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Outline
• Credentials ?
• Why not Lorentz covariant scalar theory: Nordstrom
• How to motivate curved geometry: rotating platform
• Should one have believed the three famous tests

– Red shift before Pound/Rebka
– Bending of Light before quasars
– Perihelion advance before Hulse/Taylor

• Slippery idea of coordinate freedom : Shapiro test
• Einstein got caught too :1916 vs 1918 papers
• Bright future: GR now part of science



                                            Lorentz Covariant Theories of Gravitation
             “General Relativity and Lorentz-Invariant Theories of Gravitation “ G.J. Whitrow G.E. Murdoch Nature 188 790 (1960)
         “ Brief Review of Lorentz-Covariant Scalar Theories of Gravitation” A.L. Harvey American Journal of Physics 33 449 (1965)

                                                                 Nordstrom Scalar Theory
                                                               Nordstrom  Annalen der Physik  40  877  1913
                                                               Nordstrom  Annalen der Physik  42  533  1913
                                                               Nordstrom  Annalen der Physik  43  1101  1914
                                                  Von Laue  Jahrbuch der Radioactivitat und Electronik  14  263  1917

Source equation:            

“Newtonian G” coupling depends on   :         

Equations of motion:       

Gravitational energy flux :           how to put scalar field energy into  ?
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Special relativistic length contraction and simultaneous measurement
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Imagining a rotating platform
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CASE STUDY 1: THE DEFLECTION OF LIGHT
References:
“The Determination of Einstein’s Light-Deflection in the Gravitational Field of the Sun”
H. von Klüber in VISTAS IN ASTRONOMY  V3, 47 (1960)

“A Confirmation of Einstein’s General Theory of Relativity by Measuring the Bending of Micro-
wave Radiation in the Gravitational Field of the Sun” E.B. Fomalont and R.A. Sramek , Astro-
physical Journal V199,749 (1975)

“Further Experimental Tests of Relativistic Gravity Using the Binary Pulsar PSR 1913 + 16”
J.H. Taylor and J. M. Weisberg, Astrophysical Journal V345, 434 (1989)
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Fitting procedure for difference between stellar positions in the plates
relative translation
relative rotation
inclination of each plate relative to the telescope optic axis
scale value (magnification)
light deflection

Most significant difficulty - maintaining the scale

             30%  measurement  @  r  =  5                  

                                 

               Inevitable thermal instabilities during the eclipse

Other difficulties

   Not enough bright stars within the significant fitting region to separate scale from deflection.
   Not enough observing time:    90 minutes total 1919 - 1960
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BENDING BY MICROWAVE INTERFEROMETRY

Sensitivity:

                            

                          Split fringe to 0.004 arc seconds in 8 hours of observation

Perturbations

          Solar plasma:  refraction varies as  . Separate by using  two different wavelengths

          Atmospheric propagation

Control

         Measure relative motion of 0116+08, 0119+11 and 0111+02
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                                              Sources of precession of  the planet Mercury as observed at the Earth
                                                              G.M. Clemence  Rev Mod Phys  19  361  1947

source magnitude seconds arc/century

Total observed precession 5599.74 

General precession of the equinoxes 5025.645 

Venus 277.856 

Earth 90.038 

Mars 2.536 

Jupiter 153.584 

Saturn 7.302 

Uranus 0.141 

Neptune 0.042 

Solar Oblateness (1930 German #) 0.010 

Sum of known terms 5557.18 

Residual 42.56 

0.41±

0.50±

0.68±

0.08±

0.00±

0.01±

0.01±

0.00±

0.00±

0.02±

0.85±

0.94±













                                                     SHAPIRO TIME DELAY 
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SPHERICALLY SYMMETRIC MOTION RADIATES GRAVITATIONAL WAVES







THE QUADRUPOLE FORMULA A FACTOR OF 2 TOO SMALL



Physics of gravitational wave detection in addition to 
gravitation itself

• Quantum mechanics of the electromagnetic radiation field
– Phase noise
– Radiation pressure noise
– Squeezed light
– Control of scattering and diffraction

• Low dissipation mechanical systems
– Fluctuation-dissipation theorem
– Noise free damping systems

• Vibration isolation and inertial sensing systems
– Inertial references
– Servo control systems
– Digital filtering

• Techniques to evaulate and circumvent random noise



Technical advances and experimental and observational elegance
bring reality to the field and are interesting to students

DO NOT FORGET THEM IN YOUR COURSES
• High precision weak principle of 

equivalence test
• Second order redshift with trapped 

atom clocks
• Bending of light to second 

order:stellar interferometry
• Strong principle of equivalence 

tests: clocks in different potentials
• Search for scalar fields in 

gravitation

• What is the dark matter
• What is the nature of the 

dark energy

• Direct detection of gravitational 
waves

– Strong field gravitation
– Wave kinematics
– Inventory of the universe
– Measurement of a gravitational 

collapse
– Neutron star equation of state

• Indirect detection of gravitational 
waves – CMB measurements

– Polarization: primeval GW and 
inflation

– Spectral index of the fluctuations
– Lensing conversion E to B

• Direct measurement of frame 
dragging
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