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Newton’s gravity:

e Non-relativistic (no c¢)

— Action at a distance, violates causality

— ¢ — o0 limit of Einstein gravity s post Newtonian approximation
— No horizon

— Static nature

e No strong pressure allowed
e No strong gravity allowed
e No gravitational waves

e Incomplete and inconsistent

Einstein’s gravity:

e Relativistic gravity
e Strong gravity, dynamic
e Simplest

% The two theories give the same descriptions for the cosmological world model
and its linear structures.



World model: spatially homogeneous and isotropic world model
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e Relativistic (Friedmann 1922) °
e Newtonian (Milne-McCrea 1933) °

Structures: iincar perturbations

0 + 285~ ArGupo = 0.
a
e Relativistic (Lifshitz 1946) ’
e Newtonian (Bonnor 1957) ®

“It is curious that it took so long for these dynamic models to be discovered after the
(more complex) general relativity models were known.”

G. F. R. Ellis (1989) *

% In fact, the known “Newtonian cosmology” is a GR guided version!

"Friedmann A. A., 1922, Zeitschrift fiir Physik, 10, 377; translated in Bernstein J., Feinberg G., eds, 1986, Cosmological-constants: papers
in modern cosmology, Columbia Univ. Press, New York, p. 49
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*Bonnor W. B., 1957, MNRAS, 117, 104

“Ellis, G. F. R., 1989, in Einstein and the history of general relativity, ed. D. Howard and J. Stachel (Berlin, Birkhiuser), 367



Studies of Large-scale Structure

General \
Relativistic

Weakly
Relativistic

Newtonian
Gravity

Weakly Fully

Linear T _ .
Nonlinear Nonlinear

Perturbation



Perturbation Theory vs.Post-Newtonian
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Cosmology and Large-Scale Structure
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Perturbation method:
Perturbation expansion.
All perturbation variables are small.
Weakly nonlinear.
Strong gravity; fully relativistic!
Valid in all scales!

Post-Newtonian method:

Abandon geometric spirit of GR: recover the good old
absolute space and absolute time.

Prot\_/ide GR correction terms in the Newtonian equations of
motion.

Expansionin d= GM v
¢ R ¢’

Fully nonlinear!

No strong gravity situation; weakly relativistic.

Valid far inside horizon
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Origin and evolution of LSS

C Quantum origin

- Spacetime quantum fluctuations from uncertainty pr.
- Become macroscopic due to inflation.
- Nonlinear effect? NL perturbations (s

C Linear evolution

- Linear evolution of the macroscopic seeds.
- Structures are described by conserved amplitudes.

C Nonlinear evolution
- Nonlinear evolution inside the horizon.
- Newtonian numerical computer simulation.
- Relativistic effect?
NL perturbations, PN approximation <




Perturbation Theory



3.1 Second-order:
Relativistic-Newtonian correspondence

Newtonian:
Mass conservation, momentum conservation, Poisson’s equation: '
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% These equations are valid to fully nonlinear order!

Relativistic: (irrotational, K = 0, but for general A) Noh, JH, PRD (2004)
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* This equation is valid only to the second-order!

"peebles, P. J. E., The large-scale structure of the universe ="~
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temporal comoving (v=0) gauge



