Title: Quantum Field Theory for Cosmology - Lecture 3
Date: Jan 19, 2010 04:00 PM
URL.: http://pirsa.org/10010072

Abstract: <span>This course begins with a thorough introduction to quantum field theory. Unlike the usual quantum field theory courses which aim
at applications to particle physics, this course then focuses on those quantum field theoretic techniques that are important in the presence of gravity.
In particular, this course introduces the properties of quantum fluctuations of fields and how they are affected by curvature and by gravitational
horizons. We will cover the highly successful inflationary explanation of the fluctuation spectrum of the cosmic microwave background - and
therefore the modern understanding of the quantum origin of all inhomogeneities in the universe (see these amazing visualizations from the data of
the Sloan Digital Sky Survey. They display the inhomogeneous distribution of galaxies several billion light years into the universe: Sloan Digital
Sky Survey).</span>
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¢*:_Ti__f (n. +l:i_)
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Er-u -j sl o : P = ‘;t- - ,nt = ""‘"371
(m.ﬂ-ﬁ--di E [;h,;.;j: l'ghi,

Hl’#‘lhtl'lc'c:'{}: 1* — 9. fh = Py
0 Tl {1} A sald :
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R £ 0 90w : F-£-2-9E -

BA EEEEEEEE =EDEmE 2@ - ypEp
& 7’*'?‘ I's = I'x ~
a TK‘-}{T; B sl :
3 | A A . [ A 4
b, = T ( Te *‘h)* o VT ( P 'P-t) (A)

R_eﬂtv‘: wt‘f‘l a, = ‘K:: X, * f F# {LJ Ilu!d.-'l "'t'_--f.l::

(. gﬁm'fﬂ .'f

0 Now, show thA amsals (A) succeeds, -.o., tbat vndeed :
F P— =2 F - .’"é’,‘, (W)
Epi -{M'Pu- TI‘ ég 4, ]T 'w: ;k-

. o B
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BEEERL, A D 9Qmwma F-2-9-Ca™-

B/  AEEEEEESE EoEmE W - wpEP

—_— — :
‘?:"m(‘.-*#.;)

[t 2

(’ Sxm'fz .I"

0 Mow, show thaf ansalz (A) succeeds, coe., that padecd :

Hanni £t ornan }"f = Z i ;k *,{W:‘;g (H)

L

E’_ni -}Mm ﬁ;ﬂ= . - ﬁ.’h = -w: ;k

e e T £33 9

A ad 4

4 4
”f"ﬂ.fﬁ'ﬂ-é M-: ék = &.* + Trl- = 1,_.*

O Il'u-”;_'., ViR imusvse Touview var'ty.i‘aw € hoif :

o= Y& Seostai) 5. - & satchl @
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HOHERL 4 T 90w 2-2-2-P8%-
B/  AEAEEEEERESE EoE W - AP
(—-Sxm'::_" -

0 Now, show thA amsats (A) succeeds, -.o., Ltbat dadeed :
Homildomiam  H= 3 1p +iwlq, (H)
Epos o i Tz o, Thzowlh,
(oo Covm. »ells : [ = d,r:f
Hevom biwd comd.: 5. ~ 3.* y, B =TF,

0 Fimdly, via imvevse Touview sevies show bt :

5(:)_ = V?zgcas(xk) ;, - i— St (k) ;‘g (8)

5
| Remavk:%1s lh's ansats nncguce T
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EEEEEEEE EEE P27
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Hann i £t orsann J:}: Z i : +£W: At (H)
Egqus of smolion - M=¢, T, °-w$
A 4
(ommon. Corm. vells : [;f i]-'-*Si__‘r
”C#h.ﬂué M-: ¢l - é‘i s -ﬁ'l: =ﬁ:i

B Tinddly win cnane Tonvior seviiey shows Elat-

POk fzgcasm i ®

Remvf ""IS ££¢$ ansats “f“! ?
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d TL‘-“{T] msq{i:
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8

. 4 4 .
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A
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4
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Equs of maition: );g = ‘f-. s ,é; = - g,
Commom. come.wls s [qu, pof=25, .
e ST

g Tk‘- f'f'r; m;al_’i . 2

=Eaat

Resmavkh: Wk a, := Vo "t - F ;: €has amsatz veads:

I =
Pirsa: 10010072 ¢ (‘ -+ R Page 123/166
Yaw, -y

n
nl ¢



¢ Eit View Insert Aciion=s Tooks Heop
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F |

0 Defime new vewabls 7”5,. whkid ave prope osellators:
E,...; ej sl rome f;i = ‘fa. ’ ;; = "“‘f?n
Comom. com.wls s [qu, po]=c5, .
e e v

0 The {17 A sal3 : v

b (i) o (- ) @

Rtﬂ!vi: wt'fﬂ @, := 'V_q xt - —_— f‘ {‘-: ﬁnfﬁfi ‘rtaij

= E
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BEERL A 0 v s F-2-2-C8T-

S/ AEEEEEES EEEm 4 - 2P
] v.l. :vlﬁ'
a

| ¥

A
E- -
¢l=m (‘."""_ﬁ_

K/. é’—)tﬂ--rm'.fﬂ ."

0 Now, show thk ansals (A) succeeds, c.o., Lbalt ndecd :
Hamiltowiam  Hz 3 :pl+rial (W)
Egos f amcliom: Tz b, Ttowi
oo Com. vl s [ @, W] =S, o
Hevsmibiwd comd.: ;,;: S‘.* = W =i,

0 Fimdly, via imvevse Touview sevies show ¢thatf:

b P St o sl ]

g o T

»| ¢
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AOHEL 4 Oemms 2-2-2-PAT
E/ AEEEEEESE EBoEm - 2P
E')tﬁ-vm'fﬁ ." =
=
0 Now, show bk anseals (A) succeeds, coe., that Laded:
Hanwiftovuann }:[: Z f ;kz'-‘*iw.z;f (H)
E,.-s -}Mm_ == . ﬁ.’k_ = *w: '
A 4
(omonn. Corn. vells : [C?;fﬂ.‘%;= ¢ Si'_‘,

”t'rn"ﬁ'u'é cowel. : ¢i - ¢_* ; ﬁ: = ']_i_*

0 Fimdly, via invevse Touviow sevies show €baf:

blx) - Fzgcaska -i—sé(cﬂ'ﬁ& @)

Kcm-rﬁ ¥]s s amsats Mru! €
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A

| -
¢u=ﬁ (:. +s_i)

( & xever sE ."
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I P - A ‘; A 2 4
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o (;r--J st { L+ 7% ﬂiu’.{ﬁs “""""r) .vlt v

— Pﬂé‘u i VAl ticen :Mja—ﬂa——. o cocvwed ‘f‘ e e

Pirsa: 10010072

-
ez o [



10gft3. jnt - Windows Journal

¢ Eit View Insert Adions Tooks Heo
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B 7 IIIIIIII BER [ [ LR
PIX] = y—— zcastxt} ?t‘:SHL(IIF,r& 8] 5
h

| Rcmvﬁ:-ﬁ-]s f‘(s amsatls u-uir-ut 4

-

#“: X;MP’; {-u-u‘a-c et A uq;fd’ mJ(H}ﬂfrd’ufw.

S'}“‘}‘?ﬂuﬂ o o = Conse rataness ¢ Z’”” et
% Cvound stot o4 2.4 oscllatos AP Vacuwism
% Thes nerd sut L Lowest cunysy stae of the AT T Hasuslomaemn
= Problie of vacusm dudifocaliom o corved space.
- See Laie~.
&
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-*yﬂ = ;_“JPF; cosdd Lo snoe uugdr “J(H) sered wt hotel .
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- (vn—-l 5{4\-& f 25 aiuyofws """""-) Vl#: e btvan
% The's merd sut Lie Lowest covnyy state of the QT T Hamuillosemn
= _ va‘!‘-— i VAL ik .,Mj;.&a-. o coavwed .f,q:.c,
- Std’ [‘w&r t
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| == | ”‘-ﬂéf Tl k"fﬁ- IM(UCJ:
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B EYS £ C O9Qfew 5. F- - 9-Ca -

B/ MEEEEEENE EEE ¢ 9P
P —— : A . :.s =
B O . ﬂllm s - !1;,P.1J - 5E -
. A+ -

Hf#'ﬂ-;fl"i'{]: 1*_ = Tt f&' = Fh
d Tt.l-\ {17 ms«a’i:

bz e S e et @A)

R&mn-ﬂ,: Wtk a,:- Vo xt + ?— f’c €hes amsofz veads:

A
él:‘—.ri::_.;: (l. +l':b)

fﬁﬂﬂm'fc .'Ir < -
¢
0 ow, show thof anseals (A) succeeds, coe., thalt vadecd :
Hammidforvsanm g = Z f ;;z*iw:;f (H)
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BEOBYERL A T OQfmwm 35 F-92-9-Pa M-
BA ........ aETn ::;:‘_—'—E-Qﬁ?ﬁﬁ'
== :

Hl!'-f-uu'f-'cf'f;: Ve =9, P = Pa
d Tk‘- '{1} msJ-i:

?& (1# *7-) iiﬁ' ( .;n ‘);-i) (AI

RE‘-I‘_'!L: wl-‘i‘ X, - = P"""i Et - ~_£/—'__’- F’ {LJ hf“i ""f.-l._{:

A
¢l='—.ri=.—::(l "'"i)

ﬁ—_
K'—' Xeyre Y E .
0 Mow, show thak amsatls (A) succeeds, .o, that Ladecd :

Hann i £t orsann Q-‘ 23 ;:2— S z;: (H)

= : A 3 -
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¢ Eit View Insert Adions Tooks Hep

AEEHSL, A D OQ@ewm 3 F2-2-P-Pa™-
B 7 ........ BEEB (1 &iwep

b, - ( "‘) === ( = A)

4

Rq_!‘lut-v‘: U/.'fk X, := 'V;:xi-b

|®

F €hes amsotz veads:

A
$, = -,,;=_.: (a. 42, )

é')tbm-f'fc .'r
4
0 Now, show thA amsals (A) succeeds, -.o., tbat vadeed :
Hanniftovuamn f:] = Z i—i szf*;{ Wj ;f (H)

Egus of amcliom: T,
(omon. Covm. wels : [ t,‘ﬂ‘trj = S,,-,-;r

. 4 4 Ad
i ”f‘l‘ﬂt' ﬁ'ﬂé M.: ék - &_* " Tl'l_ = 1;__*
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B/ AEEEEEESE E0oE - PP
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K,"é—ﬁﬂﬂm-fﬂ.
0 Now, show thak amsals (A) succeeds, -.o., tbalt vndecd :

Hosildomsam 1= 3 3 Pk swlgl (H)
E’ms -{Mbu: 'ﬂ' = fi = l'l.'Ilr = *w: ¢,
%-CM-"‘G&: [¢"*Fi]—" -4
”C?h;'ﬂ‘ﬂ'é Comel.: ¢:: ¢'-i 7 4* -Tr*

a Tl’ﬂa@, ViR s Fouvier Sevies S A.aw ¢ Lot :

d’(x) ngC¢5(x£ — — Sm((ﬁ],a,,g (8)

Kcmﬂr‘. w]s lh's amsat: u-u,.ug 4

-
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| ¥
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”c-rm.'ﬂ'n'é cowel.: ¢:: cﬁ_* = B =TE,
O Il'ﬂaze', ViR imusvse Touview Sfﬂ'r;.iliaw € batf :
o= Y ;gcas(xﬁ) = sl @
Remark: +1s lh's amsats Unncguse 4

WMo : x ;“Jp'i casdd Lo snoe ey ool _o-ou[(HI-u_fcd"n-*w.
e m—— e
% Cvosnd st { L7 asu’doﬁ ) Vac wie -
¥ Th« wed st Lo Lauid Cnen pye Hadle o 1ho AT T Hoselibomacm =
E | = PTM- i VRE it 1“%:-&#—- o coavwed Il‘.‘e‘
Pir:sa: 10010072 — Scf 1 ”G_r - Page 136/166

-
ez oo [



:E:Et‘ﬁen-JﬂEtAch:ETmhFﬁz

ICHRA 4 DOmms 27 792t
B / .I.l.l.l BENER ([ | S Wep

| Rtwﬁﬂr-ﬁ-]s £‘¢'$ ansals u--t',mt [4

-

| ¥

$ Mo : X s omdp's tosdd Lo snoe smusyeol, el (H)] meod st hotil.
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SEEEP, A0 VYemwg F-2-2-2a¥-
5/ MEEEEEEE EEE  GRF
(S)"W'Ic_" =

0 Now, show thf ansats (A) succeeds, .o, Lbat sudoedd :
Hann i £t oraann }jf : Z T (H}

E*-n__s -!Mm 'Fl;= . > f'ﬂnl',,,:-‘:-q:.-c:a*:i

| 4
_ A 4 4.4 A
Hf‘l‘ﬂi' ﬁﬂé M.: ¢* = &.* e Trl = -“_..*

O Finally, via inverse Fouviow seviesShowe Chat:

;(x): Vg;gcas(xk) ;. - i: Stan (< k) ﬁ,,g (8)

" Remavk:%]s h.s ansats g uae 3

-
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AL - P

Hermituh amd: 8, 6, , T =15,
0 Fimdly, via imvevse Touviow sevies show that:
o= Y& Sheostei) .- & skl @
Remavk: +1s th.s Qz..s.ﬁ Unigce 4
A N0 : X g omdp's cosdd Lo oot saryedd, ol (H) merd wi betel . -
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ECEHRL 4 O DGws 22 - 2-CaYT-
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| 0 Fimdly, via inverse Touview sevies show that:

5(!) : VZ ?,gcas(xﬁ) 0. — —— s (k) P _2, (8)

Remavk: %1s th's amsats Uncg e [4

[

x Mo : X;Mp's tosdd Lo taoe wf"‘,‘ﬂlmj“"‘f""tw
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