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[57] ABSTRACT 

A lighting system is disclosed utilizing an improved 
lamp including an exterior glass envelope which is af 
?xed to a terminal fastener, and which contains an arc 
tube (for providing a high intensity discharge) as well 
as a ?lament (for use in a system furnishing auxiliary 
incandescent illumination). The are tube incorporates 
starting and primary discharge electrodes. A limiting 
resistor is also contained in the envelope, serially con 
nected with the starting electrode. As disclosed, the 
lamp is incorporated in a system such that the incan 
descent ?lament furnishes illumination indepdendent 
of the arc tube. For further control, a heat-operated 
switch may be incorporated. 

7 Claims, 3 Drawing Figures 
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INCANDESCENT-HIGH INTENSITY DISCHARGE 
LAMP LIGHTING SYSTEM 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

Y This is a continuation-in-part of currently pending U. 
S. Pat. Application Ser. No. 148,375, entitled Lighting 
System Utilizing High Intensity Discharge Lamps and 
?led June 1, 1971. 
High intensity lamps, e.g. gaseous discharge lamps as 

mercury vapor units, have long been employed in view 
of their relatively high ef?ciency. However, such lamps 
have certain characteristics which present problems in 
certain applications. First, when gas discharge lamps 
are initially energized, a warming period of several min 
utes is required before any substantial illumination is 
provided. Second, if for any reason an operating high 
intensity discharge lamp is momentarily deenergized 
(as by a power failure) a recovery period is required 
before the lamp is again functionally operative. As a re 
sult of these characteristics of high intensity discharge 
lamps, it has been previously proposed to incorporate 
such lamps in combination with other lamps, e.g. incan 
descent or ?uorescent units, in a system wherein opera 
tion of the two types of lamps is supplementary. Such 
a system is disclosed in the above~referenced parent 
case. 

Although systems utilizing high intensity discharge 
lamps in combination with other units presently appear 
to be quite promising, certain dif?culties have been dis 
covered. Speci?cally, for example, optimum operation 
of such systems requires rather precise selection of the 
separate incandescent and high intensity discharge 
units. Also, after designing and installing such a selec 
tion, there is always a danger of an inappropriate re 
placement which may cause substantial dif?culty. 
Another dif?culty of prior systems relates to the in 

herent spaced~apart and independent nature of the gas 
discharge and incandescent lamps. For example, under 
certain circumstances it may be desirable to utilize the 
heat from one of the units in relationship to operation 
of the other. However, the physically separate nature 
of the units imposes restrictions in that regard. 

Typically, high intensity discharge lamps include an 
arc tube which may, for example, contain an inert gas 
and a small amount of pure mercury. The arc tube may 
be made of fused quartz and may be contained within 
a glass-bulb envelope. In such a lamp, two primary dis 
charge electrodes enter opposite ends of the arc tube 
and a small starting electrode is placed at one end of 
the tube and connected to the primary discharge elec 
trode at the other end. A limiting resistor for the start 
ing electrode may also be incorporated in the lamp and 
contained within the outer bulb or envelope. It may, 
therefore, be seen that high intensity discharge lamps 
are relatively expensive to manufacture and, accord 
ingly, economies related thereto are quite signi?cant. 

In general, the present invention is based upon the 
discovery that a substantial improvement may be ac 
complished in high intensity discahrge lighting systems, 
by incorporating an incandescent ?lament within the 
enclosure of a high intensity discharge lamp. Speci? 
cally, economy, safety and improved operation are all 
afforded as a result of such structure. The incandescent 
?lament may be appropriately designed to the compo 
nents of the high intensity discharge lamp and the heat 
from the separate lamp components may be utilized, as 
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2 
for starting the high intensity discharge under ex 
tremely cold conditions and for controlling the energi 
zation of the incandescent ?lament. In an operating 
system, the high intensity discharge lamp incorporates 
the incandescent filament, of somewhat critical size, to 
operate an approximately one-half the normal open 
circuit voltage of the ballast secondary energizing the 
arc tube, so as to provide an output appropriate to the 
arc tube as well as the ballast con?guration. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing, which constitutes a part of this speci 
?cation, an exemplary embodiment exhibiting various 
objectives and features hereof is set forth, speci?cally: 
FIG. 1 is a perspective and diagrammatic view of a 

lamp constructed in accordance with the present inven 
tion; 
FIG. 2 is a circuit diagram of the lamp of FIG. 1 in 

corporated with an energizing circuit; and 
FIG. 3 is a fragmentary view of the structure of FIG. 

2, illustrating an alternative embodiment. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENT 

Referring initially to FIG. 1, the exterior of the lamp 
or bulb is provided by a terminal base 10 and a glass en 
velope 12. The base 10 may be constructed in accor 
dance with conventional techniques and incorporates 
an externally-threaded cylindrical section 14 which re 
ceives the envelope 12 in sealed relationship. In accor 
dance with convention, the terminal base 10 functions 
not only as a mechanical fastener but additionally to 
provide electrical terminal contacts. Remote from the 
envelope 12, the section 14 terminates at an end de?n~ 
ing a central tip contact 16 and concentric ring contact 
18. The contacts 16 and 18 are physically and electri 
cally isolated from each other and from the section 14. 
The glass envelope 12 is evacuated and contains an 

arc tube 20 and an incandescent ?lament 22. The are 
tube 20 may be formed of fused quartz to de?ne an in 
terior space 24 in which a high intensity electrical dis 
charge is established. The contents of the space 24 may 
vary; however, in an exemplary embodiment mercury 
is provided in an environment of argon gas. The space 
24 is also penetrated by opposed primary discharge 
electrodes 26 and 28 and a smaller starting electrode 
30. Each of the electrodes 26, 28 and 30 is sealed 
within the arc tube 20 as with a metal-to-glass seal. 
The discharge electrode 26, in the arc tube 20, is 

connected to the pin contact 16 (base 10) and to the 
incandescent ?lament 22 through support wire 34. The 
discharge electrode 28 is connected through a wire 36 
to the threaded contact section 14 of the base 10 and 
through a resistor 38 to the starting electrode 30. Fi 
nally, support wire 40 is connected between the con 
tact 18 and the ?lament 22. 

In the illustrative embodiment, the ?lament 22 con 
sists of a single loop of incandescent wire supported at 
opposed locations by the wires 34 and 40 and which 
has a wattage of less than one eighth of the arc tube 20. 
Of course, numerous arrangements may be employed 
for supporting the incandescent ?lament 22 and a vari 
ety of different ?laments might also be utilized as de 
?ned above. Consequently, emphasis is laid to the fact 
that the structure as disclosed in FIG. 1 is merely illus 
trative and- may be subjected to widespread variation, 
not only with regard to the interior contents of the en 
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velope 12, but as to the con?guration and nature of the 
entire structure as well. 
For operation, the lamp as depicted in FIG. 1 is con 

nected in an energizing circuit as illustratively repre 
sented in FIG. 2. Speci?cally, the lamp of FIG. 1 is 
represented schematically as lamp 44 in FIG. 2 in 
which component elements bear reference numerals 
similar to those identified above with reference to FIG. 
1. The terminal contacts of the lamp 44 are designated 
14a, 16a and 18a in association with the physical com 
ponent elements l4, l6 and 18 as identified with refer 
ence to FIG. 1. I 

The lamp 44 is energized with a standard or conven 
tional ballast, by a source of alternating current that is 
to be applied across the terminals 46 (extreme left) 
through a ballast circuit or network 48 as generally in 
dicated. The terminals 46 are connected through con 
ductors 50 and 52 to the ends of a winding 54. A tap 
56, located substantially at the center of the winding 
54, is connected through a winding 58 and a capacitor 
60 to the terminal 16a of the lamp 44. The lamp termi 
nal 14a is returned to the winding 54 at a common 
point with the conductor 52. Another tap 64 on the 
winding 54 is connected directly to the lamp terminal 
18a. 

In the operation of the system as depicted in FIG. 2, 
with the initial application of alternating-current power 
across the terminals 46, a current is established through 
the winding 54 which constitutes an autotransformer 
with the inductively-coupled winding 58. Accordingly, 
a potential is developed through the capacitor 60 
across the arc tube 20 and speci?cally between the dis 
charge electrodes 26 and 28. As indicated, the starting 
electrode 30 is connected to the discharge electrode 28 
through a resistor 38, therefore, an applied potential 
exists between the discharge electrode 26 and the start‘ 
ing electrode 30. As a consequence, a glow discharge 
is established between the discharge electrode 26 and 
the starting electrode 30. For example, in one installa 
tion, an applied potential across the terminals 46 of 120 
volts results in a potential across the electrodes 26 and 
30 of approximately 10 volts. 
The glow discharge between the electrodes 26 and 30 

ionizes gas within the arc tube 20 while the resistor 38 
limits the current to a few milliamperes. Gradually, as 
the glow discharge continues, the ionized gas, e.g. ar~ 
gon, within the arc tube 20 diffuses within the arc tube 
reducing the resistance between the primary discharge 
electrodes 26 and 28. When the resistance is suf? 
ciently low, an arc strikes between the discharge elec 
trodes 26 and 28, and the heat from the arc vaporizes 
the droplets of mercury establishing the high-intensity 
discharge to provide the desired light. 

In the functioning mode (are operating), a substan~ 
tial potential drop exists across the discharge elec 
trodes 26 and 28, e.g. 135 volts in the example consid 
ered above. Of course, the potential across the dis 
charge electrodes 26 and 28 will be even greater in the 
event of a power failure, for example, which extin 
guishes the are leaving conditions such that the glow 
discharge may not be established. That is, during recov~ 
ery intervals when neither the arc nor the glow dis 
charge is carrying current, the potential across the dis 
charge electrodes 26 and 28 may approximate 240 
volts using the exemplary values employed above. 
From the above consideration, it may be seen that 

various voltage drops may appear across the discharge 
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4 
lamp or are tube 20 depending upon the state or mode, 
accommodated by the ballast network 48. In that re 
gard, the autotransformer incorporating the winding 54 
limits the ?ow of current and also affords an elevated 
potential to strike the arc in the arc tube 20. Generally, 
various con?gurations for ballast networks are well 
known in the prior art and are disclosed in the refer 
ence identi?ed above. 
The incandescent ?lament in the lamp 44 is refer 

enced to a potential appearing at the tap 64 which is 
somewhat intermediate to the extreme potentials de 
veloped across the arc tube 20. For example, the tap 64 
may provide a potential of approximately one-half the 
open circuit restrike voltage drop across the arc tube 
20, e.g. 120 volts. The provision of such a reference po~ 
tential to the filament 22 (referenced to the potential 
of the discharge electrode 26) accomplishes an effec 
tive and efficient system in maintaining continuous illu 
mination. That is, the system will effectively provide 
continuous illumination; however, at a reduced poten 
tial across the ?lament 22 when the arc tube 20 is oper 
ating to provide full illumination. 
Pursuing the exemplary voltages considered to some 

extent above, during the initial starting or warmup in~ 
terval for the arc tube 20, when the potential across the 
tube is some 10 volts, the potential across the ?lament 
22 will be approximately 115 volts. Consequently, al 
though the arc tube 20 is ineffective during such inter 
val, the ?lament 22 is operating at an effective, full~ 
power level. After the arc is established in the arc tube 
20, the potential across the tube 20 may raise to some 
135 volts, resulting in a drop in potential across the ?la 
ment 22 of some 85 volts. 

In some instances it may be desired to provide further 
control, whereby the ?lament is not continually ener 
gized. In that regard, a heat-operative switch 55 may be 
provided as illustrated in FIG. 3. Speci?cally, the 
switch 55 provides a closed circuit below predeter 
mined temperatures; however, when the predeter 
mined temperature is attained, the switch 55 opens. 
Accordingly, when the arc tube 20 is ignited, the heat 
therefrom is suf?cient to raise and maintain the tem 
perature to actuate the switch 55 thereby opening the 
cirucit through the ?lament 22 to inhibit any current 
therethrough. 

In the event of a power failure or other cause extin- ' 

guishing the are within the tube 20, a recovery period 
is initiated during which neither the arc discharge nor 
a glow discharge exists within the tube 20. During such 
an interval, some cooling will be necessary prior to re 
closure of the switch 55 to energize the ?lament 22. 
However, design parameters may be provided to close 
the switch 55 well prior to the time when the arc is rees~ 
tablished in the tube 20. 

In view of the above, it may be seen that the lamp 44 
is capable of providing a substantially continuous light 
source utilizing the bene?ts and efficiency of high in 
tensity discharge lamps during stable operation supple 
mented by the reliability of incandescent lamps. The 
combination lamp affords economy as well as control 
parameters that may be employed for controlling ele 
ments, e.g. switch 55. Additionally, the lamp 44 is safe 
with regard to replacements in that the single unit 
avoids the necessity of balanced independent units. 
Various other features and advantages of the lamp 44 
as well as the combination system will be apparent to 
those skilled in the art. Similarly, variations of the illus 
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trative embodiment will be similarly apparent. Accord 
ingly, the scope hereof is to be as set forth in the claims 
as follows. 
What is claimed is: > 

1. A high-intensity lamp comprising: 5 
are tube means de?ning a light-transmissive closure 

for supporting an illuminating gaseous discharge; 
first and second discharge electrodes affixed in 
spaced-apart relationship within said are tube 
means; 

a starting electrode means af?xed in said arc tube 
means in glow-discharge relationship with one of 
said discharge electrodes for initiating an illuminat 
ing discharge between said discharge electrodes; 

a light-transmissive envelope enclosing said are tube 
means; 

connection means for providing ?rst and second ter 
minal contacts exterior of said envelope for con 
nection to said electrodes; 

an incandescent ?lament means affixed in said enve- 20 
lope and connected in cooperative relationship 
with one of said electrodes; 

and 

a third terminal contact external of said envelope,‘ 
connected to said incandescent ?lament means 25 
whereby said ?lament means is energized sepa 
rately from said arc tube. 

2. A high-intensity lamp according to claim 1 further 
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6 
with said starting electrode, and positioned inside said 
envelope means. 

3. A high-intensity lamp according to claim 1 further 
including a heat-operated switch means positioned in 
heat-transfer relationship to said are tube means and 
connected in series relationship with said incandescent 
?lament means. 

4. A high-intensity lamp according to claim ll 
wherein said incandescent ?lament is of a wattage of 
less than one eighth of that of said discharge electrodes. 

5. A high-intensity lamp according to claim I 
wherein one of said terminal contacts comprises a fas 
tener terminal means. 

6. A high~intensity lamp according to claim I 
wherein said are tube means enclosing said electrodes 
is composed of quartz. 

7. A high-intensity lamp according to claim 1 incor 
porated in a system comprising: 
a ballast circuit for connecting said gaseous discharge 
lamp to a source of power and limiting the ?ow of 
current therethrough; 

means for providing a base level potential somewhat 
intermediate the extreme potential levels occurring 
across said discharge electrodes; and 

means for connecting said incandescent resistance 
wire means to be energized by the potential develé 
oped across said discharge electrodes by said bal 
last circuit, referenced to said base level potential. 
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