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[57] ABSTRACT 
In a tubular high pressure electric discharge lamp, for 
example a high pressure sodium lamp, the con1orma~ 
tion of the interior and/or exterior longitudinal surface 
of the tubular discharge envelope wall is such as to 
produce a non-circular cross-section of the interior 
and/or exterior of the envelope, the con?guration of 
the envelope being such as to give an asymmetric 
polar distribution of the light emitted from the lamp as 
a whole. The envelope may be of uniform wall thick 
ness, both the exterior and the interior being of similar 
non-circular cross-section, for example elliptical, 
ovate or substantially rectangular. Alternatively, the 
wall may be of varying thickness around the circum 
ference, such that one or more optical elements, for 
example lenses, prisms or multiple prisms, are incor 
porated in the wall structure, the internal and external 
cross-sections of the tube thus being of different 
shape, and possibly one or the other being circular 
The preferred material for the fabrication of the enve 
lope is transparent crystalline corundum. 

10 Claims, 17 Drawing Figures 
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ELECTRIC DISCHARGE LAMPS 

This invention relates to high pressure electric dis 
charge lamps of the type comprising a tubular dis 
charge envelope formed of light~transmissive material 
with a pair of electrodes disposed coaxially within said 
envelope and carried respectively by closure means 
closing each end of the envelope. 

It is an object of the present invention to provide an 
improved form of discharge envelope for a lamp of this 
type, whereby the polar distribution of the light emitted 
by the lamp in operation can be controlled. 
According to the invention, in an electric discharge 

lamp of the type referred to, the conformation of the 
interior and/or exterior longitudinal surface of the tu‘ 
bular discharge envelope wall is such as to produce a 
non-circular cross-section of the interior and/or exte 
rior of the envelope, the resulting con?guration of the 
envelope being such as to give, in operation, an asym 
metric polar distribution of the light emitted from the 
lamp as a whole. 
The envelope may be formed of a light-transmissive 

material conventionally used for the construction of 
the discharge envelopes of high pressure discharge 
lamps, such as fused silica or sintered polycrystalline 
alumina, but the preferred material is crystalline corun 
dum, which is transparent and therefore has the obvi 
ous advantage of improved light transmissivity in com 
parison with that of the translucent polycrystalline alu 
mina used hitherto especially for the discharge enve 
lopes of high pressure sodium vapour lamps. Crystal 
line corundum is further advantageous for use for form 
ing the envelopes of lamps in accordance with the in 
vention, since it can readily be fabricated in the form 
of tubes of any desired predetermined cross-sectional 
size and con?guration, by a known crystal growing 
technique comprising pulling from a melt ?lm sup 
ported on a tubular member of appropriate cross 
section: a tube so produced may be monocrystalline or 
may consist of a few large crystals. 
The interior and exterior surfaces of the tubular en’ 

velope wall may be of parallel conformation, so that the 
wall thickness is uniform, both the exterior and the in 
terior of the tube being of similar non-circular cross 
section, for example elliptical, ovate, or substantially 
rectangular, that is to say in the form of a rectangle 
with curved corners necessitated by the nature of the 
material employed for the construction of the tube. Al 
ternatively, where the tube is formed of fused silica or 
crystalline corundum, the wall may be of varying thick 
ness around the circumference of the tube, one or more 
optical elements such as lenses, prisms or multiple 
prisms being incorporated in the wall structure, the in 
ternal and external cross-sections of the tube thus dif 
fering in shape. and possibly one or the other being cir— 
cular. Usually the con?guration of the tube will be so 
designed that the maximum emission of light from the 
lamp in operation will be obtained from two opposite 
regions of the cross-section thereof, but if desired the 
maximum emission may be arranged to be derived from 
adjacent regions of the envelope, or from only a single 
relatively small portion of the circumference of the 
tube. 
The advantage of a lamp in accordance with the in 

vention is that asymmetrical polar distribution of the 
emitted light is automatically obtained therefrom, by 
virtue of the shape of the envelope. This feature is par 
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2 
ticularly advantageous for street light and similar space 
lighting applications, since asymmetrical light distribu 
tion in required directions can be obtained when the 
lamp is mounted in a ?tting provided with minimal op' 
tical arrangements, 

In an arrangement comprising, in combination, a fit» 
ting and a lamp in accordance with the invention 
mounted therein, with the longitudinal axes of both the 
lamp and the ?tting lying horizontally, as is usual in 
street lighting and similar installations, the lamp is pref 
erably so arranged that those portions of the envelope 
wall from which the maximum emission of light is ob 
tained in operation are disposed vertically, Thus where 
a trough-shaped ?tting is employed, the said portions 
of the envelope wall will be disposed substantially par 
allel to the sides of the ?tting, which may be provided 
with suitable optical means, such as reflectors or dif 
fractors, for de?ecting the light emitted through the 
said portions of the envelope wall into desired down‘ 
ward directions. Such an arrangement gives improved 
efficiency of utilisation of the light emitted by the lamp, 
with the provision of only quite simple optical equip 
ment in the ?tting. 
The discharge envelope may be closed at both ends 

by pinches (in the case ofa fused silica envelope) or by 
suitably shaped refractory metal closure members, in 
known manner. Niobium closure members are pre» 
ferred for use with a polycrystalline or crystalline alu 
mina envelope, since the thermal expansion character 
istics of niobium substantially match those of alumina; 
moreover niobium is especially suitable for use in a 
high pressure sodium lamp, since it is resistant to attack 
by hot sodium vapour. Each metal closure member 
carries an electrode extending coaxially into the enve 
lope and an external member for connection of the 
electrode to a source of electric current supply for op 
eration of the lamp, one of these external members usu 
ally being an exhaust tube for use in evacuating the en 
velope and introducing the filling in manufacture of the 
lamp. The metal closure members may be in the form 
of discs, caps, or ?anged recessed caps of the kind de 
scribed in US, Pat. Specification No. 3,428,846, and 
may be sealed to the ends of an alumina tube in known 
manner, by means of a sealing glass or active alloy of 
suitable composition. 
A lamp in accordance with the invention is mounted 

coaxially within a cylindrical glass outer jacket de 
signed to maintain the discharge envelope at a suitable 
high temperature when the lamp is in operation, in con 
ventional manner. 
Some speci?c embodiments of the invention will now 

be described by way of example with reference to the 
accompanying drawings, in which 
FIG. I shows, in part-sectional elevation, a lamp in 

accordance with the invention having a discharge enve— 
lope of elliptical cross-section, 

FIG. 2 is a section drawn on the line Il-ll of FIG. I, 
and 
FIGS. 3 to 17 show, in cross-section, various alterna 

tive configurations of discharge envelopes for lamps in 
accordance with the invention. 
The lamp shown in FIG. I is a high pressure sodium 

vapour discharge lamp comprising an envelope 1 
formed of transparent crystalline corundum tubing of 
elliptical cross-section and uniform wall thickness, as 
shown by the transverse section constituting FIG. 2. 
The envelope is closed by niobium sheet end caps 2, 3, 
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which are sealed to the ends of the corundum tube by 
means of a zirconium-titamum-vanadium alloy; the cap 
2 carries an electrode 4 and a connection tag 6. brazed 
to the interior and exterior surfaces respectively of the 
cap, and a second electrode 5 is supported by an ex 
haust tube 7, which is inserted through an aperture in 
the cap 3 and is brazed to the exterior of the cap. The 
electrodes are silicated tungsten rods carrying on their 
inner ends small quantities of electron emissive mate 
rial retained by coils of tungsten wire; and the tag 6 and 
exhaust tube 7 are of niobium; all brazes are effected 
with titanium. 

In a speci?c example of a lamp of the form shown in 
FIGS. 1 and 2, the tubular envelope 1 is 100 mm long 
and has a uniform wall thickness of 0.8 mm, and the in 
ternal cross-section of the tube has a major axis of 7 
mm and a minor axis of 5 mm, in length. The electrodes 
are l mm in diameter and 12 mm long, the part of the 
exhaust tube 7 extending within the envelope constitut 
ing part of the length of the electrode 5. The lamp has 
a ?lling of sodium, mercury, and xenon at a pressure of 
30 Torr at room temperature. 
The lamp envelopes shown in cross-section in FIGS. 

3 and 4 also have walls, 8 and 9 respectively, of uniform 
thickness, the envelope of FIG. 3 being of ovate section 
and that of FIG. 4 of rectangular section. FIGS. 5, 6 
and 7 show envelopes of generally rectangular section, 
with optical elements built into the two longer sides of 
the wall in each case: thus in FIG. 5 the longer sides 10, 
ll of the rectangle are Ienticular, in FIG. 6 they are in 
the form of prisms 12, 13, and in FIG. 7 each of the 
longer sides is formed with multiple prisms 14, 15 on 
the exterior. In the case of the envelope shown in FIG. 
8 the bore is of square cross-section, and the exterior 
is of elliptical cross-section, so that the wall is formed 
with two relatively thick lenses 16, 17 on two opposite 
sides of the square bore, the other two sides 18, 19 of 
the wall also being lenticular but thinner. 
The envelopes shown in FIGS. 9, 10, 11 and 12 all 

have circular cylindrical bores with variously shaped 
exteriors so that optical elements are formed in the 
walls. Thus in FIG. 9 the exterior of the envelope is of 
elliptical section and in FIG. 10 it is of substantially 
rectangular section, so that in each of these cases the 
wall incorporates a pair of thick lenses, 20, 21 and 22, 
23 respectively, in two opposite regions. The envelopes 
of FIGS. 11 and 12 have exteriors respectively of gen— 
erally elliptical and generally rectangular section, but 
with multiple prisms 24, 25 and 26, 27 respectively 
formed on the exteriors of two opposite sides. In FIGS. 
11 and 12 the multiple prisms are shown on the two 
shorter sides of the ellipse and the rectangle respec 
tively, but it will be appreciated that they could alterna 
tively be formed on the longer sides, the shorter sides 
then being lenticular. 
The envelopes of FIGS. 13 and 14 both have bores 

of elliptical cross-section; in the case of FIG. 13 the ex 
terior of the envelope is of circular section, so that the 
wall incorporates lenses 28, 29, and in the case of FIG. 
14 the exterior is of generally circular section with mul‘ 
tiple prisms 30, 31 formed in two opposite regions of 
the wall. 
FIGS. 15, 16 and 17 all show envelopes with multiple 

prisms formed on the internal surface of the wall. The 
envelope of FIG. 15 is of elliptical section, with internal 
multiple prisms 32, 33 formed in the longer sides of the 
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4 
wall; the envelope of FIG. 16 is of rectangular section 
with internal multiple prisms 34, 35 formed in the 
longer sides of the wall; and the envelope of FIG. 17 is 
of circular section with internal multiple prisms 36, 37 
formed in two opposite regions of the Wall. 
We claim: 
1. A high pressure electric discharge lamp compris 

ing a tubular discharge envelope formed of transparent 
crystalline corundum, with a pair of electrodes dis 
posed coaxially within said envelope and carried re 
spectively by closure means closing each end of the en» 
velope, wherein at least one of the interior and exterior 
longitudinal surfaces of the tubular discharge envelope 
wall is of nonuniform conformation around the circum 
ference such that in any cross-section of the envelope 
the distance of said surface from the longitudinal axis 
of the envelope is less in at least one region of the cross» 
section than in the remainder of the cross-section, the 
cross-sectional conformation of the envelope wall 
being uniform throughout the length of the envelope, 
whereby the polar distribution of light emitted from the 
lamp as a whole, in operation of the lamp, is non 
uniform around the circumference of th‘. envelope. 

2. A lamp according to claim 1 wherein the interior 
and exterior surfaces of the envelope wall are of paral» 
lel conformation, so that the wall thickness is uniform 
and both the exterior and interior of the envelope are 
of similar cross-sectional conformation. 

3. A lamp according to claim 2 wherein the crossv 
section of the envelope has one of the shapes consisting 
of an ellipse, an ovoid, and substantially a rectangle, 
whereby the maximum emission of light from the lamp 
in operation is obtained from two opposite regions in 
said cross-section. 

4. A lamp according to claim I wherein the interior 
and exterior surfaces of the envelope are of different 
conformation, so that in the cross-section of the enve 
lope the wall is ofvarying thickness and at least one op 
tical element is incorporated in the wall structure. 

5. A lamp according to claim 4 wherein at least one 
lens is incorporated in the envelope wall structure. 

6. A lamp according to claim 5 wherein a lens is in 
corporated in each of two opposite sides of the enve 
lope wall, whereby the maximum emission of light from 
the lamp in operation is obtained from the two opposite 
regions in the cross-section of the envelope which com 
prise said lenses. 

7. A lamp according to claim 4 wherein at least one 
prism is incorporated in the envelope wall structure. 

8. A lamp according to claim 7 wherein a prism is in 
corporated in each of two opposite sides of the enve 
lope wall, whereby the maximum emission of light from 
the lamp in operation is obtained from the two opposite 
regions in the cross-section of the envelope which com 
prise said prisms. 

9. A lamp according to claim 4 wherein at least one 
multiple prism is incorporated in the envelope wall 
structure. 

10. A lamp according to claim 9 wherein a multiple 
prism is incorporated in each of two opposite sides of 
the envelope wall, whereby the maximum emission of 
light from the lamp in operation is obtained from the 
two opposite regions in the cross-section of the envev 
lope which comprise said multiple prisms. 
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