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The problems of radial vibrations of a long circular solid eylmder with a transverse magnetic field and rotary vibrations
of & hollow eylinder with radial magnetic field are solyed. The results of the case of an infinite medium with a cylind-
rical cavity are given. The frequency equa.tlon in each case, is solved in particular cases a,pptommately .
In this paper the problems of radial vibrations of a solid circular cylinder with a transverse magnetic
field and rotary vibrations of a hollow circular cylinder with radial magnetic field are solved. The fre-
quency equations afe solved approximately. The resualts of an infinite medium with a cylindrical cavity
are given as particular cases. In the problem of radial vibrations, the frequency equation gives two inde-
pendent modes in the first approximation for copper and aluminium. In the second problem, the frequency
has a se* of equal and opposite real roots and the other set is imaginary.

RADIAL VIBRATIONS OF A SOLID CYLINDER
Let us consider the radial vibrations of a solid circular cylinder in the presence of an applied transverse

magnetic field. Inthe case of radial vibrations, the displacement is given to be
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and the applied magnetic field is H = H, 29 where ,, 49, .} are unit vectors in cylindrical coordinate
system. The electric and secondary magnetw fields are given by1
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L — H, (dujdr) ¥ 4.
The equations of motion give!, - ;

dz A+ 2 du A2 :
A+ 2u + Hy) d¢2u+ —{;” _O_Z_:‘_+[p2p_ _{;z”]“zo 1)

*Using the notation
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the solution of (1) that is finite for 7 =0, is’ :
u(r) = 4 al--—ara £ T /‘f:

where a is the radius of the eylinder and 4 is.an arbltrary constant. It is to be observed that (i) « and g are
dimensionless, (i) « lies between 0 and #-5, and (iii) « =0 corresponds to the case of purely elastic material.

The boundary conditions give!, for ka : ‘
Bla—a (B)(1—0) _
ne ()~ P B o

where o is the Poisson’s ratio of the medium. H,is the magnetic field that prevails outside the cylinder
because the magnetic permeability of the medium is taken to be unity approximately.

When only first terms are taken in the correspondmg Bessel function expansions, equation (2) gives

B _ (2(2 —a) (;1 —2oca))1/2 ,
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and when only the first two terms are taken, we get -
g [4(3;_‘ %) + 2(3—~o;)E;—- 2au)] n 8(3 —a) (21:oc3(1 — 2u0)
“Values of § are computed for two values of o (copper and aluminium). (see Table 1)

=0

199



TaBLE 1
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Values of g for two values of ¢ (Cu = 0:3 and

Aluminiom = 0.378)

A Particular Case ; : )

- Radial vibrations of an infinite medium with a cylindri-

cal cavity : As in ref. 2 the problem can be solved for the

<\ Cu ' (0-34) . AL(0-878 general time dependence using Laplace Transforma-
- liops wi > t0 time variable. i
00 L 4-002508627 4 105626500 11008 With respect to time var ab}p The displacement
: 2083814565 +-2-010726160  satisfies the same equation of motion (8), The solution,
0:1 --3-083390185 +3-981171768 _ that is fihite as » - o0 , is ' -
+1-980632643 +1-978643544 | /
‘ PP 1— — .
0-2 £-3-875018496  _-3-825725363 w=Bal—are=1J, 1 {Brfa)

-+1+874871008

1824017786

; Cor u = Bal—are—1 K __,(Brfa) ‘
where B is a constant of integration and @ is the radius of the cavity. The expressions for the stresses
etc., are obtained by replacing J1— o by K1, when the second expression is taken for w.
ROTARY VIBRATIONS OF A HOLLOW CYLINDER ‘
Let the internal and external radii be denoted by @and b. Inthiscase, the displacement is given by .
w= ulr) ¢? i, - ‘ | (3)
The electric field and the secondary magnetic field are given by’
- - ’ o : . 8)
e = —ip Hye?uy 4, V : (
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b = H, e (du/dr) iy
The equations of motion give
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Let

' T 2
p a3 p* = 0 ,
{ | g = — (1 fzu) and o= 5+ Ho)
Then the solution of (5) is _ -
. =al—aore 4 J1—o(prja) + BJo—1(prfa) . .
where 4 and B are constants of integration. Here oc.and g are fhmenmo
0-5. The results of purely elastic cylinder can be obtained by putting o«=0.
The boundary conditions give?, for K ~ 1 : , : J .
AP2ad1 —a () — BI2—a (B 1 4 B (26 —1) 20fa—1 (ﬁzr 20 da B)
— 91— &) (1 —20) Ja—1(8) — B (L — 20} Ju (B)] = | ‘
A {200 J1 — o (Bb]a) — Bb J2—q (gbJa) + B[2acx (20— 1) Ju—1 (Bbfa) — 2gbe J o (B0]a)
— 26 (1 — oc> (1 — %) Jo—1 {gbfa) — pb (1 — 20) Ja’ (/?b/a)] ;: Oﬂ’1 A ; . 57)
iminati m (6) and (7), we get the frequency equation. For the first order approximation
E;Iﬁﬁgéniaghfﬁa;gg ti:ggxiﬁl (tﬁea:xpgxzsion ogf Bessel functions and b =‘2a, the values of 8 obtained from the
above equations are ‘
for « =0'1 p= - 0-3283008320,

)

(6)

and

-+ 0-7510689468¢;

- -000707250%; X
for =02 B =4 04153984030, - 1°000 ; o
‘ i i tion considered here, we

i — 0, i.e. for purely elastic material of the order of approxima  here,
Sg’rr 1'6»‘5_13031 dﬁlillgerzooze pai,rlc; va,lrugs of },79 is imaginary. Correspondingly, the:,re will not l)e any v1brat}on§.
flehie—;;hére is only one mode of vibration whereas in the case of purely elastic hollow cylinder, the'.permdw

vibrations do not exist. -
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