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Abstract. In the note wave-type solutions to the hyperbbéat conduction in the micrope-
riodic composites are investigated. The considematare related to the tolerance averaged
model of the hyperbolic heat transfer problems ioraperiodic composites. The Lapunov
exponent notation is applied. The open form oféhgslutions are formulated in one shape
function case.

I ntroduction

Many physical problems can be described by the Bapooblem for a system
of ordinary differential equations with constaneffcients, which in the consis-
tent matrix form can be written in the form

X' = AX, x(0+) =x, 1)

for known real matrices A ang of nxn and1xn dimensions, respectively, and
unknownlxn matrixx = x(t), t > 0. The solution to this equation can be t@ritin

the form
where
o Antn
At
© _nzzsg n ®)

is the Lapunov exponential of mate. It is the well known fact that

eAt eBt — e(A+B)t (4)

provided that AB=BA. Indeed if x' =e®y'then and under (2) and

y,' =e ®x,’ one can obtain
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Bt LAt

y' =eey, (5)
and
y=(e"Ae™ +B)y (6)
Hence under assumptiofB = BA and (6)

yT = e(A+B)’( yoT (7)
and then conditions (5), (7) yield (4).

In this note we are to apply mentioned above Lapuexponents notation
properties to the discussion of the wave-type smistin the hyperbolic heat con-
duction in the microperiodic solid.

1. Formulation of the problem

The starting point of consideration will be tolecaraveraged model of the hy-
perbolic heat conduction in the one dimensionakageriodic solid which occupy
the interval [0.] in the reference configuration. Denoting bymean heat, by
relaxation time and bl conductivity constant and assuming that the tetapera-
ture together with temperature gradient in evergstituent for a certain shape
functions sequende = [h',..., h"] can be approximated with a sufficient accuracy
by decompositions

B(x,t) =u(x,t) +h(x)0" (x,t), & (x,;t)=u, (Xt)+h xW" (xt) (8)

respectively. Here and in the subsequent considesasymbol([J , (Jl denote

spatial derivatives. In above decompositiens u(x) anduv= v (X) = [U},..., U]
are new basic unknowns named as the averaged tammeand the vector of
temperature amplitudes. Temperature introducingerdain finite which will be
rewritten here in the form, cf. [1]

(c)u+(eu—(ku, —~[Klv', =0

L - (9)
V. o+ yor{Buv 4R u 9
where under the averaged operator over the unif-c&f2,1/2]
1 Al2
(f)(x):; J'f(y)dy, xO[A12,L-A12] (10)

-Al2
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matrix coefficients are given by
(') ... (ch'h") (chh?) ... (chh)
y=| ... U 72|
(chht) .. (ch"h") (ch™ht) ... (ch"h")
(11)
(khihy) ... (knehy)
W=l | (k) (k)]
(khChg) ... (khfhy)
We are to investigate wave-type solutions of tHerémce equations (9) of the
form

u(x,t) = F(x-put), v’ (x,t)=G(x— ut) (12)

where F () and G([J are new unknowns. Similar problem has been inyats
in [1]. Under (12) tolerance model equations (&etéorm

(cou® =(k)F"=(c)uF'-[K G =0

Vi iG"+([K - y)GHRGH

where prime denotes the derivation of the wave-tygreeratorg andG. Introduc-
ing additional unknowns) () andV ([} by interrelations

(13)

U(y)=F'(y). V(y)=G(y) (14)

and denoting uninxn matrix by |, the equations (13) can be rewritten in matrix
form

= 0 0 U [ou o kKl U
0 I o0 ||G'l=| 0 0O | G| (15)

n

0 0 y |V 0 -k (K"-w ]V

which, together with a certain initial conditionadaunder conditiond =F', is
equivalent to the Cauchy problem (1) for
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_ o 0 [K]
(e’ =k
A= 0 0 I
1 1 (16)
0 ey 2 L 7 (1 I 7
H H i

% =[U GVl
The problem we are to discuss the solution to thecBy problem (1) specified
by (16).
2. Analysis

To discuss solutions to the Cauchy problem (1) ifipdcby (16) we are to de-
compose matriA given in (16) into sum

1
A=H+—trA | 17
2n+1 2n+1 ( )
and hence
Ou - 1 ya 0 K]
(Cou”—=(ky 2n+1
H = 0 -1 gan, I, (18)
2n+1
1 1 1
0 g S v (I Y VA trA |
_ A A s il

Since terms in decomposition (17) commute solutiorthe mentioned above
Cauchy problem can be written in the form

U
G |=eVe™x, (19)
Vv

It must be emphasized that the teg?’ of the right hand side of (19) is a sca-
lar one. At the same timd a certain traceless matrix coefficiedf,= trH = 0.
Hence the Caqgyley-Hamilton polynomial related tis thatrix has the form

2n+1

7 + J222n—1

+J,277 M+ 4],z +detH (20)



On the tolerance wave - type solutions to the Hyglar heat conductionn microperiodic composites 97

where J;, J,,...J,,, J,n, =detH are invariants of. It is mean that termrHz*" in
(20) is equal to zero.

Now we are to restrict considerations to the spe&eae in which the tolerance
model of the hyperbolic heat conduction includesl@sively one shape function.

In this case matriA as well asH are of 3x 3 dimension and hence polynomial
(20) takes the form

Z+J,z+detH (21)

It is mean that (21) has three roots of the farm0.5a+bi, —0.5a—bi and hence

e” 0 0
e =0| 0 e®?(cody+i siy) 0 o' (22)
0 0 e ?(cody-i siby

for a certain orthogonal matr@.

More detailed analysis and the physical reliabitiigcussion of the solution
(19) to the considered Cauchy problem will be eixgd elsewhere.
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