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3,817,748 
CONTRAST CONTROL IN ELECTROSTATIC 
COPYING UTILIZING LIQUID DEVELOPMENT 
Gary L. Whittaker, Pen?eld, N.Y., assignor to Xerox 

Corporation, Rochester, NY. 
Filed Ian. 28, 1972, Ser. No. 221,669 

Int. Cl. G03g 13/10 
U.S. ‘Cl. 96-1 R 11 Claims 

ABSTRACT OF THE DISCLOSURE 

Contrast control in an electrostatic copying process 
employing polar liquid development is provided by con 
trolling the exposure of an image retention surface in 
order to establish charged information areas having a total 
area A',, which has a proportion relationship R, to sur 
rounding buifer areas A'b. This ratio R, differs from a pro 
portional relationship R0 existing between information 
element areas A, and buffer areas Ab of the objective. 

This invention relates to electrostatic copying. The in 
vention relates more particularly to improvements in elec 
trostatic copying employing liquid development tech 
niques. . 

In a known electrostatic copying process, a latent image 
is established electrostatically on an image retention sur 
face and is developed by contacting the surface with a 
liquid developing material. The development material ad— 
heres to the surface and conforms to the image. The image 
is then transferred to a record medium for recording. 

In one image development process sometimes termed 
polar liquid development, the liquid developer or ink is 
delivered to the image retention surface by a dispensing 
member. The ink transfers from the dispensing member 
in image con?guration to the retention surface by virtue 
of electrostatic forces established by charged areas on the 
image retention surface. This polar liquid development 
process is described in detail in U.S. Pat. 3,084,043 which 
is assigned to the assignee of this invention. 

It is often desirable to reproduce with electrostatic 
copying techniques an image which exists in halftone 
format. As is well known, a halftone printing format 
utilizes information elements such as dots or the like. 
Contrast between different subjects in an image is estab~ 
lished in halftone format by the difference in density or 
relative size of dots in one area with respect to those in 
another. The density, D, of a halftone image can be ex 
pressed as: 

-F-=fraction of the area covered by the dots, and 
R=re?ectivity of the ink dots relative to the background 

paper. 

If R is much less than one as is normally true for densely 
colored inks and if in addition F is much less than one, 
then 

Thus, for relatively dense inks the density is approximately 
proportional to the fractional area covered by the dots 
when this area of coverage is not too large. 
At times it is desirable to provide a control of the con 

trast or gamma between a halftone original and copy in 
an electrostatic process employing liquid development. 
Gamma is de?ned as the slope of the curve of print density 
versus original density. The gamma of the imaging proc 
‘ess with the above considerations in mind then becomes 
approximately equal to the ratio of the dot area in the 
image to the dot area in the halftone original. It would be 
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further bene?cial to provide a contrast variation wherein 
informational elements are varied in size within a half 
tone copy which is reproduced from a continuous tone 
original in an electrostatic copying apparatus employing 
liquid development. 

Accordingly it is an object of this invention to provide 
an improved electrostatic copying process. 

Another object of this invention is to provide an im 
proved electrostatic copying process employing liquid de 
velopment. 

Another object of the invention is to provide contrast 
control in an electrostatic copying process employing liq 
uid development. 

Another object of the invention is to provide an electro 
static copying process for halftone originals wherein a 
halftone informational element is varied in size. 
A further object of the invention is to provide a process 

for the production of a halftone copy from a continuous 
tone original. 
As indicated hereinbefore the contrast density between 

a halftone original and a halftone image is approximately 
‘ equal to the ratio between the dot area in the image to the 
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dot area in the halftone original. I have found that in an 
electrostatic copying process employing liquid develop 
ment, the liquid developer which is transferred to the elec 
trostatically charged image retention surface will ?ow 
laterally from a highly charged information elemental 
area to surrounding areas in proportion to residual charge 
intensity existing in the surrounding area. Control of the 
area occupied by the liquid developer dots on the image 
retention surface will then be a function of the residual 
charge intensity in the area surrounding an information 
elemental area. 

In accordance with the general features of this inven 
tion, contrast control in an electrostatic copying process 
employing polar liquid development is effected by con 
trolling the exposure of an image retention surface in 
order to establish charged information areas having a 
total area A',, which has a proportional relationship R, 
to surrounding buffer areas A'b. This ratio R, differs from 
a proportional relationship Ro existing between informa 
tion element areas A1 and butfer area Ab of the object. In 
accordance with a more particular feature of the method 
of this invention, an electrostatic copying process for in 
creasing contrast comprises the steps of forming a uni 
form electrostatic charge on an image retention surface; 
altering the charge on the image retention surface in order 
to provide a large plurality of highly charged information ' 
elemental areas Ag, surrounded by buffer areas A'n, bear 
ing a relatively high residual charge to which ink will be 
laterally drawn and arranged in an image con?guration 
corresponding to a halftone original; delivering a develop 
ing liquid to the retention surface for developing said 
image; and transferring the developed liquid image to a 
record medium. 

These and other objects and features of the method of 
this invention will become apparent with reference to the 
following speci?cations and to the drawings wherein: 
FIG. 1 is a schematic view of an electrostatic copying 

apparatus employing liquid development and operating 
in accordance with the method of this invention; 

FIG. 2 is a side view of a liquid developing material 
transfer member of FIG. 1; 
FIG. 3 is a sectional view of an image retention surface 

and liquid developing material transfer member illus 
trating transfer of a liquid developing material to the 
image retention surface; - 

FIG. 4 is a diagram illustrating the lateral ?ow of liq 
uid developing material and the associated surface charge 
on an image retention surface for one value of residual 
charge retention; 
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FIG. 5 is a diagram illustrating the lateral flow of liq 
uid developer material and the associated surface charge 
on an image retention surface for a second value of resid 
ual charge retention: 
FIG. 6 is a chart illustrating the variation in Gamma 

for different exposure times; and 
FIG. 7 is a characteristic curve of image density versus 

logarithm of exposure for a halftone reproduction. 
‘Referring now to FIG. 1, an electrostatic copying 

apparatus employing liquid development includes a 
rotatably mounted drum 8 having an image retention sur 
face comprising, for example, a layer 10 of vitreous or 
amorphous selenium positioned on an outer surface 11 
of the drum. The drum continuously rotates in a counter 
clockwise direction past a charging electrode 12 which 
establishes a uniform electrostatic charge on the image 
retention surface. The charging electrode 12 comprises, 
for example, a high voltage corona discharge electrode 
adapted to supply ions or electric charges to the image 
retention surface. The uniformly charged image retention 
surface is rotated to an imaging station 13. There is 
positioned at the imaging station a means for projecting 
an image on the charged surface for forming a latent 
electrostatic image conforming to the original image. This 
means includes a projection system including a lamp 14, 
a photographic transparency 15 hearing an image which 
is to be reproduced, and a lens 16 for focussing the image 
on the uniformly charge surface 110. The latent electro 
static image which is thus formed is rotated by the drum 
to a development station referenced generally as 11. At 
the development station E, which is described in greater 
detail hereinafter, the latent electrostatic image is de 
veloped and is then transported by the drum to an image 
transfer station 1_8 at which location the image is trans 
ferred from the drum to a suitable transfer web ‘20. The 
web 20 comprises, for example, a web of liquid developer 
receptive paper or the like which is fed from a supply 
roll 22 to a take-up roll 24 and passes between the drum 
8 and a transfer roller 26. After image transfer, the 
image retention surface is rotated past a cleaning station 
designated generally as g; where residual developer ma 
terial, if any, is removed by a rotating brush from the 
drum surface in order to prepare the drum for recycling 
through the above described operational stations. 
A developer means is positioned at the development 

station E for providing liquid development of the latent 
electrostatic image on the image retention surface 10. 
The developer means includes a liquid developer dis 
pensing member comprising a rotating drum 30, an ink 
ing roller 32 and a reservoir 34 containing developer 
ink 36. The drum 30 which is described in greater detail 
hereinafter has deposited on its surface at the inking sta 
tion a ?lm of ink for transport to the rotating drum 8 
and for application to the image retention surface 10. 
The development ink 36 is withdrawn from the reservoir 
34 by the inking roller 32 which is partially submerged 
in the ink and is conveyed to the drum 30. A doctor 
blade 38 is mounted on a support 40 and is positioned 
for bearing against the developer dispensing drum 30 in 
order to remove excess ink from the dispensing drum 
30 after loading and prior to application to the image 
retention surface. 
The surface of the developer dispensing drum 30 of 

FIG. 1 is shown in greater detail in FIGS. 2 and 3. The 
drum 30 is shown to comprise a metal base 50 having 
formed on a surface thereof a raised pattern 52 formed, 
for example, by a plurality of ?ne raised lines, dots or 
other geometric con?guration. A triangular-helix-pat 
terned gravure applicator drum has been found particu 
larly advantageous in that a two walled structure of a 
gravure cell of this con?guration will yield less overall 
image background with respect to other wall to wall 
gravure cell con?gurations and any tendency for air 
entrapment in the individual gravure cells is substantially 
diminished during the inking operation. A particular sur 

25 

35 

40 

65 

75 

4 , 

face which has been found to be advantageous includes 
180 to 200 cells or grooves per linear inch. The pitch is 
on the order of 5.5 mils and the cell depth is on the order 
of about 4 mils. The surface of drum 30 is characterized 
by being wettable by the liquid developer in the depres 
sions or valleys formed between the raised peaks of the 
raised pattern but substantially non-wettable along the 
upper surface of the raised lines or peaks. This is ac 
complished, for example, by the use of a support base 
50 having a relatively uniform surface and comprising 
material that is usually wettable by the liquid developer 
material employed. 

FIG. 3 illustrates the developing drum in contact With 
the image retention surface 10. As indicated, the image 
retention surface 10 comprises, for example, a vitreous 
or amorphous selenium coating 10 which is photosensi 
tive and which is ?xed on a metallic drum surface 11. 
Prior to contact with the developer member 30 the image 
retention surface ‘10 bears a latent electrostatic image 
characterized by a variation in the charge along its sur 
face. This charge pattern, for example, is indicated by 
the plus signs along its outer surface as viewed in FIG. 
3. The surface 10 is brought into contact with the de 
veloper dispensing member 30 and the varied lines or 
dots on the developing dispenser member bear against the 
surface. Circuit means including a battery 60 and a shunt 
ing potentiometer 62 are provided for establishing a 
developer transfer potential between the image retention 
surface 10 and the developer member 30. One electrode 
of the battery 60 is connected to the drum surface 11 
while a voltage adjusting arm of the potentiometer is 
connected to the base 50 of the ink transport member. 
In those areas where an electric charge exists on the 
image, it has been found that the liquid developer creeps 
up the side walls of the raised con?guration 52 and into 
contact with the surface 10. In background areas, little 
or no charge exists on the surface 10 and transfer of the 
liquid developer does not occur. Those uncharged areas 
of the surface 10 therefore remain out of contact with 
the developer. Thus, the liquid developer reaches the 
plate only in image charge areas to provide an ink de 
velopment of the latent electrostatic image. An electro 
static copying system employing liquid development of 
the type described is disclosed ‘in U.S. Pat. 3,084,043 and 
the disclosure of that patent is incorporated herein by 
reference. 

As indicated hereinbefore, an object in halftone format 
comprises a large number of information elements, while 
preferably formed as circular dots, can be formed in 
other suitable con?gurations. Contrast is established be 
tween different subjects in an object ‘by providing vari 
ations in the size of information elements in the image. 
Each of the information elements in a positive halftone 
object, for example, is colored uniformly gray or uni 
formly black in a monochromatic reproduction system 
and is separated and distinguishable from adjacent ele 
ments by a surrounding buffer area of contrasting white 
or gray. The buffer areas may alternatively be considered 
a background field upon which the information elements 
are formed. In the electrostatographic reproduction of an 
object in halftone format, a latent electrostatic image is 
formed on an image retention surface. The latent electro 
static image comprises a corresponding plurality of in 
formation elements which are uniformly charged and 
which conform in number and arrangement to the in 
formation elements of the object. The electrostatographic 
imaging process provides non-imaged areas of relatively 
high uniform charge on the photoreceptive surface 10 
which correspond to the information element areas of the 
object and have a total area A',,, while the imagead areas 
which have been partially or fully discharged correspond 
to the buffer areas of the object. Depending upon the 
characteristics of the projection system employed with 
the electrostatographic apparatus, the latent electrostatic 
information elements and the buffer areas will occupy the 
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same areas as they occupy in the object or will be pro 
portionally enlarged or reduced in size. In any case, the 
relative areas of the information elements and the sur 
rounding buffer areas in the image are ordinarily pro 
portional to their respective areas in the object. Develop 
ment of the image by transfer of ink to the image retention 
surface 10 results in the formation of a large number 
of inked information elements. Upon transfer to the 
charged image retention surface, I have found that the 
development ink initially deposits on charged information 
elements and will then spread laterally and substantially 
uniformly along the surface from the information ele 
ment into a portion of the surrounding buffer area. This 
lateral ?ow of ink occurs when a charge, termed the 
residual charge, having an intensity below a development 
threshold intensity remains in the incompletely exposed 
and partially charged buffer area. By development thresh 
old is meant a uniform surface charge density or potential 
of an information element at or above which potential 
the ink is transferred directly from the development drum 
30 to a charged surface. As indicated, the ink is not trans 
ferred directly to the buffer area from the drum 30 but 
will subsequently transfer laterally into this area A'ib in 
accordance with the magnitude of the residual charge 
in this area after having ?rst been attracted to the highly 
charged information element area. This lateral transfer 
characteristic is represented in FIGS. 4 and 5 wherein 
the threshold voltage, the residual charge level, and the 
potential for a halftone information element on the 
image retention surface are indicated. When a relatively 
high residual charge level exists as is illustrated in FIG. 
4, then the ink which is initially transferred to the highly 
charged information element area A'1e will spread lat 
erally under the in?uence of the residual charge thereof 
from the element area into an area A'ie which is a portion 
of the buffer area surrounding the element area. However, 
when the residual charge level is relatively low, as is 
illustrated in FIG. 5, the lateral ?ow force exerted on 
the ink is also relatively low and the ink remains in the 
highly charged information element area. 

In accordance with the general features of this inven 
tion, a method for varying the contrast of an image with 
respect to an object which is presented in halftone format 
in an electrostatographic copying apparatus is provided 
by controlling the exposure of the photoreceptive surface 
during the imaging step. In accordance with a particular 
feature of the invention, a method for increasing the 
contrast of an image with respect to an object which is 
presented in halftone format in an electrostatographic 
copying apparatus utilizing polar ink developer is pro 
vided by controlling the residual charge level on an image 
retention surface. The control of the residual charge level 
establishes the extent of lateral movement of the polar 
developer ink from the information element area into the 
surrounding buffer areas. The ratio of the total area A; 
occupied by the information elements in the object to the 
area Ab occupied by the buffer area in the object has a 
value of R0. The ratio of the total area A’i in the image 
to which ink is drawn to the total area to which ink is 
not drawn A’b in the image has a value of R‘. In present 
day electrostatographic reproduction apparatus for re~ 
producing objects in .halftone format, a proportionality 
exists between the total areas occupied by the information 
elements and the buffer area in the object as well as be 
tween the information element areas and the buffer areas 
in the image. While the area occupied by the information 
and buffer areas in the image may be larger or smaller 
than the corresponding areas occupied by the information 
element and buffer areas in the object, the value of the 
ratios R0 and R1 have heretofore been substantially equal. 
In accordance with this invention, the ratio R1 is made 
different than the ratio Ro during the imaging process. 
The contrast between the image and the object is accord 
ingly altered. During the formation of a latent electro 
static image in a halftone imaging process, the relatively 
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6 
highly charged information elements are created by uni 
formly charging the image retention surface and by ex 
posing and discharging charge in the buffer areas. For a 
particular illumination level I1 and interval time T1, the 
exposure of the image retention surface will provide an 
image having a substantially same contrast as the object. 
By decreasing the exposure through reductions in the il 
lumination intensity level or by reducing the time of ex 
posure or by combinations of both, the charge in the 
buffer areas surrounding the information element areas 
on the image retention surface will be raised to a level 
causing the lateral flow of ink from the information ele 
ment areas into the surrounding areas. The information 
areas A’i on the photoreceptive surface will then include 
the area occupied by the information element A'le as 
well as the inked portion of the bu?er area indicated as 
A’m. The amount of ink ?owing into the buffer areas will 
depend upon the residual charge remaining on the photo 
conductor surface and can include the entire buffer area 
associated with an information element when the charge 
in this area is not materially altered from the level of 
the charge initially established on a surface to the ab 
sence of the flow of ink from the information element 
area into the buffer area at relatively low levels of resid 
ual charge or when the buffer area is fully discharged. 
Alternatively, the contrast of the image relative to the 
object can be decreased by providing for the scattering 
of light into the proportionally imaged information ele 
ment area at the photoreceptive surface. This can be ac 
complished by defocusing of the image at the photorecep 
tive surface. The defocusing will result in the scattering 
of light into the information element area and will de 
crease the ratio R1. 

Referring once again to FIG. 1, there is illustrated al 
ternative means for varying the exposure of the image 
reception surface to the object. The lamp 14 which is 
shown to be an incandescent lamp is energized by cur 
rent derived from a source of potential shown to be a 
battery 70. Current from this battery ?ows to the lamp 
14 through a switch 72 and through a current adjusting 
rheostat 74. For a lamp of ?xed electrical energization, 
the exposure of the surface 10 to the object by closing 
switch 72 for a predetermined interval of time T1 will 
provide a repoduction having a contrast equal to that of 
the object and the ratios of R0 and R1 will be substan 
tially equal. An increase in contrast in the reproduced 
image with respect to the object is provided by exposing 
the photoconductor surface for a period of time T2 which 
is less than the period of time T1. The exposure can thus 
be varied by closing the switch 72 for the interval time 
T2. Alternatively, when the switch 72 is maintained closed 
for a predetermined period of time T3, then the contrast 
can be varied by adjusting the illumination of the photo 
conductive surface for this period of time. The illumina 
tion can be altered by adjusting the lamp current through 
adjustment of the rheostat 74. Rheostat 74 is initially 
adjusted to provide a lamp current I1 which in the pre 
determined interval of time T3 will provide a reproduc 
tion having a contrast equal to the contrast of the object. 
The rheostat is then adjusted to provide a current I2 
which is generally less in amplitude than the current I1 
and by closing the switch 72 for the predetermined period 
of time T3, the image contrast is increased. 
As indicated hereinbefore, contrast can be decreased 

in the reproduced image by non-proportionally reducing 
the size of the information elements in the image. This 
can be accomplished by controlling the light whichis ordi 
narily projected at the surface for forming a propor 
tionally sized image information element. More particu 
larly, the location lens 16 of FIG. 1 is altered with re 
spect to the transparency 15 and the photoconductive 
surface 10 in order to cause scattering of light into the 
area which would be occupied by a proportionally re 
lated information element. The scattering is accomplished 
in a substantially symmetrical manner by the lens with 
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the result that the latent information elements thus 
formed are non-proportionally related in area to the in 
formation element areas in the object. In order to sim 
plify the drawings, the various methods for altering the 
location of the lens 16 with respect to the object 15 and 
the photoreceptive surface 10 are not illustrated. How 
ever, the mechanism for preparing lens adjustment are 
known in the art. 
A desired variation in contrast between the reproduced 

image and the object can be effected by a machine oper 
ator who controls the exposure of the photoreceptive sur 
face. The operator can vary the exposure from that ex 
posure which will provide a reproduction of equal con 
trast to the exposure which provides a copy of desired 
contrast. This can be accomplished manually for exam 
ple, with the apparatus of FIG. 1 by altering the time of 
exposure or by altering the amplitude of lamp current. 
The location of the lens 16 can be also altered in order 
to effect a change in contrast. Alternatively, an automatic 
contrast control having a means for sensing the contrast 
of the object and for causing a variation in the illumina 
tion, time of exposure or location of the lens 16 can be 
provided. 

Characteristic curves for imaging a halftone original 
in accordance with the invention are illustrated in FIG. 
6. These curves were generated through the use of a half 
tone original having a 120 screen count, an image reten 
tion surface comprising a 1514 selenium photoreceptor, 
and employing carbon pigmented mineral oil based ink. 
An apparatus of the type illustrated in FIG. 3 was em 
ployed for exposure and development wherein the de 
velopment speed was 5 inches per second and a recording 
sheet comprised Xerox 4024 type paper. The parameters 
for these characteristic curves is exposure time in seconds. 
FIG. 6 illustrates a number of gamma curves for expo 
sure of 0.2 through 4 seconds under the recited conditions. 
The method of this invention is also advantageously 

employed for the production of halftone images from 
continuous tone originals. This is accomplished by placing 
a uniform screen transparency having the desired con?g 
uration for projecting circular or other types of informa 
tion elements in contact with the continuous tone original. 
The continuous tone original will then be reproduced as 
a halftone image. A characteristic curve for a halftone 
production is derived from the curves of FIG. 6. With a 
screen of 0.6 density and operating characteristics other 
wise the same as described with respect to those employed 
for generating the curves of FIG. 6, then the print density 
values can be predicted from the curves corresponding to 
the respective exposures at 0.6 density units on the orig 
inal density axis. This curve is illustrated in FIG. 7. Since 
exposure is the product of intensity and time, the exposure 
axis can be considered as varying light intensity from the 
original. 
The method of the present invention is also advanta 

geously used in the reproduction of halftone originals 
where a desired increase or decrease in print contrast over 
that of the original is desirable. Such a need exists in 
monochrome reproductions as well as in color reproduc 
tion where proper balance of primary colors is achieved 
by adjusting the dot size when printing each color. The 
production of halftone images from continuous tone orig 
inals is advantageously employed in producing litho 
graphic printing masters, for example. 

There has thus been described a relatively simple and 
noncomplex method for providing a variation in the con 
trast when producing a halftone copy in an electrostatic 
copying process employing liquid developer. The method 
is applicable both to the reproduction of halftone originals 
and to the production of halftone copies from a contin 
uous tone original for both monochrome and color repro 
ductions. 
While I have described and illustrated the particular 

steps in carrying out my invention, it will be understood 
that various modi?cations may be made in the method 
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8 
described therein without departing from the spirit of 
the invention and the scope of the appended claims. 
What is claimed is: 
1. In an electrostatographic copying apparatus for pro 

viding a reproduction in halftone format of an object 
wherein the object comprises information presented in 
the form of a large number of information elements which 
are surrounded by buffer areas of contrasting color, the 
ratio of the total area A, of the information elements to 
the total area Ab of the buffer areas of the object having 
a value R0, a method for providing a halftone reproduc 
tion having a contrast dilfering from the contrast of the 
object comprising the steps of: 

establishing a uniform electrostatic charge on an elec 
trostatic image retention surface which is light sensi 
tive; 

controllably exposing said charged image retention sur 
face to an image of said object to control the residual 
charge on the image retention surface and forming 
a latent electrostatic image in halftone format on 
said surface by establishing charged information 
areas on said surface corresponding in number to 
said object information elements and to which a 
polar ink will be electrostatically drawn surrounded 
by buffer areas of relatively less charge to which a 
polar ink is not drawn, the ratio of the total area 
A’1 of said areas to which a polar ink is drawn to 
the total area A’b to which the polar ink is not drawn 
having a value R; which differs from the value R0 
of said object; and 

contacting the image retention surface with a polar 
developing liquid whereby the ink transfers to the 
charged information areas, and the control of the 
residual charge level on the image retention surface 
establishes the extent of lateral movement of the 
polar developing liquid from the information element 
area into the surrounding buffer areas. 

2. The method of contrast control of claim 1 wherein 
said charged information areas are provided with an area 
A'1 for establishing a ratio R1 which is greater than R0. 

3. The method of contrast control of claim 1 wherein 
said charged information areas are provided with an area 
A’! for establishing a ratio R, which is less than R0. 

4. The method of contrast control of claim 2 wherein 
each of said charged information areas of area A’, in 
cludes an information element area of relatively high 
uniform charge intensity having an area A'm which is 
proportionally related to the area of the information ele 
ments of said original and to which area a polar ink will 
be electrostatically attracted when disposed near said sur 
face, and, a surrounding area A'lb having an electrostatic 
charge of less intensity than said element area, but of a 
magnitude for establishing force on said polar ink for 
causing the lateral ?ow of said polar ink into said area 
A'n, from said information element area A'ie. 

5. The method of claim 4 wherein said charged infor 
mation areas A’; are established on said image retention 
surface by subjecting the surface to activating electromag 
netic radiation thereby discharging portions of the uni 
formly charged surface in image con?guration. 

6. The method of claim 5 wherein said imaging is pro 
vided by exposing said object under light and wherein 
the ratio R; is made greater than the ratio R0 by imaging 

- at a predetermined illumination level and for a period of 
time T2 which is less than a period of time T1 which will 
provide equal ratios. 

7. The method of claim 5 wherein said ratio R1 is made 
greater than Ro by imaging said object under light for a 
predetermined interval of time and at an illumination level 
which is less than the illumination level which provides 
equal ratios of R0 and R‘. _ 

8. The method of claim 3 wherein said image includes 
information element areas each having an area A’, which 
is not proportionately related to the area of an informa 
tion element in said object. 
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9. The method of claim 8 wherein said information 
element areas are made non-proportionately smaller than 
the corresponding element areas in said object by altering 
the exposure of portions of those information element 
areas which are proportionately related to the areas of 
the information elements in the object. 

10. The method of claim 9 wherein said exposure of 
said information element areas in said image is altered 
by de?ecting light into said areas. 

11. The method of claim 10 wherein light is re?ected 10 
into said areas by defocusing the imaging of said object 
at said image retention surface. 
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