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finally back to work
!

"

More Gauges :

Uniform density gauge

freedom in time sling allows us to set Sp = 0

-Sgij= (1-25)Sis is the main scalar perturbation

Comoving Gauge

We enforce v + B = 0

-

Ggij = a (1-2)Sis

a convenient
gauge for the computation of the inflationary quantum fluctuations

"

6.1
.
3 - Conservation Eqs .

We now want to derive the evolution of these perturbations .

The evolution of G the metric is governed by / follows from [GMv=SGTmatter perturbations

Expanding these equations to linear order in the pert .
will

give us linearized equations
for both 'elements' of interest

.

In the following ,
we fix the gauge to be the Newtonian gauge.

Recall in this gauge
guo = ac(沿

(

I '
℃olsi:

Let us first work to linearize MMTM = O
.

Sps .
that there is no transfer of energy or momentum between each component Tulal
=> also XMTO and thus any result applies to each species separately .

B.
T

. O



More explicitly ,

PMTMo = 0

= OTMy + TT - TTMa

We present the example of computingTo as indicative of the process...

Recall Tp = tg* (apgup + Zugpp-Gegpu)
Inverting the metric:

gav = az (
「

琵
)

12 zto'sis )
using the fast that (1 + 2,4)= (1-24)

Then using TogGop Gogop-Spgoo and that goi gioo

Too = Egoo (Gogoo + 20g00-Gogoa)
= 호 g

0o (20g0)

= 話 a
- ㎡ ( 1 -2 Ψ )20[

a ( I + はΨ ) ]

= (1 - 2Ψ) ( a
'

a ( _ + IΨ ) taa ( I + 2Ψ ) + a 2別 )

Workingto
a

a '

Σ

=

Omitting the derivations ( for now for the other symbols ,
we summarise the results :

7.. = 나 Ψ

問 = 2Ψ

Pos = 2 上

17 % = F[ δis -II + ] 7[ [ I +Ψ ] } δij

p℃= 1 F- OY ':

℃=- 251 ;‰ )O . δikJiO
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Recall from yesterday.

DmTMr = 0

= OTMu +MT - Tur TMx 삐

Let us consider the U = O component of (A)
,

205℃ 5 2i + ” 0 5 0T ℃ ++℃ -1‰ +℃
-

" ‰ti; = 0
_

비

11) : Th,
To I,ToTo

= (は ; Ψ ) (- [it 5Jvi ) t (-28 : 1 :21 ⑫+ 8iiD ) に - 「itBSvil

(2) : 一 間+ "
0

=
- (2 ; Ψ )(- [irpJvi)

(3): -‰ 5 % = -
( γΨ ) ( +

: )

Clearly (1)
,
(2)

,
(3) are 0(2) terms and thus discarded.

=> 20T + FiTio + MM To - 18T - NoT = 0

From previous results
,

- (β+ 8p) ' - 2 iqi - 1 + 性 '+ 3 H - 3 ) 1β+ 80 )+ 1 スり10 ts0 ーに ☆ lsilit δPI 8= O

⇒ β
'

tSp
'

t 2 iqit 3FL 4 e + 8p) - 30B α 32( PtSp)- 3 PO ': O

Zeroth-order : ' = -37/F the conservation of energy in the homogeneous background

First-order : Sp = -37/Sp + SPL-29 + 3+P the continuity eqt of Sp

P
.5

.
0



Let us now consider thec-i component of (A)
,

205% + 20+% + P 0% + % 一品 5℃-℃- 間55 一 5; = O

Recall that we can write qilp Plvi
.

Thus To G, and To q so

qi ' t; I ( ptSp) 8 :t Rii!+Ieqi+ ( 2 ;±- 32 ; O ) 58? + 成 + H 8 ii - 4 -( 2 s'_a )☆+ S にiiO ) B:O

=>a. = - 4Hqi - 1j + p)8i4- 2i8P- 2'Mis ~ Euler eqt
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Let us now observe these equations somewhat closer
,

Continuity Eq*: Sp' =eSp+ SP)zigitlp
+)

비 비

*

continuity eqt describing the evolution of the density perturbations
"

(1) dilution due to background expansion

(2) - accounts for local fluid flow
(3) - purely relativistic

, corresponds to the density changes caused by perturbations to the local expansion

rate

~ 11-a can be thought of as the Y local scale factor" in the spatial part of
the metric in the Newtonian gauge .

Let us substitute Sp =jS and git (pxPlvi ,

⇒ 5' = 1 +別 I7 - 3☆り -H ☆一 18 ( 5 )

which gives us an evolution eqt for the density contrast
.

Euler Eqt : 9'9i FefiYZSPrMis
( 1비 iat ( 3) CT)

(1) - enforces the expected scaling ofa (qxaY)
(2) - force due to gravity
13) - force due to pressure
(4) - force due to anisotropic stress

Substituting 9i = (pt FIvi
.

⇒ vi = - ( H +‰ ) i 一‰ ( a. 8P + zini: 1 - 2 % ± ( f1
Which

gives us an evolution equation for the bulk velocit



Let us now evaluate (H) and (f) for some specific, special cases :

Matter: We consider a non-relativistia fluid with Pm=O and Mito

= Sm = - M . Vm + 3

v '

m
= - lim - 7 Ψ

friction
π

= S'm + 78'm = x2y + 3(k" + 7π)
* gravity

Radiation : Consider a relativistic perfect fluidli. e .
radiation with no viscosity) with Propr

and M. = 0

s 8 ne . $ M. ir t To

Ür =MS DY

⇒ 80
"

一京8。 =Ψ + 4 Ψ

If one wanted to work with CH and (f) in Fourier space we make the following replacements :

Jiiki, vixiai, Mise-lirplkiinh Ikciki
≡
kiki- ' ssis)

Note : absorption of IkI and resealing
means these are not quite the F.T of v(2

,
5) and M

,
52)

⇒ 8 ' : ( 1 + 歳 )lv +3 D リ -3 社( ☆ 号) δ

v
' =- (

ス5 品 ) o一 ‰にSP に 成一 に 畑

For now I will only include additional details on the use of perfect and barotropic fluids
for barotropis

Perfect fluids are characterised by strong interactions which keep the pressure isotropic M = O

For a barotropic fluid ,
with PFP p ,

we can write SPF So ( c' : ℃= )
If SP = c5S= so the perturbations are called adiabatic

,
which I

may include more details later
.


