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Non-linear Growth of Structure
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Virial Theorem, 

Zel’dovich Approximation,

N-body Simulations



Filamentary Structure: Zel’dovich Approximation 
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Zel’dovich Approximation cont’d
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Non-dissipative Pancakes: why flat?
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N-body simulation
N-body simulation

ΛCDM 



N-body simulation



N-body simulation



N-body simulation

spherical collapse 
or mergers



N-body simulation

spherical collapse 
or mergers



N-body simulation

spherical collapse 
or mergers



N-body simulation of Halo Formation



Top-Hat Model (Λ=0, matter era)
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Spherical Collapse
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Virial Scaling Relations
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