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ASTR 403 course webpage!
Important information regarding devices and

browsers

These webpages are designed to be viewed
on a computer screen with a wide browser
window. You may be able to view it on a
tablet. As for a mobile, how well the pages
render will depend on your device.

Please note that each page comprises two
frames, a fixed top frame and a scrollable
bottom frame. This is in addition to the fact
that your browser window itself can scroll.
Please make sure you scroll both the frame
window and the browser window to see all
of the text.

Finally, I will be updating the webpage content throughout the semester. You should be
aware that most browsers will cache webpages. This means that when you return to
webpage, you will generally see the old, cached page and any new changes
will not show up. To see the updated content, you must force reload the
frames, especially the bottom frame. I have found that this is difficult to do on Safari
but it is possible. For example, under Develop menu, you can "empty caches" and then
reload the webpage. Generally, I have found Firefox and Chrome to be more user-
friendly: You can explicitly "force reload the frame" on these browsers.
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Welcome to the "AST403" course
webpage!

http://astro.uvic.ca/~babul/AstroCourses/A403

This course will offer a
combined quantitative-
qualitative introduction to
important radiative processes
and associated concepts that
one often encounters in
astrophysical settings.

Radiative processes can be
thought of as our windows into
the universe. The radiation
observed and an
understanding of the
mechanisms that give rise to
this observed radiation allows
us to determine conditions

present in regions as diverse as the interstellar and intergalactic medium, and to probe
processes underlying galaxy formation to active galactic nuclei.

This course will touch upon topics like thermal and non-thermal radiation, radiative
transfer, Bremsstrahlung, Compton scattering, etc. Given the time constraints, the
course will only skim over some of these concepts.

The emphasis will be on introducing the basic processes and exploring how
they are used in astrophysics.

Important: You will need a username and password to access the
lecture notes and other protected course content. This information
will be given to you in class.

University of Victoria course copyright Statement:

All course content and materials are made available by instructors for educational
purposes only and for the exclusive use of students registered in their class. The
material is protected under copyright law, even if not marked with a ©. Any further
use or distribution of materials to others (via email or posting on sites not under the
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instructor‘s direct editorial control) requires the written permission of the instructor,
except under fair dealing or another exception in the copyright Act. By using the
username and password to download the course material, you are agreeing to abide
by the copyright statement. Violations may result in disciplinary action under the
Resolution of Non-Academic Misconduct Allegations policy (Ac1300).
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Information
Instructor: Professor Arif Babul

Lecture
Schedule:

Lecture Format:

Tuesday, Wednesday & Friday, 12:30-1:20pm
In-Person Lectures & Synchronous Online Lectures

Unless otherwise announced:
FIRST WEEK (SEPTEMBER): Wednesday and Friday lectures (in-person)

REST OF SEPTEMBER:

ALL OF OCTOBER: 

NOV & DEC:      

Tuesday, Wednesday (in-person); Friday (online) 

*** NO CLASS on Wednesday September 24th 

Tuesday, Wednesday (in-person); Friday (online) 

Tuesday, Wednesday (in-person); Friday (TBD)

Required Text
Radiative Processes in Astrophysics
by Rybicki & Lightman.

Please make sure that you purchase the 2nd Edition, which has blue
and white cover.

According to UVic Bookstore, the hardcopy is out of print though some
second-hand sellers likely still have it. I have also placed an electronic
copy on reserve. This copy can be accessed HERE or via Course Tools
tab in Brightspace for 202509 ASTR 403.

You may also want to check HERE or HERE.

Course readings and the problem set questions will be assigned from
this textbook.

The publishers describe this book as a "clear, straightforward, and fundamental introduction is
designed to present-from a physicist's point of view-radiation processes and their applications to
astrophysical phenomena and space science. It covers such topics as radiative transfer theory,
relativistic covariance and kinematics, bremsstrahlung radiation, synchrotron radiation, Compton
scattering, some plasma effects, and radiative transitions in atoms. Discussion begins with first
principles, physically motivating and deriving all results rather than merely presenting finished
formulae. However, a reasonably good physics background (introductory quantum mechanics,
intermediate electromagnetic theory, special relativity, and some statistical mechanics) is required.
Much of this prerequisite material is provided by brief reviews, making the book a self-contained

http://astro.uvic.ca/~babul/
https://uvic.alma.exlibrisgroup.com/leganto/nui/lists/10818308170007291?institute=01VIC_INST&auth=CAS
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/Rybicki-Lightman-RadProc-in-Astrophys-2004.pdf
https://www.bartol.udel.edu/~owocki/phys633/RadProc-RybLightman.pdf
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reference for workers in the field as well as the ideal text for senior or first-year graduate students
of astronomy, astrophysics, and related physics courses. Radiative Processes in Astrophysics also
contains about 75 problems, with solutions, illustrating applications of the material and methods
for calculating results. This important and integral section emphasizes physical intuition by
presenting important results that are used throughout the main text; it is here that most of the
practical astrophysical applications become apparent."

My take: I agree with most of what is written here. This is one of the few books from my student
days that I still go back to every so often. I learnt radiative processes and radiation transfer theory
by reading this book and working through the problems. However, I personally think that the book
would definitely benefit from more problems applying the concepts and theory to more realistic
astrophysics problems.

There are two additional things to note:

(1) There are errors in this second edition. A list of some of these can be found here: ERRATA

2) We will work exclusively in astronomical cgs units. In other words, we will use cgs units to do
the calculations and then for a handful of units (e.g. solar masses, solar luminosities, etc.), we will
convert to these if the question requires. Here is a convenient reference:

https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/RLerrata.PDF
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Course Expectations

In teaching ASTR 403: Introduction to Astrophysical Processes, I will expect that
students are familiar with calculus-based electromagnetic theory and calculus-based
classical mechanics, including familiarity with computing the mass profile M(r) given a
density profile (and vice versa), the relationship between rotation (or circular) velocity
and mass, for any general spherically symmetric mass profile M(r), etc. If you need to
refresh your memory, please see:

      (a) The text associated with Eq. 13.3 of Frank Shu's "The Physical Universe"
      (b) Work thru Problem 13.5 of Shu,
      (c) Review section 2.3 and 2.4 of Carroll and Ostlie's "An Introduction to Modern
Astrophysics"

I will also assume a background in basic
quantum mechanics, and special relativity.
This is necessary if I am to cover the required
material in the allocated time. If you need a
memory jog, I would recommend reviewing
your course notes for prior classes in these
subjects. You may also want to peruse the
book "The Physical Universe" by Frank shu for
some basic review.

The general expectation for this course is that
the students will read the assigned chapters
from the course textbook (all this is specified
in the section titled "Topics") and familiarize
themselves with the material presented there.

I will highlight some of the questions at the
end of the chapter and specify a subset to be

handed in. I strongly recommend that you solve ALL the highlighted questions as
seriously and as rigorously as you would if you were handing them in One or
more of these questions will appear verbatim on the midterm and the final. .

All this information, including the problem set due dates, is specified in the section
titled "Topics".

The problem sets must be handed by 5pm on the specified date. I will only
accept problem sets emailed to me at babul@uvic.ca in PDF format and when
you email it to me put YOUR NAME and "ASTR 403 Problem Set # XXX" as the
subject.
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I strongly recommend getting an app that will allow you to take a picture of your
pages and automatically convert these in PDF pages.

Late problem sets will not be accepted without prior approval or official
documentation. If you are going to be away, I would recommend planning ahead and
handing in the problem set ahead of the due date. Since the problem sets are worth a
significant fraction of the final mark, handing in a partially completed problem set is
better than not turning one in at all.

I do not have an issue with students discussing the highlighted/assigned questions
with - and learning from - each other. However, I expect that each person will then go
back and work through the problems independently and write out their own solutions.
Plagerism will result in a score of "0". I should also note that the answers to the
problems are given at the back of the textbook. If you are stuck, you are welcome to
glance at the final answer and see if that offers a direction. Similarly, I don't have an
issue with you using ChatGPT or other AI to get hints but I strongly recommend that
you work through the questions by yourself so that you are prepared for the
midterm/final.

More importantly, I expect that the solutions submitted for grading will be
detailed (much more detailed than the terse explanation at the back of the
book) and show full reasoning in a step-by-step manner. Please explain your
reasoning, highlight (and if necessary) justify any assumptions you need to
make, etc. Do not assume that anything is obvious: explain and clarify. Full
marks will only be given if the solutions are explicit and allow me to see how
you have thought things through.

The lectures WILL NOT reproduce the text. The text is very well written and
the concepts are very well explained. I expect you will read carefully and
thoroughly the assigned sections as per the course schedule. Sometimes, you
may find that you need to look up an idea or an explanation to get a different
perspective. I encourage you to do that. There is an abundance of relevant
material on the web. The book does have a weakness. It does not do enough
problems and that is where I will focus my attention. I will use the lectures to
show how the processes and concepts discussed in the book are used in an
astrophysical setting through supplementary and much more realistic
problems.

Please see the webpage titled "Grading Scheme" for more details
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Topics, Readings, Lecture Notes and
Assignments
Week of 2025-09-01 ( Monday); first class on 2025-
09-03
Introduction and Overview to the Course

    

Readings: Think Physics (Watch the video)
Back of the Envelope Calculations
R&L: Sections 1.1 to 1.3 inclusive

 

Class Schedule: Wednesday and Friday lectures
in-person

 

Lecture Notes: Lecture notes for the semester
are posted here. Please do not
download them all at once. I will be
fine-tuning these over the course of
the semester. Download these as
needed.

https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/ThinkPhysics.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/resources/Back-of-the-Envelope.pdf
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WEEK0 (also see above material) :
This covers basic course info

PART_1A, PART_1B, PART_1C :
These cover lecture material up to
and including Bremstrahlung

PART_2A, PART_2B, PART_2C :
These cover the balance of the
lecture material.

Please note that the lecture material
DOES NOT replace textbook
material. It is intended to augment
the latter. Please ensure that you
read the assigned sections of the
textbook and make notes as
appropriate.

A: Week of 2025-09-08
Fundamentals of Radiative Transfer

    

Readings: R&L 1.4 to 1.7 inclusive

https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/week0.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/A403-Part1a.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/A403-Part1b.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/A403-Part1c.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/A403-Part2a.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/A403-Part2b.pdf
https://astro.uvic.ca/~babul/AstroCourses/A403/lectures/A403-Part2c.pdf
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Class Schedule: Tuesday and Wednesday
lectures in-person; Friday via zoom
(synchronous)

 

Problems: Recommended to work through and
understand: 1.1, 1.3, 1.4, 1.5, 1.7,
1.8, 1.9

HAND-IN FOR MARKING: 1.4, 1.7, 1.9 ONLY
DUE DATE: by 5pm (always) on 2025-09-16

NOTE: PROBLEM SETS MUST BE EMAILED TO ME (babul@uvic.ca).

          The subject line of the email should have YOUR NAME followed
by
          "ASTR 403 Problem Set # XXX" where XXX = 1, 2, 3, ...

          FILES MUST BE IN PDF FORMAT.

B: Week of 2025-09-15
Radiation Fields
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Readings: R&L 2.1 to 2.6 inclusive (in 2.4 focus
on polarization!)

While you don't need to know about stokes parameters,
you should know know how to write down the wave
equation for plane polarized waves (in a specified
direction) as well as left and right circularly polarized
waves.

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday via zoom
(synchronous)

 

Problems: Recommended to work through and
understand: 2.1, 2.2, 2.3

HAND-IN FOR MARKING: 2.2
DUE DATE: 2025-09-25
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C: Week of 2025-09-22
Moving Charges (Non-Relativistic)

    

Readings: R&L 3.1 to 3.5 inclusive

 

Class Schedule: Tuesday lecture in-person;
Wednesday ( no class); Friday
(TBD)

 

Problems: Recommended to work through and
understand: 3.1, 3.2, 3.3, 3.5, 3.6,
3.7

HAND-IN FOR MARKING: 3.1, 3.3
DUE DATE: 2025-10-03
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D: Week of 2025-09-29
Bremsstrahlung (Non-Relativistic)

    

Readings: 5.1 to 5.3 inclusive

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday via zoom
(synchronous)

 

Problems: Recommended to work through and
understand: 5.1, 5.2

HAND-IN FOR MARKING: 5.2 ONLY
DUE DATE: 2025-10-10
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E: Week of 2025-10-06
Catch-up Week and/or Start of Relativistic Motion

    

Readings: Catch-up week for Chapters 1-3;
and 5 Midterm will cover these four
chapters

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday via zoom
(synchronous)

 

REMINDER: MIDTERM NEXT WEEK

F: MIDTERM ON WEDNESDAY 2025-10-15
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G: Week of 2025-10-13
Relativistic Motion

Readings: R&L 4.1 and 4.5 to 4.9 inclusive
(4.2-4.4 is optional)

In this class, we will not use tensors or four-vectors. We
will make do with algebraic expressions for the
transformations -- but you should know the conversation
laws and how E and B fields transform.

 

Class Schedule: In-person Midterm on
Wednesday
Tuesday and Wednesday lectures in-
person; Friday via zoom
(synchronous)

 

Problems: Recommended to work through and
understand: 4.1, 4.2, 4.4, 4.7, 4.10,
4.11, 4.12, 4.13
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HAND-IN FOR MARKING: 4.1, 4.7, 4.13 ONLY
DUE DATE: 2025-10-28

H: Week of 2025-10-20
Synchrotron Radiation A

    

Readings: R&L 6.1 to 6.4 inclusive

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday via zoom
(synchronous)

 

Problems: Recommended to work through and
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understand: See next week's entry

HAND-IN FOR MARKING: See next week's entry
DUE DATE: See next week's entry

I: Week of 2025-10-27
Synchrotron Radiation B

    

Readings: R&L 6.5 to 6.8 inclusive

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday via zoom
(synchronous)

 

Problems: Recommended to work through and
understand: 6.1, 6.2, 6.3, 6.4
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HAND-IN FOR MARKING: 6.1 ONLY
DUE DATE: 2025-11-11

J: Week of 2025-11-03
Compton Scattering A

    

Readings: R&L 7.1 to 7.4 inclusive See last week &
next week

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday (TBD)

 

Problems: See entry for week after Reading
Break.
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K: Week of 2025-11-10
READING BREAK: MONDAY NOVEMBER 10TH TO
WEDNESDAY NOVERMBER 12TH

    

Readings: See last week & next week

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday (TBD)

 

Problems: Use this time to work the
Synchrotron problem set, and and
get a jump on studying for the exam
by ensuring that you fully
understand the material covered to
date.

HAND-IN FOR MARKING: See next week's entry
DUE DATE: See next week's entry
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L: Week of 2025-11-17
Compton Scattering B

    

Readings: R&L 7.6 to 7.7 inclusive

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday (TBD)

 

Problems: Recommended to work through and
understand: 7.1, 7.2, 7.3

HAND-IN FOR MARKING: 7.1, 7.3 ONLY
DUE DATE: 2025-11-25
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M: Week of 2025-11-24
Catch-up Week

 

Class Schedule: Tuesday and Wednesday
lectures in-person; Friday (TBD)

N: Week of 2025-12-01
LAST TWO DAYS OF CLASSES (DEC 3RD IS THE
LAST DAY OF CLASSES)

 

Class Schedule: Tuesday and Wednesday
lectures in-person



27.08.2025, 23:54

Page 1 of 2https://astro.uvic.ca/~babul/AstroCourses/A403/html/gradingscheme.html

Course Grading Scheme
Problem Sets (see below): 30%
Midterm Test (see below): 30%
Final Exam (see below) 40%

UVIC Grading Scheme and Percent-to-Letter
Grade Conversion
(will open in new window)

*Problems Sets

The problem sets must be handed by 5pm on
the specified date. Late problem sets will not be
accepted without prior approval or official
documentation. In the event of forseeable
absence, it is the student's responsibility to
make arrangements to ensure that the problem
set is received before the due date. If the
deadline is missed due to medical or other "emergencies" of similar stature, a formal
note will be required. Please note that since the problem sets are worth a significant
fraction of the final mark, handing in a partially completed problem set is better than
not turning one in at all.

Please see the TOPICS section for due dates and the EXPECTATIONS section for
additional instructions regarding the assigned problems and the problem sets. The
most important of these are:

The problem sets must be handed by 5pm on the specified date. I will only
accept problem sets emailed to me at babul@uvic.ca in PDF format and when
you email it to me put YOUR NAME and "ASTR 403 Problem Set # XXX" as the
subject.

I do not have an issue with students discussing the highlighted/assigned questions
with - and learning from - each other. However, I expect that each person will then go
back and work through the problems independently and write out their own solutions.
Plagerism will result in a score of "0". I should also note that the answers to the
problems are given at the back of the textbook. If you are stuck, you are welcome to
glance at the final answer and see if that offers a direction. Similarly, I don't have an
issue with you using ChatGPT or other AI to get hints but I strongly recommend that
you work through the questions by yourself so that you are prepared for the
midterm/final.

Finally and most importantly, I expect that the solutions submitted for

https://www.uvic.ca/calendar/future/undergrad/index.php#/policy/S1AAgoGuV?bc=true&bcCurrent=14%20-%20Grading&bcGroup=Undergraduate%20Academic%20Regulations&bcItemType=policies
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grading will be detailed (much more detailed than the terse explanation at
the back of the book) and show full reasoning in a step-by-step manner.
Please explain your reasoning, highlight (and if necessary) justify any
assumptions you need to make, etc. Do not assume that anything is obvious:
explain and clarify. Full marks will only be given if the solutions are explicit
and allow me to see how you have thought things through.

*Midterm and Final Exam Schedule

The midterm exam is usually scheduled in mid-october. It will be an in-class, in-person
event unless otherwise announced. You will find the exact date in TOPICS section .

The date of the final exam will be announced by the UNIVERSITY closer to the end of
term. Please check the final exam schedule when available.

Questions on the midterm and the final will be a mix of questions similar to those in
your textbook and those worked out in class.

  "Cheat Sheet" policy: For both the midterm and the exam, you are allowed to
bring cheat sheet (unless informed otherwise). It cannot be bigger than a 8.5" X 11"
sheet of paper. You may write on both sides but it most definitely should be
handwritten and in your own handwriting.

  Calculator Restrictions on Midterms and Final Tests: According to recently
adopted Department of Physics and Astronomy policy, in cases where the use of a
calculator is allowed on a test or an exam (as in this course), the standard, and only,
calculator that may be used is the Sharp EL-510R or Sharp EL-510RNB. For updates to
allowed models (and departmental policy), please see FAQ page on department
webpage for current undergraduate students. Allowed calculators are available for
purchase from the Bookstore (for example) for about $10, plus taxes.

http://www.uvic.ca/science/physics/current/undergraduate/faq/index.php
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