AFT fov &Sw&’7/ Acbhimm kcm,’/, lecleve 11

Recall e St bl e mmodel Sfd“ Loane

i

Note: /7/(-vf, € Wf&cz‘ the mrass Ceram

= Fov a smode e &";M ;&,9 g occurs of the Game:

TAJ'.S o also -ro«;k(; bde Lrnnme W4¢u 1).{3 Fw/yu MWZ?(A

reaches the si2e 7 dhe Hubble Lovtzon

Clheck:




The move vealistic case »‘{ a AeSitler expansion M a [yl duvelion

O Consvdler the case that slpaaw wes ex/aoua.tuﬂ7
ex/;molu'v am!y o~ oa /.;.«'ﬁ e crlew val:
<2<
onmd  assusme ot S/oaatm mwar ex/aa-vw(clu; s/aw? or

mans evenm AMinbkowsbh' Ae/w-c- 7,[,%4 ¢bv 2y

a Recaa: The fimme whesw a amode b cvosses bhe hon'iomm O ;

Y (k) = - g

= amoeder, k w-th 'ﬂw(“) #[7‘.,7/] Mevay cvess
the e Sctle~ hm?ow'

=> Thvee Lasses j Amodles ;

l. ”Smﬂ”wdm :

87 the tiame thuy proper waw.&-.,tlu wosdd veach the Hubble

homn zom A}ﬂ‘ bbhe ol Sctfe~ /ﬂnb/ o afruly over

%.. (k ) >> 7 bl Botl iy it megative
P 1z ol oy
o Tk Ceeolls 2 5
L & 4

Thor guontirn fluctutions oo wt gof aomplifred]
ar e wll cee.




2. ;Mu(amus«'n wodes :

These ave the vmoder wlanhh clo cross the
Ltow'm e cause

P <P (b) <2

The 1444.:&4«» Mﬂﬁ‘ms 1 those modss ave u«/)wfo-d/ ) m:wé,y.

g. Lavr Wc&a:

These avt amodis whnih weee Aovgsn tham the horiton
ahocady st 3. Jn the n[lodavmsry scomans Chty ave Loday
vy mench Sargpy thas the Wl umioesse. They smay only comtutnt,
ffecictly, Like o somelogical comstowt-and may cum be the v of A

Auantuimn ﬂuaﬁaa/ﬂ‘ms i de S bfey space .

0 TZa usual awsalz
J( (‘Z)"V-—v V:(’z) @ * V, (7)62)
Succeeds a9 dw‘?”/" amy fuamdion V, wirdh ol :
" ("
T P

Vi )V, () = G (5) v, () = 20 (b)

| TA! sotunloom s/)aa aj (@) cam be sbown to Le s/nma(,
Lo teannple, iy €hest bwo real-vabacd Bessel [fumctioms




“e (7) - khll ;.. (kl7I) S— Ferenazate

Whint

m=a] Tt
*

HZ
Q TLMSI CW7 ww'(l MM Ve v a ,&mu corlomali o
Ve (’Z) = /4" A, (7) * 6& ‘Ik (7) G‘)
nadh cm,)&x @%ua& A, b,

How <o [Mf/’y lhe stal 1 1Y S,Sl‘e»m k4

Sheatiyy
@) Lheck if amodes stavt awt ou am acliabalic
Yegiome (€he samall amd mudiisnn rmas olo).

b.) Postadls thaf the stete |070f the sqslemn o the
st wlid was the ediabdic vacouim lwg‘"( Y dhena.

C.)CAoosc 1mode ﬁ/«\atca-n Ve whose |0 9674:
02 = l\rac“_(77 =1n>

Thea: d) Cledls 5§, of bhe emd of the cxpometicl
exponsion, 7/, mmé:




S8 G)= G lutpl?
T

Jmpwfad: We hnow thaf v, o a lames
o losmateon 7 Uy Gnd U, amd ce
hnow u od G, ex,x&'«;te, Than , see
only et Ao fuind Ay aed B, im §) ]

aJ Chedd 44 amodes starvt awt v an cotialealyc »ur’.w-e .
]«M, e Sel P’w\ Lhe k6 ¢’a

1" T and o) -
Vi ly) +(k + g — 1Zz)v,,(7) =0

U\d’ > w7 Chg ﬁml % “o,wc hawe m’l\eMduLows/u':
" excet of k & very sannll,
Ve (y) + L Ve ly) =0 (u,/');w%w? agjmam.>

b.) Postalts thaf the stele [070f the sgslemn io the
st wlao was the adicbodic vaceuim | vec > dhenn
- m»uue the AMamhoswsli vacenin .

Nt - e candd aby wae the adialaftic va ccopmn crvitenon  renbl Lol o&%m«.

C)CADOS¢ 1mode /;w\otta-n V, whose |0 04(74’

(02 = [vac 7= 12>
80-17

TL«S, Vie 2 the usual Ukossh rode fomSromn oA ew% Eimes:

} s'W,‘?-u'J
Vn"' e w £ o
Ver i
Lhe rmass term for S ( c'k'?-n'a(
Semplicily, and | —>  (.e. V= —¢
Awﬁfu‘/fﬂwiﬁb ¥ Ve

Ut are M,(got{/y?
ﬁﬂ '7“0




Techwical 0bservalbion: A eavly Uames, 9<co:

Ue (3) = gm(k Iyl +co~:u‘)
SGmt Constot
E,(,) 2 V;r? Scn (k| 5) + coms¥)
24 Pwmsit‘m:
Jn Tevms 4 Uy, U, the mvdde
fendlion v, veads :

e By
T~ 1
/\A/-\
Vl(‘v) = 11: uk (7) - v% u. (7)

v.e.: Vt(y):".l;?i (Jn(ll/'?i)—c‘z.(kl'yl))

PW# . f)(wu’ﬁi.

a()/%w we can calclil S(Pk o the end i the ex,aw»:tre(
expovsion, 7, ”“‘“9 ;

d
S ()= @G Tuiyl®

(aS¢ 1: Vev7 small smodes

T‘t’ are those weth k l&r ma«",sv ot

] 1 - 2 -
Vily) +(k + i - 'Z‘) Vely) = O

the ‘¢1 terw domunsls Ml ék-%f‘& ‘-'1/7“"”'0"'!-




These modes mew cross Lhe banton amd e
have, ‘Ff““m&’e :

j. e - f/Le gzsselﬁmpfab—-«! w

Ch
' 7 v/
é&maa&ﬁ«o’ﬁ'a‘wS{yWﬂMa{ V’( ):—-e ov
Coseme t»:a.;u( 4/,/»«-;««'—";)6\}-\/\”0{( 7 Vk-_’ / 7
Thus

bivar 39 o o 5.
Tlte vaCetimn ﬁéuatqotc‘ons N the o d
4 the ex/ww‘&‘.l ex /)onv'ov- ave ST LL

a9 von Muinhowsly case :

Recall :
$4. ()= <) 4Ly )l 54’7\(?/) ca '(‘7/) o % ka i
_
- aby)t [r/;;mn/a?a
= %(71) (sz(mt«; Zﬁs;;?/zr)

Recall: This o he wssal Plusualsom § petiiemm
/‘v wasshess P'(I/J on ko swsle space

%o&uyﬂw; e Ch ,(a..,;d Pwl;n
5/7414“1 extet X ave st ll s«,/awssz/,

Casc l: Mediwnm site modes .

Tlv‘—’ are é‘o&& M“ k S0 thet e

" e B
Vi l(y) +(k + i ?1) Vely) = O

the Sc"n O‘nr ol lise ‘7““) a‘uv‘? the ex/aouc-ial expansson;
¥l < '7,“, th) < 7




Letwr evaluate bho fludunatlion specrim
Sk ()= Gy

oA the Lown Vbt whie {he expomontial expamsin. ouds:

TAM, él\e K. 6. tym. v o l’tl‘l a/a/pwu'umffo-u:

Recatt :
Vi) + (luﬁ—%)vk(il):o V,':(.I)— % V,(7) =0
omd a bascs of solulions (s easy Yo pm;l, e-J.:
( R
k(7) = (It 1‘2/) 0(Lca71;7 for e
Q) [ -
Wely) = kil orowcsing for 22
725 . Jﬂleel['. use '/L«s /}va/)wg %f‘c gfﬁt[}l«aot'ansl
e () o= YRTHT Fo Ce L) Up () = (k‘,;)’"a .
LER T
%) = e Y (kt) ey
=9/ T at ~ 3 __ _ “ i—n (e 2ot 00)
e - “k“t) ) r'(u) y) (kl’l’) —20°°
™
/?CCR/ZZ.‘ ch#/M,/N M 7
(CE RSNONESAN) -
( - an
Vb = Vu = 2" (k B R———
Recw&ft a’ly)

54’,( (7): Q'I(Z)p/-zlvk(w)/ 5¢L(7~f) ~ H'?[ k3/.? /:_k ,:7(-”) lu(k '?,,)I’u/ |
h=("




0

37
= —m "
2 $dlz)= ()2 rn 2
Tor cm/m—u'sn, wecall case 1, Mﬂvm ill vl viplt o bvisom cussing.
Samdl swdes, cwhose Wﬂ—»\ -
vy lbichir e 09 0on Aiinkowsba'space; ~ H-2 21B4) /1 o nz3/
T 7 $ 4’; (’z/) f 2

ndepondit of L) viadlepp. abio f R !

=) The Amediiam sired amodes ?M‘ wmflt](ui
g st na«,& so that the wsual S pojo vesitonn
d Plr Kualaons of &vr s/wif‘al XG0T o
CoOVvpar sallrol .

:> TAC guan l(m«%%a/ﬁwr ¢ a camaw'u; amode
whn & propey wmvelinglh A o getbing Lovgsr thaw the
/'/um «z‘yf‘,c'.c., whem A > )\”““& = I/H, remaon as
1»,4 ™~ M/a,&"ﬁua& @0 fé; whoe sl 2= 240, = /1

v thaug b {'[um f‘”’"" w-wl-.l-ll rwr:./

Modad - § ¢L (w) dos uif&,wulnw s Yucosnions S*/a; fM Mfa‘ﬂ‘ o&m’a& Sctfer expams iom,

#_/4[&&1 ex,;uut"ul LxparvAon:

/45»«4}4{5“/ ctr a S tatite
MM&(:’/ vty ea.,% L 'vev s e ‘0““‘4";7/

rorcdipnn 5,2 Clm fn

et {U‘(m/ = &VDMVC(I';//LIVL 5&4;&4.

v

Cased smodes (;Auﬂ)

WLZM#-«M Sipuiiance
K—‘(wa,{s on as:ﬂm

" Case 2 modles (wea({«u) Cased amodsy hont b ot condi s

— . b fore the expominon, a5, there
~ Y. (X33 7 e
$4, = H-coust. : 2 sus a3 for Ll !)

A:(%)‘ | \\\ lu(k?

The - ,;.:u case 7N ‘ t[’“"'}aw W%VU@MJéA oAz, Ehe
0[ Mk ows Sluqu; M % % M/JOM“‘C ex/)a“%(d.k




Prelisminovy esbmates :

Cormic Struckuve /wMou ,'g&n-'

¥ H debvmnsr {le am,zb'tw& 7 e L 6C50vved Jlatuatoos
amd swanst e of the vf;éf s 2e 0 (omfomm unth
s vations . Measmrermats 7 oo CMB caackienals :

H 2 10 Lypy = 107

——7AMWMA,,_FM{AW2* T‘\l M{C‘IVJ [‘7': 7}1 st e /67 m,k Su
b s samall amoder bhave Tisme © ex/oa.-d'b

aly) _ Pyt
atéi) anmb,:‘td sre. fo am,ﬁ s '&‘M-cf’-"'d would do ;

32
16 5307

SRS L107*%, 107%% ]

3ot
=S4

Realestic cosmmae wnmflakion
1 How on a Iom'ool o/ »neu-ex/;omu’é'a( ex/mu’auh cocsed?
0 Recall the L,.,CL acon: We wipledh seccts v by

Octann'’s vazov: hert & amo eiduce

for thecr exis Gince s yot-

- {2 n+ R+ OleAyroRT". [r74%

,‘ m 6' Z (OSvn . COSTondt

i+ [ R vw] Vi o %
"o fluto " futet. d

+%’v A'olls «— Ue ’V‘e;«&f s Gorn Nearwse the contolHiom
7/ the Lo Hoto /Lma ¢ ﬁn—u{j//\, Lt 2SS cermed
4o Aavc Apmnnat o 44.\1-—7 ca—w% e Se .,

fxm—.,&a‘m'a 7 V: V@) = m ¢+ 2 9%




g é ?Aﬂﬂa‘(hd 4 amola’on :

=2 —5%) =0 ‘/(.OUS the K.G. eqm.:

'3‘9;" (] ,N(") 4’)1’("””0}0 ) +.a‘a+¥(")h’(xn =0 (l([.)

% S5, . .
$ g,l0) o Yl the msln eqn

R/vv(") ‘]po(“) P(") + Ay,uv (") s = 377’ ¢ 7/:0 (’() (E)

whon €he eaprgy - amomentiuns lomsov (for b ) veaso :
77 4 :
T,-«o = é,,, &,u -J”" (9“#4’/4 41,3 - V(‘b)) +.’\;iz\/ﬁ'm)

, P—/
V/‘ »«ﬂ'sw ‘L'.\‘ Svmeld comn L Aty the
onluwbiion of §, duwiug the viry eacly univrse .

N The b;npavfm'/ s,uahu( cast y /vm;&n«'ig '3’0("/:7

Fq‘us. (kc)aml (E) are a sof of coupledt momblimeoy
PM‘J deffpmleed tguctions twbach me evem classally very havd.

S As 4 Mowest ovel éflawM'm zne arvicttnne
Phﬂdf Amr-mé 9 L'so{ro’7:
<f(v,£) = é('@)
§roltt) = 7,.,(-&)

Nite :
Thas Inay also Ko virved on muM a-»é
the k=0 amselsr, u,&atwy all othes ruodles.




Thus, the egms a'] mAon fl;tn/p&,'l'\/:

~;£ “+3£ .+ﬂ =0 (K.C. equ.
(2] ¢+32%¢ 7 7~-)
X 4 o the O, v ottt
3(%) =8recT, + A u:&;.fmic,/:w-md)
T e o
i cEeeneTe -A (U daasTEtd)
/7/{4{! T, = 9(<) -.-I' '2,,.\,(,;) (¢he Cosvay anse ¥y ?7«})
Tizpth =2 =V (€he pressme p of ¢)

&.VM o b;u{o'.((w"tfms amd grven A V(f) A8 Com mow solve
Ve el 7/
/;v a(¥), b(¢), N loas? W”'c.j(,./

Tivst all coupt to gt expomadtiol ex pamsoim:
Assurms tht |\ domamates oo T, of ol fisels cu matie .
Thow, the 0,0 ovmpoment o Emslicn’s cpuation,
(£) = 2EE T4 4 A Lecomas (2)*= £
whose soluliom hes the ogeved Mebarion :
at)=a,e" " itk H =T !

Pw%ms: UT‘l ameasawed A - {00 {c'm;: Ao‘s Z /0-;—1«';0
*
We'd wed o A hosev o the Phowch scate Au”c‘ 210 >,

0 St A 0 omstat, susk am w flolon wodd vty evel.

Sotulion: A &«mpo—mw;% /a—v;e V(Cf)) has same gmcl‘./




Mﬁ’c e :

G TL( cas»nvl(o,q'u/ o stont A comnlube tes
#&vog a PaSt't've Mv” o“vsl'{)f f,\ el
#d&'u«é a w/oaw P-wsswc f,, .

a Vi vevsa, whenever V(tf) >> 43:’72
f‘w V(*) fw/ao-n-u% F‘,s {40 Saecne -v;[e an A .

B How close tue cwe to V() >> 4’% o a‘;m"(a/by
/Y /Y
'éb E’M‘&‘M 7 SM /aa:-muut.,:

oty _ 4 -V()
wit) = s L+ V()

= JJ/ Wa | thew VI(P) acts likea cosm.comstant.

-l w<




