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In the present paper the modulation equation for & non-linear magnetoelastic: plate with finite
conductivity in longitudinal magnetic ficld accounting thermal effects is denved. The obtained
cquaton is investigated on stability,

Lintroduction,

The modulation waves in physics and hydrodynamics are investigated rather well
[1,2]. During the last period the non-linear modulation waves for pl:
studhed [3.4]

These waves are proved to be nol stable in materials of metal type (soft non-linearity).
In 1deal conducting medium [4] for rather great magnetic field insiability is shown 1o yield
1o stability and vice versa. In the case of finite conductivity the unstable ideal problem in the
presence of dissipation term can be reduced to stable one. In this paper dissipation effecis
connected with finite electrothermoconductivity are studied.

The problems of non-linear vibrations of magnetoelastic plate in longitudinal and
transverse fields are considered [ 5].

2.Dispersion relation.

Let us consider a non-linear elastic [6] plate in the longitudinal magnetic feld

es and shells are

E,(Hn ,0.0)_ Tt is assumed that the vibration of the plate gives rise to thermal effects, The

equations of classical theory of plates motion and thermoconductivity can be written in the
form [7-9]:

.a"lv 9’ a:wT J'T w
D ax—_‘+ D"FTF[EF, +oll+v) PN +pha—1—
hd Dl oK,
‘:a—c’ Fog]= (U""FG“}_p..L(. i c)dz (2.1)
ar.. 9T [12x. 6k |, ow

el o + Pl @2)
ot /$ ax* | h*  phe, At dx ot

It is assumed that the wave propagates along X' axis.

EW A (l—v-t-vz): etk :
AT T T ] 2 ¥ T R A T t
1201 —\"') =5 VY2 V= FEE and other notations are

taken from [6-9].
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The volume Lorents force is determined by formula E:].l.u[rotj? x Eﬂ) and
magnetic field is H= H +h and takes place

H oh.  dh,
K =0, °“"[ 2.3)
: p lox 0
The terms corresponding to magnetic field are taken in linear approximation:
The induction equation in plate has the form
o 1
: (H V)V H,divi +—Ah (2.4)
ar O,
| th the el dueti d v AL
2 is the magnetic constant, O is the electroconductivity and V| — 25—, =~
where [L, 18 the magne 1L-L 15 8 ity ot ot
is the particles velocity.
The cqu’ll.mn (2.4) with respect to components is as follows
divh =0
oh, i a!w 1 M o
a7 axar " %)
In dielectric rm.dmm (out ni' the plate) the equation of electrodynamics has the form
divh =0, roth =0 (2.6)
The solution of (2.1, (2.2) and (2.5) is sought as
1 - I
w= E(Ae P el T 5(3(‘. “tee)
1 it L 1 = 0T
h = —(Ce +c.e)sindz, b, ==(Ge" +c.c)coshz 2.7)
T fu — O, O=0, +i0,
and of (2.6) in the form
1 ks 1 y o frFke f
= E( Me™= +c.e), h.= E{Mz' +e.e) 28)

.f
'2—. and (2.5) we obtain

e
= —-Z—JTG i (2.9)

Keeping the terms of main order kh and taking into account (2.3), (2.5), one cane
obtain

Satisfying the boundary conditions h,, = J’rr onz==%

1 X
Gl —¢+ k‘)—:’w:! = kH, A

Gy
2iH, !
K = —Ifce“ (2:10)
and the following dispersion equation
e o AN
Dk! + Dk*AR) = pheo? + 2aflokA

o " 2k

ha,
(5, —io)—iDa(l + v)ymok* =0 @1n

where
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121 6k}
+
h*  phe

r
The equation (2.11) with the account of smallness of amplitudes and dissipation

connected with thermo and electroconductivity can be writien in the form

D, =3Detm =

Jm
o=0"+-—a" . a=|4 (2.12)
da

: 0 20 . ot 5
where the linear part 0 = m'f +i,, m? is linear frequency taking into account the fact
that dissipation 1s small -

1 2
o = E[,Dk4 +2H; ok + Do(1+ \'])m.fc‘]V (2.13)
mi_' is the damping coefficient
A k* |2H; 1
w, -_-——Ir—("ﬁ = D[]-I—V)x‘l]xl (2.14)
pi ~
and non-linear coefficient
dw
3 == — Dbl (2.15)
i
DD,k" o)
) Dl ik
' 8pho! ‘o)

To clarify the contribution of magnetic field and thermoconductivity in (:)'l1 and 0);',
the example of cuprum is considered [8] in the case of absence of thermal currents with
external medium (k, = 0} 5

For k= 107" the effects of magnetic field and thermoconductivity in ] are of the
same order when H ~35- 10} Gauss, . On the other hand in the expression of @} the
mentioned effects are of the same order H, ~ 25Gauss,, i.e. magnetic field plays essential

role in damping.

3.The stability of modulation waves.

Using equation (2.12) one can write down the modulation equation [1]. For this one
has to put

d d
w—=i=, k -—)Ea— and seek W in the form
X

ot
1 T = i,
w=;{\|!e"" + ™), Ty = kx— @, |\y|=1A1 (@3.1)

d
Substituting mo(-—fa— instead of @" (k) one can write [1]
X

Of i@ i a0 o ay Lo I
w[ ’ax]"" o’ (K- (o [H): e () 5=
and obtain the following modulation equation r
ay a‘moatp ldmnal.p ) i
e e 2o (D, ~iD,)yly| =0 32

For investigation on stability of modulation equation one can write W = ‘{J(:xp(!(p}

Then, with respect to ¥ and @ one can obtain
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¥ dofdp doi dp | [a%y (a_¢]3]+

a T dk ox dk  ox 2 m. o’ \ox
1d ¥ do 9’ a9
e Y o s —
+ 5 [ 3 ar AT 3 ] DY =0 3.3

SRl ¥ ar U g iar o b e% | art o

Id ®; [“a'lp 1938_{p]+‘0_‘q;-‘=u

g(g do? 3p  dof ¥ 1dm"[aw_w[acp]}

>+ 2
2 di’ ox* dx ox
For investigation on stability one must write
W= (1) +8%(x.1), @ =,(t) +0p(x.1) (3.4)
Then in initial approximation it is obtained
d"¥ d
d"—o\p Lpﬂ+D‘Pu—0 (3.5)
8

Because ‘W, and D) are small one can assume W, = const and seek the solution

of the equation for disturbances in the form

S = Fexplif), 8p = Dexplif), 0= Kx— Q1 (3.6)

doy;
Then under the assumption that t‘.‘(p(’[ﬂ f)m I' which holds for |mz| RN dk

we can obtain the following characteristic equation

. T o 1]
affects the stability condition, one must put |m‘:

P =3D,%p+ pi(p, +2D,%;)=0 @)
where

dof 1]

de 2 dk’

dw; 1 a’ m,

s

Solution of {3,?] i5 as fullcws

p=—iQ+iK (3.8)

rd

3 2
—iQ+iIK—==Dy; (;Dﬂ!,’)] =AY (3.9)
aK - =

e % +'lD]l|Jﬁ] (3.10)

Here is taken into account that << |m, ;

,d'0)
K==
dk

x iy 2o e b g 1
The amplitude of W contains multiplier € 93 = | and if the dissipation essentially

3 2
<<EDJ‘PL;

The last condition holds for rather short waves

Mwﬂﬂ(]»l 311
aople ] i

The condition of modulation stability will be

Q=0 +iQ , & <0 (3.12)
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I the absence of thermoconductiyiiy for ieal condicting medivm 03 = D, =0 (he
suhility condition will be in adisbatic approximation
d’m)
T2
From (2:13) ome cun obiain [4]

3 3
d’o) < H_“>Dk|[4+_1|.'ri] 3.14)

—t )

s Ame

=0 (3.13)

2.8
For bounded magnalic fickds —d_“‘_ll-;.‘i' =0 and stabitity condition of (3,13) gives

12 >0.
As it is soen from (3.9, the sign of £ 15 essential for the dissipative problem and one

eIl consider tag crsed
bl
1

dk?
Y= 0 the candition (3,13 ks nat fulfiked and A, <0 From (2.9) ope can oblain that
the dissipative wave.ss unsnble

o} For small Hj o shows (3.14) >0 and in adiabatic spproximation’ if

I ‘|f_. =1, i'l." =10 the momdissapative wave 15 siable, the dissipativie wave is n;ain
unstahle.
By For' smong B0 o000 A >0 (3030 s fulfibed and £ <0, The

dissipative wave ts-stable. IF . >0, Ay <0, L2 >0 and in both cases there s
inktability,

It is surprising that for more general case of diffraction approxination whare A, js
given by (3,100, consicleration an stability B very simipde

Iry,=0 {D+ {U]' from (3.9 1 s scan that for A = 0 one can oinin £2 <0,

nondissipative and dissiputive solutions are stable; for A, <0 there is instability of both
salutions.
Ir T }0 thene % m-srubilllfofd'i}.sipaivc sofution.
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