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The Motion of a Body in Newtonian Theories
James Owen Weatherall!. =

Department of Logic and Philosophy of Science, rsity of California=lrvine, 3151 Social Science Plaza A, Irvine
€A 92697

A theorem due fo Bol Geroe , MNotion of aBody in General Relativity.” Journal of
Mathematieal Physies 16(1), (1975)] provides T B e gilesie-priuciple s e status of &
theorem in General Relativity (GR). Here we show that a similar theore = el
Newtonian gravitation (often called Newton-Cartan theory). INllows that in Newtonian gr

R, inertial motion can be derived from other central principles ohge theory.

L. INTRODUCTION (ie. they do not needNg assume it is a perfect fiuid or
a dust, etc.), aside . Tt any
The geodesic principle inCenerall Relatk Vi GR would be expdwied to satisfy; (2) Geroch
states that free massive test point particles traverse tirme.  ad Jang are able to show thaM frec massive test point
like geodesics. Tt has long been believed that, given the  Particle traverses a curve within Sngcetime =
other central postulates of GR, the geodesiepringiple can  to a “line ‘"'ﬂ"‘v“"‘ and (3 iand Jang do
e proved as a theorem. In our view, though previous ~ teed to make sim Ssumptions reqid Emass
attempts! were highly suggestive, the sense in which the __mul Sructure of their test
geodesic principle is a mmmn of GR was Hm]l
Ty Bob Geroch and Pong Seo Jang =TTy proved the
following {{le statement of which is indebied to Mala
ment ?, Prop252):

i so-called | “geometrized Neg
(sometimes, “Newton-Cartan theory”),
d Jang®) Lef (AL, g.,m bea of Newtonian gravitation first develg

entable. Letv: 1 — A Blic Cartan® and Kurt Friedrig
contributions by Ehlers;

Theorem L1 (Geroch
relativistic spacetime, with N
be @ smaooth, imbedded curve. Suppeag_that given any x
open subsct O of M containing (1], there erials o smooth, |~ Malament

symmetric field T with the following propertic the motion g

1. T satisfies the strengthened dominant energy s
condition, i.e. given any future-divected timelike Atus of pheorem.’®
covector &, at any point in M, TogE, > 0nd agsult o paper (ATeorem 111.4)

F
il TREONGET, is timelibe; is that a direct ] Gerochding theorem dge€
hold in. geoy Z ftation. ! It isafGrth
ing the geodesi€ princi
oniay Fravitation,

2. satisfies the conservauefl condition, ie
VT =0

as a proof
u co-

supp(T=ye0and

J. there is at least one point in © at which Tab,

Sve show that the princi-
oth standard Newto-
Tized Newioliay gravitation are

her principles of thekeory, just as

Then 7 is o timelike curve that can be reparyeffizeg
a geodesic

The mempretation of the Gergeh-Jafig t
put as follows: if 7 is a smoo
is possible to construct an arbitrg#fy smal
satisfying the conservation apd’strict dominani efergy
conditions, then 7 can boAfeparametrized as a timelike
geodesic. More rougldf, the only curves about “which
matter can propagefe are timelike geodesics.

The

1 Temainder of the paper will proceed as follows
T section 11, we Withgixe some preliminary definitions

2 ain results of the paperwillhe presented in section
eroch-. lmw\wmwh has many virtues that pre- (11 follow w some concluding remarm section IV
vious attempts lacked:’ (1) Geroch and Jang do not make A brief review STgeayetrized Newtonian graviialTomi

any specific assnmptions about the kinds of matter fields given in appendix A: appeTix B deseribes some elemen-
that might compose the free massive test point particle  (ary results concerning intesrationT cal spacetimes
that, to our knowledge, have not been con: | before
and so are offered for completencss. Finally, appenteG,
contains proofs of some of the preliminary propositio

*Electronie mail: weatherjfiuci.edu and lemmas given in sections IT and 111

Il. SOME PRELIMINARY DEFINITIONS Definition IL.3 Let X C M be any spacelike hypersur-
face slicing the support of T°*. Then the total momen-

Throughout this section, let (M, #,, 1", ¥) be a clas. b of the system can be defined pointuise as follows. At
sical spacetime. We assume that V is a flat derivative ~ GRY point p € M, (P*), = P*(X). By Prop. 1.2, P* is

indderamdant of the chatee of
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Title: Branching fraction measurements of B-n.K i%

. . . . / .

Author(s):  Aubert, B.; Barate, R.; Boutigny, D.; Couderc, F.; Galllard,iw.&; K®votakis, Y.; Lees] ). P.; Tisserand, V.;
\ocated =

Affiliation(s): BABAR Collaboration, SLAC, Stanford Univ., C,IA USA

Jaurnal:  Physical Review D ‘ Affiliated With |

Abstract: We study the decays B*—nK* and B%-n K0, where the n. is reconstructed in the Ks?K*m* and K*KT{° decay modes.
Results are based on a sample of 86 m|II|on BB p#irs collected with the BABAR detector at the SLAC e*e” B Factgry. We measure

t Author O G + - -5 \‘

-@d and determine the n. decay branching fraction rati —2(K*K"))/

c—»d)d))/B(nc—»KKn):(S.5i-1.410.5)X1O'2. (20 refs.) A1440N

psi/J,
ecay-into etac+kaon0; B-antiB Palirs’ etac decpsilon, phi

int kaon+ant|ka +pion; mesons
B decay into % kgen: etac decay info kaon+tkaon-;etac decay into-phi*phi; branchn
Ay INfo EFcsk / oF Y ts phiphi; 9a1440K rho,
fraction onfega, &
eta mes@ghtrdiled jhdexing: 3) meésons;” eta mesons; kn production;~meson hadronic decay;| o5 mes’ons
phi mesghs; pion prQ,ctlon 3 ¢ &

7 &
\\‘

Classification: 1325 Hag fonic decayk S of mesons; 144OM a al B mesd ;A144UKATA?4

<‘/ <
méga, and eta mesong’ A1440N pSIé;J upsilon, phi niesons %o, and B

production; mesons

meson _ Al325_
hadronic phi mesons; pion Hadronic

decay: ’ production decays of
mesons
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Gra phene (Controlled Term)

A thin layer of pure carbon; it is a single, tightly packed layer of carbon atoms that are bonded together in a hexagonal honeycomb lattice. In more complex terms, it is an allotrope of carbon in the
structure of a plane of sp2 bonded atoms with a molecule bond length of 0.142 nanometres. Layers of graphene stacked on top of each other form graphite, with an interplanar spacing of 0.335
nanometres.

It is the thinnest compound known to man at one atom thick, the lightest material known (with 1 square meter coming in at around 0.77 milligrams), the strongest compound discovered (between 100-
300 times stronger than steel and with a tensile stiffness of 150,000,000 psi), the best conductor of heat at room temperature (at (4.8410.44) x 1073 to (5.30+0.48) x 1073 W-m-1-K-1) and also the best
conductor of electricity known (studies have shown electron mobility at values of more than 15,000 cm2-V-1-s-1). Other notable properties of graphene are its unique levels of light absorption at na =
2.3% of white light, and its potential suitability for use in spin transport.
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MVP

A Minimum Viable Product (MVP)
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It is not feature complete, it is not final deliverable. It is a milestone that
helps define the future direction of travel, and to whet the appetite or
demonstrate capabilities to a limited set of customers
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