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E . ol b

e rcm:1 (4.14) it is clear that we can choose a local basis of V' such thal
.. U, and U, are principal vectors. thut is. we can suppose thal ‘ L

(4-15) .”"k- U;-LII. k 152, 38

and so. from (2.4). (4.12) and (4.15). -2 gV NV DX, L)
-:f) Y= . T - e 3 H ' N Sp - e A8
2(3.— a;)r. Consequently. [, I’y and U, are principal veclors \\'ilhithe

same principal curvature. Then (se 5 fis :
e henc. of Q1" (see [5]) M is an open subset of a geodesic
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1. Introduction. D untealistic  consequence of the parabolic type
equation of heat conduetion based upon Fouricr's law is that a {hermal dis-
turbance at any poinl in the body is felt instantaneousty at all ather points.
But the experiences made with Hell have chown that the thermal pulses
are propagating al finite speed. fn order to remedy this so-called .paradoxX
of heat conduction™ different theories have been proposcd. A first solution
has been offered by the equiation of heat flux deduced on Kkinetic-probabilistic
grounds by Cattanco [th (2] and assimed by Verna tLe in (3],
14]. s use in i5]--115] has shown Lhat the second sound is possible. Upen
{he basis of unfounded analogies. the Cailanco-Vernotles cquation has been
deduced by Kaliski [16] withmn the framework of the Onsager tvpe thermo-
dynamical theory and ¥ ox [17] has derived its objective form in the non-
linear case. The entropy inequahties propased by Mitller [18]and Green
and Laws [19] as well as the assumption of a constitutive equation for
{he thermal energy flux by Ghaleb [20] are staying at the basis of some
theories which supply finite propagation speeds of thermal disturbances
(see 121} [31]). Also- {he thermodynamical theory with internal state va-
liables Lakes into account the possibility of the coeond sound (see [32]- (390,

The idea for giving a constitutive equation for the heat flux independent
of the present temuperature gradient. analogous with Cattanco-Vernotie-
Kaliski's law. has lied at the hasis of the theory of rigid heat conductors
with fading meniory developed by Curl in and Pipkin [40]. The ther-
mal waves are propagating at finile speed (see 0] - 142]). The theory deve-
loped in [40] has been generalized by Mc Carthy [43]in order to take
into aceount the body deformation oo, ‘The constitutive equations from 1431
have been linearized in [44]. Me Carthy investigated in [43] the growth and
decay of the amplitudes of thermal waves, in the nonlinear rigid heat con-
ductor introduced in [13). In [46] he examined the thermomechanical wa-
ves in Lhe nonlinear one-dimensional material introduced in 431

In this paper we shall examine the propagation of thermo-acoustical
waves in the linear homogeneous isotropic matevial considered in [44]. Tt
will be shown that 1wo purely mechanical transversal waves and two coupled
jongitudinal waves are propagating at constant speeds which are depending
un the instantaneous material answer. Their amplitudes illustrate the ma-
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terial suemory he figi at oo st owi

. ‘L]n(')l}'. Tn the case of rigid heat conductors. it will be studied plane
armonic waves and then. in the same case. a comparison will be made bel
‘&;ffzcn.the !qtmde}s proposed by Fourier, Catlaneo-Vernotle-Kaliski and Gurlin
Pipkin-McCarthy.

When the 1'(:'[01'031(-0 cuui’igural.ion 15 a nalural one with unilorm tem-
p;ral.urg. .the coustitntive equations of a linear homogeneous isolropic thermo
H v 3 . b e = e o N . ‘ 7
viscoclasti l]l..llb‘lldl of integral type wrillen in rectangular Carlesian coordi-
nates and omilting the dependence ou the malerial point are (see [H1]):

(1.1) o) = Doty 108 1)1 sttt (0 -1, () § addety s (E—8)dshy,

"

N _g -,L(.s)(u;,,(!- sy atf-8))ds —11, s, r:| :i(x) Tl —s)ds,

ser (=t (1) 4 j ﬁ(.w)tr;ll.(t~ s)ds p—'{;(—f T % (;E o{s) T(t— 5)ds.

: 17 e
ifi{{f) == ,! w(5) T {l—s)ds. T=constant >0,

n

where T;i{f) is t]_u: Cauchy stress tensor. o(f) — the specific enlropy and
lq:r:(t) — thq _heaL flux at {; .u.(i) is Lhe displacement ; a comma fottowed
y a suffix d({noles the spatial derivalive with respecl to a coordinate ; 3
O, are, respectively. the density and the absolute temperature in the r('[c-rz'n:g
configuration ; T{f)=0(f)~ Oa. with ({f) the absolute temperature : 2{(s)
u(s), n(s). p(s) efs). «(s) are scalar funclions defined on Ra=[0.00). .}.....uﬁ:
?&hsziﬂ xn, !Jemg their values for s=0; we call () the specific heal relaxation
Com}ur”m(}r)url}}las.;st.umty). o (he instantancous specific heal. #(s) — lhe
ondu h}jat }lg.;n;g;:m(ﬁtlg:l![r;;;mx.. — {he instantaneons conductivity and

Tn [U1] we denoted g(s) = zocls) | i
- ‘ (%) = gat(3) 0o K(5) =518 =0,. With the notations
from this paper, in the case of a rigid heal conductor. the internal energy =

becomes () =0, #(H=c.T(H + [_}' c() T'(t — s)ds. which justifies the name of the

1'rL_'llaxat.10n”ffnwtif.m c{s) 1 also =(s) has the dimensionTof the thermal conducti-
vity coelficient from ihe Fourier’s or Caltanco's law.
The functions ks), £(s) nis) 0. of
‘ Ons S), sk 18). p(s). (). ={s). where the supel yased dot
dt,n;;tes the d,cr]\-'allvc with respect to the tmme argumenl s are {nu\qrahlv
on R and Hmin(s). u(s) n(sh p(s). e(s), »(s)] exist and are finite. with Him %(s) =

§—

=0 (sce J44]). We call ¢ lim e(s} the equilibrivm specific heat. \\'fle;l {8y =

=g, w(s)=ua n(s)=p(s) uﬂ’ m Gy =0p a{8)= net 7 Vs i
. =L, | L we #{8) = %ot vse R, the material
deflpcﬁ by (1.1} is E'('duced al the thermoe-elastic material of Catlaneo- \'ermﬂlt‘l-
Kaliski type analised by Tokuoka in [11] and [13].

In [44] we showed that the Clausius i i

n she lausius-Dubem inequality and the Coleman’s
principle of fading memory impose l ) e Lolompeis

(1.2) po= 1, %20

‘l'HF.RMO—ACOUS’l'IC;\L. WAVES bl

and if additional conditions (of Day type) are admitted (see |44} then
(1.3) pisy=n(s) ¥s &R o 2o ()= fo 2 V.
In the following. we assume

(]1) y_n#‘“. Oy 0.

The Tramework considered in [ 1] did not give informations about the other
constitutive funclions which appear in (1.1 {n Lhis paper we admit that
in the material characterized by (1.1) 1l is possibie Lo propagate thermome-
< whose amplitudes are not growing ol the same time
in space. This will impost new restrictions on the
relaxation functions. pamely on the instanlancous material answer.

3. Thermo-acoustical waves; finite speeds of propayation. [n this para-
graph we determine the speeds wilh which the Hadamard singuiar surfaces
cross 1he material and we establish relations between the acceleration Jump
and the temperature time derivative jump.

In the lincar theory. the equations of halance of momentum and cnergy

chanical disiurhance
with their propagation

are

(21) Fﬂ“- Ta.,. 1 Pllbi' s s i'i'Fnr‘

where by is the specific body foree and ris {he heat supply functior per unit
mass. Since e =0 (2.1). becomes

(2-2 suh . o1 gal 4.

Wwe assuine thab the material was held in the reference configuration until

{he time {-0. Then
(2.3} w(x. =0, T(x 0 D ¥X (1. be X EB
where B is Lhe region of an Euclidian space occupicd by the body thal lies
jin the reference confliguration.
Let S(0=t-00) be @ gne-paraiieter Family of surlaces with $,=B;
Y is the hypersurface
X, (x. HxeSy Ngt-oc)

o, for cach x. is the point sel oy =ix=eS ]
Peiinition 2.1, (see |17} By o {hermo-qeotstical wave we meart a solufion
que T T 0 giyof (2.0 and (2.3) such thal:

(A. 1) The displacement w; is continuously differentiable and the tem-
perature T is continuous on B (- oC. o) however the second and the first
order derivatives ol displacement and Lemperature have finite jump discon-
{inuites across 2, but are conlinuaus everywhere else on B < (—cc. o0).
Moreover, each of these second and first order derivalives are bhounded on
every compact subscl of B < (- 00. )

(A. 2) The functions 7.(s) w(s) m(s). pls). ¢(s) »(s) are conlinuous on
R. while the body foree by and the heat source F are continuous on B (- 00,00).

(A. 3) The hypersurface X, is smooth and vrientable.
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{A. 1) For cach x. the set on has zero measure.
Il resulls from (A. 3 thal there exisls al every (x, )€ M. a normal
e a1 e g " M LA 1 o nia
o 2..oSucel @ oveclor s

w=(n, - Ly=(n, e Iy Ui iz,

where m— (1. My i) b a vt pormal te S, at the point x. The veclor n is
called the direction of propagaiion and the number {7 is called the speed of
propagation. We assume {70, The following lemma will be used

Lemma 20, (Fisher and Gurt in [17]). Let ¢ i
' T L Let gand & obe 3 ‘
on B oc.oc) with the followity praperties : | / L —
(a) g is confinous:

U}, ln 1y (””[”T““\ l”f’f“““ff‘ { i((p[ (1 OsNHY { Hnn fIscd) eI
} (4 ) [ i
8 f f , 1 l isedr t !u

(¢) K is bownded o everyl compucl sy
; 1 priel subsel of Bu(—w. 2} Var
asswmre (A, 1)y Dholds. Then the Junction A .'.".‘f.!'.lf-:'i? by i L

gdixo D ‘_|‘ X s)k(x, s)Hds

is confinous on Bx(--oo. o).

" \\'m.- flf-llﬂl(' by [f} the jump of the function f across .. that s [f(x. )] =
: ﬁl’m j({x Sy dim f(x L) where (3. 1) and (x . {7) lie on opposite sides
-x,_‘ %, 0 Al Ko ‘
of X, and (x.f)EX,.

If ./ is d function That has zero jump across .. e [f]=U then the
geomelrical-kinematical condilions of compatibility bhave the form

(2.1) £l = = 1f i

and the (I}na_mlvul-enorgol1(':1'[ conditions of compatibility in the case of
thermo-acoustical waves (and in the lincar case) arc .

(2.9) colit] =1 Tos. o) galbsls galn]=— Y5 ol zalla?Ir].
From (A, 1) we have
L] =Ly ) =lagd = T]=[M] [r] = 0. Jui=azl. | FI=brth;

a is vallljm.l lhc1 mechanical amplitude and & the thermal amplifude of the
wave. Using Lhe equalions (2.3} we sh: i

‘ 5 {2. shall deduce relations belw 5¢
amplitudes. t LR

1 { ( il ition Ls A 5 S} [ 1ar1an .l
roin 1( n - l eimnme ..2.1 dn(l lh‘ Cel llt“ll\( (
. «

96 1

(2.6) [ Tul=1n]=[c]=1g:]=0-

‘Then the geometrical-kinematical conditions of compatibility (2.1} give us
- = b} E

(2.7) {1, 35 =i 0 U2 Iz':,”.] = ——an UL [T i

(2.8) [Tl — | Fenelt gl == ladn U

THERMO—AC(H’S'E‘IC:\L WAVES 83

]

Taking into acenunt (AL 2y Lhe conditions (2.0} beeome

{2.8) Qh].“r] L Fonl P O e 41
The jump 17151 i calenlated using the relations (2.8). (1.1} (2.5, (2.7).
definition 2.1 and lemma 9.1, We find

(2.10) 1155.5] =it F o) Ut g d n o hig.

where « = Analogously is calentated the jump 14,41 by using an inie-
gralion by parls in the expression for ¢ (. We gel
(2.11) fio.il v ' B

If we differentiate the constilutive equation (1.1, wit
il we apply lemma 5 1 and definition 2.1, we obtain

h respecl Lo time and

(2.12) cal| = —1ali M zncally 0.

The introduction of the relalions (2.10) (2.12) into (2.4 leads 1o the [olln_-
wing homogeneous system with four equations and Tive unknowns (a,. b, U)
(2.13) ({7 el gl (TP _;,18;.,-]::‘.. TN SRRFTI R R

nad gy (zatully! NN S 1 0.

f'he system 12,13 adinils pontrivial solulions tds. by if and only if det { Rag) -
0, where

n \ (7o ino) LT3 G0 (g U = Fa D s na U ing “
g Nali= iy, satallp ' PREL Y EE
is called the thermo aeoustical fentsor. We denolte

(2.14) (2 gt U (230 - UF salgates) 1 U

% —Mogg o 6 = Mallelgalal .
and introduce he dimensionless (uantities

ceaolzz=0. B=UiUr

where ¢ is called the ceepliity constant. Yhe characteristic equation det (Rz) =
() becomes

(2.19) (L Dy i1 --e-- 8y SUL=U.

From (2.15) aud (2.13) it results

Theorem 2.1 In the material defined by (1.1} il is possible lo propugate

nwo (ransversal purell ntechanical waves at the constant speed Uy if and only i
{2.16) PP B
Theorem 2.2. If we have =0 (.0 1o 0) and

(2.17) Fog - 2ita =05
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thett in the mederial defined by (1.1) il is possible to propagate hwo coupled lon-
gutudinal waves with the constant speeds Uy =00 17 6, FE . i O

112 (U201 -8« ]f(] 3)E ] 2611 3) —g?) =0
and with the follmoing relalions hetweerr amplitudes
(2.18) te==b o U2 — UbNa U™ ho=a (U% - U2 ) .

where o, =all .

We nole thal (2.17) is only a sufficient condition. which is not neces-
sary one,

Theorem 2.3, In the ideal case of uncoupling (i.c. ¢ =0) and assuming
§- 1 (see [G]). in the material defined by (1.1) are propagaling a longitudina
purely thermal wave with the speed Us —Uq and o longitudinal purely mecha-
nical wane with the speed U U0 Uo U if and ol if -t Zue >0,

Consequently. we call the coupled wave corresponding to {'. — therma-
mechanical wave and the coupled wave corresponding lo U_ — mechanic-
thernral wave, Tn what follows we shall assume that (2.16) and (2.17) hold.

The same propagation velocities U s U and the samc rejations
between amplitudes (2.18) were derived by Tokuoka in [15]. Consequently
we have

Remark. Concerning the speeds of propagation and the refations bet-
ween amplitudes. the linear homogencous isotropic thermoviscoelastic ma-
lerial of integral Lype cannot be distinguished from a linear homogeneous
isolropic  thermo-clastic  material  characterized by Catlaneo-Vernotte-
iKaliski's Taw.

In the case of weak coupling (see |6] ) we have =<1, such that

U3~ U314 (1 8) ‘e, 1P UF(1-(1-8) 'e)
If in addition 81, then
2= Uil +2). U2= U3(1—2)
which implies .20 . Also
o= e ligg Wy a7, fe. @ UF'= (a8 Uzt .
Since z<€1 it results 20, p*<€1. such Lhal
a.Up?| & 10:050 .

flence the mechanical component of the thermomechanical wave 1s weak In
comparison with its thermal component. Analogously

b <€ a Ug'h

hence the thermal component of the mechanicthermal wave is weak In com
parison with its mechanical component.

Thus. the experimental determination of the speeds of propagation
{",. U furnishes informations about only the initial values of the relaxalion
functions. ‘These informations can be enviched if we study the behavionr
of the amplitudes while the wave front advances in space and time.

I

———— -
THERMO-ACOUSTICAL WAVES ¥

i ; . determinati ' the amplitudes, We sup
3. Thermo-acoustival waves determination of the an pl ; ‘l
' i (s ‘) 5} 51, e(s), =(x) are mte-
pose in addition that the functions A wish nish pls) e(x). /(\: 1 l; .
' - iy ne vpolhesis
grable un Ro lims(sh= o and that the following strengthened hyg
=

holds : _ . ) . ' )
(A. 2)° The functions r(s) wish n(s) plsh elsh -/.;.s;_:an'Ic;);nu(nuc;w ;1;\

R.. while the body lovees and heal sourees are of class 0t o).
1y this case the equations of balance give

(3.1 sult] =1 Topsle sl 05"y, )-
2.1 and the iterated

The jumps [rom {3.13 can be calcnlated Trom ll.nc. 1.emm;.\ 2 PRI (i
geometrical Kinematical conditions of compalibility ('lsul.1 [l [‘, ; (:()n\;[an{

iting of itions was Laken into accoul 14 stant,
wriling of these conditions 1w : il thal -
hem'eblhai the suecesive wave fronts are paraflel surfuees. hus, denoiing

THERTUR A ES IS
i is not diffienlt to show that the equations (3.1) give

L B Fa An, el 2y, -n, B

hALN

At o . _
{ha ™ u.){ o t— - Tl T Wy
Wl 1

3t
Su, ; 1
ey 8 e a by o Qg b L
(3.2) LUl a0h e X _\u_‘ !gu{ 21 5 20 Qa [
et L Al A U thn
+{(re— g U 2an a0 -n(,{l ‘—S-l—n‘-—l i .:Uh]} 5 :

- It 5! ! }'44(.'000 113"%"”01' L —E + ”nflhu.il'f. “i,]"“f.)ol. T :.40('086 lb
1] 1 >u ‘[ LY
(3.3)

>

31 ) T
(=0, U3 B - 2y (710,17 ks L (70, L) Qb 4-2y( 0, U2) b,

T ; : .

; ) . n ’ AUy A=A d and

e L0), oA T (). #(0). s 2( -y ‘ e

}Jth‘(?el:gte IIQ'E‘)S[)EIC“\'LZI(\'.)HIP first and second fundamental form of the sin
I'a o TS :

H . . At .
gular surface. = is the time denvative inroduyced by Thomas [49] and
&1

0= lur-‘bm is the mean curvature ol the surface.

Discussion. In the case of purely mechanical transversal waves. he-
cause a0, we have

oA .
5 : [P L e
(3.4% g == byat att

Multiplying the equation (3.2} by ), Lak:ing nto account (3.4). (2.17) and
denoling a* - agu,. we oblain the following
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- Yheorem 3.1. The lime parialion of the magnilude of (ranspersal wape
is governed by the differential vquation
e Ju3 o
(43.5) B e A S L O,
q — iy 2 _L-.-.-(l B
At Ly *

l-llc comparison of the expressions (2.1 13, and (3.5) with (22) and (BOY from
[30], respeetively. leads lo

Remark. Concerning »ospee | propagali i
e lll-l,,‘lll]( h])i(-(l ol |)l(‘)|ld§_{zlllt)n and the amplitude of
l al .I |“ a ave. ihe lincar homogeneous isotropic thermo-viscoelastic mau-
erial ol mtegr: pe e » distinguis T i ‘ ‘
(EgE) ) 11.'1.1‘__,I il Lype cannot l).t distinguished from a linear homogeneous
isotropic viscoelastic material ol Boltzmann-Volterra type '

The infegration ol the ali 3 i

: gry equa S vomade using
O viven i _-I, P et juation (3.5 is made using the expression ol
given in [31]. § 25 We gel

(35.6) @) @) (1200, U - K U3,

herp (O« - . A
\\rh(';e L, fmd 1‘\.. denote the mean curvalure and Lhe Gaussian curvalure
of the surface S, al the time =0, From (3.6} and (2.16) it results

y heorem 3.2, The (mechanical) amplitude of the lransversal wave s
u enu;rlrd in time (and space) if and only if u,<0
e naks B [Foe e 3 G e
iy \-!l.tll o =, the first ferm from (3.5) characterizes the altenualion
B 0 ls](luu:-, effects and lh.v second thal due to the wave form. The amnplitude
i ‘151};(, as lhe |)I()p.agzl|l()ll\'(‘h)(‘ll}'. are unaffeeted by thermal influences.
: ulls..the e.\pcrm}vnlai determination of the speed of propagalion
Ul ge and ol the attenution coefficienl gty I the case ol the transversal
\-‘ £ .; o - > . . . . . ‘ N " g i 1 0
:),?fhglb:]l'()ffu informalions about the relaxation funclion u(s) concerning
}t 1:, \‘:llucs wy and we. However, if u(s) - wer "% o and = being |msili\'2
constants, the experimental study srmine: ' . o
> al determines co slely ofs CRUSe
i A complelely «o(s). because o,
In the case of ¢ ' it udi
H ) l,\ ¥ . ‘i ML 1) + WLl i
o oupled (longitudinal) waves we have «,—=ami;. which
gives
3.7
(3.7) ;g Ry e d it aa® oy g,
and Lhe system (2.13) becomes

({is— e —alib=0
alla (U2 —Ugh i

Multiptving (3.7) by «*Vx; 1. we obtain

(5.8)

(3.9) AV, a0, p=—200.

Multipiving (3.2) by n,; and taking into accmmi-sjﬂ 0. we find
at

, (o0 Ut — (gt 20} 1 U B = — 20 +200) 2

(3.10) ot
3b

+2(2+2u,) UQa+ l.;'--o" 2'_}.u)” nd— |-I‘iuUl'J.
3

U} PTHERMO-ACOUSTICAL WAVES B I3

From (3.37 and (5.th we el
N

. 3 J
iy Ul gyl MU=y O = 24 4o, U
51

(311 _ Y _ ,
polia— 2raz By ! — - 2%,T g, D sally 1 ah Ay Ty
&

Since Lhe cigenvalues and cigenveelors problem (4.8) admils sinple eigen-
values ({7, -0 )il results Lhal every cigenveckor {ally. Ithyy has Lhe form
{aof{1). bufti))- where (dq. b)) denoles a solulion of (3.8) tor U or [T at a par-
ticular time £, We require f(0) 1 ie £, — G Mulliplying (3.10) and (3.1
by ¢, and by respeetively. summing and taking intoe account thal (a,. #)
verifies Lhe syslem (3.%). we obtain

Theorem 33, The differential equeation which governs the behaviow 0f
the funetion [ s

3.1 e Do) i ""1 P-)"ﬂ_ub-* CA I .‘.:u'-"uuull-:‘)bi.}., oy
By} Azl fug JTI BTIN R U | M b

We note that the denominator in (3.12y s stvictely positive. This re-
sults by writling the svslem .8 Tor (.. byl multiplying (3.8}, by du. (3.8)2
by b, sunining the results and taking intu aecaunt (2,18). 5 The equation
(3.12) is of the same Lype a5 (4.5) Thus we have

Theorem 3.4, The thermomechanical amplilude (@. by of the longitudinal
wave corresponding lo Uy or U is altenualed in lime (and space] if and only if

HARY Iif.. } ‘_’:.L")rl'o"ﬂ'.-U.! H 1.) M aghy (707 g _'«u‘.'_,()u ll":)b;';-s.f IR

where {ag. by) satislies {2.18), or (2. 18), lor fraelF gy L=l respectively.

Tven it (1.3), holds. so that py—=n,. the condition (1.13) remains a
vestriction on the initial values of the relaxalion functions and of their deri-
vatives. When (3.13) holds. the fiest term from (3.12) characterizes the atlenua-
Lion due to viscous and thermal effecls and the second thal due Lo the wave
form. From the theorem 4.2, it resulls

Corollary 3.1, [n the case of an isolhermal process (he—0). (3.73) is re-
diced al g+ 2up=-t) and for a rigid heal conduclor iy iy, U Ug), we obldin
($.14) o€y == ol 30 =

If we admnit (1.3) and it we apply (2.18)., and (1.2).. it results Lhat a
sufficieni condition for {5.14) Lo be valid is 2. 0. 1f the thermal wave in the
rigid heat conductor is plane. then the solution of {3.12) is

(3.13) f(ly =g Yol malsil,

The amplitudes determined by Tokuoka in ]15] represent a particular
case of those determined in this puper.

Conclusion. Fhe accomplished study shows that it {he relaxation Tunc-
tions have the properties specified by the {heorems 2.1, 2.2, 3.2 3. and
corollary 3.1, then in the material defined by (1.1} are possible real Lransy ersal
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and longitudinal thermo acoustical waves whose amplitudes are N

at the same time with their propagation in space. S are nol growing
4. Plane harmonic waves in rigid heat condactors, It appears reason:

Lo expeet thal the method of plane harmonic waves gives lIIu: 3 "N.m_"mv

i ”"’5"_ obtained with the method of the singular snrl’;u:-s \;'hvn “‘utl:_l.t} resully

Is growing Lo infinity. We shall see that this exprelation )I'()\'pl:(l ulql’u-n.(-}'

in the case ol the rigid heat conductor speeified by Lhe mniﬁliluI“is\'(-“p(;:].,:Ii(l::;
- N - - i .

() — 0y (1) — o T{N) 4 , W TU - S,
1

(.1) |-
il _l. 2T (t ods, — =constanl -0,

We choose a soluti } ions”

s ition of the equalions : 9 in whi i
i €hou Jus sT(1.1) and (2.1),. in whichr =0, having
R D] 5l £ Qo Ix ]

(1.2) [ bttt e lp g, bbby

\"ilh o, D, h Ir-' K& iy
v PIE LR A £ T ] ](dl. (O] 2 91IVEen fr('f[!l"”('” i 1l i =

. e 5 { S 10 phase veloeily B
{ ) . o . ) . = lh s
Ii[f_’)]“l(lfi’()n f“fll” l‘(’ﬁf. [)h.\hl(lal llle:llllllf._’ hfl\ il]._”‘ lh(' r('i\l I)E”‘l “rl r]- l:‘ :
( .....)- (11) u[]d (.2])_ we  find ) . . L

NSNS
(C K+ CLKL)2

]

ri(ew) =20 PO, R, VTG ]\I_{':?\»':‘)}

(4.3)
22(0) — e (R, (K
e L < — O YT O RH L
where
C,=C (o) —ry 0_[ e(s) cos wsds, €, Cy{o) T e(s) sin wsds,
1]
K, =K,(») — { wlsy eos osds, Wy Ka(o) —I { #is)sin wsds
Zo~ P~ L N

It is easy 1o show that p? :

% tl:-(: gl(_»(::im“[ lh‘dl u—-(m} 0. = (@) =0 and we shall take s{o) = 0. %(e) ™
1.113.1,91, .{-i ,s “[ ]1(10]):15_;;1[10" being determined by . We are interested by
aviour of p(e) and o) when w— To i \ i
_ ¢ 100 oo, T'o continue the s roaddi
i g (@) and : ue the study. addi-

'l‘;lmsmnplum.s are necessary. Also the following theorem is needed

worem 4.1, (Sneddo 3 3 the [ '

o AL v n [52), L. & 3% If the funcli " sulisfies
Dirichlel condifion (sce |82]) on R.. !,hen ‘ / e

S S o wellis !
0’211 ."\' f(zyeos oxde =0, lim | f(x)sin exdar =0,
We suppose that the relaxation [ i : ¢ ‘
se tha axalion functions e(s). =(s). e(s). =(s). r(s) satisfy
:}m Dirichlet “C()Ildltl()ll on 3. and are inlegrable nn) H(+.) Il(sl)';‘:!l(i\l):‘ll}:;:{)
.l.lId‘I[((.\), 7(5). e(s). #(8). #(s)] exist and are finite. In these conditions. after

an integration by parl. we have the following evalualions:

Clm) =yt elwho. () Faj -t 2a{o) 0.
K (o] 7o patet o sl@) @ I y(e0) =] gumtd = 2 (o) ]e?,

i=1. 2. 3. 4 Substituting (4.4)

(LD

where, by the theorem 1,1, lim g;(em) =0

€ ok
in {4.3). making o= and taking inle aceound (3.1 1) and {3.19). we obtuin
Theorem 4.2, When the frequency e fends lo infinily the phase velocity
and {he attenvafion coefficient tend lo the values v.. =, obtuined by using lhe
method of singular surfuaces
(4 po= iy, o, Up=cye ~alnp =t
{u the remainder of this paper we <hall make a comparative analysis
of the models given by Fourier (1), Catt anco-Vernotie-1aliski (11) and Gurlin-
Pipkin-MeCarthy (111 for a rigid heat conductor in Lhe case of ptane harmonic
waves, The constilutive equatinns which define these three mocels are:
(‘-l‘)) (]) ""”‘ f’(l”“})‘ ‘,'-U) -y 1‘,1(!)-

L7y L) () =, T gy gy = % £ gy 0.

g(Iye=c U j: e T - 5)ds. sy, G f‘.,)r:'sl‘.
[4]
(1.8} (11D

oot .
qal = = § AT sy )

{ ¢, and = - u relaxation
time . For metals. s>1071" sec. (see [H3]). The solution ol (4.7).4 is given by
(1.8).. \ similar caleulus to that one which has given the expressions (4.3)
shows that the phase velocities and the attenuation coelficients 1 the case
of 1he three models are, respectively.

p (e --Vlz[,m 20l (JTVZm-:‘ _9=U5a (w)

where €. €. #g T alt positive copstants with ¢,

e
) =27 Uiz o) -I'J—V'.lor Versot VI l- a3 7,

v (w)y=M 12z Eesa g g (@) -l'yv'i_—l—c:;'me-* ¥ M2 wts®
where Up =,/ 2007 (a8 in (2.14)) and M =¢.[to 1 is a measure of the memory
of specific heat ol the body. When <0, (1) hecomes () and when simulta-
neously =—0. M =1 (111) becomes (D). The graphs from Figures 1 and 2
represent. the variation of dimensionless phase speeds and dimensionless
attenuation coefficients obtained by dividing #(w) and multiplving x{w) to
{7 and <Uzp, respectively.

It follows from ligures 1 and 2 thal

(i) When o—00, W have o = by e Ve {poand 2,—00, Ly
—(=zlr) Y # gy —M@2zUr) aceording with the theory of singuiar surfaces.
We see that when M varies. o, tends Lo Lhe same limit, while lim o, s(w)

Li=P

7 — Nalematichd s !



90

10ANA LUCA

Y
I—’-T
,-"""
— G ”f
i '.U./
.-"-’f
-~
1 |- i
) 3 ol VE
e Sl __,_”—"_" s e i 3
/""‘-'—. vm
L‘.
,} 4
M=2
0 1 1
O 7 . ’ 3 2
3 K 75}
Fig. 1 - Variati i
riation of the three dimensionless phase veloeities versn -
STSUS € T
B Urs
I E— N %UT‘(T
T Ur<y
g
EU-%;
M= 2
0 3 i
: i ':. ‘l 1 3 s
4 DG

Fig. 2 — Varlatlon of the

three di i
dimensionless attenuation ceefficients versns o

Iy
1% 'l‘l—ll'.Rl\flO-_\LLOUS’I'IC.\L WAVES 91
e ——

Grows together with M. lience. the memory eficels Tor the model (111) when
ey are fell ondy in the allenualion goeflicient.

(iiy For @ — (+. hence @z in the mr.ighbourlmocl of the prigin. the maodel
(1) estimates very well the other two. Since the fregquencies in nalure are
usually such thal o= 1 (see [24]). this may constitue an explanation
for the suecess of the Fourier's law.

i) 1M1 the maodels (1D and (111 can be used cqually for every.
10 M2 1. they give neatily vahies Tor the phase velovitivs only when w—{
and  w—x and for (he attennation coeffivient only when w—l)

{iv) The phase velocities are in the pelations 0y <Pt Jor every .
according o the dissipative nature of the models.

(v) When o= (i 1[27 oy does wol differ too mueh, from o« .
Whep o=1{3M* N2, 21 =%

(viy @ =7 has the role of a charactleristic frequency for models (1)
and (111). For o0 fe. ==}, the differences bebween (1) on the one
hand and (i1). (111} on the other hand becomt signifiant qualitatively s
well as quantitatively.

Conclusion. 1he models (1) (11) and {111y can be used equally it w—U.
At the same time with the growth of e ar¢ prowing {he differences between
ibem. It depends upon the studicd probiem il these differences arc jinportant
or not.

In a next paper 1 shall investigale the propagation of strong therwo-
mechanical waves in the malerial defined by (1.1).

Aknowledgement. | ant grateful Lo Mr. 1. Safs Jor his ereora geents and crilicisms
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RECENZI!

GRAY (Editors): The Geometrical Work of Girard De-

J. V. FIELD. J. J.
York. London, Paris. Tokyo,

sargues, Springer-Verlag, Berlin, Heidelberg, New
1987, X + 237 p., DM 156

in aceasta carte esle prezentatd in pri
lu G, Desargues .Brouillon preject d'une
du eone avee un plan™, aparutd in 1639 si consider
tare a lui G. Desargues in domeniul matematicitlor pure. Pe lingd aceastd fradu-
core mai sint prezentate alte corcetiri de giometrie practicd, cum ar fi cele asu-
pra perspectivel s eele in domaeniul ingineriei militare si arhitecturit. Editorii
incadrenza aceste tucrdi intr-o perspectiva istoricd, contribuind cu comentarii
importante la intelegerea dezvoltaril geomelrici In seeolul al XVil-lea. Acest ul-
tim aspect este discutat chiar in primul eapitol al cariii. In capitolut al doilea
sint presentate diversole aspecte ale geomelrici aplicale asa eum rezultd din lucrd-
rile lui Desargues s lueradrite altor contemporani. fn centinuare in capitolele
1i—V. sint cementate Jdiverse aspecte matematice din brosura mai sus citatd a
lui Desargues. Traduccrea propriu-zisid in cngleza oste prezentatd in capitolul- al
Vli-lea, iar in capitolele Vii—IX sint prezentate \raclucerile altor lucréri cu carac-
ter aplicativ ale lui Desargies. Cariea mai coniine cinei appendixuri in care sint
reproduse serisort ale lui R. Descarles si De Beaugrand ciatre Desargues. Eseul
asupra conicelor ab fui Pascal. intvoducerca punctelor de la infinit de cdtre Kepler
«i textul francez, fotocopiat al lucrarii .Perspectiva® 4 lui Desargues, Cartea mai
contine o bogatd bibliografie de istoria matematicii, precurmt si un index de tler-

meni tehnici. in brosura lui Desargucs.
V. Oprotu

ncipal o traducere in englezd a brosuril
alteinte aux évenements des renconires
atd cea mai importanta cerce-

Pascal. 1623—1662. (Vita Mathematlica, gd. M, Birk-

1. LEOFELL: Blaisc
1087, 175 p.. <Fr. 40.00

hiuser Verlag, Basel, Boston, Stutgart,

prezenlarea vietlt RBlaise DPascal. matematician %l filozol francez. consti-
tme subiectul celui de-al doilea velum din aceastd excelentd colectie a editurii
Birkhiuser, care se cheami Vita Mathemalica. Conceputd dupa un plan original,
cartea prezintd contributia lui Pascal in planul matematicit {geometria proiectivi
in calculul aritmetic, in calculul probabilit;’nilor. in calculul infinitezimal) si in
planul filozofic (in special, reflectii asupra metadelor matematice, cosmogonici,
fizicii). Este de prisos sa insistam asupra utilitatii citirid cirtii de citre orice cer-
eetitor de istoria malemalicii, de orien filozof si. in general, de orice om de cultura.

Mirela Stefdnescu

W PURKERT. H J IL.GAUDS - Georg Cantor. 1§45—1915. (Vita Mathema-
i, Bl 1h Birkhiuser Verlag, Basel, Boston, Stuttgart, 1987, 262 p. sFr. 48,00

afonografia prezintd viata matematicianului Georg Cantor, cunoscut ca ini-
tiatorul studierii multimilor, Scrisd intr-un stil clegant si concis, cartea reuseste
s reinvie personalitatea lui Cantor, ca matemaltician 51 filozof, utilizindu-se, in
acesl scop, atil documente din epoci, luerdrilor lui Cantor, dar si ciriii de istoria
matemuticii in eare sint prezentate rezultatele matematice obtinuie de matemati-
ciunul german si discupile pe care le-au generat antinomiile din teoria mul{imi-



