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ASTR2050 Spring 2005

• Overview

• Galactic rotation

• Spiral structure

• The Galactic center

Lecture 10am 12 April 2005

In this class we will cover The Milky Way:

Please turn in your homework now!
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Overview

Infrared

Galactic
center

We live in the Milky Way, aka “Galaxy”
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The Standard Galactic Model

Disk

Bulge

Halo

Globular clusters

Sun

8.5kpc

center

Disk

The thickness of the 
disk is about 1kpc

The globular cluster 
distribution determines 
the distance to the 
Galactic center.
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http://www.astro.wesleyan.edu/~kvj/

“There are lumps out there” 
(H. Newberg)

Example: The Sagittarius 
Dwarf Ellipical Galaxy
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Galactic Rotation
The disk rotates about the Galactic center.

More properly: Material in the disk orbits about the 
Galactic Center. (We will assume these orbits are circular.)

The details of this “differential rotation” is studied actively. 
It is used to infer the mass distribution in the Galaxy.

One thing we can count on: The revolution period cannot 
decrease as we move out from the Galactic center.

Let’s see how the Galactic “rotation curve” is determined...
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Measuring the Galactic Rotation Curve
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Kutner Figure 16.4 Kutner Figure 16.6
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Angle between R0 and the
line of sight (d) is l.

“Galactic Longitude” 

Angle between R and the 
line of sight is θ 
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See Kutner Fig.16.8

“terminal” 
velocity

Rmin

Radial velocity from 
Doppler Shift: v(r)=v0

=220 km/sec

Assumes

Apply some trigonometry:

Arrive at the following:
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1985ApJ...295..422C

Note: Suppressed Zero

Result: The Galactic Rotation Curve
See Kutner Fig.16.9

“Keplerian” curve
(mass 
concentrated 
at center)
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Spiral Structure
Look for “lumpiness” in the radial velocity distributions

H-I (21cm) CO

Kutner 
Fig 16.14Spiral Arms !?
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The Galactic Center
Radio 
(6cm)

X-Ray

(See Kutner Fig.16.16)
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‘accretion disk’ that radiates ferociously.
This process is believed to power active
galactic nuclei, such as quasars. In our
Galaxy, fuel is plentiful: hot, young stars near
the Galactic centre blow a wind of gas past
the black hole. Why, then, is it not brighter?

The radiation that we see at the centre
of the Milky Way is believed to be the faint
squeaking of a black hole that is hiding a sub-
stantial diet by advecting and swallowing the
energy in its accretion disk before it has time
to be radiated away7 So, although the sus-
pected black hole at the centre of our Galaxy
has become a cornerstone of the theory8,9

that violent activity in galactic nuclei is pow-
ered by accretion onto black holes, the evi-
dence that the central dark mass really is a
black hole is very indirect. Accordingly, sub-
stantial effort has gone into testing alterna-
tive interpretations of the observations.

Black holes are extraordinarily slippery.
The stars that Ghez et al. use in their analysis
are 50,000 Schwarzschild radii from the cen-
tre. This is closer to the centre than in any
other candidate black hole, but it is far out-
side the region of strong gravity. That is, the
largest stellar velocity, 1,350 km s!1, is much
smaller than the speed of light. So the argu-
ments for a black hole are still indirect. The
most plausible alternative in astrophysical
terms is a clump of dark stars — stars that are
too low in mass to ignite nuclear reactions or
stars that have died and faded from sight.
Past measurements have determined a small
enough radius for the dark mass to exclude

these alternatives3,4,10. Ghez et al. strengthen
these arguments by finding a new minimum
density of the dark mass, 8"1012M!

parsec!3, that is almost an order of magni-
tude larger than previously found. Squeez-
ing dark stars to such a high density has con-
sequences that are excluded by the observa-
tions.

Other more exotic possibilities remain.
One example is a hypothetical ball of neutri-
nos11,12. But a neutrino ball of 2.6"106M! is

expected to have a radius of about 0.02 par-
secs. Two of the three stars studied by Ghez
and colleagues are well inside this radius,
only 0.005 parsecs from Sagittarius A*. The
future paths of these stars depend sensitively
on whether there is a black hole or a neutrino
ball at the centre of the Galaxy. So we can test
some of the more exotic black-hole alterna-
tives by following the stars as they move
through substantial orbit arcs. This should
be possible within a few more years.

Those of us who study galactic dynamics
generally observe a snapshot of objects that
change only on timescales of millions or bil-
lions of years. The orbital periods of the stars
measured by Ghez et al. can be as short as a
few decades. There is something quite grand
in the realization that we can expect, with
good health and a little luck, to see the
Galactic centre rotate at least once in our
lifetimes.  !
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University of Texas at Austin, RLM 15.308, Austin,
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news and views
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Reactive oxygen species are potentially
dangerous by-products of cellular
metabolism that have direct effects on

cell development, growth and survival, on
ageing, and on the development of cancer1.
They are generated by all aerobic organisms,
but their production is a double-edged
sword. On the one hand, they seem to be
needed for signal-transduction pathways
that regulate cell growth2 and reduction–
oxidation (redox) status1. But on the other,
excessive amounts of these metabolites can
start lethal chain reactions, which oxidize
and disable structures that are required for
cellular integrity and survival1. Many

tumour cells seem to have increased rates of
metabolism compared with normal cells,
which would typically lead to increased
numbers of reactive oxygen species. So one
way of treating cancer might be to design
drugs to target the enzymes that regulate the
levels of reactive oxygen species. On page 390
of this issue3, Huang and colleagues provide
support for this idea: they find that a com-
pound that kills human leukaemia cells,
but spares normal cells, may achieve this
by inhibiting such an enzyme.

Reactive oxygen species are generated
during the production of ATP by aerobic
metabolism in mitochondria. The leakage of

Figure 1 Infrared image of the Sagittarius (Sgr) A* star cluster taken in May 1999. Filled circles show
the positions of six stars at different epochs. Ghez et al.1 have measured stellar accelerations for three
stars close to the Galactic centre (S0-1, S0-2 and S0-4). The orbits of S0-1 and S0-2 (yellow ellipses)
were calculated by assuming that Sagittarius A* is a supermassive black hole with a mass of 2.6"106

solar masses. The orbital periods are 63 and 17 years, respectively; they are near the short end of the
range of orbits allowed by the acceleration measurements. (Image kindly provided by A. Ghez.)

Cancer

A radical approach to treatment
John L. Cleveland and Michael B. Kastan
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Distance from SgrA* (pc)

The Black Hole at the 
Center of our Galaxy

IR 2.61×106M"

2.2×1012
M"/pc3

4×106
M"/pc3

Measure the accelerations of 
stars near the Galactic Center 
to infer the enclosed mass.


