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The radial pulsations of an infinite cylinder of uniform density and infinite
olectric conductivity in the presence of helical currents are studied for the

& . . .
case when § = S is a function of the displacement from the axis of the
0

cylinder. It is found that the frequencies of pulsations are of the same
order both when £ is a function of displacement and when ¢ is constant in
space,

InTRODUCTION

Radial pulsations of infinitely long cylindrical masses are of great im-
portance in the study of cosmic bodies like Spiral Arms, Solar Ion Streams,
etc. This problem has been the subject of detailed investigations during
recent years (Chandrasekhar and Fermi (1953), Lyttkens (1954), Chopra and
Talwar (1955), Bhatnagar and Nagpaul (1957) and Talwar and Tandon (1958)).
Here we explicitly solve the modified Eddington’s equation given in the paper
of Talwar and Tandon referred to above. It is shown that the frequency of
pulsations does not differ considerably from the value it takes when ¢ is
constant in space.

FirsT CASE

The modified Eddington’s equation for the radial pulsations of a cylinder
of uniform density and infinite conductivity in the presence of a magnetic
field is as follows (Talwar and Tandon 1958):
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We have also

curll—i=4m7, .. .. .. N 3]

divH=0 .. .. .. .. .. {3
and

or )

%=§=£O(r)e L. .. .. @

Further, I" is the ratio of the specific heats of the material of the cylinder,
m(ry) the mass per unit length of the cylinder within a radius ry and pg, Py and

H, are the gas pressure, the density and the magnetic field respectively in
the equilibrium state.

The change $H in the magnetic field following the motion is given by

85= cml(a;)xﬁ)+(8;gr&d)§. .. .. .. (8

The change &7 in the current density, following the motion is evaluated by
using eqn. (5) in conjunction with eqn. (2). For the equilibrium configuration

Opy _ _26m(roPo , (T 7T
o 2RO (G, 0
We assume the helical magnetic field inside the cylinder to be of the form
-> (iat) )

Ho = (0, Klfo, K(rﬁ—R')/2) ?

Jo = (0, —K"0/477, K1/2Tf)

where R is the radius of the cylinder and r, is the distance of any particle
from the axis in the equilibrium state; while the external field is governed by
the relation

HS = (0, KyR2r, 0). .. .. .. .. (8
Equation (1) is solved under the boundary conditions :

(i) 8 =0 ab r, =0 } ©

(i) P=0at r,=R

where P stands for the total pressure. Now across the boundary of the
cylinder P should be continuous, i.e.

plnt - HE? o g [gy S 1))
We assume a vacuum outside the cylinder. For no surface current HE= —
H'™ and hence on the boundary of the cylinder ;““‘)=O. Throughout the
space outside the oylinder, H= is uniform,
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In view of the above relations we have

- 2 2 K? a2
nGoN(R —r0)+ (R )= g5 (B =15)". .1y
Writing x = rg/R, the eqn. (1) can be written as
% (b of (e bi h k
ax2 (d x-’+ T +a:)+a ( x4 x2+3)+§((—i x—ax3) =0, oo (12)
where
b= K*R*(1—T 2)/16x,
KiR .
o= —2b+—— (1-I)—atTRp?,
. 2I’R
= b+7p; GRI’+
¢=1Tb, f=be, g=3d, k= —8b
and

h = o2poR+4nP R +4c.

Equation (12) has singularities (given as (1/A)2 where A is given by eqn. (16)
and z = 0). We have to find out regular integrals which are finite in the
range 0 <z < 1 in order that the boundary conditions may be satisfied.

We take

§=Zanx"+1' G £\

where n is a positive integer. The roots of the indicial equation are ~2 and
0. To avoid the singularity at the origin we neglect the former root. The
coefficients are thus given by the relations

8as+ (hyd)ap = 0

Benis _ _ h+2n(2n+4)c _ o (2n—2)(2n+4)b— k' . 14)
Asn d2n+2)2n+4) asp ~ d(2n+2)(2n+4)

Writing Ng,;, L(n) and M(n) respectively for

Gonge h42n(2n+4)c and — {)(271—2)(2n+4) -
agn * d(2n+2)(2n+4) dCGn+2)(2n+4)

we have
M(n
Nn+1"’ n Nn). .o . .. (15)

Let A be the limit of Ny (and thus of Npy; also) as n— co. Taking the limit
we find

- = . . ‘e .. (16)
A2+Ad+d 0.
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Let the root of eqn. (16) that is less than 1 be denoted by 4.
For ¢ to be regular in the interval 0 <z <1, N, must tend to the limit 4.
Equation (15) can be written in the form

. —M(n)
N"—L

(m)= Ny (17

(negative sign of c/d is taken into account and F = h/d contains frequency).
By a successive application of eqn. (17) we get a convergent continued
fraction for the representation of N,. The continued fraction for N, is

—k/24d (162‘%)/48 (403’12{)/80

Ny T 1%/d—F — 3%/d—F — 80cjd—F — (18)
2% 48 80
But Ny = —F/8, from eqn. (14). Therefore, we have
bk b &
P, —kj2ad (105 5)/s (s03-5)/0 e "
8T Ia—F — “Bd-F ~ Ga—F %
24 48 80

This equation gives the admissible values of F, which finally gives the value
of o, the frequency of oscillations. Taking different values of F, we plotted a
graph for eqn. (14). Also for different values of F, we calculated N; by
assuming it to have the limiting value 4 and then obtained N, using eqn. (17).
We plotted a second graph for these values of Ny and F. The point of inter-
section of the two graphs gives the approximate solution of eqn. (19). Hence
the frequency can be determined.
For the Spiral Arm

R=>757x10"cem, p=2x10""gmjc.c, I =5/3;
Hy = 107% gauss at the surface and H, = 107 gauss at the axis.

0% = 13-34 X 10™* sec~2
and
£ = ay(L+0-009422 — 0-0003z4 +0-0001x" . . .).
SECOND CASE

Here £ = constant
M
o2 f r2dm = 13,788-56 x 10",

Integrating, we get
02 = 13-38 X 10! gec~2.

Similarly if H, were zero, we would get
0% = 1148 10" gec-2
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with
€ = ag(14-0-01122+4 0-0002x4 +-0-000125 . . .)
for the case £ 7~ constant in space,

and
02 = 11-52x 1073 gec-2

for the case £ = constant.
Hence we conclude that the frequency remains almost the same whether
we take ¢ to be a constant or as a function of the displacement.
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