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ings fall

... on the Moon
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Astronaut Dave Scott (Apollo 15, July 30 - Aug. 7, 1971)
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And it was ahout time too

1y does m;=m, ?

IDON'T THINI( VOU UNDERSTAND

THE GIHWITV
OF THE SITUATION.

nswer this question

te: they are the same

1. Gravity treats all matter/energy the same
2. Gravity must be a property of spacetime
(not matter/energy)
3. What is this property?
Curvature — General Relativity



(Ultimately this is due to the presence of new fields that don’t
couple the same way to all forms of matter and energy, as the
gravitational field does.)



(iron) and Moon (sﬂlcates) in the f1e1d of the Sun.
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Experiments using torsion balances
give similar results for lead and copper.

We test with a combination of three methods:
Kepler’s 37 Law, Lagrange Points, and the Nordtvedt effect
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IMIts using Kepler

Pair (m;, my,) da (km) ow (“/cty) O(m;/my,)

Sun, Mercury 2 0.002 300 1x10-7
Sun, Venus 0.4 0.002 8§x10-3 1x10-8
Sun, Earth 0.006 0.002 7% 04 1x70-10
Sun, Mars 0.6 0.002 2x10-2 8x10-9
Sun, Jupiter 20 0.2 2x10-5 9x10-8
Sun, Saturn 0.6 0.2 1x10-4 9x10-8
Sun, Uranus 400 0.2 3x10-2 5x10-7
Sun, Neptune 2000 0.5 3x10-2 2x10-6
Earth, Moon 0.0012 0.01 3x10-6 1x10-8

(°/day)

Saturn, Tethys 0.02 4x107 140 2x10-7
Saturn, Dione 0.03 3x107 18




2. Lagrange Points

EonsidersSaturn, Dione, and their Lagrange point at L,, Helene:

® v,

When Rg << R (CM is in M)

<<A; and AZ)_ X 2 "
will shift by a then 66, = == (a.-74,)
le 60
R and |[A; — %A2| <€,
£, = iaeL

® M,



Its from Lagrange

Pair (m,, my) Ty (y1s) 50 (*) - T
sun Neprane |9 o0 |7 |20 paw
Saturn, Tethys | 2 | 19 | 33 | 20 2x10

-

| Saturn, Dione n- 10

1.9
21

Helene, Polydeuces [Spitale et al. (discovered [Jacobson 2012,
2006] 1980, 2004) priv. comm.|




3. Nordtvedt Effect
Eonsider m;, m,, falling towards m:

[ all three violate the EP, their
separation oscillates with
frequency ®,-»; and amplitude:

AN

1A; — Ay < e




limits with Nordtvedt

[Williams & Dickey 2003]

[Folkner 2011]
m, m, Best m, Or (km) &
Sun Mercury Venus 5 4 x108
Sun Venus Earth 1 2x10
Sun Earth Venus 0.015 2x1011
Sun Mars Earth 1.5 5x10-10
Sun Jupiter Saturn 50 3x108
Sun Saturn Uranus 1.5 6x10-10
Sun Uranus Neptune 1000 1x107
Sun Neptune Uranus 5000 4x108
| Earth Moon Sun 7 6.7 mm 2x1013
Saturn Tethys Sun 1 010 7x101
Saturn Dione Sun 0.15 \ 7x10-1

[Antreasian et al. 2006]




or bodies

Table 3. Best limits for individual bodies

By Body A
m;/ms; Sun %1010
Mercury 1x10-7
Venus 1x10-8
Earth 1x%10-10
Moon 9x10-9
Mars 8x109
Jupiter 9x10-8
Saturn 9x10-8
Tethys 2x10-7
Dione 2x10-7
. Uranus 5x10-7
and o =1orl Neptune %106



1dividual elements

/ Tethys (pure ice, ~ O,)

Dione (rock/ice, ~ Si)



“Questions?

Zoey Warecki
Towson University, MD

warecl@stu udent towson.edu
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