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The renaissance of relativity
Astronomy and the universe (1960




Relativity

# The principle of relativity
Relativity of motion
Buridan, OresmeBruno, Copernicus

Galileo (15641642)
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# Implications for cosmology
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Electromagnetism
Electricity and magnetism electromagnetism
Speed of electromagnetic wave = speed of light in vac

Michael Faraday JC Maxwell

Light = an electromagnetic wave
Changing electric and magnetic fields

The electromagnetic spectrum | wavs e o
T . at speed of light
Speed relatlve to What? THE ELECTRO MAGNETIC SPECTRUM
The concept of the ether bl
Radio Microwawe infrared Visiable Ulravicolet X-Ray Gamma Ray

The search for the ether \/\/\/\/\N\
MichelsonMorley experiment

Frequency (H=)

16 18 20
10" 10° 102 10" 10" 10 10




The special theory of relativity (1905)

# Two principles
Laws ofall physics identical for observers in relative uniform motion
Joeed of light in vacuum identical for observers in relative uniform motior

# | mplications I
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Intervals in distance antimenotuniversal | M J] i ) )) )D
Experienced differently by bodies in relative uniform motion ‘

# Predictions (high-speed bodies)

Lengthcontraction: time dilation —
Mass increasemassenergyequivalence
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ds? = dx? + dy*+ dz? — c*dt?

# Minkowski spacetime (1908)
Spacetimeinvariant for observers in relative uniform motion

In motion




The general theory of relativity (1916)

i Extending the special theory(1907) i GBI S
Relativityand accelerated motion? i e
Relativityand gravity?
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# The principle of equivalence — % 3 Ve

upward uniform
accalaration = g

Equivalence of gravity and acceleration
ExtensionoGal i | eob6s princiople

# The principle of Mach
Inertial mass defined relative to matter 1) 8030 "o

# Alongroad (19071915) ‘
Spacetime determined by matter e e
Gravity = curvature of spacéme T (o




The field equations of GR (1915)
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Three astronomical tests (Einstein, 1916)
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Small deviations in practice (weak scale)

The perihelion of Mercury

Weltkk nown anomaly 1 n"péMeentay r y ¢
Postdictecby GR (1916)

The bending of starlight by the sun(1.7")

Eclipse expeditions dddington and Dyson (1919)
Successful measurement (large error margin)

Gravitational redshift

Time dilation in strong gravitational field
Light from a star redshifted by stellar mass?
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s, () Eclipse Results (1919)

of the Star

Aclual Position E " Apperent Position
|

Sobral: 1.98" +/- 0.16
Principe: 1.7" +/- 0.4

= Einstein famous (1919)

LIGHTS ALL ASKEW
IN THE HEAVENS

|' 95.ooo.ooomil.';- ’ Ty
Men of Science More or Less
Agog Over Results of Eclipse
Observations.

Showing Path of Tolal Eclipae of May28.29, 1919, [ |
and positions of the two Obaervalion Skalions.

EINSTEIN THEORY TRIUMPHS

Stars Not Where They Seemed
or Were Calculated to be,
but Nobody Need Worry.
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No More in All the Worid Could

Asymmetric controversy (Collins and Pinch 19708) e e e e
Claim of bias; rebutted by astronomers (RAS)



El nsteil nds react.

Albert Einstein, The Times (Novt28919)

The new theory of gravitation diverges considerably, as re-
gards principles, from Newton's theory. But its practical results
agree so nearly with those of Newton’s theory that it is difficult
to find criteria for distinguishing them which are accessible to
experience. Such have been discovered so far:

1. In the revolution of the ellipses of the planetary orbits
round the sun (confirmed in the case of Mercury).

2. In the curving of light rays by the action of gravitational
fields (confirmed by the English photographs of eclipses).

3. In a displacement of the spectral lines toward the red end
of the spectrum in the case of light transmitted to us from
stars of considerable magnitude (unconfirmed so far).*

Let no one suppose, however, that the mighty work ot New-
ton can really be superseded by this or any other theory. His
great and lucid ideas will retain their unique significance for
all time as the foundation of our whole modern conceptual
structure in the sphere of natural philosophy, |



Gravitational redshift

# Sirius B

Walter Adamsl1925: redshift of spectrum
False result; contamination by Sirius A

# Harvard Tower experiment

Pound,Rebkaand Snyder (1952
Redshift of gamma rays (Mossbauer effect)

n Gravity probe A
NASA(1976): maserclock 10,000 km above earth
Changes n cl ocko6s rate i n agr ece

# GPS

Clocks in GPS satellites adjusted for weak gravitational field




Relativity and the universe

Doc. 43
Cosmological Considerations in the General Theory of Relativity

# Einstein: apply GR to the Universe (1917)
Ultimatetest for new theory ajravitation i i et B iy T L A LR

al., The Principle of Relativity (Dover, 1952), pp. 175-188.

# Assumptions
Uniform, static distribution of matter
Machos principle: metri

Vi = 4nKp . M)

T is well known that Poisson’s equation
in combination with the equations of motion of & material

point is not a8 yet a perfect substitute for Newton's theory
C of action at a distance. There is still to be taken into account
the condition that at spatial infinity the potential & tends

# Boundary problem!
Assume cosmos of closed curvature

Snagéno consi stent 0]
Gy = — 1Ty

# New term needed in field equations!
Cosmicconstant allowed by theory
Anti-gravity effect? Gy + Ay = — KTy s ke _ 1
Radius and density defined &y




De Sitter

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

# Solution B
Cosmicconstaniproportional to curvaturef space ™ > Critical Commentona Solution of the

Gravitational Field Equations Given by Mr. De Sitter”

— O-J ‘Y | Einstein 1918¢]
# Disliked by Einstein N

CO”ﬂlCtW I t h Mmm‘eﬁ S Punrisuep 21 March 1918
Problemswith singularities? (1918)

In: Kimniglich Prewfische Akademie dev Wissenschafren (Berlin), Sirzzungsberichre (1918):
270-272,

I II Herr De Sitter, to whom we owe deeply probing investigations into the field of the
1eory of relativity, has recently given a solution for the equations of grav-
‘hich, in his opinion, could possibly represent the metric structure of the
universe. However, it appears to me that one can raise a grave argument against the
admissibility of this solution, which shall be presented in the following.

l The de Sltter ConfUSion The De Sitter solution of the field equations
Static or nosstatic- a matter of ceordinates?
Weyl ,LanczosKlein, Lematre
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Prediction of redshiftsi astronomical interest



The dynamic universe (theory)

# Alexander Friedman (1922)
Allow time-varying solutions for the cosmos

Two differentialequationdor R
Alexander Friedmar

(1888-1925)
# Evolving universe

Timevarying radius and densitgf matter Y
: \ : : 2 : Georged_emaitre
Considered OsuspiciousoOo by EI nst gdodioees)

# GeorgesLemaitre (1927)

Theoretical universef timevaryingradius
Expanding universe in agreement with emerging astronomical data
Also rejected by Einstein
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