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Supernova data:
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The deviations from the hubble law can tell us about the past history of the universe!



Another plot of Supernova
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Same Data. Deviations from one tell us about the past history of the universe!
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distance (100 Mpc)

Naive Backward Extrapolation
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distance (Giga ly)

Naive Backward Extrapolation
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a(t) records how much the universe is smaller than today

Ad = a(t) Ar
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Three model universes which go beyond the Naive extrapolation
1. Accelerating
2. Decelerating

3. Real Case: Decelerating than Accelerating
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distance (Giga ly)
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distance (Giga ly)
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Summarize all cosmologies (expansion histories) with a(t)
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We will see that a(t) records the red shift for light emitted at time ¢.
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What does 74 (t.) mean?

12 . . . . r=12 Gly
10 ; r=10 Gly
8 ; r=8Gly

E r=6 Gly

distance (Gly)
(o))

N
|

time (Gy)

T« records where a supernova must explode at time ¢,

to be observed today
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Computing 74 () and d (t¢):
12 . . . . r=12 Gly

deccelerating universe

10 t ~.7 _Ar=10Gly

time (Gy) Aj: ot ot ot

7«(te) (and d (1)) record where a supernova must explode at time ¢,

to be observed today



Computing 7« (te) and dy(te):

12 . ! ! ! =12 Gl
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T4 records where a supernova must explode at time ¢,
to be observed today. Note d.(t) = a(t)r«(t) .
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Light and remnants from a supernova
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What cosmology does the data prefer?

2 —
real case ==~ e YA ‘
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The data want first a period of deceleration then a period of acceleration!



Preferred acceleration history:
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The hot walls in equilibrium with the radiation in an oven




'B&MC—S 0\ /kBC\L\L BOC\\L @&im'c\- e

\C} % ’\'\'\b T . V28 Ox%Q, _wene. leztl%le\ / —meQM LA

\5 SQ T 35 e e pere al e 2

P%s% frb bl 'ﬁ’@‘iwencv

I(/(,\ =2k b X(

e aimoper of “,N,,,,Pw;m&,‘_@-og.»,‘,,N.J.:Q,;_wbo«x»w,,.n ,K

o Sek Y ZS Abe  Stae ol lexe .ﬂe),:i‘iﬂ




OV gy o 282 Lev 30000
e
. /Q\C = 0.1 C)is:i,:x;‘;.wé::tmiJmi‘i};\ceagéwWi;’%iiMw.w.
W:C Qines E\J@“\““ d mm}x. ,‘,,«5,,';;@”,‘.}@{(:&:&:&%“7 fho e
,{x;%e&WW&»OEQM\;W«WEQQ&_;dwﬂf}}gmcﬁmw&&.MML%W,\Y&&LL&
B B Do K o
_ - }\\g =135\ e edlov,)

R N (é\r N S

e — e et e

toc MW wewe ,\v@xx%{:\.ﬁ.‘.wwj.h\l&wwszjtﬁlggi,.ﬁliﬁ.@lﬁy]\,_,,_M,-W

Lo QX&M_%AA,\ ,,w:h,mm ﬁ%waxw See.. Q)Wm&gi

‘  C’(T AX{,;Q@L&:QLWWWXAQQ:&LQ: kmcqj ths S

o - - it e
i e s = e ot N 7 o oy 1 kR S S A 5 e P P R g 35 e £S5l e AN Bt AT AR SO
ot cre . ot -
o s e R — st - - e R s




.L o '&\/\@ b o¥X ‘éé . o %

,§3 = v w e .
o )
e \(leawﬁ_.wim-wi e e e e

~ W N
N R

N g el

R S

Al T A e s e

k)N o kT

5 [k T
A

e j*vw S WM_LA@;.G):{W \\\\\ .

=

Ay Ve euen t@ﬁ Aocs Hhe box ,@m

Crahit ‘i‘)P,\f’” s mé,_zw

B N ‘,‘A‘lt\‘\i— _en @‘f\%u Hécﬁ




C . o
S0 Yhe [lenex 4.4 pev T

A ne T Taldle o
Loae e (kT o
A ak . o

Y J\

M

cidhed) gt de 1.

‘”aak) (xjk @y

(™ g €N @\,\Q}X&:&N 'H.\Q

)

\ AEF?WQQKiAMWW

Commmr T —

|
s

Whet e

—

5.6 x \o‘g

B it

? U\uO o fe  a ﬁ 2“5;—

/ T Yhese ace the sevic,

v

kBC | ‘ R

ey

W

‘L BKL‘



il
)

) F!‘U_’\Q S?Qc_‘rcu»«n @C .*I\Q« . 6!‘“&}& 36‘*("‘

i ~—’
cofedns cenn e g e

rrocta Yo

i
——

i ! { :
: i ‘
j i :
I

Vicled

A blge—

U -% réen..
S V-1 ) P

_____ . 3421?}_
~ I SRR

e Thea  wont 4o kaow lhaw much

Wi goes %o ced  Qreen
Llal * 5 8 %

° Cor C (&.Q)vﬁc—l-mr, D{ O,.Amlu\c? ; (UECQH'\ e

_\%’I{EQSS wre o\ %h‘iw S\ R anaewﬂ.oi _th‘um_:i

4 iéi_,<'@ < Q—L Axﬁ/

N - (N reality

‘[ AN T am8




e .;,WN This I;O Cvile m\Li o _3S. “-W-:xmf;o;cl:g:x_\ﬂ,tu e

——

Iy s Y\O"kw Athal Pos\\:c\,\;\k- o (’\QQ,&U

—

B P v S R
Ck\@»\’ &Cjﬁb TAS LM;. £\«;uf &L_w_(.; w;; S B M;

—— R

. =LYV ‘lﬁcr Cooé K [qe; clide

N PV S S PR

* The _emast Proboble 13 282 KT

B S TR Y O S

e ey b N

emu@jm _.KXLMAL , »da hee dhan .~ 10 k’ r

a—

* The fegﬂ:@s{" {ng OQ‘C_J“QQ __ever 07( ?&&q&ﬁwg
') gghmwl LS. SR

= s ey 3o pe,



Black Body Radiation
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