Zeldovich Approximation

If initial fluctuations are smooth, we can estimate the moment of collapse and the whole dynamics of the
collapse without assuming the spherical symmetry or any kind of homogeneity of initial density perturbations
as we did for the spherical infall model or for the homogeneous ellipsoid model.

In the Zeldovich approximation we follow the motion of a fluid element. This is done using the Lagrangian
approach to the equations of hydrodynamics.
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If we know comoving coordinates, we always can find proper

’ — -
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- -~ lagrangian coordinate is a label of particles. This is comoving coordinate of particle in
7 the absence of perturbations

According to Zeldovich (1970) the relation between 2Z¢#) and 7 is given by:
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Find peculiar gravitational acceleration
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So, according to ZA particles are moving along straight lines.
From the linear theory we know that perturbations do not have rotation. This can be written as
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Thus, the displacement vector is a gradient of a scalar function:
—_— - -
S5@G)= v 2 )
—
In order to find the relation between /S‘( f and the density perturbation 7{?
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we use the continuity equation in Iagrangian formulation of equateons of hydrodynamics
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Now we need to find the Jacobian of transformation from lagrangian to comoving coordinates:
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Use the linear theory to normalize ZA: ?"‘5 L< |
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Use these expressions to find the density in the linear regime:
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Using these expressions for the deformation tensor we can finally write the density:
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The Zeldovich approximation is exact for 1-d fluctuation before the crossing of
trajectories.
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