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ABSTRACT OF THE DISCLOSURE 

The aperture of an aperture ?uorescent lamp is wider 
at the ends of the lamp than at the center in order to 
improve the uniformity of the light output pro?le along 
the entire length of the lamp. 

BACKGROUND OF THE ‘INVENTION 

Field of the invention 

This invention relates to the ?eld of arc discharge lamps 
and particularly to the ?eld of aperture ?uorescent lamps. 

Description of the prior art 

Tubular light sources which have a length much greater 
than their diameter, such as ?uorescent lamps, generally 
project light upon a surface in such a manner that the 
illumination of the surface is fairly uniform in intensity, 
except for a gradual decrease in illumination near the ends 
of the illuminated plane, caused by the inherent decrease 
in the tubular source intensity at its ends. 

‘In some applications, such as photocopy machine print 
ing, a uniform distribution of illumination is necessary 
for uniform printing along the entire surface of the printed 
paper. Since all tubular light sources exhibit a fall off 
in light intensity near the ends of the lamp, compensating 
devices and lenses are needed to make the illumination 
more uniform from one end of the paper to the other. 

'It is well known in the lamp industry that the brightness 
at the surface of a ?uorescent lamp can be increased by 
scraping away the phosphor coating along a narrow 
strip extending the entire length of the bulb. When a re 
?ective layer such as titanium dioxide, is interposed be 
tween the lamp bulb glass wall and the ?uorescent phos 
phor coating, and a narrow strip of this material is scraped 
away, the brightness of the surface is greatly enhanced. 
Such a lamp is known as an aperture ?uorescent lamp and 
is shown in US. Patent 3,225,241, issued on Dec. 21, 1965 
Spencer et al. 
The light output pro?le of such an aperture lamp also 

shows a decrease in light intensity at the ends thereof, 
similar to that of ordinary ?uorescent lamps. 

SUMMARY OF THE INVENTION 

We have found that the variation in light output pro?le 
of an aperture ?uorescent lamp can be markedly reduced 
by making the aperture wider at the ends of the lamp 
than at the center. The wider aperture permits more light 
to radiate therethrough and increase the illumination 
therefrom. 

Generally the wider portion of the aperture should ex 
tend only a short distance from the ends of the lamp, 
the extent being dependent on the output pro?le of the 
particular lamp when it has a uniform aperture along its 
length. Generally, also the wider aperture should not 
exceed about 90° of the lamp circumference since the 
light would then subtend over too great an arc to increase 
the illumination on the desired surface. 

In order to prevent discoloration of the clear glass wall 
at the aperture from ultraviolet rays, the inside surface 
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of the glass should be coated with a thin protective ?lm 
that is substantially opaque to ultraviolet radiation but 
transparent to visible light. We have found that a very 
thin ?lm of ultra ?ne aluminum oxide particles is satisfac 
tory for this purpose. Preferably the aluminum oxide ?lm 
is applied to the inner surface of the lamp envelope after 
the aperture has been formed on the re?ector coating but 
prior to the deposition of the phosphor. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a drawing of an aperture ?uorescent lamp 
having a wider aperture at its ends than at its center. 

FIG. 2 is a cross sectional view of the lamp of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

-In one example of an aperture ?uorescent lamp in ac 
cordance with this invention, lamp envelope 1 was made 
of glass and was 18‘ inches long by 1 inch diameter. The 
inner surface of envelope 1 was coated with an opaque 
layer 2 of titanium dioxide particles having a mean par 
ticle diameter of 0.3 micron in order to produce a re?ect 
ing surface. Layer 2 was applied from a suspension of 
titanium dioxide particles in a nitrocellulose vehicle hav 
ing butyl acetate as a solvent. The suspension was poured 
into one end of envelope 1 so as to cover the entire inner 
surface thereof. After the excess suspension was poured 
off, the coating was allowed to dry. 

tAn aperture 3 was formed on layer 2 by the use of a 
scraping tool (not shown). The scraping tool was inserted 
in one end of envelope 1 and was drawn across the inner 
surface thereof along the entire length, so as to scrape 
away a portion of layer 2 and leave a clear aperture 3 
substantially parallel to the axis of the envelope. Aperture 
3 had a width of 1/2 inch for a distance of 41/2 inches at 
each end and a width of 1/4 inch in the intermediate 9 
inch section. > 

A thin transparent ?lm 4 of aluminum oxide was then 
applied over the entire inner surface of envelope -1, in 
order to completely cover re?ector layer 2 and aperture 3‘. 
Film 4 was substantially opaque to ultraviolet radiation 
and protected the clear glass at aperture 3 from direct 
exposure to ultraviolet energy. 
Film 4 was applied from a suspension of about 2 grams 

of ultra?ne aluminum oxide particles in 100 milliliters of 
a liquid vehicle. The aluminum oxide had a mean particle 
diameter of about ‘0.01 micron, such a size being small 
enough to permit the laying down of the desired thin 
transparent ?lm 4. The liquid vehicle consisted of ethyl 
cellulose as a binder, xylene and butanol as solvents, di 
butyl phthalate as a plasticizer and a small amount of 
an amine as a dispersing agent. Xylene and butanol were 
selected as the solvents since they do not dissolve or 
disrupt the titanium dioxide layer 2. 

Envelope 1 was then baked at a temperature of ‘600° C. 
for 3 minutes to remove the organic constituents of the 
coatings and to cause the titanium dioxide and aluminum 
oxide to adhere to the envelope. 
A suspension of a ?uorescent phosphor was then applied 

within envelope 1 to form phosphor coating 5 on ?lm 4. 
After phosphor coating 5 had dried, the phosphor which 
covered aperture 3 was scraped off in the same manner 
as before, leaving only ?lm 4 on the glass thereat. En 
velope 1 was then again heated at 600° C. for 3 minutes 
to remove the organic constituents of the phosphor and to 
improve the adherence of the phosphor coating. Envelope 
1 was then processed into a ?uorescent lamp by usual 
manufacturing techniques. 
The light distribution pro?le of the above lamp was 

then compared with that of a ?uorescent lamp having a 
uniform aperture, 1%: inch wide, for its entire length. Light 
output was determined by placing an opal diffuser 1% 
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inch from the lamp aperture and measuring the amount of 
light passing through the diffuser by means of a photo 
meter. The results showed a more uniform light distribu 
tion pro?le from the lamp having a wider aperture at its 
ends than from the lamp having the prior art aperture. 
For example, the“ light intensity of the former lamp at a 
point four inches from its end was 100% of the intensity 
at the center while the same measurement was only 90% 
for the latter. This difference is signi?cant for photocopy 
purposes since a variation of more than about 5% in the 
light‘distribution pro?le results in distortion and illegibilty 
near the edges of the reproduction. 

‘In another example of an aperture ?uorescent lamp 
having an improved light distribution pro?le, the angle 
of the aperture was 60° for 21/2 inch distance at the ends 
of the lamp, then 20° for the next 21/2 inches and ?nally 
35° for the remaining 8 inch length in the center. 

Because of the method used in forming the aperture, 
where the re?ector and phosphor coatings are manually 
scraped off, it is convenient to make abrupt changes in‘the 
width or angle of the aperature along the length of the 
lamp. =However equally satisfactory results may be ob 
tained by tapering the aperture to an increased width at 
the ends of the lamp. 
The total light output of an aperture lamp is a function 

of the luminance of brightness of the lamp and of the area 
of the aperture opening. Thus, as the aperture area is 
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increased, the total light output is also increased. How- - 
ever the brightness of the lamp is dependent on the 
amount of phosphor coating therein. Thus, the maximum 
e?ective aperture opening at which total light output 
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would not increase signi?cantly due to additional loss of 
phosphor coating is approximately 90°. 
We claim: 
1. An aperture ?uorescent lamp comprising: 
an elongated tubular glass envelope having electrodes 

sealed into its opposite ends and containing an ion 
izable medium therein; and 

a coating applied to the interior surface of said glass 
envelope, said coating comprising a phosphor layer 
extending over the entire interior of said envelope 
except for a narrow aperture extending along sub 
stantially the whole length of said envelope, said 
aperture having a width which is greatest towards said 
envelope ends whereby substantially uniform lumi 
nous intensity is achieved along the whole length of 
said aperture. 
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