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Week 10: Milky Way & Active
Galaxies

HWO9O due Thursday
Read Ch. 19.1-3, 19.7 for next week

Midterm 2 next Thursday
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Workshop for Senior Undergrads
planning to apply for graduate
school

Monday, Nov. 9th 5:30-6:30pm?
The topics will be: (1) how to pick what schools to apply to, (2) choosing
& contacting letter writers, and (3) preparing your written application.
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Sample Retrieval from
Asteroid Bennu

https://apod.nasa.gov/apod/astropix.html
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Midterm 1 Results

No curve for now
75 «— Average (Any curve will be to your benefit)

Worth 10% of your grade
(Equivalent to 2.5 HWs)

Time a bit of an issue it appeared,

but not overly so. | plan to make

Midterm 2 shorter. Need to know

the material though, or questions
will be hard to parse.

Review the exam and make sure
you understand what you missed.
You will see that material again!

40 50 60 70 80 90 100 110
Score
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Observing real NSs and BHs

X-ray Binaries
Close binary stars

where 1 star has
exploded and is
now accreting
matter from its
companion

X-ray

Andromeda Galaxy:
(M31)

.

-
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Star’s life
determined
mostly by its
Initial mass

White Dwart:
M < TMg

Neutron Star:
TMs < M < 18 M

Black Hole:
M > 18 Mg

STELLAR NURSERY

PROTOSTAR BLUE SUPERGIANT

PROTOSTAR BLUE SUPERGIANT

i G,
€2
.'d'

BLUE SUPERGIANT

SUN-LIKE STAR

PROTOSTAR

PROTOSTAR

PROTOSTAR RED DWARF

¥

PROTOSTAR BROWN DWARF

ASTR/PHYS 2500: Foundations Astronomy

BLACK HOLE

“‘ {x y

g
.

)

TYPE || SUPERNOVA

&

RED GIANT

&

RED GIANT

STELLAR

NURSERY

SUPERSHELL

BLACK HOLE

;. ;1

\, NEUTRON

' STAR
\"‘ ra .

TYPE || SUPERNOVA

L

PLANETARY NEBULA

TYPE |A
SUPERNOVA

P .

WHITE DWARF

L
"
WHITE DWARF
RED DWARF

BROWN DWARF

Fall 2020: Week 11



Our Galaxy, the Milky Way

What it may look like from the outside
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Our Galaxy, the Milky Way
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Can’t see the forest for the trees...
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Globular clusters revealed the scale of the MW

Galactic halo \

‘300,000 light-years

i 1 00,000 light-years
Globular clusters
Galactic bulge

B 1 .
Ve e~ Galactic disk

* 27,000 light-years

‘Q\X ' G X U V I 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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R. Hurt, NASA/SSC
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R. Hurt, NASA/SSC
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Galactic Components

Artist Conception
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Galactic Components

Artist Conception
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Galactic Components

Artist Conception
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Galactic Components

Halo: 1% stars, most of volume S
old stars S I OO I(PC ‘spiral arms

tidal debris from shredded clusters some active star formation
and dwarf galaxies ~circular orbits

random orbits, forming a ~spherical shape DISk- 80% stars Sma” VOI ume
- _ . 9

NN

~O.5 kPC . e = £ 7 e Artist Conception
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Galactic Components

young and old stars

'spiral arms

some active star formation
~circular orbits

Disl: 80% stars, small volume

Artist Conception
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The thin disk SO - - The thick disk §

. B
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Small galaxies get shredded into the halo

N NGO

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



How do stars move in the Galaxy?
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Kepler’s 3rd Law in the Galaxy

(a/1 AU)?
M Mao(< r) =
o+ Mel<r) = "m0
Mass
iInside
Sun’s orbit
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How do we get 3D star velocities?

Radial Velocity: Vy — C

Proper Motion:

_ 2 2
v—\/fur%—vt
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How do stars move in the Galaxy?
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'.' Kepler’s 3rd Law in the Galaxy
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Milky Way Is not alone — there Is extra, non-
luminous matter in galaxies: “dark matter”
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Dark Matter: what is 1?7 s f: , ""é'u [

Clus’ter -

® Neutrinos (like those produced in fusion
® Have mass, but not enough
® New kind? Sterile Neutrino |
® WIMP (Weakly Interacting Massive Particle) §
® Direct detection searches have failed
® “WIMP miracle” not miraculous i o L e ,
® MACHO (MAssive Compact Halo Object) . ;S;Eﬁ:iér‘; R -
® WDs, NSs, BHs roaming around

® Can detect via gravitational lensing - ruled out
® Theorists are clever - can invent other options!
® Modified Gravity (explains galaxy rotation, but...)
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