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A Brief view on the extended theories of gravity, in particular 

on the scalar-tensor picture.

The introduction of homogeneous models, with a focus on 

the Bianchi IX model and its features.

Create a Link between extended theories and homogeneus 

models, in particular by studying the Mixmaster model in the 

R2-gravity case.

For this model we show the point-Universe trajectories in 

order to analyse if a quadratic correction in Einstein-Hilbert 

Lagrangian modify the nature of the cosmological singularity.

Table of contents



The f(R) theories of gravity are a generalization of the Einstein-Hilbert Lagrangian
consisting in a replacement of the Ricci Scalar R by a general function f(R)

Introduction of  the field

Variation respect to the new 
field imply

Field redefinition

Conformal substitution

Scalar redefinition

f(R) Gravity

Jordan Frame

Einstein Frame



For small values of the Ricci scalar the first order correction to the Einstein-
Hilbert Lagrangian is represented by a quadratic correction

This is the effective potential 

that emerges in the so called 

Starobinsky-inflation model
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The particle always collides on the walls. The 

oscillatory behaviour of the Bianchi IX model is 

map in a never-ending bouncing of the point-

Universe against the walls

(Bianchi I)

(Bianchi II)

Mixmaster dynamics
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Bianchi I model with a massless scalar field

Line Element for the configuration variables
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The presence of the singular 
values           and          allows 
to restrict the domain of the 
configuration space to analyse 
the point-Universe trajectories

Free potential Hamiltonian equations

Free potential case



Bianchi IX model with a massless scalar field 

point-Universe living domain

The point-Universe is able to approach the 

“absolute” for                 with no other 

successive bounces. It shows, in a new 

graphic way, the known feature about the 

removal of the oscillatory behaviour of the 

Mixmaster model coupled with a massless 

scalar field

Intermediate potential case



point-Universe living domain

The point-Universe trajectories that are able 

to approach the “absolute” already exist. A 

quadratic correction in the Ricci scalar is 

able to remove the typical never-ending 

bounces of the point-Universe against the 

walls, i.e. the chaos removal.

Full potential case



In the Scalar-Tensor version of the R2-gravity the scalar field

potential term has an exponential profile comparable respect to 

the curvature potential.

We individuate a natural parametrization of the configuration

variables, very useful for future attempts to quantize the system.

Since the classical evolution is expected to be predictive up to a 

finite value of the Universe volume, for sufficiently small coupling 

constant q values, the present model can be considered as the 

quadratic Taylor expansion of a generic f(R) theory.

The result we derived in the homogeneous cosmological setting, 

can be naturally extended to a generic inhomogeneous Universe, 

simply following the line of investigation related to the BKL 

conjecture.

Conclusions



Thank You!



SuperHamiltonian constrain

Bianchi IX with a massless scalar field


