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This invention relates to electric discharge lamps and is 
particularly, although not exclusively, concerned with 
high and low pressure metal vapour discharge lamps, in‘ 
cluding ?uorescent lamps. 
The envelopes of electric discharge lamps are com 

monly made from glass or fused silica and if the lamp 
is operated in conditions in which a pressure materially 
higher than atmospheric is present in the envelope during 
operation and it is essential for the surroundings to be 
protected against fracture of the envelope, it has hitherto 
been customary to "provide a protective metal and glass 
lantern or casing around the envelope. There is also an 
upper limitation to the size of conventional low pressure 
lamps on account of the risk-of fracture of glass. 
The main object of the present invention is to provide 

a 'constructure of envelope which is inherently stronger 
than envelopes of the'customary type and is substantially 
explosion and implosion proof. 
A further object of the invention is to provide a dis 

charge lamp of a construction enabling the lamp to con 
stitute a light emitting surface of extended area. 
A still further object is to provide a unitary electric 

discharge lamp capable of constituting a light source 
equivalent to a plurality of discharge lamps of conven 
tional construction. ‘ ’ 

Another object is to provide a discharge lamp with 
an envelope capable‘ in conjunction with a sinuous'arc 
path of constituting reactive impedance'for limiting the 
arc current when the AC. supply to the lamp is of high 
frequency. ' ' ' i ' ' ‘ 

An electric discharge lamp according to the invention 
is provided with an envelope of metal containing perfora 
tions ?lled with a transparent or translucent vitreous ma 
terial hermetically sealed to the metal. ' . 

In order to prevent the interior portions of the metal 
envelope from short-circuiting the electric discharge pres 
ent within the envelope, the vitreous material which seals 
the perforations in the metal is extended to cover such 
internal surfaces exposed to the atmosphere 'in which the 
discharge takes place, so that a continuous surface of 
vitreous material is presented to‘ the discharge. Any stem 
or pinch extending within the envelope and supporting an 
electrode therein is then caused to be su?iciently con 
tinuous with the coating of vitreous material present on 
the inner wall of the metal envelope. Discontinuities in 
the coating, such as places where the metal walls are 
joined together by welding, are suitably shielded or placed. 
remote from the discharge. 7 

If the inner coating of vitreous material is porous the 
pores must be long enough to block oif the discharge. 
The vitreous material, suitably glass, employed for seal 

ing the perforations in the metal envelope, and, if desired, 
covering the internal surface thereof, is such as to‘ be 
compatible with the material with which the envelope is 
mainly constructed, i.e. the vitreous material must wet 
and hermetically seal to the metal and possess a thermal 
expansion co-e?icient either matched to that of the metal 
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or somewhat less than that of the material over the range 
extending from the melting point of the vitreous material 
to ambient temperature. If a glass is used and the ther 
mal expansion co-e?icient of the glass is matched to that 
of the metal then, apart from external causes, no stress 
will be produced in the glass when, the metal having 
been coated with the glass at the melting point of the 
glass, is restored to ambient temperature. If the thermal 
expansion co-ef?cient of the glass is less than that of the 
metal then, neglecting external forces and edge shape 
effects, only compressive stress will be produced in the 
glass at ambient temperature. This is considered to be 
the more desirable condition. 
Many combinations of metal and glass are known which 

will fully ?ll the considerations above expressed; for 
example in our prior British patent speci?cation No. 572, 
020 a composition of glass capable of sealing to iron is 
given such that only compressive stress is present in the 
glass at ambient temperature. Such a glass may be em 
ployed in carrying out the present invention. 
The invention will be better understood on considera— 

tion of the following description of the accompanying 
drawings, in which: 
' Fig. 1 shows partly in cross-section a discharge lamp 
having a metal envelope'of tubular shape constructed in 
accordance with the invention, 

Fig. 2 shows in plan view a discharge lamp providing 
an extended light surface and incorporating a metal en 
velope with a zig-z'ag' discharge path, 

Fig. 3 is an end view of Fig. 2, 
Fig. 4 is an exploded view of the parts of a discharge 

lamp providing an extended light emitting area before the 
parts are sealed together, " ‘ ‘ ' 

Fig. 5 is across-section of the arrangement shown in 
Fig. 4 when the parts have been assembled and sealed 
and/ or welded together, ' 

Fig. 6 is a perspective view partly in cross-section of a 
portion of a discharge lamp constituting a further em 
bodiment of the invention,‘ » ‘ 

Figs. 7a and 7b show detail views of part of the ,dis 
charge lamp shown in Fig. 6, ‘ ' 

‘Fig. 8 shows in crossesection a portion of a discharge 
lamp intended ‘for giving an extended light emitting area 
and constituting a modi?ed construction of the kind illus 
trated in Fig. 6, and ' - - . ' 

Fig. 9 is a plan view of the-construction shown in 
Fig. 8. ~ > I’ a > - 1 

Referring to‘ Fig. 1, a discharge lamp of the ?uorescent 
type is shown as consisting of a tubular envelope 1 of 
metal having supported at each end thereof an electrode 
2 of the thermionic type carried by stems 3 in the form 
of metal cups through which the‘ electrode 2 is insulat 

; ingly-supported, the stems‘ closing the ends of the en 
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velope. ‘The envelope is evacuated and?lled with an 
io’nisable medium, such as argon with a trace of mercury 
vapour, through which a discharge takes place during 
operation between the electrodes 2,. ‘One or both of the 
electrodes is shown as mounted on a tube 4 which is used 
for effecting the evacuation and gas-?lling of the en 
velope, the tube being indicated as sealed-oh’ at 5 by 
pressing the side Walls at the end of the tube together in 
o‘rderto formapvacuum-tight seal. ‘ ' 

The envelope 1_ is provided with a pluralty of spaced,‘ 
perforations or apertures ‘6 of any suitable shape for the, 
emission of visible light'obtainedas aresult of the dis 
charge betweenrthe electrodes ‘2; the perforations .6 are 
?lled with ai-light transmissivejvitreous material .7 her-V 
metically sealed to the metal envelope so as to cause the 
latter to forrna complete envelope capable of evacua 
tion and gas-?lling. The vitreous material 7 is convenient; 
1y of glass and in order to ensure that the discharge not short-circuited by the presence of the metal envelope 
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in its vicinity, the glass 7 ?lling the perforations 6 is 
extended, as indicated at 8, to cover the whole of the 
interior of the metal portion of the envelope which is 
preferably treated so as to be a good re?ector of light 
as will be described later. If the discharge within the 
envelope is largely of an ultra-violet emitting nature, 
such as the low pressure are obtained by a discharge in 
mercury vapour, the interior wall of the envelope is of, 
or is coated with, a phosphor 12a which ?uoresces under 
the action of the UV. radiation emitted by the discharge. 
If desired, the coating glass may itself be ?uorescent. 
The diffused glow thus produced by the excitation of the 
phosphor is emitted through the perforations 6. By 
virtue of the use of metal for the major portion of the 
envelope of the lamp the lamp may be rendered substan 
tially proof against fracture, either by explosion or im 
plosion. 
The seals at the end of the envelope through which 

the electrodes 2 are supported are shown as consisting 
of metal stems 9 sealed at their outer ends to the wall of 
the envelope at 10, e.g. by welding. Stems 9 are formed 
with a ?anged inner end 11 having a central hole for 
the passage of the tube 4 supporting the electrode 2, 
the tube being sealed in the aperture by a glass-to-metal 
seal 12. 
The stem 9 is shown as being welded to the end of the 

tubular envelope at 10; however the seal between the 
stem to the tube 1 may be provided by the layer of glass 
which is formed on the outside of the stem 3 and on the 
inside of the tube 1. 

It is important that the glass used for ?lling the perfora 
tions 6 and coating the inner wall of the metal tube 1 be 
compatible with the metal of which the envelope is mainly 
constructed. The tube 1 may thus be made of a nickel 
cobalt-iron alloy of well-known type, to which a glass of 
hero-silicate composition will readily seal; alternatively, 
the metal parts of the tube may be of iron or steel to 
which the composition of glass mentioned in British 
patent speci?cation No. 572,020, above quoted, can be 
sealed. 
The glazing of the metal tube 1 forming the major 

portion of the envelope can be e?ected by dipping the 
preformed metal into molten glass having a suitable 
composition and on withdrawal from the molten glass 
allowing the excess glass to drain from the metal. Al 
ternatively, vitreous enamelling or other techniques may 
be employed for the coating. The envelope itself may 
be pierced from tube or fabricated from sheets, strips or 
rods, joined as by welding. 
The construction of electric discharge lamp in accord 

ance with the invention makes possible ?uorescent lamps 
of large size possessing an extended discharge space of a 
zig-zag, a helical or other character. The arrangement 
illustrated in Figs. 2 and 3 represent a ?uorescent dis 
charge lamp of this character. 
The arrangement shown in Fig. 2 provides a zig-zag 

path for the discharge between an electrode 13 and an 
electrode 14, by means of transverse partitions 15 in a 
metal box 16 having plates 17 for completing the en 
closure of the discharge, the cover plates being welded 
to the sides of the box and to the partitions before glazing. 
The partitions in common with the other walls are in 
sulated and are put there in order to compel the arc to 
take the tortuous path indicated by the chain-dotted lines. 
One, or both, cover plates 17 of the box is formed with 
apertures 18 of any suitable size, shape and arrange 
ment, which are ?lled with glass in a manner similar to 
the perforations 6 in the arrangement shown in Fig. 1. 
The electrodes 13, 14 are sealed into tubular projections, 
or ports, 19 formed in the end walls of the tray by the 
cup-shaped seal similar to those provided in the arrange 
ment shown in Fig. 1. The tubular projections 19 are 
also the access ports provided for coating the interior 
with the glass enamel re?ector and the phosphor coatings. 
The ends of the box slope towards the ports 19 to facili~ 
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tate coating by conventional methods. Auxiliary starting 
electrodes (not shown) may be ?tted through the inter 
mediate ports 19. 

In order to assist in the re?ection of light from the 
internal metal ports, the latter may be provided, prior 
to the coating of the inner surface with the glass, with a 
coating which serves as an e?icient re?ector for the radia 
tion emitted by the discharge. For this purpose the metal 
may be coated on its inner surface with rhodium prior 
to the provision of the coating of glass on at least the 
inner surface thereof. Alternatively, a coating of white 
vitreous enamel or other insulating and re?ecting layer 
may be applied to the box. A coating of magnesium 
oxide, titanium oxide or other re?ecting insulative ma 
terial may be applied to the glass layer after it has been 
applied to the metal surfaces. As a rule the cover 
plate(s) 18 will be sealed to the sides by welding, but 
in certain designs the glass coating may be used as a 
sealing material. 
A further embodiment of the invention is illustrated 

in Figs. 4 and 5, in which the envelope of the lamp is in 
the form of a ?anged metal tray 20 to which an apertured 
cover member 21 is secured. The apertures in the cover 
member 21 are shown at 22 as being of rectangular form 
and are sealed with glass in the manner explained herein 
before. The discharge occurs between electrodes 23, 24 
sealed through the end wall of the tray by metal-glass 
seals 25, the discharge being caused to take a circuitous 
path between the electrodes 23, 24 by means of a central 
barrier member 26 formed integrally with the tray. The 
barrier member 26 may terminate at its inner end in a 
vertical wall 27 into which is attached an evacuating 
tubulation 29, also of metal. The end of the tubulation 
29 is sealed off in the manner proposed in connection 
with the tube 4 shown in Fig. l by closing the end of 
the tube after evacuation and gas-?lling of the envelope. 
In order to enable the cover member 21 to be sealed to 
the tray 20 the edges of the cover member and tray are 
formed with rims 30 which are welded together as indi 
cated at 31. The rims 30 are indicated as being slightly 
?anged together so as to leave a space between the cover 
member and the ?anged edge of the tray 20 into which 
the glass 32, which covers the interior faces of the cover 
plate and tray, can extend. The whole of the interior 
surface of the cover member and tray are coated with 
glass, preferably as a white enamel, so that the barrier 
member 26 is closed against the cover member by the 
sealing together of the coatings of glass on the cover 
member and tray as indicated at 33. 
A layer of phosphor is applied to the interior surfaces 

of the tray and, if desired, to the cover member windows 
which together are to constitute the walls delimiting the 
arc path. 
A modi?cation of the construction shown in Figs. 4 

and 5 is shown in Fig. 6, in which the rims of the tray 20 
and cover member 21 are welded and sealed together 
directly or by means of a folded strip 34 of metal placed 
over the adjacent rims and welded thereto. In the ar~ 
rangement shown in Fig. 6, the tray is made from iron 
sheet covered with white vitreous enamel. In this em~ 
bodiment the window member is curved and ribbed and 
indentations 35 are ‘made in the base of the tray 20 along 
the arc path in order to diminish the cross-section of the 
space through which the arc is to pass in such a way as 
to spread the arc and increase the light output and/or 
efficiency of the lamp as well as to strengthen the en 
velope. The barrier member 26 is shown in this em 
bodiment as being separated from the cover member 21 
by an insulating gasket 36 which may be formed of glass 
wool or other refractory material. The presence of the 
gasket 36 prevents short-circuiting of the are directly 
between the electrodes and causes the arc to take the 
circuitous path around the barrier member. The use of 
gasket 36 avoids a necessity for making a very close ?t 
between barrier member 26 and the cover member 21, 
which may thus be allowed to warp a little in the proc 
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essing without any harm being done. In this embodi 
ment also the apertures in the cover member are sealed 
by glass panes 38 which are contained by metal rein 
forcement 39. Reinforcement 39 acts as support for the 
panes which are arranged in groups in a larger window 
frame. ' 

Figs. 7a and 7b show alternative constructions in which 
the glass of the windows adjoins only with the vitreous 
enamel coating on the inner rim of the metal reinforce 
ment 39 (Fig. 7a), and in which the window glass ex 
tends over the enamel coating the inside of the metal 
reinforcement (Fig. 7b). 

In the arrangement shown in Figs. 8 and 9, which indi 
cate a section of a corner of a discharge lamp of large 
size, the envelope of the discharge lamp is in the form 
of a hollow metal box of integral construction, the front 
wall 40 of which is constructed with a number of windows 
41 of generally rectangular shape into which panes '42 of 
glass are sealed. The rear wall 43 of the box is formed 
with depressions 44 opposite each window, the function 
of which is both to increase the rigidity of the rear wall 
and also to form the cross-sectional area of the discharge 
space 45 in which the arc discharge occurs to a shape 
which gives maximum light output. The front and rear 
walls are also supported against one another to resist the 
external force applied to the box by reason of the dif 
fe‘rential pressure resulting from the partial vacuum 
within the box and the atmospheric pressure outside the 
box by means of partitions 46 which also serve to cause 
the arc path to be of a convoluted character. In order 
to assist the panes 42 to resist the atmospheric pressure 
to which they are subjected, they are made somewhat 
convex, as indicated in Fig. 8, and the rim of each aper 
ture 41 is formed with a ?ange providing an outwardly 
turned rim 47 to which the edge of the pane 42 is sealed. 
As in previously described constructions the whole of the 
interior of the box is coated with a vitreous material, 
preferably in the form of a white vitreous enamel, to in 
crease the re?ection of light therefrom. This coating is 
indicated at 46. The coating may also extend over the 
outer surface of the side wall of the box, as indicated at 
49, and, if desired, over the rear wall of the box. Subse 
quently, panes 42 are sealed against the rim of the open 
ings in which they are each located by means of a soft 
glass 50 which acts as a solder between the glass consti 
tuting the pane 42 and the vitreous enamel coating on the 
wall of the box. This sealing may be done subsequent to 
the enamel and phosphor coating operations which are 
thereby facilitated. 

Electrodes (not shown) may be sealed through any 
wall of the box in any convenient position by glass-t0 
metal seals as hereinbefore described. Furthermore, the 
vitreous enamel coating on the inner wall of the box may 
be rendered more re?ective by a light re?ecting layer 51 
superposed thereon. A further layer '52 of luminescent 
phosphor may also be provided on the inner wall of the 
box overlying the light re?ecting layer 51, if the latter is 
provided. The phosphor preferably extends also over 
the inner surface of each of the panes 42. As previously 
described the box may be of iron or steel and the layer 
of glass in contact therewith and the panes having a com 
position suitable for forming a satisfactory hermetic joint 
with the steel. 
A discharge lamp having the construction described 

with reference to Figs. 8 and 9 may be of large size. It 
is envisaged that the metal box constituting the envelope 
of the lamp be of rectangular form, the dimensions of 
which are of the order of 48" x 24" x 2%". Such a 
lamp may be formed with, for example, thirty-two win 
dows in one face of the box, the windows having dimen 
si-ons of approximately 5" x 5". Electrodes would then 
be sealed into the box at corners adjacent one edge there 
of, the perforations being arranged so that the discharge 
takes a sinuous path extending symmetrically over the 
whole interior space within the box. The discharge lamp 
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6 
thus constructed will thereby provide a panel or 
“Windolamp” from which the light emission will be sub 
stantially uniformly distributed as from a window. ' 

In a discharge lamp produced in accordance with the 
invention and utilising sheetsv of magnetic material to 
form the envelope, the discharge current ?ows within a 
magnetic circuit providing an insulating gap, which gap 7' 
is present between the opposing faces of the metal sheets 
separated by the glass coating in certain constructions; 
If the discharge lamp is operated with alternating current 
at a high frequency the reactive'impedance introduced 
thereby into the circuit in which the discharge path is 
included may be arranged to serve as part or all of the , 
series inductance required to balance the negative volt 
ampere characteristic of the discharge. 
What I claim is: 
1. An electric discharge lamp comprising a sealed en 

velope, spaced electrodes in said envelope, ‘and a ?lling of 
an ionizable medium in the gaseous phase sealed within’ 
said envelope at a pressure such as to support a discharge 
between said electrodes when operating voltage is applied 
between them, said envelope consisting of metal having 
perforations through which light caused by said discharge 
emerges ‘from said envelope, said perforations being ?lled. 
with a light transmissive vitreous material hermetically 
sealed therein and continuous with a coating of an insula 
tive vitreous material extending over the interior surface 
of said envelope." ' 

2. An electric discharge lamp comprising a sealed en 
velope, spaced electrodes in said envelope, and a ?lling 
of an ionizable medium in the gaseous phase sealed with 
in said envelope at a pressure such as to support a dis 
change between said electrodes when operating voltage 
is applied between them, said envelope consisting of 
metal having perforations ?lled with ‘glass hermetically 
sealed to said metal, said ‘glass extending as a coating 
over the interior surface of said envelope ‘and being 
compatible with said metal. 

3. An electric discharge lamp comprising a tubular 
metal envelope, thermionic electrodes sealed into the ends 
of said envelope and a ?lling of an ionizable medium in 
the gaseous phase sealed within said envelope at a pressure 
such as to support a discharge between said electrodes 
when operating voltage is applied between them, said en 
velope having a plurality of spaced perforations hermet 
ically sealed with glass, and ‘glass extending as a coating 
over the interior surface of said envelope. ' 

4. An electric discharge lamp according to claim 3, in 
which said glass coating is ?uorescent. 

5. An electric discharge lamp comprising a metal en 
velope, spaced thermionic electrodes insulatingly sealed 
through the wall of said envelope, and a ?lling of an 
ionizable medium in the gaseous phase sealed within said 
envelope at a pressure such as to support a discharge be- 7. 
tween said electrodes when operating voltage is applied 
between them, said envelope being in the form of a hol 
low metal box, partitions extending between opposite 
walls of said box to de?ne a sinuous arc path between 
said electrodes, openings in at least one wall of said box 
located between said partitions, a coating of vitreous ma 
terial covering the inner wall of said box and said parti 
tions, and a light transmissive vitreous material sealing 
said openings, said light transmissive vitreous material 
constituting a continuation of the vitreous material cov 
ering said wall. ' 

6. An electric discharge lamp as claimed in claim 5, in 
which said coating of vitreous material on the metal is 
of a light re?ecting character. 

7. An electric discharge lamp as claimed in claim 5, in 
which a ?lm of light re?ecting material underlies said 
coating of vitreous material above the metal. 

8. An electric discharge lamp comprising a sealed 
metal envelope, said envelope consisting of a shallow 
tray having upstanding side walls, a cover member sealed 
at its rim to said side walls, said cover member contain 
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ing spaced apertures, partitions extending between said 
tray and said cover member and located between said 
apertures to de?ne a sinuous arc path, a coating of vitre 
ous material covering the inner surfaces of said tray, said 
partitions and said cover member, windows of a light 
transmissive vitreous material closing said apertures and 
continuous with said coating, electron-emissive electrodes 
insulatingly sealed through the wall of said tray at the 
opposite ends of said sinuous discharge path, and a ?lling 
of an ionizable medium in the gaseous phase sealed with 
in said envelope at a pressure such as to support a dis 
charge between said electrodes when operating voltage is 
applied between them. 

9. An electric discharge lamp according to claim 8, in 
which gaskets of glass wool separate said partitions ‘from 
said cover member. 

10. An electric discharge lamp comprising a sealed en 
velope mainly of magnetisable metal, spaced electrodes 
insulatingly sealed to said envelope, a ?lling of ionizable 
medium in the gaseous phase sealed within said envelope 
at a pressure such as to support a discharge between said 
electrodes when operating alternating voltage at high fre 
quency is applied between them, said envelope having 
perforations ?lled with light transmissive vitreous mate 
rial hermetically sealed therein, and the arc path de?ned 
by said envelope between said electrodes being of a sinu 
ous character. 

11. An electric discharge lamp comprising a sealed en 
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velope, spaced electrodes in said envelope, and a ?lling 
of an ionizable gaseous medium at least part of which is 
metal vapour sealed within said envelope at a pressure 
such as to support a discharge between said electrodes 
when operating voltage is applied between them, said 
envelope consisting of metal having perforations through 
which light caused by said discharge emerges from said 
envelope, said perforations being ?lled with a light trans 
missive vitreous material hermetically healed therein and 
continuous with a coating of an insulative vitreous mate 
rial extending over the interior surface of said envelope. 

12. An electric discharge lamp as claimed in claim 11, 
and having a coating of luminescent phosphor overlying 
said coating and the inner face of said light transmissive 
material. 
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