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(U, V) :ﬁ‘uﬂi+uﬁ0f-f¢¢-+¢*¢*)dV. (35)

A B A, R (1) FN(3) i SCR TR, v DUgE I 45 ok B A B (9 R AE (R 1] &, B, S48
A AFHE—A AR U e F 15 AU = ABU.
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WA w U,V e F,
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X7 AR (38) W B 40, JF R HL S 15 5
AU = ABU. (39)
HHE(38) . (39) B/ xt U Al U BUN AR, SR 5 A, 153
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N FHER 3.1, 155
(A = X)) {BU,U) =0. (40)
ES 5|
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PRI, SRR R S A T PR TR ) R et | DA S LS 3R 10 BH A AE SEARRAIE ] 2
HFHEmE R U e F*, W
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EIE 3.3 XA FAS[FRFIEE A RRAE 1] 2 1R AC Y.
iERR & U, U SR TR FSFEE A A, BORRIE R L A
AU = A, BU'V | (41)
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AU =IBU.

R, 5 U i s sh i fe, HARRN B BN o®, W 7R (43) 8 X2 sRiefa e ny. R
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N FEREE ) L P L R (44) A8
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3.2 MBHEMITE

RGP BRI U7 PR B INEE AL 5 | RS AREAE AR [R]85 ) ol /N MO AR | 336 598 S R 58 R 38 i A A
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H
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((A+AA)(U + AU) , U+AU>
((B+AB)(U +AU),U + AU )Y

(AU, U) + (AU, AU) + ((AA)U + A(AU), U ) _
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(BU,U )

Ay = (MDD, U<>BU)\U<§8B)U U (46)

3.2.2 HE¥i
72 (46 ) $EEL—Bhom , 15 3]
A(AU) + (AA)U = (AM)BU + A(AB)U + A B(AU) . (47)

TETRE(47) Wi, %) U BRN L, 75 5]
(A(AU), U) + (AU, U) =
AX(BU, U) + A\((AB)U, U ) + (B(AU), U ).
FHAT A, B WAL AU = ABU,

_{(M)UU) -A{(ABUU)

Ax (BU.U )
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3.3 #FKiENR

XA R 25 57 , BT /N1 B o MR A R SEPR R R e 28Rl 21 002 /M 25
TEOL AN X RRFER G OL T B8 S i, 2R B A SRARAS A Bl A4k 3l 51245 3 IR) AU

HOFEAE (EL L
AYUPY =AVBUY . EVH,

URE S

o (U )n, =0, 7E S, |,
{a”f”(U“”)n,:o e S, I,
DV (U™)n, =0 , S, I,
{ DU )n, =0,  TES,. I,
u” =0, fE S, I,

d>“’> S, I,

)Fﬂi

A(p =A(0) +€ A(l) , 0_;1>> _0_(0> + 60'(” 0_*(1)) :O_*(()) + eo_*(l>
D" =D +eDV, D'V =D +eD ",
_)\(0) +€)\(1) U(p):U(O) +e€ U(l)

HIA 5 2 (48) F1(50) , 155 — B4 fIE i 7] 3

AVYD = 20U 4 A VBU AU, FEV L
ub S
(o(U") +aP(U))n, =0, S, L,
{<a*<°><u<“>+a*“><U“’>>>n-:0 fES;. E,
(DO(U™) + DV (U ) n, =0, 1S, b,
{(D*Wklﬂ”)-rD*“Nlﬂm))n =0, ES,. I,
, eSS, I,

{ul =0, fES,. b,

¢, =0, TES, L,

{¢j FES,. b,

Hep A Fy®” ﬂﬂ%‘f&“E%%%ﬂﬁ%%%ﬁ]ﬁﬂ@ SRR AR
TERRR(S1) B, X U B AR, #53)
<A(0)U(1) , U(O > —
/\(0> <Bu(l) U(0)> + /\(1) <BU(0) , U<l)> _ <A(1)U(0) , U(0)> .
PR FL A E AT Gauss B & B, 753
<A(0)U(0) , U(1)> —

— f [O'E]-O)<U(O))n,-ui(]) + o *(0)(U(0)> *(l +
s ’

(48)

(49a)

(49b)

(49c¢)

(49d)

(50)

(51)

(52a)

(52h)

(52¢)

(52d)

(53)
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RIDREbT R

DU ) np” + D (U )n,p™ " 1dS +
L[O';-O)(U('))njufo) +‘7*(0)<U(1)>”.f”.f*<0) +

Diw)(U(l))nid)(O) +Di*(0)<U(1))niqb*(0)JdS +
<U(0) A(0>U(1)> .

A, TR (54) AT R

(AOy© g :_f o (U Y nu® ds -
Sy

J

Sp+

_LU*DL-*(U(U(O))njqb'*(())ds + <U(0) ,A(0>U(l)> .

o U S = | DU g ds -

L5 (53) MI(55) A

5P}

B

T LA

—j 0'<1)(U(0))njuf°>d5 —f U*(l)(U(O))njui*(o)dS -
S ;

i
Sy #

LDDEI)<U(O))”1¢<O)dS - LD*DL-*“)(U(O))”,-Cl’*(O)dS (U, A YDy =

/\(0)<B U(l) U(0)> + )\<l)<B U(O) U(1)> _ <A(1)U(0) l](0)>:>

i

<A(0)U(0) _ /\(O)B U(O) U<l)> _j a'm(U(O))nyu.(O)dS _
’ it
Sp
J’ a*m(U(O))njuf(O)dS _J Df”(U”))njd)(O)dS _
Spr Sp

LD*DL.*(”(U(“))n@*(O’dS =

)\(]) <BU(0) U(0)> _ <A(1)U(0) U(0)> .

(0) yr(0) _ (0) (0)
AT =) Oy |

i

AD = [(A“)U“”, U _f o (U )nu” dS -
Sr
[ o W ds - [ DO )nd®ds -
i} L J
Spx Sp
J' DXOUO Y nd* O ds ]/(BU“’) U
i 'j N .
Sp+
)\(p) — (w(p))(Z) ~ (w(m)(O) +2€ w(0>w(1)
A(P): A(()) +E/\<1)
ew'” ex”
PRI 20 ”)? "

€
z(w(o) ) (2) <B U(U) , U(O) >

<A(1)U(0) , U(())> _

(54)

(55)
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JUZI)(U<°>)njuEO)dS —f (T*(l)(U(O))njui*(O)dS -
Sp Sp#

LUD§1>(U<°>>nj¢<°>ds - LD*D[””(U‘”>nj4>*<°>ds :

KIS B IR, A

(p) (0)

[ - W (1) (0)  (0)

€ [f [
~ Cog U, Uy, +
(0) 2( (0) ) (2) v 7 s J s
mell)ufof u;,im + 26;;].) ufyoj) ff{” + 251(:@;)%(,0]') ;(O) + Rmu:i(o)u:’;m +

Z (1) #(0) 4(0) (1) #(0) 4 #(0) (1) 4.(0) 4.(0) (1) g % (0) 4 *(0)
2, uiTi d),k +2€/: u:i qb*k - & d),i (]5_, -£&, d)*, qb*/ -

ZAEZI)d)E?)d),*l(O)JdV]/ [ft/<pll<UE0>>2 + 2p12u50)uz*(0) +p22<ui*(0))2)dv] .

LRI ARG T A SRR A R A5 Sl N A8 — RS | AT AR S A A P i Y 3 A

+
2

%

ASGIEW] T Z LR M Be 19— e B, DRI A JE A5 B 7235 24 1Y Hilbert
2L GIA A PEREAIEE G5 R (R S8 7 T A2 S A L 25 1 T R AEE D Y 22
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Uniqueness Theorem, Theorem of Reciprocity and
Eigen Value Problems in the Linear Theory
of Porous Piezoelectricity

Anil K. Vashishth, Vishakha Gupta
( Department of Mathematics, Kurukshetra University, Kurukshetra 136119, India)

Abstract: The uniqueness theorem and theorem of reciprocity in the linearized theory of porous
piezoelectricity were established with the assumption of positive definiteness of elastic and elec-
tric field. General theorems in the linear theory of porous piezoelectric materials were proved
for the quasi-static electric field approximation. The uniqueness theorem was also proved with-
out using positive definiteness of elastic field. An eigen value problem, associated with free vi-
brations of porous piezoelectric body, was studied employing abstract formulation. Some prop-
erties of involved operators were also studied. The problem of frequency shift due to small dis-
turbances, based on an abstract formulation, was studied using variational and operator ap-

proach. A perturbation analysis of a special case is also given.

Key words: eigen value problem; piezoelectric; porous; uniqueness theorem; reciprocal theo-

rem
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