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The aim of the present paper is to mvestxgate the propagatmn of free torsional waves in a non- homogeneous
magneto-visco-elastic slab with a cylindrical hole and obtain frequency equation. - The shear modulus i and the
denswy p of the slab are assumed to vary as some power of the radial distance.

Recently Chakravorti! discussed the propagation of t'orsioné.l‘ waves in & perfectly, conducting elastic
cylinder and s tube under the influence of a uniform axial magnetic field. Chandrashekharaiab?, by consider- -
ing a circular cylinder and a-ciroular tube, made up of a perfectly conductmg visco-elastic material repre--
senting & para.llel union of the Kelvin and Maxwell bodies, studied the propagation of torsional waves in
these bodies in the presance of an axial magnetic field. ~Chakravarty? discussed the problem of free
torsional vibrations of an inhomogeneous slab with a eylindrical hole. As a sequal tc these, the present
paper is an attempt to discuss the propagation of free torsional waves in a non-homogeneous magneto-
visco-elastic slab with a cylindricel hole. We assime that the slab is made of a perfectly conducting non-
homogensous visco-élastic material representing a parallel union of Kelvin and Maxwell bodies. The

" non-homogeneity of the slab is due to the variable shesr modalus p and variable density p. Two cases
have been considered : (a) when both the density p and shear modulus p of the rlab vary as some power of
radial distance; (b) when p is constant and only u varies. In both the cases frequency equations have been

- derived. Such problems of magneto-elastic-vibrations have been found to be usefvl in various branohes of -

science like Astrophysms Plasma-physics, Acoustics?, etc.

PROBLEN, FUNDAMENTAL EQ,UATIONS AND BOUNDARY CONDITIONS

: Considera perfectly conducting non-homogeneous visco- elastic slab with a cylindrical hole placed in

a magnetic field and surrounded by vacuum. We sappose that the axis of z-coincides with the axis of the
cylindrical hole. Referred to the cylindrical co-ordinates (r, 8, 2) the faces of the slab are z = 4 h and the
cylindrical hole surface is given by 7=a. The problem being one of magneto-visco-elasticity, the funda-
mental equations are those of electro-magnethm a.nd of visco-elasticity. Maxwell’s equatious governing

the electroniagnetic field are, ‘ :
- > ) i - )
- curl H = 4w : ‘ (1)
B N : R ,
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curl € == (2)
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divB =0 - 3)
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where the disp]a.oement ourrent is neglected and Gauvssian vnits have been used. By Ohm’s law, we have,

-

- ' > } S ‘ :
J=G[E+T'8—5XB:|_ ’ (5)
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In equations (1) to (5) H, B, E, J respectively denote the magnetic intensity, magnetic induction,
electric intensity and current density vectors, u, and o respectively denote magnetic permeability and

: . —
electrical conductivity of the slab ; u represents the displacement vector in the strained state and ¢ is the
velocity of light. ‘ : ' :

~Assuming that the temperature remains constant, the stress-strain relation as given in Nowackis

for visco-elastic solid; -is,
i

: 3 o 3 i
(1 —l—ml—a—t) ‘S'.’j=—'k2[4(>1+m28—t) &;j | ’ (6)
where ' e '
1 . A
Sy = oy — 5 8 3. (s = 3ke) «7)
6ij = &5 — 5 € 9, (e = )

'a_re deviatoric cbmpohents of the stress and strain tensors i and &jy A a,nd_ ;p‘ are Lame’s constants,
K =2 4 2p/3 is the bulk modulus, m,, m, are visco-elastic moduli and §;; is Kronecker’s delta.
The strain displacement relation is . o ' ' o

=it ®
. o
- o | 2. . o '
Copit X Bi=p S5t | | ®

where p is the density of the slab. From equations-(1) to (9) it is clear that the electromagnetic field is

. . —
interaction with the mechanical field due to the presence of  in (5). Eliminating Sy, e;; and s from equa-
tions (6) and (7), we obtain, . '

TN & | 3 2 RPN, B\
Moreover, the electromagnetic field equations in vacuum are, . \
(Vz——c? E@")E*:\O \ (11)
(V2—~52——ét7) h* =0 v N ] (12)
s . -

- . ‘ )
curl B* = 1 & - : : _ (13)

c ) EE

1 g+
w1 9l

curl % ~ (14)

. - : —>* :
where £ is the perturbation of the magnetic field and E is the electric field in vacuum.
) : A’ v T . . - \:V » * . . . - ‘ . " B .> . - . : N - 13
* Since we are considering torsional vibration, the displacement vector « has only v as its non-vanishing
component which is independent of 6 in cylindrical co-ordinates, i.e., ‘

- Ur =y, = 0" - (15)
Ug = 0 =j_'('r, 2) et .
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and the magnetic intensity A has the components ~ .~~~ . To ,
, ' H H(constant) l
, o o
If the body is a perfect conductor of electnclty, g 0 a.nd the equaﬁlon (5) gives,
> gy 3 , . w o -
REEE ><B=[~e_- ~—c—,H}-—;t,,;o»,0] Can
'Ehmma.tlng E from (2) and (17 ) and usmg (4) we get
[O H ,-0], : ; R . (18
Thoequ'ati('ms (1) & (4) t-ogether Wifh the e'quation (1'8‘) give, : o
2 sl B a0 o
JX B = [0, - ;—233, ﬁ] | (19)
‘ Usmg equa.tlons (7 ), (8), (10), (15) and {ﬁ), we get fmm equatlon (9), 7 )
7 a 3?:” 1 TAv v ‘ 2% . 3
“au b 4{ w T T T T f+2 (10m )
av v\ (i, a_ _'I{f_"\a% L, 8wy L
(?*T)F—‘(Hm‘?)(‘lw e )= R
Therefore, L : o ‘
v = (4 cos gz + Bsinq) F (r) eiwt S (21)
- satisfies the equatlon (20) prov1ded F (r) sa.tlsﬁes the equatlon, : | '
&F 1 dF (14m,ip) H’q2 : (1 +-myip) o :
T T +{ Su (It myip) m ,Jf Su(ltmgp) PP 7 } Foo+
L{dF  F\ 1 dp LT T e e e
But-the surfaces’z = & h are free from stresses. Thus, o A

Hence, we have either,

B =0 and q= %’L , (n=0 or an integer. This is the symmetric mode of vibration,)

or, .

4=0 and qg=(2n -[— 1) = 2h R (n = 0or an mteger This is antisymmetric mode of vibration\.)
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In view of the equa.tlons (17 ) and (18) we take .

- L o E* = [E* 0 0] |
| wep o
Hen‘ee the equations (11) to (14) take the fOHewiﬁgffgrm, ; o '
2_1‘@43;,%*'_'_0' : ’ ; , oy
R : S Tw T T B T I I @
- For free torswnal vibrations we seek the solutlons of (26)in the f(n'm, o . ‘
| B+ = (A cos g2 + Bsing) BKmer (@7
) ’ E*~— (4 cos gz +Banz)E’*(?') eipt . | - :
Thus the equatlon (26) together Wlth (27) glve,
L dhy 1 dhg* P 4 el _ N
N dr? +/r dr + _‘cfé_‘k(’*‘—/__'ox e R (28)
and k Lo ERAs .
‘ d2Eg* 1 dEy* '_gp P . : |
e kg g B =0 @)
The boundary pond:tlon for the slab w1th cyhndrma.l hole is given by
4 O',g-TyG—T,-o — 00n’l‘———a o } ) X (30)

where T, T,o are Maxwel] S stress tensors in’ the body and in vacuum. Weean ea.sﬂy venfy that,

'

) \ o T,o = O - '/ B (81)
and hence the boundary cond1t1ons (30) reduces to ‘ '
a,o-.()onr*a ' \ (32)'

METHODOFSOLUTION
;o <> f

where‘ by Po BTO constants and 7 is the radius vector. The equa.tlon. (22) with the help of (33) takes the -
form,

Case I : In this case we assume

I T e +( -rlz—)F N =0 - | (34)
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- where

e (Lt mip) pp®
2% (L + myip) .

_ 0t min) Higed,
f?ﬁ@ﬂ+mm,‘h&@p

. putting S S : PR » ‘ |
in tﬁe‘equeﬁon'(%), we obtein, TR e

‘ de,/, / ’,

S : (\37)"',

where, 4 N A RS
SR ‘A2—-1+)\2 EOIRUIIEINE N S AT T et ,'(3‘8)‘

Smee vis ﬁmte on the axis of the eyhnder, it necessatates tha.t the solu.tlon of the equa.tmn (37 ) must be s
of the form, . : ek :

| . e b= (W) S | »v , (39)’}
E where J) i¢ the Bessel fu.netmn of order A Subst1tut1ng J(r ) in fhe "eqizatyi}en ‘(36.) ;we obt/am, |

: \ F(r) _k_ J,\ W) | : | - (46) ,
The solutlon therefore is of either of the followmg form,s e : B _’j G | B : | N
| o

" 9= 4 cos qz : 1—J)f (mr) efﬂ wrth g —‘—”i 41)

w = B sin*qz - j—-J}. {mr) ewl : wrbh q = (2% _;kl) .
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The frequency equat1on is obtamed from the stress free. condltmn on the hole = g . Thu s

(Url))r...aﬂzo

leads to the equation Ere , =
.maJ,\+1(ma) (2 A)J,\(ma) : S o (43)

0 has the solutlon

"",,.1+m1zp)m) }e,-@_ T
2;1.0(1+'m3'&p ]

The lowest s}rmmet‘rie' :aqoyd‘e mth n

~ (44)
) | with the frequeney equatmn

(1 +-my ip) po P J 1+m1’6?)P0292 2_.A J (1 4-m, ¢p) py p* |
\/ 2pg (1 +my2p) - v '\H(V 2uu(l+mzw) )( ) A(/211«1(:1%-"%17) )

(45)
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“where; .
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; Ins case is- obtamed from the condltron,




