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This invention relates to an information storage sys 
tem, and relates particularly >t-o an information storage 
system having a tenebrescent storage unit. 

Tenebrescence is thatproperty of certain natural and 
synthetic materials of reversibly darkening and bleaching 
under suitable radiation. A scotophor, as the term is used 
herein, is a material showing the property of tenebres 
cence. 

According to the present invention, tenebrescent ma 
terials, or scotophors, are employed in an information 
storage unit or cell in a system for the deposit, storage, 
and retrieval of information.  
The darkening and bleaching of tenebrescent materials 

has been recognized earlier in the art. For example, it 
is- known that by exposure of a scotophor to high-energy 
radiation ~ (e.g. nuclear particle bombardment, X-rays, 
cathode rays or light of short wavelengths), the absorp 
tion characteristics of the scotophor can be changed, i.e. 
the scotophor can bechanged in color. By illumination 
of the scotophor with visible light, the color change in 
the scot‘ophor can be~detected or “read” However, since 
the return of the scot-ophor to its first or unirradiated state 
is »also -brought about by irradiation of the colored material 
with these long wavelengths, which are abs-orbed in part, 
viewing of the scotophor causes bleaching or “erasing” 
of the scotophor and loss of the colored portions thereof. 

According to the present invention, it has been dis 
covered that the “erasing” and “reading” of a scotophor 
which has been changed in color wholly or lin part by 
high-energy radiation (whether particulate or electromag 
netic) causing a color change in the material can beef 
fected by light of different intensities or with light of 'dif 
ferent wavelengths. In this manner, the crystal may be 
“read” or viewed without susbtantial bleaching or “eras~ 
ingï’ of the “information” (color) stored therein. The 
latter system employing different wavelengths offers par 
ticular advantages, since control of the Wavelength of 
light is more easily effected, for example by the use 'of 
filters, than is the control of the intensity of light-beams. 
A better understanding of the present invention and of 

its many advantages will be had by referring to thevaccom 
panying drawing, which is a perspective schematic View 
of the system -of the invention. The figure shows a tene~ 
brescent information storage unit as opaque body 11 con 
sisting in whole or in 'part of a tenebrescent material. 
Unit 11, for example, may be an opaque tenebrescent 
crystal, or may comprise a suibstrate of any suitable ma 
terial having a coating of tenebrescent substance formed 
thereon. The coating may ybe continuous and comprise 
a` finely-divided tenebrescent material in a suitable ad 
hesive binder, for example, or` the tenebrescent material 
may be applied by ño‘win-g onto a base while in a fluid 
condition. The coating may also be discontinuous and 
comprise discrete “islands” of a tenebrescent composition 
applied to a base in a suitable fashion. ' 
The information storage unit 11 may also be pellucid, 

i.e. transparent or translucent, rather than opaque, and 
may consist in whole or in part of a pellucid tenebrescent 
substance, e.g. a pellucid tene‘brescent crystal, or a pel 
lucid' tenebrescent material in combination with a pel 
lucid base material to which it is añ’ixed. 
The system of the invention also contains writer 

scanner means, shown in the figure as cathode ray tube 12 
connected with conventional input and sweep circuits and 
equipped with Schmidt optics 13,'which play a modulated 
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scanning beam of activiating radiation across the face 
of unit y11. This radiation is of a high energy suitable to 
cause coloring of the scotophor, i.e. to cause the scoto 
phor to absorb in wavelength regions outside those in 
which it normally absorbs. If the radiation is electro 
magnetic, “high energy” will be synonymous with “short 
wavelength.” ' 

Also adapted ̀ to`play a modulated beam of erasing 
radiation of suitable wavelength across the face of unit 
11 are eraser-scanner means, also shown in the figure as 
cathode ray tube 14 equipped with Schmidt optics 15. 
The wavelengths emanating from the erasing means are 
suitably at the absorption peak of the darkened scotophor, 
for example, which are the wavelengths most effective in 
causing bleaching of the scotophor. 
The system also contains a source of light flooding 

entire unit 11 withl light having neutral or non~erasing 
and non-writing characteristics, shown in the figure as 
ñoodlight 16 and filter 17. . 

Finally, the system contains reader-scanner means, 
shown in the figure as icon-oscope 18, connected with 
conventional output and sweep circuits. 

In operation, writer-scanner means 1'2«13 of the figure 
are used to play modulated beam 19 across the surface 
of unit 11, causing selective color _change in the tene 
brescent material, indicated as dark spots 20 in the figure. 
It is 'evident that by proper modulation of the writing 
beam a preselected pattern of color change can be pro~ 
duced on the surface of unit 11. This pattern is indi 
cated in the ligure as one in which dark spots 20 are pro 
duced between selected intersections of an imaginary grid 
of horizontal and vertical lines. This pattern is selected 
only for ease of illustration, and it is clear that any regular 
or irregular pattern, e.g. a pictorial image, may be pro 
duced in unit 11 by writing beam 19. _ 

Similarly, byplaying modulated beam 21 of an ap 
propriate erasing wavelength over the face of unit 11 from 
eraser-scanner means 1‘4-1'5, a predetermined pattern of 
decolorization can be effected in storage unit 11, either 
concurrently or intermittently with the writing operation. 
The “information” (i.e., the color pattern) present in 

unit 11 at'a given time is “read,” i.e., viewed or sensed 
in some other manner, by illuminating the information 
storage pattern in unit 11 with radiation of a “neutral” 
character, that is radiation, e.g. light, of an intensity or 
wavelength causing substantially no erasing or writing 
in the crystal, but which is differently absorbed, trans 
mitted, and/or reñected by darkened and bleached por~ 
tions 'respectively of the scotophor of unit 11. Con 
veniently this viewing light 22 is produced by floodlight 
filter combination 16-17. Detection of the colored and 
uncolored portions of unit 11, under the illumination 22, 
'is effected by appropriate detecting means, shown in the 
figure as reader-scanner iconoscope 18. 
Numerous variations of the system described above 

can be employed, and are comprised within the scope 
of this invention. For example, unit 11, shown in the 
figure as opaque, may be pellucid (i.e., transparent or 
translucent) for which detection of colored and uncol 
ored portions can be effected by transmitted, rather than 
by reflected, radiation. In this case, illuminating beam 
22’ is suitably cast through unit 11, and the ñIter-ñood 
light combination 16'1_7’ is positioned on the far side 
of unit 11, a-s shown by the broken lines of the figure. 
If unit 11 comprises any non-tenebrescent substances, 
e.g., a base for a tenebrescent coating, the substances 
-are suitably chosen also to be pellucid. 

Alternatively, .reader-scanner means 18 may be re~ 
placed by a reading device having a broad field of detec 
tion, i.e., a non-scanning device, for example thel eye. 
Illumination of discrete portions of unit 11 using such 
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a broad-field reader can be etïected by a movable scan 
ning beam of illuminating radiation. 

Similarly, the icathode ray, tubes and Schmidt optical 
systems employed in writer-scanner means i12-13 and 
eraser-scanner means 14-15 can be replaced by other 
scanning means known to the art which play a rnod 
ulated beam of suitable radiation across the surface of 
unit 11. In the cathode ray tubes 12 and 14 shown in 
the figure, radiation, e.g., light of an appropriate writ 
ing or erasing wavelength can be generated by proper 
selection of the phosphors used in the construction of 
the cathode ray tubes. Alternatively, light of suitable 
writing or erasing wavelengths may be obtained by inter 
posing ñlters in light beams 19 and 21, whether these 
beams are generated by cathode ray tubes or by other 
means. ` 

Although this specification speaks of “colored” and 
“uncolored” portions of a scotophor, or of “dark” and 
“light” portions in referring to the change in absorption 
characteristics brought about in a scotophor by suit 
able irradiation, it is to be understood that these changes 
in absorption may occur outside the visible spectrum. 
For example, irradiation of a scotophor which is visibly 
uncolored may cause the scotophor to absorb light in 
a portion of the non-visible spectrum, e.g., the. infra-red. 
This change in absorption characteristics can be detectedl 
by appropriate optical instruments, including those dis 
closed in this specification, although the change in the 
scotophor is unapparent to the eye. Although the terms 
“colored” or “dark” will be used in this specification for 
convenience in visualizing the invention, it is to be under 
stood that these terms merely have reference to an ab 
sorption spectrum of an irradiated scotophor which differs 
from the absorption spectrum of a non-irradiated scoto 
phor, although neither spectrum may absorb in the visible 
spectrum, i.e., show visible color. 

, The radiation most appropriate for causing the pro 
duction of “color,” either visible or in the _sense defined 
just above, in tenebrescent materials is of high energy, 
for example, a-particles, gamma rays, cathode rays, X 
rays, short wavelengths in the ultra-violet and near ultra 
violet spectra between about 225-400 millimicrons, and 
the like. Erasing of a tenebrescent crystal-_that is loss 
of the “color” produced> by irradiation with short wave 
lengths-is best accomplished by radiation of the col 
ored scotophor with a wavelength which is maximally 
absorbed by the colored scotophor. 

These observations are in accord with theory, which 
holds that tenebrescence is associated with the appear 
ance in imperfect crystals of defect energy levels between 
a filled band and the conduction band. Upon irradia 
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absorption band of the colored scotophor, but to either 
side of, or to one side of, andl in the absence of, radiation 
containing or immediately surrounding a wavelength of 
peak absorption. For example, this principle can be 
illustrated by reference to a particular tenebrescent ma 
terial, the mineral Hackmanite, NaCl(NaAlSiO4)3, which 
has a characteristic raspberry red color when activated 
by ultraviolet light, and which has a characteristic ab 
sorption spectrum in the colored state having a max 
imum in the visible at about 550 millimicrons. Pro 
duction of the colored state in Hackmanite is conven 
iently brought about, for example by irradiation of the 
material with ultra-violet light of «a wavelength below 
about 400 millimicrons, suitably between 225 and 400 
millimicrons, and preferably as short a wavelength within 
this range as possible, since it has been discovered that 
the intensity of color in the scotophor is inversely de 
pendent on the wavelength of the radiation employed. 
Thus, lwith reference to the ligure, if unit 11 contains 
Hackmanite as the tenebrescent substance., writer scan 
ner means 12-13 suitably generate a modulated light 
beam 19 of ultra-violet light of the frequency earlier 
mentioned. However, other sources of high energy ra 
diation can be employed. 

Similarly, eraser-scanner means 14-15 suitably gener 
ate a modulated light beam 21 having a wavelength of 
about 550 millimicron‘s, for example, since this wave 
length is of maximum eiiicacy in erasing the visible color 
of Hackmanite. Filter-Hoodlight combination 16-17 can 
be employed to illuminate unit 11 with light 22 of fre 
quencies between about 555-700 and/or 450-545 milli 
microns, for example. These wavelengths will reveal a 
discernible pattern of color 20 detectible by reader-scan 
ner 18 since they are absorbed in part by Hackmanite in 
its radiated or colored state but not in its unirradiated 
and uncolored state, but will not cause appreciable bleach 
ing or loss of color from `darkened portions 20 of unit 
11. Generally, wavelengths longer ythan those of maxi 
mum absorption are preferred for reading, to avoid any 
possible interference with the short wavelengths used t 
write on scotophor-containing unit 11. ~ 

In an important embodiment of the invention, beam 
22 is in the near infra-red and has a wavelength of about 
2000 millimicrons. Hackmanite, in the “colored” or ex 
cited state has an absorption band at about this Wave- t 

l length, which band is absent in the unexcited substance. 

50 

tion of a scotophor with -high energy radiation, electrons ` 
are raised from the iilled band to the conduction band, 
from whence they drop to the defect energy levels be 
tween the bands. Electron «transitions from the defect 
bands to the conduction band (which involve a smaller 
energy change than do transitions between the ñlled 
band and the conduction band) change the absorption 
characteristics of the scotophor, i.e., result in the pro 
duction of “colon” in the sense earlier deñned. Irradia 
tion of a colored scotophor containing electrons trapped 
in the defect energy levels with light of a wavelength 
maximally absorbed by the colored scotophor apparently 
raises the electrons from the defect energy levels to the 
conduction band, from which they return by non-radiative 
transitions to the ñlled band with loss of color in the 
scotophor. ’ 

Thus, in the use of visible light to detect the colored 
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and uncolored portions of a scotophor, the presence of « 
the wavelength of maximum absorption in the broad 
band spectrum employed usually causes simultaneous 
erasure of the color. 

According to one feature of the present invention, it 
has been discovered that reading can be accomplished 
by illuminating the colored scotophor with light in the 
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. used to illuminate the excited material. 

Because of the low energy inherent in light of frequencies 
in the `infra-red, such light has less erasing action when 

In this embodi 
ment, infra-red sensitive detectors are used .as reader 
scanner mean-s 18 to detect the information stored in 
unit 11.  

In still another embodiment, reading beam 22 may 
comprise a low intensity beam of visible light, while 
erasing beam 21 may be of high intensity visible light. 
The scotophor of unit 11 may be radiated for long 
periods of time with low intensity light Without causing 
appreciable bleaching, but can be bleached with high in 
tensity visible light. For example, Hackmanite does not 
show appreciable bleaching of the colored form when 
radiated with white light of 2 footcandles’ intensity for` 
periods of an hour or more, but will bleach to its color 
less form when radiated with white light of about 800 
footcandles’ intensity for about a minute._ However, this 
system employing light beams of differing intensity is 
less convenient than that employing light beams of differ 
ent wavelengths, since the control of wavelength, e.g. by 
filters, is far more convenient and sure than is regula 
tion of beam intensity. 

Although Hackmanite is a «convenient tenebrescent ma 
terial which occurs naturally or can be prepared syntheti 
cally, for example by the process of U.S. Patent 2,761,846 
to Medved, granted May 28, 1952, numerous other 
tenebrescent materials can suitably be employed in the 
construction of storage unit 11. Thus, the alkali halides'` 
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are scotophors. The absorption maxima (in millimi 
crons) and colors of some of the alkali halides are re 
ported below in Table 1. 

F Cl . Br I 

Li__-__ 25? (I)I.V.) (color- 385 lt. yellow ......... ..'___-_ 
ess . 

N a____ 340 lt. yellow ____ -_ 465 amber _____ __ 540 violet.. 588 blue. 
K ____ -_ 455 yellow _______ -_ 563 blue violet..- 63%1deep 685 green. 

ue. 
Rb_-_- violet _________ _- 610 blue _______ _.- 720 green- 775 (LR) 

b ue. (color 
less). Cs_____ green-blue 600 bhw 

The halides may be either synthetic or naturally occur 
ring. For example, rocksalt, sylvine (KCl), and vil 
liaumite (NaF) are found in colored forms in which the 
color is due to tenebresence. Other chlorides such as 
lanthanum chloridey and silver chloride,l including the 
mineral hornsilver, and fluorides such as lluorite (CaFz) 
are scotophors. 
Numerous oxides including SiOz, A1203, TiO, ThOZ, 

SnOz, TazOä, Zr02, M003, Sb2O5,ZnO, CeO, and MgO, 
show tenebrescence, both as synthetics and as naturally oc 
curring minerals such as quartz, Zircon (SiOZ-ZrOz), and 
corundum. Synthetic and mineral sullides such as zinc 
lblend (ZnS), carbonate minerals such as calcite (CaCOa), 
phosphates such as apatite [FCa5(PO4)3], sulfates such 
as langbeinite (K2SO4-2MgSO4), nitrates such as salt 

l[peter (NaNO3), cyanides such as NaCN, thiocyanates 
such as NH4SCN, borates, tungstates, and silicates such 
as spodume (LiAlSizOs), sodalite (3NaAlSiO4-NaC1), 
topaz [(FeOH)2Al2SiO4] and other minerals such as feld 
spar, mica, beryl, tourmaline, pyromorphite, cancrinite, 
calcocroite, brazilianite, phenakite, kunzite, scapolite, 
sapphite, oligoclase, lapis lazuli, and barytes are scoto 
phors. 

These materials can be activated in many cases by 
ultraviolet light, or can be doped with impurities to render 
them sensitive to ultra-violet. For example, KCl can be 
made ultra-violet sensitive by doping with NaOH, apa 
tite by replacing some lluoride with chloride, sodalite by 
addition of chloride and sulfide, etc. In other cases, 
cathode rays, X-rays, or bombardment with nuclear par 
ticles can be used to produce the activated or “colored” 
state. . 

Although speciñc embodiments have been shown and 
described, it is to be understood that they are illustrative 
and are not to be construed as limiting on the scope and 
spirit of the invention. 

I claim: 
1. A system for the deposit, storage, and retrieval of in 

formation comprising storage means comprising a tene 
brescent substance capable of exhibiting an unexcited state 
having a -lirst characteristic labsorption spectrum associ 
ated therewith and an excited state having a second, dif 
ferent, characteristic absorption spectrum associated there 
with, writing means comprising a first modulated writing 
beam of radiation, adaptedto play on said-storage meansA 
and selectively exciting unexcited tenebrescent substance 
`and thereby changing its characteristic absorption spec 
trum, erasing means comprising a second modulated eras 
ing beam of de-exciting radiation, adapted to play on said 
storage means and selectively de-exciting excited tene 
brescent substance and thereby changing its characteristic 
absorption spectrum, and reading means compri-sing a third 
illuminating beam of radiation, vadapted to play on said 
storage means and neutral with respect to excitation and 
deexcit'ation of the tenebrescent substance, said illuminat 
ing beam being differently absorbed by -the excited and un 
excited tenebrescent substance in said storage means and 
excluding radiation containing and immediately surround 
ing a wavelength of peak absorption of said excited tene 
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vbres-cent substance, andmeans for detecting these differ 
ences in absorption of the illuminating beam. 

2. A system asin claim 1 wherein said tenebrescent sub 
stance is opaque Iand the differences in absorption of the 
illuminating beam by said detecting means are detected by 
reflection of the illuminating beam from the opaque tene 
brescent substance. 

3. A system as in claim 1 wherein said tenebrescent sub 
stance is pellucid and the differences in absorption of the 
illuminating beam by said detecting means are detected by 
transmission of the illuminating beam through the pellucid 
tenebrescent substance. . 

4. A system for the deposit, storage, and retrieval of in 
formation comprising storage means comprising a tene 
brescent substance capable of exhibiting an unexcited state‘ 
having a first characteristic absorption spectrum as 
sociated therewith and an excited state having a sec 
ond, different, characteristic absorption spectrum as 
sociated therewith, writing means comprising a íirst 
modulated writing bea-m of electromagnetic radiation, ' 
»adapted to play on said storage means and selectively ex 
citing unexcited tenebrescent substance and thereby chang 
ing its characteristic absorption spectrum, erasing means 
comprising a second modulated erasing beam of electro 
magnetic radiation, adapted to play on said storage means 
and selectively de-exciting excited tenebrescent substance 
and thereby changing its characteristic absorption spec 
trum, and reading means comprising a third illuminating v 
beam of electromagnetic radiation adapted to play on said 
storage means and substantially neutral with respect to ex 
citation and de-excita-tion of the tenebrescent substance, 
said illuminating beam being differently absorbed by the 
excited and unexcited tenebrescent _substance in said stor 
age means and excluding radiation containing and imme 
diately surrounding a wavelength of peak absorption of 
said excited tenebrescent substance, and means for detect 
ing these diiïerences in absorption of the illuminating 
beam. ' 

5. A system as in claim 4 wherein said writing beam is 
a modulated beam of ultra-violet light. 

6. A system as in claim 4 wherein said erasing beam is 
a modulated beam of light of a wavelength corresponding 
with the peak absorption wavelength of the tenebrescent 
substance in its excited form. 

‘ 7. A system as in claim 4 wherein said. illuminating 
beam Hoods said storage means with light, and said detect 
ing means scan said'storage means. 

8. A system for the deposit, storage, and retrieval of in 
formation comprising storage means comprising a tene 
brescent substance capable of exhibitingv an unexcited 
state having a first characteristic absorption spectrum as 
sociated therewith and a-n excited state having a second, 
different, characteristic absorption spectrum associated 
therewith, writing means comprising a first modulated 
writing beam of ultra-violet light, adapted to play on said 
storage means and selectively exciting unexcited tenebres 
cent substance and thereby changing its characteristic ab 
sorption spectrum, erasing means comprising a second 
modulated erasing beam of light of a wavelength corre 
sponding with the peak absorption wavelength of the tene 
brescent substance in its excited form and adapted to play 
on said storage means, and reading means comprising a 
third illuminating beam of light of wavelengths excluding 
the peak absorption wavelength of the tenebrescent sub 
stance in its excited form and adapted to play on s-aid'stor 
age means, said illuminating beam being differently ab 
'sorbed by the excited and unexcited tenebrescent sub 
stance, and means for detecting these dilferences in ab 
sorption of the illuminating beam. 

9. A system as in claim 8 wherein said tenebrescent sub 
stance is opaque and the differences in absorption of the 
illuminating beam by said detecting means are detected by 
rellection of the illuminating beam from the opaque tene 
brescent substance. '  
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10. A system as in claim 8 wherein said tenebrescent 
substance is pellucid and the differences in absorption'of 
the illuminating beam by said detecting means are detected 
by transmission of the illuminatin-g beam through the pel 
lucid tenebrescent substance. 

11. A system >as in claim 8 wherein said modulated writ 
ing beam and modulated erasing beam are scanning beams 
generated by cathode ray tubes. 

12. A system as in claim 11 wherein said illuminating 
beam is a light beam ilooding said storage means, said 
light beam being filtered to remove peak absorption wave 
lengths of the excited tenebrescent substance, and said de 
tecting means scan said storage means. ` 

13. A system for the deposit, storage, and retrieval of 
information comprising storage means comprising tene 
brescent Hackmanite, writing means comprising a ñrst 
modulated beam of ultra-violet light of a wavelength be 
tween about 25 0~400 millimicrons, adapted to play on said 
storage means and selectively coloring colorless Hack 
manite thereby changing its absorption spectrum, erasing 
means comprising a second modulated beam of light of a 
wavelength of about 550 millimicrons, adapted to play on 
said storage means and selectively decolorizing colored 
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Hackmanite thereby changing its absorption spectrum, 
and reading means comprising a third illuminating beam 
of li-ght, adapted to play on said storage means and of 
wavelengths excluding those wavelengths immediately sur 
rounding and including 550 millimicrons, which illuminat 
ing wavelengths are differently absorbed by the colored 
and colorless Hackmlanite, and detecting means for detect 
ing these differences in absorption. 

14. A system as in claim 13 wherein said illuminating 
beam comprises 'wavelengths between about 450-700, ex 
cluding those wavelengths immediately surrounding and 
lincluding 550 millimicr‘ons. 

15. A system as in claim 13 wherein said illuminating 
beam has a wavelength of about 2000 millimicrons. 
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