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3 4 Angularmomentumand torque

Angular velocity overrightharpoonwfrac1leftoverrightharpoonrright2overrightharpoonrtimesoverrightharpoonv
overrightharpoonv

Example Suppose a particlemovesaroundtheorigin
varphioverrightharpoonv

fracdvdt0
Insphericalcoordinates overrightharpoonrleftbeginmatrixrcosvarphivsinvarphi0endmatrixrightoverrightarrowvfracdoverrightharpoonrdtleftbeginmatrixrvarphisinvarphivvarphicosvarphi0endmatrixright
Rightarrowoverrightarrowomegafrac1r2v r

0 timesleftbeginmatrixvvarphisinvarphivvarphicosvarphi0endmatrixrightvarphileftbeginmatrix00cosvarphisin2varphiendmatrixrightvarphihatQz
Auglarmomentum overlineeoverrightharpoonrtimesoverrightharpoonp
Torque

overrightharpoonToverrightharpoonrtimesoverrightharpoonF

With thesedef.si fracdoverrightharpoonedtoverrightharpoonrtimesoverrightharpoonpoverrightharpoonrtimesoverrightharpoonpoverrightharpoonvtimesleftmoverrightharpoonvrightoverrightharpoonrtimesoverrightharpoonFoverrightharpoontau analogoustoNewton II

0

Note overrightharpoonloverrightharpoonrtimesoverrightharpoonpmoverrightharpoonrtimesoverrightharpoonvmleftoverrightharpoonrright2overrightharpoonw
I momentofinertia

overrightharpoonw1overrightharpoone1overrightharpoontau alldef writ a referencepoint



Example wheel
mass overrightharpoonT p lls

wheelatangleproptobackslashalpha
updownarrowb
a

alpha

Mg

overrightharpoonF
friction

on thesurfaceonlyrolling isallowed

no slipping veryhighfrictioncoefficient
overrightharpoonNg
normal

force

Question Atwhat angle doesthewheelgetlifted
insteadof roll

Noroling torqueoverlineT0

Chooseoverrightarrow0 pointwhererheeltouchesground
overrightarrowF and overrightharpoonN areappliedat overrightharpoonr0 so overrightarrowToverrightharpoonF0overrightharpoonToverrightharpoonNcdotAlsooverrightharpoonTmg0sinse

overrightharpoonr centerofmass 1leftbeginmatrix0muyendmatrixrightoverrightarrowF grav
overrightharpoontau comes onlyfrom

overlineT

overrightarrowT
updownarrowb
a leftoverrightharpoonTrightleftoverrightharpoonrrightleftoverrightharpoonTrightsinleftleftbetaalpharightright0 if alphabetaalpha critical

Wehave si n ltimescriticalfracaab
1alpha

overrightharpoonr
beta

alpha

atb y

critical



alphaalphacritical no rolling

alphaalphacritical lift off landrolls counterclockwise

alphaalphacritical wheelrollsforward totheright


