1July 20, 2001; rev. August 16, 2001General Covariance, Gauge Theories and the KretschmannObjection.,1 1

21. IntroductionTwo viewsÉÉThat We Need not Choose Between

3To Come2. Einstein and Kretschmann’s ObjectionEinsteinÉ2 2 (in

43 Éand Kretschmann4 3 4

55 ds22dt2 - dx2 -dy2 - dz2d2x/dt22y/dt22z/dt2ids2ik dxi dxkikRiklmiklmd2xi/ds2 + {kim} dxk/ds dxm/kim5

63. The Gauge Freedom of General RelativityActive General Covariancej(xiiiiiijij

7i.6 Why it is a Gauge Freedomj(xij’(xi7 6 7

8Its Physical Consequences8 ik8

94. ReconciliationThe Context in which Kretschmann’s Objection Succeedsikkim}.9 9

102"mv22".The Context in Which the Diffeomorphism Gauge Freedom has Physical Content1 0 1 0

111 1 2221 1

12gikkimTo summarize2", 5. Gauge Theories in Particle Physics

131 2 1 2 iklmRilmkkim

14Appendix 1: Is a Generally Covariant Reformulation AlwaysPossible?The Substitution TrickÉik, BkAk(Xik(Xikkixii(Xmmimm(ximAk(Xi(xmk(Xi(xm

15ÉYields Geometric Objectsmk(Xi(xmk(xmmr(xmk(xm)k(xm(yrm(yrk1 3 1 3 1ii2ii

16prrmk(xm(zpk(xm(yr(zpm(zpm(yr(zp)).But areThey the Geometric Objects We Expect?kiFiiiiY0 = g(X0 Ð vX11 = g(X1 Ð vX033441g2)-1/2iA’0 = g(A0 Ð vA11 = g(A1 Ð vA033440101A’ii(Xm(Yr0011iiT2T1ii

17ii. IfiiiiiiiThe Coordinates as Scalars Trickk(Xii1 4 iik(Xi1 4 0iii

18Temptations ResistedAppendix 2: From Passive to Active Covariancej(xiiiiij(xij’(x’ij’(x’i) = j(xij’(x’ij(xij’(x’ij’(x’iij’

19ij’(xiij(xij’(xij’(xij(xiii.References,

20Stanford Encyclopedia of Philosophy