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begins tUinchfUrward.Thereis sjll sUmeshppingbetweeⅡ

the位 res andtheice,but we nUwhaVe sUmetransIatiUnal

mUuUn. Eventually the 伍res stUp slipping Un the ice, s6
thereis nUrelativomUtiUnbetweenthem;this is thecUndi＿

tiUnUfrUllingwithUut slipping.

山探 孩 盡 驟 諤 罵 兒古 幫 楮 s驟:士 發
ⅡUns.Inpuretranslat㏑ nalmU伍Un(Πg.9名Ua),山 ecenter
UfmassC(alUngwitheveη pdntUnthewheel)mUves
with velUcity vcm tU the Ⅱght. In pure rUta位 Unal mU位 Un
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FICURE9＿ 29. AphUtoUfarUllingb沁 yclewheelNotethatthe
spokesnearthetop ofthe、 vheelaremoreblurredthan山 Usenear
thebottUm.πlis isbecausethetUphasagreater line缸 VelUCitl

cUntacts山esurface,thelightseemsespecia1lybright,cUr-

respUndingtUalUngexpUsureUfthenlIn.Attheseinstants,

thatpdntk mUⅥ ngve,slUw圩 rela位vetUthesuI.face,㏄
mayperhapsbeinstantaneUuslyatrest.This specialcase,in

whichanU切 ectrUllsacrU$asurfacein m山 awη that
there心 nclrela巨 vemUtiUnbetween山eU切ectalld山esur-
faceattheinstantaneUuspUintUfcUntact,iscalled巧 UJJ9Kg
w9磁 U磁tj.J〞 p切&
Figure9挖9 shUwsanUtllerexanlpleUfrU1lingwithUut

slipp●ng.NUtethatthespUkesUftlle㏑ cyclewheelnearthe
bUttUm are in sharper fUcus than the spUkes at the tUp,

whichappearblurred.ThetUpUfthewheel iscleaⅡ ymUv＿
in.cfasterthan山 ebUttUn1!InrUllingwithUut slipping,the

frictiUnal fUrce between the wheel and the suIface is re-

spUnsiblefUr prevenⅡ ngtherela伍vemUuUnatthepUintUf
cUntact.Even山 Uughthewheelis mUving,it is thefUrceUf

∫′atoε f㎡ctiUnthatapplies.

SuperinlpUsing the resu1伍 ng tfanslaⅡUnal and rUtaⅡ Unal
mUjUns,weUbtainFig.9一 3Uε .NUtethatthelinear speedat

thetUpUfthewheel(pdntDkexactlytw沁 ethatatthe
center.

EquajUn9名 6appl怡sUK〞 in thecaseUfrUllingwithUut
slipping; in the general case UfcUmbined rUtatiUnal and

transla位 UnalInUtiUn,vcmdUesnUtequalω R.
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j苦
龍

an instantaneUus axisUffUtatiUn, as illustratedinFig. 9:

31.Ateachinstant thefeisanewpUintUfcUntactBand
therefUre anew axis UfrUtatiUn, but instantaneUusly the

mUⅡUncUnsistsUfapurerUtatiUnabUutB.Theangularve-

lUcityUfthis rUtauUnabUutBis thesameasth° angular
velUcity ω UftherUtaIUnabUutthecenterUfmaSs. Since
thedistancefrUmBtUTis twicethedistancefrUmBtUC,
Unceagain、ve°Uncludethatthelinear speedatTis twice

thatatC.

吒m=ω R. (9-36)

FI° URE9-3° . RoⅡ ingcanbeViewedasasuperposi位 UnofpuretranslauUnandrUta● onabUutthe
centerUfmass° )Thetransla● Un㏕ mUtiUn,inwhichall pUiⅡ ts mUvewiththesamelinearvelUci垀

.

(t)TherUtatiUnalmUuUn,inwⅡ chalIpUints mUvewi山 theSameangularvelUcityabUutthecentraI
axis (ε )ThesuperpUsi.Unof(a)and(t),inwⅡ chthevelUciiesat9Π C,andBhavebeenUbtainedby
VectUrad&uUnUfthetransla位UnalandrU位 近iUn缸 cUmpUnents.
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