
Rotation Curves of Spiral GalaxieS: I

History:

Rotation of spiral nebulae was first noticed by Wolf  and by Slipher in 1914. Pease 
(1916,1918) made first measurements of what we now call the “rotation curve” 
in the nuclear regions of M31 and M104 (”Sombrero”).
Before ∼1975 it was believed that after reaching maximum the rotation velocity 
goes down as   V ∽  R-1/2.  Mass of a galaxy was taken as (Brandt’s 1960 model):

            Mtot = (3/2)3/n V2maxRmax/G,

where n is a parameter in the following approximation for the rotation curve:

          Vrot  = Vmax(R/Rmax) /[1/3+2/3*(R/Rmax)n]3/2n

The situation changed around 1975 when 21cm measurements showed that the 
velocity Vrot  does not decline beyond optical radius. Rubin, Ford, and Thonnard 
(1978) pushed optical observations to larger radii with the same basic conclusion 
as in 21cm: flat rotaton curves. For review of early results see Faber & Gallagher 
(1979, ARAS 17). F&G gave for spiral galaxies within the Holmberg radius 
(26.5mag/arcsec): 

       (M/L)B ≈ (M/L)V ≈ 5 for Sb spirals.  (M/L) decreases for later types.



Recovering rotation curves using 21cm observations







Complications: 
oval distortions.

The galaxy is 
clearly barred



Tilted ring model:
pure circular motion 
inside each ring, but 
rings are tilted.

Note that the spider 
diagram is twisted.



Corbelli etal 2010M31



EXTENDED HI ROTATION CURVE AND 
MASS DISTRIBUTION OF M31

The Astrophysical Journal, 641:L109-L112, 2006 Carignan et al

M31

Corbelli etal 2010





Example: 
UGC8508

Distance 2.5 Mpc
MB =-12.9

Russian 6m 
telescope

1kpc



Galaxy, which should not exist:
Cam B (Begum et al 2003)

Vrot+rms =  10km/s
MB          = -12.3
D        =  3.5 Mpc



Structure and kinematics of the nearby dwarf galaxy UGCA 105
Schmidt P. etal A&A 561, A28 (2014)



Fit parameters are the surface brightness or -density (SBR/SD), rotation 
velocity (VROT), inclination (INCL), position angle (PA), and scale height 
(SCHT). Black dots and lines represent the fit to the entire velocity field 
or data cube, while the blue (red) squares and lines denote the solution 
for the case in which only the approaching (receding) side was fitted.



Spider diagram of 
M81 shows 
gravitation effect of 
spiral arms



Warps



Rotation of 
stars and gas.

Stars rotate 
slower, but the 
difference is small 
(asymmetric drift)

In some cases stars 
and gas counter 
rotate.



Persic & Salucci 
(1996)

Properties of rotation 
curves.
Wide range abs. magnitudes . 
Galaxies are supposed to be 
either “bulgless” or late type 
spirals. 

Every rotation curve was 
normalized to optical radius
Ropt - radius containing 83% 
of the total light. For exp. 
disk Ropt = 3.2Rd

Average rotation curve 
depends on abs.magnitude of 
galaxy. 



Slope of the rotation 
curve as the function 
of abs. magnitude
Slope is estimated at Ropt



Two-component 
fits. Maximum disk 
decomposition.

General trend: 
dwarfs are more DM 
dominated than 
giants.



Tendencies:

✦  Galaxies with larger L have larger Vmax
✦  Galaxies with larger L have shorter (in relative units) radii of   

solid-body (or rising V) rotation
✦ Earlier Hubble-type galaxies rotate faster for the same L
✦ Fraction of DM inside optical radius increases with decreasing 

Vmax
✦ DM is less concentrated than the luminous matter 



Mass models

NFW

Nuker

Burkert

Exponential thin disk: maximum 
or sub-maximum disk

DM is spherical:



McGaugh & dBlok (2002)

Example of rotation 
curve a low surface 
brightness galaxy.





DDO 39



M/L=1



Dwarf galaxy NGC 
4605: radial motions?





Two ways of recovering distribution of the mass

Assume models             get 
parameters

Invert rotation curve



deBlok et al. 2001



Different 
conclusions




