
Nearly Normal Galaxies 3: Spiral Galaxies

• Many of the properties of spiral galaxies have been 
previous discussed

• Star formation in galaxies, much of which is occuring in 
spiral galaxies, will be discussed in the next section

• Present focus: structure of spiral galaxies and dynamics 
of disk structure



Review of Properties Previously Discussed
• Spiral galaxies are comprised of a bulge & disk 

component
• Bulge → old stars        Disk → young stars
• The disk contains a large quantity of gas & dust
• MB ~ -18 to -24
• M / L V ~ 4
• Disks are cold (rotationally supported) may be important 

to maintain spiral structure
• The rotation curves of spiral galaxies rise like a solid 

body in the central regions, then flatten out (i.e., v(r) = 
constant). This flattening is due to the presence of a dark 
matter halo.



Trends with Hubble Type 
(Previously discussed)

• Total luminosity ↓ with ST (Sa → Sc)
• M / LB ↓ with ST (i.e., young stars have low M / LB)
• M (HI) / M (total) ↑ with ST (S0 → Sm, Irr)
• M / LB ↓ as (B – V) ↓ (i.e., because red stars = early type 

& blue stars = late type)
• Bulge / Disk ↑ with increasing Hubble Type
• Tightness of the spiral arms ↓ with increasing Hubble 

Type
• Degree to which the arms are resolved into stars & 

individual emission nebulae (HII regions) ↑ with Hubble 
Type



Profiles
The profiles of spiral galaxies are a combination of an
Inner r¼ - law bulge & an outer exponential disk,

Once again, α is the inverse
scale height

(Freeman 1970)



α-1 ↓ as S0 → Im

α-1 ≈ 1 – 5 kpc (Freeman 1970)



Intrinsic Blue Surface Brightness

B(0)c ≈ constant. We will return to this soon.
(Freeman 1970)

B(0)c
(mag arcsec-2)

Hubble 
Type



Departures from an Exponential Disk Profile

Blue Pixels are
contributing to 
non-exponential Disk

(Talbot, Jensen &
Dufour 1979)

1) might be due to regions
of recent Star Formation



Departures: 2) Presence of Lens recent 
made by resonance (bar) destruction

Lens

R¼

Exponential



Departures: 3) Bulges that are really disks

• They can be fitted by an r¼ profile, but have spiral structure 
& (v / σ)* consistent with rotation

• You can make a bulge by transporting gas inward & igniting 
a nuclear starburst.



Departures: 4) Thick Disk

• Have intermediate flattening between that of a thin disk 
and a bulge

• Are more diffuse than thin disk
• Have a shallow luminosity gradient parallel to the major 

axis
• Have a rectangular box shape in thick disk galaxies seen 

edge-on



Thick Disk Formation

• Intermediate Dissipation
• Dynamical Heating
• A merger which partially destroyed the thin disk through 

heating



Mass & Luminosity
The central mass surface density can be written as,

where I0 is the central surface brightness. Because M/L
is constant with radius, the surface brightness profile,

can be written be written in terms of the mass surface
density as,

For a sheet model of a disk, we can write,



Mass & Luminosity, cont’
Integrating M (r) from 0 to r,

As r → ∞,

Similarly,



We can write,

in terms of MB,

Once again, the important thing is that I0 = constant with
Hubble Type.



MB vs. α-1

α-1 ↓ as MB (Freeman 1970)



Total Angular Momentum
The total angular momentum of a disk can be approximated
by first considering stars in circular orbits at the scale 
length radius r0,

which can be rewritten as,

It turns out that the total angular momentum is 
approximately equal to,

The actual equation derived by Freeman (1970) for a rotating 
exponential disk is,



Faber-Jackson Relation for Elliptical Galaxies

L ~ σ4(0)



Tully-Fisher Relation
I.e., the Faber-Jackson Relation for spiral galaxies. It
makes use of HI rotation curves in order to trace the 
kinematics of spiral galaxies.

And express the luminosity, L, as,

Squaring the velocity equation, then making the appropriate
substitutions,

Assume stars in circular orbits,

Solving for L yields,



Determining Parameters for Tully Fisher 
Relation

• Determine distances to a sample of spiral galaxies using 
other methods

• Observe the sample of spirals in HI. From the velocity 
curve, determine the full width of the HI at 20% the 
maximum flux density

• Take out inclination & random disk motion effects in 
order to get ∆v = WR,



Tully-Fisher Relation



Tully-Fisher: L→ ∆v4 at Longer λs
I.e, because M / Lλ>0.8µm is 

1) sensitive to light from older stars
2) less sensitive to dust



Dynamics of the Self-Gravitating Isothermal 
Sheet

Poisson’s Equation in cylindrical polar coordinates is,

If axial symmetry is assumed, and the rotation curve is
flat, then,

where,



Assuming that the isothermal sheet has an isothermal
distribution function,

where,

(note that the disk height << disk scale length), the density
is thus,

Poisson’s Equation is thus,



We can express the above equation in a non-dimensional
form by making the following substitutions,

where,

Differentiating the substituted terms,

Thus,



From the density expression derived from the distribution
function, φ can be substituted into the previous equation
such that,

Thus,

which has the solution,

or,

From,



we can solve for σz,

If ρ0 (i.e., ρz=0) at any radius, r, is an exponential function
of r, then,

Because of this, many have modified the surface brightness
Profile equation to take into account the isothermal sheet
Model,


