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Advances on the Density Wave Theory
of Spiral Galaxies

Yue Zengyuan
(Department of Geophysics, Beijing University)

Abstract

The general perspective and the recent advances of the density wave theory of spiral galaxies are
summarized and reviewed.

As Oort pointed out in 1962, the major problem in this field is how to explain the existence and the
maintenance of the large-scale regular spiral patterns in a system of strongly differential rotation and the
prominence of the two-armed features. The main purpose of the modal theory of density wave, which has
been successfully developed by Lin and his collaborators during the last two decades, is simply to explain
the large-scale regular structure, the “grand design”, rather than the local, detailed and less regulat
features.

Since the morphological classification of galaxies is based on the large-scale regular structure, the
modal theory is appropriate for the investigation of the dynamical basis of the morphological classification.
The coexistence of large-scale regular structure and relatively irregular features suggests that the modal
approach and the initial value approach are complementary rather than contradictory.

The overall picture of the structure of the theory can be sketched as in Fig.1.
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Two types of over-reflection of waves near the corotation are briefly described. The modes consisting
of long and short trailing waves were first established by Lin and Lau and later extended to more general
situations by Lin's collaborators. A sizable bulge in the center or the “Q-barrier” plays an important role
jn maintaining the normal spirals, and the inner Lindblad resonance holds the key to the prominence of
the two-armed features.

In addition to the long and short waves, the third category of waves, the open waves, has been found
recently by using the Lau-Bertin cubic dispersion relationship (see Lin and Bertin'®’), It was found that
the (J, Q) plane could be divided into two regions where over-reflections of Type I and II are important
respectively.

The most important application of the density wave theory in the 1960’s was to give explanations to a
lot of astronomical observations and the mechanism for the star formation in terms of the dispersion rela~
tionship and the galactic shock wave, while the most important application of the theory during the
second stage, roughly since early 1970’s, is the dynamical classification of galaxies in terms of the
investigation of modes. Convincing results along this line have been obtained by Lin and his collaborators
during the last years. By changing the functions of the basic state o,(r), Q(r) and Q(r) systematically,
they obtained the transition from tightly wound to open spiral modes and the transition from normal to
barred spiral modes as shown in Fig.5 and Fig.6 respectively.

Although the modal approach is different from the initial value approach, some kind of evolution
can be investigated by superposition of modes with different pattern velocities and different growth rates.



