PROBLEM 14: EVOLUTION OF FLATNESS (15 points)

The following problem was Problem 3, Quiz 3, 2004.

The “flatness problem” is related to the fact that during the evolution of the standard
cosmological model, () is always driven away from 1.

(a) (9 points) During a period in which the universe is matter-dominated (meaning that
the only relevant component is nonrelativistic matter), the quantity

grows as a power of ¢, provided that (2 is near 1. Show that this is true, and derive
the power. (Stating the right power without a derivation will be worth 3 points.)

(b) (6 points) During a period in which the universe is radiation-dominated, the same
quantity will grow like a different power of t. Show that this is true, and derive the
power. (Stating the right power without a derivation will again be worth 3 points.)

In each part, you may assume that the universe was always dominated by the specified
form of matter.

e ke? T
}Hz = ?‘W - 6?2 /éc ’ (HZ 836 /&c

Qf/ﬁ//t?"v/’g, -/(Z = /6/

(o)

— Sl 2
T pe = = /L
S G a’ “

- P—/C B;IQCZ

N
]
//

Q-4 —> -1 Bgce?
_Q _CZ %néﬁkz/ﬁ

TF we. e GIL/(_S/~ /J/€c ﬁj%w/ /ﬁ = 4/0\3

= Q- q .
o L Lo = el

nAC)'()'Q/' o

T wdh @feml,wjes The  cosmic cuvolition Thor o C 62[? /



[1@ For F4Jjjz’ov,

ﬁ:f‘/ l‘/)/j[ on 6ral‘7 //.//;\}70/1//

© C /l/a‘/

&oéé%




