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objects in our galaxy

What lies in the center of our galaxy?

Although the Milky Way's clouds of gas and dust prevent us
from seeing visible light from the center of the galaxy, we
can peer Iinto the heart of our galaxy with radio, infrared,
| X-ray telescopes, FIGURE 19.20 shows a series of infrared

and
and radio views looking ever deeper into the galaxy’s center.

| -
10 light-years

d This infrared image shows
stars within about 1 light-year
of Sgr A¥, The two arrows
point to the precise location
of Sgr A*,

¢ This radio image zooms in
on gas swirling around the
radio source Sgr A* (white
dot), suspected to contain a
very massive black hole.

rad and radio wavelangths
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central object

1995-2010

FIGURE 19.21 Evidence for a black hole at the center of our
galaxy. Each set of colored dots shows the positions of a particu-

Calculated orbits for these stars are also shown. By applying
Newton's version of Kepler's third law to these orbits, we infer

g he central object has a mass about 4 million times that of our
Sun, packed into a space so small that it is almost certainly a black

Q g

Within about 1000 light-years of the center, we find swirl-
ing clouds of gas and a cluster of several million stars. Bright
radio emission traces out the magnetic fields that thread this
turbulent region. In the exact center, we find a source of radio
emission named Sagittarius A* (pronounced “Sagittarius
A-star”), or Sgr A* for short, which is quite unlike any other
radio source in our galaxy.

Use the star charts in Appendix | (or a starfinding app) to find
ine constellation Sagittarius, which is easily visible on summer
and fall evenings and looks like a teapot with a handle on the
left and a spout on the right. The center of the Milky Way Galaxy
1S near the tip of the spout. Can you see the Milky Way's faint
band of light passing through the constellations Sagittarius,
Cyanus, and Cassiopeia?

Several hundred stars crowd the region within about
1 light-year of Sgr A*, and their motions indicate the pres-
ence of an extremely massive object. FIGURE 19.21 shows the
orbital paths of some of these stars as measured over a period
of 15 years. Applying Newton’s version of Kepler's third law
to the orbits of these stars shows that this object must have a
mass of about 4 million solar masses, all packed into a region
of space just a little larger than our solar system. An object
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An X-ray flare from the suspected

black hole at the Milky Way's center

FIGURE 19.22 This X-ray image from the Char
Observatory shows the central 60 light-years of ¢
an X-ray flare from the massive black hole thoug

there.
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that massive within such a small space is almost cer
black hole.
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However, the behavior of this suspected black hol
rather puzzling. Most other suspected black holes are thou
to accumulate matter through accretion disks that radiat
brightly in X rays. These include black holes in binary star
systems like Cygnus X-1 [Section 18.3] and some giant black
holes at the centers of other galaxies, which we will discuss 2
Chapter 21. If the black hole at the center of our galaxy had
an accretion disk like these others, its X-ray light would east’
penetrate the dusty gas of our galaxy and it would appear
fairly bright to our X-ray telescopes. Yet the X-ray emission
from Sgr A* has usually been relatively faint.

Observations made in other wu‘velengths of light are
helping us understand this surprising behavior. For exam
ple, enormous X-ray flares have been :»bser\'ed coming from
the location of the suspected black hole (FIGURE 19 22).
These sudden changes in brightness probably come ff@f}‘
comet-size lumps of matter torn apart by the black ht‘k‘"\
tidal t'(‘)rccs just before disappearing beneath its event hori
Z(:n‘ If we continue to observe similar X-ray flares from S¢'
A%, then the explanation for its generally low X-ray bright
ness may be that n + ' insted
of in the smooth,
we better underst

1

)

1atter falls into it in big chunks h
swirling flow of an accretion disk. Unth

¥ v . . 1 ¢ .te
e and Sgr A%, it is sure to remain a favor!
arget for observation
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19.1 THE MILKY WAY REVEALED

& What does our galaxy look like? The Milky Way
Galaxy is a spiral g;aiz\:;y
consisting of a thin disk about
100,000 light-years in diam-
eter with a central bulge and
a spherical region called the
halo that surrounds the entire
; disk. The disk contains most
of the gas and dust of the interstellar medium, while the
halo contains only a small amount of hot gas and virtually

no cold gas.

¥ How do stars orbit in our galaxy? Stars in the disk all
orbit the galactic center in about
the same plane and in

the same direction. Halo and
bulge stars also orbit the center
of the galaxy, but their orbits are
randomly inclined to the disk
of the galaxy. Orbital motions
stribution of mass in our

of stars allow us to determine the di
galaxy.

19.2 GALACTIC RECYCLING

tars are born from
onal collapse of gas
clumps in molecular clouds.
Massive stars explode as super-
novae when they die, creating
hot bubbles in the interstel-
Jar medium that contain the
new elements made by these
stars. Eventually, this 528 cools
and mixes into the surround-

: { : o dro en gas
ing interstellar medium, turning i0t0 awmliql:ycloucgis. These
and then cooling further, producing molecul

o the star—
Y flecular clonds then form stars: completing
cycle.

= How is gas recycled in our galaxy? S
the gravitati

gas—star

® Stellar winds and e

place. Hot j,J : : 2xplosions make interstellar

much of t?’x(Jjjr)rt|(lm.r(‘, “’\Fqu‘h the atomic hydrogen gas
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ng clouds in its wake. All thic /‘r'rfrf‘ ;

dangerous, but it o ” might
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heavy ele
Y elements into the gas of the M
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Although the elements from whict WE
',I:||'f' we could not exist if ,» //f/r not or
16s. The Milky Way Galaxy a/;*v"‘ﬁ" a giant r.
Verting gas expelled from each /( f €
generation and allowing ’,'ﬁh? f the
Into planets like our /;///r :

of the heavy elemce

hot massive stars and ionization ne

found preferentiall
arms represent reg
: wave has caused gas
& = other, thereby compr hem and makir
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19.3 THE HISTORY OF THE MILKY WAY

® What clues to our galaxy’s history do halo stars hold?
The stars of the bulge and the halo, together known as the

in the galaxy’s history, before the gas settled into a disk.

s How did our galaxy form? Halo stars probably formed in
several different protogalactic
clouds of hydrogen and helium
gas. Gravity pulled those clouds
and stars together to form a
single larger cloud of stars and
gas. The collapse of this cloud
continued until it formed a
spinning disk around the galactic center. Stars have formed
continuously in the disk since that time, but stars no longer

form in the halo.
19.4 T“EAMY,STF,R'st.G,ALAQT'9 CENTER

of our galaxy? Orbits of stars

s What lies in the center
near the center of our galaxy

suggest that it contains a black
hole about 4 millien times as
massive as the Sun. The black
hole appears to be powering a
bright source of radio emission
known as Sgr A*.
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