ASTR/ PHYS 1 060

+ The Unive rse
Chapter 15 Our Galaxy, the Mllky Way

Ch. 16 Reading Assignment due Wednesday!
No office hours tomorrow for me

EC write-ups accepted anytime
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What type of galaxy do we live in?

Milky Way
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Can’t see the forest for the trees...
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William and Caroline Herschel (1785)

Star counts
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Globular Clusters Instabilty

strip

The location of the main- g
sequence turnoff shows

M that this globular cluster
Is 13 billion years old.
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ASTR/PHYS 1060: The Universe Surface temperature (K)




Globular Clusters

How can we estimate their age?

A) Average star brightness

B) Average star color

C) Location of the MS turnoff in an
HR diagram

D) Location of the Horizontal
branch in the HR diagram

How can we estimate their distance?

A) Using variable stars (RR Lyrae
and Cephieds)

B) Comparing their apparent sizes

C) Location of the MS turnoff in an
HR diagram

D) Location of the Horizontal
branch in the HR diagram
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Shapley's Globular Cluster Distribution
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Globular clusters revealed the scale of the MW

Galactic halo \

‘300,000 light-years

.
€ d

100,000 light-years

Globular clu§ters
Galactic bulge

»ﬂe’ oy
+— Galactic disk

* 27,000 light-years

‘Q\X ' G X U V | R

" Magellanic Clouds

Variable stars like Cepheids (called RR
Lyrae stars) were used to estimate the
distance to globular clusters, which were
assumed to be distributed uniformly
around the center of the MW
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2MASS infrared all sky survey
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Definitely a disk galaxy, but the arms aren’t obvious

Artist top-down view or more like NGC 44147

—— Okion Spur

: A - N :

like M109?
ﬂ.'"lﬂ/\/\/\/}’/\/\/
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Interstellar medium

/

Supernovae /
and stellar ~
mass loss

—

——

~

Stellar

Big Bang

hydrogen and helium

\
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[Emission lines from

Intensity —»

nucleosynthesis

N

° 4

1\\ .. /

Matter moves from the interstellar
medium into stars and back again...

Star formation

\

...In a progressive cycle that
has enriched today’s universe
with massive elements.

CHEMICAL

‘.\\

Absorption lines from
hydrogen and helium

)

Intensity —»

Wavelength —= Wavelength —=

&) Only the least massive elements,
hydrogen and helium, were formed
when the universe was born.

"

~
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Emission lines from
massive elements

!
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Intensity —»

W
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Red and green dots represent
massive elements formed in stars.

Absorption lines from
massive elements

/ﬁ‘r\‘m‘\_

Intensity —»

Wavelength —» Wavelength —=

f: N
B3 Massive elements are
formed in stars...

-

E) ...and then ejected into space
In supernovae, planetary
nebulae, and stellar winds...

o

J

e N

3 ...chemically enriching the
interstellar medium and

subsequent generations of stars.
=)

-
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M I L KY W AY

Intensity —»

T

Intensity —»-

Al

Wavelength— Wavelength —>\

B with each subsequent generation of
stars, the amount of massive elements
IN the universe has increased.

.

™

J

3 Evidence of progressive chemical ..and in the strength of massive-element
enrichment is found In interstellar apbsorption lines in spectra of stars formed

emission from massive elements... In different places and at different times.
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Supernovae shape and “enrich” the MW

10,000
light-years

1,000
light -years

light-years

100,000 light-years
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upernovae (among others) accelerate cosmic rays

i
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Supernovae heat the MW'’s gas

A

eta Canis
ajoris The Local Bubble

G X U VvV [ R
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Cool (neutral and molecular) gas lie in a thin plane
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Toward galactic center

Redshifted
(moving away)
w 200
£E E) Looking toward the galactic
LT center, we see gas moving
o S neither toward nor away from us.
= _g Emission is not Doppler-shifted.
82 o =
25
25
o 0
O .2
£-200
@
Blueshifted
(moving toward us)
-180 -90 0 00 180

Viewing direction from SUQ (degrees)

ASTR/PHYS 1060: The Universe

€D Looking in this direction, we
see gas clouds moving away
from us. Emission is redshifted.

s

atomic hydrogen

molecular hydrogep

! 2y P "3' > :
o 7 .‘I ?';) o e :ﬁ.‘é‘
. . )

B3 Looking in this direction, we
see gas clouds moving toward
us. Emission is blueshifted.
—
-

-

-

Sun’s velocity

Galactic rotation
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MW rotation curve —> dark matter

300
- 290 Large |
& Magellanic
vz Cloud
= 200 \‘
= -
-g - e = Y
S 150 /
>
C
S 100 g _ y ‘ , i
© The rotation curve of ...over 160,000 light-years
0? 50 the Milky Way remains from the center of the galaxy.
nearly flat... ) ’
0 [/
0 10 20 30 40 50155 160 165

Distance from center of galaxy (thousands of light-years)

ASTR/PHYS 1060: The Universe Fall 2019: Chapter 15 17



MW rotation curve —> dark matter

o0 -
» Mercury Solar System
[Ty rotation curve |
® 40 | Marge” |
E l;|'-, Venus —\\ Cligz danic
= 30 H Earth \J
O '.' SR — — -
8 Y Mars /
% 20 -
r- "--....,__:lupiter > w
S ol . Saturn ...over 160,000 light-years
5 U_’?_"_L{s: Neptune pjuto from the center of the galaxy.
| | | | l
10 20 30 40 50 /]
mean distance from Sun (AU) ) 40 50155 160 165
(b) alaxy (thousands of light-years)

Copyright © Addison Waslay
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MW'’s supermassive black hole

S0-5 @

Keck/UCLA Galactic
Center Group
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MW'’s supermassive black hole

. Gamma-ray emissions
’ . e " ‘ .

., X-ray.emissions- &

Milky Way:

ASTR/PHYS 1060: The Universe

L

il _
— 50,000
.1 light-years

quiet now, but was active not that long ago
(a few million years)
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Computer
simulation of the
formation of a
Milky Way-like
galaxy

ASTR/PHYS 1060: The Universe
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~125,000 parsec

£l ~30,000 paysecs
o .. .
. Globular
: i clusters -~
® » . .
. . L
. o . g .
- i » Bulge
; B '. .
- Nucleus Disk
. . - » '. |
MI10 ——— = .
dwarf galaxy 8 light minu .
Ea .
Mercury
Venus

Magellanic Clouds
(not to size scale)



Small galaxies get shredded into the halo

|

SDSS Field of Streams

Orphan

NGC 241
stream G 4
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V. Balckurov, loA Cambridge / Sloan Digital Sky Survey
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Small galaxies get shredded into the halo

oW n | > | NGC5907.

ASTR/PHYS 1060: The Universe Fall 2019: Chapter 15



< >

SRXians 1 million
Our plaCe Sextans*A [ light-years
INn the
Lef)A
local NGO -
- Dwarf °
universe e
OWart——188 147 1o

270° '*"CB 90°
ndromeda
alaxy
NGC6822%|| || T; V3D
__i___Tﬂgﬂgg_L#Igm Andromeda
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Phoenix© I yl : I, 111, and |
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LOCAL GALACTIC GROUP

* Sevtai B
« Sevtans A
Lo A
» NGC 3109
« Anvtha Dwnf
Leol + * Corws Dwae!
*Leo
Urss Magor | -
Sextans Dwarf - Ursa Major Nl
a Ursa Mince Dwarf
Rotees Dwart Ovaco Dwart A 18
Large Magelanic Oowd
Semall Magetlan: Cloud 2
Segittarus Dwar!
Cartrg D! . NGC 188
Sculptor Dwarf
Fomax Dwaf
Andromeda 8
Trianguium Galaxy (M33) & -
« Phoentx Dwarf « Paces Dwaef
3 R Mm Dwart )
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VIRGO SUPERCLUSTER




But how are galaxies moving?

'

Waves that reach this Waves that reach this
observer are spread out to observer are squeezed to
longer, redder wavelengths | | shorter, bluer wavelengths
(lower frequency). (higher frequency).

J \_

Moving source 8

of light w‘”(This observer sees |
no Doppler shift.

J
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ASTR/PHYS 1060: The Universe

Doppler Shift of Light
A - A

observed

A

\'

C

emitted

emitted

Which spectrum is moving away
from us the fastest?

Fall 2019: Chapter 14
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\'

C

)" - )\' emitted

Almost all galaxies are moving observed _
away from us. )\.

emitted

€D Absorption lines in a
nearby star appear at Arest = 656.3 NM
their rest wavelengths. .. [

A star in the Milky Way

0.75

A galaxy with \ r ...but absorption lines in the ‘
v, = 7,600 km/s spectrum of a distant galaxy
are redshifted by the galaxy’s :
\ \ v, is calculated from

motion away from us.

the measured redshift.

| l
! i

0.40 0.45 0.50 0.55 0.60 0.65 / 0.70 0.75
Wavelength, 4 (um) Aobserved = 672.9 nm
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\

H U bb|e’S LaW ( Hubble’s original proposal that

the universe is expanding was
based on measurements of only

30,000 a few nearby galaxies.
3 ®
Modern me: oot =
expansion ¢
re) galaxies ma }
%‘ — 20,000 \ distant than
Q E 500KM
T E
B3 g
»n O >
N ©
3 © 10,000 p 0 |
D
DISTANCE
0 ©0*PARSECS 2210 PARSECS
O
O “Hubble’s 150 300 450
original plot Distance (Mpc)
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We live in an expanding “balloon universe”
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