
This article was downloaded by:[Bochkarev, N.]
On: 11 December 2007
Access Details: [subscription number 746126554]
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

Dynamics and stability of resonance rings in galaxies
B. P. Kondratyev a
a Udmurt State University, Izhevsk, Russia

Online Publication Date: 01 June 2001
To cite this Article: Kondratyev, B. P. (2001) 'Dynamics and stability of resonance
rings in galaxies', Astronomical & Astrophysical Transactions, 20:1, 127 - 130
To link to this article: DOI: 10.1080/10556790108208199

URL: http://dx.doi.org/10.1080/10556790108208199

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/10.1080/10556790108208199
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: 
13

:5
1 

11
 D

ec
em

be
r 2

00
7 

Astronomical ond Aatrophyricol Tronroctiona. 2001, 
VOI. 20, pp. 127-130 
Reprints available directly from the publieher 
Photocopying permitted by license only 

@ZOO1 OPA (Overseas Publishern Associstion) N.V. 
Published by license under 

the Qordon and Breach Science Publishers imprint, 
a member of the TBylor L Francis Qroup. 

DYNAMICS AND STABILITY OF 
RESONANCE RINGS IN GALAXIES 

B. P. KONDRATYEV 
Udrnurt State University, 1, Universitetskaya, 426034, Izhevsk, Russia 

E-mail kond&ni.udm.ru 

(Received October 11, 2000) 

A steliar-dynamical model of a one-fold resonance ring galaxy is analyzed and its stability statue 
is determined. The model is applied to the ring galaxy NGC 7020. 
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1 INTRODUCTION 

The problem investigated in this paper deals with rings in galaxies. NGC 7702 
is a typical example of a galaxy exhibiting in pure form a ‘nucleus-ring’ pattern, 
which is somewhat reminiscent of Saturnian rings. According to Buta (1991), this 
galaxy even possesses two well separated rings. Antonov and Nuritdinov (1983) 
constructed a simple stellar-dynamicd model of a ring with a special emphasis 
on collective effects. Here we analyze a stellar-dynamical model of a ring galaxy 
focusing on the 1:l resonance motion of individual stars, and determine its stability 
status. We apply our model to the ring galaxy NGC 7020 whose structure was 
carefully investigated by Buta (1990). 

2 THE MOTION OF A STAR IN AN ELLIPTICAL RING 

Consider an axisymmetric galaxy possessing a homogeneous stellar ring with an 
elliptic cross section 

where ,$ = R - &. Its internal potential is 
(&a;) + (C2/a?) = 1, a1 2 a3, (1) 

(2) pr = const - a1<2 - a&, 
where the coefficients a1 = 27rGpas/(al +as); a3 = 27rGpl/(al +as). Stars of the 
ring are also affected by the gravitational field of the galaxy. The galactic potential 
can be expanded into a Taylor series: to within the second-order terms, we have 
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Figure 1 An interesting regularity is immediately apparent: resonance ring cross sections in 
weakly oblate galaxies should be prolate in the radial direction and those in galaxies with oblateneas 
values exceeding the critical threshold (e > ecr) should also be prolate in the 023 axis direction. 
The critical eccentricity eer for our x is determined from equation (12). For NGC 7020 we have 
ecr m 0.88, which is very close to the average e for this galaxy. Therefore, within the framework 
of the given resonance model the ring in NGC 7020 has an approximately circular cross section. 

‘pg = const - Rz&J - A1J2 - A~x;, (3) 

where a:(&) = -(1/R)(a’ps>/(aR)~,~, is the circular angular velocity squared, 

The total internal potential then is 

~p = vr + ‘ p ~  = comt - sZ%&J - (a1 + A1)J2 - (a3 + A3)4. 
In cylindrical coordinates (R, 8,z3) the equations of motion of a star are 

(4) 

In a reference frame rotating with circular angular velocity R, 

6(t)  = B(t) + St,t (6) 

equations (5 )  can be rewritten in the linear approximation with respect to J and 8 
as follows 
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Table. Solutions of equation (14) for some e. 

e 

0.25 
0.50 
0.75 
0.85 
0.88 
0.90 
0.95 

0.029431 
0.139000 
0.461141 
0.810901 
0.998620 
1.169900 
1.995270 

5.341189 5.133680 -0.176781 
5.442480 5.005362 -0.140321 
5.439000 4.615930 -0.078983 
5.224364 4.292386 -0.060398 
5.091055 4.151278 -0.060223 
4.970489 4.037862 -0.063190 
4.467905 3.633548 -0.093558 

3 MOTION OF STARS AT A FREQUENCY RESONANCE 

The complete solution to equations (7) is 

{ = C1 cos(w1t + kl), xg = C3 sin(w3t + k3). (8) 

Here we consider a particular elementary case of the 1:l resonance 

W I  = ~ 3 ,  k1 = ks. (9) 

If C1/C3 = 01/03 stars move in ellipses that are homothetic to the boundary ellipse 
and the ring consists of concentric tori with homothetic elliptical cross sections. 
The condition of conservation of boundary (1) is satisfied. 

It follows from equalities (9) that the ring axial ratio x = a3/a1 is related to the 
parameters of the galaxy model as follows 

!P = 3Cl: + 2(A1 - A3) = 4 ~ G p ( l -  x)( l+ x)-’.  (10) 

4 THE GALAXY MODEL 

Consider a simple galaxy model in the form of a stratified inhomogeneous spheroid 
with normalized density distribution 

(11) 2 -312 /4m2) = (1 +h ) 9 

where 

0 < m < 1, and 61 and i i3  are the semiaxes of the galaxy. It then follows from 
ma = ( R 2 / q )  + (x; / i i ; ) ,  

equation (10) that 

Here e is the eccentricity of the galaxy; P,a constant estimated by smoothing the 
observed data; I&, the central radius of the ring normalized to 51, and F and E are 
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elliptic integrals. Formula (12) defines, through parameters h$ and p, the x = ~ 3 / ~ 1  

ratio for the ring as a function of the eccentricity e of the galaxy. Our calculations 
showed x to depend rather weakly on @ and R/iil over a wide range of parameter 
values. The results can therefore be applied, with no significant errors involved, to 
many ring galaxies with azimuthal symmetry. This condition is satisfied, for exam- 
ple, by the ring galaxy NGC 7020. The corresponding plot is shown in Figure 1. 

5 STABILITY 

Let the elliptic cross section at each instant be slightly deformed into another ellipse 
through a linear &ne transformation 

66 = at + b53, 653 = @ + d53, (13) 
where the functions of time a, b, c, d are small allowing higher than second-oder 
terms to be neglected. We obtain, after a number of transformations, the main 
following bicubic dispersion equation of the problem 

W' + K1w4 + K2w2 + K O  = 0 (14) 
with known factors K1, K2 and KO.  The solutions of this equation for some eccen- 
tricities e are given in the table. 

In the case of slow evolution isoentropic invariants should be conserved. Since we 
have a harmonic oscillator, the products of squared amplitudes with the frequency 
are conserved 

a:d351$ + 2 ( a l +  A1) = afd-. 
Additionally, the mass per unit ring length should be conserved. The set of equa- 
tions ( 1 2 ) ,  (15) and pula2 = const describes the secular evolution of the parameters 
of this ring. 

6 CONCLUSIONS 

The most interesting corollary is the dependence of the shape of the ring cross 
section on the oblateness of a spheroidal galaxy. In particular, NGC 7020 should 
have an almost circular ring. It follows from the solution of the dispersion equation 
for the same galaxy that stellar orbits in its ring should be weakly unstable. Stellar 
orbits in the ring of this galaxy will drift from the 1: l  resonance and the ring as a 
whole will slowly evolve. See Kondratyev (2000) for a more detailed discussion. 
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