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The axle exerts a lrorqu«e. T, en +the millstone
and a vertieal c’ewanrJ ‘Qree F. The n’n':l,t"l-one, Cxeri:s
oFPo:'rl-e ‘grcg and o rque eor the ax le. The couvp /fw

at the vertical celvmm must also exert a dow nward

force F on the axle,

Tlag anle (s n Veri'l'ca/ 87VI’/I""‘IUMJ and '[or
vetattonal e.’u'tlc'laroovn RE ’-7: - ﬁ,-Q
T/;f e,va'l-:én: 67[ rmotion gf‘ He M;//C?L-ng, are

N= F+w
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Salv;n_g, F= 7:/R = L Mbws.:z,

For wontact ab The rim, wb = QR

,»ne F= éM\plwsfl | 2 : 2
" — T imbnt —» N=M3+F=M(Q+EL_Q)
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Iv the absence of the f/gwkee/J the counterclockuwise
torgue Joe to the norwmal forces a# the wheels
muct oppese the clockwice Zorque doe to the
redial (tvansverse) frickion force, F=mv¥/r . w. ¢4
the -F/\c,wl.eol’ +the nerval Loveces exert mne terque;
so the -F/gwbcel must exert a clockwise '(:ar-(’ve.
= Lf, where L is he ofistance From +he read Lo
the center of wnass. The covniercleckwise o rQue

L€ must be J'ost cvf-/;'efen‘f 26 make the
-F/:{whgc/ precess at Phe rate the car is i-orh’n:?.

rf the -F{rwluee/ e wmouvnted with i bs ahJU[ar

™o men-‘-um :l'JerJSJ as .r,uw 1-,/

the 'L'orqu-c 2 exerts en i'/ne cor \_2"1

YY/4 dend to La/ant. {'Ae fvf?l’e -_—>
Tread

dve #o the read . If the car Lg Toa

2y
turne o the N‘jl’t 'msleac/o-f

the leff, as ;//vs*f'q'l-ec/) e 'Lor?ues
dve %o t4e road and dve ‘o f‘e f/JwAee/ wel/

Lo'.‘?"\ C—AQ hje Jl.rec £l.o7-'.
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is L=Lf=mMv*RL
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'E‘-‘LSJ'L Uécnj J = V/R’
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MvirlL = LsJL = :-.‘{,mR,"w-%-

oR w= VML /mg*
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Ccin T o.ocelEraLl'vrj, SO we must vse CM ags °v:tJin ‘r°"
t‘r1u~e efoafioh.

N*" mnorwnal ";rcc. -Mj

f = Frie&i.n force = MVQ/R

Ly = Spwn cmjulqr mementum = T, = éM[:"E = LMbyv

N = qublqr Jreee/ with wl.leA ceiy rotates about

the Ver'bica’ ay iy == V/R

Si ces@ = rate of change of angular mementom
(in her'igental rluv-m)

Tor?ue e?ua'éion

Nbsimg ~fbeos @ =L cos &

Mgbsin @ - MIZ feosg = £ Lamby cos

2
Hence tan g = =¥
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A9= w ot

AL =(Iwm;»-l3)a1)’
(T w o B)w ot
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