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1 Claim. 

My invention relates to the production of white 
_ light by the use of means and methods whereby 

' the e?iciency of the emitter means expressed in 
lumen over watts is greater than can be obtained 
by the use of any present commercially available 
sources of white light. 

It is well known that light produced by the 
incandescence of a tungsten or similar ?lament 
is the commonest form of light in use at the 
present time in the soicalled civilized countries. 
While the incandescent light is much more e?i 
cient than other forms of light which have been 
employed for illuminating purposes, it is well 
known that only a relatively small amount of 
the energy input becomes available for illuminat 
ing purposes, that is, only' a relatively small pro 
portion of the energy is converted into radia— 
tions falling within the visible spectrum. The 
same general statement is true of all present 
commercial illuminating devices, except that in 
these other cases, e. g., in the case of the gas 
burner, the efficiency usually is still less than 
in the case of the incandescent ?lament lamp. 
Because of this low e?lciency, as well as for other 
reasons, many developments have had for their 
purpose to increase the e?iciency of light emit 
ters. For example, incandescent lamps have,. in 
the past, been improved in eiliciency, ?rst by the 
selection of improved ?laments (for example, 
substitution of tungsten for carbon), and then by 
increasing the‘ temperature of the ?lament. 
Concerning the latter, improvements have been 
made in the direction of using inert gases under 
pressure within a bulb housing‘the ?lament so 
that the temperature of the ?lament may be ' 
raised without appreciable [volatilization of the 
substance thereof. ‘ 

It has been well known for some time that light 
generated by ?uorescence of certain types of ma 
terials is produced more e?lciently than the light 
of an incandescent ?lament, primarily because 

- the ?uorescent material has the property of con 
verting the energy of short wave lengths invisible 
to the human eye into radiations in the visible 
spectrum. Accordingly, investigators in this ?eld 

. have given some thought-to the production of 
. awhite light by the utilization of the general 
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principles involved in the excitation .of ?uores- . 
cent or luminescent substances. The investiga 
tors have been concerned primarily with the dis- " 
covery of a material which will become lumines 
cent when excited and produce a substantially‘ 
white light, that is, a light so nearly resembling 
the white light as to satisfy most general require 
ments. Heretoiore, however, all practical results 55 
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in this direction, so far as I am aware, have been 
con?ned to the production of so-called lumines 
cent tubes used in sign work and the like wherein 
the color emitted represents visible radiations of 
only a part of the visible spectrum, so that the 
emitted rays appear either green, red, blue, or 
some variation of true reds, greens and blues. 
The principal object of my invention is to pro 

duce an improved white light. 
Another object is to produce a truly white light 

in which the e?iciency expressed in lumen over 
watts is much greater than in other illuminating 
devices heretofore employed. 
A still further object is the provision of prac 

tical means for and methods of utilizing the 
?uorescent properties of materials for the pur 
pose of producing a white light. 
‘Other objects and speci?c features of my in 

vention will appear as the description of the 
invention progresses. 
In carrying out my invention, I utilize a plu 

rality. of luminescent materials, each material 
alone producing rays in the visible spectrum 
which, taken alone, would normally give the im 
pression on the retina of a pronounced color. 
These materials are so combined together, how 
'ever, that at least the major radiations found in 
the visible spectrum are present in substantially 
the proportions found in so-called white light. 
I may accentuate certain wave lengths to sub- _ 
stantially imitate the characteristics of conven- ' 
tional arti?cial light sources, such as the incan 
descent ?lament, or the Welsbach gas mantle. I 
may, however, give greater prominence to the ra 
diations appearing near the short end of the vis 
ible spectrum in order tomore perfectly simulate 
true daylight than has been possible with other 
forms of arti?cial illumination. 
The general features of my invention may be 

embodied in various types of apparatus, and in 
the drawing I show certain forms of the inven 
tion, wherein— 

Fig. 1 is an elevational view, partly broken 
away, showing one form which the invention 
may take; 

Fig. 2 is a sectional view showing another em 
bodiment; 

Fig. 3 is a sectional view taken on the line 3—3 
of Fig. 2; and 
Fig. 4 is a fragmentary elevational- view show 

ing still another embodiment. 
A feature of my invention is the utilization of 

separate materials which become ?uorescent to 
separately produce the three cardinal colors, 
using these separate materials together in suit 
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able proportions, as will be explained, for the 
purpose of producing a substantially white light, 
and utilizing, in addition to the three cardinal 
colors, selected auxiliary ?uorescent substances 
designed to supplement the “radiations of the 
three cardinal colors and more perfectly cover 
substantially the“ entire visible spectrum, or such 
portions thereof as the results sought show to be 
desirable. 

I have approached the invention from the 
standpoint of analyzing the visible spectrum of 
the source of light sought to be reproduced, and 
then so selecting and combining a plurality of 
?uorescent materials as to substantially dupli 
cate the visible part of the spectrum so analyzed. 
In carrying out my invention, I combine or as 
sociate the selected ?uorescent materials in ac 
cordance with several embodiments, some of 
which will be explained and others of which will 
be suggested hereinbelow. 
In accordance with one form of the invention, 

I select three ?uorescent materials which, taken 
alone, produce the colors, red, blue and green, 
respectively. I supplement these colors with aux 
iliary emitters, for example, small amounts of 
substances which, when suitably exited. become 
luminescent in the yellow, violet and orange por 
tions of the spectrum. These materials are then 
mixed together, preferably in quite ?nely sub 
divided form, and coated on the inside of a suit 
able lamp designed to produce a source of energy 
such as in the form of radiations of relatively 
short wave length, for example, in the ultra 
violet range. Such a lamp may be, for example, 
a cathode ray lamp, or a lamp of the glow-dis 
charge type, utilizing spaced electrodes between 
which a mixture of mercury, helium and argon 
is disposed, which mixture, when excited, pro 
duces a radiatione?ective to cause the layer 
of mixed ?uorescent materials on the inside of 
the lamp to glow and produce a light, the com 
bination of the radiations from the different sub 
stances having the effect of white light. This 
form of the invention, employing any suitable 
source of energy to produce luminescence, has 
high emciency and may be produced to emit very 
satisfactory commercial resultant white light 
when the range of ?uorescent materials em 
ployed is suitably selected. 
As previously stated, methods for determin 

ing the wave lengths of various radiations may 
be determined by means known in the art. By 
proper selection, the total range covered by the 
visible spectrum (roughly 370 to 710 millionths 
of a millimeter) may be obtained when the ma 
terials employed are suitably selected, both quan 
titatively and qualitatively. Various means, 
some of which are known in the art, may be 
employed for producing a suitably thin adhesive 
coating of the mixed ?uorescent materials onto 
the inside of the glass surface of the lamp, or 
other surfaces associated with the glass surface 
of the lamp. 
A lamp made in accordance with this embodi 

ment is shown in Fig. 1. In the drawing, a glass 
tube Hi, provided with electrodes II, has an‘in 
terior coating l2 of a mixture of luminescent 
materials, which layer, when excited, glows 
white, the brilliancy being pronounced, and the 
e?iciency high. Excitation results from passage 
of an exciting current through a vaporous me 
dium such as mercury, helium and argon, for 
example, which medium is usually maintained 
at sub-atmospheric pressure in accordance with 
the general practice in the glass discharge tube 
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art. High voltage is required, approximately 
equal to that conventionally employed on neon 
tubes for advertising purposes, although some 
variation in voltagemay be desired. depending 
on features of design. 
According to another form which the inven 

tion may take, substantially the same types and 
proportions of ?uorescent materials may be em 
ployed except that in place of mixing the ma 
terials together, concentric bulbs are utilized, 
and the ?uorescent materials or certain groups 
of the fluorescent materials coated separately 
on the inside of the concentric bulb surfaces. 
The coatings employed are suil‘iciently thin so 
that the radiations from an inside glass surface 
will pass through an outer coated glass surface 
with the result that the device, as a whole, when 
excited, gives the appearance of a single bulb 
which emits a white lights having a high lumen 
over watt e?iciency. 

Figs. 2 and 3 show one form of this lamp. A 
plurality of concentrically disposed glass or 
quartz or similar tubes l3, l4 and I 5 are pro 
vided, having coatings i8, ll and [8, respectively. 
Each tube is provided with a pair of suitable 
electrodes l9 and the tubes are partially ?lled 
with a. suitable excitable gas capable of gen— 
erating waves of relatively short length when 
current at relatively high voltage is passed be‘ 
tween the electrodes. Each tube has a di?‘erent 
?uorescent coating, and the relative area is such 
as to produce the effect of white light. 
In still‘ another form, the surface of a lamp 

containing means for producing radiations of 
relatively low wave length for exciting the ?uo~ 
rescent materials is divided into relatively small 
areas which are separately provided with the 
?uorescent materials, each ?uorescent material 
being separately applied, and the number of por 
tions coated with each type of ?uorescent ma 
terial being so controlled that the proper pro 
portion of light of the various wave lengths is ' 
obtained with the result that the device as a 
whole produces a white light. 
This principle may be employed in several 

ways, as, for example, by separately coating por 
tions of a continuous glass wall, or providing 
separate relatively small plates attached to a 
super-structure by a convenient method where 
by the plates are supported on the super-struc 
ture in a position to receive radiations of low 
wave length from the energy emitter. In a rep~ 
resentative embodiment of vthis latter principle, 
the structure may contain two metallic strips 
acting as supports and also to serve as electrodes 
or leads to the electrodes. The plates may be 
so attached as to focus on a plate at the bottom 
of the device. This plate may itself be coated 
with an extremely thin coating of ?uorescent 
material or contain a ?uorescent material such 
as uranium oxide. It may, moreover, be a clear 
glass, a transparent plastic material, or a semi 
translucent material such as employed in cer 
tain types of electrical ?xtures. The separate 

. plates should be of such number as to permit 
?exibility in the application of the ?uorescent 
materials, and care must be employed in taking 
into account the size of the device, the relative 
positions of the plates, the transparent plate and 
the electrodes. Such a device, produced in the 
manner described, will result in ?uorescence of 
separate but selected materials so that the gen 
eral effect is the production of a'white light de 
livered through the transparent or semi~trans 
lucent plate. ' - 
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In accordance with this form of the inven 
tion, illustrated as to, one form in Fig. 4, I pro 
vide a hollow sealed glass body 2i into which 
are sealed electrodes 22 and 23. A plurality of 
small, generally rectangular glass inserts 24, 2G 

' and 2'! are adhesively or otherwise suitably se 
cured onto an upper dome shaped portion of 

The inserts 24, 28 and 21, 
respectively, are coated with separate types of 
‘fluorescent materials, such as to produce the 
colors, red, blue and green, respectively, while 
a relatively small number of such inserts are so 

’ coated as to produce, when excited, such com 
plementary colors as may be desired. Thus, the 
total radiations from all of the ‘coated inserts g 
is such as to equal in character and amount the 
radiation of visible white light. 
Over the lower face of the glass body 2| I pro 

vide a translucent plate 28 held in positionby 
clips 29 secured to the glass body 2i. With this 
arrangement, separate colors cannot be readily 
detected, the plate 28 appearing true white. A 
suitably excited vaporous medium is provided in 
the body 2|, such as a mixture of mercury with 
other excitable gases, such as argon or other rel 
atively inert gas or gasi?able substances. While 
the plate 28 may be an ordinary translucent 
member, it may be itself coated or contain the 
luminescing materials of any desired color. 
As an example of a modi?cation of a similar 

apparatus, I may cite the following application. 
The plate 28 or generally similar plate secured 

'germanate; zinc telluride‘; rubidium urany'l ni 
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to_ the superstructure may be coated with any ' 
particular luminescent material. and the dome 
used merely as a source of ultra-violet radiation 
to excite the attached plate. In this manner, 
several colors may be obtained by using plates 
covered with di?'erent luminescent substances. 
It is obvious also that the plate 28 may, if desired, 
be left off, the lower portion of the glass body 
2| then functioning in its place. The superstruc 
ture of the body 21 need not be transparent, or 
need not be formed of glass, and so it should be 
borne in mind that the drawing and description 

thereof are purely illustrative. In carrying out my invention, as previously 

described, the fundamental materials employed 
are'those which, when excited, for example by 
any short wave lengths such as ultra-violet light, 
cathode rays, X-rays, etc., produce red, blue or 
green emissions. ‘Fundamentally, therefore, I 
employ a material which emits a red light, a 
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, ‘ . ‘Parts 

Willemite (green) _______________________ __ 22 

Calcium tungstate_'_____; _____________ __'_1_,._ l6 
Fluorescent magnesium- sulphate (red) and 

calcium molybdate _________ _;..__'__-_Y____ 16 
Cadmium silicate _______________ __' _______ -_ 10 

‘ vBeryllium oxide “a ____________________ __'., 10 
' Zinc germanate _____ __- __________ _‘____...;_-;_ 10' 

Cadmium tungstate ____________ _;-'_ ______ _- 10 

Zinc oxide __________ __- ____________ ____'_,__,-__‘ ~5 

Cadmiurn oxide __________________ _;_-_.._v_»..--_ 5 

material which emits a green light, and a mate- - 
rial which emits a blue light. The following ma 
terials are illustrative of those which may be ‘ 
employed for this purpose: 
Red light emitters.--ZnS.Mn, ZnS.CdS, ?uores 

cent argonite activated with Mn, ?uorescent 
kunziteMn, ?uorescent magnesite.Mn, and ?u 
orescent cadmium phosphate. 
Blue light emittera-Fluorescent caesium sul 

phate, leukophane, calcium tungstate, calcium 
molybdate, and calcium silicate. 
Green light emitters.-—Zinc silicate, zinc germ 

anate, silicon sul?de, zinc sul?de, calcium zinc 
silicate, and zinc calcium germanate. ' 
In the selection of complementary or auxiliary 

emitting substances, for example those which 
produce yellow, orange, violet and such colors, 
there is also a considerable choice. The follow 
ing materials, for example, are illustrative: ?u 
orescent zinc phosphate; ?uorescent. ‘zinc sul 
phate; cadmium phosphate-cadmium silicate; 
cadmium tungstate; beryllium silicate; calcium 
germanate; cadmium 'germanate; zinc beryllium ,7 
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trate; rubidium‘uranyl sulphate; boric 'acidcon 
taining ?uorescin (approximately one millionth 
‘of a part); certain ?uorescent generic organic 
dyes. etc. . I, g , . 

While certain of the materials given above in 
general. emit light of the same wave length when 
excited, their characters as emitters may be mod- : - 
i?ed by changing‘ conditions, for example, ‘by 
‘changing concentrations of’ materials, changing -, 
the character of the activating source ~and the 
like. In the following examples, however,~repre 
sentative instances of the use of certain of these 
materials are given for the further‘, guidance of 
those skilled in the art: V ‘ I ‘ ~ ‘ 

As previously noted, in accordance with one 
form of the invention illustrated structurally in 
Fig. l, I combine various ?uorescent materials 
mechanically so as to- produce in effect only a 
single powder-like substance which may be coat 
ed continuously onto the inside of the glass walls 
of a suitable lamp designed to generate exciting 
radiations to produce a fluorescent effect in the 
coating. In this form of the invention, I employ 
materials of'such a nature‘ that the active cen 
ters of one material willnot be affected by the 
proximity of another material, or somewhat dif 
ferently considered, I employ materials whose 
active centers are ‘different but which will re 
main‘ active when utilized in substantially the 
same medium. As an example, I produce ,a 100, 
unit batch of a ?nished powder-like material 
which, when suitably employed in a lamp, will 
become luminescent to produce a white light. 
Such a powder-like material may be made up of 
the following constituents in the proportions 
indicated? - 

The powder should be heated for a definite time 
at a certain temperature, depending on the crys-. 
talline state of the'materials. In the case cited 
above, the mixture was heated at 950 degrees C. 
for 31/; hours and good results secured.‘v ” 
An example of materials particularly adapta 

ble for use where the radiating exterior surface is 
divided up into separate portions or panels as in 
Figs. 2 or 4 is as follows: ' ' 

Using zinc sul?de in ‘all cases in the three 
cardinal colors as the ?uorescent material, with. 
varying proportions of bismuth, the following 
batches of. material are prepared: 

' (a) 1 part of zinc sul?de with 0.0004 part 
muth .(blue). ' 

(b)- 1 part of zinc sul?de plus 0.00001 
muth (green). , _ . ‘ I 

(c) 1 part of_zinc-sul?de plus .004 part bismuth 
(red). ' ' I _ 

Separate small batches of other ?uorescent 

be 

materials' are prepared as auxiliary emitting sub- , 
stances, and utilized as will, be shown 
lowing paragraph: _ . 

Assuming the glass body 2| of Fig. 4 is ten 
centimeters in diameter and contains a total area 

in the 101 

a. 

part- bis- 7' 
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. at its upper portion ‘of approximately 1571/2 
square centimeters this area may be divided up 
and covered by means of 70 plates, each, having 
an area of about 2 square centimeters, leaving 
some inactive area for attachment of the plates 
and the location of the electrodes. Preferably 
using a very thin coating,'the plates are sepa 
rately coated on one side and then heated to 
about 300 degrees C. or 400 degrees C. This 
promotes adhesion and, in case the ?uorescent 
material has been deleteriously affected by grind 
ing, it restores its activity. In the same ‘opera 
tion, the plates, while at this temperature, may 
be shaped, if desired, to ?t them to the super 
structure iorming in the embodiment shown a 
part of the glass body 2|. Of these plates, 28 
are coated with the red ?uorescent material, 21 
with the green ?uorescent material, and 16 with 
the blue ?uorescent material. 01 the remaining 
5 plates, 3 are coated with a material yielding a 
yellow light and 2 with a material yielding an 
orange light. When the plates are suitably sup 
ported and excited by cathode rays, a light is 
produced which, to the eye, appears to be white, 
that is, it combines the various wave lengths in 
substantially the proportions found in the visible 
spectrum. , 

In accordance with another example, I may 
utilize as ?uorescent materials for the three car 
dinal colors, ?uorescent calcium tungstate to ob 
tain a blue radiation, synthetic willemite for a 
green radiation, and ?uorescent magnesium sul 
phate for producing a red radiation. The pro 
portional area of these materials utilizedis as 
follows: Approximately nine percent of the total 
area is covered with ?uorescent material sub 
stantially equally divided between yellow, orange 
and violet. The remaining area, is divided be 
tween the red, blue and green ?uorescent mate 
rials, on the basis of 100, on approximately the 
following basis, depending on speci?c conditions: 
red, 40% to 45%; blue, 23 to 26%; and green, 
30% to 34%. 
The embodiment of separately coating portions 

of the total area, preferably the use of a plu 
rality of separately coated, relatively small plates 
is particularly effective in producing desirable 
results. In this form, while no separate portion 
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of the lamp produces a white light, but rather 
a colored light depending upon the materials 
used, and to some extent the conditions of exci 
tation, the combination may be made to produce 
a true white light, wherein the proportions of 
the different radiations is so combined as to pro 
duce the exact effect desired. The emphasis may 
be placed, if desired, on certain wave lengths 
to produce a light which, while substantially 
white, has an overtone of say green, yellow, or~ 
ange or the like, depending on the conditions 
in which the light is used and the e?ect desired, 
by the user thereof. When I speak of white 
light, therefore, it is to be understood that I 
include, in addition to substantially colorless 
light, also light which, although‘ substantially 
white, may possess certain wave lengths which . 
are slightly accentuated. In this connection, it 
may be noted that by suitable conjoint use of 
only properly selected red, blue and green ?u 
orescing materials, a light approaching in‘ ap 
pearance true white light may be produced. 

I have described myyinvention in detail, and i 
have described certain speci?c embodiments 
thereof, but the invention is limited only by the 
scope of the appended claim. ‘ 
What I claim as new and desire to protect by 

Letters Patent of the United States is: 
A lamp adapted to emit a white light, said 

lamp comprising a lower portion adapted to pass 
light, an upper portion carrying a combination 
of materials adapted then to produce at least 
a major proportion of the radiations found in 
the visible spectrum, said upper portion includ 
ing a plurality of members presenting a gener 
ally smooth surface of small area, each of said 
surfaces being'coated with a single ?uorescent 
material, and the number of surfaces coated with 

‘ the di?erent materials being such that together 
40 they produce the general character of radiations 

found in white light, means for supporting said 
members in position to direct radiations there 
from through said lower portion of the lamp, 
and means associated with the lamp for exciting 
the said materials to cause them to become lumi 
nescent. 
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