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Scope, goals and format 
 
This course will survey the field of physical cosmology, with a range and depth of knowledge 
appropriate for graduate students in any subfield of astronomy or astrophysics.  It will include a 
survey of the history of the subject in the context of physics and astrophysics,  the main 
theoretical elements of the canonical standard model and its experimental tests, the current state 
of the art in measurement and theory, and important outstanding questions and future 
opportunities. The goal is to become conversant with the subject--- to gain facility in what every 
graduate student in astrophysics should know about cosmology, and perhaps teach some day at 
the university level.  
 
Students will gain experience in analytical calculations,  reading and critical analysis of scientific 
papers, participation in critical discussion, and oral presentation. Some assignments will be in 
long-form written format, and  aim to build experience in clear, precise scientific writing. Some 
assignments will be completed in LaTex, for example in Overleaf. 
 
The course will be taught online in a seminar format. We will meet via zoom on Monday and 
Wednesday from 1:50-3:10, starting January 11 and ending March 10. Zoom office hours will be 
arranged as needed. 
 
Reading  
 
A useful textbook for the course is ``Cosmology'' by Steven Weinberg (Oxford, 2008), available  
free as an e-book from the university library. It provides a backbone of rigorous theory and a 
useful entry into the entire literature of the subject up to about 2007. 
 
Another excellent useful reference is "Cosmological Physics" by John Peacock (Cambridge, 
1999). It is more readable (and less formal) than Weinberg.  
 



We will rely on an excellent site written by Wayne Hu for a version of this cosmology course in 
2017. This site includes lecture note slides and  useful problem sets with exercises, as well as 
interactive tutorials: 
http://background.uchicago.edu/~whu/Courses/ast321_11.html 
 
These  will be supplemented as needed throughout the course by review articles to provide 
additional detail, especially on recent results. 
 
Useful reference for astrophysical constants:  
http://pdg.lbl.gov/2019/reviews/rpp2018-rev-astrophysical-constants.pdf 
 
Useful reference for physical constants: 
http://pdg.lbl.gov/2019/reviews/rpp2018-rev-phys-constants.pdf 
 
Assignments 
 
In addition to the readings, written work will be assigned. Assignments will be posted as separate 
documents on Canvas. Completed assignments will be submitted via Canvas. The first 
assignment is due January 25. 
 
The main assignment will be a course project. Each student will be collaboratively assigned a 
different topic. The project will include a written paper and a class presentation in the last three 
weeks of the course. The presentations will be on different days, with topics to be assigned and 
times to be scheduled on or about January 27. The paper and the slides for the presentation will 
be due  for everyone on Canvas on March 15. These are explained in more detail in separate 
documents. 
 
Course schedule by week 
 
To help plan, here is a preliminary summary timeline for the course. Details are subject to 
change, via updates of this document, which will be posted on Canvas. 
 
January  11, 13 
 
Overview of the subject, and of this course 
 
Big, original questions of cosmology: why does the universe exist, how did it begin, why is the 
universe as old as it is, why is the sky dark at night, what determines its dimensionless ratios and 
symmetries, what is chance and what is law, what are the boundaries of space and time 
 
Use of cosmology and physics to inform each other 
 
Co-development of cosmology and fundamental physics in the last century:  
special and general relativity, quantum mechanics, atomic and nuclear physics, relativistic field 
theory and the Standard Model, Beyond Standard Model physics 
 



Co-development of cosmology and other fields of astronomy in the last century:  
applications of gravity outside the solar system,  structure and evolution of stars, structure and 
evolution of galaxies, standard yardsticks and candles, origin of the elements and abundances, 
astrophysical clocks, evidence for dark matter, removal of foregrounds to reveal fundamental 
symmetries 
 
Advancement of cosmology from technology in the  last century:  
optical astronomy telescopes and light  detectors, radio astronomy, infrared astronomy, X-ray 
and gamma ray astronomy,  astronomy from space, digital data and surveys, statistical 
techniques, digital visualization and simulation, gravitational waves, databases and artificial 
intelligence 
 
Overview of modern LambdaCDM concordance  cosmology: 
Summary review of main assumptions,  theoretical elements and  supporting measurements 
Specific mapping of measurements onto theoretical elements and timeline of cosmic history 
 
Preview of directions in future research: 
Big outstanding questions, future projects now in development, hopes for the farther future 
 
Reading: 
Simon White article: https://arxiv.org/abs/0704.2291 
Rocky Kolb article: https://arxiv.org/abs/0708.1199 
 
review of big bang cosmology,  
http://pdg.lbl.gov/2019/reviews/rpp2018-rev-bbang-cosmology.pdf 
 
January  20 
Cosmological Principle 
Curved homogeneous and isotropic spaces  
General Relativity 
Cosmological space-time solutions 
Friedmann-Lemaître -Robertson-Walker cosmologies 
 
Reading:  
Weinberg chapters 1 and 2 
Hu slides on FLRW cosmology:  
http://background.uchicago.edu/~whu/Courses/Ast321_11/ast321_1.pdf 
Review of the distance scale: 
https://www.annualreviews.org/doi/pdf/10.1146/annurev-astro-082708-101829 
 
January  25,27 
 
Finalize student project topics and  presentation dates 
Contents of the universe and homogeneous expansion history 
Evidence for main components: primordial radiation,  baryonic matter, dark matter and dark 
energy 



Thermal history, early Universe, nucleosynthesis, dark matter candidates 
 
Reading: 
Weinberg chapters 3 and 4 
Hu notes on thermal history:  
http://background.uchicago.edu/~whu/Courses/Ast321_11/ast321_2.pdf 
review article on cosmic nucleosynthesis and abundances: 
http://pdg.lbl.gov/2019/reviews/rpp2018-rev-bbang-nucleosynthesis.pdf 
review article on dark matter: 
 http://pdg.lbl.gov/2019/reviews/rpp2018-rev-dark-matter.pdf 
 
February  1, 3 
Inhomogeneities 
Linear perturbations  
Curvature perturbations and tensor perturbations 
Invariants  
Transform (wavenumber) space 
Newtonian models of linear and nonlinear structure evolution 
Linear evolution of perturbations: influences of matter and radiation on relic perturbations 
 
Hu notes on inhomogeneties: 
http://background.uchicago.edu/~whu/Courses/Ast321_11/ast321_3.pdf 
 
February 8, 10 
Homogeneous inflationary cosmology 
  
horizon and flatness problems, scalar field evolution, slow roll 
Perturbations from inflation:  
quantum fluctuations, scale-invariant perturbations, tilt, gravitational waves 
 
Hu notes on inflation: http://background.uchicago.edu/~whu/Courses/Ast321_11/ast321_4.pdf 
 
Reading:  
Weinberg chapters 4 and 10 
review article on inflation: http://pdg.lbl.gov/2019/reviews/rpp2018-rev-inflation.pdf 
 
 
February  15, 17 
CMB and precision cosmology 
 
Hu CMB tutorial: http://background.uchicago.edu/~whu/intermediate/intermediate.html 
Hu notes on transfer function,  CMB and LSS:   
http://background.uchicago.edu/~whu/Courses/Ast321_11/ast321_5.pdf 
 
Reading: 
Weinberg chapters 5, 6, 7   



CMB review: 
 http://pdg.lbl.gov/2019/reviews/rpp2018-rev-cosmic-microwave-background.pdft 
Theory review by Ned Wright: 
 https://arxiv.org/abs/astro-ph/0305591 
Legacy Planck satellite paper: 
https://arxiv.org/abs/1807.06205 
review of cosmological parameters: 
http://pdg.lbl.gov/2019/reviews/rpp2018-rev-cosmological-parameters.pdf 
 
 
 
February  22, 24 
[4 student presentations in class this week] 
 
Also: 
Formation of galaxies and large scale structure 
The nature of Dark Matter  
 
Reading: 
Weinberg chapter 8  
 
Hu notes on spherical collapse and halo model:  
http://background.uchicago.edu/~whu/Courses/Ast321_11/ast321_7.pdf 
 
 
March 1, 3:  
[4 student presentations in class this week] 
 
Also: 
The Dark Energy and cosmological constant problem(s) 
review of the dark energy problem:  
http://pdg.lbl.gov/2019/reviews/rpp2018-rev-dark-energy.pdf 
 
March 8, 10: 
[4 student presentations in class this week] 
 
Also: 
Quantum cosmology: “no boundary” hypothesis, landscape models, multiverses, ekpyrosis, 
measure theory and anthropic arguments, fundamental objections to and alternatives to inflation, 
boundaries of physics and metaphysics  
 
 
Core course syllabus  
Taken from the department's website, an outline of canonical topics: 
 
The FLRW metric, observables 



FLRW solutions for useful special cases 
Cosmological parameters 
Realistic universes 
Jeans instability, growth of structure 
Correlation functions, matter power spectrum 
Harrison-Zeldovich results 
Non-linear regime, halo models 
BBN basics, equilibrium equations, freeze-out conditions 
Inventory of particles, equilibrium conditions 
Recombination 
Pre-recombination dynamics, acoustic modes 
Last scattering surface, damping 
CMB overview, CMB power spectra, inflation 
 


