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Week 12: Galaxies

HW10 due Thursday
Read Ch. 20 (possibly some into Ch. 22)

Project Presentations week after Thanksgiving!!!
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What are the spiral nebulae?

Harlow Shapley

MW is whole Universe
QO Sun is in outer part of the MW
x- M31 would have to be at an insane
distance to be similar
x ¢ we can see rotation in the Pinwheel
@ X ¢ this one nova in M31 would have
been impossibly bright
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The great debate of 1920

Herber Curtis

MW is one of many galaxies
e Sun is at the center of MW
@+ M31 has too many novae to be just
a galactic nebula

QO we see dust lanes in other nebulae,
like the MW’s
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Edwin Hubble settles the debate

ASTRONOMER HUBBLE

Wiall Palomar's 200-inch cye sce an exploding universe!

s ' M31: Andromeda Galaxy
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Hubble’s Classification Scheme: Tuning Fork Diagram
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HUBBLE-DE VAUCOULEURS DIAGRAM
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Appearance depends on orientation...

(@)
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...and the motions of stars

...on complex,
irregular orbits.
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Bulges and Ellipticals
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Disk and Spiral Galaxies

| & Stars in the disks of spiral
Ealrhke galaxies move together...
2 N\ \ -
- - N Which part of a disk galaxy is
Spiral arm— y ' the “oldest”?

& -.on neatty Why do you think so?

circular orbits.

\&\

E) Bulges of spiral galaxies
are like elliptical galaxies:
stars move in irreqular orbits

ﬂﬂﬁf\/\f\/\/\/\/ in all directions.

\
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Which is oldest?

(Or, which has the youngest stars? Why?)
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Galaxy Spectra
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M31 at different frequencies

Radio Infrared Visible Ultra-violet X-ray
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Spectra of galaxies of
different types are,
well, different

Why do they look the
same here though?
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Distance Ladder

Type la
slipernovae

Spe,'ctrosgogic Parallax .

N

¢epheids | L
| Distant Standards

® | (,/'

Luminosity

Time

ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 12



\

H U bble ,S LaW ( Hubble’s original proposal that Co — H 0 d

the universe is expanding was
based on measurements of only

30,000 2 few nearby galaxies. |
~ " ® 3
Modern me: "o —
expansion c
ke galaxies ma ;
S distant than
-g g 20,000 ] s
N 2= >
O 5% 3
‘n © =
N ©
8 © 10,000 : 0
D X
I ‘ | ‘ —
DISTANCE

0 0*PARSECS 2210® PARSECS
By
0 Hubble’s 150 300 450
original plot Distance (Mpc) 1 1
d Hy =~ 70 km s~ Mpc

ASTR/PHYS 2500: Foundations Astronomy Fall 2020: Week 12 15



We live in an expanding “balloon universe”

If expansion constant, then can estimate the
age of the universe

4 d 1
_UT—H()d—H()
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Distance Ladder

Type la
slipernovae
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NS

Type la SNe act like
“standard candles”
(Like Cepheids, we know
how bright they are
intrinsically)
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-20
= as measured ]
19— -
g ]
.“g -18 — ]
5
- N
|
n -17 \ o
= \ . ® .
al o o * ]
C o % ¢ #’ < ]
-16 — PS .
- Calan/Tololo SNe la ]
'1 5 - | | -
-20 0 20 40 60
days
20 | ]
Ny . , ]
,( < light-curve timescale
Gl % “stretch-factor” corrected
:
_ s ]
v N i ; ]
§, '1 8 __ \’\ _—:
2 LN 1
v - 3 3
' : . .
'...q 17— Q,O._ o =
= lb'.j!’
‘l ye P
0~ ) *V o
16
-15 - | | | " 1 " :
-20 0 20 40 60

days

Kim, et al. (1997)
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