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Introduction

The dielectric of plane capacitor can have admixtures.
Field distribution and capacitance of capacitor with
dielectric admixtures are different in comparison with
capacitor containing isotropic dielectric. The admixtures
are undesirables usually and its shape can be diverse. We
approximate the different particle shapes by ellipsoid. This
shape allows to generalize bodies of very different form.
The limiting cases of ellipsoid are sphere, disc, cylinder,
lamella and other. The influence of dielectric ellipsoidal
particle on uniform electrostatic field is investigated in
[1,2,3], supposing that orientation of particle and uniform
field is fixed. The admixture particles can have any
orientation with the same probability. Therefore it is
important to know the mean characteristics of field inside
and outside particle.

The results obtained in this paper can be generalised
for problems, related with necessity of evaluation the
influence of different non-uniformities on homogeneous
media. Such problems arise, for example, when the
influence of admixtures on electric strength of transformer
oil, the measurement uncertainty in electromagnetic flow
meters, the properties of electrorheological fluids, the
corona discharge are investigated.

The electric flux density inside dielectric ellipsoid in a
uniform electrostatic field

We suppose, that media and the particles of
admixtures are homogeneous, and the uniform field Ey was
created, before the ellipsoidal particle was placed into this
field. We use the global and local rectangular coordinate
systems. The global coordinate system x, y, z is related
with capacitor. The axes of local coordinate system g, r, s
coincide with ellipsoid axes (see Fig.1).

In local coordinate system the equation of ellipsoid of
common shape is:

qz/a2+r2/b2+s2/02=1, )
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where a,b,c are the lengths of ellipsoid semiaxes. We
obtain different forms of particles varying the ratios a/b
and b/c.

Fig. 1. Global x, y, z and local g, 7, s coordinate systems

Dy, Dy

The components of electric flux density Dy, Dy,

were expressed in matrix form [2]:

4,0 0
DDy Dy = A-[Dyy Do Dy T =0 4, 0@

00 4,

where A4,, A, and A, — the shape coefficients:
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&n and g - permittivities of media and particle,
correspondingly, L,, L;, L. — depolarisation factors [1]:
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The components of electric flux density can be related
in local and global coordinate systems this way:

Ip,.0,.0.I' =[p,.D,,D,]".[D,.D,.D,] =1"[D,.D,.D.]',(7)

where h is 3x3 quadratic matrix. When the local coordinate
system is rotated about axes x, y and z of global system by
angles y;, vand ¢, the elements A are the following [2]:

hy, =cosvcos, hj, =—singcosv, hj; =sinv, hy; =cosysing+
+siny sinvcosg, h,, =cosy cosg—siny sinvsing, (8)
hy3 =—siny cosv, hy; =siny sing —cosy sinvcosy,

hy, =siny cos@+cosy sinvsing, hy; = cosy cosv.

The components of electric flux density Dy, D,, and
D, inside ellipsoid and the components of uniform field
Dy, Dy, Dy..are related by equation:

Do Dy Dy ' = K, -[Does Dy, I ©)
where Kp is the shape matrix

K,=h-A-h". (10)
The mean value of electric flux density inside ellipsoidal
particle with any orientation

Let the relative volume concentration of randomly
oriented particle be k. We express the mean value of

electric flux density D, , supposing that the uniform

electric field Dy =[0, Dy, O]T, directed by y axis, was
created in the homogeneous dielectric of capacitor.

We can calculate the vector D, inside particle for fixed
particle position from (9):

(M1 ly Ag + Pyahoy Ay + hyshyz A, ) - Dy

D, =|(hy A, +h3 A, +h334.)-D g , (1D

(hyi 3y A, + hyyhsy Ay + hyshyzA.) - Dy

We obtain any particle position by rotation of local
coordinate system with respect to global system. When we
rotate the local coordinate system about any global axis by
angle m/2, the semiaxes a, b, ¢ will be oriented by other
axes, than it is showed in Fig. 1. This exchange corresponds

to exchange of coefficients 4,, 4, and 4, in matrix 4. The

exchange of any axes or any shape coefficients has the
same probability. The mean value of matrix A is:

1 0 0
[Z]:%(AQ+A,,+AC)- 0 1 0}, (12)
0 0 1
The mean value Bp will be:
(hy ) + Iyl +h13h23)(1/3)(‘4§ +Ay +A47)-Dyg
. (13)

D, =((5) + 15, + h35)(f3)4S +45 + A0)- Dy
oyt + sy + hyshis 1 3)(AS + 45 + A7) Dy

Evaluating the values elements of matrix 7 (8), we
obtain
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{hZZl +hy 3y =1, by 4 hyyhyy + yshyy =0, (14)

hyhyy + hyyhyy + hyshyy = 0.
We can write from equations (13) and (14):

D, =(1/3)(4, + 4, + 4.)- Dy, (15)

therefore, the mean direction of electric flux density vector
inside particle coincides with uniform field direction, and
its value is independent on angles v, ¢ and .

The mean value of electric flux density outside
ellipsoidal particle

When the ellipsoidal body is placed into uniform field
with electric flux density D,=e D), +e, Dy, +e.D,., the

electric flux density outside body D, will vary too:
D, =eD,, +e,D,, +e.D, . We mname the vector

D'=D, - D, as distortion field. The distortion field D’ is
investigated in [3]. It was expressed by distortion field D,

near metallic particle with the electrical properties
analogical to dielectric particle with g,—o0:

p'=[p,,0,,0.' =Kk, D, =K, -[D,,.,D.,..D.,]', (16)

where K, is quadratic matrix 3x3:

K.=h-x-h', (17)
<00 Lal(e, /) ~1]
E, /€ -
k=|0x,0 |, &, _La{(gp;g/'m;l—l]"'l’ (18)
0 O0x,

_ Ll /e -1 . - Ll(e,/e,)—-1]
Lyl(g, /e,)-11+1"C Lll(e, /&,)~11+1

b

If the probability of any orientation is the same, the
matrix K, turns into coefficient K, expressed by analogy
with (15):

K. =(1/3)(k, +K, +&,). (19)

The mean values D' and D), are related by equation:

D' =(1/3)(x, +x, +x.)D_ . (20)

The mean directions of electric field strength E and
flux density D coincide with y axis in capacitor dielectric
(Fig.2). The mean values of other components and its
increments are equal to zero:

D.=D.=D!=D!=E ,=E

X z X

To evaluate the mean value Ey let a particle of

capacitor dielectric admixtures is projected to the electrode
plane. We obtain the plane figure of area S, (see Fig. 2).
Let this figure move from lower to upper electrode parallel
to it. We obtain the cylinder C with the particle inside it.
Let all electrode surface with area § is divided into M



elementary areas A4S, so, that some number K of areas
A4S could fill the area S, fully.
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Fig. 2. The admixture particle inside capacitor dielectric

We study the electric field strength E inside cylinder
C. The field is absent inside metallic particle. It varies
outside particle, only. The mean height of particle by y
direction is equal to /, in surroundings of area A4S, (see
Fig. 2). We form the cylinders C; of base 4S; analogically
to cylinder C. The cylinder C is composed of K cylinders
C;. The electric field is distributed along length /-/,; in any
cylinder C;. The mean field value Eg; in any cylinder,

evaluating, that /,,<<h,y, is:

U,
Eq = :

h—1,

Uy lpi lpi
x—-(I+—)=E,-(1+—). 21
h ( h) 0 ( P 21

We express the mean value Eg increment in
comparison with £, and obtained expression multiply and
divide to AS,q:

_ Lo
Eo'oCi:ECi_EOZEO%:EO

pi 70 (22)
AS - h

The relative mean value of electric field increment
can be calculated in all capacitor dielectric volume:

M K
zlpi 'ASOi lei 'ASOi
i1

=lim,, , (= )=

0. =

oom

’
£e Ir 3
0 To
This expression is obtained evaluating that /,#0 in
cylinder C, only. The permittivity &, is constant outside
admixture particles. Therefore, the relative increments of
electric field strength and flux density are the same:

3, =EL/E,=D,/D, =k and

:D'

Y, =Dy . (24)

The electric flux density increment inside capacitor
dielectric with admixtures

The uniform electric field E, and flux density
Dy=enE is created in homogeneous dielectric, when the
voltage U is connected to capacitor plates. If the dielectric
has admixtures of volume concentration k and permittivity

&p, the mean value of electric flux density increment 51;

71

inside admixtures is expressed by (15). The mean value of
electric flux density increment D' outside admixtures

from (19), (20) and (24) is:

D'=K.D, =(1/3)-(x, + K, +i,.)-k-Dy. (25)

The relative variation of electric flux density in all
dielectric volume

LDOk+%(1-k)= [(4, -1)+

!
D, o 3
+(A4, —D)+ (A4, —Dlk+(x, + K, +x)k(1-k) =
;(gp/gm)_l.{ 1 +
3 1+, [(gp/gm)—l]
1 1
+ +
1+ L, [(gp/gm)—l] 1+ L, [(gp/gm)—l]

vk (26)

When the charge ¢ is distributed with density o on the
capacitor plate of area S and voltage U, is connected to the
plates, the capacitor capacitance is:

i_o-S_DS

c=4-2_p=>
UO UO UO

27)

The relative variation of capacitor capacitance Jc is
equal to relative variation of electric flux density:
— -G _ (S/Uo)‘(D_Do)

0,
G (S/Uy)- Dy

=5,. (28)

If the permittivity of admixtures ¢, is less a capacitor
dielectric permittivity &,, the variation Jp is negative and
capacitor capacitance decrease. The variation of &,/e, in
interval [0,1] corresponds to variation of Jp in interval [0,—
1,5k]. Tt depends on particles shape very weakly in this
case.

If &,>€n, the Jp value is positive. The maximal value
Opmax Of Jp i obtained for g;—oo, i.e., if admixtures are
metallic. It is:

1 1

—+—)k.
L, L

c

:l(L_F

3L, (30)

D max

This expression strongly depends on particle shape.
The values L, Ly, L. and the ratio K, m.x=0pma/k Were
calculated from (4)-(6) and from (33) using Matlab and
supposing, that ¢>b>a. The ratios e=b/a and g=c/b were
varied with step 0,05 in intervals [0,05; 1]. Some part of
obtained results is presented in Fig. 3 and 4. The equations
e=g=1, L~=L,=L.=1/3 and K,,=3 are correct for a
sphere.

The value K. quickly increases for elongate and
plane particles. If the ratios e and g decrease from 1 to 0,3,
i.e. 3,3 times, the value of K,,,,x increases proportional, i. e.
from 3 to 9,64. If e and g decrease from 0,3 to 0,05, i.e.
additionally 6 times, the value K ,.x increases from 9,6 to
806, i.e. even 85 times.

The inequations 1/L>>1/L,>>1/L, are correct and
Kimax=1/3L,, if €<0,3 and g<0,3. We can orientate the
admixture particles especially, that the longest ellipsoid
axis could be directed perpendicular to capacitor electrode



plane. The K, ,,=1/L. in this case, i. e. the K ,x value
increases 3 times in comparison with randomly orientated
particles. The capacitance of capacitor with such dielectric
increases ~24 times, if the longest axes of ellipsoidal

The capacitor electric strength decreases if metallic
particles in capacitor dielectric appear. But the electric
strength decreases not more than 2 times, if the particles
are not longer than the half of distance between electrodes.

particles with e=g=0,05 are orientated perpendicular to
electrode plane and the particles concentration is k=1%. Conclusions

1. The influence of dielectric admixtures on capacitor
capacitance was investigated approximating the particle
shape by ellipsoid. Dependence of field distribution upon
particles shape and orientation is shown for several
practical cases.

2. The capacitor capacitance increase especially, if the
admixtures are composed of elongate and plane particles,
orientated perpendicular to electrode plane.
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The field distribution and capacitance of capacitor vary, when the admixtures are in the dielectric layer of capacitor. Influence of
admixture particle shape is evaluated approximating the particle shape by ellipsoid. The expressions are obtained for calculation of
electric flux density inside and outside particle and for calculation of relative capacitance variation. The ratio of relative capacitance
variation with admixture concentration is calculated for different particle shape using MATLAB. Capacitance increases especially when
the admixtures consist of very elongate and plane metallic particles oriented in direction perpendicular to capacitor plates. The electric
strength decreases. Obtained results can be used for other problems, when the influence of admixtures to homogeneous medium must be
evaluated. Ill. 4, bibl. 3 (in English; summaries in English, Russian and Lithuanian).
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jiekTporexnuka. — Kaynac: Texnomaorus, 2007. — Ne 3(75). — C. 69-72.

Ecnu B amdieKTpHKe IUIOCKOTO KOHJIEHCATOPAa €CTh INPUMECH, B JAMAIEKTPHKE MEHSETCS pachpefelieHHe IO M €MKOCTh
KOHJIeHCcaTopa. BiusiHue Gopmbl 4acTHIl IpuMeceil Ha eMKOCTh KOHAEHCATOpa OLICHEHA, alpOKCUMUPYst (JOPMY YaCTHUIIBI SJIUIICOMIOM.
IMomyueHsl BBIpaKEHUSI Uil pacyeTa IIOTHOCTU 3JIEKTPHUYECKOTO IMOTOKA BHYTPUM M BHE YaCTUIBI M BBIPaXKEHHE JUI pacdeTa
OTHOCUTEIIBHOTO M3MEHEHUs 3JeKTpuueckoil eMkoctu. IIpn momomu MATLAB paccunTaHO OTHOIIEHHE OTHOCHTEIBHOTO M3MEHEHUS
E€MKOCTH C OOBEMHON KOHIIEHTpauueil mpuMeceil uid yacTun pasHoil ¢popmel. OCOOEHHO €MKOCTh KOHAEHCATOpa BO3pacTaeT eciid
MIPUMECH COCTABIAIOT OYEHb JIMHHBIE U IUIOCKHE YaCTHUIIBI, KOTOPBIE OPUEHTHPOBAHBI MEPMEHIUKYISPHO IUIOCKOCTH 3JEKTPOAOB.
O[HOBPEMEHHO TOHM)KAETCs 3JIEKTPUUECKasi MPOYHOCTh KOHJIEHcaTopa. IlomydeHHble pe3ybTaTbl MOXHO NPUMEHSTH AJISl PELICHHS
NIpyTUX 3aad4, €CIIU HYKHO OLEHUTh BIHMSHUE PAa3IUUHBIX INpUMeceil Ha cBOMCTBa OfHOPOAHOW cpenpl. M. 4, 6ubn. 3 (Ha TUTOBCKOM
A3bIKe; pedepaThl Ha aHITIMHCKOM, PyCCKOM M JIATOBCKOM f3.).

J. A.Virbalis, S. Zebrauskas. Dielektriko priemai$y jtaka plokitiojo kondensatoriaus elektrinei talpai // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 3(75). — P. 69-72.

Jei ploksciojo kondensatoriaus dielektrike yra priemaiSy, pasikei€ia jo lauko pasiskirstymas ir kondensatoriaus talpa. [ priemaisy
daleliy formos itaka talpai atsizvelgta aproksimuojant daleliy forma elipsoidu. Gautos israiskos elektrinio srauto tankiui daleliy viduje be
iSoréje ir talpos santykiniam pokyciui apskaiCiuoti. Naudojant MATLAB apskaiciuotas talpos pokycio santykis su priemaisy
koncentracija esant jvairiy formy daleléms. Ypa¢ kondensatoriaus talpa iSauga, jei priemaiSas sudaro labai pailgos ir ploks¢ios metalinés
dalelés, orientuotos elektrody plokstumai statmena kryptimi. Kartu sumazéja kondensatoriaus elektrinis atsparumas. Gautus rezultatus
galima taikyti ir kitiems uzdaviniams spresti, kai biitina nustatyti jvairiy priemaisy jtaka vienalytei terpei. Il. 4, bibl. 3 (angly kalba;
santraukos angly, rusy ir lietuviy k.).
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