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February.
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» Course consists of 21 lectures, three lectures per week

» Lectures start from 2 January, end on 15 February (seven weeks). If we miss any
lectures in between, there will be extra make-up lectures so as to finish by 15
February.

» The Final Examination will be on 21 February during 15:00-17:00 (tentative).
» To contact me any time, remember that my office number in NCRA is F236; the

phone number is (020) 25719270. In case you want to contact me and do not
find me in office, send me an email to tirth@ncra.tifr.res.in.

» Any information/updates/news about the course will be put up at the webpage
http://www.ncra.tifr.res.in/~tirth/Teaching/Cosmology-2018/index.html.
Make sure you check the webpage periodically.
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Lectures

» Course consists of 21 lectures, three lectures per week

» Lectures start from 2 January, end on 15 February (seven weeks). If we miss any
lectures in between, there will be extra make-up lectures so as to finish by 15
February.

» The Final Examination will be on 21 February during 15:00-17:00 (tentative).
» To contact me any time, remember that my office number in NCRA is F236; the

phone number is (020) 25719270. In case you want to contact me and do not
find me in office, send me an email to tirth@ncra.tifr.res.in.

» Any information/updates/news about the course will be put up at the webpage
http://www.ncra.tifr.res.in/~tirth/Teaching/Cosmology-2018/index.html.
Make sure you check the webpage periodically.

» Attendance in the lectures is not compulsory. However, if you attend the lectures,
please try to be punctual.
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be equal to the score of the Final Examination.
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» The Final Examination will be of two hours. You will be allowed to consult your
class notes (hand-written) during the final examination.

» In addition, there will be three Take-home Assignments (which are effectively
optional, see below).

» The evaluation procedure for the course is as follows:

— If you get 40% or less in the Final Examination, you will fail the course irrespective of how
well you have performed in the Take-home Assignments. In this case, your final score will
be equal to the score of the Final Examination.

— If you score more than 40% in the Final Examination and your average score in the
Take-home Assignments is greater than that in the Final Examination, then your final
average score will be computed giving 50% weightage to the Final Examination and 50%
to the Take-home Assignments.

— If you score more than 40% in the Final Examination and your average score in the
Take-home Assignments is less than that in the Final Examination, then your final average
score will be equal to the score of the Final Examination.
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» The Final Examination will be of two hours. You will be allowed to consult your
class notes (hand-written) during the final examination.

» In addition, there will be three Take-home Assignments (which are effectively
optional, see below).

» The

» The

evaluation procedure for the course is as follows:

If you get 40% or less in the Final Examination, you will fail the course irrespective of how
well you have performed in the Take-home Assignments. In this case, your final score will
be equal to the score of the Final Examination.

If you score more than 40% in the Final Examination and your average score in the
Take-home Assignments is greater than that in the Final Examination, then your final
average score will be computed giving 50% weightage to the Final Examination and 50%
to the Take-home Assignments.

If you score more than 40% in the Final Examination and your average score in the
Take-home Assignments is less than that in the Final Examination, then your final average
score will be equal to the score of the Final Examination.

Take-home Assignments would be distributed to you during Lecture 5,

Lecture 11 and Lecture 17, respectively. You will get about eight days to return
them back.
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» You will find the zeroth assignment in the course webpage.
» The problems are based on standard topics you would have covered till now.

» You need not submit this assignment. However, if you find any of these questions
nontrivial /difficult, please let me know so that the rest of the course can be
designed appropriately.
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Distance scales in Cosmology

v

Earth-Sun distance (mean) = 1 AU = 1.5 x 10® km.

Distance to the nearest star ~ 4 ly.
1ly ~ 10% km
1pc~3.26ly

Size of a galaxy ~ 10 kpc.

v

v

v

Distance between galaxies ~ 1 Mpc.
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Large-scale properties of the Universe

» Universe is homogeneous
and isotropic

The APM Galaxy Survey
Maddox et al
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Constituents of the Universe

Expansion rate <= Constituents

26.8% Dark
Matter

68.3% Dark 4.9% Ordina
Energy % Mattg Mostly hydrogen (75%)
and helium (25%)
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If the Universe is expanding now, its size must be smaller, and hence hotter, in the
past. This paradigm is called the Hot Big Bang model of the Universe.

The hot big bang model

15 thousand million years:

1thousand million years
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Present age of the Universe: t ~ 1010 years
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Tytler et al (2000)
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Important “milestones”

Present age of the Universe: t ~ 1010 years

» t ~ 3 mins: Big Bang
Nucleosynthesis

» t =~ 400,000 years:
Formation of neutral
atoms

» t > 108 years:
Stars/Galaxies form

The APM Gal,
Ma

10
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Structure of the Course

» Smooth Universe
Physics & Mathematics of Relativistic Cosmology

Fundamentals of the Standard Model of Cosmology

» Inhomogeneous Universe
Structure formation in the Standard Model using linear perturbation theory & simplified

nonlinear models
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Smooth Universe

The expanding Universe (Hubbles Law)
Relativistic cosmology: FLRW metric
FLRW kinematics (light propagation, distances, cosmography)

vV v.v.Yy

FLRW dynamics (Friedmann equations & solutions, standard model components,
observational evidence)

Inflation

v

» Thermal history of the Universe (evolution in equilibrium, decoupling of species,
dark matter, Big-Bang nucleosynthesis, recombination)
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Inhomogeneous Universe

» Relativistic linear perturbation theory (scale-dependent dynamics, perturbations
in radiation & dark matter, transfer function)

» Non-relativistic fluid formulation (linear & quasi-linear evolution of dark matter,
linear evolution of baryons)

» Non-linear growth: Zel'dovich approximation, spherical collapse

» Statistical treatment of linear inhomogeneities (Gaussian random fields, power
spectrum)

» Statistics of non-linear objects (redshift space distortions, halo mass function,
galaxy clustering, galaxy formation)
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» J. A. Peacock, Cosmological Physics, Cambridge University Press

» H. Mo, F. van den Bosch & S. White, Galaxy Formation and Evolution,
Cambridge University Press



