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Aboutthisclass

Weall know Newton'slaws fromhighschool

This classoffersmore new formalismsthatreveal morestructureandsymmetry

LagrangeandHamilton

Topics Newtonian Mechanics oneandseveralparticlesrigidbodies
conservation laws

reference frames rotations twobodyproblem

lagrange

Hamilton

someSpecialRelativity
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0 Introduction

ClassicalMechanics

oneof the foundationaltheoriesofphysics
withgravity first fully closed theoryof theworld

StatisticalMechanics K

Classical Mechanics

MentonianGravity 161

SpecialRelativity c

Electrodynamics s QuantumMechanics t

QuantumFieldTheoryclassical General Relativity



1 Geometry

Classical Mechanics is formulated in Euclideanspace andwith
absolutetime

positions overrightharpoonvleftbeginmatrixr1r2r3endmatrixrightleftbeginmatrixxyzendmatrixrightinmathbbR3
time tinmathbbR

Note specialrelativity spacetime xlefttoverrightharpoonvrightinmathbbR4
coordinateoverrightharpoonrA

Euclidean distame overlineAB betweentwopoints Aandrrbracket
coordinateoverrightharpoonvB

leftoverlineABright2leftoverrightharpoonvAoverrightharpoonrBright2DeltaoverrightharpoonrcdotDeltaoverrightharpoonrsum_ij13deltaijDeltariDeltarjDeltaoverrightarrowV
Retall dotscalarproduct overrightharpoonrcdotoverrightharpoonssum_i13risir1s1r2s2r3s3

Kroneckerdelta deltaijbegincases1ifij0rlsrendcases
leftIrightij 1 I identitymatrix

Note Wecandefineadifferent metri through leftoverlineABright2sum_ij13gijAriArj
gijgji

metrictensor

Re all overrightharpoonvcdotoverrightharpoonsleftoverrightharpoonrright 15 rose y anglebetween
overrightharpoonr andoverrightharpoons so differentmetrics

def different geometries

Anotherusef tensor GuiCivitasymbol varepsilonijkbegincases1forleftijkrightleft123rightovleft231rightovleft312right1forleftijkrightleft321rightorleft213rightovleft132right0alsrendcases
1 if unmanevenpermutationof 1ldotsn
1 ifmsn.mnodd permutation of 1ldotsn
0 else

Moregenerally varepsilonMi M



totally antisymmetricobjectwith varepsilon1ldotsn1

Totallyantisym cdotmubackslashµjvarepsilonldotsmujmuildots swappinganytwo adjacent indicesgivesminussign

Notes

Property sum_i13varepsilonijkvarepsiloniemdeltaje deltakmdeltajmdeltakl antisymoverallindices

or more generally sum_mu1ldotsmupvarepsilonmu1ldotsmupalpha1ldotsalphanpSigmamu1ldotsmupbeta1ldotsbetanppleftnprightdeltabeta1leftalpha1rightldotsdeltabetanpalphanp
In n3 crossproduct overrightharpoonrtimesoverrightharpoonssum_ijk13varepsilonijkrjskhatei

Edideanbasisvectorindirection i

i th coordinatehateileftbeginmatrix0vdots010vdots0endmatrixright


