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Post Newtonian approximation  
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Perturbation Theory vs. Post-Newtonian  
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Perturbation method:  
ÇPerturbation expansion. 

ÇAll perturbation variables are small. 

ÇWeakly nonlinear. 

ÇStrong gravity; fully relativistic! 

ÇValid in all scales! 

Post-Newtonian method:  
ÇAbandon geometric spirit of  GR: recover the good old 

absolute space and absolute time. 

ÇProvide GR correction terms in the Newtonian equations of  
motion. 

ÇExpansion in  

 

ÇFully nonlinear! 

ÇNo strong gravity situation; weakly relativistic. 

ÇValid far inside horizon  
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scale Horizon ~ ct 

(~3000Mpc) 

Distance between  

two galaxies 

(~1Mpc) 
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Origin and evolution of LSS 

Ç Quantum origin 
-  Space-time quantum fluctuations from uncertainty pr. 

- Become macroscopic due to inflation. 

- Nonlinear effect?  NL perturbations 

Ç Linear evolution (Relativistic)  
-  Linear evolution of the macroscopic seeds. 

-  Structures are described by conserved amplitudes. 

Ç Nonlinear evolution (Newtonian)  
-  Nonlinear evolution inside the horizon. 

- Newtonian numerical computer simulation. 

- Relativistic effect?  

 NL perturbations, PN approximation 



Perturbation Theory 



Noh, JH, PRD (2004)  



temporal comoving (v=0) gauge 


