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SHOCK WAVES IN ?\TICROP(H..-\R ELASTIC AMATERIALS
WITH VOIRS
ny

; o, TESAN

{. yntroduction. 1In 13, Nunziatt and Cowin  have pres
sented a generad theord for the hehavior of porous olids in which the ske-
Jetal or matrix material 18 elastic and the interstices are void of material.
The linear theory of clastic materials with veoids has been established by
Cowin and Munz Cato in (2] Some applications of this theory were

presenu:d in 124

The basic feature of the theory of materials with voids is the concept
of a material, for which the bulk density is writlen as the product of two
ficlds, the matrix material density {icld and the volume fraction field. This
reprcscntation of the bulk density of the material introduces an additional
degree of kinematic [reedom and was employed previously by Good
man and Cow in 3 to develop a continnnm theory for flowing gr3-
aular materials.

The intended apphications of the theory of elastic materials with volds
are to geological materiale like rock and soils and to manufacturcd porous
materials.

In this paper we develop a hmear theory of micropolar clastic solids
with voids. Alicropolar Lorials, roughly speaking, arc continuous media
with extra independent degrees of freedom for the local intrinsic rotation.
The micropolar contimuuin mechanics seems to be an adequatd ool 1o des-
cribe the bepavior of the granular materials {see Cf §7). Tt appears
that the micropolar continuum Posseses promise for entering the Earth
sciences because of the fact that most muterials of mterest are made of
granules. Yome apphicalions of micropolas mechanics 10 carthquake proe-
Dlems were presented in 19- 111

In the first part of this paper, W cstablish the basic equations of the
linear theory of micropoliu clastic matctials with voids. The theory Jiffers
from the classical theory of micropolar clasticity (6. 87in that the volume
{raction corresponding v {he void volume is faken as an independent ki-
nematical variuble 1o the sccond part of the paper W¢ study the shock
waves in isotropic micropolar clastic materials with voids. The coupling

between the discontinuities in the mMacroscopit and microscopic fields 18§
studied.

7. Basic equations. \We refer the motion of the continuum to & fixed
system of rectangular Cartesian ases O, (i=1. 2.3 \Ve shall employ the
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usual summation and differentiation conventions : Latin subscri Ws are
um[vrs.iood_ to vange over the integers (1, 2, 3), summation ‘(,\-(:[- ,-i. );--1:“1
ﬁEll)s(‘rl})Fs 15 implied and subseripts preceded by g comma denote ])'1;'t‘i'l
differentiation with respect to the reference coordingtcs. O
~In whirt follows we present a linear theory for e behavior of porous
solid in which the skelega] js A micropolar elastic material and the Iintcr:
Sces are void of material. The cong ¢pt of a distributed body :1‘-1%;‘1"(3 that
the mass density o*, at time {, has the decomposition - ‘
(2.1 g

= \J.:,. E

where 15 the density of the maqrix material and v is the volume fraction
field 1, 27,

We denote by, the components of the displacement veetor and by
P l‘hc components of the microrotation veetor 16, 81 We assume that the
Imtial body is free from stress and couple stress,

We consider an arbitrary materidl volume v In the continuum, houp.-
ded by a surface <L at time 4, and we suppose that Q is the correspondin g
volume m the initial undefornied state of the continuum, bounded by 4
surface S et the outward unit normal at 5 be wg, referred to the rectan-
gular framc_of reference. The fundamental svstem of balance laws of a mi-
cropolar solid with veids are -

(i) the Law of balance of lincar momentum

r
(2.2) Lﬂs gy = Spff v - gtf du,
. L..l 193 5
(i) the law of balance of moment of momentum
d :
(2.3) (‘[‘:S ‘G(l‘”’-‘.\'_.-"_;‘ "*‘_/:,(9_ )dﬂ'-z \ P("IIE'\:J,/’AW! Z,-)ll,?.,'—; S(C!‘M.\,f‘."‘ ”?f)(ftf,
Q ! p
{ii) the law of Lalance of cquilibrated foree [1,5]
d{ . ’ '
(2.4) \ okt s \ (e +-&)dv+ \ & da,
dt, B g
3] Q o8
(iv) the law of balance of cnergy
d I et a ‘
t-ft P 5(1\-1',——}—_/, 0 oy - /ur)—{—s]:/a‘: g oS4 Lyt [v}ds 4
(2.5) I 3!

S g {te,- M eyl

.

Hcrc pis thc‘dcnsi.ty 1 the reference configuration, {id= /) are coeflj-
clents of mertia, % is the equilibrated inertia, ¢ is the internal CTICIgyY per
umt mass, f, is the body force, 4 is the body couple, 7 is the cxtrinsicicqui-
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qeeociated with the surf;.u.{‘- T
W is the couple s1Tess \t_‘(t(.)l,
; d bodyv foree. G
s the material

15 calpeess vectoer
i ody foree, £ 15 thes G targiy
ated body foree, | - I n
R sasured por nnit ared of 1_lu surl; 20 (‘-(1“1111)1‘;1{0
B e ilibrated streoss, 848 the intrins e bt
L R atin e eaE=ra)y and ¢
"h 1:11t,11'11t:(}rn'11inq Lensor, =1, Q=i
. Y c 3 [y k e :11(‘. ‘
L Give with respect to the u R e e
B ot (2.2} we obtain the well-kn
From (2. :

f==1yill s
(2.6)
aud trigok: e fE=p s
(2.7) the cquatien (2.3) reduces to

[akine into account (2.0) aned {2.7).
i =

. i ) PSR WITITITR
R[,J?,cf'ﬁ \(Fh beord gl &

.

(2.8)

0

Ly .'A
nore, beaze fon With an apgumceni =t
where T; ;

we have

12.9)

where m; is ihe couple

= 0
[
stress tensor. With the help of {2,

I ‘ : E 1\0 . .
_Z.b)O)rLdnCt.. AT R BT T I oo
(2.1

From (2.4) we obtan

) ]a._tlfl-n",.
(2 1%
e Jobar o= afoy

2) - plRE=piY-
2.1

ili sl siress vector.
‘here ie the cquilibrated stress v
: erL\{{;t;j t'i\j-l 11:_-1111 of (2.6), (2.7), (2.9—(2.12)

pe=lyen-- Mt R A

where v, is the volume (hssﬂln - f
2 g r Py ol - . £ 5 . .
We assume that vo 15 4 g v to the lincar theory of €

We restrict attention on
7)"1'::7”11(“;‘.-“ Lrsr

3 ll l'l
where O TR b= il e e Arer P f'i').‘ I
z S Cpar Zrer & Jeicle il A : T
2.10) g=E{lya %res ¥ e b Bz Tl per s o
( ' g 'g{"rﬂ Vopan s Hei)e

) nilar to that used n obtaining {2.6).

9), the equation

the cquation (2.5} reduces Lo

{2.13) |
where we Lave usedd the notations )
2.14) P e LR C at FLLE
( Let us intreduce the notation

ey — g, .
. 1U.'ti0u function for the reference configuration.

lastic malterials

LL‘? "L‘!Jr)’
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the functionals in (2.16) being consistent with the

assumption of the linear
theory. From (2.13) and (2.16) it follows

. ‘o ¢o co
(2.17) P — | om,, == Ll T

O
where a=G;e¢.

In the linear theory, we have

(2 18) ”2[_I/Z)"T””(‘“L‘”--‘i-b)“”{:“'/.,,__-'-—(1 2) rs.‘r(""'i.‘y'rs" Fufi:l‘:’ £
_'G“:"U";_:"[Iiikcil".!J’k"f‘KUr.’(u'\;r'pr‘“"[—i}lf%lhi i (I;Z_l.l!“ ';J,il._:t.;'| (1 2).{2'\;2

Using (2.17) and (2:i8) we obtain the following constitutive equations

z‘,,::A“,,.e:”-rb’,,,,z,“--,'—F"j',l’a—;'-HmQ,k,
2103 Mu=B, e+ Cop ity G-+ Ko, 0, ,

g= —‘—F(,c‘-,—(}'”xi,u-I.,-t;‘;.i——azlz,

= H
The coefficients in (2.19)

ritrs ":‘Krs(?-rs‘:‘“ [-'fL'H‘!“A“fil'xb:r
have the following symmetries
(2.20) Aisrg= A

In the ca
(2.19} become

FStis CHN‘:‘Cr:Ux JIU:-‘I:]-

se of a centrosvmmetric 1sotrepic material the relations
fuz}-f-rrgs!'r‘(}1'7"1:‘6“‘."\fél—x}f:i“‘b‘:")ss'v

(2.21) titg =3, 8, - (v - )ty (v ghip,

F=—lbe,—ay, h=dy,

We assume that the bedy occupies a bounded region B with Lips-
chitz boundary 4B which consists of a finite number ef smooth surfaces.
Let us consider the subsets Zs=1.2,..., 6) of 7B so that ONT Z=Y, Y=
=25U }35:0[3, X, "!Eg'-.-}:;, ﬂE,:Es ﬂE;

: ==0. We can consider the boundary
conditions ) B _

=i on X, X 0,4, fe=t; on Z.x[0,{,).
(2.22) Q= ';':‘ on Niw [0, £y, m-,:nhrf on - T, % 0, £,),

S on 5,500 1), h=F on Tox 00, £,),

where ", ¢y, Gy My, ";"
may be infinite,

The basic equations of the theory are : the e
{2.10) ; the balance of cquilibrated forces (2.12) ;
(2.19) ; the geometrical equations (2.14).
we adjoin the boundary condition

X are prescribed functions and ¢, is some instant that

quations of motion (2.7),
the constitutive equations
To the system of ficld cquations
5 {2.22) and the initial conditions

(2.23) wilx, 0)s=1d(a}. 1w, 0)==15(x), .(x. 0) =af(x),
| Puln, 0)=0ilx), Pz, 0)=¢o(x), (r.0)=y%x), xeB,

RY

—— — — - 4
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ribed functions. ) _ .
iy 11M]: 21) we obtain the field cquations

0 are pr()
g 0 0 ()q. '~1J°r [ K A -
where 5, ¥, @6 @ | volume fraction {for cen

2.14), {
: 2.10), (2.12), (2:14), do 00
I‘mrgf (tzl.\z‘)‘dg‘ipiulenmnt. microrotation an

in terms B

Cootropie bodies
tric homogeneous and 1501rop 5 -
= ) It S TTNIE S 4 s sfe=ptte
\ (R E Mo i
RN LUTE Vi

- ,,.._-[ ,—:I:‘(
Vae gty — AET T BN '
LB ey — €YD,y 2 Xl

(3.24) (yt )+ (3
dAL—but g, — wTpl= gk
1f we ntroduce the notatlons

e
. . SrEemy,
FC{__AA!.z:_L_, J=3 i

B
(225) kC:-'_-d- 1,(1)0_‘47') P?‘"'ZI' iisg

vz, I=B8-2v. Id=vte.

q L n th': 1
ns \ - ) an oD W en
lhell [hL e le.tlf_)i 2 Z‘i cat I Ilt 5 1 « {Ooril

! T !!""k "'fﬂ_:"fl‘r"b
csA1 (52 —E%):t,,” rpeins q P
1 '1'032" ! ”u'_mz‘?t—' =1=%w
C%A"?t ;":.Cgs—f%]?nr('-" 2 Lt 93 ] I
(2.26) l .
gl — =t
CBAY— Gy~ 19T L

] . ‘ 1 (}! t
{ ‘() 3 H lI!n
‘3. ) X =X

where 8%,

We assume that

fnips {he surface. their
s coordmu“? on . ith respect to )
U ﬂmc?rftinuouslv chfferentmblf‘l “l;;}]qtrix p(("' v,/ 0%) has
the fum:tmnsd(:”int gis smooth in the sense that the Ind
tha
ﬂrgunleﬂts an

— w. _ tv.a In what
o is given by dap= Foa Vel o
: he surface 18 gIVER 1Y te that {12}
e tric tensor of the ¥. We note L
i ’I\I']i(;IHSZnote by g the unit normal to o
follows we . . Pyg= @ pxXiihy
=0, Xga3==0Oa2 Mo " . :
=1, MFaa=" : : tial diffe-
32 Bfh= 1 sovariant_par
(3.2) s €O fundamental form

— represent
folowed by a semicolop rep ). We

cof &, bas 18 the secon

where 1ndices inverse of matrix (@as

jati on the metrl ’ ;
l-ent;latlonf}fgse'?nd 4% are the clements of th
of the surh: 1

also note that

1 .
= = a™hay,
. R —HN H=
3) aA*PxX a4 3‘? ey, : 2
(3.
+f . ce. T
K s of the surls o ecach sige
where H 15 the mein curvatuie able function of 2, and ¢ on

) y S 5 ¥, then
_ e I+ differentiable : inuity across =, 't
Hfisa (—Ommuogswmrh suffers a jump dlsg?-mj‘ ‘The discontinuities
of the moving S.Hrf‘l(ﬁnuit\ in f across the ?’m--fdf;e following reletions [13]
we denote the gisg::)cr:rd derivatives of J satisfy
: 3 3
in the first and
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[fl=ad ¥ o B, [_:.r_iz_‘_i’. R
5t
Sroi=a¥ (B La¥b,, A cHu; Via Y )
(]
(3.4)

T

['T‘J]))) \’,:_i.\',_.:'I-'-r/.”;}";.

; LE . 3
f It("!] 1 ])’) Nyg - (?v;—{ -I-(£13‘-]_1I-.I: ([) Ny
o ta

af
g A . (80 :
fl E -8. ( ] H] ! 8_‘) ‘il‘”-x'g"l:'zr:i‘- cry,
3¢\ 3¢ At
where .
B¢ 1, i
St cf X

is the convected derivative for an observer m

eving with the surface, 1
is the speed of propagation of the surface, and

(3.5) A =(f], B= o 1], (“=[f:u”;”.-|-

By a wave of order N, where N> 1 s a fixed integer, we mican a so

lution (i1, ., 4j of the equations (2.7}, (2.10). (2.12), (2.19), {2.14} such that
i) the functions i, g, < together with their first V- dertvatives

with respect to their argunlents, are continuous functions of v and / :
ii} the N'th order derivatives of the vector {

discontinuitics across the

f everywhere else

sirface X, but
1i) the body foree, the body couple and the extrinsic
body force are continuous and if Nz2, N -1 {im
tiable for all 1 and /.
When Na=1, we call the surfuce $ a shock wave,
The integral forms of the equations of balance are special cases of
the equation

{
:HS FFJT = S(;Ji, et - g l_g() d,
9]

fe=
H ==

i, 9w} have jump
are continuous functions of v and

cquilibrated
es continuously differen

A i

which, at a singular surface ¥, is cquivalent w the condition (13

(3.6) PleF]=[G,1n,.
When (3.6) is applied to cquations (2.2)— (2.4}, we have the jump conditions
(3.7) V[ +1401,=0, TV {4 [, 10, =0, sk VY] 00, —0
In the case of shock waves, from (3.4) it follows that
(3.8) ["’fn-,']=5,i”i.- i—'{’fsi}z'ﬁlfl.fg ['w!f.-i_l=’:“u
(ti=—VFi [pd=—V4. [¥]=—V¥¢,
wherc

1

. cu g g, ol
g‘-= —...._'] 5 ’ff ‘.=: T ’ ‘:: :'— .
CH (4 on

e —— ——————————— — e —— _____..__——___,..._____——-—-_._—_.._—— ;
7 SIHOCK WAVES N MICROPO R F ST 14 TEF W H VO s 18
TALE Wl 1
1 c POLA LA 1C MY t D
N L
10 i

T

Ig 1 l']l T t 1 S 2 It l *o1lnt 2— l A .:', Wil 1l..l\ s
\ Ak } junlp m (2 1). -lnd 1 \'ln_’ 1: 0[ (
& : D[ by

2 ) ot
[fy]=5H St {ptm it (2 @)%t
1] = 2eH 0

[V ==ty
[p7=—D5 0. S
(v Yyl LE[= )
' wp e 2V gt 1Y *) L
(39 Farrg == 0, 1,80 (Y eyt

s © Y 4 t. Mms T} TR L
l my 1] 1 e C l 10 Y P
~ ] G ),
3 1 i ('Cﬂunt ()
H H 14 l[l.(l 5 ) |l [$ALH {1t &

Qo ) ._1" -_0)
{(C%*—ES)HHU'!FCEP)U—I B
0 > Tzl .=0,
(3'1 : 1‘(0%-(3)”1”14‘(%8’“-1 04
311 .
((1’ 12) ((“::,"' 1/ .)[:—.0

. aero-shock wave.
i ve 15 4 1acro-si » ravs
i locs not vanish, the W e 3i{ and onlv if (8 17)
{ the vector & doe dvial solution for .11 2 "1 that lon-
I adniiis a non lrviad s ¢ of cquation (SR |
Equation (3.10) i o immediate consequence Uw) propagate with SPE’[L"
. . 5 ~ whicl EESAL - waves (for
2_ =0, 1Tt 15 ¢ aves (for which &i=5 +o-shocks waves
‘ . kowaves o ren muacro-shocks
(niltudinal maa0—21]2?1\1)1'01):1.:41'1011 of transverse W
5 ) spect o= . . S TO-
Ve, The ght vas: -ave. The possible speeds of P 0
. ‘C_”.—._()) 15 LA, ferg-shock wave. » Fonaf a2 If-)::
which % 0. the wave is a TICFO-S termined bv (ci—1") o snecd
L ke shock waves are determ oit) propagate with specd
pagation 0[] nn(T?O- shock waves {for which f,i\:.n'h‘ the speed of propaga
e macro- s oeshock Waves
Longnudma cverse Micro-shotk .
A the fransvers ) - distension. The
J =, and npaction or disie
i [l : k wave of comp:
tion | 1 save 15 a shock e Vers
70, the wave 18 jg owave 18 b =0 ¢ that
. s < R accoun
it »#‘l [ propagation of th . waves, Taking intoa
possible speet 01 1nO\\’ the growth of the v
Let us study S

h ol . I - 1y
1 H |II[ “ W o] 1 s 4 W (L}i‘\
tlﬂ.t a WAVCH, fI( 1 ( )
V 18 CONsS 1 )

= : e X ) —
. 2]’;”;[ ST ll:”sau_';ﬂﬂas;:(”v\:.35 IRETc
wj=— 5t h
S R I SRS Lt ) Fe
R TR SR S o L
(3.13)

N o R 3t H
ZE I TP P xr-:z)-—a"ﬁcz"rbq.,:,---‘a:x-‘r:; ik

J=da" % Myb e T et

[”h”]=..-2Hir-}‘:¢n

it ). We notc that
where ;= et

-”nri

v |4
2 %bay o= b
1E Fat,— Gl Day i
Bt 'Szflqﬁ(ar:\'riﬂ);z ~2HZ, Grat
(3.14) L
wherce .
L=500
(3.15) |
i3 "~ e tc
Using (3.14) we can wnl e
I -_F-d-:ﬁ (Erxy'ﬂ)‘.:”l— ZII;; i gl
3 H 5o g 157 :
(3.16) et
d ' ¢ obtain | o
From (2.20) we ¢ T e, 1
(V2—<3) R P L Sl
L) el (S R A

(3.17)

(1]

g s 0
N 5 R
T —printuly § =t

_.2}/'8_::"’[ | ZH{((,E — 4:::}':'31, o
8t
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v
s where %,==£2 when =l

(I".’ et l_'l}_ N —
e (G — ey s b u™ - I
)L.. KLt (7},.1,:3)..“};.-.'_a1,”. . . 1 . . . B w __po n —J
J Xpatixf— As before, we have %= ‘(l—lnﬂo—}—wKo) e

(3.18
) Loy 26 o X 3
- ét 2H 5 —e3yrm e ) - 1, in this case ¥ =0, ==0.
G Woriy iy ety U, U ¢,=kcs, veEc, then 7,==0 and the cquations {3.18) reduce to
(3-19} '.I.-I“" :)—-—7}‘1 gy, _ 8" !."), a 9 v { 1 9, ¥
)72y H+gi -2V = =0 ;'.C'z—'fi)aa.""(cs caymaliy ™ — @zt .

where 3¢ d 2
{3.20 . Since, by hy othesis, the speed of propa ation of the possible irrotational

i , by hypothesi P P :

YOS [P, Tt =1 macro-shock wave is not equal to ¢y OF Cs these cquations have a nontri~
= vial solution for v, This means that a transverse macro-shock wave is accom-

panied by a discontinuity 1n 9
1n the case of micro-shock waves (5:=0) when {3.18) is multiplied
find that the growth equa-

If we multi
ultiph 7 .
piv (3.17) by, and sum on 1. we obrig
i aln
by g and summation convention is applied, we
(1—2nH o ntK )7V, where 7o

>

(3.21) (' f)agn z Lz ¢

’ T AR ey ) (E; ¥, 21" =
whelaiia - ,'_,21( 2, L

We have used the fac At TS kyle0. tion for longitudinal micro-shocks_implics ==,

T act 11_1:11 B3hy8t—0. 1= the .u:,trm}gth of the wvave at tm:e Lo ; )
assuming thatdb-t-'of longitudinal mucro-shock was ) 11' CuF=Cyy GFC ¢, 5505 then £,=0 1=0 a:}d tl'\c equ;}hons (3.17) and
e, (3.20) vields the "T'O“‘th“rdr;est-[. sey; Da=Eity und (3.18) imply that wy=0, =0 Thus, the longitudinal micro-shock wave
, > “quation =S s a pure micro-wave.

[=22) 1 85 % i pThc growth cquation for transverse imicro-shock wave is obtained

e Bt o =1, qmilarly. If ¢F e CoFCa €70 then £,=0, 1=0. From (3.19) we obtain
~-=0, The vquations (3.17) reduce to

{(Cf = f'%) Sy~ (021‘— fg)”:"t}l’d:f’fukﬁk"l .

where » is t} ]
, 1e distance mes;
In this case the cqu'l:;'():h:gs;](;‘pd along the normal to the w
d 13.19) reduces t« e wave surface
) T gt 2 BY hypothesis these equations have a nontrivial solution for s This
If. at some time /- 4, (! o means that a macro-acceleration discontinuity is induced by the transverse
fo, the mean and Gauvssian curvature micro-shock waves.
atures of surface are  f I V==cs, 0530 CFCn then %,=0 and from (3.19) we obtain the growth

a9 . o i
L o+ TCSTH tl\. [}
p f.l\. th(“, at G ‘\Jt (_q'.'\l ll C 4 h I
Ii "nd )\ e i 1 ]t 1341 /oo f 1 R Z fi . q a

=(]io"‘"71K )(l 2; n
5 IV =2uff, LK 2
be integrated to vield nih,), and the transport equation (322)

. {3.22}) can

(3.24) I
L= So(l—2n k- ntK )V

where £, ]
o 18 the streng

emgEo{l—-2nfly 4 ”_’R_ﬁ}l]ll c)f. }'h{: wave at time £-4,, From o
whi - p THer=-- ey Rl 223w e
vhich is of second order. is inedue so that a disturbance in the t f)[,nt"1111
.15 induced by g longitudinal m h( porosity
& al macro-shock wave
vave,

13 db _pr
¢, of dn

Thus, we have

T =T(1 _2nH - urR )7,
where Z==7, when f=t, Moreover, if csF=Cy coec; we have 7,-=0. The cqua-
vions (3.17) reduce to

’l‘h]’" d‘ ) 1 1 360 r " ®

£ 1Iscontinulty i = = 5 -

"a' ' plopzl rates “‘i s bt (
tudl“dl mMacr (l'Sh(J( ]\' “'ﬂ,%’ N Eh 111’3 e I t)(] a ‘hC indu . i : a -

(85 - G, [ i ‘hl I; O 1[1:. ]0 1= -!'IICS-_ -_QII\';' (‘]‘, {")'?Z,n;}'lj—-kq”'i ?
3 [ L 5 fi: - g = . LY .
- iH dl’ld th L'(]U:lllUﬂ { S i ies " Lh,
“ = _..‘.._: ) I]]]I)i]f_‘_‘ * o ( ) 1
= w P ]

Thus, 1l ;

3, the longitudi

: L nal m: 2 1 :

discontinuities, ’ acro-shock waves induce no micro l =t
1-acceleration

The sp .
. el of no ST T Ty
If we assume c,o=c }-“‘(’I\}‘ah:l.uovd ot irrotational macro-shock w &
s we have 240 and the cquation (3.21 : \\1.1\’c~; 15 Faate
Hhis.a ) reduces 1o

Thus, a macro-acceleration discontinuity 1s induced by a shock wave of

compaction 0T distension.
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SOME THEOREMS IN A GRADE CONSISTENT MICROPOLAR
THEORY OF THERMOELASTICITY
BY
D. VIERU

{. Introduction. Brulin and Hjatmars (1, 2] have deri-
ved a theory of micropolar continua, where the second-order displacement
gradient is added to the classic set of independent constitutive variables.
The grade consistent micropolar theory of thermoelasticity was studied

in [2, 3). .
The present paper 18 concerncd with the lincar theory of thermo-

Jastic solids. The purpose of this paper is to prove some hasic theorems
concerning the uniquencss of solution, the reciprocity relations and the

variational characterization of the solution. .
2. Basic equations. We assumc that the body occuples a bouded

region B with Lipschitz boundary 2B which consists of a finite number of
smooth surfaces. Denote v; intersections of two adjoincd smooth surfaces
and D= Uy, We denote by the components of the displacement vector and

o
by g the components of the microrolation vector.
The basic cquations of the lincar theory are (see [13, (2])

— the equations of motion

(2-1) T:tgj—!leiyl::‘l‘ﬁi—?fii, L NI --s‘,,-.',.,-{—ﬂ-I‘:I“op,,

— the equation of entropy
(2:2) eTar— i =S5,

— the constitutive equations
T::=Auni’n'f‘Bljrsxrs"rD.Jpq.'/-pg.-'i a9,
m“=If,,m',,«‘r—C“,,v.,,--.-E”m,zp,,-- 1)

(2.3) ,uiitzDrMikf’rs'*"l':raifk"'-rs_.'I:Hkqu/-pqr'i’ Suxﬂ,
P‘fj=f170"'ffi.-f'1;'—fui’-t-—'gux?!um
di =k, 5
— the geometrical equations

(2-4) Cor=ty s TP FTFs b L= s 1



