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Gravity gradients (I)

Gravitational potential energy between the pendulum a
the source masses is given by

———— GZ 21 +1 Z QunGime™*
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gravity gradient field
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Gravity gradients (III)






Gravity gradients (I1)
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EP Torsion Pendulum
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20 um diameter fungste
(length: 108 cm)

8 test masses (4 &

4.84 g each (within 0.1

4 mirrors

tuning screws for adj
gravity multipole mome
to null the gravitational

frequency: 1.26
quality factor: 4000
decay time: 11d B
machining tolerance: 5
total mass - 70g
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gravity gradie
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Timeline of Measurements

POSITION DIPOLE ROTATED
RESP. TO PENDULUM FRAME

B Composition dipole
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GraVIty gradlents Expected Signal:

N
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EW (nrad)

NS (nrad)

-

" R0 100 120 140 160 180 200 220 240 260 280
Day in 2005

mean sigma

-0.10 nrad | 0.25 nrad

-0.21 nrad 0.17 nrad
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Orbital Perturbations

First quarter

Or =131 cos D meters
SEP

Third quarter
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APOLLO: Next-Generation Lunar Laser
Ranging
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APDLLO rangts To the full moon

minutets of  data
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APOLLO Expectations for 1. Uncertainties
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Source and Detector

Oscillators

Shield for Backeround

Suppression




Stanford’s Experiment
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Shield ;
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(£130 pm at £/3 or f,/4)

culawavy)

Cantilever resonance (f,): ~300 Hz
Drive frequency(f,/3): ~100Hz




95% confidence exclusion plot
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99% confidence exclusion plot
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Wedge Pendulum




: f | .|1||l1'._ N

[}
-+

proie. the True  Geometry of the Univerce
MUST 51 ey Aravity

* +this & done most clirecty 4, #g;—,ﬂﬂ? Fhe

W

J

v '} f
rat A [dvs  Kolols dopn 10

/ ace w A"
af 95% con tlelenee

’ | [ I
Jur 7€ Nque Shown

dimngion Mgt Muye (13

0/ i
Y )

-
_-'r']u,r_g"" LTI "-.{I:':'.-'."F';'!.I}'.’,ﬂ f tguire

<

ik = -lr'l'r.f';'l

f Fli+ oAt .
FHTHI(TIOR ale

.-_.L * i/ -'.f/-

faa ! - f .- = : .
WC do SEE Aanomalles at Shortr (tngth Scales

:*'_-f«iﬂﬂf mr Weéa a’:mmg 2 s;?r.whfi, ¥ New Npedsive
fovee, )




