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Two publications trigger a flurry of activities

Material dependence of Big G:

Fischbach, E., Sudarsky, D., Szafer, A., Talmadge, C., Aronson, H.
(1986)

Reanalysis of the E6tvos Experiment

Phys. Rev. Lett. 56, 2424

Range dependence of Big G:

Stacey, F. D., Tuck, G. J. (1981)
Geophysical evidence for non-newtonian gravity.
Nature 292, 230 - 232.
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FIG. 3. Plot of gravity residuals for the Hilton mine profile.
These are differences between measured gravity and calculated
values, assuming Newton’s law with the laboratory value of G.
The curves represent fits to Eq. (4.11) with different values of «
and A, demonstrating the difficulty in determining a and A
separately from mine data alone. Solid' curve, a= —0.007 656,
A =200 m; dashed curve, a=-0.010216, A=1000 m. ' These
are the least-squares-fitted values of a for the selected values of
A % g
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4 Interactions IinElementaryParticleTheory

ElectromagnetisniPhoton)
Strongnuclearforce (Gluong
Weaknuclearforce (W & Z¢ Boson$
Gravitation (Graviton)

5th Interaction (nimickinggravity) =5th Force:

Rangedependenceof GravitationalConstant (Big G)
andor Materialdependenceof Big G



Non - Newtonian Gravitation

Newtonian gravitational potential:

G = Universal gravitational constant (Big G)

_ . MM,
=G c

Fifth Force (Yukawa-Potential):

«a = (attractive) strength, A = range

W=@G MM 14 q-exp(—r/N)]

Modified law of gravitation:

Fe —% =G . MM ,',Mr’ [I+e: (14 5) exp(—r/A)]

Big G as function of range:

G(r) =G [14+a-(14+%)-exp(—r/A)]

Groap = (1'(0) =G - [1 -+ O{]
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FIGURE 14. Types of experiments to measure the Fifth Force. The upper row shows
composition-dependence experiments. The bottom row shows distance-dependence exper-
iments, or tests of the inverse-square law. The left column shows terrestrial sources, the
right column shows laboratory/controlled sources. From Stubbs [1990a].
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OngoingexperimentsJulyl15, 1988

/ LaboratoryEOtvosExperiments

5 EGtvosExperimentseara cliff
6 Repetitionsof the Galileo Experiment
3 Floating Ball Differentighccelerometer
Experiments
18 Searche$or Non-NewtonianGravity
(mines boreholes towers, lakes ocean
7/ Other Tests

Additionalexperimentsstarted afterwards



Gravimeters
and
Material Dependencef
Gravitation

Niebaueret al. (1987): PhysRevLett 59, 609612
Goodkindet al. 1993: PhysRev D,47, 12901297
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FIGURE 23. The experimental apparatus of Nieb

auer, McHugh, and Faller [1987].
repetition of the Galileo experiment.




THE RISE AND FALL OF THE FIFTH FORCE

_

FIGURE 24. Tim Niebauer and the apparatus for the Galileo experiment. Courtesy of Jim
Faller.
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FIG. 1. Superconducting gravimeter, consisting of a hollow
Nb ball that is suspended by persistent currents in vacuum.
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FIG. 2. Experiment for measuring the acceleration caused by
a large mass that moves up and down on an elevator beneath the

superconducting gravimeter.
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Lake Experiments

Moore et al. 1988): PhysRev D.,38, 10231029
Mduller et al. 989: PhysRevLett 63, 2621-2624
Edge & Oldhaml@91): Proc 11th ISET415424

Oldham et al.1993).: GeophysJ. Int.113 83-94
Hubleret al. 1999: PhysRev D.51, 40054016
Achilliet al. @997): NuovoCimentq 112B, 775804



HornbergExperiment

Mduller et al. 989: PhysRevLett 63, 2621-2624
Mduller et al. 990: GeophysJ. Int.101, 329- 344
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Hornberg: Additional Measurements

besides gravity (2 x 3), water level and air pressure

Calibration of 6 gravimeters on Hannover vertical line before
and after experiment 4)

Relative calibration of gravimeters in vicinity of lake

Calibration of water pressure transducer with water tube in the
elevator shaft z)

Comparison of all voltmeters involved

Calibration of all transfer functions

Check of all coordinates by geodetic methods

Fine leveling in adit tunnel at two extreme water levels (loading)

Seismic measurements to locate vibration minima on top of to-
wer

Selection of least vibration sensitive gravimeters for upper sta-
tion

Vertical temperature profile in the lake at different times
Water samples at different depths and density measurements
Inspection of drainage rate monitors

Recording of lake oscillation amplitudes (seiches)

Seiche period as function of lake level by high-speed analog re-
cording

€ 0.6 %
V=.3¢ cu
Q.CSI\.MM




OceanExperiment

Zumbergeet al. (1991): Submarine Measuremeuoit the
Newtonian Gravitational Constant
Phys.RevLett 67, 22, 305k 3054
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5. Force: Lake and Ocean Experiments
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Tower Experiments
AFGL- 600m high

first positive,claimingfifth andevensixthforce, later correctedto negative

BRENower - 465m
Erietower ¢ 300m

MinesandBoreholes
Hilton mine, Australia
Dye3, Greenland
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FIGURE 41. The 300 m tower in Erie, Colorado used by Speake et /. [1990a,b] for their

gravity measurements. Courtesy of Jim Faller.




X andthere are psychologicailisadvantageso
makingmeasurementsn the darkon small
elevatedplatformsp X
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Summaryof 5th-Force Tests

1) All negativewithin confidencelimits, except
3 unexplained ThiebergerBoynton& Achilli

2) At submillimeterscalewe R 2 ykioiv

3) Experimentsvere veryusefulbecausehey
exploredanunexploredregime X é@nd

4) Theytriggerednew interestin Big G



62 PHENOMENOLOGICAL DESCRIPTION OF NON-NEWTONIAN GRAVITY
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Figure 2.13: Constraints on the coupling constant o as a function of the
range A from composition-independent experiments. The dark shaded
area indicates the status as of 1981, and the lighter region gives the
current limits. Note that only the most sensitive results are exhibited
in each regime in A, and that all limits are quoted at the 20 level. For
references to the earlier experiments which contribute to the curves, see
[TALMADGE, 1988] and [DERUJULA, 1986].







