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Abstract. 
 

The electric field distribution produced by any disposition 
of insulating and conducting materials is a key aspect in 
electrical design, but exact values can only be obtained in 
simple geometries. In this work, using commercially available 
F.E.M. software we show the influence of the edge-effect on the 
electric field distribution of a two parallel-plane conducting 
plates system surrounded by an insulating medium taking into 
account the thickness of the conducting plates. We compare our 
results with previous published works. Finally, we obtain the 
relationship between capacitance and insulation characteristics, 
insulation gap, plate dimensions and plate thickness. 
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1. Introduction 
 

For several years, in the field of bioelectronics, flat 
conductors are being used to measure differences of 
voltage in the surface of the skin of the patients [1], with 
the aim of processing these signals [2;3] and thus being 
able to diagnose the pathologies without having to use 
invasive methods. The development of these technologies 
of noninvasive diagnosis supposes important economic 
savings in the sanitary system that benefits directly the 
whole society.  

A field in particular in which there is an ongoing 
work is the development of this type of sensors, based on 
a flat conductor that is in contact with the skin. The 
measurement protocol used is based on positioning on the 
skin a reference sensor or reference electrode and to 
locate around it several other sensors or electrodes, so 
that the measured differences of potential are related to 
the reference electrode. 

In the case of the intestinal pathologies, the signal 
that is registered with this type of electrodes, is called 

electroenterogram (EEnG) and is used to determine the 
intestinal mobility [3]. 

The intestinal mobility is generated by the intestinal 
myoelectrical activity, which consists of two signals: the 
slow wave (SW) and the Spike bursts (SB). 

In recent years, the registry of the slow wave in 
surface has become the objective of numerous research 
groups. This signal is characterized by its low frequency, 
of the order of 0,3 Hertz in dogs and of 0,2 Hertz in 
humans. The main problem is that the frequency of the 
SW is very similar to the breathing frequency, which 
makes imperative the use of powerful signal processing 
algorithms that are in charge to separate both signals. 

The registered differences of potential in the 
abdominal surface with this method are of the order of 

Vμ . Due to the small amplitude of the registered signal, 
it is necessary to use sensors with the minimum effect to 
the signal that is tried to register, that is to say, that 
reduce to the minimum the ratio signal interference (S/I). 

The technological base of these sensors is the 
conversion of the electrical charge in an electrical 
potential. With this premise, the quality of a sensor is 
determined by the interference level that introduces in the 
charge distribution that it tries to measure. In this way, 
the ideal sensor is the one that does not introduce any 
interference. 

Being sensors based on flat conductors located on the 
abdominal surface, that is a surface with certain dielectric 
permitivity, what is being generated is, in fact, a 
capacitor of flat conducting plates. 

It is known that an important interference in the 
capacitance of a flat capacitor is the edge effect [4] , this 
interference is not despicable and directly affects the 
operation of the sensorial element since it modifies the 
capacitance of the set, because of the outer electric field 
lines. (see Fig. 1). 

In this paper we study the distribution of the electric 
field and the capacitance of an electrical device 
constituted by two conductors of rectangular section and 
unitary length. 

 



 
Fig. 1. Two-dimensional model of a parallel plate capacitor and 

its electric field distribution [4]. 
 

 
Fig. 2. Two-dimensional model of a plane capacitor. 

 
The objective of this study is to formulate equations 

that allow knowing the real capacitance of the capacitor 
generated in applications where conductors of rectangular 
section are used. 

Nowadays, owe to the calculation power of the 
computers, different iterative algorithms are used to solve 
the equations that govern the behaviour of this type of 
capacitors [5-9], these algorithms are designed to obtain 
the surface distributions of load, the values of the electric 
field and the total capacitance. The disadvantage of these 
algorithms is that they are designed for specific cases, so 
that, if geometry changes, the algorithm must almost be 
reconstructed entirely. 

At present, due to the development of the method of 
the finite elements (FEM), commercial packages exist 
that integrate this technique and that tackle electrostatics 
problems of generic form, regardless of its geometry. 
This means not only increasing flexibility but also 
diminishing costs and times of development. This is 
because, in these packages, a graphical interface allows 
to analyze any geometry with the suitable contour 
conditions. 

In this case we have used the commercial package 
software ANSYS [10] , since this commercial package 
has a specific module to solve electrostatics problems. 
 
2. Parallel plane conductors 
 

The most common capacitor in electrical engineering 
is formed by two parallel plates. This capacitor has been 
widely studied when its behaviour is ideal [11] , that is, 
when the edge effects are not considered [12]. 

With the aim of comparing a real capacitor with the 
ideal case, the commercial software has been used to 

calculate the total capacitance of the capacitor [13] and 
the distribution of the electric field between the plates 
[4]. To achieve this, a model of two parallel conductors 
of rectangular section has been generated, in this model 
all the geometric characteristics can be varied, as well as 
the relative permitivities. 

In the Fig. 2 the geometric model is shown, where e 
is the thickness of the conductors, l is the width of the 
conducting plate, d is the distance between plates, ε1 is 
the relative permitivity of the dielectric media placed 
between the plates and ε2 is the relative permitivity of the 
dielectric material that surrounds the system. 

In Table I the variables of the model and the values 
used for the simulation are shown. 

 

Table I: Value of the variables. 

l (m) e (m) d (m) ε1 ε2 
0.5 0.01 0.1 1 1 

0.875 0.0325 0.325 251 1 
1.25 0.055 0.55 500 1 
1.62 0.0775 0.775 750 1 

2 0.1 1 1000 1 
 
The values have been chosen so that they agree with 

the values used previously by other authors to allow the 
comparison of results. Combining the values of the 
variables of Table I, 625 simulations have been realized.  

In order to evaluate the capacitance of the ideal 
capacitor the classical equation has been used [11]. 

0 1 0 1· · · ·ideal

S l
C

d d
ε ε ε ε= =  (1) 

 
In Table II are shown the results of the simulation 

realized in a model with a length l=0.5m, a thickness 
e=0.01m and ε2=1. 

 

Table II: Calculation and modelling results. 

l/d ε1 CIDEAL CSIMULATION 
2.51E+02 1.11E-08 1.39E-08 
5.00E+02 2.22E-08 2.77E-08 
7.50E+02 3.32E-08 4.15E-08 5.00 

1.00E+03 4.43E-08 5.53E-08 
2.51E+02 3.42E-09 5.73E-09 
5.00E+02 6.82E-09 1.14E-08 
7.50E+02 1.02E-08 1.71E-08 1.54 

1.00E+03 1.36E-08 2.28E-08 
2.51E+02 2.02E-09 4.15E-09 
5.00E+02 4.03E-09 8.26E-09 
7.50E+02 6.04E-09 1.24E-08 0.909 

1.00E+03 8.05E-09 1.65E-08 
2.51E+02 1.43E-09 3.45E-09 
5.00E+02 2.86E-09 6.88E-09 
7.50E+02 4.29E-09 1.03E-08 0.645 

1.00E+03 5.71E-09 1.38E-08 
2.51E+02 1.11E-09 3.06E-09 
5.00E+02 2.22E-09 6.09E-09 
7.50E+02 3.32E-09 9.13E-09 0.50 

1.00E+03 4.43E-09 1.22E-08 
 



 
Fig. 3. Electric field distribution in plane capacitor. 

 
A preliminary analysis of the values from Table II 

shows that C simulation /Cideal does not depend on the 
relative permitivity of the dielectric located between the 
plates but. solely. on the separation between plates. the 
length of the plates and its thickness.  

A detailed statistical analysis of the 625 calculated 
values shows that the best dependancy is obtained with 
the quotients d/e (separation/thickness) or l/e 
(length/thickness). The relation of the quotient of 
capacities to the ratio separation/thickness is slightly 
parabolic. almost linear. The relation of the quotient of 
capacities with the variable distance/thickness is 
hyperbolic. The simplest expression (2) that adjusts 
simulated to ideal values is: 

11 ·sim

ide

C d
k

C l
= +  (2) 

 
Where  k1 =  1.01344. With this adjustment R2 

is = 97.47%. 
Even a better adjustment is obtained with the 

parabolic dependancy (3) of the separation/thickness 
(R2=98.16): 

2
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Fig. 4. Csimulation/Cideal related to distance/thickness and 

length/thickness. 

 
Where  k1 =  1.06109 y k2 =  1.6798E-03. With this 

adjustment R2 is = 98.16 %. 
Increasing the degree of the hyperbolic dependancy 

with the distance/thickness R2 > 99.61%  values can be 
obtained. 

In Fig. 4 it can be observed that the real capacitance 
grows very quickly with respect to the theoretical 
capacitance when the variable length/thickness is reduced 
and. to a lesser extent. when the variable 
separation/thickness increases. 
 
3. Electric field 
 

In the realized simulations. the distribution of the 
lines of electric field around the conductors has been 
obtained. 

Fig. 3 shows the vectorial form of the distribution of 
the electric field lines in a flat capacitor. 

 
In Fig. 5 is shown a detail of the plate edge on a flat 

capacitor with the distribution of the electric field lines. 
 

 
Fig. 5. Detail of the electric field distribution. 
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As can be seen in Fig. 3 and in Fig. 5. the value of 
the electric field is greater in the edges of the plates and. 
in addition. electric field lines exist in both surfaces of 
the plates. which agrees with the hypotheses given in [4]. 
 
4. Validation of the model 
 

The validation of the model has been realized 
comparing the obtained values of the capacitance in the 
simulation with values of capacitance obtained applying 
the equation (4). This equation was proposed by Xiang in 
[13]. and is valid when the relative permitivity of the 
dielectric material placed between the conductors is ε1=1. 
Due to this condition. for comparative purposes. only the 
simulation results with this permittivity have been taking 
into account. 

 

 
Fig. 6. FEM simulated capacitances vs. Y. Xiang capacitance. 

 
In Fig. 6 is observed that the capacitance calculated 

by the model based on finite elements is in accordance 
with the capacitance calculated by Xiang while the ratio 

8l
d > . for lower ratios the formula described by 

Xiang (4) gives lower capacitance values. 
The λ  coefficient from Xiang equation (4) is 

calculated with the following expression: 
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Fig. 6 shows that the values obtained by Xiang for 

flat condensers of null thickness are higher than the 
values of the ideal classic expression. In our simulation 
we have verified that the real values. considering the real 
thickness from the plates. are even higher because of the 
plate thickness. 
 
 
 

5. Conclusions 
 

In this paper the validity of the method of the finite 
elements has been demonstrated to calculate the existing 
capacitance between two conducting plates. Firstly. the 
capacitance between two parallel conductors has been 
calculated and an expression has been obtained that 
allows to calculate the real capacitance between two 
mounted conductors of rectangular section. 

It has been observed that in electrodes of small 
dimensions or with high plate to plate distance. the 
thickness of the plates dramatically modifies the value of 
the capacitance compared to an ideal capacitor. 

It has been shown that it is possible to calculate the 
capacitance of any system of conductors for the industrial 
elaboration of multiconductive complex systems. that are 
the most frequent cases in the field of hybrid 
microelectronics. 
 
References 
 
[1]  J.Garcia-Casado, J.L.Martinez-de-Juan, J.L.Ponce.  

Noninvasive measurement and analysis of intestinal 
myoelectrical activity using surface electrodes, IEEE Trans. 
Biomed. Eng. 52 (2005) 983-991. 

[2]  J.Garcia-Casado, J.L.Martinez-de-Juan, J.L.Ponce.  
Adaptive filtering of ECG interference on surface EEnGs 
based on signal averaging, Physiol. Meas. 27 (2006) 509-
527. 

[3]  Y.Ye, J.Garcia-Casado, J.L.Martinez-de-Juan, J.L.Ponce.  
Empirical mode decomposition: A method to reduce low 
frequency interferences from surface electroenterogram, 
Med. Biol. Eng. Comput. 45 (2007) 541-551. 

[4]  R.Bansevicius, J.A.Virbalis.  Distribution of electric field in 
the round hole of plane capacitor, J. Electrostat. 64 (2006) 
226-233. 

[5]  R.Bansevicius, J.A.Virbalis.  Two-dimensional Braille 
readers based on electrorheological fluid valves controlled 
by electric field, Mechatronics 17 (2007) 570-577. 

[6]  J.A.Given, C.O.Hwang, M.Mascagni.  First- and last-
passage Monte Carlo algorithms for the charge density 
distribution on a conducting surface, Phys. Rev. E. 66 
(2002) 056704-056708. 

[7]  C.O.Hwang, T.Won.  Edge charge singularity of 
conductors, J. Korean. Phys. Soc. 45 (2004) S551-S553. 

[8]  C.O.Hwang, T.Won.  Last-passage algorithms for corner 
charge singularity of conductors, J. Korean. Phys. Soc. 47 
(2005) S464-S466. 

[9]  C.O.Hwang, J.A.Given.  Last-passage Monte Carlo 
algorithm for mutual capacitance, Phys. Rev. E. 74 (2006) 
027701-027703. 

[10] Release 9.0 Documentation for ANSYS, © 2005 SAS IP, 
Inc. 

[11] J.L.Manglano de Mas.  Lecciones de Física, Artes Gráficas 
Soler S.A., Valencia, 1995. 

[12] J.A.Given, C.O.Hwang.  Edge distribution method for 
solving elliptic boundary value problems with boundary 
singularities, Phys. Rev. E. 68 (2003) 046128-6. 

[13] Y.Xiang.  The electrostatic capacitance of an inclined plate 
capacitor, J. Electrostat. 64 (2006) 29-34. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


