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© David Morrow. All Rights Reserved.
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Copyright © 2002 The National Gallery, London. All rights reserved,

"The Origin of the Milky Way," ~1575 by Jacopo Tintoretto (1518-94)


http://www.nationalgallery.org.uk/cgi-bin/WebObjects.dll/CollectionPublisher.woa/wa/zoomImage?workNumber=NG1313&collectionPublisherSection=work
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A thin layer of fog makes
it difficult to see very far
horizontally, but you can
still see objects above the
fog layer.

Determining your position in the fog




. Globular
4% Cluster

Interstellar dust makes it

| difficult to see very far within
the plane of the Galaxy, but
you can still see objects above

the galactic plane

Disk of the Ca—
Milky Way
Earth Galaxy e of Galaxy

Determining your position in the Galaxy
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http://www.aao.gov.au/images/captions/aat092.html
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1920 Shapley-Curtis debate --- nearby vs island universe
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i % ¥4 Cepheid variables:

* Found throughout the Galaxy

* Pulsation periods of 1 to 50 days

* Luminosity related to pulsation period
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" X FERR% % RR Lyrae variables:
* Found in globular clusters
 Pulsation periods less than a day
* All have about the same luminosity
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http://antwrp.gsfc.nasa.gov/apod/ap070415.html
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http://antwrp.gsfc.nasa.gov/apod/image/0410/M3movie_stanek_big.gif
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(@) Infrared emission from dust in NGC 7331 at 5.8 and 8.0 um (b) Infrared emission from stars in NGC 7331 at 3.6 and 4.5 um

R 77 & JE2 8 NGC 7331 1R 28 10L - Spitzer Space Telescope (a)
7£ 5.8 microns £ 8.0 microns FT 43 > BEEAT T E R g AW
Be 3%

(b) #£ 3.6 microns £ 4.5 microns Wy 1% » FE R B E S
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Figure 15-1bc
Discovering the Universe, Seventh Edition
© 2006 W.H.Freeman and Company




Central bulge with
clongated bar

(@) The structure of the

Solar system

Milk

I'o the center of the Galaxy

(b) Closeup of the Sun’s galactic neighborhood
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http://abyss.uoregon.edu/~jsfast122/lectures/lec26.html



http://abyss.uoregon.edu/~js/ast122/lectures/lec26.html
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Far Infrared View of the Milky Way
(IRAS 12, 25, 60, 100 micron images)

g
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Near Infrared View of the Milky Way
(COBE 1.2, 2.2, 3.4 micron images)
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radio continuum (2.5 GHz)
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e Harlow Shapley il RR Lyrae (frER 8 E —4 > g
perioc-luminosity R RERREBWER > #HEME
g AE KRBk 0 3 H DL Sagittarius B W B [ A HE A
Shapley & % : The globular clusters orbit the center of the
Milky Way. They therefore outline the true size and extent of the

Galaxy.
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View from RA Oh, Dec Odeg (up is north)
Scales in kiloparsecs

+90deg

Qutline of galaxy

Sun

Plot of globular clusters in a 40x40x40 Kpc¢ volum e around Earth
Copyright @ 2000 by Wil Milan wmilan@airdigital.com

http://www.astrophotographer.com/Globular plot.html



http://www.astrophotographer.com/Globular_plot.html

» Shapley z 1% vy 2(104F > radio waves #y & H| % 2,
— FRAFIFE BE 4R 7 & O (galactic nucleus) 4
28,000 3% 4 (8.5 kpc)

10,000

. :\'.

o

Apparent magnitude

e Cepheid variables
=
"{
s =
° =
e =
~ E - 3
" s

2.0

Time (days) —>

Ve s e T > 3 5 10 20 S50 100

Ry y . Period (days) —




R %,

ﬁ%%%ﬁ&ﬁ%%%ﬁ
- % 42 (nuclear bulge) :

T 47 20,000 b4 ; B

° é‘l/a * @ (galactic disk) :

F 1% 47 100,000 X4 5 B K

T AR

e 3%~ B

477 A (galactic halo) :

28

FIT

E B A

&

ZRE

IR 1A

2%

% 2,000 H4F ;
~ 3

K’OZERKER




Globular clusters

Galactic halo

alactic center

Gas and dﬁst

Emission nebula

Open cluster
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Stars in the Galaxy’s disk move in
orbits that remain
In the plane of the disk...

...but halo stars and globular clusters move
IN Orbits (shown in red) that are oriented at
random angles to the plane of the disk.




In the disk, there are only Population I (metal-
rich) stars. The presence of hot, blue, young O
and B stars indicates active star formation.

In the bulge, one finds both Population I and
Population IT (metal-poor) stars), with no blue
young stars indicating little star formation activity.
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http://apod.nasa.gov/apod/image/0207/m51_hallas_big.jpg
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Hot O and B
« stars with
H II regions

Regions of .
star formation | -

association

Fast motion of -
interstellar gas and
dust = this materal

15 compressed within

the spiral arm

.

Slow motion of
spiral arm

http://webusers.astro.umn.edu/~larry/CLASS/AST2001_06/denwave.gif
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The Origin of Spiral Density Waves
Both drawings have exactly the same number of ellipses, each one
representing the orbit of a star. {a) Randomly oriented ellipses.

(b) Ellipses with a correlation berween the orientations of adjacent
ellipses.
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Blue stars burn out

tore leaving arm.

Young star clusters
and Hll regioas

(2) Clouds are compressed,
collapse and form stars.

\’7] Gas and dust ‘AIOH( S "pf\rOO(‘h ar

Traffic Jam Analogy

O man  oul A 3 A5 c .
c-g!, | A Star and gas orbil

http://universe-review.ca/l105-18-densitywave.jpg
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The densest part of this'spiral arm (indicated by the presence ...but some of the recently-formed bright blue stars
of dust, shown in red) has not yet moved past Star A... in this spiral arm have already moved past Star A.

X Star A

Rortation of M31

Rotation of M51 Rotation of M51

i : 7
" The densest part of this spiral arm (indicated by the presence ..but some of the recently-formed bright blue stars
of dust shown in red) has not yet moved past Star B... in this spiral arm have already moved past Star B.

(@) Aninfrared view of M51 shows the locations of dust (b) A visible-light view of M51 shows the locations of young stars
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http://en.wikipedia.org/wiki/Hyperfine_structure

Magnetic Resonance Imaging (MRI)
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21-cm emission shows that hydrogen gas is
concentrated along the plane of the Galaxy




HE ZRAFEERE &4 (The Grand Design)

Spiral Galaxy M83 £ 7] H.J¢ (£ )
H2lcmEEst (F) WEE




R % B)

o Feit K T 2% Bertil Lindblad #| F globular clusters 2 i =
(AAELERT 8T LwER—MEY > Mkl
#BE) > BMEXAGETRARF OCHNEHERL A

220 km/s (A5 % R 13 4 828,000A B ) ;
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Sun's

Differential Rotation of aibit
the Galaxy
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o M3 Kepler F=F4 > JEEEP OME » JETE
TEHE (KEARFHATERN )
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Actual rotation

curve of our Galaxy The culprit iISM = M(T)
If v = Gl\zﬂ(r) = const,
200 M(r) <r

That 1S, mass continues to
Increase with radius, even

If there was no material beyond when it is invisible.
the visible edge of the Galaxy, orbital

speeds at large distances should

decline as shown by the dashed line:

This Is not what is observed.
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http://www.astro.virginia.edu/class/whittle/astr553/Topic05/t5 HI M33.gif



http://www.astro.virginia.edu/class/whittle/astr553/Topic05/t5_HI_M33.gif

Rotation curves of other galaxies
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Dark matter halo diameter > 100 kpc



Gravitational Microlensing ( £ # #&i% 45 ) by

massive compact halo objects (MACHOs)

il

Distant star

Earth

Stellar brightness relative

to normal brightness

20

-
(%)

The event is not @iredictable, but lasts

long enough for I‘I‘ow-up observations.
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Neutrinos? Weakly interacting massive particles (WIM

’s)?
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center
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(a) A wide-angle (50°) (b) A close-up view shows a more (c) An extreme close-up view centered on Sagittarius A*,
infrared view luminous region at the galactic aradio source at the very center of the Milky Way
center Galaxy, shows hundreds of stars within 1 ly (0.3 pc)




WS ONY: AW S A Yo
LA B % ,45’2& :

e

(synchrotron radiation) = &% 3%




SNR 0.3+0.0
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SNR: supernova remnant




1995.5
50-16 202
50-53
& 50-3
® . S0-1
S0-7 .
. 50-19 ‘
S0-4 S0-45 i
50-3 S0-49
b so™7
S0-20
@ sos @ e
S0-17

Keck/UCLA Galactic o .

Center Group

Sagittarius A*

= LR

A

Hy 1 B 84E & *

TER  BENFE

3.7x 10° Mo 7 BE 4 # B A Y B3 2 B

. Keck/UCLA Galactic
Center Group

H, K’ and L' mosaic



RAPSERETERD ?
o il |
A% 7E SR 0 B B 1Y R BE E B 22 E 3E 200 km/s

PUFARNGEEENIE A R EELLGERE DR
HPEEME RN Z OB EE "ERAE =X
supermassive black holes B 3%

s MT—AXFERARTZEEBFIETHEERF AT O RE 2
100 million K gas! Positron creation = gamma rays

- BYHEWAE S R EELR  BEXREBAEERFG %7
WEHKR? ...




