
Iranian Journal of Electrical & Electronic Engineering, Vol. 21, No. 02, June 2025     1 

Iranian Journal of Electrical and Electronic Engineering 02. (2025) 3662  

 

Electric Field and Space Charge Distribution in Propylene 
Carbonate Under Continuous DC Electric Field using Kerr 
Effect 
Z. N. Zakaria*, M. S. Laili*, N. A. Rahman*, P. L. Lewin**, T. Andritsch**, and N. Hussin*(C.A.) 

Abstract: The study investigates the electric field and space charge distributions in 
propylene carbonate under direct current (DC) applied fields using Kerr effect. 
Propylene carbonate is known for its high permittivity and is utilised in many 
applications, including electrochemical systems and dielectric materials. Understanding 
the behaviour of electric fields and space charge distributions within propylene 
carbonate is critical for optimising its performance in these applications. In the study, 
Kerr effect is employed which by applying the DC electric field across the test liquid for 
measuring the electric field and space charge distributions within the propylene 
carbonate. The experimental setup involved a controlled application of DC fields, and 
the Kerr effect measurements were conducted using an optical system. The results show 
significant understandings into the behaviour of space charges and their influence on the 
electric field distribution in propylene carbonate. Distinct patterns of charge 
accumulation and electric field distortion were observed and analysed in the dielectric 
liquid properties and charge transport mechanisms. The relationship between electric 
fields and space charges in propylene carbonate under DC conditions has been provided 
by the findings. The study also shows that the Kerr effect is a useful tool for studying 
electric field distributions in complex materials. 
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1  Introduction 

HE investigation of electric fields and space charge 
dynamics in dielectric materials is crucial for 

advancing our understanding in the electrical insulation 
of power apparatus. Space charge in dielectric liquids 
can be generated due to charge injection from electrodes 
or ionisation of impurities and molecules within the 
liquid [1], [2]. These space charges distort the electric 
field distribution and can affect the performance and 
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reliability of the dielectric materials. Therefore, a study 
of electric field and space charge distribution in 
dielectric liquids is important for improving the 
effectiveness of electrical insulation in high-voltage 
equipment.  

The Kerr effect provides a powerful and sensitive 
method for quantifying the electric field distribution and 
space charge behaviour within propylene carbonate [3]-
[8]. When a DC electric field is applied to propylene 
carbonate, the resulting birefringence can be measured to 
infer the magnitude and spatial distribution of the 
electric field. This non-invasive optical technique allows 
for precise measurements without disrupting the system 
under study. Through comprehensive experimental 
analysis, the investigation on continuous DC electric 
fields influences the formation and migration of space 
charges in propylene carbonate.  

Liquids like nitrobenzene [9], [10], purified water [11], 
transformer oil [12], [13] and propylene carbonate [14], 
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[15] exhibit the Kerr effect and have been used in 
measurements. Unlike the transformer oil which has a 
Kerr constant of B~10-15 mV-2, propylene carbonate 
exhibits a significantly higher Kerr constant of B~10-12 
mV-2. This significant difference allows the Kerr effect 
to be observed at much lower electric fields, making 
propylene carbonate a suitable test liquid for Kerr 
electro-optic investigations. Furthermore, its non-toxic 
nature further enhances its suitability for experimental 
applications, providing both safety and reliability in 
laboratory settings. 

Most studies have focused on the application of high 
impulse voltages in measuring electric field and space 
charge distributions in dielectric liquids using Kerr 
effect [10], [14]-[16]. While DC field is less commonly 
applied than impulse, DC electric field measurement can 
provide complementary information about the dielectric 
behaviour of the dielectric liquid under steady-state 
conditions. Maeno et.al [17] in their study has developed 
a voltage modulation based on the Kerr electro-optic 
technique specifically to measure the DC electric field 
strength in low Kerr constant liquid like the transformer 
oil. However, this technique depends on the AC 
modulation and utilises elliptically polarised light with a 
small retardation angle. Due to its complexity to the 
setup and may require precise calibration and control, 
this technique is less straightforward compared to other 
measurement techniques. 

The investigation of electric field measurements in 
dielectric liquids, particularly at low DC levels presents 
a challenge for understanding the fundamental of 
electrical properties. This is because under long applied 
high DC electric field, the measurement can be affected 
by heating the liquid and may also produce 
electroconvection [18]. X. Zhang et.al [18] in his study 
reported that when there is high enough DC voltage 
applied to the transformer oil, the turbulence of 
electroconvection is observed. That phenomena could 
then affect the electric conduction in the liquid.  

Hence, this study employed the Kerr effect 
measurements in propylene carbonate under low applied 
DC electric fields (E < 2.86 kV/mm) to minimise the 
temperature rising and the electroconvection effect. This 
paper aims to investigate the complex relationship 
between electric field and space charge effect in 
propylene carbonate under continuous DC electric fields 
using Kerr effect method. A parallel electrode is 
employed with gap of d = 2.1 mm and the length of the 
electrode, L is 80 mm. By applying continuous low 
voltage to the propylene carbonate, the behaviour of the 
spatial charge at certain electric field is investigated. 

1.1 Principle of Kerr Effect 
In general, most dielectric materials are isotropic. 

However, if subjected to external force like electric field, 
the material becomes anisotropic. Fig. 1 shows a linearly 
polarised incident light propagates along the z direction, 
where the anisotropic dielectric exhibits birefringence 
along the x and y directions. Due to the birefringence, 
the electric field component of ex1 and ey1 of the light 
propagate at slightly different velocities where x 
direction is a slow axis and the y direction is a fast axis. 
Therefore, after the light passed through the dielectric 
material, an optical phase retardation ϕ is produced. If 
the direction of the fast axis of the birefringence keeps 
constant along the light path, the produced optical phase 
retardation ϕ is given as, 

 
𝜙𝜙 = 2𝜋𝜋

𝜆𝜆0
�𝑛𝑛𝑥𝑥 − 𝑛𝑛𝑦𝑦�𝐿𝐿    (1) 

 
Where 𝜆𝜆0 is the wavelength of the light in space, L is the 
optical path length and 𝛥𝛥𝑛𝑛 is the refractive index 
difference between 𝑛𝑛𝑥𝑥 and 𝑛𝑛𝑦𝑦 in the dielectric material. 
 

 
Fig. 1 Optical phase retardation caused by a birefringence [19] 

Kerr effect is an electro-optical effect that was first 
observed by John Kerr in 1877. Under high electric 
fields, a dielectric liquid become birefringent, or the 
refractive index of the liquid changes when high electric 
field, E is applied. The difference in refractive indices 
can be determined by measuring the resultant optical 
phase shift, ϕ that is given by: 
 
𝜙𝜙 = 2𝜋𝜋𝜋𝜋𝐿𝐿𝐸𝐸2     (2) 
 
Where B is the Kerr constant of the liquid material. 
Generally, it is difficult to measure the optical phase 
shift directly. However, it can be determined from the 
measurement of light intensity of the transmitted light 
through the dielectric material. The relationship between 
the transmitted light intensity, I and the optical phase 
shift is given by [20], 
 
𝐼𝐼 = 𝐼𝐼𝑚𝑚 𝑠𝑠𝑠𝑠𝑛𝑛2 �𝜙𝜙

2
�     (3) 

 
and the relationship of the transmitted light intensity as a 
function of electric field is as follows. 
 

𝐼𝐼 = 𝐼𝐼𝑚𝑚 𝑠𝑠𝑠𝑠𝑛𝑛2 �𝜋𝜋
2
� 𝐸𝐸
𝐸𝐸𝑚𝑚
�
2
�  𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒,   𝐸𝐸𝑚𝑚 = 1

√2𝐵𝐵𝐵𝐵
  (4) 
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𝐼𝐼𝑚𝑚 is the magnitude of the maximum incident light, 𝐸𝐸𝑚𝑚 
is magnitude of the necessary electric field to reach the 
first maximum light intensity. 

1.2 Electric Field 
Preferably, the electric field between two electrodes 

will produce same distribution of field. But, in dielectric 
liquid, the asymmetric electric field distribution is 
produced. There are two factors that contribute to 
electric field distribution in liquids. As illustrated in 
Fig. 1, the voltage applied, V to the electrodes is given 
by, 

 
𝑉𝑉 = ∫ 𝐸𝐸(𝑥𝑥, 𝑧𝑧)𝑑𝑑𝑥𝑥𝑑𝑑

0     (5) 
 

Where d is the gap distance between the parallel 
electrodes. Hence, the integral of the electric field E(x,z) 
over the distance d must equal the applied voltage V. 
Besides, according to Poisson’s equation, space charge 
distorts the electric field distribution in dielectric liquid. 
The relationship of the Poisson's equation that relates the 
electric field to the charge density, ρ as in Equation (6). 
 
∇ ∙ E = 𝜌𝜌

𝜀𝜀
     (6) 

 
By symmetry and assuming a linear, isotropic medium, 

the problem simplifies to considering variations only 
along the x-axis. As the investigation considers one-
dimensional form, assumptions are made. Firstly, the 
system is assumed to be symmetric with respect to the z-
axis. This means the properties of the material and the 
distribution of the electric field and space charge are 
uniform in the z-direction. Thus, the electric field, E and 
space charge density, ρ can be considered functions of x 
alone. Secondly, in a linear isotropic medium, the 
relationship between the electric field, E and the 
displacement field, D is given by 𝐷𝐷 = 𝜀𝜀𝐸𝐸, where 𝜀𝜀 is the 
permittivity of the liquid. Furthermore, an isotropic 
medium has uniform material properties in all directions, 
ensuring that 𝜀𝜀 is a constant scalar value and not a 
direction-dependent [19]. Given these assumptions, the 
space charge density ρ can only vary with x-axis, leading 
to the simplified form of Poisson's equation as follows. 
𝜌𝜌(𝑥𝑥) = 𝜀𝜀𝑜𝑜𝜀𝜀𝑟𝑟

𝑑𝑑𝐸𝐸𝑥𝑥
𝑑𝑑𝑥𝑥

     (7) 
 
If the is no space charge between the electrodes, dEx/dx 
is zero and the electric field is uniform. However, When 
the electric field is not constant, it means that the electric 
field varies with the position along the x-axis. This 

variation in the electric field is often due to the presence 
of space charges [21]. Hence, the electric field 
distribution across the electrodes can be determined by 
reducing Equation (4) as follows. 
 

� 𝐸𝐸
𝐸𝐸𝑚𝑚
�
2

= 2
𝜋𝜋
𝑠𝑠𝑠𝑠𝑛𝑛−1 �� 𝐼𝐼

𝐼𝐼𝑚𝑚
�      (8) 

2 Methodology 

2.1 Experimental Setup 
The experimental setup for investigating the Kerr 

effect in propylene carbonate under a DC electric field is 
demonstrated in Fig. 2. A 7 mW Helium-Neon laser is 
employed as the coherent light source. The laser beam is 
initially expanded using a beam expander to increase its 
diameter, ensuring uniformity and reducing beam 
divergence. The expanded beam then passes through a 
lens, which focus the light through the propylene 
carbonate. As the laser beam passes the propylene 
carbonate, the electric field induces birefringence and 
alters the polarisation state of the transmitted light. To 
detect these changes, a polariser and analyser is set to 
+45° and -45° respectively and followed by a 
photodetector and a camera.  

In the study, the Kerr experimental setup includes both 
a photodiode and a camera, enabling simultaneous 
measurements for enhanced accuracy and comparative 
analysis. The photodetector captures the intensity 
variations of the transmitted light, which are directly 
related to the electric field-induced and the camera 
records the spatial change of the light intensity under the 
field stress in the propylene carbonate. A beam splitter is 
used to split the output light into two beams while a lens 
is used to focus the output light onto both the photodiode 
and the camera. All optical components are fixed on to 
an optical bench and covered with an enclosure to 
minimise background noise. Electrodes are immersed in 
the propylene carbonate liquid sample and connected to 
a DC power supply, enabling the application of a 
controlled electric field across the sample. In this study, 
the DC voltage ranges from 0.1 kV to 6 kV were applied 
continuously to the system across the electrode gap of 
2.1 mm. Each measurement was taken every 2 minutes. 
Fig. 2(a) depicts a schematic diagram showing the 
configuration and key components, and Fig. 2(b) shows 
the practical arrangement within the designated 
laboratory environment. 

2.2 Electric Field Measurement 
The flowchart in Fig. 3 outlines a systematic procedure 

for determining the electric field and calculating the
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(a)                                                                                               (b) 

Fig. 2 Kerr experimental setup with photodiode and camera (a) in schematic diagram and (b) in designated laboratory 

 
 
 space charge in propylene carbonate under a DC 

electric field. The process begins with the initial input of 
data, including parameters such as the propylene 
carbonate Kerr constant B, the optical path length L, and 
the gap size d. The first step involves determining the 
maximum electric field Em. Subsequently, the recorded 
images are loaded and read. These images are converted 
from RGB to grayscale to simplify the subsequent 
analysis. An image filtering step is applied to enhance 
the quality and clarity of the grayscale images, making it 
easier to identify relevant features. The next step 
involves defining the edges of the electrodes within the 
images to establish the regions of interest (ROI) for the 
analysis. 
Once the ROI is defined, the electric field across the 
sample is determined. This involves calculating the field 
distribution using the known electrode geometry and 
applied voltage. The integral of the electric field is 
checked to ensure that the applied voltage matches the 
expected electric field average values. If the condition is 
not satisfied, adjustments are made, and the electric field 
determination is repeated. Once the electric field is 
accurately determined, the charge density is calculated. 

This involves using the electric field results and 
solving Poisson's equation to obtain the spatial 
distribution of the space charge within the sample. The 
results of these calculations, including the electric field 
and charge density distributions, are plotted for analysis. 
The process concludes with a comprehensive plotting of 
the results, which provides understandings into the 
behaviour of the electric field and space charge within 
the propylene carbonate under the applied DC electric 
field. This structured approach ensures accurate and 
reliable determination of electro-optical properties 
essential for understanding the Kerr effect in propylene 
carbonate. 

3 Results 

3.1 Light Intensity Relative to Electric Field 
According to Malus’s law, the light intensity 

transmitted, I by the analyser is proportional to the 
square of cosine of the angle, 𝜃𝜃 between the polariser 
and the analyser [22]. This is conceptually similar to the 
Kerr effect light intensity ratio, 𝐼𝐼 𝐼𝐼𝑚𝑚⁄  where, 
𝑐𝑐𝑐𝑐𝑠𝑠2(𝜃𝜃) =  𝑠𝑠𝑠𝑠𝑛𝑛2(𝜋𝜋𝜋𝜋𝐿𝐿𝐸𝐸2). When 𝜃𝜃 = 0, maximum light 
transmission passes through the analyser, thus 
𝑠𝑠𝑠𝑠𝑛𝑛2(𝜋𝜋𝜋𝜋𝐿𝐿𝐸𝐸2) = 1.  While when 𝜃𝜃 = 𝜋𝜋

2
 ,  no light can be 

transmitted through the analyser, hence 𝑠𝑠𝑠𝑠𝑛𝑛2(𝜋𝜋𝜋𝜋𝐿𝐿𝐸𝐸2) =
0. This concept is similar to the configuration of crossed 
linear polariscope setups used in Kerr effect 
measurement. In both cases, the arrangement of optical 
components allows for the detection of changes in light 
polarisation caused by the electric field. 

Fig. 4 shows the measurement of the light intensity 
ratio as a function of electric field in propylene 
carbonate. From the measurement results, it is observed 
that some light was detected when no electric field is 
applied. The measurement was considered to include 
background noises that cannot be eliminated. Therefore, 
Equation (2) can be written as, 
 

𝐼𝐼
𝐼𝐼𝑚𝑚

= 𝑠𝑠𝑠𝑠𝑛𝑛2(𝜋𝜋𝜋𝜋𝐿𝐿𝐸𝐸2) + 𝐶𝐶    (9) 
 

Where C is a constant. If noise is considered in the 
measurement, the light intensity ratio can be expressed 
as follows. 
 

𝐼𝐼
𝐼𝐼𝑚𝑚

= �
1 + 𝐶𝐶    𝑤𝑤ℎ𝑒𝑒𝑛𝑛 𝜃𝜃        = 0,   𝐼𝐼 = 𝐼𝐼𝑚𝑚

        𝐶𝐶         𝑤𝑤ℎ𝑒𝑒𝑛𝑛 𝜃𝜃       = 𝜋𝜋
2,   𝐼𝐼 = 𝐼𝐼𝑛𝑛𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛

         (10) 

 
By substituting Equation (9) into Equation (10), the 

measurement can be corrected by deducing the
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Fig. 3 Workflow for determining electric field and space charge distribution 

 
background noise from the noisy measurement reading 
as shown below. 

 
𝐼𝐼−𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝐼𝐼𝑚𝑚−𝐼𝐼𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

= 𝑠𝑠𝑠𝑠𝑛𝑛2(𝜋𝜋𝜋𝜋𝐿𝐿𝐸𝐸2)              (11) 
 
As depicted in Fig. 4, in the absence of an electric 

field, the light intensity before correction shows a certain 
value, as marked by the red indicator, while the 
corrected light intensity is observed to be zero. This 
initial intensity, due to background noise or other 
factors, is subtracted during the correction process. From 
the results, it is evident that as the applied electric field 
increases, the transmitted light intensity also increases, 
eventually reaching a maximum value. This trend 
demonstrates the relationship between the electric field 
strength and the Kerr effect in propylene carbonate, 
where the light intensity reaches its peak once the field 
intensity surpasses the required electric field intensity, 
Em. 

3.2 Kerr Constant 
Kerr constant of propylene carbonate can be 

determined from the light intensity measurement. From 
Equation (3), it shows that phase-shift ϕ is directly 
proportional to the square of the applied electric field. 
Therefore, from Equation (4), the Kerr constant B can be 
calculated using the slope of the square of applied 
voltage as a function of phase shift. Thus, Equation (4) 
can be rearranged as follows. 
 

𝑉𝑉2 = 𝑑𝑑2

𝜋𝜋𝐵𝐵𝐵𝐵
𝑠𝑠𝑠𝑠𝑛𝑛−1 �� 𝐼𝐼

𝐼𝐼𝑚𝑚
�               (12) 

 
Fig. 5 shows the linear regression analysis of the 

square of applied voltage relative to the phase shift from 
the light intensity measurement in propylene carbonate. 
Given the slope is 106419, the electrode gap, d = 2.1 mm 
and the optical length, L = 80 mm, Kerr constant of the 
propylene carbonate is determined, B = 1.41x10-12 mV-2 

based Equation (12). Consequently, the necessary 
electric field magnitude, 𝐸𝐸𝑚𝑚 at the first light maxima is 
observed to be 2.11 kVmm-1 using the expression 
(√2𝜋𝜋𝐿𝐿)−1, that is also demonstrated in Fig. 4. 

 

 
Fig. 4 Correction of the light intensity ratio relative to electric 
fields in propylene carbonate 

 
Fig. 5 Square of applied voltage as a function of the phase shift 
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3.3 Electric Field and Space Charge Distributions 
Fig. 6 shows the electric field and charge density 

distributions in propylene carbonate under various DC 
electric fields, with 0 mm denoting the region near the 
anode and 2.1 mm indicating the region near the 
cathode. The electric field distribution within the 
electrode gap with various applied electric fields is 
shown in Fig. 6(a). For lower applied fields, 
0.24 kVmm-1 and 0.47 kVmm-1 the electric field 
distribution is relatively almost uniform across the gap. 
This suggests minimal variation in the electric field 
strength throughout the distance between the electrodes. 

As the applied electric field strength increases at 0.96 
kVmm-1, 1.43 kVmm-1, 1.90 kVmm-1, 2.38 kVmm-1 and 
2.86 kVmm-1, a more pronounced distribution is 
observed. The non-uniformity in the electric field 
distribution at higher applied fields corresponded to the 
accumulation of space charges within the propylene 
carbonate. These charges modify the local electric field, 
forming regions of higher and lower field strengths. For 
example, at the applied field of 2.38 kVmm-1, the 
electric field distribution exhibits the most significant 
variation with a pronounced peak. This indicates that the 
space charge effect is most prominent under this 
condition. In contrast, at the lowest applied field of 0.24 
kVmm-1, the electric field distribution is less distorted, 
indicating that space charge effects are minimal or 
negligible at this field strength. 

Fig. 6(b) shows the charge density distribution in 
propylene carbonate between electrodes under various 
DC electric fields. At lower applied fields of 
0.24 kVmm-1 and 0.47 kVmm-1, the charge density 
remains nearly constant   and close to zero across  the 
electrode gap, indicating minimal charge accumulation. 
However, as the applied electric field increases from 
0.95 kVmm-1 to 2.86 kVmm-1, the charge density 
distribution exhibits significant variations, with 
pronounced peaks indicating strong charge accumulation 
and separation within the gap. The presence of both 
positive and negative peaks suggests that space charges 
are accumulating near one electrode and depleting near 
the other, leading to charge separation. For example, the 
results in Fig. 6(b) indicates that the maximum positive 
and negative charge densities near the anode occur at 
2.38 kVmm-1 and 0.95 kVmm-1, respectively. In contrast, 
the maximum positive and negative charge densities 
near the cathode are found at 2.86 kVmm-1 and 
2.36 kVmm-1, respectively. 

In summary, these charge density variations are crucial 
for understanding the behaviour of under DC electric 
fields. The accumulation and separation of space charges 
can significantly influence the dielectric liquid properties 
and local electric fields. As more electric fields are 

applied, more significant changes in charge density are 
observed. This condition highlights the significant 
impact of strong space charge effect. These effects are 
directly related to the Kerr effect measurements, as the 
local field variations caused by space charges will 
exhibit changes in birefringence. Understanding these 
distributions helps in predicting and analysing the Kerr 
effect response in other dielectric liquid. 

3.4 Charge Density 
Fig. 7 shows the charge density ρ as a function of the 

applied electric field E in the propylene carbonate. The 
data points represent measurements taken at different 
positions relative to the electrodes: near the anode at d = 
0.1 mm, at the middle of the electrode gap d = 1.05 mm 
and near the cathode at d = 2.0 mm. The results 
demonstrate the spatial distribution of charge density ρ 
in propylene carbonate under varying applied electric 
fields. At the middle of electrodes, d = 1.05 mm the 
charge density remains relatively stable and close to 
zero, indicating minimal space charge accumulation in 
these regions. This distribution suggests that at the 
midpoint, the propylene carbonate maintains a balanced 
charge distribution, likely due to the effective 
neutralisation and redistribution of charges by the 
electrode surfaces.  

In contrast, the measurements taken near the anode and 
cathode show more significant variations in charge 
density, with distinct positive and negative density. 
From the result, it can be observed that the charge 
density ranges from approximately -0.6 Cm-3 at the 
0.95 kVmm-1 to +0.4 Cm-3 at 2.38 kVmm-1. Whilst, near 
cathode at d = 2.0 mm, the charge density shows more 
noticeable variations. For instance, at an applied electric 
field of 2.38 kVmm-1, the charge density reaches -
1.1 Cm-3. While the at 2.86 kVmm-1, the charge density 
0.2 Cm-3 is observed. 

This increased variation indicates that space charge 
effects are more pronounced in regions further from the 
electrodes. There are possibly two significant factors that 
caused the fluctuation of change density in the propylene 
carbonate. Field distortion within the electrodes is 
observed which lead to higher or lower field strength 
near the electrodes. It is known that more space charge 
has accumulated near the electrodes. Furthermore, the 
mobility of ions or charged particles in the propylene 
carbonate might cause the drifting and the accumulation 
near the electrodes especially under the influence of a 
continuous DC electric fields. Hence, the nonuniform 
electric field here could lead to localised charge 
accumulation, making these areas more sensitive to 
changes in the applied electric field. 
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Fig. 6 (a) Electric field and (b) charge density distributions between the electrode gap in propylene carbonate 
 
 

 
Fig. 7 Charge density near anode (d = 0.1 mm), mid electrode 
(d = 1.05 mm) and near cathode (d = 2.0 mm) 

4 Conclusions 

In this study, the relationship between space charge 
accumulation and electric field distribution in propylene 
carbonate under continuous DC electric fields using the 
Kerr effect has been investigated. The experiments 
demonstrated that the Kerr effect is a great method for 
measuring electric fields and space charge dynamics in 
dielectric materials without direct interference. As the 
voltage increased, the results showed an increase of 
electric field distortions within the liquid. Hence, the 
findings revealed a strong correlation between the 
applied electric field and space charge distribution in 
propylene carbonate. 

As the electric field increases, the movement of charge 
near electrodes is observed. The results showed that 
middle of the electrode, minimal charge density is 

observed. In the other hand, charges near anode and 
cathode have shown variation of density. This is highly 
due to the distribution of charges at the electrodes, thus 
influences the electric field distribution in propylene 
carbonate. 

These results have significant implications for the 
design and optimization of electro-optical devices and 
energy storage systems. Understanding the relationship 
between space charge and electric fields in propylene 
carbonate can lead to improved performance and 
reliability of devices that utilize this material. 
Additionally, the study can be applied to other dielectric 
materials, broadening the scope of its applicability. 
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