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Course description 
The Hot Big Bang Theory is one of the most remarkable successes of modern science.  
Within the framework of this theory, we can understand (at least in gross terms) the 
evolution of the Universe from a fraction of a second after the Big Bang through to the 
present time.  The Hot Big Bang Theory gives us the framework in which to understand 
the creation of matter, the formation of the first elements, and the birth of cosmic 
structure (including galaxies, stars, planets and us!).   
 
This course outlines the Hot Big Bang Theory.  The course has two distinct halves. We 
start with a description of the smooth Universe, addressing the large scale geometry and 
dynamics of the Universe as well as the thermodynamics of the matter and radiation that 
it contains.   We then move onto a discussion of structure formation, starting with the 
linear theory of initial growth of structure, before addressing the (non-linear) formation 
and evolution of galaxies. 
 
 



Course expectations 
The vast majority of class sessions will be devoted to a discussion of course materials, 
under the assumption that you have read and digested the relevant lecture notes 
beforehand.   In order to guide the class discussion, I ask that you read the notes and 
email me a list of questions and/or points of confusion by 7am of the day of the class. 
Your participation grade (see below) will be based on this feedback as well as your 
attendance in class. 
 

Grading 
Grades are based on homeworks, class participation, two midterm exams, and the final 
exam.   These three components contribute to the grade according to the following 
weights: 
 
 Homeworks  20% 
 Participation   10% 
 Project   10% 
 Midterm exam #1 20% 
 Midterm exam #2 20% 
 Final exam  20% 
 
Your percentage grade will be converted to a letter grade.  Below are the guaranteed 
grade boundaries – any “curving” will only be in the direction of giving you a better 
grade then indicated: 
 
 A >85% 
 B 70—85% 
 C 55—70% 
 D 40—55% 
 

Midterm exams 
There will be two in-class examination on the 3rd March 2016 and 7th April 2016.   This 
exam will be closed book.   Formally, the midterm exam is a “major scheduled grading 
event” and is covered by the relevant University rules for excused absence.    If you are 
not able to take an exam due to illness or other legitimate reasons, you must make every 
reasonable attempt to contact me on or before the day of the exam either by email or 
voice mail.   In addition, you must provide documentation detailing the reason for your 
absence.   A self-signed note is insufficient.   A make up exam must be taken promptly.   I 
will give at most one make-up exam.  If you must miss both the midterm and its make-up 
exam, I will give an oral examination. If, for whatever reason, the University is officially 
closed on the day of the exam, the exam will be re-scheduled for the next lecture date. 
 



Final exam 
The final exam is scheduled for 17th May 2016, 1.30-3.30pm.  The final exam is 
cumulative in the sense that it will cover all material discussed in this course.  However, 
it will be weighted towards material from the last section of the course. Again, the final 
exam is a “major scheduled grading event” and is covered by the relevant rules for 
excused absence (see above). 
 

Homeworks 
A homework set will be assigned approximate once every two weeks.   On the due date, 
homeworks should be handed in at the front of the class.  Homeworks will be considered 
late by the end of class.  I will aim to distribute the solution set in the following class, 
after which late homeworks cannot be accepted. If you have a valid emergency that 
prevents you from making a homework deadline, you should make all reasonable efforts 
to contact me before the due date telling me the nature of the emergency.   Please 
document all such emergencies; a self-signed note is sufficient provided that it contains a 
statement that (1) the information is true and correct and (2) providing false information 
is prohibited under the Code of Student Conduct. 
 
If, for whatever reason, the University is officially closed on the day of the due date, the 
due date will be moved to the next lecture. 

Project 
A portion (10%) of the grade for this class will be based on an individual project.  This 
will take the form of a report on a current topic of interest in the cosmology research 
community – this will typically be a discussion of one (or two related) papers that have 
recently appeared on arXiv.  The report will be both written (4-6 sides in a legible font) 
and oral (AAS style; 5 minute presentation + 3 minute Q&A).  You should have chosen 
the subject of your report by the week after Spring Break. You should schedule a short 
discussion with me to discuss the subject of the report to ensure that it is an appropriate 
topic. 
 

Academic Integrity 
The University’s policies and rules on academic integrity are described in 
http://www.president.umd.edu/policies/docs/III-100A.pdf.   In essence, you must never 
engage in acts of academic dishonesty at any time.   Acts of academic dishonest include 
cheating, fabrication, plagiarism, or helping any other person to do any of these things. 
You must give credit to any book (including the course textbook!), published article or 
web-page that you have used to help you with a particular assignment.    



Preliminary Course Structure 
 
26-Jan-2016 :   SNOWDAY 
 
 PART A : SMOOTH UNIVERSE – GEOMETRY AND DYNAMICS 
28-Jan-2016 :   Introduction, Cosmological Principles & Hubble’s Law 
2-Feb-2016 :  Cosmological Field Equations 
4-Feb-2016 :   Big Bang Singularity, and Flat Cosmologies 
9-Feb-2016 :  Spacetime curvature and the FRW metric 
11-Feb-2016 :   Geometry-Density-Dynamics Connection 
16-Feb-2016 :  Distances in an Expanding Universe 
18-Feb-2016 :  Cosmic Horizons 
 
 PART B : SMOOTH UNIVERSE – THERMAL HISTORY 
23-Feb-2016 :  Motivation : CMB and the Chronology of the Hot Big Bang 
25-Feb-2016 :  Particles in and out of Thermal Equilibrium 
1-Mar-2016 :  Physics in the Lepton Epoch 
3-Mar-2016 :  MIDTERM #1 
8-Mar-2016 :  Primordial Nucleosynthesis 
10-Mar-2016 :  Recombination, Formation of the CMB 
15-Mar-2016 :  SPRING BREAK 
17-Mar-2016 :  SPRING BREAK 
22-Mar-2016 :  Problems of Standard Cosmology 
24-Mar-2016 :  Inflationary scenarios 
 
 PART C : STRUCTURED UNIVERSE – ORIGIN AND LINEAR GROWTH 
29-Mar-2016 :  Origin of structure during inflation 
31-Mar-2016 :  Perturbation theory in the expanding Universe 
5-Apr-2016 :  Gravitational Instability and Linear Transfer Theory 
7-Apr-2016 :  MIDTERM #2 
12-Apr-2016 :  CMB Anisotropies 
14-Apr-2016 :  Distribution of Large Scale Structure 
 
 PART D : STRUCTURED UNIVERSE – NON-LINEAR GROWTH 
19-Apr-2016 :  Formation of Dark Matter Halos 
21-Apr-2016 :   Press-Scheuter Theory 
26-Apr-2016 :  Hydrodynamics of galaxy formation 
28-Apr-2016 :  The need for feedback in galaxy formation 
3-May-2016 :  Class Presentations #1 
5-May-2016 :   Class Presentations #2 
10-May-2016 : Class Presentations #3 
 


