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# The general theory of relativity (1915, 1916)
A relation betweespacetimeand matter

Gravity = curvature opacetime ds’ = —c*dt’ + da” + dy® + dz” J
ds* = g/wdx"dx"
® Principles
Principle of equivalence
¥ = W o 1 v R Saa o e ] N e e ] R = S R o e e s T D o R s N ¢
Matter has a primary role, space has a derived one 1 g

# A burning question: a consistent model of th€osmos?
ACan relativity be followed through to the finidlo ( 1 9 1 8)

# Cosmological considerations (1917) ’ *‘_-;%f;f".fﬂ_

Resultof long deliberatons A r ough and win IR TR
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# Apply general relativity to the Universe (1917)

nst el

n 0 sStancdJdivernse o f

Ultimatetest for new theory ajravitation

# Assumptions

Static universe (small velocities of the stars)

Ma c tprinesiple (metric tensor to vanish at infinity
Isotropyand homogeneity (simplicity)

# Boundary problem
A cosmos of closed curvature

No consistent solution

# Field equationsmodified!
Additionalterm inGFE (1916)
Radius and density defined by

1

Doc. 43

Cosmological Considerations in the General Theory of Relativity

This translation by W. Perrett and G. B, Jeffery is reprinted from H. A. Lorentz et
al., The Principle of Relativity (Dover, 1952), pp. 175—188.

_Q

T is well known that Poisson’s equation
V¢ = drKp

in combination with the equations of motion 0!.3. ms;terial

1

point is not as yet a perfect substitute for Newton's theory
of action at a distance. There is still to be taken into account
the condition that at spatial infinity the potential ¢ tends




Some key quotesHinstein 1917)

] RS s ot o o 2 T RIS e I D5 et e 1 T 0 2 eyl VAR o Wl et A= 8 EXAC 65 i T
but only an inertia of masseselativet o one anot her o

N have not succeeding in formulating boundary conditions for spatial infinity.
Neverthel ess, there 1 s stilbl a way
as acontinuumwhich is finite (closed) with respect to is spatial dimensions, we
should have no need at all of any such boundary conditions

n T mest important fact that we draw from experience as to the distribution of
matter is that the relative velocities of the stars are very small compared with the

velocity ofl i g hTihere is a system of referenetativeto which matter may be
looked upon as being permanentlya¢ st ©

A H o w e theesystem of equations ..allows a readily suggested extension which
Is compatible with the relativity postulate.. For on the left hand side of the field
equati onéwe may addCt,maltplfediby dnivegsalt a |
constant, 1, at present unknown, without

Schr oedcionngmeerndgts ( 1918) : Ei-n-stiei nos



Einstein vs de Sitter

Alternative solution of the GFE
A universe empty of matt€¥917)

# Solution B

CosmICCOI’lStampI‘OpOl‘tlona| to Curvatur@f Space 2o 5. “Critical Comment on a Solution of the
b Gravitational Field Equations Given by Mr. De Sitter”
oY

| Einstein 1918¢]

# Disliked by Einstein
Problemswith singularitie® (1918) bent s 2 M 115

In: Kiniglich Prewffische Akademie der Wissenschaften (Berlin), Sitzungsberichre (1918):

Conflictwi t h Machos principl =»

115 Herr De Sitter, to whom we owe deeply probing investigations into the field of the
¢ of relativity, has recently given a solution for the equations of grav-
h, in his opinion, could possibly represent the metric structure of the

itatig hic]
univ However, it appears to me that one can raise a grave argument against the

‘ Th e d e S Itter CO nfu S i O n admissibility of this solution, which shall be presented in the following.
The De Sitter solution of the field equations
Static or nonstatic- a matter of ceordinates?
Weyl ,LanczosLematre
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Prediction of redshiftst Slipher effect?



# Evolving universes

Densityof matter varies ovetime

Einstein vs Friedman

Allow time-varying solutions (1922)
Assume homogeneity, isotropy, positive curvature
Twoindependent differential equations from GFE

Overlooked by community

Considered suspi ci ous
Mathematicalkorrection, later retracted

fFe-thisaphystcalreality-can-hardly-be-aseribed

# Negative spatial curvature (1924)
Cosmicevolution, geometry depends imiatter

Overlooked by community
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Einstein vd_emaitre(1927)

' - SR8
Expanding modelof the Universe from GR St =it
Similar but not identical to Friedman 1922

Starts from static Einsteidniverse LR ﬁ,‘ 1

R Fr Georged_emaitre

# Redshifts of galaxies = expansion of metrtc
Redshifts fronslipher, distances from Hubble

H = 585 kms'Mpct

# Ignored by community
Belgianjournal (in French)
Rejected y E i nvstieghysigues$ta b o mi n a

# L e ma’  tecoledion (1958)
ANEI nstetodanet wuph astron '




Hubbl eds

# A redshift/distance relation for the nebulae?
Motivation establishing distances of all nebulae

# Linear relation (Hubble, 1929)

20 redshiftdrom Slipher. not acknowledged
Most important data point not shown (8Mpc, 4000 km/sy*="

# Landmark result in astronomy
H = 500kmst Mpc?

Son

# Not the expanding universe!
Astronomy, not cosmology . — ¥,
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Velocity-Distance Relation among Extra-Galactic Nebule,

The watershed

A RAS meeting (1930)
If redshifts are velocities, and if effect is Honal

Hubbl ebs | aw = d&ddpde®iger)on of

o' pRstes 10 Pagsich

FIGURE 1

A Dynamic model required
fiMotiimMmnEi nsteinds WBodeler ds ? ma &

A Lema’  intergehiton
1927 expanding model republished in English (1931)
Observational section omitted (rightly

A Lemaitre model circulated

Timevarying radius, density of matter
Friedman 1922 models become known
Positive curvature




Models of the evolving universe (1930

A Tolman (1930, 31)
Expansion caused by annihilation of matter ?

A Eddington (1930, 31)

On the instability of the Einstein universe
Expansion caused by condensation?

A de Sitter (1930, 31)
Variety of expanding models

A Heckmann(1931,32)
Spatial curvature (not translated)

A Einstein (1931, 32 JMK
FriedmanEinstein model &= 0O,
Einsteinde Sitter model a= 0O,

K
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1
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Zum kosmologischen Problem der allzemeinen
Ralativitiitstheorie.

Ei n s t1931lnmodebk ¢-E)

# Ei nst ei n 6 s ofthéExpasding Universe e |
Occasionally cited, rarely read (not translated)

3p'? 3¢ )
. P2+F—)\=rccp.
i Adopts Friedman 1922 model
p'?  2p"  c?
Timevarying closed universe: k =1 pzt Ttz A=0
i(@)g—ﬁ‘“%m dp Py — P
# Setcosmic constanto zero e\ dt i ()= ¢ °P
Instability of static solution
Hu b b bbeedvations J_tar1 o LhoP
P dt'c P2 P D
G
# Extraction of cosmic parameters! pre ot
Px 1®lyr: x j10%¢g/cm? soF

tx 100yr : conflict with astrophysics

2
Attributed to simplifying assumptions (homogeneit‘,}"}
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1931 mod
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First translation into English
O6 Rai f eaadrMcGanng2®14

. dP
P odt’

I

1
P

Anomalies in calculations ofradius and density
Einstein:Px 1C®lyr,}x 1026g/cn?, tx 10W0yr
Weget: P 1Qlyr, x f028g/cm?,tx 10°yr

Source of error?

Oxford blackboard: Bx 10°3cnt? shouldbe 10°° cnr?
Timemiscalculation 1 0%r(s h o In & @yr)
Nonttrivial error: misses conflict with radioactivity

Not a cyclic model
A Model fail s at Pl S0 1900
Contraryto what isusually stated

o 1h-P Pt
P2 P D
DZ—g}cpPOP%P D%~ kp

(May 1932




Some key guotes (Einstein 1931)

AThe cosmological problem is understood to concern the question of the nature
space and the manner of the distribution of matter on a large scale, where the
material of the stars and stellar systems is assumed for simplicity to be replacet
continuous distribution of mattero

ANow that it has become clear frddu b b ®dults $hat the extrgalactic

nebulae are uniformly distributed throughout space and are in dilatory motion (&
least if their systematic redshifts are to be interpreted as Doppler effects),
assumption (2) concerning the static nature of space has no longer any

T 5w oy e T R el T T N B i St

nSeveral investigators have attempted to account for the new facts by means
of a sphericalspacewhose radiusP is variable over time. The first to try this
approach, uninfluenced by observations, was A. Friedmahon whose
calculations | base the following remarkso

N Ho w ethegmeatest difficulty with the whodep p r o iag thdt &ccording to

(2 a), the elapsed time since P = 0 comes out at only &b&uytears. One can

seek to escape this difficulty by noting that the inhomogeneity of the distribution
of stellar material makes our approximate treatmehtl us or y. 0o
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