
Astronomy 241: Stellar Astrophysics 
(Stellar atmospheres, interiors and evolution) 

Spring 2005 

For astronomers, this is a course in the physical details of stars; we will derive expressions for the 
emission by, and internal structure of, stars of various masses and stages of development from first 
principles, to elucidate the processes that give rise to their observed properties. For non-astronomers, this 
is a first course in the transport of electromagnetic radiation through matter, and in fluid mechanics, 
using one of the simplest classes of natural objects − stars − as the venue. For all, this is a physics course 
that involves application of techniques you have learned, from all four basic parts of the physics 
curriculum: mechanics, E&M, thermal physics and quantum mechanics.  

Professor: Dan Watson. Office: 418 Bausch and Lomb; phone: 275-8576;   
Internet: dmw@pas.rochester.edu.  

Textbook: Brad Carroll and Dale Ostlie, Modern Astrophysics (Addison-Wesley, 1996).  

World Wide Web site: http://www.pas.rochester.edu/~dmw/ast241. In these pages one will find 
complete class-meeting presentations, and much additional reference material that we will be using on 
homework and/or during class meetings.  It’ll be up sometime within the next few days.  

Software: Mathcad 12 Academic Edition (Mathsoft, 2004), Microsoft Excel 2003 or an equivalently-
versatile spreadsheet, and your favorite Java-enabled web browser. Mathcad is a mathematical 
spreadsheet program that we will use for the lengthy calculations and complicated plots that will be 
required on our homework assignments; its use for all aspects of homework preparation is strongly 
recommended.  

Format: brief lecture/tutorial. Class meetings will be used principally for discussion of the textbook 
readings – including the performance of derivations and examples – and the homework problems by the 
whole class. I will provide summaries of the material in the textbook, additional material to illuminate 
the text, facilitation of the discussions, and a great deal of personal attention to each student, but will 
rarely lecture at great length. The idea is to get you as much practice and problem-solving experience as 
possible. The emphasis on student involvement obviously has the potential to make the course a much 
richer and more worthwhile experience than the standard lecture-recitation-examination format usually 
used in larger courses. However, it will be hard to realize much of the potential unless everyone in class 
keeps up with the reading and homework.  

Class meetings: The main meetings are Tuesdays and Thursdays (except 3/8/05 and 3/10/05), 11 AM-
12:15 PM, in 407 Bausch and Lomb. One additional one-hour meeting per week, primarily for the 
facilitation of team homework assignments (see below), will take place Fridays (except 1/14/05 and 
3/11/05), 1-1:50 PM, in 315 Bausch and Lomb. Locations are subject to change; in particular, we may 
occasionally need to decamp to a room full of PCs in order to learn or do Mathcad tasks.  

Homework assignments: Twelve problem sets, to be assigned weekly during the semester. The 
assignments will be distributed and collected during the Tuesday class meetings, and returned for error 
correction (see below) during the meeting after they are handed in. The use of Mathcad for preparation of 
homework is very strongly encouraged, as is the electronic submission of your homework, either on 
diskette or by electronic mailing of attached Mathcad documents. All homework solutions, however 
mathematical or graphical, must include sufficient narrative, in the form of complete sentences and 
properly constructed paragraphs, to approach  the style and detail of a journal paper.  
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Team homework: Most of the problems on each set will be designated as solo problems, on which students 
are required to work independently. The others, designated team problems, will be solved by groups of 3-4 
students, working together, and hopefully contributing equally to the team’s work. The team problems 
will generally be the more challenging ones. Solo problems will of course be written up and handed in 
separately by each student, but each team will turn in only one writeup of their solutions, and each team 
member will receive the same grade for this work. I remind you that, as an educational technique, 
learning from fellow students is second in effectiveness only to figuring it out yourself: the “student” gets 
an explanation at the appropriate level, from someone who learned it recently enough to remember the 
pitfalls; the “teacher” has to resolve issues about the problem that may get glossed over if an explanation 
to someone else is never attempted; and in a good group, everyone gets many opportunities to be 
“student” and “teacher.” 

Homework error correction: Every Tuesday, homework sets are due. They will be returned the following 
Thursday, with points deducted for errors and with occasional comments and clues. If you correct the 
errors and resubmit the homework set by the following Tuesday (a week after the original due date), 50% 
of the originally-deducted points will be restored. This second chance to get it right applies both to solo 
and team homework assignments.  

Examinations: none. The homework is intended to be debilitating enough.  

Grades: based completely on the homework assignments. Homework scores, expressed as a percentage, 
will be determined for each problem set either from adding the scores from the solo and team problems. 
Each homework set is worth 8.33% (1/12) of the total score for the course. Final grades will be set by an 
absolute scale, rather than “by the curve.” In terms of the maximum possible percentage score, the 
grading scale will be as follows:  

Percentage 
score 

> 85 > 80 > 75 > 70 > 65 > 60 > 55 > 50 > 40 < 40 

Final grade A A- B+ B B- C+ C C- D E 
 
The last time I taught this class, in Spring 1997, the average percentage score was 87.9, for an A. 
 
Extra help: I can be found most afternoons in my office or lab, or somewhere thereabouts on the fourth 
floor of B&L. Please come in and talk to me whenever you want. I will be happy enough to answer any 
questions you have concerning the course, but even happier to help those who find the material or 
presentation sufficiently confusing that they’re not even sure what to ask.  
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Astronomy 241 course outline, Spring 2005 

We will follow in outline the main textbook, Modern Astrophysics by Carroll and Ostlie, supplemented 
with Stein’s article on the linear stellar model, and with astronomical data introduced in class. By the end 
of the semester we will have discussed thoroughly virtually all of the material in chapters 7-11 and 13-17: 
all of section II of the book except for the chapter on star formation, which was covered in Astronomy 232 
last term. Here is a preliminary meeting-by-meeting schedule for the course.  

Class meeting 
date 

 

Subject Reading preparation 

13 January 2005 
 

Review of the observed properties of stars I: 
luminosity; derivation of mass, size and surface 
temperature from binary systems.  
 

Carroll and Ostlie, 
chapter 7 (pp. 201-221) 

18 January 2005 
 

Review of the observed properties of stars II: stellar 
spectra, spectral classification, and the observed H-R 
diagram.  
 

Carroll and Ostlie, 
chapter 8 (pp. 223-254) 

20 January 2005 
 

Stellar atmospheres I: the radiation field and its 
moments; optical depth.  
 

Carroll and Ostlie, 
chapter 9, pp. 255-269 
 

25 January 2005 
 

Stellar atmospheres II: sources of opacity; the 
Rosseland mean opacity; the equation of radiative 
transfer.  
 

Carroll and Ostlie, 
chapter 9, pp. 269-282 
 

27 January 2005 
 

Stellar atmospheres III: the plane-parallel 
approximation; gray atmospheres; the Eddington 
approximation; limb darkening.  
 

Carroll and Ostlie, 
chapter 9, pp. 283-292 
 

1 February 2005 
 

Stellar atmospheres IV: structure of spectral lines; the 
curve of growth; element abundances. 
 

Carroll and Ostlie, 
chapter 9, pp. 293-306 
 

3 February 2005 Stellar atmospheres V: model atmospheres.  
 

— 

8 February 2005 
 

Stellar interiors I: hydrostatic equilibrium; the pressure 
equation of state.  
 

Carroll and Ostlie, 
chapter 10, pp. 315-328 
 

10 February 2005 
 

Stellar interiors II: nuclear energy sources; fusion; the 
p-p chains. 
 

Carroll and Ostlie, 
chapter 10, pp. 329-344 

15 February 2005 
 

Stellar interiors III: the CNO cycle; energy transport. 
 

Carroll and Ostlie, 
chapter 10, pp. 345-355 
 

17 February 2005 
 

Stellar interiors IV: convection and mixing-length 
theory. 

Carroll and Ostlie, 
chapter 10, pp. 356-365 
 

22 February 2005 
 

Stellar interiors V: model stellar interiors, by computer 
(StatStar) and analytical (Linear Stellar Model) 
solution.  
 

Carroll and Ostlie, 
chapter 10, pp. 356-365; 
Stein, pp. 3-38 
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Class meeting 
date 

 

Subject Reading preparation 

24 February 2005 The Sun I: models of the solar interior; the solar 
neutrino problem; the solar atmosphere and 
chromosphere. 
 

Carroll and Ostlie, 
chapter 11, pp. 381-405 

1 March 2005 The Sun II: the corona; the solar wind; sunspots, 
prominences and the solar cycle; polytropes and the 
Lane-Emden equation. 
 

Carroll and Ostlie, 
chapter 11, pp. 406-430 

3 March 2005 Post-main-sequence stellar evolution I: evolution on 
the main sequence; onset of degeneracy.  
 

Carroll and Ostlie, 
chapter 13, pp. 483-494 

15 March 2005 
 

Post-main-sequence stellar evolution II: full 
convection, polytropes, and the ascent of the red giant 
branch; late stellar evolution; planetary nebulae and 
white-dwarf production; evidence of evolution in 
stellar clusters. 
 

Carroll and Ostlie, 
chapter 13, pp. 495-516 

17 March 2005 
 

Post-main-sequence evolution III: the fate of massive 
stars, neutron-star and black-hole production, 
supernovae; explosive nucleosynthesis. 
 

Carroll and Ostlie, 
chapter 13, pp. 517-533 

22 March 2005 
 

Stellar pulsation I: Cepheids, RR Lyrae stars, W 
Virginis stars; the ε, κ and γ mechanisms; the one-zone 
model.  
 

Carroll and Ostlie, 
chapter 14, pp. 541-556 

24 March 2005 
 

Stellar pulsation II: models of non-radial pulsation, p-, 
f- and g-modes; helio- and asteroseismology. 
 

Carroll and Ostlie, 
chapter 14, pp. 557-571 
 

29 March 2005 
 

Degenerate stars I: white dwarfs; the equation of state 
of degenerate gases of fermions is polytropic.  

Carroll and Ostlie, 
chapter 15, pp. 577-591 
 

31 March 2005 
 

Degenerate stars II: cooling of white dwarfs and the 
age of the Universe; neutron stars.  

Carroll and Ostlie, 
chapter 15, pp. 592-607 
 

5 April 2005 
 

Degenerate stars III: the exact solution for the structure 
of a white dwarf. 
 

— 

7 April 2005 
 

Degenerate stars IV: pulsars are rotating neutron stars; 
pulsars and supernova remnants; pulsar 
magnetospheres. 
 

Carroll and Ostlie, 
chapter 15, pp. 608-626 
 

12 April 2005 
 

Black holes I: their formation in stellar collapse; 
elements of the general theory of relativity; the 
Schwarzschild metric and absolute interval; geodesics, 
proper time, proper length; gravitational redshift and 
the Schwarzschild singularity.  
 

Carroll and Ostlie, 
chapter 16, pp. 633-648 
 

14 April 2005 
 

Black holes II: the properties of space and orbits near a 
Schwarzschild black hole. 

Carroll and Ostlie, 
chapter 16, pp. 648-661 

© 2005, University of Rochester 4 All rights reserved 4



Astronomy 241, Spring 2005 

Class meeting 
date 

 

Subject Reading preparation 

 
19 April 2005 
 

Black holes III: Rotating black holes and the Kerr 
metric; black-hole energetics and Hawking radiation; 
detection of black holes 
 

Carroll and Ostlie, 
chapter 16, pp. 661-676 
 

21 April 2005 
 

Close binary systems I: Lagrange points and Roche 
lobes; types of close binary systems, accretion disks.  
 

Carroll and Ostlie, 
chapter 17, pp. 683-710 
 

26 April 2005 Close binary systems II: cataclysmic variables, (white) 
dwarf novae; neutron stars and black holes in binary 
systems. 

Carroll and Ostlie, 
chapter 17, pp. 710-745 
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