P}\ySifJ 330 Hbme wierb Frcb)em # 11,

f’%/-} ¥ hia r':a’»cl L,eof: of mass m end radivs h rells
h\\}jvu EJ&HWJ’ SI)?&O.“.\ o\r;w\c‘ Cm )\.crjov\M circle of rodics
on the mside o « Ve/")“ca«p) rljk}- circuler C\c))mcjr\cﬂ-p
Wa_“, Tl\e 5P¢ec’ O‘L }Lt\e Lccf's C {A v) PNSVW\eCj
Sreu.+ e,v\m-j)\ }e MCUA?LR\:\ g—u-rcc be)ence, Iy\c)vé\'.,\x
O-AL:JV)&( mow&«)vm cjvt 'xc )“c‘}'&"‘l}ﬂ c‘f‘ ‘H"a L\:o)o within ()-;
f[:: ‘9\,7\‘ ncs)cgs"\v\) MQ am\c)u’w m(.mem\lvlum C)L he LGC,P
v rotehon of s (P)au\e) devive an §ay e
M3)< o"? H«\z L\CGF{S f/a«e Wl'”///\ ')'Le l‘\or;sanﬁ!. Sc)v(
‘}"\e. .e%uu.'»'\cvx Lo ‘I’L\e o.,.\s)e_ heef-,ni -Fe,ymg oc— irder b%l
\ and \cle/—\“k% +Lc ‘)‘WMS ﬂbj %ﬂess 7(/[\( epﬂeci-cﬁ
\ ‘H\e )'chs)}s /l,-)-wy,:.«p O»n:)u)af Mcmenzzvm on f’llxc f'cSu)‘J'-
) }J D)SC’VST ?va)n‘)"t»%l/ﬁ' "/L\C Q{'ﬁt(# é‘;' |.V\c,‘vc‘\'n e;ﬁcc)’}
: :\\\ O‘g‘ Fch*‘l“\ og‘ H'w. \""ka lp)av\ﬁ— cn 'i"\t Co-’f-v[‘-jﬂv'*\ c(’ ﬂ‘-‘—

a/~\ 3}. e .,
J — — i ' // / 4% “/ V4
vl
- 2
)
4 X
\}‘g\l \ ‘('(ﬁ
»\\ {‘ \‘-.
N )



Pawl r ja S [ ,
Ph i/‘cs EOQ o )( orj pstions.
4 T 7't eat & ¥
AM/)/}fk?/ /ch[qc?ﬂ/b& Y /L,:& &2
Problom 4] v st B
Yo et Z»ﬁ ﬂ%&‘M u—/ﬂl e /\
2 ?(r/yf 51(4006/’ (
(64’/ \MVJM}V') %6“,.,\%3/

A thin Piﬂiﬂ kaodo of mass m and radius h rells withoet- Sl’ff’”j
afoqnop av) L)or‘/'zon)la/ cir\c[e, &)0 /\aap/us 2 on #e /hS/‘o/C gﬁ = (/eml/‘co/ N
NﬁH’ CchuIaP G)/[/'/)JN'Ca/ (A/o// ; 72(5 w 910 /fo, /700/3 <M s Vcw\ 5

pr*escenoeap 5@* &70{71') to mo/m[m’/) orce.  bolmce.

Inc/uof)mg Onjqfor mamem[wm (,/uc to )Uae_ rolm[/‘an o)[\ )%e. 40% c«/}%/'r;
H{S f)[QI’)C) Lu)t mgkclmg 6?17)/ 073(4/6}'/‘ Vhomer))[&//h &10 qu, Aaof Juc lO
f‘o{alfon o[ /'I‘S ,Olaﬂc 5 o[eP/'Ve 727, C?walfon er\ #)e Q"?j/& o‘p /[)& 400/3
p!ane/ w/“« lk@ l)or/‘aomta[ . go/ve, H-z_ c?l(cnlior) I;r ﬂ;e, aralg kgg;/‘
g 2 oo W and by o Tt e B Thet

of e /700,05 intervna Mgufaf momentun on fhe resc|

DI‘SCLLSS ?C«alr')LQTlfVél)’ %c ep\[écf‘ 011: l'hcfuap/'f)ﬁ emeclls oF m:lmllbﬂ @7[7 /Ae_
hoap')‘s ,o}ane on )LL)C Ca/Culq/fon ol[\ /Ae/ 0?73/0



P"OUeW) #* lj_

hcose hcose

e e,

N7

;
o @2 /// 47;

< [’:‘.M{: R-hCoss >f %

|
In c )/{ I'nclr‘l'ca' kkcr';:é;yerlha}cs)
ﬁm = ( R*kCOSQ) p POS"II‘O,) vecloh o‘P If)aop‘s Cenlre, of Mmass

Pu™ MY B

Thc exkﬁnal anju)qr* ’hOVner)lc/m s \‘L»c an u/qr Mo’hcmlum dp Hf;e S/SJLCM
as i A were a par)/‘cE ot the locolion of e cM lmy¢//,n? at

Vw. ’—:Or‘ ’”/,,-S reqlow _I: “‘7/;7/( I‘L)cy'l‘ ,//710/‘/-1'0)@ /‘cr‘m omc qr)ju ar ’r)’lgm-
6n4um“ 5 o LCH@r\ J&SCI‘//#/@,V) &\347‘*\ Sl\a,}é AR, _)/LVW)
Lo = Bu®@in = (B-hcose)f® mu.
= M%M(B*AC&SQ)[WAQ?’ é]
= m\L, (R-hcos8) 7 /
oL )

NO?lI.Ce “qq)L Eo,mr‘lfck_ IS ")o+ def@"ljaﬂ% 0/7___)[/1476, L)gm d4 :O . i

Therdore, external orque must be zero. oy s compubed as i all
H’te &fcc;s ac}inj on U)g Ioapf occur a)L »(L)e CM. Vem’/'cq/ che éq/cmcg



;'m/o/,-e5= ZF; = ][:— mﬂ = (D :_—-_> )[: - mﬁ

The onl/ net external force is the normal force.,

—

le)‘f’ = QM @ Fex+

(R-AQOSQ)/S ® N(-ﬁ)
= N(B-hcose) (p® 3)

.
= O

as cxpec*d.

Trierngl  Term

Now I'll consider the /'n/vfna/ anju/ar Mmeomen /Lm«y,
Peture the lwaf in its CM prame (recall
H’)a} the kax )Lo qu /e# wl)/‘cl) r‘eporeseq-/_s
the frame. is at an ansle olp T-8 fo the
// / wall ). The box trawls of a /Yelmh//
Vi sice te hoop tromshhs oF o veleci]
////w/«a/// ////// Ve in bhe /qLof‘alof;/ Frame.. Nove f??ce/

l-lqp, Cancefll mp re/al/'va choc:'l)/-'

LL

—

. v = v/ + .
v’”ﬂﬂﬂ) lab VH”"_‘); box \/be‘ Job C')
oK, lab - o
Jd "\‘SIO’ {.
Vb”‘,h‘
_——

Vi,
H"’Ja box

The next argurnen% will rc// on s facl.  The 304/ here 15 to Dno the
fn}emal aﬂgul&r Spccop> ;. (4/, can Le uSeJ )lo lpan Mrc /;')ltfr)q/ oogu/c?/‘

momentum, L.y

Wﬂe Cem[re o)F M)e, /’)oof lf‘c{)[l/els at a Vf};w{i oli \ZM_ [ R )/)L eq c/‘)z

in fhe & a} ady vels 4 \ZM’ omt | B ust be a st i #

Since l? ox re / 147} /0 b ﬂ?/z re N E.
Q

lab Frame.



Nou/ /Ooh'nl A will be /'nslcmlqncaus// at nesf' wr/' ;%e, wa// ”) #)c
/aLorm[or‘)/ prame. This is cfm‘ya/cnf /'a Sa /'nj l%a)l; #)c /700,9 s
’“0///"73 Cf//a S ///‘0/0/'73 . I‘/OW@VCQ /Ils l/‘ﬁl velﬁj af Voas a/w;j w/}[/)
ever/#,m else, in qu, CM prame_ Teo ma/ce J'[ a/’ /‘e_d[ ") /Aa /OIL p ramé.
W/‘)L Hf;?/ wa// /'IL muS/‘ Le, )l/‘aVe////)J a)l - VcM ) )Ule M ’[}‘ame.

Since. we know that ot the [zoof /s
rolw//‘r)j aLomL :'7ls CM s CM
P”aﬂx’/ (Fo/‘m[/'f}:] aLocJL o/mL B), ,02:',,7[
c mus)L Lc’, Mow'ﬂj afq Ve/ac/»'ﬁ/ VCM.

Il’) 'H)@ CM meen H')e_ steec/

of point A is: /

W’—" wi}) i VCM i)

Now leil's Plff Laafc /-p Hqc f@/’mL o\p View ip /-l;e, /aéomlg/y p/‘qme We.
l(l')ow H',Q-,L fp/‘,ﬁl 8 s a OIIQIZQﬁC@ R‘})COSQ 7{\% #)@ 0"{7/”) 57’7J
!/\a/VcIS Cnl' o S'pecap ‘é,q, 777(/5 -

Ve= V. = cdo(/%-h0059> (i)
E?uonli/)j an R EXpressions 1%"‘ ch (67‘5 i+ /)‘i)
= b = wh= w,(R-heese)

R-hcose W \/

“iE .y s (1v)

'\}Of-{/ I l” Q{"}'ZMJD.‘L ‘7[0 (\ma@ a), N a mere c:oan/;bq/coﬁ wranneN 0/0,\“‘;
sincee L  have nof/qmj }aol'/er‘ lo do o o Scnlur‘a/c?/ m/\cfl)r[ (W)W'



I (*O 'nefe owL arc Ie,nj“’).s).
W ‘3"‘” chanjeop ,o&snlior) In ll‘me> Lyavc

Thc fI.C{’W‘C be[ow SL)&A/S “qe, I’DOOF w/#; /'/-.S ﬁlame. _L, 7[0 ﬂﬂe cxllhjer\ a?L
some. lime T and Hhen aqain fo He f‘l‘gM af fime ++ ot

Cleﬂf‘)' the L)OOf) is Po;‘alir)j about its ow}rc) O, in a CW manner, I was

VCr)/ Cart[‘ul n ool‘awinj H»;B ap/‘aﬁrqm, u smj o COqu;_g . ru/e/‘ af)ap C/leq/ p /@5_5
FomeS and lines which are the seme. (Au'/‘

L)GM Coloul\ c@kaﬂ Cmaﬂ ;)al/e l%c Same
hame | W'»% /orimc /'na//‘cq//‘nj g /a)ler }/'me, €q - pw'r)/ /4\ r‘eﬁoresenfs PN

A a )lime, 4 la#ef‘. Thus) Hle, K oranjc: arc /cngﬂxs coMec;ZMj A c«/ﬂ)

A\ ar)op g wr'ﬂw g\ are. owp e?ua} /enfj“q Qﬂap V\e/oresen% HqcﬂL ,OQNL m[\ #)&
L)oop u/lw‘cl) was '}Mva//ecp o),

77’}6 cemlre OIL\ M)c_ 500 com/o/&)[cj Qu a»n /c = lv/‘lL fofn)L @ O/lztrv'n
Hqc- %ime interval 4{', /%_7: c«ou/o/m‘}Z bcqr* \77/‘0 coll /'Il ON). :

oy ¥



A Th@ arc ‘cnﬂﬂx AB s cqua/ te RE ~ this fa”wws prom s:‘my/c, jcoma\ll‘)/,
S=rg, B), Hae Sqme. I’aken lL)LS c//'s)[ance /s a/_so hﬁ,

RE = ho (v)

NOW ,'p I can V‘elq/‘& & TLo o, Ol)al ,@ f’o w; 5 I// /)de_ o pe/@/lbﬂ&é/f
b@"%&q Wo and ;. This Pc/o//‘ooséfp sheuld  be ggu/w/cqf fo (7w

The external arﬁle, G s simple enoujl)-’ 8 =y, of The. iplerval ané/
,@/ / 00/(3 S)‘m/jh# \Formr‘a’ qISo - a;l‘ /_87( 3/ancc_. ( ont:/ ?'w/ 7/04CC>
3rd 3lance g N-1 3)&%@ ). On  the N'H, 3/4»62. (the ﬂ/"”CC
u//'/l) you slanah'nj over my shoulder) , B Is wnof Slhvp// @; of, The.
/oroUem is that & s na{ J‘us}‘ due to  the Aooy‘: rotairon — e a
00mé>ir)al/’0n of’ #L)e Onﬁ/& l’)/ WAI‘OA /‘l)e /?00,0 es wouldve "Olo'ltap
fa[) :i’s CM were SIQ/IWQ// wrl © ,P/HS H’IC Q'?j/C— /‘A""Ujl’ whieh O
VMOVQS) an3}¢ 95 prom //73 of’/b,jram & = (f" '9 & 15 l%e QOJ/C_
Hﬂroujh wlvl‘cll U)C cM meves CMJ éQS Vla/é/'nﬁ '[o cﬂo C{/I//) #)e, Aao/.'s
exwlema/ qnju/ar Spe@cﬁ. ¥ s /Lk.‘; 4’73/2 M’\""‘j[" WZ"CL’ the L’a‘gfj
rotates wrt ik M. These /6757(’ < sentances /0"0"’"0/'-”— the l‘e/

o una/ersland’mj whats geinq  on,

RE = h(V¥+ o)
R, of = h(wet + wyot) (vi>
= L, = - o (R-h) C i)
h
OF course, (Vi) is not eguivaleat  fo (). There s one  last

comﬁ/"cc){f&n #r0 /hVOIVcJ- 77;& Sellu[p C@hs:‘o/e/‘ca(} éacﬂ #;e. A@af
rol*onllhj n /‘L;c Sagme. po/f-?lfle, #)a} U;é M moves n. an/ 7%6,
[/;oop beern | 710 ’ZLIG, /D/C?ﬂc 01[ l%e, moving M, the cmj/c é/
wt)/‘oL, {‘lqe; C/M mevesS Wau/a/ 007L éat/e, Cor;//‘/’éa/cj r/‘o )%C,
m;j/e, Ay Wé/bh /%C [7(90/9 /brlmleof/ WNL r%e r/z/c?//. The 02
rola ; fons weu fap resSc /# 19 cﬁfﬁp\er‘cmf ‘lLych o Mo//'of) —
e independant motion. & would ot
’ LJ)/'C{'I the Lw@f "‘OAHLCS cur'lL #ie CUQ//’
@ %erepam. ) Y%e conln’[)u)[/"on o hw, oF
p— o Re muS'IL EC— MOOI/“[}J ) #)qf /')L s C7qq/
{o /)lse/p Wée,n ?Zéc Aooﬁ s L #(;
%C G\/Q// Qn&/ () (4/4@/) #ie- AOO/) TAS



1 to fhe woll Whhagps = l,  sfof gl
. ogps req sheo Se 17 the fopi~
E)/ Using € b le 2 dileren ar)ﬁ/e.s./ = é;{o)e/, oll o Hhys s

CICC?/‘. - MCM’\& aﬂwuv‘("\ . /Z—m.) d‘a A2
COHS/JePI'?j ‘qu, ”LochQ/\/ c@na//}[/bns " 0/\ t%l.s el[‘rfec'/~ ( e’ /[:4// eﬁc;c?l uéen

hoop is L 4 woll, ‘zere ol 1., 1) cosa  does the right
)%lrﬁ (S‘e& /_sf /03 Q:r /,oq, AT or‘fb/'r)q/éz a/e-[;'ﬂco/ é i LL/;// S//‘cé

© / Tom  ow 04).

T
f

Noww #;a)liv reft hand 7 ” cq?L) nd T was e
o /chc i+ C;,O)[L)j./ s N i ik

3(47L L )%/'/)é //mll i :Cjcmec/ /'% pm[ Fof '“Cca/) a/ﬂan/.

w,
D/bgram A L - Full effect

—

wy

D[agmm A sl;oa/s #7@/ /)Daf __[_ )lo qu_ u/a// . /43 man)l/bnmo > #;e_ e_rpecll s
maximized hens. Diagram R shows fhe hogp Il by e wall —

w,
[ “
Diagram B : in B o

—

SOMC/‘I’)Ihﬁ /mfpens wken W, kas a Com/aanen/‘ " #;e. a//V‘ec)l‘lbO am[/""

/)ar\a/le/ o ; — this c«:myoncnlL kads  fo « P whrch s /0”\76"\
Hf;on 5U,£>7L

When expandinq ry %

Re =hy = Ru, = h(w,+4,) L

we. (,UQ,,F t Consder ﬂ,e, w ef

Component of 4l | Whiel s

arnlif)qm/e/ to (;}, thus

RE = hg = Rw, = h(w, + 51/.(:056’>
Its a shome Hof schoolt  over. T wouldve lked 4o bove
given  this more 7(40%7/)%. Ty's \/\BOk«\VVX cam—D



We“) in any evemL) /C(/N,] s now a knewn quqmlr'//. Once I
pfnap its afir‘ech'or), Lo will z‘rwmeq’/'ale]/ po“ou/. o

1 wr‘,z.
o -
e
Wi
— A A)
From  the oh‘agmmJ w; = —W, ( Cose Z + SING

L claim that  the 110@,0__ Is fo)Lal‘/bOO//)/ g)/mme/fl‘c wort ,'713 axis of
ro ILall ror) . menepar [ L st /s // 7(0 C?/—:;, 0770/

Lh)f‘ £ Ih',O 6—(:;1‘47‘—

1‘43?"‘)
s Vq/;J, See PL;)/S/'cs, the /Va/u»e af l[;/r)gs) fz‘gwc, 3.1, /knae:“;:;m

i k"’ W
\\)’W"\‘”‘L\-

PN e ,? kﬂ“AC@SQ A
L,‘,,/, - Ihvfwfn!— = "‘VV}}') }:*T"‘“]CUO (COSQZ + SM/QPA)/

= - mh(B-hcose)w, (cose z + SlNéﬁ) (

Now I‘/I quou/c?!‘ﬁ fo(e_z;-ﬁ* . and then T Vole & #Z B()

int.

Cilliar R (Pr L;COSé}cd,, j%[cys@g + suvélﬁl

! usk ye v
Now 2 dees not chonae. with time— #s o pf‘xec& 't vector 37/

wa

77)0//‘1&' one. ap ?%e, [)COU ('[:.l Hw'/)js aLﬂd)L %Ac Ca/\['e&'or; Ceor /'/)qLC/ ENS

[
sysM. Thus, #lcose 27 = ©

g -

%{L;i-"i’ b —W)Iq(E*l,COSQ)WanNﬁ :%f_



o From the diagram and dz = RdE

t/ |3 45 =pdpp = dp=dog
- ol N d4 A
TANSS S => it = j(fﬁ
2 d

Now ot s ar an wlar Wj, bt s 4 W s 778
or a¢ Com lo/'ﬂo?l/br) ot Lath 7 The Cow“dl/iyo:[e ﬁ
describes a pos///'on wrt O, the centre op }ée e /lm/aq Thas, cv

must be the Oﬂju/m* speeap Oéau?t o, a,///‘cé 1S G, [hes -

47 _ A
f-ws
wd . A
%ﬁ# = —mh (R-hcoss)w, s %
= ~mh(R-heorsE)w, SINE &
= —mh VC:SWG‘ ,2
R~ hcos&-
Iml'c'“r)a/ To’r‘gu& I.ﬂ/'cma/ +myac s COM/L(M w"% l%¢ Aaafls
CM, se the Loop‘s loc@hf‘ (whick acls : of
2 \ 3 the. C/"?) Abes | il /)/WJUC& LTS LI
OI " ‘i >/3 4or7q€.
mg 45 e N
b, Ty = hSWENZ - hsw(}ﬁ)ﬁ Z
1

@ As men//‘aﬂco() pr‘cw’ous/)/, Dy Gave US ﬁ"‘”)j.
@ sN(F-g) = Cose

& The f)ormq/ force is the Force Um* dCce/e/‘enleS the [zoqa‘ﬁ M
cen{»ﬁ:fela/l)/ aLou‘{‘ 0. ch’m@ﬂﬁ,

ey T e LB a4 1L P Vo — i MV v/
Z—F/; = -N R-heasg > N= R —hcz&




== Vo N
I = bea (gizc%)ﬁ = 50059/473;2/5\

\L,, SI
qu L - mjL)CaSé&g

R-hcesg
— TR =%
Tont = Loy

'4170{ /’76!\219 #;e c/l}'nax m[‘ #)e, fﬁaélem
th SWQZ’ - MﬂhC@SQé’\

_ ml) SWQ@, _
R~hcose

R-hcose

or, /‘eqrranj/‘nj %erms 5

Tave = 3(R- thsa_)
2V

( viie)

vi)



OF zeroth order
e = £ = &= ()

——

OF Lirst order
Note fhat  TANG- Qppears o bolh s ides of (ri), So we Can :szﬁ/} D)

Io)/ Sué}/‘acl/nj f/‘ aq/.

2 2 . R )/ h h
SEC & (6’-—@) + SEC &), TAVE, (9-@.,) = = 2V‘)(E)Ca&é7° + (%‘)(R)SWQO (6-&) vy

Now (Vi) IS ewr ww*/w‘rﬁ equation.  The C?qml/‘m alo order @& one IS

SEC’&, (8-6,) = ~ G\?)(g) Cosé, @
3R

2 \¥
2 N
Lt @@= [+ (£) .  Tten:

2=

o(36)= -G)#) o™
& - - ([FHe™ / |
- -&-@T
Of order two

New we move up to nd order in (i), Cal'nj back fo vi)  and /Cc"ﬁo/hﬂ v@/',é?ncc
ajq/nsf' {‘erms op ar\a/er ﬂ;r‘ce or jf‘emle/‘,

slta-Wals o(Z)[ta+@a] = -5@)e™ « FJ})e -4

-G - ola + o(B)30) = -B0E - B8 Te-a1
' ©
s + sBWE - @R[t P ]




‘@(g 5 - -e(&J%) - )(>@"*( =

@ - (e

& = ~:2<53‘§: 5@
() [ G ]

So, qu--.. uélzl: OL; feéré _/ 72@ 4970 /s 07L @77 4'7\7/1

9'«391‘”9 ()9

= v G- @EN-E ™ - #2007
o dhe horizortel,  See pare | B debioilion of &

ek 0
23 Mtw;/ww e e (y@w;'f”t““"”?'>
(TW/lW{J




