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LCiuestion 1

This quesiton orrrics 608 of the marks for thes
nagTpTER el

Thi= question coneerns o hypothetieal nniverse whiase

soale Pactor I evolvs o amordanois with  the
Friedlmann cguations of Section 2.2 of Db 15
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The egpergy density o consist
P l|_J||. 4 ll'.lr

wheee g™ iz the energy depsiby of matber and g

1 the cperey density of radiefion, elabed Lo Lhe

temperature T by pf = o' where o = T.EG41
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The pressure g is soledy doe to radiation and is given

by = %_rlr.

where N =

5 af fwo terms;

At time tg, It is found that B = 2 % 1075871,
o

2 = 1078 T  and o= = |It|. . -3

(i} Show that I/’E‘_’j ff ‘1 .F'
p= N (H' + -ich } i o 'J i3)

iy What are the dimensions of g, H* and R7

{i)  What is the sign of k in this case? By choosing
ko= 1, find Bit). Explan che meaning of & and 57 in
relation to bl curvature of space aod time, incheding
e ense of a tHat’ aniverse,

(iv) Explam why the cnergy density o amd pressure
prare given by

I R

= [%] + iy [ﬁ] {4a)
1

p=idd [%] (40

at all times. {Account for the powers as well as the
constanis mvilwed )
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(v} Suppose deconpling cecurs st 30001 Find the
density of the univerge p,. and the seale fnctar ffy, al
deconpling, {Give your answers to 2 decimal places. )

[vi} Suppose it W known that i/ = 2738, Fimd
thie tinee of decoupling tg. Use thes valoe of time 1o
fimel FH(ty), and using By from part (v} estimabe o,
by nsing Eguation 3. How dies your result for g,
compare with the value you ohtained in part {v]7
Acepunt briefly for any (iferences.

(wit) Explain very bricty m words what you sonld
poed tode o ovider bo find the time at which poelear
peactions ovcurred theouphout the universe, (Do pot
attempl the algebrac)

Oimeslion 2
This guestion carries {0F of the marks for this
L LT

Write o shorl wssay (about 400 words, say) on the
sipnificance of izotropy in cosmology. In particular,
yor sheulid pay attention to the following point=:
(i) What evidenoe 15 Ehers o support [or refute] Ehe
contention that we live noan Selropie aniverse?

(i) In what way does isotropy enter our mathemit-
peal madels of space and time on the cosmic scale?

iiii] What physical evidence is there that the
Universe iz not complelsly - Botropie, and  what
does this tell us about the uniformity of the early
Universe?

Grnerad ailviee on the writing of casaps wes protaded
i Edd 8 and shondd be Jollowed here. However,
vetembher Heal Uas essay oonly eorrice 409 of the
ks for this assigrment and et of should be kepd
shord,  You might foad @ helpfud fo imagore thal
gou are writing a shorl article for a journod or a
magurine, where the editor will demand that cvery
senbenor 5 infernsiing, aceverals avd relevand, T thas
cieze, abond three-guarters of e marks wdll be given
Jor content, and the rest for ormpanizalion, belorce
and colerenee,
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