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General Relativity
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Unimodular Gravity

1 1 1
4 2 4

R Rg T Tgµν µν µν µν
� �− = − −� �
� �

 is a constant of integrationΛ

( )det 1g gµν= =

, ,

1 1
0 4

2 2
R T R Tµ µ− + = ⇔ − + = Λ

tracefree equations

Bianchi identities



Normalized General Relativity

( )M

NGR

g R L
I

g

− − +
=

−
�

�



Normalized General Relativity

( )M

NGR

g R L
I

g

− − +
=

−
�

�

Equations of motion

1 EH
NGR EH

I
I I g

g g
δ δ δ

� �
� �= − −
� �− −� �

�
� �



Normalized General Relativity
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Machian Principle

( )

2

classical
EHIΛ =

”Mass there governs inertia here”

”Local physical laws are determined by the 
large-scale structure of the Universe”
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Simple example
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FLRW model
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Normalized FLRW model
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Plugging in the FLRW line element one is led 
towards the reduced action

Its first variation is:

2
NGRIΛ =Self Consistency
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Normalized FLRW model

( ) ( )1
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2
a a aρ ρΛ = − +

Eliminating  and  we are led towardsa a� ��

Employing the local conservation law
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The self consistency may be written as
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Normalized FLRW model

( ) 2 3(1 )wa c aρ − +=

Starting from the equation of state p wρ=

+3 0 implies 3(1 ) 2p wρ > − + < −

To fix  we substitute the solution back into the self consistencyΛ
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Normalized FLRW model
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Normalized FLRW model
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What values of  are allowed?Λ
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NGR Features

• No extra degrees 
of freedom

• General covariant

• Underlying Symmetry principle
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