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• For large variance of the expansion rate, the right hand side can be positive



14



15Physical interpretation

• How can we understand the emergence of acceleration physically?



16Physical interpretation

• How can we understand the emergence of acceleration physically?

Short answer: the volume becomes dominated by the fast-expanding regions
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• Large variance of the expansion rate can induce acceleration

Variance large when contracting (θ < 0) and expanding (θ > 0) regions coexist

... like in the late universe when structures form via gravitational collapse

• Volume-expansion×age of the universe = 〈θ〉t = dimensionless measure of expansion

• To fit an inhomogeneous cosmology to observations, 〈θ〉t should increase from
〈θ〉t ' 2 to 〈θ〉t ' 3 in ∼ 10 Gyr (Mattsson)

• Räsänen has estimated in a rough model that nonlinear structure formation increases
〈θ〉t from 〈θ〉t ' 2 to 〈θ〉t ' 2.5 in O(10)Gyr

• How are the volume-averages related to observables?

• Wiltshire:

–
〈
(θ − 〈θ〉)2

〉
not enough to accelerate volume-averaged expansion, but...

– relating the volume-averages to local observables leads to apparent acceleration



31Conclusions

• Averages of inhomogeneous quantities do not evolve in time like the corresponding
homogeneous quantities

• Average expansion can accelerate even if local expansion decelerates everywhere

• Structure formation may account for the observed cosmic acceleration within
standard physics
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