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ABSTRACT. A review of recent developments in three 
problems is made. (1) Galaxy formation. Quite different 
patterns are found if the galaxy is mainly gaseous or 
mainly stellar. In the first case the motions are highly 
organized, while in the second case they are mostly irregu-
lar. (2) Barred galaxies. One can construct roughly self-
consistent stellar models for the bar and for the outer 
spiral, beyond the -4/1 resonance. The stellar orbits near 
corotation are stochastic, but gas can join smoothly the 
bar with the outer stellar spiral. (3) Normal Spirals. We 
found that strong and open spirals (Sb,Sc) terminate near 
the 4/1 resonance, while weak tight spirals (Sa) can extend 
all the way to corotation. 

1. Galaxy Formation 

Galaxies are formed out of initial irregularities in an 
environment that produces a cluster of galaxies. During 
the expansion phase angular momentum is transferred to the 
galaxy not only by its near neighbours, but also by the 
more numerous distant galaxies (Voglis and Hiotelis 1989, 
and references therein). After the maximum expansion the 
galaxy collapses, first along its minor axis and later also 
along its major axis. Until the collapse of the minor axis 
(Fig. 1) gas dynamical effects are insignificant. After 
that phase, however, the differences between a gaseous and 
a stellar galaxy are enormous (Contopoulos,et al. 1990, 
1991). The gas organizes its motions to become mainly cir-
cular, while the stars move in a highly irregular way 
(Fig.2). Thus the gaseous galaxy develops a rotating disc, 
while the stellar galaxy approaches the form of an ellipti-
cal galaxy. 

Our first gas calculations were made using Smooth Par-
ticle Hydrodynamics (Monaghan and Lattanzio 1985, Durisen 
et al. 1986) with fixed smoothing length h. While this 
method shows clearly the development of ordered (circular) 
motions, it does not represent well regions of high or low 
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Fig. 1. The velocities in a model galaxy during the 
collapse of its minor axis. The galaxy still expands along 
its major axis. This configuration provides the initial 
conditions for the later evolution of a gaseous and a stel-
lar galaxy. 

density. In the first case details smaller than h are 
lost, while in the second case the particles are far away 
and behave like stars rather than gas. More recent methods 
use a variable h and give much better results (Fig.3, 
Voglis and Hiotelis 1990). 

The tidal effects of the other galaxies are in general 
small after the collapse of the galaxy. However if the 
time scale of the collapse of the cluster is not much 
longer than the corresponding time-scale for the galaxy 
collapse the tidal effects last longer and in some cases 
they can reverse the rotation of the outer parts of the 
galaxy. In this way we can explain some galaxies that have 
opposite rotations in their central and outer parts. 

2 . Barred galaxies 

The bars in barred galaxies can be self-consistent up to 
corotation (Contopoulos 1980). In fact the orbits inside 
corotation are elongated along the bar (Figs.4,5). Beyond 
corotation the orbits in general do not support the bar. 
However they can support a spiral between the -4/1 reso-
nance and the -2/1 resonance (outer Lindblad resonance) 
(Contopoulos et al. 1989 f Contopoulos and Grosbol 1990). 

The orbits close to corotation are mainly stochastic. 
This stochasticity is weak, i.e. the orbits do not approach 
the center nor do they escape over long times. They form 
rings around the center with fuzzy boundaries (Fig.6) but 
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Fig.2. Evolution of a gaseous galaxy [ ( a ), ( b ) , ( c ) ] versus 
a stellar galaxy [(a 1 ),(b 1 ), (c 1 ) ] at various times. The 
ring of Fig. 2c is spurious (it is due to the rather large 
smoothing length used). 

but they do not support the spiral arms. Only in weak spi-
rals such orbits partially enhance the spiral arms for 
rather long times. We conclude that strong spirals cannot 
be self-consistent in the region outside and close to 
corotation. 

On the other hand the gas can bridge the region between 
the end of the bar and the outer stellar spiral, beyond the 
-4/1 resonance. In fact the gas tends to concentrate along 
the bar and close to the minimum of the spiral potential, 
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F i g . 3 . A s l o w l y r o t a t i n g gaseous g a l a x y , with v a r i a b l e 
smoothing l ength h. P r o j e c t i o n (a ) on the p lane of r o t a t i o n 
and (b) p e r p e n d i c u l a r l y to i t . 

F i g . 4 . The main f a m i l i e s of p e r i o d i c o r b i t s in a 
barred ga laxy i n s i d e c o r o t a t i o n . 

F i g . 5. The main types of n o n - p e r i o d i c o r b i t s in a 
barred ga laxy i n s i d e c o r o t a t i o n . 

which i s due to s t a r s . But i t t ends a l s o to j o i n smoothly 
the maxima of d e n s i t y i n s i d e and o u t s i d e c o r o t a t i o n , and 
e x t e n d s even a l i t t l e beyond the o u t e r Lindblad r e s o n a n c e . 
However i f we have on ly gas beyond c o r o t a t i o n the s p i r a l 
arms are shor t and s tubby . Therefore the e x i s t e n c e of a 
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stellar self-consistent spiral is necessary in order to 
have an important gas dynamical response. The best results 
appear when there is also a weak stellar spiral between 
corotation and the -4/1 resonance. 

Fig. 6. A stochastic orbit close to corotation 

3. Normal Spirals 

In order to find self-consistent models of spiral galaxies 
we must check the agreement between the response and the 
imposed density both as regards the amplitude and the 
phase of the spiral. Thus we calculate the quantities 

QI~ e s ρ ο n s β 

R* = , 
Q l m p o s e d 

and Δθ = 9 1 ~ e s p o n s e - 0 1 m p o s e d , 

where σ represents the amplitude and θ the arimuth of the 
maximum of the surface density. R* must be close to 1, 
while ΔΘ must be close to zero. 

The main spiral component has a -2Θ dependence. How-
ever if the spiral is strong the -4Θ component is also 
important. 

The response density is produced mainly by orbits 
trapped around the periodic orbits of the imposed spiral 
field. In the case of strong spirals the most important 
families of periodic orbits support the spiral up to the 
4/1 resonance, but are completely out of phase beyond this 

Fig. 7. The main families of periodic orbits in a 
strong spiral. 
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resonance (Fig. 7). This phenomenon was observed in a 
model of NGC 5247 (Contopoulos and Grosbol 1986, 1988), but 
it is quite general. In a more recent study Patsis, Conto-
poulos and Grosbol studied 13 galaxies for which sufficient 
photometric data and velocity curves are available to con-
struct models of the imposed density. In view of the 
uncertainties as regards the dark matter and the z-thick-
ness we constructed 3 models in each case, assuming that 
thre observed spiral ends at corotation, or the 4/1 reso-
nance: (L-Co) Linear model ending at corotation 

(N-Co) Nonlinear model ending at corotation 
and (N-4/1) Nonlinear model ending at the 4/1 reso-

nance . 
In Figs. 8a,b,c we give the 3 response models in the 

Fig. 8. The best models of the response density in the 
case of the galaxy NGC 2997 (a) L-Co, (b) N-Co, and (c) 
N-4/1 

case of the galaxy NGC 2997. The corresponding functions 
R* are given in Figs. 9a,b,c. It is obvious that the 
results are much better in the nonlinear model ending at 
the 4/1 resonance. (The scatter of the points beyond the 
4/1 resonance is of no importance because we assume only 
a weak extension of the spiral beyond the 4/1 resonance, 
and the ratio of two small numbers is very uncertain). The 
quantity ΔΘ is also much closer to zero in the N-4/1 case 
than in the other two cases. 

Similar results were found in all Sb and Sc galaxies 
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Fig. 9. The ratio R* as a function of r in the 3 
models of Fig.8. The arrows mark the 4/1 resonance. 

(10 out of 13 cases). In all these cases the best mod-
els are the nonlinear ones ending at the 4/1 resonance. 

On the other hand in the Sa galaxies (3 cases out of 
13) the best models are the linear ones ending at corota-
tion. In these cases the spirals are weak and the linear 
theory of density waves is applicable. The effects at the 
4/1 resonance are not important. 

In one case of a model galaxy terminating at the 4/1 
resonance we imposed also a spiral field beyond the -4/1 
resonance outside corotation and calculated the response of 
the gas. We found that the gas follows the imposed spiral 
inside the 4/1 resonance and outside the -4/1 resonance, 
but does not join the two regions. It seems that in this 
case the gap between the two resonances is very large to be 
bridged by the gas as in the case of barred galaxies. It 
remains to be seen if in other models the gap between the 
4/1 and -4/1 resonances is smaller so that the gas can join 
smoothly the two regions. 
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