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‘ SUMMARY: The gaseous component of the galactic . .
ing processes. (without heat conduction) is considered. The viscous and magnetic
e infinitesimally-thin-disc approximation
equation for the case of small spiral perturbations and
ton. A criterion for the disc stability in the presence

forces are not taken into account.
one derives:the dispersion '
 one finds its approximative solut
of thermal processes is also derived.

1. INTRODUCTION

In Paper 1 (Angelov, 1992) one ‘considers the
response of the nonviscous, magnetic-field free, galac-
tic disc to a spiral perturbation in the gravitational

field. Using the infinitesimally-thin-disc approxima-

tion one introduces in the energy equation the hea-
ting-cooling function L(o, T'). without heat conduc-
tion. For the case of an m-spiral perturbation
(R, 1) = f(R)E et H®IR) (1)
with | [ kdR| >

1, one obtains a system of linear

equations
o +-3--.£—-vn= 0, (2
ik . . 2. _ ikd oy
reLLARS R

Using th

disc with heating and cool-

K o |
Eﬁ-vg-+ iy, = 0. - (4)

In (1)-(4) the designations are usual; exepi

'-yl'(z_T -z,)+ iV

ST T o+ e
1'where: o . e
= Duly (= Dpols (g

La
'ERg

Here, L, and L are the partial derivatives of £ In

TR,

¢ and T, respectively, whereas ¥ is equal to w=mil

5

The subject of the present paper is the galac-

tic-dirc stability in the presence of thermal processes.

The thermal instability of a nonviscous medium with
no velume forces was considered by Field{1905), the
character of the viscous-dissipation influence by An-

- gelov(1989) and the gravitation effects on the ther-
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mal instability by several authors (e.g. Marochnik,
Suchkov, 1984). -

2. THE DISPERSION EQUATION AND
STABILITY CRITERION

" The asymptotic solution for the function of
gravitational potential @ in the symmetry plane

the
of the disc (Lin, Shu, 1964), where

o~ 2xG
P = ——0,
k]

s

~ will be used. By substiitutin% )@ together with h
4) b

from (5a) in (3), System (2)- ecomes homoge-

neous with &,Vg, v, as the unknowns. The condi-

tion for obtajning nontrivial solutions (system deter-
minant equal to zero) yields the dimensionless dis-

persion equation for small spiral perturbations

‘("172 - v (T —-izr) —iA= O’_ V¥ 0. '(6)

Here one has

(y = )z + 20

A=z’ -
T . 3

and v € Re satisfies the equation

and k.=

_ 2xGo®
(k. is the Jeans wave number). -
_ For a given basic state and fixed k € Re the

dispersion equation is solved for the unknown fre-
quency. With rggard that ' ' .

V=u-+iw,

and w= -I-T-(—‘-'-d—)-, -
_ K : K

one obtains for the real and imaginary parts of Equa-
tion (6) | - |

u? - w? - ¥ - 2w(w -z7)=0, u# 0, (90) '

and

(w - zr)(u? - w? - v?) + 2u'w - A =0, ~ (8b)

respectively. If A = 0, from (9a) and (9b) it follows

w =0, u? = 3 # 0, and (6) is reduced to the already
34 '

* and the straight line D =
" the roots and extrema F(w) yields one or three such

\ simult

of (7), yields

i yields

known 'd'ispersi'on equation (8) without thermal pro-

‘cesses (L = 0): in the case of an axially symmetric
perturbation (m = 0) the stability criterion for all

waves is Q2 > 1. By including the thermal processes
the wave frequency w becomes a complex quantity

“and the stable states of the disc are determined by

w > 0. The equation for w to be analysed follows
from (9a) and (9b): by eliminating u? one obtains
Qul(2w — zr)* +1*] - A =0. (10)

~ In the present paper only purely real and pos-
itive solutions of this equation are of interest. They

will be looked for by applying the standard methods
~ or, simply, as the abscissae of the points common to

the ful_lctiqn

| F(w)=wle? - zrwt 3+

% = const. Thé analysis of

points (a8 could be expected considering.that (10)
is a cubic equation with real parameters v?, z7, A).

' In addition there is one, and only one, unequivocally

defined common point in the domain w > 0, when
aneosly D > 0 and 2§ < 312,
The condition D > 0, i.e. A > 0 on the basis

. (r=Der+z. >0 (11)
- or with ditnensionflll variables in view of (5b),
. (y=-1DT%Lr+0°L, >0

(y in the disc plane). Therefore, Inequality (1) is a

proximation” for the thermal-stability cri-
e wave mode with no heat-conduction and

planar a
terion of t

‘ viscous-friction terms (Field, 1965; Angelov, 1989).

The condition z3 < 3v? with regard to (8)

@>a-a-Hu,

with | = la/{kil..=‘|,\|/:lc;'where A, = 472Go®/k?
is the Jeans wavelength. Relation (12) relates the -

parameters Q32 and z} over a given length of stable
waves, i.e. it can be treated as a condition for Q?

in the stability domain with z7. < 3 given. The de-
_pendence Q3(]l|, z3) in the limiting case (equality in

(12)) is presented in Fig.1. The region between the
H}-axis and the curve with |z7| given belongs to the
unstable waves, while the outer region, up to 23 = 3,

together with the curve belongs tc the stable ones.

The curve with zp = 0 determines the marginal sta-
bility of the disc with respect to the axially symmet-
ric perturbations in the absence of thermal processes.

‘As seen, each value |z < V3 generates a new
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Flg 1. The margmal stabnhty of the disc with
thermal processes for a few values of z3..

marginal curve with |l|maz = (1 — 23/3)~! and thé.

abscissa of the maximum at |l|nsz/2. Compared to
the curve with £ = 0, the maxima are shlfted up-

wards and towards hlgher |I|. For a given 23 < 3 the
stability of the long and short waves of both types (I
and t) is achieved provxded that

.1 |
2 _—-—“__-

In any case it is fulfilled Q2 > 1 bemg the supersta.-
bility condition for the disc w1th £ = 0. Condition

e, Iz,l ~ € . < 1 one obtams

- (13)

(13), together with (11), appears as a stablhty crite-
_rion for the disc with thermal processes.

At the end an approximative solution of the

. dprerBlOtl equation (6) is presented. By expanding

the solution in a series in small parameters

17;, =V [1 T oA 2:/4 (4u’ _ zT)]+
.A'*'IFA-” i P
t-i-;; 1- ;—5 u’ —-2z7 | | +0(c). (14)

Here k = 1,2; A 18 expression (7), and v, g = ilul

-~ are the nonzero solutions of Equation (8). In the
~ stability domain of all the waves of type(1) the linear

~ part of Imguk) in (14) indicates A > O(condition
(11)) andu >0(8), ie Q%> 1 (13)
' Acknowledgmcats - Thls work has been rted
by Ministry for Science and Technology Serbla

through the project ”Physics and Motions of Celes-

tial Bodies”.
I_REFERENCES
Angelov, : 1989, Publ. Dept Astron. Belgrade.

17, 27.
lov, T.: 1992 Bull. Astron. Belgrade 146, 29.

e
- Flefd G. B.: 19695, Astmphys J. 142, 531.

Lin, C Shu, F.: 1964 Astrophys. J. 140 646.
‘Ma.rochmk L.S., Suchkov A.A.: 1984, Galaktlka. -
”Nauka Moskva |

39



’IUI'I.T!OTHPI HPOU.ECH H CIIHPAJIHH TAJIACH I'YCT PIHE II.
CT ABPUIHOCT I ACOBH'IOI" IIHCKA AJIAKCMJE o

T. AHrenos

 Hncmumym 3a acmpo’*““ﬂ Cmﬁenmcku mpe 16, Beoepad, Jyeocassuja

N YJ.IK 524 6—33 '
Dpuauuaauu uayunu paa

PasMaTpa ce Facha KOMIIOHEHTa FaflakTHIKOT OH-  CE AMCIICPINOHA jeMHATMHA MATHX CITMpATHUX No-
CKa ca TOIJIOTHHM NpolechMa (y OACYCTBY TOTUIOTHOT Mchaja M Jajc cc HCHO AaNPOKCUMATHBHO PCHICHL.

nposolesa), 6¢3 BUCKOSHMX M MATHETHHX cmia. Y BOJIH CC KPUTCPHJyM mﬁunnoc'm IHCKa Ca TOIUIO-
anpoxcmaaumn Gecxoua'mo Tammr nucxa mnonn THAM nponecma. - |
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