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» Today+ in Our Galaxy (Chap 19)

* Visit “inventory” of our galaxy: stars, gas,
dust, and all in constant motion and recycling

* Look at dust in absorbing / reddening light

» Why spiral patterns are made in the disk of
galaxies, including our own

* Mr. Einstein’s work S.2 (special relativity),
S.3 (general relativity) in recitation

* HW #9 now graded, answer sheet on canvas
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How we will be zoom-interactive

* “Raise Hand” (Max monitors “Participants”)

» “Send Chat” Message (Max will act)

* In both cases, Juri will get to your question
or comment within at most a few minutes

* Or if pressing, Unmute your mike and ask
question

» We can adjust “how to interact”, with your
advice and experience
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Pre-Milky Way: early halo + disk

M104 Sombrero Galaxy
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States of gas in ISM

Hot bubbles lonized 1,000,000 K 0.01
hydrogen

Warm atomic gas Atomic 10,000 K I
hydrogen

Cool atomic clouds Atomic 100K 100
hydrogen

Molecular clouds Molecular 30K 300
hydrogen

Molecular cloud cores Molecular 60K 10,000
hydrogen
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Questions or Comments

Warm Stuff
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Where the emission colors come from ..
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Cass A SN remnant Flamsteed ~1680

Fast electrons & magnetic fields

REALLY HOT
STUFF
* Synchrotron

emission from
SNR

* X-ray and radio

* Traces very hot
gas bubbles
(SNR)

Chandra X-ray image of Tycho Brahe 1572 supernova remnant

Questions or Comments

For Break-Out Room:

Meet & Greet with video/sound on

Why was it so difficult to figure out
where in the Milky Way are the Sun and
Earth located, and if ours is the only
‘nebula ” (galaxy) ?

Poll 1 — Where are we?

» Why was it so difficult to figure out where in the
Milky Way are the Sun and Earth located, and if
ours is the only ‘nebula ” (galaxy) ?

e A. We are immersed in a soup of stars, gas and
dust, so hard to see far

e B. In a middle of city of stars, hard to figure
shape of overall ‘metropolitan area’

e C. Gas and dust can absorb light, making
distance estimates uncertain

¢ D. All of the above

atomic-hydrogen
clouds

molecular clouds hot bubbles

All spiral galaxies
L4l are constantly changing

supernovae and
stellar winds

star formation

Cycle of
vt 4 star- gas
formation 9 Star
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Many views of our galaxy disk

b Radio emission om carbon MonoxKde reveals m
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9 Gamma-ray emiasion from collaion of COBMIC fays with Slomic nuckel in interstolar clouds.
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SEMI-WARM stuff: dust

visible and UV light £

* Transparent to
long wavelengths
(red, IR, radio)

* Emits IR light

Questions or Comments

Motion of stars in spiral galaxy

Halo & bulge:
swarming in
and out

Disk:
circular +
bit up/down

Poll 2 - stars and ‘heavy metals ”

» The ages of stars suggest that the bulge
and halo of the Milky Way formed before
many of the stars in the disk. Which would

you expect to have more heavy metals
(higher metallicity) ?

* A. Halo and bulge stars
* B. Disk stars
* C. No difference
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* B. Diskstars are
continually forming out of
gas that is more and
more ‘polluted " by heavy
metals.

 The OLD globular
clusters in the halo were
formed a long time ago
before the galaxy was so
polluted - they have very
low ‘metallicities *

Why spiral arms?

n -
stars move in and
out of denser
regions

More like ripples in a
pond than arms of
a pinwheel

In dense regions, star
rmation i:
intense, so ‘arms”
are brighter

M57% Whitpbol

Read with care

atomic-hydrogen
clouds

&

molecular clouds hot bubbles

All spiral galaxies
are constantly changing

supernovae and
stellar winds

K - Cycle of
stellar burning/ star- gas

heavy-element

formation 9 star

star formation

EPush and pull of
. gravity in disk

Gas/stars are pulled a ¥ §
little forward or :
backward toward
the high density
regions

Such clumping helps
create a spiral
pattern ‘traffic jam”
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THEoRY OF SPIRAL STRUCTIRE . .. -
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