
This article was downloaded by:[Bochkarev, N.]
On: 20 December 2007
Access Details: [subscription number 788631019]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Astronomical & Astrophysical
Transactions
The Journal of the Eurasian Astronomical
Society
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505

What is the smallest number of giant molecular clouds
to excite a coherent structure in a self-gravitating
system?
E. A. Ivannikova a; A. V. Ivanov ab; M. N. Maksumov a; E. A. Philistov b
a Institute of Astrophysics, Tajik Academy of Sciences, Dushanbe, Republic of
Tajikistan
b Shadrinsk State Pedagogical Institute, Shadrinsk, Russia

Online Publication Date: 01 May 1995
To cite this Article: Ivannikova, E. A., Ivanov, A. V., Maksumov, M. N. and Philistov, E. A. (1995) 'What is the smallest
number of giant molecular clouds to excite a coherent structure in a self-gravitating system?', Astronomical &
Astrophysical Transactions, 7:4, 295 - 297
To link to this article: DOI: 10.1080/10556799508203281
URL: http://dx.doi.org/10.1080/10556799508203281

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556799508203281
http://www.informaworld.com/terms-and-conditions-of-access.pdf


D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
09

:4
2 

20
 D

ec
em

be
r 2

00
7 

Astronomical and Astrophy&.L Trmsaciions, 1996, 
V O l .  1, pp.  195-2ST 
Reprints available directly lrom the publinher. 
Photocopying permitted by license only 

@lSOS OPA (Overseu Publishers Association) 
AmiterdAm B.V. Published under Ucenre by 

Goidom and Brrrch Science Pmblinher. SA 
Printed in M d r p i a  

WHAT IS THE SMALLEST NUMBER OF 
GIANT MOLECULAR CLOUDS TO EXCITE A 

COHERENT STRUCTURE IN A 
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(Received December 25, 1993) 

The evolution of a simple model of a two-component self-gravitating system is studied numerically. 
One component consists of a number of discrete particles which are assumed to model the “clouds” 
of molecular hydrogen (GMC). Another component representing a “star” subsystem is simulated by 
the collisionless system of Vlasov and Poisson equations. The components interact with each other 
via their mutual gravitational field. Our preliminary results show that the number of “clouds” 
greater than 100-200 with the total mass of about 1% of the total system mass is enough to excit.e 
a coherent structure in the “stellar” subsystem. 

KEY WORDS Two-fluid instabilities, clouds, structure 

1 INTRODUCTION 

Under certain conditions, self-gravitating systems behave like a medium undergoing 
a second-order phase transition. In gravitating systems such transitions are associ- 
ated with the breaking of a symmetry as some parameter, e.g. velocity dispersion 
of stars varies continuously and lower values of the velocity dispersion correspond 
to a lower-degree symmetry (Bertin and Radicati, 1976). 

In the critical state, self-gravitating systems are more sensitive to external 
forcing. The sensitivity formally tends to infinity as the system approaches the 
marginally stable state, which is also indicated by a boundless growth of fluctu- 
ations (Saslaw, 1987). At the same time a long-range nature of the Newtonian 
potential leads to  a selective growth of fluctuations: only perturbations with the 
critical wavelength are amplified (Morozov, 1983). In reality, however, the growth 
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of fluctuations is restricted due to nonlinearity and, as simulations showed (Ivanov, 
1992), they cannot reach the observed values. 

To avoid this contradiction one can take into account fluctuation of the overall 
gravitational field produced by the giant molecular hydrogen clouds (GMC). As 
some preliminary investigations have shown, such fluctuations can generate an or- 
dered structure. The influence of the gaseous component becomes stronger if the 
mutual influence of the stars and the gas is taken into account since a two-component 
system is unstable even if each component is stable itself (Jog and Solomon, 1984). 
In this case, a small number of GMSs can generate a significant structure in the 
stellar subsystem especially if it is on the verge of its stability. 

2 THE MODEL AND METHOD 

The dynamics of the two-component system was studied using a simple one-dimen- 
sional model system described in our earlier papers (e.g. Ivanov, 1992). The stellar 
subsystem was described by the collisionless system of Vlasov and Poisson equa- 
tions. Cheng and Knorr’s (1976) method was  applied for solving the initial value 
problem for the distribution function. The particles presenting the GMSs were 
moved through the grid with the ‘leapfrog’ algorithm (Buneman, 1967). 

3 RESULTS 

Several runs were performed. In the first one, the ratio of the velocity dispersions 
of the stars and the gas clouds was chosen to be close to that in real galaxies. 
The number of clouds was  assumed to be 1000 and their total mass comprised 5% 
of the system mass. The usual instability developed in both subsystems, but the 
cloud subsystem was less stable. About 80% of clouds were concentrated near the 
maximum of the stellar density. 

In the second run, the number of clouds was reduced to 500. Fluctuations were 
enhanced so the structure in the cloud subsystem became more irregular. 

In the third run, the number of the clouds and their total mass were 100 and 
1%, respectively. So the structure in the cloud subsystem was very irregular, but 
not in the stellar one. 

4 CONCLUSION 

Extrapolating these very preliminary results to more realistic systems, one can 
estimate the lowest number of the clouds required to excite a spiral structure. For 
instance, to excite the struct,ure of the amplitude of 5%, about 200 clouds are 
required with the mass of about (1-3)% total mass of the system. 
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DISCUSSION 

Efremov: You have shown that the number of density fluctuations in a galactic disk 
is essentia,l, but are their masses also important? 
Ivanov: Yes, because a larger mass produces a stronger response. However, the 
amplitude of the response depends on the driving force as F1/1.7, so the effect is 
more significant for small F rather than for large ones. 


