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This invention relates to photographic printing and 
particularly printing of the quality which ordinarily re 
quires .dodging or masking. 

Those familiar with photographic reproduction are 
well aware that one of the basic problems involved in 
satisfactory tone reproduction is caused by the relatively 
short exposure scale of printing emulsions. In addition 
to this problem, the laboratory technician must always 
cope with a photographic emulsion whose response char 
acteristics are non-linear when resulting density is plotted 
against incident exposure. This non-linearity is char 
acterized by the typical S-shaped curve usually found in 
plots of H and D emulsion characteristics. Because of 
these two inherent shortcomings, all high quality photo 
graphic reproduction is achieved only by the use of some 
form of dodging or masking. 
The most satisfactory mask usually assumes the form 

of a photographic contact print on ?lm made from the 
transparency to be reproduced. These masks fall in three 
categories, depending on their purpose and method of 
production. Most commonly used is the unsharp mask, 
which in effect is an out-of-focus positive transparency 
made from the original negative transparency. In prac 
tice, it is placed in contact with the transparency during 
?nal exposure and performs the function of reducing the 
apparent contrast in the original. The mask is usually 
made of material having a long exposure scale and is de 
veloped to a contrast somewhat less than that of the orig 
inal. As a result, when the original and mask are super 
imposed, the combination still resembles the tonal struc 
ture and relationship that existed in the original, but 
with all densities uniformly compressed toward some 
intermediate value. 
A second type of mask is called an area mask and, 

in all respects except its degree of unsharpness is the 
same as the unsharp mask. In the unsharp mask, a 
point image in the original might be reproduced as a 
circle of approximately one-sixteenth of an inch in di 
ameter, whereas in the area mask, the same point might 
be reproduced as a disc anywhere from one-eighth to 
one~half inch in diameter. 
A third type of mask, known as the highlight mask, is 

usually made on a material having a long toe character 
istic followed by an extremely steep straight line por~ 
tion, such as the ?lms used in photomechanical repro 
duction of halftone screens. This mask is primarily used 
to produce contrast compression only in the thin areas 
of the originahand thus compensate for the non-linear 
characteristics of photographic emulsions to be used in 
subsequent steps of the process. 

In the case of each of these marks, it is readily seen 
that their function is to cause the inverse image of the 
transparency to be superimposed on the transparency 
during printing. According to the present invention, in 
stead of using a photographic mask in front of a uni 
form light source to‘ accomplish this purpose, a light 
source is used whose brightness variations throughout its 
surface actually represent a positive luminous image of 
the transparency to be reproduced. More speci?cally, 
this invention contemplates a printing light source whose 
brightness pattern is selectively quenched by radiations 
whose pattern is determined by the pattern of the trans 
parency from which a print is to be made. 

The method involves the use of a light source compris 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

70 

2,988,978 
Patented June 20, 1961 

2 
ing a phosphor or other suitable ?uorescent material 
which emits actinic light, to be used in reproducing the 
transparency, which ?uorescent material possesses the 
additional property of having its brightness subject to 
local modi?cation by some form of incident radiation. 
Many ?uorescent materials conforming to these require 
ments are commercially available and well known. Fluo 
rescence of such materials can be achieved by high en 
ergy particles such as electrons, by high energy radiation 
such as ultraviolet light, by any visible radiation higher 
in energy than the emitted radiation, or by the drift of 
electrons in solid materials such as in electrolumines 
cence. The color of the radiation emitted by such ?uo 
rescent materials may range from deep red to ultra 
violet, depending on the composition and structure of 
the ?uorescent material. A homogeneous phosphor usu 
ally emits a relatively homogeneous color of light, occu 
pying only a narrow band of the spectrum. However, 
almost any color of emitted radiation can be achieved 
simply by suitably mixing the phosphors. 

Another important characteristic of the ?uorescent 
material used as the light source is its time constant or 
persistence. This factor determines the time elapsing 
between initial excitation of the ?uorescent material and 
arrival at ?nal brightness (build up) and also the time 
consumed between removal of excitation and arrival at 
minimum light level (decay). In practically all phos 
phors the build up time is very rapid, whereas decay time 
may range from a few microseconds to several hours or 
even days. In this application, the rate of decay is ex 
tremely important since it is this variable which permits 
the light source to portray an inverse image of the trans 
parency to be reproduced. It is this natural decay char 
acteristic which can be modi?ed by incident radiation to 
control the brightness of a ?uorescent material under 
going excitation. The decay rate of most phosphors is 
shortened by the incidence and absorption of infrared 
radiation, which is termed “quenching,” most predom 
inant in phosphors having a naturally long decay rate. 
The precise wave length of the infrared radiation 

which would be most effective for quenching a particular 
?uorescent material is probably a function of the dimen 
sions within the lattice structure of the crystalline phos 
phor, and would be that wave length which would pro 
duce resonant vibration within the molecule. In sum 
mary, the method of the present invention contemplates 
the use of a quenching phosphor or other suitable ?uo 
rescent material as the printing light source, projecting an 
image of a transparency, using such a light source, and 
producing an inverse image of the transparency on the 
surface of the light source so that the inverse luminous 
image, when projected back through the transparency 
onto a photosensitive surface, provides in one step, 
photographic effects of the type previously produced by 
masking. 

Accordingly, it is among the objects of the present in 
vention to provide a photographic printing method com 
prising directing infrared light from a source of substan 
tially uniform intensity through a transparency in one 
direction on a ?uorescent substantially uniform intensity 
source of actinic light to quench selectively the ?uorescent 
source, and directing unquenched actinic light from the 
?uorescent source through the transparency in an oppo~ 
site direction on a photosensitive surface to expose the 
same. The transparency may be a photographic negative 
and the infrared light may be directed through the photo 
sensitive surface or directed towards the transparency by 
re?ection. 
The photographic printing apparatus contemplated com 

prises a substantially uniform intensity source of ?uores 
cent light, a support for a photosenstive body to be 
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printed, a source of infrared radiation of substantially 
uniform intensity, and a support for a transparency dis 
posed in an intermediate position in an optical path in 
cluding the ?uorescent source and photosensitive body 
support on the one hand and in an optical path including 
the ?uorescent and infrared sources on the other. The 
optical paths may include a beam splitter which may 
assume the form of a dichroic mirror having a coating 
substantially totally re?ecting radiation from the infrared 
source and substantially totally transmitting light from 
the ?uorescent source. The photosensitive body may lie 
in each of these optical paths and it may be interposed 
between the infrared source and ?uorescent source. 
A more complete undertstanding of the invention will 

follow from a description of the accompanying drawing 
wherein: 

FIG. 1 schematically depicts one form of the invention; 
FIG 2 schematically depicts a modi?cation; and 
FIG. 3 schematically depicts another modi?cation. 
In the embodiment of the invention shown in FIG. 1, 

the light source it} comprises an envelope 12 containing a 
cathode 14 and having a phosphor composition 16 de 
posited on the inner surface of its enlarged end 18 cap 
able of being excited to luminescence by the absorption 
of electrons emanating from a ?ood gun structure in 
cluding the cathode and accelerated by the application of 
a high voltage between the cathode 14 and enlarged 
end 18. A transparency Ztl, such as a photographic 
negative is supported in the path of fluorescent light ema 
nating from the source 16, beyond which there is pro 
vided a projection lens 22 for forming an image of the 
transparency on a photosensitive surface carried by a 
support 26. The apparatus thus far described is similar 
to an ordinary enlarger with a diffuse light source and 
would produce comparable results. The entirely novel 
e?fect is achieved by the introduction of quenching radi 
ation. 
As shown in FIG. 1, radiation from an infrared source 

28 of substantially uniform intensity is directed through 
a ?lter 30, collected by a condenser lens 32, re?ected by 
a beam splitter 34 through the projection lens 22, and 
transmitted through the transparency 20 to the proximate 
surface of the ?uorescent material 16. The beam splitter 
is preferably a dichroic mirror operating on the inter 
ference principle and containing a deposited layer 36 
whose thickness is chosen to cause substantially total re 
?ection of the desired wave length of infrared and‘ sub 
stantially total transmission of the unquenched portion 
of the actinic wave length of light from the source 16 
which will be used to expose the photosensitive surface 
24. With this arrangement, infrared illumination of the 
?uorescent material 16 can be considered as emanating 
from the projection lens 22. Accordingly, an image of 
the transparency 20 will be projected onto the ?uorescent 
material 16 by infrared radiation. Since infrared of the 
proper wave length tends to quench the phosphor or other 
selected ?uorescent material, thereby reducing its lumi 
nous emission, it follows that thin regions in the trans 
parency will produce corresponding regions of low lumi 
nosity at the phosphor, whereas denser areas in the trans 
parency will transmit less infrared and will reduce the 
luminosity of the ?uorescent material to a smaller degree. 
Thus, in effect, a projected infrared beam passes through 
a negative transparency and forms a positive luminous 
image on the phosphor. Local brightness within the 
image projected on the photosensitive surface would 
then be a composite of local phosphor brightness and local 
density of the transparency. Accordingly, if the trans 
parency and the phosphor were in intimate contact and 
if the contrast of the positive luminous image exactly 
matched the contrast of the negative transparency, then 
the image projected on to the photosensitive surface 
would be of uniform brightness completely devoid of 
image detail. This situation would correspond to that 
which would be obtained by use of a sharp mask, de 
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4 
veloped to a gamma of 1.0, in absolute register with 
the transparency. In practice, this situation can never 
be achieved with a mask, but appears to be entirely 
feasible, though probably notdesirable, with the apparatus 
contemplated herein. 
The beam splitter 34 may assume the form produced 

by Bausch & Lomb Optical Company, whose catalog 
entitled “Interference Filters” includes among many 
others, the following examples of products applicable to 
the present invention: 

Product Number: Traitsmits- ‘ 
42—47--55 ____________ __ 4500 Angstrom 'units. 

42--47—56 ____________ __ 5000 Angstrom units. 
33-79-43 ____________ .._ 4360 IAngstrom units. 

33——79—48 ____________ __ 4860 Angstrom 33——79—40 ____________ _.. 4050 Angstrom units. 

which values will vary over a range of plus or minus 
180 Angstrom units. 7 
The apparatus shown in FIG. 2 depicts the activating 

light source 40 more generally and contemplates the infra 
red source 28 as directing its beam directly through its 
?lter 30 and the transparency 20 onto the phosphor 16, 
eliminating the need for the beam splitter of FIG. 1. The 
activating source 40 may produce ultraviolet light pri 
marily or it may assume the form of a more conventional 
lamp producing some actinic light. The infrared source 
schematically shown may represent several sources whose 
combined effects are employed. ' 
An application of this invention to a contact printer is 

exempli?ed in FIG. 3 where the transparency 20 and 
photosensitive material 24 carried by the support 26 are 
in intimate contact, with the actinic and infrared sources 
disposed on opposite sides thereof. In this case, infrared 
rays from the source 28 will pass through the ?lter 30, 
paper 26, emulsion 24, and transparency 20, to quench 
the ?uorescent material 16 selectively to form apositive 
luminous image. This image in the form of actinic light 
is transmitted through the transparency to expose the pho 
tosensitive emulsion 24. 
The apparatus of FIGS. 1, 2 and 3 will possess features 

of control corresponding to those customarily employed 
in masking, namely, control of percent masking and de 
gree of unsharpness. Brightness of the infrared source 
may be varied to control the amount of quenching and 
thus to control contrast of the positive luminous image, 
corresponding to percent masking. The degree of un 
sharpness can be controlled by adjusting the space between 
the transparency and the ?uorescent material, or by se 
lection of the size of the aperture in the projection lens. 
The advantages of the method and apparatus of the 

present invention over conventional masking include: 
(1) Printing is achieved in one step requiring a mini 

mum of time and materials. 
(2) Problems of registering the mask and transparency 

are completely eliminated. 
(3) Characteristics of the projected image can be ob 

served directly and measured directly in the same appa 
ratus in which the exposure occurs. 
Whereas the method and apparatus thus described are 

intended primarily for black and white contact printing 
and enlarging, any applications to color work should not 
be excluded. Nor should the invention be restricted to 
the examples selected for purposes of description, beyond 
the scope of the appended claims. 

I claim: 
1. A photographic printing method comprising exciting 

a ?uorescent surface to produce actinic light, directing in 
frared light uniformly through a transparency upon said 
surface to quench said surface selectively to form a lumi 
nous image, and simultaneously directing unquenched ac 
tinic light from said ?uorescent surface through said trans 
parency and forming an image of said surface on a photo 
sensitive emulsion surface to expose the same. 
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2. A photographic printing method as set ‘forth in claim 
1 wherein said transparency is a photographic negative. 

3. A photographic printing method as set forth in claim 
1 wherein said infrared light is transmitted through said 
photosensitive emulsion surface. 

4. A photographic printing method as set forth in claim 
1 wherein said infrared light is directed towards said trans 
parency by re?ection. 

5. A photographic printing method as set forth in claim 
1 wherein the exciting and quenching intensity relation 
ship is variable for controlling contrast. 

6. A photographic printing method as set forth in claim 
1 wherein the sharpness of said luminous image is varied 
with respect to said transparency. 
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