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Onward to Galaxies, starting with our own!

Our Milky Way Galaxy in overview, aspects of
any spiral galaxy — and a fine SONG

* How spiral galaxy may have been assembled

* Examine galaxy components: stars, gas, dust

* Look at why spiral patterns are made in the
disk of galaxies, including our own

* Homework #9 due today, new HW #10 out —
requires reading S2 on “special relativity”

* Read Chap 19 “Our Galaxy” in detail, Chap
20 “Galaxies ..Cosmology” in overview

* 100-400 billion stars

» ~100,000 light years
in diameter, or

~ 30,000 pc = 30 kpc
(kilo-parsecs)

» Sun is located about
8.5 kpc from center,
in the “Orion Arm’

Artist’s sketch!

CARTOON SXETey oF‘ove GhLaxy (Mitky-uny)
EACGEs OB = AEMED SPIRAL

Exe-onview -

One-pager:
ALL about us!

Sketch
of Milky Way

150-200 x 203 M,
NUMPER of cragr:
~400 x 109

SUNE VEwery Mows chame. o Chary:
~ 2o Imfcve
ST Ptie o5 Prvecumons
~ 2o Miiws YORRS

Stars and gas are all moving!

HIS INSPIRES A SONG! -
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Whenever life gets you down, Mrs. Brown,
And things are hard and 1oagh,

And people are stapid, chnoxicas and down,
And you feel that you've had quite emough...

Juss remember that you're standing on a planet that's evolving
And revolving at 900 riles an howr.
Ie's oebiting at 0 miles a second, o § |sm:er\ed
. rom the sun that is the source for all our o e
S’ng our way to The san and you and me and all the stass shat we can see
y ;I-\x maving :‘;’:]ru!hm r;\émdu .
s [ an outer spiral amm a and emiles 0 hour
the Mllky Way I the Galaxy we call the Milky Way,
Now the Galaxy itself contains a handeed bilkion stars.
It's a hundred |£<us.|r.d lighs-years side from side.
THE GALAXY -- 1t balges in the middle 16 thousand light-years thick,
Bat out by us it's just 3 thousand light-years wide.
LI HTEN P We"re 30 thou! light-years from galactic cenmal point
G U Ir'll go round every 200 million years.
Ard our galaxy is only one of 'm_l.ons and billions
In this amazing and expanding Universe.

Now the Universe isself is still expanding and expanding

In every direction it could wish

As fast as it can go, the speed of I|g‘|| we know,

12 million miles & mnnu}e and that"s the fastest speed there is.

S0 remember when you're feeling very small and insecure
How amazingly unlikely was your bisth,

And pray that there is imelligent life somewhere up above,
For there lsn't any down here on Earth,

Lighter up, there are stars in the s.w

Lighten up, it's a good question wh
it you 't kg the anewer ae acisher do 1,
So meanwhile let's just all lighten up.

And remember that you're standing on a plases that's evolving
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If we might see Milky Way from outside

Spiral
Sb galaxy
NGC 4414

Milky Way Anatomy: Spiral Galaxy

) globular clustars//
* Disk: includes halo
spiral arms --
young, new star
formation

Bulge & Halo:
older stars,
globular clusters

The Milky Way (fuzzy ribbon of
light across the sky)

Clicker — 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 D

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

e D. All of the above

We might prefer to look like this! Prettier?

M101

with more
distinctive
B spiral arms
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Disk is very thin!

(refziiiyely soez1drie))

Composite of M101 — much goes on!

sun’s
disk  location . . * halo
] 1,000 light-years

28,000, light-years > globular
v Py clusters

«——— 100,000 light-years TR T

Pre-Milky Way: early halo + disk

Galaxy NGC 4565 - nearly edge-on

FORMATION OF MILKY WAY

o

How to build a
iral galax b o f-’*‘;‘”’;’%-
spiral galaxy Pitune ca_ lems
(or so we think!) Ut
3. Formos Fearrens 4. P_’«’.f ) ;,{ Foean
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1. Sraes Few Husstep Bision, 2 oM,
Blge  MBw ol | "METAL Foog ®
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Gas A VERY Cotp GAT tni TH SHEET
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Masrey wi Ciosts I8 DK I

More stuff
in ISM
inventory

them in turn ....

4. Cosmic fave

5. Inmrsreise pusr

Now let us look at

INTEESTELLAR. MEDIUM ...

Really
hot gas

3. HOT integcioup GAS > fobk
= Hegmep BY SUPEAGUAE | STELLAR kividl
« FILLT MAto, CAtaenc. wimp T

* KWL Iowizer A, NG U

EMmr K-Rayr , WELOT V Emihow ..
LIE DB TL [ OveEns SEp0es of 5 €1 erionir )

VERY Engecene fmomte aveLE! (Faencusr)

Mot pavew Py Marr, for . ...
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1. GIANT MotEcuLse Cloves
* SITES oF INTENSE STHE FolfbihTons
= NERPLY S0 MuECWES DT BY EMiTice

LiES oBrenvE i Eatro Very cold
Comprmons oF K, £, N, 0 Foltm :
MAECAEs (B panny AT 18 amact )
= AMMON , WATEE , FalmALIcuise , MET mbm

~ 105 H,

Ingredients of
Interstellar

Medium (ISM)
(stuff between
the stars)

2. DIFFUTE CLOUDS OF GAS (Mp Some Dusr)

HI feqns : Cloms o oo, mevrac 000N g@S:
INPEOAES AToMT (Mm} neutral H
Z1 cw BANC EMuTion)

HI Beqions  [Emimion tegueas) :
Growms, Tonae #ifee HﬂH
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DRl Yourk T SRS
=

]
States of gas in ISM

Hot bubbles lonized 1,000,000 K 0.01
hydrogen

Warm atomic gas Atomic 10,000 K 1
hydrogen

Cool atomic clouds Atomic 100K 100
hydrogen

Molecular clouds Molecular 30K 300
hydrogen

Molecular cloud cores Molecular 60K 10,000
hydrogen

0 Gzl & DLt

iglole clnel
UVAIght

1ie)
IONGERWAVEIENYHS

ILSROWTY

infrared light Horsehead-Nebula




Hot Stuff
2 loplizzon sigollee
> rlot(yelsief) SiElfs
IGMIZEMYCIGEEN|
NGO HEIREIETHENIS)

INMHIENGAS:

* T~ 10,000 K near
hot young stars

" Trifid Nebula
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Emission nebulae
“O & B star
associations ”

* Emission lines from
hydrogen and other
ionized elements

» T~ 10,000 K near
hot young stars

Trifid Nebula (M20)

o oy
Spl:tz'e;' infrared

vigible SRR

Visible (NOAO) .

Infraced IRAC + MIPS

Where the emission colors come from ..

- ionized oxygen /doubly ionized oxygen

w

8 doubly atomic  ionized
% ionized oxygen hydrogen  nitrogen
= atomic hydrogen

o

1< doubly ionized ionized
2 neon sulfur
©

Q

Q

©

ilT]lT]lf]]l

) N T N N N )
360 390 420 450 480 510 540 570 600 630 660 690
wavelength (nanometers)

Really Hot Stuff

4 BUY9ISS OF Ot CJEls
RIoWICUILY

* T = millions of
degrees K

2 Wledrie) Uytin) rgsit Of
galaclicigasy=>
ENCHITIEWIU;
VIESVYACIEIIENIS;

Cass A SN remnant Flamsteed ~1680

29

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
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Super-bubbles

ENVVHErNTIUIE]
WURBIESYEIHNITGNIE
ClUSIENIEYACT)
CIEAlErSURETULIIES)

SNAIEISURERURLKIES
/EaCHESIIEICAGEION
iflg eflsis, Ir ezln) Ol
Aot cas out of the
Galaxy!

— Sola Wl el gelgic
AOWRIEGENTIXIITIONE;
galaxy

5

b

0"
Artist's concepti}/ﬁmputer Simulation.

Super-bubbles in spiral galaxy NGC 3079

Super-bubbles
in Large Magellanic
Cloud (LMC)

(nearby galaxy)

Clicker Poll of Advice

* How do you take notes (or listen) during
lectures?

* A. | get most of it by just listening

* B. | write down some notes, then go back to
book to look things up

* C. |listen, take some notes, then get copies of
lecture slides from course website

* D. | enjoy talking with my buddies, and they tell

me later if | missed anything

E. |try to read the subject in advance, and then

listen, taking some notes in class

atomic-hydrogen
clouds

molecular clouds hot bubbles

All spiral galaxies
are constantly changing

supernovae and

star formation stellar winds

s:ellar burning/ Cyc’e Of
fomaton - Star=> gas
- star

Reading ahead clicker — mapping our
galaxy

» We want to map the structures of very cold
ithin th isk of the Milky Way.
What wavelengths should we be using,
and why?
4
./— 2

* A. radio
* B. visible light
* C. x-rays




confused visible image

A. Radio
* Dust gbscures our
vision of much of the
galaxy in visible and
UV light.
X-rays only highlight
the hottest and
weirdest places

21 cm radio waves
map normal hydrogen
gas -- these pass

through dust unaffected MW disk in radio
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ISM:

A little DUST
goes a long
way!

INTERSTELLAE DUST
o MiNGR ComPonET | B Bi€ EFFEcTr !

1. Pe OF LgHT " Beosemc”

FEEFERENTAL. SEATRRING OF BUUER Puicroeic
BY Dusr PARTICLEr OB GRARLC

‘Reddens

DusTeRAW MANTE OF fees
. 40,00, 447 the light
SueracE ©
SHTE oF Fobsiamon oF woc coces §
4 1 TEMF ~ 2o doi
e— MicEp Jee prerm. Tiousn P ind
H.one B cighr, 1R, Rapo (kuar
(= dg7m) i)
2. GENERAL ExTiicrion of PMMING OF LIGHT
TosE ARERS AORE. CPAGNE To SIRELICHT Absorbs
the light

3. Fourizimon of Lignt
MAGHETIC. FIELor Chn TERVE To ALIGR]
AT GRARIC WHICH MAY FE ELOMNGYTED od TrmE
= [FLEGE APrediMou OF LISHT
o 0E RENTman

SEMI-WARM stuff: dust

* DUST: absorbs
visible and UV light

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

* Emits IR light




