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Lecture 12: Disk Dynamics,

Spiral Arms and Bars:

Introduction
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Disk instabilities come in many shapes and forms! The spiral

structure is arguably the most beautiful disk instability.
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Lord Rosse in 1845 “discovered” spiral structure in M51 (this is
an HST image of M51)

Bonus Homework: what is the shape function (c.f. eq.6-9) for
M51?
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Not all spirals are alike!
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Hubble’s Morphological Classification
• Broadly, galaxies can be divided into el-

lipticals, spirals, and irregulars

• Broadly, spirals are divided into normal

and barred (similar frequencies): S and

SB

• The subclassification (a, b, or c) refers

both to the size of the nucleus and the

tightness of the spiral arms. For example,

the nucleus of an Sc galaxy is smaller than

in an Sa galaxy, and the arms of the Sc

are wrapped more loosely.

• The number and how tightly the spiral

arms are wound are well correlated with

other, large scale properties of the galax-

ies, such as the luminosity of the bulge

relative to the disk and the amount of gas

in the galaxy. This suggests that there

are global physical processes involved in

spiral arms. 8



In addition to Hubble’s classification, there are different types

of spiral structure: grand design spirals, with clearly outlined

and well organised globally correlated spiral structure, and

flocculent (fluffy) spirals with many small short globally

uncorrelated spiral arms
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Theories of Spiral Structure

Despite 50 years of work, spirals are not very well understood. It

seems clear now that the spiral structure of galaxies is a complex

problem without any unique and tidy answer.

Differential rotation clearly plays a central role, as well as global

instabilities, stochastic spirals, and the shocks patterns that can

arise in shearing gas disks when forced by bars.

There are (at least) two popular theories, one of which is more

commonly used to explain grand design spirals, the other for

flocculent spirals.

But before proceeding: winding problem (Lindblad)
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Winding problem
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Winding problem

The problem: most spiral galaxies would be tightly wound by

now, which is inconsistent with observations.

Spiral arms cannot be a static structure (i.e. at different times,

arms must be made of different stars)
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Density Wave theory
C.C. Lin & F. Shu (1964-66)

• This is the preferred model

for grand design spirals.

• The spiral arms are over-

dense regions which move

around at a different speed

than star: stars thus move

in and out of the spiral arm

• How these density waves

are set up is unclear, but

it may have to do with

interactions. Once they

are set up, they must last

for a long enough time

to be consistent with the

observed number of spiral

galaxies
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Stochastic Self-Propagative Star Formation

• This model probably cannot explain grand design sprials, but

it may account for flocculent spiral structure.

• Ongoing star formation triggers star formation in areas ad-

jacent to it. As the galaxy rotates, differential rotaion leads

to the appearance of a spiral pattern.

Spiral arms are made of short-lived massive blue stars!
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M81 as seen by GALEX
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Note that the smaller galaxy (NGC 5195) is not visible in GALEX

image (left, compare to figs. 6-1 and 6-4 from the textbook)

There is no doubt that spiral structure is associated with

(short-lived) hot stars.
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Disks contain a lot of dust! Spiral arms are almost exclusively

seen in disks with a lot of gas and dust, unlike bars which are

often seen in galaxies without ISM. Bars are not a wave of star

formation – they are orbital features.
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