
Lecture 1: The Lives of Stars
Ph 6820/7820

Professor: Tom Megeath

Tuesdays & Thursdays: 11-12:15

Mon R2 star forming region: Adam Block/APOD





Books: 

The main books are: 

 Accretion Processes in Star Formation 2nd edition by Hartmann 

  Stellar Interiors by Hansen & Kawaler (& Trimble) 

Other books that are useful (but not necessary): 

 Clayton: Principles of Stellar Evolution and Nucleosynthesis 

  

Lectures: 

PDF files of the lecture slides will be available on the class website: 
http://astro1.physics.utoledo.edu/~megeath/A6820/A6820.html  

These will become available after class. 

Office hours:  

Please set up an appointment.  I will try to be in at 

Monday 12:30-2 PM, Wednesday 12:30-2 PM 

Grading: 

  60% 8 homeworks  

  30% 2 exams 

 10%   Proposal and TAC participation 
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Today

• Motivation

• Brief review of pre-main sequence stars 
from last semester

• An introduction to YSOs and molecular 
clouds

• A brief digression on SEDs on classification

• Important problems in star formation



Motivation: Mass 
Dependent 

Stellar Evolution

Why study the lives of stars?

The Initial Mass 
Function (IMF)



Motivation: Cosmic Recyling
Stars are 
responsible for:

•Production of 
elements 
heavier than 
Helium 

•Most of the 
kinetic energy 
in the ISM

•Production of 
dust grains



Motivation: the 
evolution of galaxies: 

Hubble Ultra Deep Field



Motivation: 
Planet 

Formation
Hughes et al. 2009

Schneider et al. 2003

Example: a disk around 
GM Aurigae,  a pre-main 
sequence star in the 
Taurus Molecular Cloud.  
A gap in the disk may be 
generated by a planet.

HST/NICMOS 
1.1 and 1.6 microns



Review:





From:
Stellar Evolution:
 Stein & Cameron



Molecular Clouds and Young 
Stellar Objects

Starless
Molecular 
cloud core

Protostar in 
collapsing 
cloud core

Pre-main 
sequence object 

with disk



T Tauri stars: the 
stars of (Alfred) 
Joy

Current estimates is that our galaxy is forming a few stars per year.

In 1945, Alfred Joy identified the class of 
variable stars known as T Tauri stars.

T-Tauri stars are variable, low mass stars 
found toward complexes of dark clouds and 
reflection nebula.

They are named after the prototype object in 
the Taurus molecular cloud: T Tauri.

They have been shown to be low mass stars in 
a pre-main sequence phase.

In 1960, George Herbig noted a class of 
intermediate mass stars, Herbig Ae/Be stars, 
that are more massive stars analogs to T-Tauri 
stars

Perseus Molecular Cloud: APOD



Here is truly a hole in the heavens

Victor Ambartsumian 

OB Associations &     
T Associations

 
In the 1950s,  Armenian Astronomer
Victor Ambartsunian reasoned that 
observed unbound associations with 
10-100 OB stars must be expanding 
from sites of recent star formation.

He also reasoned that unbound 
associations of T-Tauri stars, or T-
associations, had similar implications.

He also noted that OB assocations 
have many T-Tauri type stars.

Blue stars: positions of OB 
stars in Orion OB Assocation

OB Associations



Text

“Hier ist wahrhaftig 
ein Loch in 
Himmel”
-Wilhelm Herschel

    Here is truly
 a hole in the heavens

Text

Molecular Clouds are the Sites 
of Star Formation



In the 1970s, the 
development of receivers 
at radio and mm-
wavelengths led to the 
discovery of molecular 
clouds.

Molecular Clouds are the 
largest objects in the 
galaxy.

Sizes: 1 to 100 pc 
Masses: 10 to 106 solar masses



Protostars
In the 1980, the IRAS 
satelltie made the first 
convincing identification 
of protostars using far-IR 
measurements

Herschel/Spitzer 
image of protostars: 
blue : 4.5 microns, 
green: 70 microns, 
red 160 microns



Young Stellar Object

• Expansive definition: a young pre-main 
sequence star or protostar.

• Restricted defintion: a young pre-main 
sequence star or protostar surrounded by 
a dusty disk or envelope.



Spectral 
Energy 

Distribution

Pre-main sequence 
star

Furlan et al. 2009

Protostar
Furlan et al. 2008



Classification of 
Young Stellar Objects 
(YSOs)

Hartmann: Accretion 
Process in Star Formation

Spectral Index



The SEDs of Young Stellar 
Objects: Comparison to Theory

Adams, Lada & Shu 1987 312, 788
(841 citation to date)



Standard Model of Low Mass 
Star Formation

1. Cloud supported !
by thermal pressure, 
magnetic fields and 
turbulence, clumps 
fragment and begin 
collapse!

2. Formation of 
hydrostatic core with 
envelope of gas accreting 
onto core  (Class 0)!

4. Envelopes dissipated 
or accreted, disk and 
star remains (Class 2)!

3. Disk forms, 
outflow begins to 
disrupt envelope 
(Class 1)!

?!

 Shu, Adams & Lizano (1987)



Stages of Star Formation





Major Problems in Star 
Formation



1. What Initiates Star Formation?

Gravity

Thermal Pressure



2. What Processes Govern Protostellar Evolution 
and Determine the Stellar Mass and Rotation Rate?



3. How do Massive Stars Form?
The Eddington Limit: where does radiation pressure balance gravity.

GMρ/R2 = Lρκ/c4πR2 

Accretion is fueled by gravity:

L/M = 4πcG/κ

κ = 100 cm2/g (for interstellar dust)

    L/M = 128 Lsun/Msun

    Approximately L = M3  

Thus around 10 Msun, L/M exceeds Eddington Limit.



4. What is Lifetime of Molecular Clouds (and 
the Duration of Star Formation)?

Palla & Stahler
540:255–270, 2000



5. What Physics Determines the 
Initial Mass Function?

Muench et al. 2002 ApJ 573, 366.



6. What Physics 
Regulates the Rate & 

Efficiency?

Corona Australis

Serpens Orion Nebula Cluster

 Spitzer IRAC

Spitzer IRAC

Spitzer IRAC



IRAC 3-8 micron

MIPS 24 micron

Color image
from
Robert Hurt/SSC

7. What Role Does Environment Play in 
Star and Planet Formation?



8. What Physics Regulates Star Formation in Clusters?


