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The normal human eye has three speclally re-
markable fundamental perceptions the percep-
tion maxima of which lie near the spectral wave
lengths 450, 660 and 650 mu, that Is in those
portions of the spectrum which usually are de-
signed as blue, green and red. Light of one of
sald wave lengths is perceived always essentlally
by only one of the three fundamental percep-
tlons of the eye, whereas the Interposed por-
tions of the spectrum each are perceived by
more than one fundamental perceptlon. For
example, s light actlng with equal intensity on
the red and green fundamental perception pro-
duces the impression of a yellow intermediate
color, even if at all none wave length of the
yvellow spectral portion exists in it. Similarly
blue and green appear as a blulsh green In which
however always the red fundamental perception
is simultaneously affected and thereby a whitish
appearance of the blue-green 1s produced.

In optical glasses it ig known to use neodym
(accompanied mostly by some praseodym) as a
component which effects an intensifled percep-
tlon of some colors but is not able to ellminate
a very troublesome blue-green. In the electric
light production, combinations of mercury va-
pour light and neon or lithlum }ght have been
proposed with partial success, but quite a num-
ber of colors became remarkably changed and
obscure also In this case.

The invention conslsts primarily in decisively
improving the light production or aperception
thereby that from the object to be aperceived
to the eye of the spectator or to the light sen-

sitive photographic layer, ag far as possible only :

lght corresponding essentially to the apercep-
tion maxima of the eye is admitted. This may
be done by elther illuminating the object only
by lMght having the maxime spectrum, or by
looking onto it by a Alter absorbing from the
object 1lluminated by all colors, all other colors
than the maxima colors. This method has the
success of producing such an exceptionally strong
intensification of all color differences and such
a high intensity or saturation of all colors that
very much details become visible or photo-
graphable which otherwise could not at all be
perceived, and In seelng moreover a physiologi-
cally very animating impression ls galned by the
bright-colored sight.

This effect 13 attained in all practical cases,

ag the daylight as well as the emission of the

usual artificlal lamps contain light of all spec-
tral portions, although of different intenslties,
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a5 purely colored In reality have mixed colors
almost throughout. The few exceptions showing
really unicolored light, as for example patrium
light {lluminations, are so seldom that eye glasses
or photographic-filters corresponding to the in-
ventlon also at night tlme have In the by far
most cases their full effect. If, on the other
hand, also the {llumination is effected by light
of the new composition, the sight i5 Intensified
not only with respect o the color differences
but also to the entire Iight Intensity.

The light absorbing fllters according to the
Invention can not only be used in the form of
eye glasses, but they can be realized by mate-
rials serving as admixtures or as basis or as
coverlng window for the objects, for example by
a lacquer or other transparent cover absorbing
the minimum light reglons situated between the
maxima, or In pictures a covering glasg or a
background supporting the coloring matter or a
color admixture may produce the mentioned ef-
fect. Useful materials for these purposes are
below described.

A special adaptation of the new method for
photographical multicolor negative and positive
processes consists therein, that for the expasition
an fllumination is used which contains rays cor-
responding to the aperception maximea of the
eye, and for the copying process an illumination
is used which containg rays corresponding to the
absorption maxima of the single coloring mate-
rials forming the negative or the positive pro-
duced by a conversion process. In this case an
extraordinary brilliant success is attained, as not
only the colors of the negative become precisely
complemeniary and very saturated, but alsc the
spectroscopic and sensitivity deflelencies of the
light sensitive layer are corrected and made in-
noxious, as the negative (or conversion positive)
has the most effective ahsorption for the raws
to be absorbed.

Some examples of processes and devices ac-
cording to the invention are as follows:

An Mluminating device is combined of several
electric discharge tubes producing an entire
spectrum having interruptions between the aper-
ception maxima. If precisely adapted discharge
gases are avallable no filters are necessary and
best economy Is realised. Three tubes each
emitting one maximumn may be used, or one tube
of two may emit two maxima.

Thus the red light component may be emitted
from gzine vapor, or from neon and freed from
yellow emission by a neodym glass fllter. Blue

and as also the objects appearing to the eye 55 and green may be emiited from mercury vapor
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which also by a neodym glass filter is freed
from yellow rays, and in case of necessity is
freed from a troublesome blue-green emission.
In this case it 1s also possible to use mercury
only for blue and thalllum for green, both dis-
charge tubes being provided with filters absorb-
ing the undesired rays.

Similarly Incandescent lamps ¢an be used.
For example, three lamps are each provided with
a filter excluding all other rays than those in
near proximity to the desired aperception max-
imum. Blue maximum light is produced by aid
of a filter of Schott glass BG 6 one mm thick or
BG 12 two mm thick, red maximum light by
Schott glass RG 5 two mimn thick, and green by
Schott glass OG 4 two mm thick combined with
BG 18 two mm thick. All three lamps project
their rays simultaneously onto the object, and
thelr Intenslties are so regulated that the entire
light appears white.

Instead of glass fllters, liquid filters or solid
solutions of coloring matlers in gelatine or the
like can be used. 'The organle dyestuffs give for
this purpose an extraordinary ample choice, and
in consequence of thelr (in some cases) very steep
ahsorption curves the energy can be econom-
ically made use of.

Some {lght filters give the possibility of using
the lizht of one lamp at once for two maxima.
For example, acid rhodamine (rhodamine S,
USA-Patents 402,436 and 425,504, Farbstoffta-
belien of Gustav Schultz, volume 1, Berlin 1932,
Nt. 570) diluted in water or gelatine lets pass the
red and blue rays at once. A second lamp or
tube 1s then used for green maximum 1light.

Neodym glass (absorbing 580 mg) and a
filter containing the yellow coloring matter tar-
trazine (tartrazine, USA-Patent 324,630; Farh-
stofftabellen of Gustav Schultz, volume 1, Berlin
1932, Nr. 23) or a Schott glass OG 4 two mm thick
(absorbing 500 my) allows to produce a Ilight cor-
responding to the red and green maxima. If s
second lamp is flltered to give blue light, for ex-
ample by Schott glass BG 6 or BG 12, and the
intensity of both lamps is brought Into optical
equillbrium, then also a light according to the
invention is galned.

One singie lighting body may produce all three
maxima. Until now, a similar simplification Is

possible by aid of other light sources belng near. ;

For example, & mercury vapour tube s filtered
so as to glve the two maximsa pure blue and
pure green, and reddish light coming from usual
road or house lamps alds to make an entire light
of useful spectroscoplc qualities, although in no
way as good as with full use of the Invention.

For apercelving objects enlighted by daylight
or other multicolor of omnlcolor light, as for ex-
ample from unfiltered Incandescent lamps, all
the above mentioned fliters may be used as spec-
tacles or the like, provided only that as far as
possible only small reglons of rays besldes the
three maximg are allowed to pass In essential
quantities.

For producing the maxims colors immediately
on the objects, the undesired rays about 580
mg may be absorbed by neodym oxide (in molten
glass), or neodymium niltrate or other neo-
dym compounds soluble in water or in other
usual solvents (for coverings of laguer type), for
example also in gelatine, eoflodium or ofl Iaquer.
The undesired rays about 500 mux may be ab-
sorbed by monobrom-fluorescein which in the
group of the coslnes has a specially low molecular
weight. Similar other materials, as for example
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succlnyl-fiuorescein or the halides thereof may
also be used, as well as other materlals still to
be searched by ald of spectroscopic tests.

A turther example of a coloring or filtering
substance for absorbing the two light minima
near 490 my and 590 my 1s deseribed as follows:

3 gr 6-Chlorbenzoxazol (Amer. Journal 1932,
page 42, or Builetin de la Société Chimique de
France, IV, Vol. 133, page 1828) are heated to
about 100° C together with 2 em? jodmethyl dur-
ing 8 houts In a tube, then broken and washed
with acetone and thereafter with water and re-
crystalled from absolute alcohol. The product Is
a §-Chlorbenzoxazol-jodmethylate, and 2,5 gr
of this product are dissolved in 20 cm? dry pyri-
dine and after addition of 3 em? ortho-formic-
acid-ester heated for one hour. The crystals
thereby produced are after coollng removed and
recrystalled from alcohol, Thus a 5,5’ dichlor-
oxacarbocyanine-jodmethylate is gained, which
absorbs the light from 480 to 510 mu ahd forms
the first component of the entire coloring sub-
stance,

Further (according to British Patent 344,409,
Imperial Chem. Ind. Lid., London) 0,43 gr raw
2’-w-acetanilido-vinyl - henzthiszol - jodethylate
are cooked with 0,3 gr chinaldine-jodethylate
and 2 cm3 dry pyridine durlng 25 minutes. Green
crystals are therefrom produced by cooling and
after separation recrystalled from alcohol. They
are an 1,1’-dlethyl-2-chinoline-2-thiazol-carbo-
cyaninjodide, which absorbs the lght from 580
to 600 mg.

Both described substances are dissolved in ace-
tone, the first at a grade of 0,25% and the second
0,02%, and about 50 gr of each solution are
added to 400 gr acetyl cellulose (Kahibaum) and
2400 gr acetone under slight heating. ‘This prod-
uct is then fused on a glass plate for serving as a
light filter according to the invention. Its sepa-
rate constituents and other colorlng matter pro-
duced under similar views may also be used for
coloring any objeets or photographic layers or for
painting pictures.

‘Where & color basls Is to be got from only two
colors, for example a fabric having differently
colored chain and stay filaments, one series of
said filaments mey be green so as to absorb the
whole spectrum excepted 510 to 570 mg, and the
other series may be red so as to absorb the whole
spectrum between 490 and 590 my.

For example the stays may be colored by rhod-
amine and the chains by patent blue mixed with
tartrazine or any other coloring means reftecting
only between 510 and 570 mu.

In the use for making photographic multieolor
pictures, the new method conslsts In illuminating
the object by a light corresponding to the aper-
ception maxima of the eye. The negative thus
produced, is with special preciseness comple-
mentary to the colors of the object. If said neea-
tive consists, as usual, of three color layers repre-
senting red, green and blue respectively, or also if
separate negatives each containing one of said
layers are produced. the positlve copylng process
is effected by a light containing mainly rays of
that spectroscopic portiong which correspond to
the absorption maxima of the single colors of the
three color negative. This may be effected by
light mixed in the above mentioned way, or the
different lights may be applied after each other.

In case a single color of a negative has an ab-
sorption spectrum which is very different from
the sensitiveness spectrum of the appertaindng
{cemplementary) single color porttens of the posi-
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tive, it Is often advantageous to make the positive
by aild of lUght rays which do not precisely cor-
respond to the absorption maximum of the nega-
tive color but to a relative maximum of absorp-
tion. This relative maximum of absorption is a
combination of the absolute maximum of absorp-
tion and of a complementary maximum of sen-
sitiveness In such way that with relation to the
sensitiveness of the positive layer the best ab-
sorption in the negative layer i3 attalned. This
means that the lght elements to be absorbed are
speclally completely absorbed, as the light rays
used nearly correspond to the absorption maxi-
mum and at once to the sensitiveness minimum
of the layer for the undesired color.

A practical example Is as follows: a multicolor
object 15 flluminated by a light mixed from mer-
cury vapor and neon discharge and filtered by
neodym glass, and photographed either on three
single color negatives or on a combined three
color negative of the Kodachrome or Agfacolor
type, similar to that described for example in
German patent 257,160. This negative may then
be converted into a positive by usual exposing
(without fixation), developing by a special de-
veloper whose oxlides chemically produce the col-
ors from the different constituents of the layers,
angd freed from silver. The positive thus gained
has a speclal brilliance as all its portions specially
well correspond to the aperception maxima of the
human eye. This brilllance can still be aug-
mented by illuminating this picture by a light
corresponding to that used for the exposure.
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On the other hand, the negative, Instead of
being converted Into a positive, may be completed
to a complementary color negative by being de-
veloped by the sald special developer. This bril-
liant color negative, in contradistinction to the
known negatives of the mentioned type, which are
not able for positlve reproduction, is very well
adapted to be copied, as lts colors are already
purified and higher saturated. Now, a copylng
light is composed of that spectral portions which
correspond to the absorption maxima of the single
color elements of the negative, eventually with
s deviation towards that color group which are
the least sensitive for the complementary trouble-
some color of the positive color to be reproduced.
In this way from the complementary negative, a
positive Is gained which by the double correction
of the spectroscopic deficiencles of the coloring
and sensitizing matters is free from the detri-
mental incorrectnesses arising without the use of
the invention. Also thig positive still galns when
contemplated in light according to the invention,

In the same way 1t Is also possible to copy a
negative from a positive produced by conversion
from a negative, or a positive by converslon of the
first mentioned negative.

In al!l cases, objects being at rest can be pho-
tographed also by subseauent application of the
single maximum lights instead of by the simul-
taneously applied mixed lights. The same is true
for eopying the positives.

FERDINAND LEIBER.



