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This invention relates to self-luminous signs, and is 
especially useful in vehicles and other locations where 
the signs should be legible under widely different light 
ing conditions. 

Signs which carry instructions or other legends giving 
directions in case of emergencies, are of particular im 
portance in vehicles, buildings and other public places. 
Such signs should be legible under the unusual circum 
stances which are likely to occur during emergencies, al 
though many of them fall far short of this requirement. 
The problems involved, especially in connection with 

aircraft, are well-known, but have been overcome only 
to a limited extent. It is therefore the object of the 
present invention to provide a sign structure of which 
the legend is uniformly legible at a useful distance under 
a wide range of incident light intensity as well as in the 
dark, is entirely self-contained and independent of other 
structures and electric circuits, etc., requires no main 
tenance, has a long useful luminous life, is resistant to 
damage, introduces no appreciable radiation hazard to 
personnel either in normal use or if damaged, and which, 
if desired, can be compact and of light weight. The novel 
sign structure in accordance with the present invention 
includes a light source comprising a phosphor excited 
by a radioactive material. This structure provides all 
of the above mentioned advantages, as will be under 
stood from the following description considered in con 
nection with the accompanying drawing, in which 
FIG. 1 is a front view of a sign in accordance with 

the invention in which the legend includes three rows of lettering; 
FIG. 2 is a rear view, partly cut away, of the sign 

of FIG. 1; 
FIG. 3 is a cross-sectional view in elevation taken along 

the line 3-3 of FIG. 1; 
FIG. 4 is a cross-sectional view in elevation taken 

along the line 4-4 of FIG. 1; 
FIG. 4a is an enlarged detail of a corner of the struc 

ture represented in FIG. 4; 
FIG. 5 is a front view of a modified form of sign 

according to the invention in which the self-luminous 
light sources are arranged differently than in the first 
embodiment; and 
FIG. 6 illustrates a further modification in which 

legends are provided on both sides of the sign. 
The embodiment illustrated in FIGS. 1-4a, inclusive, 

was designed especially for aircraft. The body 1 of the 
sign is formed of a suitable plastic material which is 
translucent as distinguished from transparent. Synthetic 
resins including acrylic resin such as polymethylmeth 
acrylate are especially effective. Other materials having 
suitable properties can be employed. For the reasons 
below described, these properties should include sufficient 
absorption of radio-active emanations as well as the re 
quired optical properties. Under some circumstances 
milk glass can be substituted for the synthetic resins, al 
though it would not be as suitable for aircraft as plastic 
materials. 

Since it is usually desirable to minimize the overall 
dimensions of such a sign consistent with legibility, it 
is important that the body material have as good light 
transmittance as possible, consistent with sufficient light 
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2. 
dispersion and diffuse reflective properties to provide uni 
form illumination of the legend, regardless of its extent. 
The structure according to the invention provides these 
qualities, even though the light travels but a very short 
distance through the material of the body from the light 
source to the legend which, most efficiently, is directly 
over the light source. It has been found that "Plexiglas' 
V-647-60 and V-647-70 translucent-white molding pow 
ders produce a product having the described character 
istics. They provide a luminous transmittance of over 
50%, for a thickness of A6 inch; a reflectance of less 
than 40%, namely as low as 26%, for the same thick 
ness; and a refractive index 1.49 (under A.S.T.M. 
D-542-42 test conditions). If it be desired that the body 
of the sign be constructed of laminations instead of by 
moulding, translucent white "Plexiglas' of type W-2447, 
II, which is obtainable in thin sheets, is satisfactory. This 
type of construction, however, requires cementing of the 
laminations, and subsequent machining in order to form 
an essentially homogeneous body as described and illus 
trated herein. 
As shown, the body is moulded or otherwise formed, 

with one or more grooves 2, 3 in the back of the body, 
leaving the partition portion 32 between them, suitably 
spaced with respect to the lettering or other sign legend, 
to provide uniform illumination. In each groove a self 
luminous tube 4, 5 is disposed and preferably resiliently 
supported so as to be free of contact with the material 
of the body. This is especially important if the tube 
is constructed of glass. Such a tube is described in more 
detail below. 
As seen in the drawing, the self-luminous tubes 4, 5 

are suspended by being imbedded at each end in Sponge 
or foam material, also advantageously of a plastic which 
is unaffected by radioactive emanations. As shown in 
the figures, the plastic foam 6 is disposed above and 
below the tube, and also across the end. The tubes are 
secured and sealed in place by means of a backing plate 
8 which is advantageously in sheet form, and may be 
transparent if coated, as below described. "Plexiglas' 
type II UVA, which has very high transmittance, is sat 
isfactory. The thickness of the backing plate is here 
substantially the same as the thickness of the front of the 
body at 14, which is the dimension between the front face 
15 of the body and the curved bottoms of the grooves 
2, 3. In the particular embodiment herein illustrated 
this thickness was approximately A6 inch, whereas the 
remainder of the body was, as shown, five times as thick. 
This backing plate is preferably ground or lapped to a 
snap fit in the body ji and sealed by a suitable cement 
against the back 9 of the body. To improve the gas 
seal such cement may be applied all around the backing 
plate as represented at 50, 10a and also around the out 
side chamfered joint 11 (FIG. 4). FIGS. 1, 2 and 3 
are drawn approximately to scale. 
Covering the entire bottom of the sign body is a 

cover-plate 13, advantageously of metal such as aluminum 
which also provides radio-emanation shielding and still 
further insurance against possible gas leakage in the 
event that any of the self-luminous tubes become broken. 
The exposed surface of this cover-plate provides a con 
venient area for use as name plate. 
The tubes 2, 3 which comprise the self-luminous light 

sources employed in the sign structure of this invention 
have many features and characteristics in common with 
those described in co-pending application for U.S. Letters 
Patent, Serial No. 650,247, filed April 2, 1957, now aban 
doned, and its continuing application Serial No. 778,202, 
filed December 4, 1958, now patent No. 3,005,102, 
granted Oct. 17, 1961. Each tube is of glass or other 
suitable transparent material, closed on one end and seal 
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able on the other. Penberthy DB-115 non-browning 
glass is suitable for the tubes. Although in the drawing 
they are represented as being straight, the tubes may be 
curved to conform to any unusual sign requirements. 
The entire tube may be filled with particles of luminescent 
phosphor, but it is more efficient to apply a thin uni 
form coating of phosphor on the inside wall. To do 
this, a layer of suitable adhesive is first applied, the 
phosphor powder is poured in, and the excess then shaken 
out. If the process is carefully executed, a very thin 
coating of phosphor will remain. It is preferable in 
this case to employ a coating (E6, 16a) only a few par 
ticles thick, the average particle size generally being of 
the order of 10 to 20 microns. By weight, such a coat 
ing will be not more than of the order of 50 milligrams 
of phosphor per square centimeter of surface. Alterna 
tively, the bottom half of the phosphor coating may be 
considerably thicker than the top half. The thicker coat 
ing will thereby produce more light; and the thin layer 
on top will itself produce more light than it will absorb 
from the thicker coating below it. But the light in the 
rearward direction will be less than if the coatings were 
uniform. 

In accordance with the invention, the phosphor is pref 
erably excited to luminescence by a colorless radioactive 
gas which is injected into the tube after the tube is evacu 
ated. Gases presently preferred for this purpose are trit 
ium and krypton 85, both of which emit beta radiations 
which excite the phosphor to luminescence. A brightness 
well in excess of 1,000 micro-lamberts may readily be 
achieved by pumping in a suitable quantity of the gas, 
althought the efficiency of the present structure is so 
great that less brightness than this has proved to be suffi 
cient in most cases. The required quantity can conven 
iently be determined by measuring the light intensity as 
the gas is being injected, and stopping the injetcion when 
the desired brightness has been reached. Brightness of 
the order of 1000 micro-lamberts or more will usually re 
quire a gas pressure within the tube in excess of one at 
mosphere. Such pressure, especially at high altitudes, 
requires extreme precautions against gas leakage. In ad 
dition to precautions against gas leakage, it is also evi 
dent that for most applications, precautions against dan 
gerous radioactive emanations are also required. The 
structure here described provides complete shielding 
agianst beta radiation and adequate shielding against the 
gamma radiation from krypton 85. 
The light output from an area of luminescent phosphor 

is inherently diffused. Nevertheless, if the distances be 
tween the luminescent surfaces and the overlying sign 
legend on the front face 15 of the sign body are short as 
in the present example, the illumination of the legend 
would be unacceptably non-uniform in the absence of ad 
ditional features of the invention now to be described. 
The material of the body, being homogeneous, is uni 

formly translucent throughout, and it presents a dull gray 
surface because of its low reflectivity. This is desirable 
as a factor in achieving light duffusion, and also in achiev 
ing clear legibility of the sign in daylight or when other 
wise illuminated by incident light, as discussed below. 
However, this does not provide either maximum illumina 
tion efficiency from the self-luminous sources or sufficient 
light diffusion. Therefore, according to the invention, 
the sides 17, 18, 19 and 20 of the body, as well as the 
front face 15 and the rear face 21, are coated with a 
white gloss or semi-gloss paint or enamel layer 3 which 
diffusingly reflects the light back into the body. As a 
result, the sign legend is illuminated much more uni 
formly and to a higher brightness level than is obtain 
able without this reflective coating. If such a coating be 
sufficiently opaque and if a white finish for the sign 
proper be desirable, further coatings on the sign body 
need not be added. However, in most cases it is de 
sirable that the sign proper be of a darker color. For 
example, emergency exit signs or signs giving emergency 
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4. 
instructions, are frequently finished in red; and other 
signs are colored to harmonize with their surroundings. 
At greater expense, a coating of suitable metal Such as 
aluminum or silver may be applied, as by evaporation, 
as a substitute for the white paint. Hence, the references 
in the appended claims to light-reflecting or white layers 
include useful equivalents. 
The sign legend, whether it be formed of words, letters, 

numbers, symbols or combinations thereof, comprises bare 
or uncoated areas of the front face 15 of the sign body. 
In other words, the sign legend is produced by applying 
an opaque coating to ail of the front face of the body 
except for the areas which constitute the legend. There 
are several methods by which such selective coating can 
be applied, including photographic, masking, screening 
and lithographic processes and combinations thereof. 
As a result of such coating process it may be assumed, 
for example, that the exterior layer 22 of the sign of 
FIG. 1 is French gray, and the exterior layer 23 of the 
sign of FIG. 5 is red. Usually the coating adheres better 
if the body surface is first given a frosted finish by sand 
blasting or the equivalent. This also tends to decrease 
the reflectivity of the legend surface areas, which is de 
sirable, because it makes the surface still darker and there 
by increases legibility under incident light. 

In FIG. 1 and FIG. 4, it is seen that the first and third 
lines of the sign legend lie directly over the illumination 
tubes 4 and 5, and are separated therefrom by only a 
fraction of an inch of body material 14, whereas the 
second legend line lies over the much thicker partition 
portion 32 of the body material. It might therefore be 
expected that the illumination of the second line would 
be much less than that of the other two. This, however, 
is not the case, because the various constructional fea 
tures above mentioned, cooperate to produce extremely 
uniform illumination of all portions of the legend in spite 
of the fact that, in the particular embodiment described, 
the overall thickness of the entire sign is only approxi 
mately one-half inch. 
From the foregoing it will be noted that the sign 

legend is formed of substantially non-reflecting areas 
which, in the dark, or in feeble incident light, are legible 
because they are illuminated by the self-luminous source 
within the body. On the other hand, in brighter incident 
light they would be illegible, or substantially so, because 
the difference in reflectivity of the legend areas and of the 
dark painted areas adjacent them would be insufficient. 
Therefore, according to the invention, if the sign body 
is finished in a color substantially darker than white, a 
background coating of a white or substantially white paint 
or enamel, or the equivalent as previously mentioned, is 
applied as a frame adjacent to and surrounding the legend 
areas. As a result, the incident light which falls on the 
front of the sign will be diffusingly reflected back to the 
observer by the white framing coat 24 (FIGS. 1, 4a, 5), 
and substantially no light will be reflected back from 
the legend areas, thus making the dark legend legible 
by contrast. Alternatively, the white framing areas can 
be formed by masking the color coat 22, thus exposing 
the opaque white undercoat 31. In the rare case when 
the brightness of the incident light from an external source 
is substantially equal to the brightness of the self-illumi 
nation of the legend areas, the legend will be legible if 
the two sources of illumination have different color char 
acteristics. This can best be provided for by using a 
phosphor which produces light having color character 
istics different from those of any likely source of light 
which could fall on the sign. For example, the phosphor 
mixture which was employed in the self-luminous tubes 
of the sign illustrated in FIGS. 1-4, was such as to pro 
duce a golden yellow light; and there was no such source 
of light in the airplanes for which these signs were de 
signed. 

Referring now to the alternative embodiment illustrated 
in FIG. 5, it will be seen that the "Emergency Exit' sign 
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is self-illuminated by three self-luminous tubes which may 
be constructed as previously described. However, in order 
to distribute the light therefrom so as to uniformly illumi 
nate the letters forming the legend, the tubes are not 
symmetrically spaced. Here the areas of the letters in 
the word "Exit” are larger than those in the word "Emer 
gency,” and it was discovered that to provide the same 
apparent brightness for the two words it was necessary 
to locate the tubes 25 and 26 closer together than the 
tubes 26 and 27. Except for the number of self-luminous 
tubes and the relative spacing thereof, the construction of 
the sign shown in F.G. 5 is substantially the same as that 
of the embodiment first described. 
The self-luminous sign illustrated in FIG. 6 may be 

understood to be constructed in general in the manner de 
scribed in connection with the embodiment of FIG. 5. 
In the present instance, however, the sign embodies two 
legend areas, viz., one on each side of the body. As 
seen in the drawing, the body and the front face thereof 
are constructed after the manner of the sign of FIGS. 
1-4, as well as that of FIG. 5. In the double-sided em 
bodiment of FIG. 6 the legend plate 28, which corre 
sponds to the backing plate 8 of FIGS. 3 and 4, is formed 
of translucent material having the same optical charac 
teristics as those of the body of the sign, or at least of 
the legend portion 14 (FIG. 3). Likewise, legend plate 
28 may carry coatings which duplicate in nature and 
function those described in connection with the former 
embodiments. For the reasons explained in the first case, 
it is also advisable to secure legend plate 28 to the back 
29 of the body with a suitable gas sealing cement. In 
the present embodiment the seal is re-enforced by suitably 
located Screws 30. If the self-luminous tubes which are 
imbedded in the body of the sign of FIG. 6 are con 
structed so as to emit light of uniform brightness toward 
both of the legend areas, and if the self-luminous tubes 
are constructed to provide sufficient brightness, a sign 
of this nature will have many valuable uses. For example, 
it can be secured to the ceiling of a vehicle or of a build 
ing passageway to indicate the location of an emergency 
exit to the side. 
The foregoing descriptions of three embodiments of 

this invention are given by way of example to provide a 
clear and complete understanding of the invention; but no 
limitation is intended thereby, because the scope of the 
invention is limited only by the appended claims. 
We claim: 
1. In a low-intensity luminous sign, a body of solid 

homogeneous translucent milky material, at least one 
lighting element substantially entirely imbedded in said 
body, an opaque coating covering the exterior surface of 
said body except for an uncoated area on the front sur 
face of the body which is of configuration to comprise 
a legend, said coating being diffusingly light-reflecting on 
its interior surface, parts of said legend area overlying 
said element and the remaining part of said area extending 
laterally beyond said lighting element, the material of 
the portion of said body which carries at least some of 
said overlying parts of the legend area being much thinner 
than the remaining portion of said body, and both of said 
portions providing uninterrupted paths through the ma 
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terial of said body for light from said lighting element 
to the legend area, whereby said legend area is substan 
tially uniformly illuminated. 

2. A luminous sign according to claim 1 wherein said 
lighting element is of the type comprising a phosphor 
excited by beta-ray emitting gas, said translucent milky 
body is of beta-ray absorbing material, and hermetic 
means sealing said lighting element within said body 
against escape of gas. 

3. In a low-intensity luminous sign, at least one elon 
gated tubular lighting element, a unitary body formed 
with a groove on its back side within which said lighting 
element is mounted, resilient shock-absorbing means sup 
porting said lighting element in said groove, an opaque 
rear plate covering the back of said body and enclosing 
said lighting element, said body being of homogeneous 
translucent milky material, an opaque coating covering the 
exterior surface of said body except for uncoated legend 
areas on the front surface of said body, said coating 
and said plate being diffusingly light-reflective on their 
interior surfaces, said shock-absorbing means being dis 
posed beneath coated areas, parts of said legend areas 
overlying said lighting element and other parts of said 
areas extending laterally beyond the enclosed lighting ele 
ment, the material of the portion of said body which car 
ries at least some of said overlying parts of the legend 
areas being much thinner than the remainder of said body, 
and the material forming the front of said body providing 
uninterrupted paths through the material of said body for 
light emitted by said lighting element to all parts of said 
legend areas, whereby all parts of said legend area are 
uniformly illuminated. 

4. A luminous sign according to claim 3 wherein said 
lighting element is of the type comprising a phosphor 
excited by beta-ray emitting gas, said plate and translucent 
milky body are of beta-ray absorbing acrylic material, 
and hermetic means is included between said plate and 
said body to seal said lighting element within said body against the escape of gas. 
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