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Lin & Shu, ApJ, 140, 640, (1964)
ON THE SPIRAL STRUCTURE OF DISK GALAXIES
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A. Toomre

There are at least two possible tvpes of spiral theories. The first alternative is to as-
sociate every spiral arm with a given body of matter; e.g., such an arm might essentially
be a tube of gas primarily constrained by the interstellar magnetic field. The difficulty
with the disrupting influence of differential rotation in such a theory is well known. The
various issues associated with this point of view have been thoroughly discussed recently
by Oort (1962). The second alternative is to regard the spiral structure as a wave pattern,
which either remains stationary, or at least quasi-stationary, in a frame of reference
rotating around the center of the galaxy at a proper angular speed (possibly zero).

Toomre tends to favor the first of the possibilities described above. In his point of
view, the material clumping is perioaically destroyed by differential rotation and re-
generated by gravitational instability. It is somewhat difficult to see how this mech-

anism alone can account for the relatively regular spiral pattern over the whole disk in
most of the flat galaxies. The present authors favor the second point of view, i.e., that

the matter in the ga,laxx (stars and éasg can maintain a dens1thwave through grav1ta-
tional interaction in the presence of the differential rotation ot the varlous parts ot




Spiral Instability and Transient Spiral

Julian & Toomre (1966)
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Figure 13 Wavelike ridge of excess density ina Q = 1.4, V(r) = const disk of stars shearing
past a small orbiting mass point (Julian & Toomre 1966). By comparison, that mass itself
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Lin & Shu (1964; 1966)
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Bertin et al. (1989a,b)
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“S@-f e new” Grand-Design?

Thomasson et al. (1990);
Elmegreen & Thomasson (1993)
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J. Sellwood(C &2 &:H

MNRAS. 410, 1637-1646 (2011)

Claims of long-lived spiral waves (e.g. Thomasson et al. 1990)
have mostly been based on simulations of short duration. For ex-
ample, Elmegreen & Thomasson (1993) presented a simulation that
displayed spiral patterns for ~10 rotations, but the existence of some
underlying long-lived wave is unclear because the pattern changed

from snapshot to snapshot. Other claims are equally doubtful, as I
show next.
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Transient Recurrent Spiral
Sellwood & Carlb_erg'(1 984)
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Fujii, Baba, et al.,

Apd, (2011)
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BARFEEB (1968); Roberts (1969)
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Wada, Baba, & Saitoh (2011)
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