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As light from a distant
object travels through
interstellar space...

i ...short-wavelength blue light is
scattered or absorbed by dust grains...

...while red light passes
through more readily

i

Dust causes interstellar reddening.

- NGC3603:
A distant: nebula ; S
Reddening depends on dlstance
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Star Shadows Remote Observatory
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Rapidly infalling
Region of gas and dust
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H 1II regions outline
a spiral galaxy

{a) We see spiral galaxy M83 nearly face-on

b} We see spiral galaxy NGC 891 nearly edge-on

4-kpe arm

Scutum
arm

Sagitarius
arm

To Sun

LG - 52HE (spiral arms) B

E 44 3 2 (giant molecular clouds, GMCs)

1.This emission nebula (about
2200 pc away and about 20 pc
across) surrounds the star
cluster M16.

2. 5tar formation is
still taking place
within this dark,
dusty nebula.

3. Hot, luminous stars (beyond
the upper edge of this image)
emit ultraviolet radiation:

This makes the dark nebula
avaporate, leaving these pillars.

4. At the tip of each of
these pillars is a nebula
containing a young star.

5.Eventually the
nebulae evaporate,
revealing the stars.
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A tour in the Orion molecular cloud




Radiation and stellar
winds from this massive,
luminous star...
Star formation progresses| Shell of hydrogen that
in this direction — has not yet been ionized

Older cluster

.

0ld cluster

Expanding region of
ionized hydrogen (H 1)

New stars
being formed

...may have triggered the
formation of these stars.

]

(brown dwarfs)

Stars form by accreting surrounding material.
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[IFENSE TP (stellar winds, outflows, jets)
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Credit: G. Schneider (UofA), K. L. Luhman (CfA), et al., NICMOS IDT, NASA
‘WFPC2 data: C. O'Dell and S. Wong (Rice)

fa) Visible-hight image

ared image

c) False-color Xsay image

Mass loss from massive stars

‘ Circumstellar accretion disk/V Protostar hidden by dark,
i dusty nebula
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Jets from Young Stars

«June 6, 1995
. Hester (AZ S

HST - WFPC2

tate L), J. Morse (ST Sci), NASA




Protostar hidden by dark, dusty nebula

Jets from Young Stars - HH1/HH2 HST - WFPC2

PRCS5-24c - ST Scl OPO - June 8, 1995 . J. Hester (AZ State L), NASA
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A 15 M, protostar takes about 10°
years to reach the main sequence...
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() Mhass more than about 4 M,
Enargy flows by comvection in
the inner regions and by radiation
in the ouber regions.
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(1) Mass between about 4 M. (c) Mass less than 0.4 M

‘q"l and D4 M. Energy flows by Energy flows by convection
i< radiation i the sner regions throughout the star's intevior.

and by convection in the

outer regions.
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For a main-sequence
star, high mass means
high luminosity...

Luminasity (Lo} —

-..while low mass
means low luminosity. w020

1074
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Mass (Mg) — = Surface temperature (K]
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Main-Sequence Lifetime

 Massive stars are very luminous, L ~ M35
* L [ergs/s] = emitting power (consumption rate)
* M - available energy

= M/L = lifetime of energy generation ~ M2
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TABLE 12-1 Main-Sequence Lifetimes

mec on main
Surface sequence Spectrs

Mass (M) temperature (K) Luminosl ity (L) (10* yrs)
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Red gian stars in the star cluster M50
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Outer layers: no thermonuclear reactions

Hydrogen-
Hydrogen- fusing shell
fusing shell

. Helium core, no i i
Hydrogen-fusing thermonuclear Helium-fusing
core reactions core
Main-sequence star Young red-giant star Red-giant star
after helium fusion

L@E[FIE ﬁF;\Q}\_ “f,ﬁﬂl [Ulo/
2> [ ‘ﬁiﬁlm%‘i}ﬂ’ﬁ' 10/8=




i F 4 (mass loss)

o NE RO IR
~10 4 M,

o AR A
H% ~107M,

(KR E? )

o WA PER Jﬁ 59
10 km/s > fi ﬂJE:Jjﬂ
SRS 5
e T

P § g e
o Ao T 2 ~ AR -%E{fjﬁﬁg,gﬁgﬁi;

AR AP FE S

Koo [ IS 2~ A [N RETED -t Jé =3
T]JET e (degene ate) }{J\ﬁ" v My Iﬁ‘jﬁ_w )
@mm ¢ [*%%iﬁﬂgﬂﬁﬁr
F mﬁj R PR
/“ -» ﬁq m (electron degeneracy
pressure) L 9 PR

[4«115» gﬁ EELEVE - A T RS
e T2 B F g
= § B (helium flash

* Helium flash 5 - A% “EVE £ 3.5x 108K »
FJ@TEI%FE}E‘},E* e
R
ﬁl e ﬁ B
-> ﬁ; S F[
> ﬁiﬂl%‘,ﬁﬁ 31

a3
> JHBUERE
> FREEE T
o SRS - R -
wh

Luminosity (Lg) —
T

Termination of core
hydrogen fusion

-
=
)

40,000 20,000 10,000 5000 2500
—Temp (K}

L

Ej T‘F’ﬁ S 105
T#IE (zero age — |
main sequence) 10°F
)FZ 4[[5{:9”?1{[[ J_ ———————
3}((4 ) TLI é} g‘m]
&W“Iﬂﬁéﬂ g
56T (40%) £ .
- Termination of core

m '['I 94"31# 71’ ?ﬁa/ hydrogen fusion

B (F E6%) -
ST fﬁh‘[ (5500
K to 5800 K)

> MS [p| e

°
b

40,000 20,000 10,000 5000 2500
<—Temperature (K)

I

£ » oL &
o Fo G R S R > T
% /ﬁyf%ﬁ‘ﬂlﬁ

T‘E BRHRE
FNY Eph - “E‘W/’z’@é TFIE FJ:EW\*?’FI
154 E“r gy (R EU] ) o Pl
&pi |4 (= (TF jﬁ;w ,—Fx\p“ )
Eputg— > 8 *@5 > 15 F (179 Fl 4
« et g FEE R ’J’@Wfi
> rr&;Pc& 2 (planetary nebulae)

© FEReE > BRHIRIE g R

ok i g e g o
B4 AR
TEERE D

RS R

FRIEEE R




* EBATE ®
(open cluster)
IR £
b5 i
e

c Ik EE
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This star cluster is so
young that most of its
cool, low-mass stars
have not yet arrived at
the main sequence.

40,000 20,000 10,000

An H-R diagram of the stars in NGC 2264

10,200

8500

This star cluster is old
enough that all of its
cool, low-mass stars
have arrived at the main
sequence: Hydrogen
fusion has begun in
their cores.

6000 4000

An H-R diagram of the stars in the Pleiades

% ¥ (stellar Population)
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et i il B PRI Populatlon | stars
o IHRE EVHEVIT B T & 5 EHE (metal
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Population Il stars (= X5 % )

The spectrum of this Population I star shows absorption lines
of hydrogen [swch as Hy and HEl but only very weak sbsorption
lines of metals ... such a star is metal-peor.

—z

Increasing wavelength —s 1"

The spectrum of this Population | star has stronger
absorption lines of metals ... such a star is metal-rich,

SUPERGIANTS

Absolute Visual Magnitude
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Horizontal Branch Stars — s -

FLGFHL VR SR> core Fab S g

helium fusion and shell [ - i

hydrogen fusion R L
e

Globular cluster M 10,
d=16,000 ly, size~70 ly
across, with ~ 1 million
stars

Red giants

% (Variable Stars)
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Lagrangian points
cf Trojan asteroids

http://www.daviddarling.info/images/Roche_lobe.jpg

A Restricted 3-body problem.
ie, m<<M,M,

Gifm = Wm

In a co-rotating frame,
PR =G(M + M)

For a mathematical derivation, see
http://map.gsfc.nasa.gov/ContentMedia/lagrange.pdf
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In addition to the WMAP, other L2 point
missions include Herschel, Gaia, JWST, etc.

http://map.gsfc.nasa.gov/m_mm/ob_techorbit].html
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(mass transfer)

TSP

Roche lobe of Roche lobe of
smaller star  1arger star
A \

Mass can flow from the enlarged

star to the smaller one
a Detached binary: Neither star fills its b Semi-detached binary: One star fills its
Roche lobe. Roche lobe.

Mass can flow from either star to the other
across the boundary point

© Contact binary: Both stars fill their d Overcontact binary: Both stars overfill
Roche lobes. their Roche lobes.

Algol (Beta Persei) [[& = ] [l 872 JLl! - B3 QSR 5k
LEHER2 877 o L RLMT B B> Ml o 22 B LG*' E
I o Wi G R BRI R ARt D] E"”#
Ty 3.5 ,p R L SRS 3 5 B RHEE G EJF"TIH
HY LSRR ] [EREEE 0.06 F [J S (T IFTm{,JEJﬁJ%J
K 1862 5 [k F{ﬁ%‘f“ T TS B - R
BT - s g S - R
HI'J Algol £ €, »

More luminous Large K 22
main-sequence red giant [ E 24 ::';'i‘::::"‘;m
St g ‘E‘ 26 large one.
SE 28 4+-2.87 days
%_ 3.0 Large star
[ eclipses the
3.2
.E small one.

A semidetached binary

Beta Lyrae H1-f 73 S5 - PUUTFL ) 5) B
fumy Y B IR ES TR ) (aceretion
disk) > }T_g"li['_i ’J'F%g Sy BER o

Mass flows from the large star
onto the small one, forming
an accretion disk.

|+—12.9 days —|

Small star eclipses the large one.

Large star
eclipses the

small one.

Apparent
visual magnitude

g dE B AT
W o ® R

A semidetached binary
with mass transfer

]

W Ursae MajOI’IS F’*;{ﬂj@}% BEEE “'»E#ﬁg’lfﬁ
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Both stars are about the
same size, so all eclipses are
7.8 roughly the same.

8.0 .0 hour
8.2
8.6
L1 1 | L1

0.8 0.0 0.20.4 0.6 0.8 1.0 0.2
Phase

Apparent
visual magnitude

W Ursae Majoris
An overcontact binary

1

SR TSP Z 3 (mass exchange)

Held in a gravitational embrace, aTh: duo’s quiet lives end when a)\ilheaulnu\luehmnd it
the pair of sta hi Persei have the more massive star enters its begins dumping its mass onto
Hved normal he las twilight years. The aging star its companion.
10 million years. swells as it runs out of the fuel—

hydrogen—which powers its

thermonucdiear furnace.

(@ I fact, the star is spinning so
s shape is distorted

thed ring—
like the rings of Saturn— around
the star.
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