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United States Patent Office 3,251,685 
Patented May 17, 1966 

3,251,685 
METHO) OF CONTROLLING CONTRAST IN A 
XEROGRAPHC REPRODUCTION PROCESS 

John T. Bickshore, Rochester, N.Y., assignor to Xerox 
Corporation, a corporation of New York 
Fied Oct. 19, 1959, Ser. No. 847,342 

3 Caims. (Cl. 96-1) 
This invention deals with Xeroghaphy. 
In the basic method of xerography as disclosed in Carl 

son Patent 2,297,691 a xerographic plate, including a pho 
toconductive insulating layer, is first uniformly charged 
in darkness to an electrostatic potential of the order of 
several hundred volts and then exposed to a pattern of light 
and shadow which has the effect of selectively dissipating 
electric charge from the illuminated areas of the photo 
conductive insulator thereby forming an electrostatic 
latent image. This latent image can be developed or 
made visible by bringing the surface of the photoconduc 
tive insulator into proximity with a mass or suspension of 
finely divided, electrostatically attractable material which 
is attracted to the surface of the photoconductive insulator 
in relation to the amount of charge residing thereon. 
The electrostatically attractable material may be viewed 

on the photoconductive insulator or it may be transferred 
to another support such as a sheet of paper for more con 
venient viewing and to permit the reuse of the Xerographic 
plate while retaining the image. 

Various forms of image development are known and 
any of them may be used in connection with the present 
invention. One such method particularly suitable for 
use in developing continuous tone images is disclosed in 
Landrigan 2,725,304. 
Where high quality continuous tone reproduction is de 

sired in xerography, vitreous selenium in a thickness range 
from about 20 to 80 microns is commonly used as the 
photoconductive insulator, but other suitable photocon 
ductive insulators are known including, but not limited to, 
sulfur, anthracene, and dispersions of photoconductive 
materials such as zinc oxide or other photoconductive pig 
ment in a transparent insulating binder. 

Selenium, and photoconductive insulating materials gen 
erally, have been found to lose their electrostatic charge 
or potential upon exposure to light in close accordance to 
the following relation: 

VV-VV-KE 
where Vo is the initial potential and V is the potential 
remaining after an exposure E, and K is a constant de 
pending upon the particular photoconductive insulating 
material and the units of measurement. There is also a 
much smaller loss of potential which occurs even in dark 
CSS. 

This type of charge exposure relationship, when cou 
pled with the relationship between the charge on the pho 
toconductive insulator and the developed image density as 
found in the Landrigan or other development methods, 
leads to an undesirably high contrast in the developed in 
age where a positive-to-positive form of development is 
employed. Positive-to-positive development, also called 
charged area development, is that in which the portions 
of the xerographic plate exposed to the darkest parts of 
the light pattern and which accordingly retain the greatest 
charge also receive the greatest amount of attractable ma 
terial during development. Copending application Serial 
No. 706,809, now abandoned, teaches methods and appa 
ratus for overcoming such undesirably high image con 
traSt. 

It is often desirable in xerography to employ a form of 
development known as negative-to-positive development, 
reversal development, or uncharged area development. In 
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this form of development the portions of the xerographic 
plate corresponding to the brightest parts of the image 
pattern receive the greatest amount of development. Un 
charged area development is particularly useful where it is 
desired to produce xerographic images from conventional 
silver halide film negatives or the like. It has been found 
that uncharged area xerographic development generally 
gives excessively low, rather than excessively high con 
trast. Accordingly, the contract control techniques taught 
in application Serial No. 706,809 are not generally useful 
since they pertain to the reduction rather than enhance 
ment of contrast. 

It is accordingly an object to provide a novel method 
and apparatus to increase contrast in xerography. 

It is a further object of the present invention to pro 
vide a novel method and apparatus for the control of 
Xerographic image contrast in uncharged area develop 
ment. . . - 

It is a further object to improve contrast control in xe 
rography through a method in which exposure is con 
trolled and in which initial plate potential is controlled 
relative to the level of development bias potential. 

It is still a further object to provide apparatus for xero 
graphic uncharged area reproduction in which initial po 
tential and exposure are concurrently variable and are 
controlled to enhance and control contrast. 
These and other objects will become apparent through 

the following description and drawings in which: 
FIG. 1 is a cross section of a form of development 

apparatus Suitable for carrying out the invention; 
FiG. 2 is a set of curves showing the relation between 

plate potential and image density; 
FIG. 3 is a set of curves showing the relation between 

plate potential and exposure; 
FIG. 4 is a graphic method for predicting xerographic 

characteristic curves; 
FIG. 5 is a series of characteristic curves obtained with 

the invention; - 
FIG. 6 is a curve showing a relation between gamma 

and initial potential; and, 
FIG. 7 is a perspective view of a form of apparatus for 

carrying out this invention. 
FIG. 1 is a partly schematic cross-sectional view of a 

form of development apparatus suitable for carrying out 
uncharged area development. It includes a xerographic 
plate 10 Supported on a conductive carrier block 11 
which in turn rests on drive rolls 12 by means of which 
plate 10 and block 11 may be moved right or left. 
Xerographic plate 10 comprises a photoconductive insu 
lating layer 3 on a conductive support 14. An elec 
trostatic charge pattern will normally have been formed 
on plate 50 before it is used in the apparatus of this 
figure. Development electrode 15, generally made of 
metal or other conductive material, is mounted so that 
the spacing between its substantially lower flat surface 
and that of the xerographic plate 9 is a small fraction 
of an inch. Development electrode 15 contains a slot 
16 which directs a stream of fine electrostatic charged 
powder particles Suspended in air against the surface of 
Xerographic plate 10 as plate 10 is moved past slot 16. 
This particle Suspension is supplied to discharge slot 16 
through conduit 17 by powder cloud generator 18. 
Powder cloud generator 18 may be of any conventional 
type such as, for example, those described in U.S. Patents 
2,812,883 and 2,859,128. In uncharged area develop 
ment it is desirable to employ a powder particle sus 
pension containing particles the majority of which are 
charged to the same polarity as that of plate 10. Since 
plate 10 is normally, although not exclusively, charged 
positive, powder cloud generator 18 should normally 
Supply a cloud of predominantly positive particles. Suit 
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able powder charging means are disclosed in co-pending 
applications Serial No. 706,807 and Serial No. 353,520 
now U.S. Patent No. 2,943,950. A dust collector 19, 
which is a standard commercial device comprising a Suc 
tion blower connected to a dust filter is connected through 
conduits 20 to two suction apertures 21 and 22 in de 
velopment electrode 5. The right hand aperture 22 
draws in most of the powder cloud issuing from slot 16 
and in so doing causes the cloud to travel over the Sur 
face of xerographic plate 10. Suction aperture 21 col 
lects any powder cloud leakage which might otherwise 
escape to the atmosphere. The apparatus also includes 
a battery 23 which is connected to a potentiometer 24 in 
cluding both a fixed and a variable tap. Development 
electrode 15 is connected to one tap by wire 25 while 
xerographic plate 10 is connected to the other tap through 
wire 26 by way of drive roller 12 and Support 11. 

In order to effect uncharged area development the po 
tential on electrode 15 with respect to plate 10 is adjusted 
through the use of potentiometer 24 to be substantially 
the same potential as the highest potential found on the 
surface of photoconductive insulating layer 13 at the 
time of development. When the potential of develop 
ment electrode 5 is properly adjusted there is substan 
tially no electric field between electrode 15 and those 
portions of the xerographic plate carrying the highest 
charge or potential and therefore a minimum of developer 
powder is attracted to the plate in these regions. How 
ever, a strong electric field exists between electrode 15 
and plate 10 in uncharged areas of the latter and such 
uncharged areas accordingly attract large quantities of 
developer powder. It is accordingly possible to develop 
on plate 10 a deposit of powder the density of which 
varies approximately inversely as the charge or potential. 

FIG. 2 is a curve showing a typical relation between 
the reflection density of powder deposits formed in the 
apparatus of FIG. 1 and the xerographic plate potential 
responsible for such deposits. The particular curve cor 
responds to a development electrode bias potential of 225 
volts. The reflection density measurements were made 40 
after the powder was transferred from the Xerographic 
plate to a sheet of white paper. It will be noted that 
the curve is somewhat non-linear displaying a maximum 
density (or blackness) at zero potential and a minimum 
density at a plate potential substantially the same as that 
of the development electrode. It can also be seen that 
the density starts to rise again as the plate potential is 
increased past the development electrode potential. Since 
this portion of the curve is preferably avoided in practical 
operation, it is indicated by broken rather than solid lines. 
The developed density rises at high plate potentials be 
cause at these potentials there is again an electric field 
between the plate and the development electrode, al 
though opposite in polarity to that found at lower plate 
potentials. The occurrence of development under these 
conditions is explained by the presence of particles in 
the development cloud bearing charges opposite to the 
polarity desired for development. Curves corresponding 
to other values of bias potential will be generally similar 
except for being displaced to the left or right. 
The curve in this figure represents a development car 

ried out to a maximum density of about 2. In general, 
longer development times will somewhat increase the 
maximum available density, but will also cause excess 
deposition of powder in all areas of the plate including 
those where powder deposition is not desired. Exces 
sively shortening development, on the other hand, will re 
duce maximum density as well as density at all points. 
A density of 2 was approximately the optimum maximum 
density for the particular apparatus and materials used in 
preparing this figure. While the particular curves of this 
figure correspond to a specific set of experimental data, 
the use of other development techniques or apparatus, 
transfer techniques or materials, plate materials, etc., 
will produce curves which vary from those shown, but 
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4. 
differences will, in general, be slight and such variations 
as might be found will not interfere with the workings 
of the invention. 

FIG. 3 is a family of curves showing the relationship 
between xerographic plate potential and the amount of 
exposure in arbitrary units for various initial potentials. 
These curves generally correspond in form to the Square 
root relationship previously described, except for an ad 
ditional curvature caused by an observed departure from 
the square root relationship at very low potentials. AC 
cordingly, no further discussion of this figure will be 
given. 

FIG. 4 represents a form of graphical plot useful both 
for explaining and predicting results of the present inven 
tion. It comprises four quadrants of which the lower 
right contains a set of light decay curves relating Xero 
graphic plate potential to exposure in arbitrary log units. 
The particular curves chosen are the same as those which 
were presented in FIG. 3. The lower left quadrant con 
tains development curves relating development density 
to xerographic plate potential. A single curve is shown 
which is taken from FIG. 2 and corresponds to a develop 
ment electrode bias of 225 volts. The upper left hand 
quadrant contains a single diagonal line which is used 
only for relating points in the lower left quadrant to the 
upper right hand quadrant, which is the quadrant in which 
are plotted the xerographic characteristic curves relating 
developed image density to exposure. 
To determine a point on a characteristic curve, a hori 

Zontal line is drawn from the light decay curve in the 
lower right quadrant to a point on the development 
curve in the lower left quadrant. A vertical line is then 
drawn upward from this point to a point on the diagonal 
in the upper left quandrant and a horizontal line is then 
drawn through this point on the diagonal. The inter 
section of this last horizontal line with a line drawn 
vertically upward from the original point on the light 
decay curve defines a point on the desired characteristic 
curve. Broken lines in the figure illustrate the method 
of determining a point on the characteristic curve. After 
many such points have been located in the upper right 
quadrant corresponding to many points on a light, decay 
curve, a smooth curve may be drawn in the upper right 
quadrant representing a xerographic characteristic curve 
relating exposure to density. 

Four such curves are shown corresponding to the 
four light decay curves chosen for illustrative purposes 
in the lower right quadrant. As can be seen, the four 
curves have markedly different slopes and therefore cor 
respond to different degrees of contrast in xerographic 
image reproduction. The attainment of such contrast 
control is, of course, the primary object of the present 
invention. The curve marked as No. 1 corresponds to 
the situation where the initial plate potential is sub 
stantially the same as the development electrode bias 
potential used during development. This corresponds 
to the conventional technique which was in general use 
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prior to this invention. The other curves correspond 
to conditions where the initial plate potential is sub 
stantially higher than the development bias potential and 
these curves give progressively higher contrast. The prin 
cipal reason for this higher contrast is the utilization of 
only the right hand or steeper portion of the light decay 
curves as shown in the lower right quadrant. It can also be 
seen from the figure that where higher contrasts are 
obtained it is necessary to resort to a higher exposure. 
Although less apparent from the figure, it is also true 
that the plate potential corresponding to the middle por 
tion of each of the characteristics curves is substantially 
the same. Each of the characteristic curves except the 
first has a broken portion corresponding to the increase 
in image density which occurs when plate potential is 
allowed to exceed development electrode potential. This 
generally represents an undesired condition and is avoided 
by employing sufficient exposure to insure that substan 
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tially all portions of the xerographic plate are reduced 
in potential below the development bias potential. 

FIG. 4 shows the various degrees of contrast ob 
tainable by varying initial potential and exposure while 
maintaining the development electrode bias constant. 
The same results, however, can also be obtained by 
reducing the electrode bias rather than by increasing the 
initial potential, or even by doing both together. The 
principal factor in controlling contrast is the degree by 
which the initial potential of the xerographic plate ex 
ceeds the development electrode bias. For practical 
reasons, however, it is generally more convenient to 
vary the initial potential rather than the electrode bias. 

- Where the bias potential is varied it is desirable to avoid 
excessively low potentials which generally cause low 
quality development. Where initial potential is varied 
it is likewise best to avoid excessively high potentials 
which may damage the plate or otherwise cause flaws 
in the developed image. The operating conditions which 
will be described hereafter are representative of a pre 
ferred range of values. 

Table I below tabulates the characteristics of the four 
curves shown in the upper right quadrant of FIG. 4. 

Table I 

Curve 3 Curve 2 
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The characteristics listed in Table I are defined as follows, 
in accordance with Air Force Specification MIL-P-4672A 
(Aug. 16, 1954): 
Vo=initial potential. 
S=toe scale=difference in the log exposure between 

points on the characteristic curve where reflectance 
densities are 0.04 above Din and 0.20 above D. 

Sa=shoulder scale=difference in the log exposure be 
tween points on the characteristic curve where re 
flectance densities are 0.04 below Da and 0.20 below 
Dmax. 

Sp=partial scale=difference in log 
points on the characteristic curve where the reflect 
ance densities are 0.20 above D, and 0.20 below 
Dmax. 

St=total scale=difference in log exposure between points 
on the characteristic curve where the reflectance den 
sities are 0.04 above Dmin and 0.04 below Das. 

DS=density scale=Dma-Dmin. 
Dmax=maximum reflectance density. 
Dmin-minimum reflectance density. 
Gamma=DS-0.40/SP. 

FIG. 5 shows in some detail a series of four curves 
as found by experiment and which correspond generally 
to the four theoretical curves in the upper right quad 
rant of FIG. 4. Each curve is a relation between xero 
graphic plate exposure in arbitrary units and the reflection 
density of an image developed on the plate. All are based 
on a bias potential of 225 volts. Table II below sum 
marizes the essential data for each curve. It is apparent 
that a very wide range of contrast, or gamma is obtain 
able. This range generally spans the range of contrasts 
available in conventional photographic printing or en 
larging papers. There is thus accorded to Xerographic 
uncharged area development the same degree of flexibility 
in contrast control as has heretofore been possible with 
conventional photographic printing and enlarging tech 
niques. 

exposure between 
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Table II 

i 2 i3 i4 

Initial Plate Potential-volts 235 257 299 362 
Relative Exposure.------- 3. 8 19 35 
Sl--------------------- 0.30,29 0, 0.09 
S.------------- 0.3 0.1 0.7 0.28 
SP------------------------------------------- 1.0 0.85 0.64 0.49 
ST------------------------------------------ 54 1, 15 0.93 0.86 
DS.-- 178 82.82 1.79 
Dinax--------------- 19897 1.97 - 1.94 
G 1.25 i. 67 2, 20, 2,84 

FIGURE 6 is an experimental curve showing the rela 
tionship between the gamma of a developed xerographic 
image and the amount by which the initial potential ex 
ceeds the development electrode bias potential. It can be 
seen that a tremendous variation in gamma is obtainable 
With a relatively small change in initial potential and/or 
bias. With the aid of a curve such as this used in connec 
tion. With the present invention an operator making Xero 
graphic prints can exercise even greater and more predict 
able control of the print contrast than is possible even 
with established photographic techniques. 
FIGURE 7 shows a form of apparatus suitable for car 

rying out the invention. It comprises generally a photo 
graphic enlarger 30 positioned over charging apparatus 
3i together with associated electrical apparatus. En 
larger 30 may be of any conventional type adapted to 
project an image of a photographic negative or the like. 
Charging apparatus 31 comprises a supporting frame 32 
adapted to position all elements and a base plate 33 gen 
erally made of conductive material upon which is placed 
Xerographic plate 10 comprising photoconductive insu 
lating layer 3 and a conductive Support member 4. 

5 Alternatively, and depending upon the intended usage of 
plate 10, conductive support 14 may be omitted. A con 
ductive rail 34 is positioned on one side of frame 10, and 
a second rail 35 is positioned on the other side. Rail 34 
is secured to frame 32 but insulated therefrom by insu 
lators 36 while rail 35 is directly attached to frame 32. 
A charging bar or corotron 37 is slideably mounted in 
frame 32 to pass over plate E0 at a slight distance there 
from. It comprises an open bottom channel 38 of con 
ductive material carrying at each end insulating blocks 39 
between which is strung a fine corona generating wire 40. 
Corotron 37 is supported in frame 32 by hangers 41 and 
42 which slide on rails 34 and 35 respectively. Hanger 
4 is connected to corona wire 4) while hanger 42 is con 
nected to channel 38. Frame 32 also rotatably supports 
a reversible lead screw 43 which is adapted to move the 
corotron 37 back and forth over plate 10 by means of the 
lead screw block 44 which engages the groove in the lead 
screw and is attached to channel 38. Electric motor 45, 
also attached to frame 32, is used to rotate lead ScreW 43. 
High voltage power supply 46 is connected to base plate 
33 and thus to conductive support 14 as well as rail 35 and 
channel 38 through wire 47, and is connected to rail 34 
and thus to wire 40 through wire 48. The power supply, 
which is adapted to supply voltages on the order of 5,000 
to 10,000 volts, may be of conventional design as illus 
trated and include a step-up transformer 49, rectifier 50, 
filter condenser 51 and bleeder resistor 52. Conventional 
control apparatus such as a microswitch, not shown, may 
be provided to stop motor 29 and corotron 37 after coro 
tron 37 passes back and forth over plate 10 and returns to 
the starting position as shown. Alternatively, other me 
chanical arrangements may be used. When a coronagen 
erating potential is applied to wire 48 and the corotron 
passed over plate 10 an electrostatic charge is placed on 
plate 10, the magnitude of which may be controlled 
through varying the Voltage or current supplied to wire 48. 
Further information on the construction and operation of 
corotron 37 may be found in U.S. Patent 2,836,725. 
As can be seen from FIGURE 7, the input to power 

Supply 46 is supplied from a toroidal autotransformer 53. 
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Thus, by adjusting autotransformer 53 the corona gen 
erating potential supplied to corona wire 40 may be 
varied. Autotransformer 53 is ganged on the same insu 
lating shaft 54 with toroidal autotransformer 55. A knob 
56 is provided on shaft 54 whereby both autotransformers 
may be simultaneously adjusted. Autotransformer 55 
supplies an adjustable A.C. potential to enlarger 30 
through timer 57. Autotransformer 53 is supplied di 
rectly with A.C. line voltage, but autotransformer 55 is fed 
from the output of another toroidal autotransformer 58 
which is equipped with an operating knob 59. Accord 
ingly, the corona potential applied to wire 48 and thus to 
corona wire 40 is determined solely by the setting of knob 
56, whereas the voltage applied to the enlarger 30 depends 
on the settings of both knob 56 and knob 59. In oper 
ating this apparatus, knob 56 is turned to a setting corre 
sponding to a desired level of contrast and knob 59 is 
turned to a setting corresponding to the average density of 
the negative to be projected from enlarger 30. Motor 45 
is then energized to cause corotron 37 to pass over Xero 
graphic plate 10 to deposit thereon a potential determined 
by the setting of knob 56. Motor 45 is then turned off 
and timer 57 is then energized to project upon plate it for 
a fixed period of time a light image, the intensity of which 
is dependent on the setting of knobs 56 and 59. After 
exposure, plate 10 may then be removed from the appa 
ratus of FIGURE 7 and developed in Separate apparatus 
such as that of FIGURE 1. 

Since contrast depends on the initial potential applied 
to plate 10, contrast is accordingly influenced by the set 
ting of knob 56 which controls the charging potential. It 
has also been shown that as charging potential is raised to 
increase image contrast the required level of exposure is 
likewise raised. For this reason knob 56 increases the 
voltage input to enlarger 30 and therefore the light output 
of enlarger 30 at the same time that it increases the charg 
ing potential applied to wire 40. Since photographic 
negatives differ among themselves in average density, a 
further degree of control over exposure is desired which is 
provided by knob 59 which is adapted to raise or lower 
the voltage input provided to enlarger 30 over that other 
wise determined by knob 56. Where a series of negatives 
are being reproduced, all of which have the same density, 
but varying contrast, xerographic prints of uniform qual 
ity may be had through adjustment of knob 56 alone. 
Where negatives of uniform contrast, but different density 
are encountered, prints of uniform quality may be had 
through adjustment of knob 59 alone. More typically, 
both knobs will be operated to compensate for both varia 
tions in negative contrast and negative density. Since the 
potential applied to plate 10 is not in general a linear 
function of the voltage applied to wire 40 and since the 
light output of enlarger 30 is not a linear function of the 
voltage applied to enlarger 30, it may be desirable to Wind 
autotransformers 53 and 55 in a nonlinear fashion so as 
to provide the proper relationship between initial plate 
potential and exposure as called for in FIGURE 4. 
The apparatus of FIG. 7 is shown for illustrative pur 

poses only, and it is apparent that many modifications 
may be made to the apparatus without departing from the 
proper scope of the invention. Thus, different forms of 
charging apparatus may be used to replace corotron 37 or 
other elements of charging apparatus 31. Likewise, en 
larger 30 may be replaced by contact exposure apparatus 
and other forms of control apparatus may be substituted 
for the illustrated autotransformers. The apparatus could 
also be adapted to operate with flexible xerographic plates 
including those in the form of a web. Although the 
illustrated apparatus is adapted to control contrast 
through variation of charging, it may also be adapted to 
control contrast through variations of development elec 
trode bias potential by re-connecting the output of auto 
transformer 53 to a relatively low voltage power supply 
to supply bias potential to a separate development appa 
ratus. 
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There are various-devices now known and available on 

the market which are capable of determining the degree 
of contrast in a photographic negative or the like, and 
there are also available devices for determining the aver 
age transmission of a negative. Such devices may be 
incorporated to supplement the subjective judgment of 
the operator. Such devices can also be connected 
through known types of servo mechanism to directly op 
erate the transformers in FIG. 7 thereby making the oper 
ation of the apparatus entirely automatic. The apparatuS 
of FIG. 7 can also be equipped with an electrometer to 
measure the potential on xerographic plate 10 before or 
after exposure by enlarger 30, or both. Such an elec 
trometer can be used to measure plate potential after ex 
posure thereby providing a rapid check on the adequacy 
of the exposure, or it can be used to automatically con 
trol exposure. Modifications of this sort which will 
readily occur to those skilled in the art are intended to 
be encompassed by the appended claims. 
What is claimed is: 
1. The method of controlling contrast in a xerographic 

reproduction process wherein a xerographic plate is 
charged, exposed to a pattern of light and shadow to pro 
duce a latent charge pattern and developed in proportion 
to the amount by which the local potential V of the elec 
trostatic charge pattern is less than a fixed bias potential 
on a development electrode, said method comprising ap 
plying a charging potential Vo greater than said fixed 
bias potential, and exposing the plate to a pattern of light 
and shadow until substantially all areas thereof are re 
duced to a potential below said fixed bias potential where 
by the said local potential V remaining at any given point 
on the plate, after said exposure is governed by the ex 
pression VVo-VV=KE where E is the said exposure at 
the said given point and K is a constant which is a func 
tion of said plate, said Vo being chosen so that the said 
remaining local potential V will vary from point to point 
within a range of values corresponding to a desired con 
trast range in the developed plate, and positioning said 
development electrode adjacent to the developable Sur 
face of said plate for development. 

2. The method of controlling contrast in an uncharged 
area development Xerographic reproduction process 
wherein a Xerographic plate is charged, exposed to a pat 
tern of light and shadow to produce a latent charge pat 
tern and developed in proportion to the difference be 
tween the local potential V of the electrostatic charge 
pattern and a bias potential on the development electrode, 
said method comprising charging the plate surface to a 
fixed potential Vo, reducing said bias potential below said 
fixed plate potential Vo exposing the plate until substan 
tially all charged surface areas thereof are reduced in 
potential at least to said bias potential, whereby the said 
local potential V remaining at any given point on the plate 
after said exposure is governed by the expression 

VV-VV-KE 
where E is the said exposure at the said given point and 
K is a constant which is a function of said plate, the dif 
ference between the said reduced bias potential and the 
said Vo being chosen so that the said remaining local po 
tential V will vary from point to point within a range of 
values corresponding to a desired contrast range in the 
developed plate, and positioning the charged plate surface 
adjacent to said development electrode for development. 

3. The method of controlling contrast in an uncharged 
area. . development xerographic reproduction process 
wherein a xerographic plate is charged, exposed to a pat 
tern of light and shadow to produce a latent charge pattern 
and developed in proportion to the difference between the 
local potential V of the electrostatic charge pattern and a 
fixed bias potential applied to a development electrode 
maintained adjacent the surface to be developed, said 
method comprising charging the plate to a uniform po 
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tential Vo greater than said bias potential, and exposing 
the plate until the potential on substantially all areas is 
reduced below said fixed bias potential, said uniform po 
tential V being chosen so that the said local potential V 
remaining at any given point on the said plate after said 
exposure which is given by the expression 

VV-VV-KE 
where E is the said exposure at the given point and Kis 
a constant which is a function of the said plate, will vary 
from point to point within a range of values correspond 
ing to a desired gamma in the developed plate. 
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