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This invention relates generally to electric incandescent 
lamps, and more particularly to incandescent lamps of 
the so called iodine cycle type comprising an elongated 
tubular envelope containing an axially extending tungsten 
?lament and a ?lling if inert gas together with iodine 
vapor which functions as a regenerative getter to return 
to the ?lament tungsten vapor evolved therefrom during 
operation of the lamp to thereby prevent deposition of 
the tungsten vapor on the envelope wall as a dark coat 
ing. Such lamps are more fully disclosed and claimed in 
Patent 2,883,571, Fridrich and Wiley, which is assigned 
to the same assignee as the present invention. 
Lamps of the aforesaid type have come into use with 

eminently successful results. However there is need for 
improvement in respect to operation of such lamps in a 
vertical position. When lamps of larger diameter, e.g., 
approximately 20 mm. internal diameter, are operated 
vertically the iodine vapor is maintained effective through 
out the envelope by virtue of violent convention currents, 
However, when lamps having envelopes of desirably 
smaller diameter and a length greater than about three 
times the diameter, are operated in positions other than 
the horizontal, there takes place a thermal diffusion sepa 
ration of iodine vapor from the inert gas. The iodine 
vapor becomes concentrated in the lower portion of the 
envelope with the result that the upper end of the envelope 
becomes coated with a dark deposit of tungsten vapor 
due to a de?ciency of iodine. 

Accordingly, it is an object of this invention to pro 
vide tubular iodine cycle lamps which will operate suc 
cessfully in a vertical position as well as horizontally. 

In accordance with one aspect of the invention, suc 
cessful vertical operation of such lamps is achieved by 
employing an inert gas ?lling at a pressure above a mini 
mum critical pressure which prevents signi?cant sepa 
ration of the iodine vapor from the gas during operation 
of the lamp and also prevents early formation of a dark 
wall deposit of vaporized tungsten. 
For a further understanding of the invention attention 

is directed to the following detailed description and to 
the drawing which is a vertical elevation of a lamp em 
bodying the invention. 

Referring to the drawing, the lamp illustrated therein 
comprises a tubular envelope 1, preferably of quartz, hav 
ing therein an axially extending ?lament 2 of helically 
coiled tungsten wire connected by straight end or leg 
portions 3 to extremely thin foliated seal portions 4 of 
molybdenum lead wires 5 hermetically sealed in pinch 
seal portions 6 at respective ends of the envelope. The 
?lament 2 is supported at spaced intervals by support 
members 7 such as spirals of tungsten wire which are 
attached to the ?lament and support it from the inner 
envelope walls. The envelope 1 also contains a ?lling 
of inert gas and a quantity of iodine vapor introduced 
therein through an exhaust tube, the tipped o?f residue 
of which is shown at 8. 
We have found that in the vertical operation of lamps 

having tubular envelopes of internal diameters within a 
range greater than 4 mm. and less than about 20 mm., 
separation of the iodine from the inert gas is signi?cantly 
prevented and early bulb blackening is avoided by em 
ploying a critical minimum cold pressure (i.e., at ordi 
nary room temperature of about 75° F.) of about 1500 
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mm. Hg in the case of xenon, 2500 mm. Hg in the case 
of krypton, and 3500 mm. Hg in the case of argon, when 
the ?lament has an operating true temperature of about 
3100° K. The said minimum critical pressure varies with 
varying ?lament temperature; for example, for a ?lament 
true temperature of about 2950° K. the minimum pres 
sures are decreased about 200 mm. Hg. The values of 
critical pressures were determined by tests of many lamps 
containing the different gases at di?erent pressures and 
involving operation of the lamps and visual observation 
of the iodine separation immediately after turning off 
the lamps, as well as continued operation of the lamps 
and observation of early onset of blackening of the upper 
end of the envelopes, or operation to the end of life by 
normal ?lament burnout without bulb wall blackening. 
For operation at the elevated pressures involved herein, 

it is preferred that the iodine content be at least about .02 
micromole per cc. of envelope volume, for example about 
1/2 to 1 micromole per cc. Also, as usual in the case of 
iodine cycle lamps, in order for the iodine cycle to func— 
tion properly the ?lament loading must be such as to 
maintain the envelope walls at a temperature in excess of 
250° 0, usually about 600 to 700° C. 
By way of speci?c example many of the lamps tested 

were of a 500 watt, T3, 120-volt variety with two different 
?lament lengths for operation at respective nominal 
e?iciencies of 21 lumens per watt and 26 lumens per watt 
and therefore designated hereinafter as “21 LPW” and 
"26 LPW.” The 21 LPW, 500 watt, T3, 120-volt lamps 
had envelopes of 8 mm. internal diameter, 10 mm. ex 
ternal diameter and about 80 to 82 mm. internal length 
between the seals 4—-4, the volume being about 4 cc. 
The ?lament 2 consisted of 278 coil turns of tungsten wire 
of 7.14 mils diameter and 44.3 mils outside diameter of 
the coil; the coil length was 71 mm. plus 8 mm. legs 3. 
The ?lament true temperature during operation was about 
2950° K. The iodine content was 2.5 micromoles. The 
26 LPW, 500 watt, T3, 120~volt lamp was the same ex 
cept for an effective ?lament coil length of about 60 mm., 
operating at a true temperature of about 3115 ° K., and 
an internal envelope length of 69 to 71 mm. and volume 
of about 3 to 3.5 cc. 

Tests were made of a number of lamps of the 26 LPW, 
500 watt, T3, 120-volt type containing ?llings of argon, 
krypton and xenon at pressures ranging from 1000‘ to 5500 
mm. Hg and operated in a vertical position. It was found 
that lamps ?lled with argon below 3500 mm. Hg cold pres 
sure, with krypton below 2500 mm. Hg pressure and with 
xenon below 1500 mm. Hg pressure were characterized 
by separation of the iodine and the onset of early blacken 
ing, for example in about 20 to 200 hours, whereas those 
containing higher pressures of the respective gases op 
erated without wall deposits to burnout at lives ranging 
from about 700 to over 2000 hours depending upon pres 
sure and type of gas. For the 21 LPW, 500 watt, T3, 
120-volt lamp the said pressures are reduced by about 
200 mm. Hg. In other words the critical pressure limit 
for vertical burning diminishes at lower ?lament tem 
peratures, or more properly at lower temperature gradient 
between the ?lament and the envelope wall. It may be 
noted that the gas pressure during operation of the lamp 
is about 4 to 5 times the cold ?ll pressure. 
Lamps of longer length have also been operated suc 

cessfully in vertical positions when ?lled with gas above 
the aforesaid critical pressures. For example, 1500 watt, 
2'70-volt lamps having a ?lament coil similar to that in 
the 500 watt lamp but 206 mm. long, an envelope of 8 
mm. inside diameter and containing 7.5 micromoles of 
iodine and xenon at pressures of 2100 and 4000mm. Hg 
respectively burned in excess of 2500 hours and 2800 
hours respectively with no envelope wall deposits. 
Whereas lamps with inside envelope diameters as large 
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as 20 mm. may be operated vertically at lower pressures 
than the aforesaid critical pressures because of the violent 
convection currents therein, lamps with envelopes as 
small as 4 mm. inside diameter showed separation of the 
iodine even at pressures as high as 2600 mm. Hg of xenon 
gas. Lamps having envelopes of 5 mm. inside diameter 
were operated vertically with no sign of thermal diffusion 
separation when ?lled at pressures above the critical pres~ 
sures. 

In connection with tests of lamps ?lled to cold pres 
sures as high as 15,000 mm. Hg, it has been demonstrated 
that the life of these tubular iodine cycle lamps increases 
rapidly with increase in the gas pressure up to a maximum 
beyond which life appears to remain constant. This tran~ 
sition pressure is a function especially of the ?lament 
temperature and the inside diameter of the envelope. 
For the aforesaid 21 and 26 LPW, 500 watt lamps the 
values are approximately 4000 and 5000 mm. Hg respec 
tively. For example, for the 21 LPW, T3, 500 watt 
lamp, a life of about 6000 hours may be attained with 
3500 mm. Hg of argon. Also, forced Voltage operation of 
the 21 LPW lamp with high pressure (7100 mm. Hg of 
xenon) permits operation at voltages as high as 188 volts 
at an initial e?iciency of 40 lumens per watt for an aver 
age life of 180 hours. This corresponds to a ?lament 
temperature of 3500° K. (true) which is only 155° K. be 
low the melting point of tungsten. For the higher pres 
sures, say above about 5000 mm. Hg, it is desirable that 
the envelope be made of heavier walled tubing, such as 
2 mm. thick. 

It may be added that no apparent performance di?er 
ence has been observed between vertical or horizontal op 
erations beyond the minimum critical pressures established 
for vertical operation. It also appears that an increase 
in iodine concentration to the higher amount of about 1/2 
to 1 micromole per cc. of envelope volume, or more, is 
required for forced voltage operation where both higher 
?lament temperatures and gas pressure prevail. It may 
further be noted that increasing the gas pressure to about 
1000 to 1400 mm. Hg virtually eliminates envelope ex 
plosions due to arcing at end of life which tended to oc 
cur at lower gas pressure such as about 600 mm. 
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What we claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An iodine cycle electric incandescent lamp compris 

ing a tubular envelope having an inside diameter greater 
than 4 mm. and less than about 20 mm. and a length 
exceeding three times the diameter, a coiled tungsten wire 
?lament extending axially substantially the full length of 
said envelope, current supply conductors connected to re 
spective ends of said ?lament and sealed through said 
envelope, a ?lling in said envelope of a gas selected from 
the group consisting of argon, krypton and xenon, and 
a quantity of iodine in said envelope functioning as a 
regenerative getter returning to said ?lament tungsten 
vapor evolved therefrom during operation of the lamp, 
said gas having a minimum pressure at ordinary room 
temperature of about 1300 mm. Hg for Xenon, 2300 mm. 
Hg for krypton and 3300‘ mm. Hg for argon and su?iicent 
to prevent signi?cant separation of the iodine vapor from 
said gas during operation of the lamp in a vertical posi 
tion with a ?lament temperature of about 2950“ K., the 
aforesaid minimum gas pressures being increased at the 
rate of about 200 mm. Hg for each increase in ?lament 
temperature of 150° K. 

2. A lamp as set forth in claim 1 wherein the envelope 
inside diameter is approximately 8 mm. and the iodine 
quantity is in the approximate range of .02 to 1 micro 
mole per cc. of envelope volume. 

3. A lamp as set forth in claim 2 wherein the ?lament 
has an operating temperature of about 3100° K. and the 
minimum gas pressure is about 1500 mm. for xenon, 2500 
mm. for krypton and 3500 mm. for argon. 

4. A lamp as set forth in claim 2 wherein the ?lament 
has an operating temperature of about 2950“ K. and the 
minimum gas pressure is about 1300 mm. for xenon, 
2300 mm. for krypton and 3300 mm. for argon. 
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