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General Relativity for Cosmelogy

Fall 2009

AMATH 875/ PHYS 786

Instructor: A Kempi. (MCo071. ext. 5462)
Prereguisite: Introductory general relativity. e g2 AMATH 675
Time and venue: Mon + Thu 4-320pm. Bob room at PL
Video-lhinked o
* Umrv. of Waterloo. Room MCa04 |
* Univ. of Guelph. Room Rozanskil06
= McMasier Umiv. Room ABB131

Office howrs: by armansement
Literature: Detailed lecture notes will be freelv available electronically. Alse. see the texis listed below
Outline:

This course beamns by miroducme the differential scometry of Lorentzzan mamifolds from scratch and then bwilds up guickls

to the advanced framework in terms of differential forms and the vielbemn formalism. These methods are then used to define

seneral elatmaty. also as a gage theory We then study some of general mlatity's deeper properties. such as the formalism

of spmors. and aspects of the causal simacture and sinsularmes One keyv goal s to lay the foundations for siudents whe
Pirsa: 090940 1o proceed 1o sindies in quanium eravity. We then applv seneral elatvity to cosmologcal models and 10 cosmoloSR911 7162

perturbation theory. Thereby. we are covermgz the theory of cosmic nflation which is very saccessful m predicting
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Time and venue:

L}

General Relativity for Cosmology
Fall 2009

AMATH 875/ PHYS 786

A. Kempi. (MC6071._ext. 5462)
Introductory general relativity. e 2. AMATH 675

Mon + Thu 4-520pm. Bob room at PL.
Video-linked 10:
* Unrmv_ of Waterloo. Room MC6091
* Unmv. of Guelph. Room Rozanskil06.
* McMasier Umv . REoom ABB151
by armngement
Detailed lecture notes will be freelv available electromically. Also. see the texis listed below.

This course begms by miroducmg the differeniial geometry of Lorentzian mamifolds from scraich and then bmilds up quckiy
to the advanced framework mn terms of differcntial forms and the viclbem formalism. These methods are then used to define
zeneral relativity, also as a zmge theory. We then study some of general mlatvity's decper properties. such as the formmalism
of spmors. and aspects of the causal structure and singniarmies One key goal 1s to layv the foundanons for sindenis who
wish to proceed to sindies Im quanium gravity. We then applyv general relatvity to cosmoloscal models and w0 cosmological
penurbation theory. Thereby. we are covermg the theors of cossmc mflation which 5 very saccessful m predictmz. m
parmcular. the properties cosmc microwave background radmanon.

Pirsa: 09090012

Lecture Notes:

Page 18/161



-
ﬂ{?—'

HEP £ OC 90w §!| P L-2-Yat &
EEEEEEES EBoEmE = - AP

* Unmv. of Waterloo. Room MC609 1
* Unmv. of Guelph. Room Rozanskil06.
* McMaster Umiv.. Room ABB131

Office hours: by armnsement
Literature: Detailed lecture notes will be freelv available electronicaily. Also. see the texis listed below
Outline:

This course begms by miroducmg the differeniial geometry of Lorentzian mamifolds from scratch and then bmlds up quuckly
to the advanced framework in terms of differential forms and the vieclbem formalism These methods are then used to define
=vieral elativity. also as a zwge theory. We then ssudy some of general wlatvity's deeper properties. such as the formmalism
of spmors. and aspects of the cansal stacture and singniamies One key goal is to lav the foundations for sindents who
wish to proceed to sindies m quantam gravity. We then applv seneral relatmvity to cosmologcal models and 1o cosmological
perturbation theors. Thereby. we are covermz the theors of cossmc miflation which 15 very successful m predictimz. m
particular the properties cosnuc microwave background radmanon

Lecture Notes:
Te be posted here.

In the meanwinle here are those of FO7. mpdf format: 1 2.3 $56. 789 1011 12 15 1+

-

o

16.17.18.19.20.21

i

{You may also be mieresied in viewing the colloqumm that I gave at Penmeter Instntute on Sep. 16, 20609:
“Spacenme can he stmultaneouslv connnuous and discrere. the same way that informanon can”

For the reconding. see here.)

Additional literature

Pirsa: 09090f¢# mmtroduction o the differcnnal scometry for General relatvity uses materal nenniy from these three exis. wiale owPage 19/161

notation conforms with that of the text by Straumann-
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Instractor:
Prereguisite:
Time and venume:

Office hoars:

Literature:
Pirsa: 09090012

Outline:

General Relativity for Cosmelogy
Fall 2009

AMATH 875/ PHYS 786

A. Kempi (MC6071. ext. 5462)

Introductory general relativity. e 2. AMATH 6753

Mon + Thu 4-520pm. Bob room at Pl
Video-linked 1o
* Ummv. of Waterioo. Room MCo609 1
* Univ. of Guelph. Room Rozanskil06
* McMaster Univ . Room ABB131

by armansement

Deimied leciure notes will be ireelv avaslable elecaromcaliy

l1sted below
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General Relativity for Cosmology

Fall 2009

AMATH 875/ PHYS 786

Instructor: A Kempf (MCo071. ext. 5462)

Prerequisite: Imtroductory general relativity_ e g AMATH 673

Time and venme:  Mon + Thu 4-320pm. Bob room at PL
Video-linked 10:

* Unmv. of Waterioo. Room MC609 1
* Unmv. of Guelph. Room RozanskilO6.
*= McMaster Univ . Room ABB131

Office hours: by armansement
Literature: Detailed lecture notes will be freeiv available electronically. Also. ses the texis listed below
Outline:

This course begms by introducing the differential geometry of Lorentzian mamifolds from scratch and then bumlds up quickly
1o the advanced framework in terms of differennial forms and the vielbem formalism. These methods are then used 1o define
general relatvity . also as a gauge theory. We then study some of general melativity's deeper properties. such as the formalism
of spmors. and aspects of the cansal stmacture and sinsnilamies One keyv goal s 1o layv the foundanons for sindents whe
wish to proceed to sindies In quantum gravity. We then apply seneral relativity to cosmologcal models and to cosmological
pertwrbation theory. Thereby. we are covermg the theory of cosmc mflation which s very successful m predictimz. m
particular. the properties cosamc microwave background radmanon

Lecture Notes:
Pirsa: 0909?(&1}6 poaed here
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afspumr:a aﬂmpmgafﬂmmﬂmmgmﬂmﬂmkﬂ mai:slal:n the foundanions for siudents who
wish to proceed to sindies iIn quantum gravity. We then apply eeneral relatnvary mk}w models and 1o cosmoloaical
pernturbation theory. Thereby. we are covermg the theory of cossmc mflation which is very successful m predicting m
particular the properties cosmic microwanve backeround mdmnon

Lecture Notes:
To be posted here.

In the meanwinle here are those of FO7_ mpdfformat- 1 25 £56 789 10 11 12 15 1%

'|--1
|U1

16.17.18.19.20 21 22

|t~*

{You mav also be mieresied in viewng the colloqumum that [ gave at Penmeter Instnuie on Sep. 16, 2009:
"Spacenme can be stmultaneously connnuouws and discrere. the same way that informanon can”.
For the recording. see here. )

Additional literature
Our miroduction to the differential seometry for Genenal relatrvity uses matenal moundy from these three texts. whale our
notation conforms with that of the text by Straumann:

N. Straumann. Greneral Relanviny with Applications to dstrophvsics. Springer (2004)
¥ Stewant. Advanced Gemeral Relanvity. Cambndgs (1991)
S. Hawking G.F R Ellis. The Large Scale Structure of Space-Time. Cambrdge (1973)

e

L

Good references are also:

L. Scott Dedelson \fodern Cosmology. Academsc Press. San Dhego_ (2003)
2. AR Luddle. D H. Lvth. Cosmological inflation and Large-Scale Strucrure. CUP (2000)
3. GFR Ellis and J. Wainwnight. Dvnamical Svstems in Cosmologyv. CUP (1997)
Bifsa: 09090011_ R M. Wald. General Refarnviry. University of Chicago Press (1984) e e
5. H. Stepham. General Refaniviry. Cambndge University Press (CUP) (1982)
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Good references are also:

L. Scott Dedelson. Vfodern Cosmology. Academic Press. San Diego_ (2003) l
2. AR Luddile. D H. Lyvth. Cosmelogical Inflation and Large-Scale Structure. CUP (2000)
3. G.F.R Ellisand J. Wainwnight. Dymamical Svstems in Cosmologyv. CUP (1997)

R M Wald General Relenvire. Universitv of Chicago Press ( 1984)

5. H. Stephami. General Relaniviry. Cambrndge University Press (CUP) (1982)

b

We will cover Sakharov's "mdoced gty ™ arcument. Find the ongmal (very short) paper here: Sakharov, and this eview.

Here are ks to general online reviews:

. Through the SLAC bibrary at Stanford: here
1. Living Reviews in Relatnviy: here

You may also wish to have a look at these free onlyv resources:

I A collection of hinks
2 Stranmann ( 2(4)5)

Context:

Pirsa: 0909901 course is one mn a group of four related graduate courses whese cumicula have been coondinated so as to optumally Page 25/161
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We will cover Sakharov's "induced gty ™ arsument. Find the onzmal (very short) paper here: Sakharov. and this eview
Here are lnks to general online reviews:

| Through the SLAC library at Stanford: here

You may also wish to have a look at these free onlv resources:

I A collection of links
Y Straomann (204)5)

Context:

This course is one in a group of four related graduate courses whese cumicula have been coordinated so as to optimally
complement another:

o AMATHS75/PHYSTS86. General Relativity for Cosmology. (this course) taught FO9_F11 etc.

« AMATHR72Z/PHYSTSS

. Introducrtion ro Ouantum Field Theory for Cosmoiogy. taught W08, W10 erc.

o PHYST3VAMATHS7Y. dvanced Technigues in General Relativitv and Applications to Black Holes fand
gravitational waves)_ tanght W08, W10_ewc.

o PHYS703_AMATHS73. Quantum Field Theory (for high cpergy physics). tanght W09 W11 etc.

These courses can be taken in arburary sequence and no course 1S a pre- or anti- requisite for another.

Pirsa: 09090012

Page 26/161



EEEE OGS F17 7 oaAC @
‘ ----I-Sl  HEER 3 9pp

These courses can be taken in arbutrary sequence and no course 1S a pre- or anti- requisite for another.

Drepeamecil of  Appied ) Ethermems +
L mversaty of W atexioo

W scrioa., [mam

ol M2 N7

Plhane: 517 $28-4567 =g 17700
P (51 TRRETY

Pirsa: 09090012 Page 27/161
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2 Straumann (2(4)3)

Context:

This course is one mn a group of four related graduate courses whose cumicnla have been coordinated so as o0 opimmally
complement another:

o AMATHR75/PHYS786. General Relatrvity for Cosmoelogy. (this course) tmght F09_F11 ctc

o AMATHR72/PHYSTS3. [ntroduction ro Quantum Field Theory for Cosmoilogy. taught W08 W10 erc.

e PHYSTSHAMATHS7Y. ldvanced [echniques in General Relativity and ! pplications to Black Heles (and
gravifational waves)_ tanght W08, W10_etc.

e PHYST03 AMATHS73. Quantum Field Theory (for high energy physics). tanght W09_ Wil etc.

These courses can be 1aken mn arburary sequence and no course 1S a pre- or anti- requisite for another.

Depeammecl of  pyieed L Dthermaing +
Lorversty of W algioo

W gicrioo. (mane

ok N2 T

Phone: (31% $58-1567 =g T
Fago { 519 319

Pirsa: 09090012

Page 28/161
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You may also wish to have a look at these free only esources:

I. A collection of lnks
2 Stranmann (204)5)

Context:

This course is one in a group of four related graduate courses whese cumicula have been coordinated so as to optimally
complement another:

s AMATHS75/PHYS736. CGeneral Relativity for Cosmology. (this course) taught FO9_F11 etc.

o AMATHS7Y/PHYSTS3. Introduction to Quantum Field Theory for Cosmoiogy. taught W08 W10 erc.

e PHYS7TSHAMATHS74. {dvanced Techniques in General Relativiry and Appiications to Black Holes rand
gravirational waves;. tanght W08, W10. erc.

o PHYSTO3 AMATHS73. Quantum Field Theory (for high epergy physics). tanght W09. Wil eic

These courses can be 1aken i arbutrary sequence and no course is a pre- or anfi- requisite for another.

Dreparmnent of Appiked ) Etheman
Umnversay of Waterioo

% mcrios. {imrar

ok N2 51

Fhone: (517 $28-4567 =g 27000
Fax- { ST TIH51Y

Pirsa: 09090012

Page 29/161
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2. Straumann (2005)

Context:

This course is one m a group of four related graduaie courses whose cumicnla have been coordinaied so as o opimmally
complement another:

o AMATHS75/PHYS786. General Relatuvity for Cosmelogy. (this course) tanght F09_ F11 eic.

a AMATHR7Y/PHYSTSS. Introduction ro Quantum Field Theory for Cosmology. taught WO8. W10 erc.

o PHYS734/AMATHS74. {dvanced [echnigues in General Relativity and {pplications to Black Holes (and
gravifational waves)_tanght W08, W10_ewc.

e PHYST03 AMATHS73. Quantum Field Theory (for high energy physics). tanght W09_ W1l etc.

These courses can be (aken m arburary sequence and no course s a pre- or anti- requisite for another.

Deparmesct of Apphed M Etheman -
Uoversy of Waterdoo

W micrioao. [

ook W21 T

Fhone: (51% $55-1567 =g IT70H
Faco { 5190 T343T9

Pirsa: 09090012 Page 30/161
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