Updated Cosmology

with Python
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Homework

Dust only Friedmann model (2,0 =0, Q0 =1— Q)

1. Compute the integral

1 a x 1/2
t=— dx. 7
Ho/o [Qm,o + (1= Qmo)z ! @)

and show that:

e Flat Universe (k = 0) 2,0 = 1: This type of Universe is called the Einstein de-Sitter

model, and we have seen the behaviour before:

a(t) = <2H0t)2/3. (8)

e For spherical Universe Q0 > 1 (k = 1), we write

QO .
= [Qmﬁplsmr“ w/z} , Y=o, (9)
and have
— Qm’o _ Qm,O o
a(t) - Q(Qm,’o _ 1) (]‘ - COSTZ))’ t - 2H0(Qm70 _ 1)3/2 (’l/} sin 'lzb)ﬂ (10)

where the first term represents the expression for a cycloid, see Figure ?77.
e For hyperbolic Universe Q0 < 1 (k= —1), we write

Q
= |—2% ginh?y/2|, ¢ =0, (11)
1— Qo

and have

_ Qm,()
2Hy(1 — Qm70)3/2

(coshp — 1), t (sinh ) — ). (12)



Radiation domination (2,0 =0, Qzo =1 — Q)

2. Compute the integral

t= i /a x dx
HO 0 \/Qr,O + (1 - S_Zr,())x2 '

and show that:
e Flat Universe Q, 0 =1 (k= 0):

a(t) = (2Hot)'/2.

e Spherical 2,9 <1 (k= —1) or Hyperbolic , o > 1 (k= 1):

1/2
r,0

1/2
a(t) = (2HeQ 2 1)1/ (1 1 1- 8o H0t> .
' 2
Spatially flat (€20 =0, Quo + Lo =1)

3. Compute the integral
dx,

. 1 /a T
Hy Jo | v/Omox + Qo

doing y = Qm 0z + Oy 0, to get

Hot = [(Qm,oa + 20.0) 2 (Qmoa — 20 0) + 20°02] |

2
3Qr2n70
Cannot be easily inverted to give a(t). Nevertheless t = 2a®? for matter only,

radiation, as expected.

Lemaitre models (24 # 0) but ©Q,, =0
4. Compute the integral

e Spatially flat (Qm o+ Qa0 = 1):

t= i /a \/ ac dzr
Ho Jo V (1—Qa0)+ Q023

writing y* = 23|Q 0|/(1 — Qa0), we have then

B 9 /a3|m,o|/(lﬂmo) dy

Hyt



to show the solutions

sinh ™' [\/a?[Q o[(1 — Qa0)], Qa0 > 0.

Sinfl[\/a3|QA,0|(1 — QA,O)]a QA,O <0.
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