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ABSTRACT. Tho general oquation governing tho radial pulsations of an infinite
cyhnder having volume currents has been derived and tho integral formulse for tho froqueney
ot pulsations are deduced for two models of curront density, viz., (1) ewcular currents and (ii)
lmo curronts. It is found that the cylimder romamns dynamicelly stable for the two
models of ourrent systems.

The pulsations of an infinitely long cylindrical mass are of great significance
tor the cosmic bodies, e.g., spiral arm, solar ion stroams etc. Chaundrasekhar
and Fermn (1953) have investigated the radial pulsations of such cylindrical
masses 1n the presence of axial magnetic field. In the present note we investigate
a similar problem 1n the presence of volume currents following the method adopted
w our oarlier paper (Talwar and Tandon, 1956) for the radial pulsations of spheri-
calmass. Here, two spectal cases, (i) circular currents and (1i) axial lino currents
are discussed.

The equation of continuity and motion for the cylindrical fluid subjected to
clectromagnetic field can be written in the form

P, A o ()
T, P drg
and
02 0, 2G'm .
p o = — 2290 bt (jx Hrusa .- @

Ilere all the physical quantities have their usual meaning and the electromagnetic
ficld voctors K and j satisfy the usual Maxwellian relations. viz.,

curl H = 4nj we (3)
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and
div H=0 @)

Distinguishing the values of various parameters for the equilibrium coy.
figuration by a subecripl zero, we write

r = ro+0r, P = py+6p, p = pot9dp e (B)
H = H+¢éH and j=j, + &5

The variations in these parameters are assumed to be small so that the powers
higher than tho first can be neglected.

The equation (1) then gives |
% 2 9 (rr) \ . (6)
o0

Taking the various terms in equation (2) in turn, we gel \

0% a%0r

Pop = Pogi e (D)
20mir) , _ 2miry) ) b
and
op_. Op aro'
or dr, or
= Bpu( _ 98\, p .
T or, ! ary + or, N (0)]
But for the equilibrium configuration equation (2) gives
a .
a€l= — 2Gmir) po + (Jo X Horaatal .. (10)
(] 7o '
and hence
9, 26Gm .
a]r? = [ - ro(t”_) Po+ (o X Ho)radwl] .. (A1)
_ aor aé'p
x(1- g )+ 5
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Now,

90 _ a—l'l:—p“ Jp-‘,Since %’i:f‘ap
o

o ar, Fa PR (adiabatic pulsations)
[ 2
—r !_ Gm(ro) -Pot(Jo X Ho)udml]
1 9
v ore (rg07) e (12)
~Try o { % St ),
and hence equation (11) becomes
L 2
ar ( 1— _r){ Gmo(ro) Po+(]n)< Hn) radiul }
— {— 29700 oty X Horaia ) a3
0

1 0 a 1 0
= L - = = - ]
x o 07y (redr) ij ° or, { 7o Org o T)}

Substituting equations (7), (8) and (13) in equation (2), we obtain, after some
simplications.

9% 2 _ 20m(ry) p ]‘—I—l 0
red + [E . 2 “ + (Jo X Ho)ratal ] or,

.. (14)

4(1—T) Gm(r,) 1421 (JoX Ho) adsat
+[ “Tpo "20 Pot FPo I]'o o

oy L85 X Ho)+(Jo X 0 H)] rearat
+ Tp, ] & Tporo

=0

where we have put
g = £ = §ew ... (16)

The change in the magnetic field, 8H, following the notion is glven, (in a medium
of infinite electrical conductivity), by

8H = curl (0rX H)+(0r . grad) H .. (16)
3



320 J. N. Tandon and 8. P. Talwar

In any particular configuration where j, and H, are known, the change 8 m
current density, following the motion, can be evaluated by using equation (1)
in conjunction with equation (3). Substituting the values of éH and 85 thus ol,.
taned, in equation (14), we get the required equation for the radial pulsationg
of a cylindrical fluid, valid for all sorts of current system. ~We shall now deduco
expressions for the frequency of pulsations in two special cases of current density.
Case (i) : Circular curronts;

Let us consider that the circular currents are of the form

j=( 0,%7’:',0\) e (1)
so that H={ 0,0, g(,z_Rz) } b (19)

i

\

and thus the only non-vanishing component for the change in the magnetic field
following motion will be given by,

oH, =~ | 2647, .gi.]lg,(rﬂ—zn) | . (19)

here K is a constant and R is the radius of the cylinder. Further, if £ is assumed
to be constani in space then ’

OH = —2tH, ' (200
and the change dj in current density (following motion) is given by
8j = — 3¢j, @

Thus the pulsation equation (14) yields

2(2—T)

o’rg=4I'—1) . Gnpyro+ X (jo X Ho) radrat - (22)

Multiplying equation (22) by r, and integrating over the entire mass, we obtan
(omitting the subscript zero)

ot !r“dm=2(I‘——l)GM’+2(2-—I‘) jr.(ij)dr . (29
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where dr is the volume element. .Now

I r.(jxHyir = FB

v 48
H?.
=2 o O = 240 (say) . (24)
v
Thus we have
M
ot j' r2dm = 2T —1)GM2 42— )M . (25)

T4 can readily be shown for the equilibrium configuration

] r. (jx Hydr = GM*—2(I—1)U .. (26)
14

where U is the internal energy of tho system. Substituting equation (26) m
equation (23) we obtain the expression for frequency of pulsation in terma of tho
mternal energy, viz.,

M
o'“[ Pdm = —4(2--T)T'—1)U 426G M? .. @7
or
M
o? ]' idm = 4([‘—])”U+2Ir. (jx Hr e (28)

v

An exprossion similar to that of equation (28) was obtained earher by Chandra-
sekhar and Fermi (1953)..

Case (ii). Line curronts.

Let us consider the case in which the current density j is constant in the cy-
linder and is of the form

i=(00X) . (29)
where K is constant. The magnetic field will then be given by

H = (0, Kr,0) . (30)
For such a configuration

0H = —¢H
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and

3 = —2¢ )
where £ is a constant in space. Substituting these values in equation (14) we fii,q

M

o? I ;zdm=2(F—1)GM“—2(P—l) I r.(jxH)dr e (32)
L4
Using equation (26), we get
M
o? ] ridm = 4(T—1)2U . (33)

as an expression for the frequency of pulrations in the presence of limﬁ" currents
in torms of internal energy, U . It can readily be shown that r. ( J>\I'l) is a
negative quantity and hence the cylinder will be dynamically stable.

Equations (25) and (32) clearly show that the cylinder is stable for radial
pulsations in the presence of circular as well as line currents. The lateral in-
stability of the incompressible infinitely long cylindrical fluid mass has recently
been discussed by Aulnck and Kothari (1957). They have also shown that the
magnetic field in general has a stabilizing offect.
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