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1 
This invention relates to photo reproduction 

processes and is particularly useful in the making 
of negative or positive records for reproduction by 
photomechanical methods. 
In common with my application Serial No. 

438,633, ?led April 11, 1942, now Patent No. 
2,420,636, May 13, 1947, this invention has to do 
with the astounding effects produced by unsharp 
masking. The term “masking” is here used in the 
speci?c sense now commonly adopted in which two 
complete punctual records (both negative, both 
positive or a positive and a negative) of the same 
original are placed in exact register so that one 
modi?es the other when printing therethrough. 
“Unsharp” masking has to do with arrangements 
in which one of the records is itself out of focus 
or is located out of focus, 1. e. out of printing re 
lation whereas the other record is sharp vand in 
focus when printing from the combination. The 
mask or its manner of use may be referred to as 
diffuse or blurred or out of focus, but I prefer to 
use the term “unsharp” since it is more exact and 
more adequate especially when various forms of 
unsharpness are described, for example when the 
unsharpness produced by a disk source of light is 
compared with that produced by a ring source. 
My previous application had to do with printing a 
continuous tone record from a continuous tone 
original or a line record from a line original. The 
present case relates particularly to outline print 
ing although it may be combined with continuous 
tone and one particular embodiment with half 
tone printing. 

It is the primary ‘object of the present inven 
tion to produce an outline picture, positive or neg 
ative, from a continuous tone photograph. The 
resulting ‘outline picture has a very striking effect 
which must be seen to be appreciated. It simu 
lates an extremely ?ne etching or engraving. The 
outline occurs wherever there is a sharp change 
in density in the original, even though it is only 
a slight change.’ The line produced is somewhat 
wider or broader when the change in density is 
great but even a slight change, provided it is not 
a gradual one, produces the outline. 
This outline effect produced by the present in 

vention may be used entirely by itself. On the 
other hand in one embodiment, a small portion 
of the continuous tone background, speci?cally 
the extreme shadow portion is printed along with 
the outline with very pleasing results. 
Another highly preferred embodiment of the 

invention combines the outline image with a half 
tone image of the same original. Any of the three 
forms of the invention (pure outline, outline with 
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2 
Ia. small portion of background or outline with part 
or all of the background reproduced in halftone) 
are particularly useful as illustrations for use in 
catalogues. 
My previous application mentioned above has to 

do with the enhancement of fine details in ‘any 
photo reproduction. From an academic point of 
view the present invention may be considered as 
a process in which the detail is greatly enhanced 
and all other effects are eliminated. 
According to the present invention an outline 

image is made from a ‘continuous tone record by 
employing a 100 per cent mask; (i. e. one whose 
contrast or density range is equal to that of the 
record) the mask is an unsharp one or is used un 
sharply. If a negative were masked by a sharp 
positive which has the same contrast as the neg 
ative, the two records being in contact and in 
register the combination would have a uniform 
all over gray appearance, exceptpossibly for in 
equalities due to the non-linearity of the charac 
teristic curves of the positive and negative emul 
sions. However due to unsharp masking accord 
ing to the present invention it is only the over all 
contrast which is reduced to zero by the 100 per 
cent mask since sudden or sharp changes in den 
sity are not exactly masked out because of the 
unsharpness of the mask. Therefore these details 
of the picture remain in the combination and 
when printed onto a high contrast material the 
net result is a pure outline effect. 
The same general enhancement giving an out 

line eifect is ‘produced. with masks which differ 
slightly from 100 per cent but in any case the con 
trast of the mask must be within 30 per cent of 
that of the transparency which it is masking. 
Preferably the mask should have a contrast be 
tween 70 per cent and 100' per cent that or the 
sharp transparency (i. e. a masking factor be 
tween .7 and l) but when weird or peculiar effects 
are desired the mask may have a contrast slightly 
greater i. e. up to 130 per cent of that of the trans 
parency. Using a mask of slightly different con 
trast from the sharp record and giving proper 
exposure, allows a residual of the background to 
print with the outline enhancing the appearance. 
When the mask contrast is slightly less than that 
of the record and just su?icient exposure is given, 
the extreme shadows print through with the out 
line. 
There is another trick which also emphasizes 

' the extreme shadows and which may be used 
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along with a reduced contrast mask or which may 
be used separately. It was pointed out above 
that the breadth of the outlines depends on the 
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degree of density change in the original. By 
making the original on the toe of the character~ 
istic curve, i. e. by under exposure when making 
a positive original from which a negative is to be 
made, or by overexposing to be on the shoulder 
of the curve when making a negative record from 
an ordinary original, it is possible to give the 
shadows much higher v‘contrast than "the high 
lights. When such a record is unsharply masked 
according to the present invention the outline 
is broader in the shadows lthaniin-the highlight 
regions. This enhancement of the shadow out 
line may be combined with the embodiment in 
which shadow background is-prin-ted'with the'out 
line. 

Probably from an academic point of View it 
should be pointed out that theipresent invention 
actually gives an exposure resulting in white out 
lines and black outlines immediately adjacentto 
one another. However ‘in practice the absolute 
valuefo‘f ‘thei?nal exposurefis such that onlyone 
or the ‘other is recorded. ’When vmaking a posi 
tive print from an uns'harply masked negative, 
the exposure is such as to print the black outlines 
but the rest of-theibackground (except possibly 
extremeshadows) -is left White so that the theo_ 
retically existing White outlines appear just as 
part'of the vwhite ibackground. Thus in the em 
bodimentwhereithe extreme. shadows are allowed 
to print through a ‘white outline appears in 
these vshadows which is alsov quite an attractive 
'l-eature?sinceit appears-as a highlighted line. Of 
course, whatever contrast? mask 2 is used; suf?cient 
exposurelto printboth the black outline and the 
backgroundlalso black .if'a high contrast sensi 
tiveimaterial is'used') but Inotsui?cient topriut 
the whiteioutlines,‘results in a white outlinepic~ 
ture. -In general-theselection of ‘exposure is such 
as‘to- give a 'bla'cktoutline .inprintingza positive 
or'togive-alwhite one when theprint is intended 
to be? used 1‘as :a? negative since 'the ultimate posi 
tive-print ' is; morer‘generally . desirable ' in the vform 

of ' ‘a? black - outline. 

‘Another. relatively independent‘ e?ect produced 
by?therpresent invention which in many circum 
stances. has ‘been/found to be extremely useful 
has to doxwith' thevsharpnesszof the record-‘being 
masked. ‘In. an ordinary. photograph for example 
the principal subject .is usually photographed 
sharply wit-h theibackground out of focus. 
out of focus details.of-thebaclrground arerbiurred 
soithatithereiare- no sharpichanges in density, in 
the backgroundportions of'the vphotograph. The 
present 1 invention produces an -. outlineeiiect only 
where sharpidetailsrexist. rir‘herefore the blurred 
background just *doesn’t :print .at all and the-‘net 
result is‘Ian:outline"reproduction of the principal 
subject :only. ' Obviously I‘ there are -.multitudin0us 
ways in ‘which this feature can be ‘to use 
when. ‘making illustrations. The operator in n1ak~ 
ing an‘ ori'ginal'iphotograph- noalonger has to worry 
about‘the backgroundobiects provided they-are 
sufficiently out of focus so asnot tolbe'reproduced. 
ROntthe other hand. the'negative or- other record 

to berrepro'duced. oral: least ithe desired details 
thereof Fmust‘be "sharp. The sharper the'better 
isithepreferabljepolicy since this allowsa greater 
range of unsharpness‘in.theimasking and better 
outliningei‘fect'v inzthe? result. If ‘the original con 
tained slightly unsharp details which are tobe 
reproduced, ‘the. maskwwouldrhave to be- consider» 
abIyImoreunsharpin order'notto mask out these 
details. Too'unsharp‘a mask'onit-he other hand 
reduces‘ the ‘effectiveness. 
Various forms of unsharp vmasking using a 
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4 
sharp mask out of printing relation, e. g. out of 
contact, or an unsharp mask in or out of print 
ing relation are described in my previous appli 
cation which is mentioned above. Also there are 
various forms of unsharpness such as those pro 
duced when printing by an extended source of 
light in ‘the form-of a .disk or in the form of a 
ring. The-effect of a ring maybe-produced by a 
small source of light laterally displaced from the 
printing axis so as to send light obliquely through 
the record and by revolving this light about the 
printing axis or by rotating the sensitive material 
and the record which are in ‘contact. The ring 
~type illumination or its equivalent have in gen 
eral proved preferable to the over all diffuse 
illumination embodiments. Of all possible forms 
the-one most preferred. in the present case em 
ploys a sharp positive mask for and out of contact 
with a sharp negative, the sensitive ?lm being 
held in close contact with the negative. Print 
ing .isldone by diffuse light so that the mask is 
effectively‘unsharp orcdiffuse when considered'at 
the plane of thesensitive material and alsoat 
the plane of the negative itself. The second most 
preferable form employs an unsharp negative 
maskv asnearly as possible in contact with a sharp 
positive, parallel lightrbeing used to..prevent any 
unwantedeffects due to lack'of contact between 
the maskand‘the negative. In the ?rst of these 
two forms of the invention the positive mask 
should have acontrast between 70 per cent and: 
100_per cent that of the-negative when one desires 
the resultinapositive print to. be a pure outline 
one ‘or an .outline print with a slight amount 
of residual positive image in the shadows. In 
the second case the unsharpv negative mask 
should for the same purpose have --a contrast 
equal .to, or slightly less than (between 70 and 
1-00‘, percent'oli) that of the positive so that‘the 
resulting print is a pure negative outline ‘(white 
lines on dark; ground) ‘or a negative outline with 
a residual background. Of’ course the exposurev as 
in anyphotographic or photo reproduction» proc 
essmust'be correct to bring out vthe details de 
sired. ' The, point is mentioned here merely be 
cause of ‘the, factthatiin the ?rst of the two forms 
both white *andblackoutlines are theoretically 
printedbut-of course the exposure is dust isuf-i 
?cientzto trecord theblack outlines. In the sec 
ond case‘ the- exposure through the combination is 
sufficient to. print the background black and 
hence .all blackioutlinesare not separately re 
corded. 
While ‘these two particular forms of unsharp 

masking'have been found to be preferable, un 
usual e?ects which are sometimes wanted can 
be. obtainedbyallowing- the contrast of the mask 
to become slightly greater than that‘ of the image 
being masked or by using'transparencies which 
have a'variable contrast factor betweenthe‘high 
lights-andshaclows-as discussed above in theex~ 
amplefor- broadening the outlinesin the shadows. 

Sinceitherelative masking factor, i. e. masking 
factor,:of t'hetWO records (the positive and‘the 
negative) determines the amount of residual 
background ‘which iszprinted with the outline, it 
is'sometimes desirable to be able to select the 
contrastdesired after the records aremade. To 
do thisthe records should be differently colored 
(one being black and-white and the other :a dye 
image for example) and When'printing therefrom 
the color of the printing light is selected to give 
the masking factor desired. 
‘Inillustrating cataloguesand in similar work, 

it is quite convenient to produce a‘negative or 
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positive by printing successively onto the same 
sensitive ?lm by a transparency in one case 
masked according to the present invention and 
in the other screened to give a halftone image. 
Either printing may be ?rst of course and any 
form of unsharp masking and any form of half 
tone screening may be used. Again it is often 
desirable to select the relative contrast desired 
after the images are made and for this purpose 
any pair of the three elements (the transparency, 
the mask and the half tone screen) may be dif 
ferently colored, the printing light color being 
selected to give the relative contrast desired. 
The simplest form of this latter invention uses a 
colored negative, the mask and screen being neu 
tral. The contrast during both the outline and 
the halftone printing is controlled by proper selec 
tion of printing lights. 
The invention will be fully understood from the 

following description when read in connection 
with the accompanying drawings, in which: 

Fig. 1 is intended to illustrate an ordinary con 
tinuous tone photograph but is of course drawn 
to permit mechanical reproduction. 

Fig. 2 illustrates the outline e?ect produced by 
the present invention; this serves to illustrate 
the present invention but is very inadequate when 
considered as a demonstration of the beautiful 
e?ects actually obtained. 

Fig. 3 is a schematic showing of a greatly en 
larged detail in cross section of a negative being 
printed according to the invention. 

Fig. 4 similarly illustrates printing from a posi 
tive. ' 

Figs. 5 and 6 illustrate integral masking ma 
terials for use with the present invention. 

Figs. 7A, 7B and 7C constitute a ?ow chart 
illustrating a combination of the present inven 
tion with halftone printing; Fig. 7C is in perspec 
tive. 

Figs. 8A and 8B similarly illustrate schemat 
ically the combination of outline and halftone 
printing using projection printing, 

Figs. 1 and 2 are included to illustrate the out 
line effect produced from a continuous tone nega 
tive or positive. 'That is, Fig. 1 is intended to 
represent a continuous tone print made from an 
unmasked negative. Fig. 2 is an outline print 
made from the same negative using a 100 per 
cent positive mask which is either unsharp or 
preferably is a sharp mask used unsharply i. 6. 
out of printing relation with the negative and the 
sensitive material. If the positive mask has a 
contrast slightly less than 100 ‘per cent, some 
shading remains in the shadows which is very 
pleasing in combination with the outine shown 
in Fig. 2. If the positive mask has a contrast 
slightly higher than that of the negative the 
residual negative printed with the positive out 
line gives a very weird effect useful under un 
usual circumstances. 
In Fig. 3 a sharp negative I4 is masked by a 

sharp positive II held out of contact with the 
negative by the supports for both the positive 
and the negative and in the arrangement shown 
also by an additional spacer I3 which is op 
tional. I Since the mask is a sharp one the edge 
I2 of any detail therein is in exact register 
with the corresponding edge I5 in the negative. 
However diffuse light represented by small arrows 
I!) going in various directions is used so that the 
mask acts unsharply and an excess amount of 
light gets around in edge I5 to expose an area 
I‘! in a sensitive ?lm I6 which is in contact with 
the negative. 

10 

20' 

30 

60 

7 

In the illustration the detail in the negative is‘ 
shown as a dark one on a slightly less dense 
surrounding area. The corresponding part of 
the mask has a light element adjacent to darker 
areas. When the contrast of the two records 
is exactly the same (equal and opposite) the sum 
of the negative and positive densities at each 
point of the image is constant from point to point. 
Thus in general the areas I8 and I9 in the sensi-. 
tive ?lm I6 receive exactly the same exposure 
except near the edge of any detail. Due to the 
unsharpness of the masking however, the areas 
I? receive slightly more exposure and the imme 
diately adjacent areas 20 which correspond to the 
white outline eifect discussed above receive less 
exposure. The total exposure for areas I8, f9 
and 20 are all held below the threshold value and 
hence only the areas I‘! prints giving the black 
outline effect desired. Continued exposure would 
?rst cause the areas I8 and I9 to become develop 
able with a white line 20 and eventually would 
even expose the area 20 so as to be developable. 

, Consider now the case where the positive mask 
has slightly less contrast than the negative. In 

" this case the area I8 will receive a greater ex 
posure than the area I9 because the sum of the 
densities of the positive and negative in front of 
the area I8 will be less thanthe sum of the 
densities in front of the area l9. By proper 
selection of exposure, the outline l1 and the ex 
treme shadows only are printed. In the middle 
tones and highlights the exposure is usually still 
kept below the threshold value so that the back 
ground remains clear in those areas. In prac 
tice this use of a slightly lower contrast mask 
and printing of the extreme shadows along with 
the outline actually results in more of the out 
lines being printed in the shadow areas than in 
the highlights. The diffuse light I0 is shown as 
being from a uniformly extended source but for 
many purposes a ring source is preferable or the 
equivalent of a ring produced by a light source 
obliquely illuminating the combination and moved 
in a circle to maintain a substantially constant 
angle of obliquity, producing a relative movement 
of a light source and the pile of layers shown in 
Fig. 3. The same result can be produced by hold 
ing the light source steady, laterally displaced 
from the printing axis to give the oblique illumi 
nation, and by rotating the pile of records in its 
own plane. At ?rst glance it would appear that 
either the positive or the negative could be the 
one that is out of printing relation with the sensi 
tive material to act as the mask. The black out 
lines would be formed around each detail as be 
fore, but there is one very important difference. 
In Fig. 3 the black outlines actually occupy part 
of the area corresponding to a less dense area 
on the negative and a more dense area on the 
positive. That is the black lines encroach upon 
the area l8. If the position of the positive and 
the negative were reversed, the black lines would 
encroach on the area under the less dense element 
of the positive. For large areas this di?erence 
would hardly be detectable, but for small clear 
areas in the positive such as a small highlight 
spot, the encroachment of the black outline might 
be just suf?cient to ?ll up the spot entirely. This 
would give a black spot instead of a highlight dot 
in the resulting positive print which is not quite 
as attractive a result as that obtained by the ar 
rangement shown in Fig. 3. With some originals 
of course, the difference would never be detected. 
vIn Fig. 4a sharp positive 24 is masked by an 
unsharp negative mask 22 which is placed‘ as 
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nearly as possible in contact with the positive. 
The :unsharpness is illustrated by the fact that 
the dark area .13 of the mask extends beyond the 
corresponding light area of the positive but is 
not so'dense near the-borderof this area. Since 
it is- not possible to have the mask exactly in 
contact with the positive, .collimated light repre 
sented-by parallel arrows 2|. is used for the- ex 
posure. , A sensitive ?lmincontact with the posi 
tive isexposed su?iciently to give a. white. outline 
image represented vby-area .25 where the exposure 
is reduced both by the positive and by the un 
sharp negative mask. The other areas 26 and 
2‘! are uniformly exposed if the mask and the 
positive have the same contrast, but if the nega 
tive mask has slightly less contrast than the posi 
tive, the area 26 receives more exposure than 
the area 2? and in the shadows, this additional 
exposure produces some background eifect when 
printing from the resulting negative. ‘The ad 
vantages of ring type diffusivity as described 
above are obtained when the unsharp mask 22 
is made by ring illumination. 

Fig. 5 illustrates, in greatly enlarged section, 
anintegral masking ?lm particularly useful for 
the practice of the present invention and corre 
sponding to a similar ?lm intended for use with 
the process described in my previous application 
mentioned above. The negative to be masked is 
recorded in a blue sensitive emulsion 30 which 
may also be sensitive 'to green but which is not 
sensitive "to red. Preferably this is a high »c'on~ 
trast emulsion but not so high as those used for 
halftone negatives. 'In special embodiments the 
emulsion may be selected to have certain prede 
termined ‘relative contrast for the highlight, 
middle 'tone'and shadow regions. This emulsion 
is carried by a'support 3| provided with an anti 
halation layer 32 which is substantially imper 
vious to'all light including red. On the back of 
this film there is coated a slow red» sensitive emul 
s'ion which is protected by'the antihalation layer 
32 from being exposed at the time the negative 
image’ is recorded in the layer 30. During de 
velopment of the layer 30 which is ‘not sensitive 
to red light, a beam of parallel ‘red light exposes 
the layer 33 ‘to the negative image whichhas de 
veloped up in the layer 30; the antihalation dye 
in ‘the layer v32 having ‘been removed or bleached 
by the developing-solution. 'Since the layer 30 .is 
not sensitive to red light this layer is ‘given no 
additional ‘exposure, but a sharp positive mask 
ing image‘is Yproducedinthe layer 33. The emul 
sions :areselected so that when the development 
continues'for a certain time after ‘the mask pro 
ducing exposure the contrast developed in the 
image .33»substantially equals (1. e. is within 30 
per :cent of) the contrast of the image in the 
layer 30. That is the emulsion 33 has a gamma. 
just slightly greater than ‘unity for the time of 
development provided. For example, if after the 
first exposure of the layer 30, vit is developed for 
three minutes producing an image whose gamma 
relative to the original picture is not critical to 
the present invention and then through this 
image, the layer 33 is exposed and development 
continued for four minutes longer, the following 
conditions should hold to give exactly 100 per 
cent masking. The gamma of the image pro 
duced in the layer 33 by the four minutes con 
tinuedldevelopment should ‘be greater than unity 
by .the proportion equal to the increase in con 
trast of the image in the layer 30 which increase 
occurs during the second development period of 
four minutes. Since a mask contrast slightly 
different from 100 per cent is satisfactory for 
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most purposes, the gamma and developmentre-a 
lationships of the two layers are ‘not too critical 
for ‘commercial adoption. The characteristicvof 
this ?lm which distinguishes it from other in 
tegral masking arrangements is ?rst the. relativev 
sensitivity of the two layers, second the fact that. 
the rear emulsion is prevented from receiving the 
primary exposure by the antihalation layer 
and/ or by being of such low sensitivity-and third 
ly (which. distinguishes it from similar ?lms for 
use in- my previously mentioned application) by 
the-gamma oi‘ the rear emulsion during the stand 
ard development time being substantially equal 
to unity multiplied by the ratio factor for the 

} increasein contrast in the front emulsion during 
the same period which constitutes prolonging 
of the development of the front emulsion. 
This integral masking ?lm as thus. exposed 

produces a combination of a sharp- positivev for 
masking a sharp negative as inFig. 3. However, 
it may be used to produce a sharp positive with 
an unsharp negative mask for use as in Fig. 4, 
asfollows. A sharp positive image is exposed and. 
partly developed in the front emulsion 3.0' and 
then by diffuse (instead of parallel) red illumina 
tionan unsharp negative mask is produced in the 
rear emulsion 33.. Because of the. separation due 
to the support 31 the resulting. combination must 
be printed by collimated light such as 21 in Fig. 4. 

Fig. 6 differs from Fig. 5' mainly by the rear 
emulsion 36 being made up with the antihalation 
dye incorporated right in the emulsion layer. 
The. eiiect is just the same as ‘before. Merely in 
order to disclose a slightly different embodiment 
of the relative sensitivities of the two layers, Fig. 

i 6 has the front emulsion 34 blue sensitive only 
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and a rear emulsion which is sensitive to green. 
The rear emulsion may also be sensitive to red 
and either green or red or both may be used in 
exposing the rear emulsion. Both emulsions are 
carried on and separated by a support 35. Thus 
in general ‘the front emulsion is sensitive only 
to a short wave length region of‘ the spectrum 
including blue. and the rear emulsionzhas a sensi 
tivity which includes a region of longer wave 
lengths. As before the ?lm shown in Fig. 6 may 
be used for producing either a sharp out ofcon 
tact mask by' exposure with parallel light or for 
producing an unsharp mask which must be used‘ 
with collimated light‘ but which is produced with 
diffuse light. The term “diiiuse light” as. pointed 
out above is intended to include both all over 
diffusion and that limited to the form produced 
by a ring source of light or its equivalent. 

Figs. 7A and 7B‘ illustrate two steps of a proce 
dure either of which may be ?rst“. Fig. 7A cor 
responds to-F‘ig. 3 in which‘ a sensitive ?lm l6 re 
ceives an outline image represented by areas IT. 
The illumination represented by arrows 39 is in 
tended to represent illumination from a ringv 
source 01‘ light‘ or a small source‘ of light moved 
in a circle about the optical printing axis. Of 
course-complete over- all diffusion such as from a 
disk source of‘ light as represented by arrows~ H1 
in Fig; 3 could alternately be used but merely to 
illustrate both variations, the ring illumination 
represented by arrows 39 is substituted for the 
disk illumination represented by arrows l0. 
contrasts of the positive H and the negative [4 
are substantially equal so that only this outline 
image I‘! is recorded. In Fig. 7B the same nega 
tive M is printed onto the same sensitive ?lm 16, 
but the mask I l is removed and the exposure is 
through a contact halftone screen 41], parallel 
light represented by arrows 4| being used to elim 



sensitive ?lm 53. 

' and shadows. 
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inate any effect due to the fact that there is not 
perfect contact between the negative image and 
the screen. Each element 42 of the halftone 
screen results in reduced exposure on the sensi 
tive ?lm. Behind a light area of the negative 14 
relatively large areas 43 are exposed and behind 
a dark area relatively small areas 44 are exposed. 
After receiving both the halft'one exposure and 

the outline exposure, the ?lm is processed to a 
high gamma as shown in Fig. ‘7Cv in which the 
outline exposure results in black lines 45. The 
halftone exposure results in a halftone pattern 
made up of dots 46 and 41 in which the latter are 
smaller due to the reduced exposure throughout 
the negative. 
combination halftone and outline positive which 
may be used for any photomechanical reproduc 

. tion process either by making a printing plate 
directly therefrom or by making a'corresponding 
negative from which the printing plates are made 
in turn. . 

A similar combination halftone and outline 
process is illustrated in Figs. 8A and 8B either 
exposure being first. In Fig, 8A the positive 50 
is unsharply masked by a negative 5| and by 
projection printing through a lens 52 exposes a 

The unsharp mask 5| is then 
removed and a halftone screen 55 is placed a suit 
able distance in front of the sensitive ?lm 53 and 
a supplementary exposurezgiven. The‘ sensitive 
?lm 53 is then processed to a combination half 
tone outline negative. ' ' ' 

‘It is sometimes desirable to control the con 
trast at will after the records have been made. 
In the embodiment shown in Fig. 3 this’ is accom- ; 
plished by having the negative [4 or the positive 
mask I I colored or by making them both colored 
but differently. ‘For example, if the mask II is 
a dye image of red hue, it will have a relatively 
high contrast if the printing light is ?ltered blue 
and a relatively low contrast if the printing light 
is ?ltered red. This embodiment is particularly 
useful when absolutely pure outline effects ‘are 
desired which require that the contrasts of the 
negative and the positive be exactly the same. 

Similarly ‘in the combination outline halftone 
process illustrated in Figs. 7A, 7B and 70 the 
negative l4 maybe colored or the negative ll 
may be colored or the contact screen 40 may be 
colored and the various contrasts controlled by 
the color of the printing light. The effect of a 
colored halftone screen is described in my U. S. 
Patent 2,304,988. These various arrangements 
for contrast control are particularly useful with 
my present invention ?rst because of the desira- 
bility of having exactly 100 per cent masking 
when pure outline effects are» desired or having 
a predetermined difference from 100 per cent 
masking when slight background effects or extra 
outlining in the shadows are also desired and on 
the other hand to control the relative effects of 
the outline and the halftone exposure in the 
combination process. - I - a ' 

‘ It will be noted that even in the most general 
'embodiment of the present invention'the orig-'1 
inal record being copied is a continuous tone rec 
ord having all stages of highlights, middle tones 

The meaning of “continuous tone 
record” is well known and exact; it distinguishes 
of course from line work and from halftones; 
The various special features of the invention 

' such as when extreme shadows are also printed 
in or the shadow outlines are broadened or the 
outline is combined with a halftone background 
also all depend directly and implicitly on the fact 

This element shown in Fig. 7C is a _ 
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10 
that the sharp record being printed is a continu 
ous tone one. Secondly the fact that the mask 
contrast is equal to or at least within 30 per cent 
of that of the sharp record has been found to be 
quite critical in the production of the results de 
scribed. In the third place, the present inven 
tion should not be confused with the bas relief 
or cameo effects produced by placing a positive 
and a negative slightly out of register. Presum 
ably the present invention can be combined with 
the out of register effect if an unbalanced out 
lining were desired but in all the pictures that I 
have so far printed according to my inventionI 
have found that the unbalancing is undesirable 
or at least adds nothing of value to the appeare 
ance of the picture obtained directly according 
to my invention alone. In the fourth place it is 
of course critical to my invention that both the 
sharp record and the masking record be com. 
plete or punctual images not just a vignetting 
mask for example, and that the mask lee-nega 
tive with respect to the sharp record. That is 
the invention does not work with any masking 
system‘employing a positive mask for a ‘positive 
record or a negative mask for a negative record. 
Having thus fully described the invention-I 

wish to point out that it is not limited to these 
speci?c embodiments but is of the scope of the 
appended claims. I > ‘ 

What I claim is: 
1. The method of producing from a continuous 

tone picture having a maximum, a minimum and 
a plurality of intermediate tones,’ a two-tone re 
production with outline effects in which outline 
effects over at least a major portion ofthe. pic" 
ture-tone range all tones are reproduced as one 
tone, 1. e. with e?ectively equal density and vzero 
contrast, and only sudden changes in tone over 
the picture area are reproduced as lines of the 
other of the two tones and in which over the 
remaining portion, if any, of the picture-tone 
range all tones are reproduced as the other tone 
and sudden changes‘in tone are reproduced as 
lines of said one tone and which two-tone re 
production includes in addition to said outline 
effect a halftone reproduction of‘ intermediate 
tones which method comprises masking a con. 
tinuous tone transparency in an unsharp manner 
using a continuous tone'mask which-is negative 
with respect to the transparency and which has 
a contrast approximately equal to ‘that of the 
transparency, placing and exposing a sensitive 
material in printing relation with the trans 
parency, the superimposed images of the trans 
parency and mask being respectively sharp and 
unsharp at the sensitive material during said ex 
posing removing the mask, placing a halftone 
screen in screen relation with the transparency 
and the material, exposing the material to the 
screened transparency and processing the ma 
terial to a combination halftone and line‘ record. 

2. The method of producing from a continuous 
tone picture having a maximum, a minimum and 
a plurality of- intermediate tones, a two-toners 
production with outline, effects in which outline 
~e?ects'over at least a major portion ofthe pic' 
ture-tone range all tones are reproduced asone 
tone, i. e. with effectively equal density‘ and» zero 
contrast, and only sudden changes in tone‘over 
the picture area are‘reproduced as lines of the 
other of the two tones and in which over the 
remaining portion, if any, of the picture-tone 
range all tones are reproduced as the other tone 
and sudden changes intone are reproduced as 
lines of said one tone and which two-tone re 
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production includes in addition to said outline 
effect a halftone reproduction of intermediate 
tones‘ which method comprises two printing steps 
in either succession one of which consists of 
placing in masking register a positive and a neg 
ative continuous'tone record of the same original, 
and' with substantially the same contrast, the 
positive being effectively unsharp with respect to 
the‘ negative when printing therefrom and print 
ing» onto a sensitive material in printing relation 
with the negative the superimposed images of the 
negative and positive records being respectively 
sharp and unsharp at the sensitive material dur 
ing said printing and the other of which steps 
consists of printing onto said sensitive material 
from the negative through a halftone screen with 
out the positive. 

'3. The method according to claim 1 in which 
at least two of the transparency, the mask and 
the half-tone screen are of different colors and 
thecolor of the printing light for at least one‘of 
the two printing steps is selected in accordance 
with the masking factor desired.‘ 

4‘. The method according to claim 2' in which 
at least two of the negativerecord, the positive 
record and the halftone‘ screen are of different 
colors‘vand the color of the printing light for at 
least one of the two printing steps is selected in 
accordance with the masking factor desired. 

5. The method of producing from a continuous 
tonepicture having a maximum, a minimum and 
a plurality of intermediate tones, a two-tone re 
production with outline’ e?ects‘in which outline 
effects over at least a major portion of the pic 
ture-tone range all tones are reproduced as one 
tone, 1. e. with e?ectively equal density and zero 
contrast, and only sudden changes in tone over 
the picture‘ area are reproduced as lines of the 
other of the two tones and in which over the 
remaining portion, if any, of' the picture-tone 
range‘ all tones are reproduced as the other tone 
and sudden changes in tone are reproduced as 
lines of said one tone, which method- comprises 
placing a sharp positive and a sharp negative 
continuous tone record’ of the same original and > 
with substantially'the same contrast, slightly out 
of‘ printing relation in exact masking register 
and printing through one record onto a sensitive 
material substantially in‘ contact with and be 
hind‘ the other record by a small light laterally 
displaced from the printing axis orthogonal to 
thecenter of the records and during the printing 
moving the light and records with a circular 
motion relative to one another to give the equiv. 
alent of a ring of light. 

6. The method of producing from a continu 
ous tone picture having a maximum, a minimum 
and a plurality of intermediate tones, a two 
tone reproduction with outline effects in which 
outline effects over at least. a major portion of 
the picture-tone range all tones are reproduced 
asone tone; i. e. with e?ectively equalidjensity 
and zero contrast, and‘ only‘ sudden changes. in 
tone over the picture area are reproducedv as 
lines of the other of the. two tones and inwhich 
over the remaining portion, if'any, ofthe- picture 
tone'range' all tones are reproduced as the other 
tone and’ sudden changes in tone are-reproduced 
as lines of said one tone, which method com 
prises placing a sharp positive and a sharp neg 
ative continuous tone photographic record of 
the same original slightly out of printing rela 
tion in masking register, the positive having a 
contrast between 70 per cent and 100 per cent 
of that of the negative, placing‘ a sensitive ram- 
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12 
terial in printing relation with the negative and 
exposing the material to said negative asmasked, 
the superimposed images of the negative and posi 
tive on thesensitive material being respectively 
sharp andunsharp during said exposing, inwhich 
the eXposingis by a small source of light laterally 
displaced relative to the optical printing axisand 
in which the light and records are moved with 
a circular motion relative to one another during 
exposure to give-theequivalent of a ringof light. 

7. The method according. to claim 1 in which 
the ?rst mentioned exposing of a sensitive ma 
terial in- printing relation with a masked trans 
parency is by a small source of light laterally 
displaced relative to the optical printing axis and 
in which the light and records are moved with 
a- circular motion relative to one another during 
exposure to give the equivalent of a ring of light. 

8. The method of producing from a. continu 
ous tone picture-havingr a maximum, a minimum 
and a plurality of intermediate tones, a two-tone 
reproduction with outline‘ effects in which out 
line‘ effects» over at least a major portion’ of the 
picture-tone range all tones are. reproduced as 
one tone, 1. e. with effectively equal density and 
zero contrast, and only sudden changes in tone 
over the picture area are reproduced as lines of 
the’ other of the two tones and in which over 
the remaining portion, if any, of the picture-tone 
range all tones are reproduced as the other tone 
and sudden changes in tone are reproduced as 
lines of said one tone, which method comprises 
masking a continuous tone photographic trans 
parency in an unsharp manner ‘using a continuous 
tone mask which is negative with respect to the 
transparency and which has a contrast within 
30‘ per cent of that of the transparency and 
printing from the transparency as masked, the 
superimposed printing images of the transparency 
and mask being respectively sharp and unsharp 
during said printing, in which the exposing is by 
a small source of light laterally displaced rel 
ative‘ to the optical printing‘ axis and in which 
the light and records are moved with a circular 
motion relative to one another during exposure 
to give the equivalent of a ring of light. 

9. The method according to claim 8 in which 
the maskingfactor is'less- than 100%. 

JOHN A. C. YULE. 
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