Today there are 2 Naked Eye
Visible Sunspots!!

Find Ledlie outside for alook.
We'll spend the first 10 minutes
of class outside |looking at the
sunspots if not cloudy.




 Next homework is#7—due Friday at 11:50
am.

 Exam #21sintwo weeks! Friday November
14th!

 Don’t forget the Icko Iben L ecture next week.
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Want some
extra credit?

Icko Tben, Jr. Distinguished Lecture

Cosmic Collisions:
How Astronomers
are Saving the World

DavidMorrison

e Download and print report
form from course web site

* Attend the I ben LeCture :l‘:tl"l:.{:i:;::':;:lnm Institute
on November 5th Foellinger Auditorinm

Wednesday, November 5, 2003
4100 pm (Doors open at 3:30 pm)

e Obtain my signature
before the lecture and
answer the guestions on
form. Turnin by Nov.
14t

e Worth 12 points (1/2 a
homework) T

g
: I{;'I‘._:’.
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Outline

e The HR Diagram—it’ s your friend.

* Main sequence stars— The Dwarves

e The Giants

* The Supergiants

e Using binary starsto probe stellar masses

» Stellar masses on the HR diagram

 The HR diagram isreally telling us about the stellar lifecycle
o Stellar births
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What does our consensus tell us?

Some stars are very, very hot and the hotter they are, the
brighter they are. We can look at their spectrato figure out
their temperature. These spectral classes are used to
categorize stellar spectra. Our Sunisa“G dwarf” star.

Sodium absorption lines

Hydrogen absorption lines
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Iron, magnesium, calcium absorption lines
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Molecular absorption lines
(e.g., TIO)




The Herzsprung-Russall Diagram
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Schematic Hertzsprung-Russell Diagram
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Intrinsic brightness (Sun = 1)

The Herzsprung-Russell Diagram

10°
10°} Thisisan important
o'l correlation, as it means that
. stars do not have random
o ) temperatures and brightness.
10°|
g
1k 91% of all stars are on the Main Sequence
107'L
107°L
10k

40,000 20,000 10,000 6,000 4,000 3,000 2,000
Stars' surface temperature (K)
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Main-Sequence Stars

m A.k.a. dwarf stars
m Hydrogen burning
m Hydrostatic equilibrium
m 91% of all nearby stars

Altair
Type A8 V

Vega
Type AOV

61 Cygni A Proxima Centauri
Type K5 V Type M5V




Glant stars

m 10-100x radius of the Sun

m Helium burning

m Temperatures 3,000 — 20,000 K
m Rare (< 1% of local stars)

Thuban

Type A0 IlI Capella A
Type G5 Il

Bellatrix
Type B2 llI

Arcturus
Type K1 Il

Sun
for comparison




Supergiant stars

m Up to 1000x radius of Sun

m Burning heavier elements like carbon
m Strong winds, significant mass loss
m Extremely rare: ~ 0.1% of local stars

Deneb
Type Al la

Betelgeuse
Type M1.5 la

" Alnitak A
Type O9 Ib

Rigel
Type B8 la
L
Sun
for comparison




White Dwarf Stars

About the size of the Earth

Very hot: 5,000 — 20,000 K
No longer burning anything
About 8% of local stars

Earth for
comparison

Sunspot

Sun for
comparison




Kinds of Dwarves

Red dwarf

Just a very cool main-
sequence star

Gliese 229A

White dwarf

White-hot burned-out core of e
a star SDSS J1254-0122

.
Sirius B

Black dwarf

A very old cooled
white dwarf

Brown dwarf
Not a star at all; wasn't UKIRT/JAC
massive enough




The Herzsprung-Russell Diagram
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Radil of Stars |

Stars that have higher
surface temperature
(with the same radius)
are brighter (Stephan-
Boltzmann Law), so
they must move up to
the | eft.

104
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o
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Luminosity (L o) —

Stars of the same

surface temperature, ©
that are brighter, must
be larger stars. 164

:': I
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How do we determine mass?

 |t’s much more difficult to measure the stellar
mass, but luckily in the local neighborhood, any
star picked at random, will have more than a 50%
chance of being a binary or multiple system.

« Remember Kepler's 3@ |aw— modified by
Newton?

e We can watch a binary system orbit, and derive
the system mass.

 Theideaisthat any G-type star isthe same mass,
regardlessif it in abinary system or not.
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Binary Stars

* Defined as at |east two stars that orbit each other

» There are three types
e Visual binary — can distinguish stars in pair
e Spectroscopic binary — can only detect using Doppler shifts
e Eclipsing binary — each star passes in front of the other
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WWW.cosmobrain.com

Visual Binary

(1 Ursae Majoris
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J. Benson, US Naval Observatory




Spectroscopic Binaries

spectrum the source emits

e, -
3

wavelength

v | | -

. wavelength

Observer on Earth

NASA
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_ ~ Eclipsing Binaries
» Eclipse can happen if

» Stars are close enough to each other
» Orbital plane close to line of sight
» Can use to determine diameters, speed, atmospheric
structure, etc.

ULTRACAM images of NN Serpentis (V. Dhillon)
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Orbital period

a Partial eclipse

( i \\ ./ \\ 3 / ‘. ,F et

\J |

Time to cross
e

disk of large star

Orbital period

b Total eclipse




The Mass-Luminosity Relation
106 E .:50 | | | | |
» From the data of binary E
stars, we can find out the B 175
mass relationship of the 04l |
stars on the main sequence. 76
* Luminosity is proportiona 59
to M3> T .02k ©38 |
e Example: 2 e
M = 3solar masses— £ S
luminosity = 47x Sun 5 *'S
« . Much larger rangein B ey
luminosity than in mass i E%
10721 eb2]
| ] l | |
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The HR Diagram shows us Stellar
Lifecycles— Mosguito Style!

 The Main Sequence is where stars spend most of
thair time. Watch stars evolve-

e Example of how the Sun will evolve on the HR
Diagram—

A high mass star livesthe fast life—
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The Birth of Stars

o We've talked about how the solar system probably formed
from the solar nebula about 4.6 million years ago.

o Thereis stuff in between the stars— dust and gas— that we
call the interstellar medium.

* Theinterstellar medium is about 10% of our galaxies mass.
Consists of 90% hydrogen, 9% helium, and 1% other.

e We can show similarities between the solar nebula of 4.6
million years ago and the interstellar medium in general,
positing that star formation is ongoing right now. Sort of a
new concept.
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The Birthplace of Stars

e Young stars often are seen in clusters
* Very young stars are also associated with clouds of gas (nebulae)

The Trapezium
Oct 31, 2003




Emission (Fluorescent) Nebulae

Hydrogen Oxygen Sulfur

Rosette Nebula
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Reflection Nebulae

by Yuuji Kitahara

NGC 1435
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“Dark” Nebulae

. i::::'*e ’ 3 ] 2 :S /

Observer

Distant
object

Blue Blue

Dust grains
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The Dark Cloud B68 at Different Wavelengths (NTT + SOFI) JES+

0
+

ESO PR Photo 29b/99 ( 2 July 1999 ) © European Southern Observatory










NICMOS

. -
WFPC2

Orion Nebula * OMC-1 Region
PRC97-13 « ST Scl OPO « May 12, 1997 Hubble Space Telescope

R. Thompson (Univ. Arizona), S. Stolovy (Univ. Arizona), C.R. O'Dell (Rice Univ.) and NASA
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Other Things Besides Hydrogen in Molecular Clouds

» Molecules (e.g.)
» Carbon monoxide (CO)
» Water (H,0)
» Ammonia (NH,)
» Formaldehyde (H,CO)
» Ethyl alcohol (CH,CH,OH)
» Glycine (NH,CH,COQOH)
» Acetic Acid (CH,COOH)
» Urea [(NH,) , CO]
» Dust particles
» Silicates, sometimes ice-coated
» Soot molecules

Polycyclic aromatic hydrocarbons (PAH Dust particle (interplanetar
yO¥:t 31, 2003 y ( A)stronomy 100 Fall 2003 P ( P 2



Gilant Molecular Clouds
e Cool: <100K |

-/

e Dense: 10°—-10°H,
molecules/cm3

 Huge: 10— 100 pc across,
10° — 106 solar masses

» CO molecular emission & . .
dust emission trace - e TN
structure B ' 3
b 100 degrees g
Infrared image from IRAS
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Star Formation - Summary

Giant molecular cloud Young stellar object
Dust-shrouded core  with bipolar outflow
Age ~ 10° yr Age ~5 x 10° yr

s

rotoplanetary disk?

ha

Main-sequence star
Age 107 — 108 yr
Hydrogen fusion powered
Creates emission or reflection nebula
Inhibits / stimulates further star form.

Magnetically active
protostar (T Tauri star)
Age ~ 5 x 10° yr
Gravitational collapse

powered
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Some outstanding Star Formation |ssues
» Why do the cores collapse, but not the entire molecular cloud?
» What sets the sizes of cores, and hence masses of stars?
 \What determines how stars cluster, group together, or form
multiple systems?

W A Nordlund
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