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Abstract

The theory of gravitational stability is necessaryrder to understand physics of collision-lesdarial of the

Universe i.e. galaxies. Nuritdinov took a decisstep in this direction by constructing isotropicfimear, non-
stationary model which describes the role of gedivinal instability in galaxy/galaxies formatioropess. Since,
isotropic model is a somewhat as idealized picttive,question arises of also examining anisotromaclel in

the initial state with non-stationary condition. tinis paper, we construct a new anisotropic modelring

galaxies. Ring galaxies are very important, as fimgation involves the entire history of galaxigébe stability
of ring oscillation mode can be expressed in thenfof critical value of pulsation, amplitude andgdee of

rotation for anisotropic model.
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1 Introduction

Observations showed that many galaxies containgingtures. Normally, they are spiral galaxies thetpure
ring galaxies without spiral arms and the barredsiare also present. Many vague theories havegreposed
on rings formation in galaxies. Earlier, scientike Randers (1942), Icke (1979) and Lesceh (1986posed
that rings are formed due to the viscous torqués.ihteresting to note that rings may be formetha turnover
point of rotation curves where torque acts andectdl matter. Renders claimed that accumulatedsmib and
scatterings were equivalent to a viscosity effacttellar population. Cannon (1970) consideredidhmation of
ring galaxy by the material of the disk galaxiepaated from their nuclei due to an encounter \aitbther
galaxy, while Sersic (1970) suggested that the &ion of transient annular structures is the matekiiven out
from an exploding galaxy.

Dostal & Metlov (1978) stated that the mechanisnthaf creation of the ring must be inbuilt in thdaga.
Vorontsov (1962) considered that galaxies are nantisly transforming, from ring galaxies to spigalaxies
and they embrace a family of subtypes as do spakixies. Vorontsov’ idea provided a motive forgrito be
structural element of galaxies Vorontsov & Arkhipoy1974) noticed that the formation of ring galaxie
without any external influence. Danby (1965) argtleat the existence of ring-like structures is tedawith the
equi-potential surfaces in the rotating frame of thar. Lin and Shu (1964) suggested wave theorghwhi
opposed the non-gravitational approaches. Thisryfeegrowing importance of N-body simulations. Setre
(1981) made it clear that resonance ring are forlmedravitational torques on the gas. This vergibtheory
decreases the atrtificial viscosity and increasesfahmation of distinguished rings. Buta (1995)oatsoposed
that since the rings are relatively slim featutes¢fore they are always associated with gas, emdsaally the
site of enhanced star formation. However, reliabchanisms of their formation and possible nonalingon-
stationary effects are not revealed till now.

To find out the corresponding formation criteriariwfg structures in galaxies, the constructionsayfous non-
stationary models comprising characteristic feawEan early stage of global evolution of realtsys are
necessary. Therefore, in this paper, we constrtamisotropic model for ring structures in galaxie

2. Model of Pulsating Disk

Let r,and v, denote the radius and velocity vector of a starigha equilibrium state wher€ is the rotational

parametero is the surface density of the system. For thegtinlg state of the system, the coordinates and the
velocity of the star shall be written in vectorrfoas

r=a(t)r, +B(t) v, and v=a(t)r, +p(t) v,

(1)
Wherea(t) and B(t) are unknown function of time. Eq. (1) yields

r=M(t)r, and M(t)=a?+Q?p2 2)
The equation (2) represents the elapsed tinfactor M will expand the disk while maintaining similarit@n

the other hand, surface densityt) will vary in proportion td1~2, so that the following equation of motion will
hold.
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We can easily draw the expression for radial aadswverse velocity component of star in the peruidiate of
the system. The equation for the functibin is

|—|2 n2+92:(d2+92[32)n2 (4)
Hence, with the help of (3) and (4) the energydrdgis
%I‘I2+QZ(%I'I‘2—I'I‘1)=E ®)

Clearly, the constanE <0 for otherwise the functiorl (t) would increase with time. The corresponding
differential equation forl1(t) is

A2 +Q*(M=2-n-23-=o0 (6)
As an analogy of two body problem in terms of etgemnomaly, we may take

g = qj M~dt ™
We fing, after transforming from argumertto ) , from equation (5), (6) and (7) that
ﬂ"(w)+ﬂ(w)=§—f (8)

where differentiation with respect tp is signified by prime. From (8) together with (8)¢ obtain the solution

2 2

I'I(l]J)=%(1+}\cosq,l) and A = 1—% ©)

provided that the state=0 , M=o corresponding to the epoch of maximum expanskagarding this, we
have evaluated dilation coefficieft of the pulsating disk. Equation (2) with equat{®h yields

Q? 1.
a(y) = ra (A +cosy) and B(y) = " 7 (10)
3. Initial Non-Equilibrium Sate and Basic Equation of M otion

The structure of a galaxy is defined by a distitnutfunction f (?T/) in phase-space with six dimensions (three
spatial coordinates for positions and three comedmg velocity components) at each moment (timéljhie
phase-space is given by the product of configunaipace and velocity space. Such a system of baslies
subjected to the potential¢ that is completely described by its phase-spacestrilolition
functionf(rl,vl; r,V,; r3,v3,t). The dynamical theory of collision-less stellastgyns is based on Boltzmann
equation and Poisson’s equation, which is given by

LAy A (11a)
ox ar or av

2 2 +00
9 ?+a T=—4nGJ'J' W dudv (11b)
13) 4 oy :

whereW is the phase density arfll is the potential energy. It is difficult to soleguation (11) analyticaly due
to presence of non linear term in it and dependenceeven variables. Nuritdinov had developed gdization
of Bisnovaty-kogan-Zeldovich's (1970) disk modelthwhon-stationary background. The phase densitiief
non-stationary model [Nuitdinov (2008)] is given by

_]/2
1—92 1- r2 _
0, % H2 H2

271 - Q2 (

Vp =V, )2 —(v] —vb)2

¥(r,vp, v ,t)= 2(R-r) (12)
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Where ) is an auxiliary variableQ represent the rotation of disk wie Q <1, andA =1- [%U define
[0}
as virial ratio at the time of collapse. Algovaries fronD<A <1, v,and v are the radiahnd tangential

velocity of the “particle” with coordinate;=(x,y). The functionl'l(t) is the expansion coefficient of
gravitating system such that

n() = 1rAcosy +1)‘ C)\OZS‘“ and { =—q(’1+ 7\233;;“ (13)
- -A
and
V, = -A1-A2 "T’_'I—Zq’ (14)
_Qr
Yoz "
4, Small Asymmetric Oscillation

By considering a small potential perturbation agthe background of a non equilibrium model (12}, have
the following equation of motion for the displacerheector of centroiddr

d2or
1+Aco 16
(L+Acosy) % i (16)
Where CD = potential perturbatlon The integral represeatatf the solution of (16) is as follows.
o 00P
j (+ A cos)® xSy, y, ){ } Y, (17)

Where S(l]J,llJl) is the green function for the homogenous equatiomesponding to (16). The potential
perturbationd® in accordance with the spatial homogeneity ofrtleglel is given by

3P = rMa, (P)rN (18)
Here m is the azimuthal wave numbd¥, is the primary index of the harmonic. Here for ringode
N =4, m =0. According to Eq (1), the coordinates and velesiin the normal state are

r=Br(w)-pv(w) v, ==ar() +av(y) and r(y,)=a(w,)r. +Bw,)v, (19)
One of the authors of this paper with NuritdinoW@8) constructed isotropic non-stationary model riag
galaxy. We proceed in the same way as in caseotrfojic model. We derive dispersion relation byting
equation (18) in terms of its components.

— 00®d
0 X :_.[ 1+)\COS¢1) S(l]J wl){ ax } W, (20a)
1
— Q°% 95D
0y="% | [L+Acosy,)’ sy, u, ){ }dwl (20b)
(0 0y,
Where [ =H,r+HgV (21)
H, m[cosw(cosw1 +A)+sinysiny, | (22a)
Hg =—3°[sinl|J1(coqul +) - siny(cosy, +A)] (22b)
q

The density perturbation can be calculated by thagon
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56 = — 6(0&) _ a(oé_y) (23)
ox ay

5. Construction Of New Anisotropic M odel

Nuritdinov (1991), Antonov & Nuritdinov (1981) arduritdinov (1985) constructed non-stationary models
non-linearly pulsating spherical Einstein and Camodel. We used Nuritdinov’s weight function

p(Q"):g 1—Q'2(1—QQ')p(Q') (24)
Tt
Where Q has been considered as a new parameter. We muilijg weight function with isotropic non-

stationary model (12) in order to get anisotropindel. Then, after multiplying equation (12), ondaihs the
corresponding new phase density function as

h (1 QQ') '
llJAnis =%J- s N dQ (25)
bl letQj
where the function
2
K(Q')=1—I_r|——l'lz[vé v, v, 2]+ 2v,0 - (26)

2

which requires that the condition
2
D:(l—#j(l—nzvg)—nz(v, —v, ) 27)

should be valid. After some transformation which aleeady discussed in our paper [Sultana & Khai@l@)],
we can easily obtain the following anisotropic miaafenon-stationary self-gravitating system as

qJAnis =0_1_(;(1+QrVD)X(D) (28)

Wherex(D) is a Heaviside functionC) again plays a role of a rotation parameter. The-stationary analog of
the dispersion relation is easily obtained by agieig (12) overQ with the weighting function (24). Actually,

we substituteQ = Q' in equation (24). Then we integrate the resulhwitspect taQ with integration limit -1
to 1 and finally get the required non-stationarglag equation for ring mode of the anisotropic md@8) for
non-stationary gravitating systems.

6. Derivation Of Dispersion Relation Of Anisotropic M odel

The non-stationary analog of dispersion relatios bxaen achieved by comparing theoretical valugsotential
perturbation and density perturbation with theituea calculated by non-stationary model .This metio
already described and used in [Nuritdinov Sultanhlid (2008) and Sultana & Khalid (2013)].We cdated
non-stationary analog of dispersion relation fagrmode in the same manner, which is given by

AF, = (A +cosp)“ " sin" w M3(w)Y(w) ;1= 0123 (29)

where /\ is differential operator ,defined as

2
/\=(1+)\coqu)d(3IJ2 +Asintp%+1 (30)
With
Y(llJ) =K (qJ)M ot Fl(qJ)M 1 TR (qJ)M 2t F (UJ)M 3 (31)
Where
M, =8k, cos’ Y + kz(— siny cos’ qJ)+ kg(coqusin2 qJ)+ k4(— sin® qJ) (32)

M, = 24k, sinyycos? | + kzlcos2 W(cosy +A) - 2sin? choqu]+

33
ks[sin3 Y — 2siny cosy(cosy + }\)] + k‘,[BSin2 W(cosy +)\)] 49
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M, = 24k, sin? ) cosy + k2[2coqu(coqu +\)siny - sin® qJJ

34

+ ks[coqu(coqu +2)? - 2sin? Y(cosy + )\)]+ k4[— 3siny(cosy +)\)2] 34

M =8k, sin®  + K, [sin? w(cosy + A)| + kslsintp(cosq) + )\)ZJ+ k4[(coqu +)\)3J (35)
1

ki=—«— 36

(1+Acosp)® (59)

=24\ siny

_ 37

> (1+Acosy)* G0
)

3:24)\ sin? g - 61— A2) (38)

(1+ A cosp)®
= 8\ sin® Y + BAsinp1-2?) )
(1+ A cosp)®

Equation (29) is system of eight second order mugar differential equations which is not easy tive

analytically. We used method of periodic solutiajch is well defined in [Malkin (1967)] to solvhis system
of differential equation. Method of Periodic sotutigives eigen values of differential equationsttunbasis of
which we examine the stability of the system (Aswh in Fig 1)

This solution of system of differential equatiorshzen used to construct a critical diagram forirtitel virial

Y

. | 2T . . .
random value ofQ can remain unstable wnErfJ < 0445. There is also a narrow band of instability

Y
2T .| 2T _ .
between 0480< H < 0520 for any value of2. For region H > 0520 there is perfect stability
o [0}
which does not depend upd&d. In other words, ring mode remains constant wiglspect to rotation
parametef) .

2T
ratio [—J as a function ofQ for the system .This diagram shows that a noraligepulsating disk with
o

(o]

7. Conclusion

In this study, we construct and examine the rol@ara$otropic model in the development of instapiiit ring
mode. This model is formed against the backgroundpecified non-stationary and non-equilibrium iadit
conditions. Non-stationary dispersion relation bagn obtained for ring mode imposed on the noiosiaty

Yl

ring oscillations mode of the pulsating disk shotiat ring oscillation mode does not depend on iarat
parameterQ) for anisotropic model.

. . " . — .| 2T .
anisotropic model. Critical diagram between initialal ratio (—j and degree of rotatio of the model for
[0}
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