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Abstract. Using an expansion of electrostatic potential in terms of
partial solutions of the Poisson equations, a distribution of electro-
static field strength in a two-dimensional (2D) toner transfer system
region between the toner and the paper has been calculated. The
results have been obtained for a system in which photoreceptor and
toner transfer element is a roller with a finite radius. In these calcula-
tions, the photoreceptor, the toner, and the paper have been charac-
terized by the values of their thickness and dielectric permittivity.
Results have been obtained when the transfer element is flat and
when it is shaped as a roller with a finite radius. It is concluded that
the one-dimensional (1D) approximation cannot be applied to
calculate the electric field when the roller radius is close to or
less than the radius of the cylinder-shaped photoreceptor. The limits
of applicability of the dielectric thickness have been demonstrated.
© 2012 Society for Imaging Science and Technology.

[DOI: 10.2352/J.ImagingSci.Technol.2012.56.1.010504]

INTRODUCTION

The problems of toner image transfer in electrophoto-
graphic printers and copiers have been studied by various
researchers. The quality of the toner image transferred to
the paper or onto the intermediate belt depends on the
electric field strength and on its configuration in the image
transfer region. Since the real image transfer system is rela-
tively complex (Figure 1) and since the paper is dielectri-
cally inhomogeneous' > with a rough surface profile,"”* the
mathematical description of charged toner particle transfer
is relatively complex. For this reason, the mathematical
analysis of the image transfer phase is based on certain sim-

“IS&T Member.

Received Jun. 28, 2011; accepted for publication Dec. 20, 2011; published
online Mar. 14, 2012.

1062-3701/2012/56(1)/010504/8/$20.00.

J. Imaging Sci. Technol.

010504-1

plified models and assumptions. The one-dimensional
(1D) approximation to describe the image transfer process
is quite common.”” If the image is transferred onto a flat
intermediate belt or if the toner image transfer element is
flat, the vertical electric field component perpendicular to
the paper surface (or the belt) can be accurately described
using the 1D approximation model.® However, this approx-
imation cannot be used to estimate the horizontal compo-
nent of the electric field parallel to the paper surface, which
can affect the quality of the transferred image. Moreover, if
the toner image is transferred using a roller with a radius
less than or close to the radius of the cylindrical photore-
ceptor, neither the vertical component nor the horizontal
component of the electric field in the region between the
toner and the paper can be calculated using the 1D approx-
imation. In Refs. 9-14, the electric field strength was calcu-
lated in a finite 2D region by applying the finite-difference
method to solve the Poisson equation. In a real image
transfer system, at least some of the regions are infinite
(such as the air regions in Fig. 1). After selecting a small
region in an infinite or a sufficiently large region, additional
problems arise related to the uniqueness of this selection
and the boundary conditions of the selected region. Since
electrophotographic printers, especially the color ones,
have to meet increasingly strict quality requirements, the
theoretical predictions to the toner image transfer charac-
teristics must be based on models that are more adequate
for the real system geometry and less reliant on additional
assumptions.

The electric field distribution in the toner transfer
region, when the toner image transfer element is flat and
the paper is defined in terms of the dielectric thickness
approximation, was calculated by Kalade et al.® The solu-
tion of the Poisson equation for the potential in a chosen
region of the toner image transfer system is expressed as a
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Figure 1. Diagram of the foner image transfer system and definition of the
coordinafe system in the case of a flat transfer element. The distances p
and p’ are the same as in Eq. (5), for other denotations see fext.

linear combination of the partial solutions of the Poisson
equation for that particular region. The coefficients of this
linear combination are calculated from the boundary con-
ditions for the potential on the electrodes and on the inter-
faces between the different materials. This is an accurate
method of potential calculation, both in a finite region and
in an infinite region.

This work presents a development of the technique
described by Kaladé et al.,® with a calculation of the electric
field distribution for a system that is more representative of
a real electrophotographic image transfer system. In such a
device, the toner image is often transferred to the paper
using a cylinder-shaped element, so that the geometry of
the system and the potential boundary conditions are more
complex than in the 1D models or in the case described in
Ref. 8. As a result, the problem of calculating the electric
field strength is also more complex. For the purpose of
investigating the dependence of electrostatic field strength
on the transfer roller radius and other system parameters,
the paper has been characterized by its thickness and
dielectric permittivity separately instead of using the dielec-
tric thickness as in previous work.® The paper is considered
as dielectric. This assumption is not valid in all cases but it
must be noted that in many cases especially in the higher
speed printers the Maxwell relaxation time of papers is
higher than toner transfer time. Then our approach is rea-
sonable. The initial conditions of the Paschen effect have
been discussed. The results obtained may be important for
defining the initial toner charge transfer conditions and for
evaluating the results obtained using simplified models.
The potential calculation method can also be applied under
conditions of charge transfer. In the latter case, the coeffi-
cients in the expansion of the potential are expressed in the
shape of static equations, but these equations correspond
to a charge distribution at a particular moment in time
instead of a static charge distribution.
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The calculation algorithm has been written for the
computer programs MATHCAD14 and wmarHEmATICA7. The
coefficients of the series expansions are integrals of trigono-
metric functions. The latter functions are also approxi-
mated as series in the programs. Hence, an especially
important property of the programs is calculation error
control. The use of two programs makes it possible to
determine calculation errors independently and thus to
avoid distortions of the potential distribution curves (oscil-
lations, etc., see Fig. 5 of Ref. 15).

THE MAIN EQUATIONS
Case A. First, let us consider the case when the paper is
transported by a flat device and the paper is characterized by
its dielectric permittivity ¢, and thickness d separately,
instead of using the dielectric thickness d / &, as was done in
Ref. 8. A diagram of the analyzed system and the coordinates
is shown in Fig. 1. The z axis of the coordinate system is
directed along the cylinder axis away from the reader. It is
assumed that the system is 2D, i. e., homogeneous and infi-
nite in the z-direction, and that the paper and the trans-
porter (flat transfer element) are infinite in the y-direction.
It is also assumed that the charges of the photoreceptor and
the toner are distributed symmetrically about the xOz plane.
The cylinder upon which the photoreceptor is placed is char-
acterized by the potential Uy and radius R, and the potential
of the paper-transporting device is zero. Later, dimensionless
quantities will be used, unless otherwise indicated; the
potentials being expressed in units of U, and dimensions
(thicknesses, distances, etc.) in units of R. Using this conven-
tion, the cylinder potential and its radius are equal to 1. The
electric field strength is expressed in units of Uy / R.

Under the above symmetry conditions, the distribution
of potential Uin polar coordinates in any region of the ana-
lyzed system is described by the following equation:

82_U18U

1 0*U
a7 5 op -

== 1
=0 (1)
where p is the polar vector, ¢ is the angle, and Q is the
dimensionless space charge density,

Q = qR* /e, U, (2)

where g is the dimensional (C/m’) space charge density,
and ¢, is the dielectric permittivity of the region. The par-
tial solutions of the homogeneous equation (1) are
p~"cos(n- @),

Const, Inp, p"cos(n- @),

(3)
n=12 ..,

The partial solution of the inhomogeneous equation in the
case of constant Q is

1
Uy =—5 Q" (4)

The general solution of Eq. (1) is a linear combination of
all or some of partial solutions.
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In order to make it mathematically easier to satisfy the
potential boundary conditions, the electrostatic potential in
the air region between the toner and the paper (Fig. 1,
region Al) is expressed in terms of partial solutions of two
centers, as in Ref. 8, 1. e,,

00 /
=Bl 5 3 (0,200 5 ) g
J p p

where p’ is measured from the point O’ (Fig. 1), which is
the mirror reflection of the coordinate origin O (located on
the cylinder axis) in the bottom surface of the paper. The
distance between O and O’ is equal to r=2-(h+d). B, C,,
D,, are the expansion coefficients, which are determined
from the potential boundary conditions.

The investigated region extends an arbitrarily distance
from O and O, and Eq. (5) has, therefore, been formulated
using only those partial solutions and their linear combina-
tions that vanish when the distance from O and O’ tends to
infinity. If the photoreceptor and/or toner charges were not
symmetrical about the xOz plane, Eq. (5) would include
terms proportional to sin n¢ and sin n¢’.

The paper electrostatic potential Up is expressed in
terms of the same coordinates as Uy,

o cosn cos ng’
Upolng/JrZ(Cpn ; ? 4 Dy, p"’). (6)

n /n
n=1
The bottom surface of the paper (x=—h— d) must satisfy
the condition Up=0. Taking into account that p’ = p, cos
ng' =(—1)" cos np (¢’ =n — @) on any point of that sur-
face, it is found that the condition Up =0 is automatically
satisfied, if

Dpy = (1) Cp,. (7)

Assuming that there are no charges on the top surface of
the paper (x= —h), the following boundary conditions are
satisfied:

U | —U | &0 aUAl
Al|xy=—p— YP|x=— -
x=—h x=—h ep Ox

v
7h7 ox

;o (8)

x= x=—h

where &, is the paper dielectric permittivity. Since both
sides of Eq. (8) are functions of the coordinate y we can
express y via the cosine of the angle o (Fig. 1). Later, the
functions of Eq. (8) are expanded in series of cosines of the
angle o and the corresponding coefficients in those expan-
sions are set equal to each other. This leads to the relations
between the coefficients in Egs. (5) and (6).

On the toner surface, the air potential U,; and the
toner potential Urare related as follows:

&0 8UA1
&p (9p

oU.
Untlp—p = Up| = a—pT ©)

p:h)

p=h p=h

Assuming that there is no space charge in the photorecep-
tor and that the toner space charge is constant, Uy is
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obtained in the usual way and is expressed as a series of
cosines of the angle ¢.*

1 3
Ur(p, ) =1 +4Q<p§ - = ZhZ;lnp1>

1
+ <821an + lnp)B
&1 P1

= Uy p"
+ 2o+ ) cosne

n=1

where p, <p<h 0<¢p<m,
(10)

where B, A, are constants, and the other notations are
explained in Fig. 1. By similarly expanding the left-hand sides
of Eq. (9) and equating the corresponding coefficients on the
two sides of these equations, we obtain the relations between
the toner potential coefficients and the air potential coeffi-
cients. These equations, together with the previously men-
tioned ones, form a closed system of equations for the
determination of the coefficients in the potential expressions.

The results of the calculations of electrostatic field
strength in the region between the toner and the paper
obtained using this method are presented in Fig. 3. The
results have been obtained assuming that the surface charge
density on the interface between the photoreceptor and the
toner does not depend on the angle ¢ and that there is a
complete mutual compensation between the surface charge
and the space charge of the toner.

Case B. Let us now consider the case where the transfer
element is a roller with a finite radius p, and the surface
potential is equal to zero. In this case, there are four regions
whose potentials are related to each other. The expressions
for the toner potential Uy, the potential Uy, in the region
between the toner and the paper, and the paper potential
Up are exactly the same as in case A. However, Eq. (7) is no
longer valid, and the coefficients Cp, and Dp, no longer
depend upon each other.

In the air between the bottom paper surface and the
roller (Figure 2, region A2), the potential U,, is expressed
as follows:

) o0 COS NP cos nQ’
UA2:BAIH£+Z CAn = p+DAn = ¢ 5 (11)
p, — PE pm

where j is measured from the roller axis point O and §' is
measured from the point O’, which is the mirror reflection
of the point O in the bottom surface of the paper
(x =— h—d), as shown in Fig. 2.

The boundary conditions that must be satisfied on the
bottom surface of the paper (assuming that there are no

charges on the surface) are the following:
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X

Figure 2. The coordinate system for the defermination of the potential
Unz in the air between the paper and the roller.

Uplie pa=Un2l e 40>

Here, as in Eq. (8), both sides of the equations are func-
tions of the coordinate y. By expressing y via the cosine of
the angle o (Fig. 2) and then expanding both sides of Egs.
(12) in Fourier series and equating the Fourier coefficients,
the relations between the coefficients of Up and Uy, are
obtained.

At the points on the roller surface where p = p,, the
potential Uy, obeys the equation,

Unalyp,= 0. (13)

By expressing Unz|;_, , as defined by Eq. (13), in terms of
the angle ¢ and then expanding in Fourier series and set-
ting the expansion coefficients to zero, the equations relat-
ing the Uy, coefficients to each other are obtained. These
equations, together with the equations following from Egs.
(8), (9), and (12) define the coefficients of the potential
expressions. The solution of these equations yields the
potential distribution in all regions of the system and
makes it possible to calculate the electrostatic field strength
in any region.

The results of the calculations of electrostatic field
strength in the region between the toner and the paper in
this case are shown in Figs. 5 and 6. The conditions for the
photoreceptor and toner charges are the same as in case A.

CALCULATION RESULTS AND ANALYSIS OF
ELECTRIC FIELD DISTRIBUTION

The solution of the system of equations for the determina-
tion of the coefficients in the expressions for the potential
(see the explanation after Egs. (8) and (10)) involves the
replacement of an infinite series by a finite series for each
region (toner, air, paper, etc.), with the same number N of
unknown coefficients N has been chosen based on the
requirement that an increase in N does not lead to a change
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in the first three significant digits of the calculated electric
field.

The development of the method for the accurate calcu-
lation of the electric field in the toner image transfer system
makes it possible to compare similar calculations in 1D and
2D for various geometries of the toner image transfer mod-
ule and for various paper parameters—thickness and
dielectric permittivity. First, we consider the limiting case,
when the toner transfer element is flat. This is similar to
the case when the toner image is transferred by applying a
corona discharge to the paper. In this case, the results of
calculations of the vertical component E, of the electric
field using the dielectric thickness approximation, which
were obtained earlier,® and the present results, which have
been obtained by characterizing the paper more accurately
by thickness and dielectric permittivity separately, are com-
pared in Figure 3. It is evident that, when the paper dielec-
tric thickness is sufficiently small (d / &, = 0.0005, Fig. 3(a),
curves 1, 4, 5), the results obtained by the two methods
coincide. As the dielectric thickness increases (Fig. 3, curves
2, 6, 7 when d / £,=0.002 and curves 3, 8, 9 when
d [ £,=0.0033), the difference between the results obtained
by the two methods increases, and this difference becomes
more pronounced at larger &, (in agreement with Ref. 6).
When &, = 20, the difference in the E, values in the interval
0<y<0.05 is still less than 5 %, and it is even smaller for
larger values of y. Since the cylinder radius is 1 to 1.5 cm,
the values ¢, =20 and d / &, =0.002 correspond to a paper
thickness of 400 — 600 um. The true paper thickness and
dielectric permittivity (the maximal value reported'® for
coated paper is 15) are smaller than those values, so that, at
the same value of &, the paper dielectric thickness is less. In
the case of paperboards (thickness 400-600 ym), the dielec-
tric thickness is also less because the dielectric permittivity
does not exceed 10. The differences in the results are thus
smaller than those shown by curves 2 and 6. Thus, we may
conclude that when ¢, does not exceed 20 the vertical com-
ponent E, of the electric field strength in the air between
the toner and the paper, and hence the calculated condi-
tions for the Paschen effect, can be expressed with sufficient
accuracy via the paper dielectric thickness d / &, rather
than via the paper thickness d and dielectric permittivity &,
separately.

The dependence of the vertical electric field compo-
nent E, on the paper thickness at various dielectric permit-
tivities has been investigated (Fig. 4(a)). E, increased with
increasing dielectric permittivity and decreased with
increasing distance from the point where the paper was in
contact with the toner (y=0). It should be noted that the
dependence of the vertical electric field component on the
paper thickness depends on the dielectric permittivity of
the paper (Fig. 4(a)). The shape of the curves corresponds
to the transition from e, =¢, (Fig. 4(a), curve 1), when
ExN d_l (lf > dsmicond+ dtoner)) to Sp:OO (Flg 4(3))
curve 7) when E, does not depend on the paper thickness
d, as expected. The dependence of E, is shown in Fig. 4(a)
at the coordinate y=0.15, i. e., at the distance that is
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Figure 3. The electric field strength in the units U, (V)/Rlcm) on the paper surface when the foner image transfer
element is flat: a—the component perpendicular to the paper, b—the horizontal component. 1-3: the dielectric
thickness approximation for the paper (according to Ref. 8); 4-7: results when the paper is characterized by its
thickness d and dielectric permittivity separately. The semiconductor and toner dielectric permittivities were 2
and 2.5, respectively, and their dimensionless thicknesses were 0.001 and 0.004, respectively; the dimen-
sionless density of the foner space charge was Q=200. The coordinate y and the values of the thickness are

expressed in unifs of the photoreceptor cylinder radius R.

important both for image transfer and for the Paschen
effect (Fig. 7), and the dependence of E, is shown at
y=0.05, where E, is equal to the maximum value.

In the case of a flat toner transfer element, there was
no difference between the value of the horizontal compo-
nent E, calculated using the dielectric thickness approxima-
tion and the value calculated exactly if the dielectric
thickness was sufficiently small (d / ¢, =0.0005, Fig. 3(b),
curves 1, 4, 5). However, when the dielectric thickness was
increased, the difference became more pronounced

80 i
M
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S ®
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(Fig. 3(b), curves 2, 6, 7 when d / &,=0.002, and curves 8,
9). The horizontal componenst E, is equal to zero at the
point of contact between the paper and the toner (y=0).
As the distance from this point increases, the horizontal
component increases and reaches a maximum at approxi-
mately y=0.5 and then decreases continuously. However,
within the practically important region 0<y<0.15, the
maximum values of E, are relatively small, comprising only
1-2 % of the magnitude of the vertical component E,.
When the paper thickness is varied, the horizontal
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Figure 4. Dependence of the electric field components in units U, (V)/Rlcm) on the paper thickness at different
values of its dielectric permittivity &,. The semiconductor and toner dielectric permittivities are 2 and 2.5, their
dimensionless thicknesses were 0.001 and 0.004, respectively; U= 1000 V; transfer roller radius was 0.6;
Q=200. The values of the semiconductor and foner thickness and radius of the transfer roller are expressed in

units of the photoreceptor cylinder radius R.
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Figure 5. The electric field components on the paper surface: a—the component perpendicular to the surface;
b—the component parallel fo the surface. The transfer element is a roller with finite radius (curves 4-6), flat
[curves 1-3). Curves 7 and 8 correspond o the dielectric thickness approximation for the paper in the case of
a finiteradius element. In all cases, the semiconductor dimensionless thickness is 0.001, and &, = 2; the paper
dimensionless thickness is 0.01, and &, = 2.5. The values of the coordinate y and the thickness are expressed
in units of the cylinder radius R, and the electric field sirength is expressed in units of Up/R.

component attains the maximum value, and when the pa-
per dielectric permittivity is varied, the maximum shifts
towards increasing paper thickness (Fig. 4(b)).

It should be noted that the dielectric thickness approx-
imation for the paper when calculating the E, component
is also valid for the roller. For example, see curves 7 and 8
in Fig. 5(a) for the case p, = h+ d, and in the case p, =0.6
the difference between the parameters of Fig. 5 does not
exceed 3 % for all y values. The calculation results indicate
in the case of the parameters of Fig. 5 that the dielectric
thickness approximation is also valid for the toner. For

example, when d=0.01, &,=3, p,=h+d and
1 —
£ transf. el. dle
b P
-500 ) 3 flat 3.3:10°
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droner = 0.004, &rongr = 2.5, we obtain EJ(—h, 0.05)
= 126.66, and when dTONERZO.OOS and STONERZS (1 €.,
(dle)tongr = 1.6-107 in both cases), we obtain E(—h,
0.05) = 125.21. The difference in the electric field values at
the chosen point (—#h, 0.05) is only 1.16 %.

The results of calculations for the case of a transfer
roller, when the paper is characterized separately by its
thickness and dielectric permittivity, compared with the
case of a flat toner image transfer element are shown in
Figs. 5 and 6.

These graphs indicate that, when the roller radius does
not exceed h+ d, the perpendicular component E, of the
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Figure 6. The electric field components on the paper surface: a—the component perpendicular to the surface;
b—the component parallel to the surface. The paper transporter is a finite-radius roller (curves 3-6), flat [curves
1 and 2). In all cases the semiconductor dimensionless thickness is 0.002 and &, = 2; the toner dimensionless
thickness is 0.001; Q= 200. The coordinate y and the values of the thickness are expressed in units of the cyl-
inder radius R, and the values of electric field strength are expressed in units of Up/R.
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Figure 7. The Paschen effect: curves 1 to 6—calculated dependence of
potential change in the layer of air on the thickness x; of that layer, when
the cylinder radius is 1 cm, semiconductor and foner dielectric permittiv-

ities: &1 =2 and e, =2.5; @=200; 7 —Paschen curve.'”

electric field is less than the value of E, in the case of a flat
transporter. If the difference between the field values at the
point of contact of the paper and the toner (y=0) corre-
sponding to the cases of a flat transfer element and a
cylinder-shaped transfer element is insignificant (although
it increases with increasing dielectric permittivity), the
mentioned difference increases rapidly and becomes signifi-
cant with increasing distance from that point. The physical
reason is understandable: when the roller radius p, is finite,
the distance between the electrodes in the x-direction corre-
sponding to a given value of y is greater than in the case of
a flat transfer element, e.g., when ¢, = 20 (Fig. 5, curves 3, 6
and 2, 5; Fig. 6, curves 2, 4), the E, values for the case
pr=h+d at y=0.1 are only about 60 % of the E, values
for the case of a flat transporter. As p, decreases, this ratio
becomes even smaller (Fig. 6). The relative decrease in the
calculated potential required for the Paschen effect is approx-
imately the same (Fig. 7). For example, if in the case of a flat
transporter at Uy =1000 V, ¢,=20 (Fig. 7, curve 1) the
Paschen effect is possible in the interval 0.05 < y < 0.12, then
at p, = h+ d the value of U, required for the Paschen effect
becomes greater than 1280 V (Fig. 7, curve 3), and at
p2=0.6 even larger U, values are obtained (cf. curves 2 and
6 in Fig. 7). Bearing in mind that, in the case of a flat trans-
porter, the electric components in the air between the toner
and the paper are similar to the values obtained by applying
the 1D model to the image transfer system,8 it follows that,
when the toner image is transferred by a roller whose radius
does not exceed the cylinder radius, the 1D model is not ap-
plicable for the description of the image transfer dynamics
and for the prediction of the Paschen effect.

This technique of electric field calculation makes it
possible to evaluate relatively easily the electric field
strength at various geometries of the transfer nip and
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Figure 8. Dependence of the electric field components on the dimension-
less radius of the transfer roller. The paper thickness was 0.01, and the
other parameters are the same as in Fig. 4. The transfer roller radius is
expressed in unifs of the photoreceptor cylinder radius R.

various paper thicknesses and dielectric permittivities. The
results obtained using this method show the dependence of
the vertical and horizontal components of the electric field
on the paper thickness for various values of the paper
dielectric permittivity (Fig. 4) and the dependence on the
transfer roller radius (Fig. 8).

In the case of a flat transfer element, the horizontal
electric field component E, on the paper surface is always
positive (Figs. 4 and 8), and it thus defocuses the charge.
When p, is finite, a change in &, (or in d) can cause a
change in the sign of E,, so that it begins to focus the trans-
ferred toner image (Fig. 4(b), curves 4, 5, Fig. 5(b), curves
3, 4, Fig. 8). At a particular value of &, the horizontal com-
ponent can become zero. The calculation gives, that in the
case of parameter values of Fig. 4(b), E, vanished when
&, =5.1, and when the semiconductor, toner and paper
thicknesses were 0.002, 0.001, and 0.01, respectively, E, van-
ished when &,=7.8. The horizontal electric field compo-
nent also depends on the diameter of the transfer roller and
on the paper dielectric thickness (Fig. 8).

CONCLUSIONS

The electrostatic field distribution in any part (finite or in-
finite) of the toner image transfer system can be calculated
with the required precision by expanding the solution of
the Poisson equation for the potential in terms of partial
solutions satisfying the real boundary conditions of the cor-
responding region in the toner image transfer nip (paper,
air, toner). This technique makes it possible to complete
the calculations in a relatively small number of steps and
thus to decrease the requirements for the computing system
compared with the finite-difference method. The calcula-
tion of the electric field strengths and their distribution in
the toner image transfer nip has made it possible to evalu-
ate the limits of applicability of the 1D approximation and
to determine peculiarities of electric field distribution at
various transfer nip geometries and for different sets of pa-
per parameters.
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When the radius of the paper-transporting roller is
close to or less than the photoreceptor radius, the 1D
approximation cannot be used to calculate the electric field
strength in the region between the toner and the paper.

The results of calculations of electric field in the toner
image transfer nip have revealed some peculiarities. It has
been shown that the electric field strength depends on the
paper thickness and its dielectric permittivity, but that it is
almost independent of the transfer nip geometry. However,
the character of the variation of the vertical component
with increasing distance from the point of contact between
the paper and the toner is markedly affected by the transfer
nip geometry. Since the electric field in this region can also
influence the quality of the transferred image, this peculiar-
ity should be taken into account in the design of the equip-
ment, and appropriate adjustments should be applied, for
example, when the paper thickness is changed, i.e., when
the paper is replaced.

Although the horizontal electric field component is
small, it is markedly dependent on the transfer nip geometry,
and on the paper thickness and dielectric permittivity. When
the toner image is transferred to the paper by a roller, the
sign of the horizontal component can change depending on
the conditions. Under certain conditions, which depend on
the paper thickness and its dielectric permittivity, the electric
field component parallel to the paper surface becomes zero.
When these conditions have passed, the sign of the compo-
nent changes (Figs. 4(b), 5(b), and 8).

The calculation procedure developed in this work can
also be used in the investigation of other factors affecting the
electric fields in the nip region e.g. sheet transfer in the nip.
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