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B E2 1t 2 % (interstellar reddening)

As light from a distant  ...short-wavelength blue
object travels through j light is scattered or absor
interstellar space... by dust grains...

...While red light
passes through.

Observer

Distant
object Dust grains
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B33 (NOAO)


http://www.noao.edu/outreach/aop/observers/horsewide.html

Star Shadows Remote Observatory


http://orion.pta.edu.pl/apodmain/apod/image/0602/horseregion_ssro_big.jpg

Horsehead Nebula

fjbole,

MASA, ESA, and The Hubble Heritage Team {STScl/AURA) * Hubble Space Telescope WFPC2 » STScl-PRCO1-12



A@U © Anglo-Australian Observatory  Photograph by David Malin
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http://www.allthesky.com/constellations/orion/bigm.jpg
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http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_vis.jpg
http://dilbert.physast.uga.edu/~derek/ASTR1020/images/Barnard68_IR.jpg
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1L (core hydrogen fusion)
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1.This emission nebula (about
2200 pc away and about 20 pc
across) surrounds the star
cluster M16.

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

Figure 12-15
Discovering the Universe, Seventh Edition

© 2006 W, H. Freeman and Company

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

This makes the dark nebula
evaporate, 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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Star formation progresses | Shell of hydrogen that
in this direction = has not yet been ionized

Older cluster oOld cluster

Expanding region of
ionized hydrogen (H )
New stars

being formed

Figure 12-17a
Discovering the Universe, Seventh Edition
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Radiation and stellar
winds from this massive,
luminous star...

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

Figure 12-17b
Discovering the Universe, Seventh Edition
2 2006 W, H. Freeman and Company
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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)



HWO070319 due 1n a week

A star of which spectral type has the strongest Na |
absorption lines? At approximately what
wavelength 1s this line normally found?

What 1s the approximate mass of a main-sequence
star that 1s 10,000 times as luminous as the Sun?
What 1s the approximate luminosity of a main-
sequence star whose mass 1s 1/10 that of the Sun?

What if the Sun were an M-type star, rather than a
G-type star? Assume the Earth orbiting the M-
type Sun had the same composition and orbital
distance as i1t does today. Imagine the difference
this would have been in terms of climate, tides,
impacts of meteoroids, habitability, etc.
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Proton-Proton Reaction

'H+'H—>2H+e"+ v,
e"t+te — 27 +1.02MeV
‘H+!H— 3He+ v +5.49 MeV

3He H3He — 4He + ' H+ 'H + 12.86 MeV 22X

*H - 18T > 2 ] 1=
*He --- 2 W&~ > 1fRf[1=
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T B HUETENEE 0 [ {7 (mass-luminosity
relatlon ’Fﬁ kR %) Roughly L ~ M35

For a main-sequence
star, high mass means
high luminosity...
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Luminosity (Lp) —

Luminosity (Lg)—

...while low mass
means low luminosity.
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Mass (Mg) — <— Surface temperature (K)

Figure 11-12a Figure 11-12b
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Main-Sequence Lifetime

« Massive stars are very luminous, L ~ M3
* L [ergs/s] = emitting power (consumption rate)
* M - available energy

= M/L = lifetime of energy generation ~ M~ 2°

o IR %?&F[JWEFI s Bl = Hip [\J:T;» Y
Ve ’|7JZ/D’E"r E‘H\Bﬁlol ﬁll[‘*%g =
(IOM ) H 2 g U «Bﬁ 1oo|,E,fF) 1%

0.3% > QJQAF/E_F,\[ ] g % :



TABLE 12-1 Main-Sequence Lifetimes

Time on main
Surface sequence Spectral
Mass (M) temperature (K) Luminosity (L. ) (10° yrs) class

35,000 80.000
30.000 10.000
11.000 Gl 500

1.5 7000 3,000
1.0 (Sun) G000 10,000
0.75 5000 15,000
0.50 4000 200,000

Table 1241
Discovering the Universe, Seventh Edition
5 2006 W, H. Freeman and Company
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*He + “He + *He > C + v (triple alpha process)
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2 F & (red giant)
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The Sun as a main-sequence slfr
(diameter = 1.4 x 10° km = =5 AL

.
[ “F & %
? /24~ 100
B0 kR
The Sun as a red giant

(diameter = 1 AL}



Red gian stars in the star cluster M50

Discovering the Universe, Seventh Edition
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Outer layers: no thermonuclear reactions

Hydrogen-
Hydrogen- fusing shell

fusing shell

Helium core, no

Hydrogen-fusing thermonuclear Helium-fusing
core reactions core
Main-sequence star Young red-giant star Red-giant star
after helium fusion
begins
— =
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T#3 B (zero age
main sequence)
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% *% (stellar Population)
AR B FOL SR 3 £ B E
(metal rich) » EETL S F IR FOIY BE R
g0 i [HIEs] B BEY2¥T - Population I stars
SHTRE BAFESTY B T & R 7 El (X (metal
poor) ° lﬁﬁ[ Ed | ﬂﬁ‘“'ﬂjﬁ“ﬁb'ﬁ“\:ﬁi’?‘f
Population Il stars (# % {2 % )

The spectrum of this Population Il star shows absorption lines
of hydrogen (such as Hy and Hg) but only very weak absorption
lines of metals ... such a star is metal-poor.

Increasing wavelength — | i

[ 'fﬂ*mu!!mmm-lnmmum Mﬁ W

The spectrum of this Population | star has stronger
absorption lines of metals ... such a star is metal-rich.
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Horizontal Branch Stars
i{%‘ W] =N B 5> core
helium fusion and shell
hydrogen fusion
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Red giants
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(Variable Stars)
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http://en.wikipedia.org/wiki/Image:RochePotential.jpg

agrangian points
cf Trojan asteroids

Inmer
Lagrangian
point L
Ly :

Hoche
surfaca

Orbital plane Ls

http://www.daviddarling.info/images/Roche lobe.jpg


http://upload.wikimedia.org/wikipedia/commons/4/44/RochePotential.jpg
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For a mathematical derivation, see
http://map.gsfc.nasa.gov/ContentMedia/lagrange.pdf

Restricted 3-body problem.
e, m<<M;, M,

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

M, M
o = , U=
Mi+M," 7T M+ M

4 (R(Ul 12)?\/§R)

2\ M, + M)’ 2

My — M .
L5: 5( _ _2):—£R
2 \ M, + M, 2




In addition to the WMAP, other L2 point
missions include Herschel, Gaia, JWST, etc.

http://map.gsfc.nasa.gov/m mm/ob techorbitl.html



(mass transfer) £

! (close binary) FNP2EY 451
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a Detached binary: Neither star fills its
Roche lobe.

s

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

¢ Contact binary: Both stars fill their
Roche lobes.

Figure 12-31
Discovering the Universe, Seventh Edition
1 2006 W H. Freeman and Company

Mass can flow from the enlarged
star to the smaller one

b Semi-detached binary: One star fills its
Roche lobe.

Both stars share the same
outer atmosphere

d Overcontact binary: Both stars overfill
their Roche lobes.
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disk) - :lJ:FEII i ": 7 BER o

Mass flows from the large star

onto the small one, forming l—12.9 days —|

an accretion disk. Small star eclipses the large one.

Large star
eclipses the
small one.
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W Ursae Majoris ,?flﬁ}@}%%%&l '*'E%'?Eﬁfj
T Mg 3T EE&E'EJ:E “EJ 50 Je+ o

Both stars are about the
same size, so all eclipses are
roughly the same.

8. OUUW

W Ursae Majoris 0.8 0.0 0.20.4 0.6 0.8 1.0 0.2
An overcontact binary Phase

Figure 12-32¢
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B HT9YPpuPIET 2 81 (mass exchange)

Held in a gravitational embrace,
the pair of stars in Phi Persei have
lived normal lives for the last

10 million years.

e The duo’s quiet lives end when
the more massive star enters its
twilight years. The aging star
swells as it runs out of the fuel —
hydrogen—which powers its
thermonuclear furnace.

As the aging star expands, it
begins dumping its mass onto
its companion.

The once-massive star sheds
practically all of its mass, leaving
its hot, bright core exposed.

9 The smaller companion, on the
other hand, has captured most of
its partner’s excess mass and
changes its identity from a mild-
mannered, moderately massive

@ In fact, the star is spinning so
rapidly that its shape is distorted
into a flattened spheroid. The
rapid rotation also causes the star
to dump hydrogen gas, which
has settled into a broad ring—
like the rings of Saturn—around

star to a massive, hot, rapidly
spinning star.
. the star. I i

Figure 12-33
Discovering the Universe, Seventh Edition

 H.Freeman and Company
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