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TESTING THE FOUNDATIONS OF

GENERAL RELATIVITY

WUGRAV

WASHINGTON UNIVERSITY GRAVITATION GROUP

e The Einstein Equivalence Principle
o The Weak Equivalence Principle
The THeu framework
o Local Lorentz Invariance
The ¢* framework
o Local Position Invariance
e Gravitation Experiments and Searches for New Physics
o The Rise and Fall of the Fifth Force

o Future Experiments
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THE EINSTEIN EQUIVALENCE PRINCIPLE

e Test bodies fall with the same acceleration
Weak Equivalence Principle (WEP)

e In a local freely falling frame, non-gravitational
physics is independent of the frame’s velocity
Local Lorentz Invariance (LLI)

e In a local freely falling frame, non-gravitational
physics is independent of the frame’s location
Local Position Invariance (LPI)

EEP — Metric Theory of Gravity

e symmetric g,, «<— n,, locally
e ‘semicolon’ «—— ‘comma’

Metric Theories: GR, Brans-Dicke, Rosen, ...

Nonmetric Theories: Moffat’s NGT, String The-
ory ...
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NON-METRIC FIELDS AND EEP

Matter action for charged particles:
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TESTS

OF

THe WEAK EQUIVALENCE PRINUPLE
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The CE Fvmalism
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COMPOSITION-DEPENDENT TESTS OF THE FIFTH FORCE

Experiment Name

or Place

Year

Method

Substance

Compared

Source of

Force

Eot-Wash
Boulder, CO
Eot-Wash

1986
1987
1987

Torsion balance
Free fall

Torsion balance

Cu/Be

Be/Al

Hillside
Earth
Hillside

Paris
Bombay
Snake River
Eot-Wash 11
Japan
Florence
Bombay 1
Irvine, CA
Eot-Wash II1
Index, WA II

Florence 11

1988
1988
1988
1988
1988
1988
1988
1989
1989
1689
1989
1989

Torsion balance
Beam balance
Torsion balance
Torsion balance
Torsion balance
Free fall
Flotation
Torsion balance
Torsion balance
Torsion balance
Torsion balance

Flotation

Cu/CH,
Cu/Pb, C/Pb
Cu/Pb

C/Pb

Be/Al
Al/Cu, Al/C
Plastic/H,0O
Cu/Pb
Cuw/Pb
Cu/Be, Al/Be
Cuw/CH,
Plastic/H,0

Hillside

Lead, brass masses

Lead masses
Water in lock
Lead masses
Earth
Mountain
Lead masses
Lead masses
Hillside

CIiff

Mountain
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TOWER AND BORE-HOLE TESTS OF THE FIFTH FORCE

Experiment Name  Year  Method

or Place

Australia 1981-  Mine Shaft
Michigan 1987  Mine Shaft
North Carolina 1988 TV Tower
Greenland 1989 Borehole

Nevada Test Site 1989  Tower
Colorado 1989  Tower
North Carolina 1990 TV Tower
Nevada Test Site 1990  Borehole

East Pacific Ocean 1991 Submersibles
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