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TESTING POST-NEWTONIAN
GRAVITY

WASHINGTON UNIVERSITY GRAVITATION GROUP

The Parametrized Post-Newtonian Formalism
o GR and Scalar-Tensor Gravity

Measurement of PPN parameters

Light Deflection and Time Delay

o Mercury’s Perihelion Advance

O

o Tests of the Strong Equivalence Principle
o Is G constant?
o Is Momentum Conserved?
Bounds on the PPN Parameters
o The Rise and Fall (and Rise) of Scalar-Tensor Gravity
The Search for Gravitomagnetism
o Gravitomagnetism, Frame-Dragging and Mach’s Principle
o Gravity Probe-B
o LAGEOS Satellite Tracking
Future Tests
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THE PARAMETRIZED POST-NEWTONIAN FORMALISM

A. PPN Parameters:
Y Bs Ev o, O, a3, Clv C.)Z’ C3v CA

B. Metric:
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Table 1. The PPN Parameters and Their Significance®

Parameter What it measures relative Value Value Value
to general relativity in general in semi- in fully-
relativity conservative conservative
theories theories
Y How much space-curvature 1 Y Y

is produced by unit rest mass?

B How much ‘‘nonlinearity’’ 1 B
is there in the superposition
law for gravity?

E Are there preferred location effects? 0 E
o 0 a
023 Are there preferred-frame effects? 0 ay
Qa3 0 0
G, 0 0
- Is there violation of conservation 0 0
Cs of total momentum? 0 0
Ca 0 0

oo o Cc O oo Jre

*For a compendium of PPN parameter values in alternative theories together with derivations, see TEGP,

Chapter S.
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SCALAM -TENSOR GRAVITY
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SCALAR - TENSOR GSLAV/TY
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THE PARAMETER (1+y)/2
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Mercury’s Perihelion: Triumph or Trouble?

3 In 1915: triumph
71 1966-80: trouble
1 1980 - : resolution

o =42".98 ( AReL + Aquap)

AREL = (2+2y-B)/3 =1in GR

% Triumph
Aoss= 1.000 + 0.001 (Mercury radar)

¥ Trouble and resolution *

Aauap =3 X 1074 (4, /1077)

Helioseismology @ J, =2 X 107
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THE STRONG EQUIVALENCE PRINCIPLE

o All bodies (laboratory-size, planets, stars) fall

with the same acceleration
Analogue of WEP

o In alocal freely falling frame, non-gravitational
as well as gravitational physics is independent

of the frame’s velocity
Analogue of LLI

o In alocal freely falling frame, non-gravitational
as well as gravitational physics is independent

of the frame’s location
Analogue of LPI

GR satisfies SEP; all other metric theories
(Brans-Dicke, etc.) don’t

——————
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THE STRONG EQUVALENCE PLINGP.E
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THE STARONG EQUWVALENCE PLINGPLE
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THE STRONG EQPWVALENCE PULINGPALE
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BIG “G” AND SEP

Effective Gravitational Constant:
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Is Newtons Constant Constant ?
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Table 6. Constancy of the gravitational constant

Method . G/G(107*2yr™Y) Reference
Lunar laser ranging 0+ 30 91
0+ 11 84
Viking radar 2+4 92
—24 10 69
Binary pulsar! 11+ 11 93-95
Pulsar PSR 0655 + 64! <55 96

1 Bounds dependent upon theory of gravity in strong-field
regime and on neutron star equation of state.



C. Will, SS1 1998

ELECTROMAGNETISM AND

GRAVITOMAGNETISM

ELECTROMAGNETISM:
1. Gauss’ Law: V-E = 4np

—

2. Ampere-Maxwell Law: VxB — %E = 4rnJ
3. Gauss’ Law for Magnetism: V- B =0

4. Faraday’s Law: V X E + gfﬁ =0

5. Equation of motion:  mdv/dt = e(E +7x B)

6. Potentials: E = -V¢—0A /0t, B =VxA
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ELECTROMAGNETISM AND

GRAVITOMAGNETISM
Gravito
PEREBRON AGNETISM:
1. Gauss’ Law: V- E e =47p

J |
2. Ampere-Maxwell Law: VxB"m% J“'—' - X J
3. Gauss’ Law for Magnetism: V- B’,ao
4. Faraday’s Law: V X Ej gﬁg er()
. L m_. o
5. Equation of motion: — mdv/dt e= ¢ (E3+ T X %)
6. Potentials: FE.= -V¢—0A /0t, B, =VxA
3 3 J/ 9 3

g = -5."(1"'390) A;'-k' 9or
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THE SZARCA FOR MASNETIC GRAVITY
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S’mncn- FoR_ GRAVITOMASNETISM
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GRAVITY PRoBE -13
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GRAVITY

PROBE-B
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