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To It” whom it 77Y/(LZ/ concern: _ 

Be it known that I, ALBERT B. PORTER, a 
citizen of the United States, residing atEvans 
ton, in the county of Cook and State of Illi 
nois, have invented certain new and useful 
Improvements in Decorated Surfaces and 
Methods of Producing the Same, of which the 
following is a speci?cation. 
This invention relates more particularly to 

the decorating of the surface of glass, metal, 
and other ware with crossed diffraction-grat 
ingsfor the purpose of producing colored-light 
effects. ' 

It is already well understood that a surface 
provided with a single grating or one consist 
ing of a single set of parallel lines will pro 
duce a brilliant display of spectrum colors, 
and to an extent may be said to be a,“ deco 
rated” surface. With such single gratings, 
however, the color effect will be seen only 
when the surface is looked at from approxi 
mately one direction, and this fact practically 
offsets the value of ordinary diffraction-rul 
ings as a means of producing decorative ef 
fects. This dif?culty is done away with if 
instead of a single set of parallel lines the 
grating consists of a plurality of sets of par 
allel lines crossing each other angularly, so 
as to diffract the light-rays in different direc 
tions and produce the highly-colored rainbow. 
appearance no matter from what direction 
the surface so decorated is viewed. It is, how 
ever, practically impossible to directly rule 
a diffraction-grating having crossed sets of 
lines, owing to the chattering or jumping of 
the cutting-tool or diamond as it passes over 
the intersecting lines previously ruled. 
The present invention therefore contem 

plates a photographic method of producing 
surfaces decorated with diffraction-gratings 
consisting of intersecting sets of parallel lines, 
straight or otherwise, and further contem 
plates the multiplying of such sets of lines to 
any desired extent, starting from an original 
diffraction-grating having but a single set of 
such lines, which may be ruled on a dividing 
engine or may be otherwise provided. For 
example,the invention contemplates the deco 
rating of surfaces by two sets of parallel lines 
crossing each other at about right angles or 
four sets crossing each other ‘at angles of ap 
proximately forty-?ve degrees or even greater 

numbers of sets crossing each other at still 
lesser angles or at other angles than above 
mentioned, it being understood that the norm 
ber of the intersectingsets of lines or the an 
gles at which the different sets of lines cross 
each other is not of the essence of the inven 
tion and may be widely varied with substan 
tially the same result. ' 
' In carrying ' out my improved process a 
start is made with a diffraction-grating hav 
ing but a single set of parallel lines, which, 
as above indicated, may be ruled on any suit 
able glass plate or transparent ?lm by a di 
viding-engine or like machine or may be pho 
tographically made from some other plate 
which has been so ruled. ' A second grating 
is then made from the ?rst one by taking a 
blank photographic plate provided with a 
sensitized surface, placing the ?rst grating 
ruled face downward upon the sensitized 
plate, and making two partial exposures of 
the plate to the light, the second part of the 
exposure being made after the plates have 
been relatively rotated through a greater or 
less angle from the positions occupied by 
them during the ?rst part of the exposure. 
The sensitized plate is then developed, and 
if great care has been taken to not unduly 
prolong either part of the exposure the sur 
face of the second plate when developed will 
show a diffraction-grating comprising a dou 
ble set of intersecting parallel lines, each of 
which will be a duplicate of the lines origi 
nally provided on the ?rst grating. A third 
grating may then be made from the second 
by placing the latter face downward against 
another blank sensitized plate and subjecting 
them to two partial exposures, of which the 
second is made after the plates have been 
rotated, as before, through a greater or less 
angle from the relative position occupied by 
them during the first part of the exposure. 
This third plate when developed'will then 
show a diffraction-grating consisting of four 
intersecting sets of parallel lines and may be 
used as a master-plate, by which to print in 
two positions upon a fifth sensitized-plate, 
and so on by using each plate in turn as a 
negative with which to print upon a new sen 
sitized plate in two positions the number of 
sets of lines constituting the newly-printed 
di?raotion-grating will be doubled each time 
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the operation is repeated until the number 
of sets of lines ultimately desired for the grat 
ing or decorated surface Will have been ob 
tained. 
In the further carrying out of my inven 

tion it will also be understood that at any 
stage of the process the photographically 
.printed gratings may be etched into the print 
ed surface, and thus made a permanent deco 
ration of the article whose surface is so 
printed. Out glass in particular lends itself 
readily to this process of decoration, and 
glassware thus treated'will present to the eye 
a marvelous showing of spectrum colors, es 
pecially when exposed to the rays of a multi 
plicity of electric or other arti?cial lights. 
This style of decoration is, however, not con 
?ned to glassware alone, but may be applied 
to metal, pottery, and other ware, on which it 
will effect the same result in greater or less 
degree. 
The invention consists in the matters thus 

and hereinafter set forth, and particularly 
pointed out in the appended claims, and will 
be readily understood from the foregoing and 
following descriptions when considered in 
connection with the accompanying drawings, 
in which 
Figure 1 shows a di?raction-grating con 

sisting of a plate or ?lm ruledwith a single 
set of parallel lines, the distances between 
which are greatly exaggerated in order to 
make the illustration plain. Fig. 2 is a simi 
lar view of a diffraction-grating consisting of 
two sets of parallel lines intersecting each 
other at right angles and produced photo 
graphically by repeated exposures of the grat 
ing shown in Fig. 1. Fig. 3 shows a diffrac 
tion-grating consisting of four intersecting 
sets of parallel lines similarly produced by re 
peated exposures of the second grating. Fig. 
4: shows a diffraction-grating consisting of 

‘ eight intersecting sets of parallel lines photo 
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graphically produced by repeated exposures 
of the third grating. Fig. 5 is a perspective 
view illustrating the manner in which a ?exi 
ble ?lm provided with a diffraction-grating 
consisting of a plurality of intersecting sets of 
parallel lines may be applied to a glass tum 
bler for the purpose of decorating the latter 
in accordance with myimprovement. Fig. 6 
indicates the manner in which a diffraction 
grating of large area may be produced by re 
peatedly printing a previously-prepared mas 
ter plate or grating in successive spots over 
the surface ofa plate or ?lm. 
Referring to said drawings, Fig. 1, A des 

ignates an original grating consisting of a 
glass plate or ?exible transparent ?lm having 
on its surface a single set of parallel lines 
which may be ruled thereon by a dividing 
engine or similar machine or may be made 
photograp'hically from some other plate which 
has been so ruled. These lines are herein 
shown as straight lines, but are not neces 
sarily so. From this ?rst gratingA a second 
plate B, Fig. 2, may be made by taking a 
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blank photographic plate or ?lm provided 
with a sensitized‘ surface, placing the ?rst 
grating ruled face downward upon the sensi 
tized plate or ?lm, and exposingit to the light 
in two positions, the second part of the expo 
sure being made after the plates have been 
relatively rotated through any desired angle, 
in this instance shown as ninety degrees. The 
sensitized plate is then developed, and if care 
has been taken not to unduly prolong either 
part of the exposure the surface of the plate 
will show a double set of ruled lines intersect 
ing each other, as shown in Fig. 2, instead of 
the single set shown in Fig. 1. The plate pref 
erably used is either one having a gelatinous 
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surface sensitized by potassium bichromate, - 
which may be developed by simply beingim 
mersed in tepid water and allowed to dry, or 
may be one having a sensitized surface pro 
duced by a solution of bitumen and benzol, 
which may be developed by soaking in tur 
pentine and Washing off with alcohol. A 
third diffraction-grating C, Fig. 3, may now 
be made, if desired, by placing the second 
grating B face downward against another 
blank sensitized plate or ?lm and exposing to 
the light in two positions, the second part of 
the exposure being made after the plates have 
been relatively rotated through any desired 
angle, herein shown as forty-?ve degrees. 
This prints the crossed lines of grating B 
twice upon the plate O, and when developed 
the latter plate will consequently present a 
ruled surface consisting of four sets of par 
allel lines, as shown in Fig. 3. A fourth 
grating D, Fig. 4, may now be made from 
grating O by following the same general pro 
cedure as that employed in making grating 
G from grating B or grating B from grating 
A-that is to say, the fourth grating is placed 
with its ruled face downward against the sen 
sitized surface of another blank plate or ?lm 
and subjected to two partial exposures to the 
light, the second of the partial exposures be 
ing made after the plates have been relatively 
rotated through any desired angle, in this in 
stance shown as twenty-two and one-half de 
grees. Thus when this fourth grating is de 
veloped its surface will appear ruled with 
eight intersecting sets of parallel lines, as 
shown in Fig. 4, and so by using each grating 
in turn as a negative from which to print 
upon a fresh sensitized plate in two different 
positions the number of intersecting sets of 
lines appearing upon the newly-printed plate 
will be doubled each time the operation is 
repeated. Thus the fourth grating D of the 
drawings when twice printed upon a ?fth 
sensitized plate will produce sixteen sets of 
lines upon the latter, and if the ?fth grating 
thus produced be in turn printed upon a sixth 
sensitized plate the latter will develop thirty 
two sets of lines, and so on inde?nitely, the 
process being only limited by the increasing 
difficulty as the number of sets of lines in 
creases of moving the master-plate or print 
ing-grating through a small enough angle be 
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fore the second exposure to avoid bringing 
the sets of lines into coincidence. In prac 
tice, however, I have found no dif?culty in 
producing plates containing over a thousand 
sets of lines without reaching the limit of pos 
sibilities in this direction. 
The numberof partial exposures is not nec 

essarily limited to two, but may be three or 
more, providing the subdivision is not carried 
so far as to result in a dim or indistinct im 
printof any of the sets of lines. I have, how 
ever, obtained the best results by simply ex 
posing each plate twice after the manner 
hereinbefore described. Neither is the exact 
angle through which the plates are relatively 
moved between the partial exposures an es 
sential matter, especially when the process is 
carried on through a considerable number of 
stages, the linear formation of the resulting 
screen completely disappearing, to all appear 
ances, as the number of sets of lines is mul 
tiplied into the hundreds. Starting with an 
original grating ruled with three thousand 
lines to the inch, for example, I have found 
that when the number of sets of lines is in 
creased to two or three hundred the lined sur 
face appears under the microscope as cov 
ered with a multiplicity of dots, without any“ 
semblance of lines whatever. In the accom 
panying drawings the number of lines to the 
inch is reduced to a very few for the sake of 
clearness of illustration, it being of course 
impracticable to graphically represent any 
thinglike the number of lines to the inch ac 
tually employed in diifraction-gratings of 
this character. 
At any stage of the process thus described 

the photographically-printed lines may be 
etched into the printed surface and the deco 
ration thus made permanent. When such 
etching is contemplated, the best results are 
obtained by the use of the bitumen solution 
for sensitizing the surface. Such surface af 
ter being printed and developed is subjected 
to the action {of an etching-acid, and where 
the material to be etched is glass hydrofluoric 
acid will preferably be employed. The sur 
face may be subjected directly to the action 
of the acid or may be merely exposed to the 
acid-fumes, and I have obtained the best ef 
fects by this latter method. For etching on 
metals or other materials than glass nitric, 
sulfuric, or :other appropriate acid will be 
employed. 
In thus decorating‘ glassware and other 

utensils or articles of manufacture a ?exible 
transparent plate or ?lm will be provided 
with a number of intersecting sets of parallel 
lines in the manner thus described, and this 
plate or ?lm will then be used as a master 
plate with which to print upon the utensil or 
article to be decorated. For example, in dec 
orating a tumbler T, such as is shown in Fig. 
5, a transparent ?lm E, provided with the de 
sired number of intersecting parallel rulings, 
will be Wrapped around the tumbler after 
the surface of the latter has been properly 
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sensitized, and the tumbler will then be ex 
posed to the light and afterward developed 
and etched, as above described. This will 
result in the transference to the tumbler of 
the same rulings present on the ?lm E, and 
the diffraction of the light-rays by these rul 
ings will give the desired decorative effect to 
the tumbler. Of course where the surfaces 
to be decorated are all plain surfaces a rigid 
glass plate may be employed as the medium 
through which the printing is accomplished; 
but ordinarily the ?exible ?lm will be more 
satisfactory, if not indispensable. 

In case a master-plate larger than any grat 
ing which can be conveniently ruled on a di 
viding-engine is desired or in case it is wished 
to vary the pattern of the rulings on such 
master-plate a smaller plate may be used to 
print the crossed diffraction-gratings in suc 
cessive spots all over the surface of the mas 
ter-plate after the mannerindicated in Fig. 6. 

I claim as my invention 
1. The herein-described method of decorat 

ing,r surfaces for the purpose of producing col 
ored-light effects, which consists in exposing 
a sensitized surface in a plurality of angu 
larly-different positions under a transparent 
diffraction-grating, and then developing the 
exposed sensitized surface to ?x the several 
intersecting sets of lines printed thereon, sub 
stantially as described. 

2. The herein-described method of decorat 
ing surfaces for the purpose of producing col‘ 
ored-light effects, which consists in exposing 
a sensitized surface in a plurality of angu 
larly-diiferent positions under a transparent 
di?raction-grating, developing the exposed 
sensitized surface to ?x the several intersect 
ing sets of lines printed thereon, and then 
etching the printed lines into the surface, 
substantially as described. 

3. The herein-described method of decorat 
ing surfaces for the purpose of producing col 
ored-light effects, which consists in expos 
ing a sensitized surface under a transparent 
crossed diffraction-grating, and developingr 
and etching the printed lines, substantially 
as described. 

4. As a new article of manufacture, glass, 
pottery, and metal ware, having its surface 
decorated with intersecting sets of closely-ad 
jacent parallel lines forming diffraction-grat 
ings, substantially as described. 

5. The herein-described method of decorat 
ing surfaces for the purpose of producing col— 
cred-light effects, which consists in expos 
ing a sensitized surface under a transparent 
crossed diffraction-grating, and developing 
the printed lines, substantially as described. 

In testimon y that I claim the foregoing as 
my invention I af?x my signature, in presence 
of two subscribing witnesses, this 20th day of 
June, A. D. 1902. 

ALBERT B. PORTER. 
Witnesses: 

HENRY W. CARTER, 
K. A. COSTELLO. 
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