, 

wherein 

the arc tube includes a container made of translucent 
ceramic, the container being divided into a main tube 
portion and two narrow tube portions respectively 
extending out from both ends of the main tube portion, 

a discharge Space is formed in the main tube portion with 
a light emission metal being enclosed in the discharge 
Space, 

an electrode is deposited in each narrow tube portion, a 
coil being wound around the electrode at an end thereof 
facing the discharge Space, 

an electrode Supporting member is inserted in each nar 
row tube portion and connected to the other end of the 
electrode, 

the arc tube is Sealed by a Sealing material that is inserted 
into each Space between each electrode Supporting 
member and each narrow tube portion, and 

a length of each electrode is in a range of (0.041P+0.5) 
mm to (0.041P+8.0) mm inclusive, wherein “P” rep 
resents a lamp power in Watts. 

2. The metal vapor discharge lamp of claim 1, wherein a 
length of a portion of each electrode projecting from each 
narrow tube portion into the discharge Space is in a range of 
3.0 mm to 6.5 mm inclusive. 

3. The metal vapor discharge lamp of claim 1, wherein 
each electrode has heat conductivity of no Smaller than 

130 W/m K, and 
each electrode Supporting member has heat conductivity 

of no larger than 100 W/m K. 
4. The metal vapor discharge lamp of claim 1, wherein 
each electrode contains tungsten and/or molybdenum, and 
each electrode Supporting member contains cermet. 
5. The metal vapor discharge lamp of claim 1, wherein 
a length of each narrow tube portion is in a range of 

(0.032P+3.5) mm to (0.032P+8.0) mm inclusive, 
wherein “P” represents a lamp power in watts. 

6. The metal vapor discharge lamp of claim 1, wherein 
the Sealing material is inserted into each narrow tube 

portion from an outer end not facing the discharge 
Space, and a length of the Sealing material in each 
narrow tube portion is in a range of 3.7 mm to 5.5 mm 
inclusive. 

7. The metal vapor discharge lamp of claim 1, wherein 
the main tube portion and the narrow tube portions are 

formed in one piece. 
8. A metal vapor discharge lamp having an arc tube, 

wherein 

the arc tube includes a container made of translucent 
ceramic, the container being divided into a main tube 
portion and two narrow tube portions respectively 
extending out from both ends of the main tube portion, 

a discharge Space is formed in the main tube portion with 
a light emission metal being enclosed in the discharge 
Space, 
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an electrode is deposited in each narrow tube portion, a 
coil being wound around the electrode at an end thereof 
facing the discharge Space, 

an electrode Supporting member is inserted in each nar 
row tube portion and connected to the other end of the 
electrode, 

the arc tube is Sealed by a Sealing material that is inserted 
into each Space between each electrode Supporting 
member and each narrow tube portion, 

a length of each electrode is in a range of (0.041P+0.5) 
mm to (0.041P+8.0) mm inclusive, wherein “P” rep 
resents a lamp power in Watts, and 

the lamp power is in a range of 70 watts to 400 watts 
inclusive. 

9. A metal vapor discharge lamp having an arc tube, 
wherein 

the arc tube includes a container made of translucent 
ceramic, the container being divided into a main tube 
portion and two narrow tube portions respectively 
extending out from both ends of the main tube portion, 

a discharge Space is formed in the main tube portion with 
a light emission metal being enclosed in the discharge 
Space, 

an electrode is deposited in each narrow tube portion, a 
coil being wound around the electrode at an end thereof 
facing the discharge Space, 

an electrode Supporting member is inserted in each nar 
row tube portion and connected to the other end of the 
electrode, 

the arc tube is Sealed by a Sealing material that is inserted 
into each Space between each electrode Supporting 
member and each narrow tube portion, and 

a length of each narrow tube portion is in a range of 
(0.032P+3.5) mm to (0.032P+8.0) mm inclusive, 
wherein “P” represents a lamp power in watts. 

10. A metal vapor discharge lamp having an arc tube, 
wherein 

the arc tube includes a container made of translucent 
ceramic, the container being divided into a main tube 
portion and two narrow tube portions respectively 
extending out from both ends of the main tube portion, 

a discharge Space is formed in the main tube portion with 
a light emission metal being enclosed in the discharge 
Space, 

an electrode is deposited in each narrow tube portion, a 
coil being wound around the electrode at an end thereof 
facing the discharge Space, 

an electrode Supporting member is inserted in each nar 
row tube portion and connected to the other end of the 
electrode, 

the arc tube is Sealed by a Sealing material that is inserted 
into each Space between each electrode Supporting 
member and each narrow tube portion, and 

a length of each narrow tube portion is in a range of 
(0.032P+3.5) mm to (0.032P+6.0) mm inclusive, 
wherein “P” represents a lamp power in watts. 
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11. The metal vapor discharge lamp of claim 10, wherein 
the light emission metal enclosed in the main tube portion 

contains cerium. 
12. The metal vapor discharge lamp of claim 9, wherein 

the Sealing material is inserted into each narrow tube portion 
from an outer end not facing the discharge Space, and a 
length of the Sealing material in each narrow tube portion is 
in a range of 3.7 mm to 5.5 mm inclusive. 

13. The metal vapor discharge lamp of claim 9, wherein 
a thickness of each narrow tube portion is no Smaller than 
1.15 times a thickness of the main tube portion. 

14. The metal vapor discharge lamp of claim 9, wherein 
each electrode Supporting member is made of cermet. 
15. The metal vapor discharge lamp of claim 9, wherein 
the main tube portion and the narrow tube portions are 

formed in one piece. 
16. The metal vapor discharge lamp of claim 9, wherein 
the lamp power is in a range of 70 watts to 360 watts 

inclusive. 
17. A lighting apparatus that includes a main body, a metal 

Vapor discharge lamp disposed in the main body, and a 
lighting circuit apparatus connected to the metal vapor 
discharge lamp, the metal vapor discharge lamp having an 
arc tube, wherein 

the arc tube includes a container made of translucent 
ceramic, the container being divided into a main tube 
portion and two narrow tube portions respectively 
extending out from both ends of the main tube portion, 

a discharge Space is formed in the main tube portion with 
a light emission metal being enclosed in the discharge 
Space, 

an electrode is deposited in each narrow tube portion, a 
coil being wound around the electrode at an end thereof 
facing the discharge Space, 

an electrode Supporting member is inserted in each nar 
row tube portion and connected to the other end of the 
electrode, 

the arc tube is Sealed by a Sealing material that is inserted 
into each Space between each electrode Supporting 
member and each narrow tube portion, and 

a length of each electrode is in a range of (0.041P+0.55) 
mm to (0.041P+8.0) mm inclusive, wherein “P” rep 
resents a lamp power in Watts. 

18. A lighting apparatus that includes a main body, a metal 
Vapor discharge lamp disposed in the main body, and a 
lighting circuit apparatus connected to the metal vapor 
discharge lamp, the metal vapor discharge lamp having an 
arc tube, wherein 

the arc tube includes a container made of translucent 
ceramic, the container being divided into a main tube 
portion and two narrow tube portions respectively 
extending out from both ends of the main tube portion, 

a discharge Space is formed in the main tube portion with 
a light emission metal being enclosed in the discharge 
Space, 

an electrode is deposited in each narrow tube portion, a 
coil being wound around the electrode at an end thereof 
facing the discharge Space, 
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an electrode Supporting member is inserted in each nar- a length of each narrow tube portion is in a range of 
row tube portion and connected to the other end of the (0.032P+3.5) mm to (0.032P+8.0) mm inclusive, 
electrode, the arc tube is Sealed by a Sealing material wherein “P” represents a lamp power in watts. 
that is inserted into each space between each electrode 
Supporting member and each narrow tube portion, and k . . . . 


