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EXPERIMENTAL GRAVITATION

1. Weak and Strong Principle of Equivalence

2. Weak Field Tests of Relativistic Gravitation
Solar System Measurements – First and Second Order
Binary Pulsar Systems
“Magnetic” Gravitation - Lense/Thirring Effect

3. Gravitational Wave Astronomy
Strong Fields
Astrophysics: inventory of the universe

4. Cosmology
Large Scale Geometry and Mass distribution
Composition of Mass and Pressure
Primeval Universe: initial conditions and fluctuations



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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National Aeronautics and
Space Administration

The Worldʼs  Roundest Gyroscopes





National Aeronautics and
Space Administration

Using Superconductivity to “See” A Spin Axis



National Aeronautics and
Space Administration

Focusing On the Guide Star



























GPB TECHNICAL INNOVATION

Cryogenics in space: superfluid Helium
IRAS and COBE beneficiaries

Reduction of disturbance torques
Round gyro balls: reduction of quadrupole coupling
Drag free operation: ”zero” g orbit, efflux gas actuation
Charge compensation of gyro rotor
LISA (Laser Interferometer Space Antenna) beneficiary

Retention of spherical symmetry
London moment readout: ultra low B fields
Electric centering servo (Nordsieck gyro)
Gas spin up

Long term geometric stability
Cryogenic operation: reduction of creep
Monolithic fused quartz construction: catalysis bonding
Precision low noise mechanical experiments beneficiaries



NEW PRECEDENTS SET BY GPB

A physics experiment carried out in space: vary parameters
vary charge
vary centering potential
vary spin rate of satellite
four gyro with different spin direction
measurement of perturbing torque at low gyro spin

Calibration
Measure deflection of starlight using gyro reference
Measure aberration of starlight (parallax to guide star)
Offset guide from another star with known proper motion

Fundamental problem with GR experiment
How to avoid the iteration to the ”expected” result

Follow on
LAGEOS complementary orbit Lense-Thirring measurement
Kerr Black Hole binaries: gravitational wave inverse solutions
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