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f‘)_\av\uv- wekakion prodeme, {ov WA we D\(LSV\ e
Tz besis yector ?er‘)év\AtCk\w tp dae P(a\w, cg« rotafin.

s e (Cos 0 _sin® 07

Q=|sinb wsB O

O O ( ~

where © L$_{:l'\¢ conterdokwise vekation o§ e
\0043 ot T

O

o= 06 + | Z=DHE

. (o -4 o
It is easy o shoo that QQ—‘—:@{l ° %\X anf




B2 Kinomatical Relations + a Coretational Bagis

U? ’ho ‘t\'\IS Po('wé) we L\Qu(, uS,eaé a. ‘S’l )(@Q CQV(éﬁiC\V\
eSS | We now ch(vvd(«e 1 C)QP“OV’C. C (‘,OV\\JCV\‘\U«{
basis called o co votational (\O‘OAJ“%\\‘(@ oo is

8.2, The (ovdatioral RBasis

W< p(e,%\v»@, the copptetioral bugjs (gx )EJ,@B
ek voteades wikhe He bwfj as Slows.

Reference configuration kg

\ Present configuration k;

/0

Fivs{) we hosse tre Sour lool\/fés o the boo(:j
X Ko, Xo, #Xg suda dhat

EZXI-X—L{ 3 E—O: XL’E \ E—E—- X—3_X:¢
'SoNN\ 7% SﬁXeﬁj V‘ié\/&‘ \M\\Ajza( ) Cw{cd AN loa&'S-




Because Q \OV*&\NQA e A ﬁa\,u,e A\/\A ovient—

X 1on betwreen Ko'\v\‘h&, 1) a‘l COV\S’\ Uf‘aj(‘ta,\_g
e fb[(bw\w\j NEBYD *}'D*W\ a CED\/*JQK‘(\OA@CD \9;\5;3:

TR, BT RRy, &= X T Ky

We hane al\rtwej Aerived eXP\rcsSiovxs for welative
vdoUXies oAl O((QLCVZ&\,ON ) WWidA Con Wwow e sed
ko Aerie expuesions fw the b’Mc‘VW(C’vS—Mz)( K i,

Cx = ViV, €5 =V Wy 2= V= — Uy
= & x€x ’;Bﬂgj =6 X ez

Bx= @, —&y = X X&x +BR(BXT
q\,\A biMi(m/"j %W 6—3 + E . \J\)C wiu Wse. fLe;e S0A.
DA m COVU&CGM E‘\Si‘g JCD’ & Fi)gao 'A‘/((g

For a & Yed s of voekion, e,
the  vefwtion watiix Q IS
lV\ ﬂ«\Q Cm/‘{c&(aw\ !yS“S,

(603 6 —sind 07
Q—‘ sin 6 wsh O wl\ew¢ 9 s as A
D O (,_J e j-t‘Du.VT

—_—,



This ;jichs Wgol(om% velations -

) —
FE{ rCog 0 sm® O _)7
5 = [-sin D cxge (? Ey| -
& Lo JLE]

?VCVQOV_%(J) w( 51'«)\@6‘1_6,\;"(, {:o\r Yae &\x&j—c\ﬂk (%4
5=0FCz ad &A=0Ez, wwidh we o we
find  Orst

e>\=5’<€;<=.9.—3
€ ~wxeg =0



22% A e&dtide Mouna on o Rigi A Body (EKQM}Q)
J (&4 v

Consider the disk -
QV\A WA <C )Qp\vfé(\d.c i Circular disk

ﬂ\e (,e\,\{cv‘ og
the Ak (g SlyzA’
?0'(14£ qM LJLtiCL\
tb\z Oe(&k Y‘b‘é’*’&c&

Mass particle

The Jj&lﬁ otz B —
& boX E—z: w'eﬂ,\ w '=. ?EZ = wke and a«v?w(qr
occelorskion X =0QEz = ALz

Swﬂo)c ‘{,LL Ptélﬁd\ b% 'U'\(. fk\lf'b\dﬁ (g

T= 0tex + 20t ¢y

and o position of the ‘aa\xk X o the dAisk s
X = X@x f ey

whaee X and y e conshonf scalars.

Fud the velodbies of the patide and the pontX.



Vdcoc(b of tha fﬂv’é’( de:
Y= Wteg +10Lex + ey {-lOﬁEB
= A0t &+ ‘ng?j*)ﬁé—\j— YOtwE,
= (ot -whwex + (M0 +10Ew)es,

\16\0&% og ?QW\J( X:

Netice thakt 'Xz(,_ng:M o O w
becanse the orgin & Sived. : J

B& Vv Z D AT, W\’\DZ
Dol ¥ & O eoélﬁoVL vedolr o o fw('m
Prkois W»eunz) Mﬂe_?&&@«‘t\j Svou thhe Aisk.

€4 Center v% Mass and Linaar Momankum

I +Wis sedion we Mml, {,Vi center af mess C
and the Lnsr momenrtut G of @ bodﬂ-
Let K Aonste da Nﬁ'u»teg space Dco«f)ie& bD




e bbby o ks erc.w(ﬁ s figretion - LR,
lcwejﬁt ‘(:L\Q rcg(gv\ g:c'—\,OicJ m the EOJJ.'S
(‘C)CVZX‘C\/\CC com}(&um&‘ov\-

Lt the density of themakerial of the  body
be /O(K)t) W kS Pmcwf co,qﬁljwaﬁon and ﬁo(z—ﬂ

n s y\e)(eM«ce_ COWS iéuw\f(‘\bw.

&4.] The Ceantor of Mess

The position ve chors of the conter of mess
og ld/\f btﬂ\u) (3 og

% = S/A’ XS dv
‘57? /) A
Sor B gnsch wf\]ﬁv’(jvf A/{EV\ and.
% - (2 X o d\
b, o A

S5or the rcg—cﬂmc oOV\ﬁjum;ﬁ\om )
We assime Dhak wass m (s Gerved so

Am = p, A\ =0 A
m = §/K°p¢>ﬁ(v: S‘?\’P A



So We 'eglcew WVeke
¥=—Y‘V\j« Kedv | | X = ﬁ,\\—gﬂozﬂ N |

Usio, the regulds of dedion €L e can

WV tE s ezx,w(‘z oA m(aﬁvﬁ the conker 0{ mas C
GV\&J( anChev- ?Oi N¢ Y3 ~ ref. cok. pos. NeC
PR T . = D—S— oowt ¥
At X =9 Qe (¥-Y)

oY

DiHercmC\afdv\S wrd dime o 301 tha

relacive velStity:

¥-y = X(¥-33
and oL more Lo 20(’ He relodive agceleration:
&G = X (K- 25 % (31 (%) |

¥ o\ JC\AL\ldbL(JCD o e coter o waus
G (s e oeldthion of Ko cewker of wa.



3.4,0 The lineay Momentum

Definition: e mesr momentin o o
Nj\A bodj (u&;v\b B Acﬁw(ﬁw\s Rl:b\/{) I<

G = &RVJOAT .

This e bc,wné(&« M the gullbwi@
éewu%&ﬁ\«:{’wqg .

So the (iwar momenfum Df tha V‘[;lﬂ( bng s
s mass fimes the v¢(«>ci{j eJ( Ehe cew{Cr‘ 0)( MAS.

T veslt & oiticd b Ak o a sphon § priids



s KEV\LVVLOCGC& 85‘ R&)‘(M& and. &(,ioeivk\O\J

that "5 in codadt willh anotien bodys 5.

L a SLV\JIQ, Polk. The matarial poik " P=XKp(t)
of B Pik © in CDK%&L{ vavries with +Hwme.
We Aareke thae 'oos('éimw uecfor oy ¥ <t tme t,
e and the ve(ocffj) Vo. The wat wormal
vecksr to 8 ok P iy dastad R

Present configuration x;

Oten, we would (ke 4o (yz o koody B
( QM\'L SN %Q\?

Fixed surface S

BCCmA&C FPis a M(CNQ( foin(' on B, ¢¢ has
vc(oci%i end o\((c(a»cvﬂob\:

NN D < (F-R)

Ce~ 6 * X x Lﬁ—?—ﬁ\ +a7‘(ﬁ‘<6ﬁ>"£§3



15 khe T\j‘A \OOAJ N &{(CQ(V\O on Ehe §i)(e/

&*V’fﬁ\( € :

%7 =0 |
il tmplies ke gumﬂ condition :
¥ A= (% ®m-®)n .
§ the w‘aid bm(j (s v*o([(‘r\\j s the dixed
Sw‘(j(ﬁ((’_" o
"=5

whidh 'LMP(](& the v\ol(m\j aondiion:

¥ =m0 < (G- %)
FW\AUD, we note thed the occelevation of P Sor
G volling w‘a\‘ﬂ 'ooc\Qy (3 1ot V\c(djwi(lj 0 !
Ll \QNVMJ(L‘Q o% o @0“]@ Ciredav Diy ke

A common pmblem W vioid LMQJ P ATCURVAS
is P vellna Cl redar AK 0% re T R

Fesk, we Adting the oretatiora] begis

T = cor 0T rsinOE) , G=cosdF, ~sudb | 7
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Circular disk of radius R

HCD Vog
CAEQSW byss

Horizontal plane

Beconie IS &8 Stxed-odis (Fovard veteition,
~=0% + 2=0Ez
The codter eg MAg ?oﬁjckov\ ek (s wpiten
X= xEx*yEq? 2L
Aso, T5= % -RE) . (I this Pwvum "=Ey.)
\/Q% the. velling cntion, we Gind sk
Y= —ox(r-0= -0E x (-RE,)
= —ROCx

Thare §ore & =¥=-R6 Ex.



The ve,(ﬁ?C(J(tS e‘g P L Zro. Lt caleulate d
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T =&+ X (B R D XS < (%K)
= %Gy BE 1 -RE) 0GR BE:x (-RED)
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700|
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We
This is because T qud o oefer net to the

yelary and accelapation of the ter JQQD f.g(wé
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m&(. : oW Ak et W ‘to be
L (\::\"t gue\jc ime t- W

T
Vo

T\«vuit\j Lo the Vﬁ(ocifj cadl accelere gon o§ an
RVL(%—"““U f’o""’t e Ty X we wrike :

>—<—¥: X\é;( Jf Ulé_n S
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=F + o ~(X-X)
= -ROG+ Oz X (X &x +YiEy)
:—?\th\-é()(\gj - Dle—x)

\Idod%J N

Acceeration

=& & XA(XR) +7 (& < (X-R)
= RO Ex +9E5 N(Kex *U‘ZJ\JV BE, « (8& K(mex’rj(@)
= -RBEx 60(\?2] .J\EX} - & (x& *ZJEJX
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velec ity
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L. Z Avnadar Momardka
|y

(Sefar@ we can Astws Bae balwnce laws o)(

JCCV‘ ﬁ) w_ V\'\,\AX{ 'LLC(V*OAWZ -H,\q_ ng\/(qr
Momentupm o% ) Nj\‘o( DQJJ.

Reference configuration kg

Deg-(m(’}ov\: the Gu»\éu’ar mipment L of B abouit
its cetr f mas C is

H = &;{(X—X) “Vpds

D(,F\MJU@V\'- M\ angular momentun af % dodf
tae Sixed foint O T

H= Ll X *Vdv



These czunﬁonc can be related o Jgllows.

= Sﬂ(Y—XJ@)“ Vpds
= %(Y—Xy Vodv+ &ﬁ% *Vpds

= H + x x [ Ydr
g?\f (Raar MOmadum O)(’@

H=H r xxGg

See "O‘Ka\b 0. \SE for an exprssion for 4lhe
awc‘)u(tbr non\;f\a.v'x tholt an qv*Lt%Vlg (o(hf

% lv&mr‘k Lee. Tenson

Eﬁf"&}g 'H"L Y'C(Q:EW‘C ?DS({‘IOV\ VCC'fOV‘S (n b«Se.\.‘
T = TG * ThEy *TEe
T J J
™ = Ty & '\'_ﬂ_j% tWeez .
7‘“30) e write the avgular \,dws sfg’(L\LL,Qi?:

O = Lx O *Wgé:\] + Wz .



5.8, TWe lnertia lewsor

\'S W< COKS(&(,V he Qvﬁ»/ﬁf‘ moma«(um of@
Aok ks caten F mass B, We can daive
the ?so((owiua iv«‘pof(auj( V*t(c\ﬁ'efft&\«[fl

H=T @ wWina €

T is Yt inatia feor  Whdh & wilfa as a
W\“{V“l& n fL\e coveatational bans os:
T xx E(J 3?)(%
=Ly Ly 2
e Ija Az

The S’Eﬂb‘*’\“’tﬁ com\;,o/\mtg are_ cqled momant cj(
inertia

Ly = / (IT; + I17) pdv = / (IT; + I12) podV,
R Ro

Ly = /R (IT7 + IT2) pdv = / (IT7 + IT2) podV,

Ro
L, = /R (IT? + IT}) pdv = /R (ITZ + IT;}) podV,
0
ch_ wev«a.‘vxivﬁ awmlﬂm‘& ayé caflc,,Q fmuh n}
(nenrtia -
Ly= - /R M, I,pdv = - /R I, IT, podV,
0

I, = — / M.ILpdv = — / .11, pydV,
R Ro

Iy, = —/ IT,II,pdv = —/ I, 11, p0dV.
R Ro
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basis dwosew, T kﬁ los (s (Ex) g;@ (< Chosau
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then é@,ijﬁg and €€,<)23)e¢} Qe cq/(ej k
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and e confiyanafions wcs/occh\/dj

IV\ Jd\is Cf\%) dz éhz_ cowo{,cchOV\a( ]00«36)

Txx O QO
T=) o Ly ol.
O o

T\Aa,,(,se\rc) wC‘ qlwtzji JCVJ to chosc é—x\%,“’fz
as the (thpﬁ( o yes.

L3 A Cvedar Colinder (eramgle)
v 7
\A)M{ & ‘HA( Wfro\ {CNOV\ Cylinder of radius R and length L

$or the \/\m«,oacv\&u& c(\j\iwlar /

o wmas w, radius R,

QV\A Lep—“« L7 ‘\\ E,
Choos. e Pr{v«aﬁg_ ’E )/CL E. O

O\)QCS) ag shown . I
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IS Tog= Tz = L= O, (aud thay ave)
w€ (/\AU‘C Corv%zjﬁb dxww\ -U»a. fwé\hci‘ocxl axes.

Cow\fu/(‘llﬁ UAQ, V\cwa;\/\,]v:j Cw{’cavv«'s)

2, 1 .\2 O O ]
- V{(——m& *—-E_W\L 1o 1
O O %:MR J

H we Sce K"O) we \Aa\re J(,\Ae, L\ACFE\&(A \:CV\.&Q&/‘
Sor o “dender vod” Witk LFO, we har e
hertin dgugor for o K disk!

B4 Thhe Paradlel Ak Thasvew + ?vvxc(‘t‘ca( Netes

The Tamliel Axic Theorem s cmmwb wed o Fud
the bertin fgor of a ,od\/tf that & nok the conten

05— VAR '\'\owa/tr) we ct\mumv{ch UA(_ V\Ler( §w~ {(:
expvus‘w/j\? ‘H«L Ow\jk(cw mcMMH«WL aéo\,& AN ary)
ot A5

= gﬁ(x R * VpA1s (Je&)
= H » R0G

We wil we e ot Ck—\f&r 7. Notc hat £his
affr‘wb\ (S Wove 3@»&4/*«( than the ?AT) Wi
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o a tde 0§ COMWMOA ﬂ«apﬁ& a}%oJLCS) like Hatb
i the cover bg Hidmder



Chqf‘f@" 9 Kvnetics of o Q%(o{ 603);1

q.| Balonse Laws For a Riaid Body
) —

Before wcj(( to the Lalawce (cws, ve need 4o
dunss Sorces ongd momads gt a wiaw( bedy.

. 1,1 Respuk Forces and Mgmanks

C7'\"“\ a 56{ Of N %"‘(CS fﬁ)i}";ﬁ)’“)é\g "\‘—‘6 o
G bod y B Al meked foiwfg ¥ X, X4 KR, the Ul tand

3‘7"‘0:, (< _

Siwxi(mr(j , the restaldout woment M, relative to 4o
Sired gowt O (& khe s o indivihal powmant s
chot O acﬁ‘m@ on B, We dawte the vgultast
moment rdative to He carter of mass M.

@Uﬂ/\ AN @%éﬁrM( MgMew{ ; resent co ‘y t
Mp 1\6&. U‘dkcw( an ﬁ,’
ﬂ'\q, V‘CNLH'A\/\t Mg o

MO: M?'\'é X ﬁt;_
M= MP*éT(iL-Y)X?L




Cf. | 3\ E\A\QT% L.C\WS

Tulers laws are the momedfunm balance @ws

Sov vigid beodizs. The Sk Lo & thae balanec
D% Conacav= MM%MM‘.

(%) F =G =m3
The second (wy s the lrlane of anstlar monada’
, — reledive 1o the
€23 Mo = Fo Sl grint O

Ta}rja“vzr) the BEler Lows 32N six scalown &Jua&lm
Ancther Sorm of tre sccond [qw iy:

(k) M=H

ot G the
’e '”f(mw of musC

~% rijld( bedies with a @\«A PD(V& (Le ('P(V\K&QU>,

we typically e (%%). For others vie dbeyn use (FH&),
Reaall Srom Sedion X6,

H=T1®
(T wx *Ixn Ly r 1wz wz\) €«

+
T (EX%@%*'IjZ‘QJ*'I%%H)z €z -



Tak\/\‘w\é) Lo time-der, uqlt'(\re)
_'R:Iw—':ﬁ + 5 xd , whare

ﬁ = (Ixx@x *1X3 ‘;33 t Yz wz__\) €«
t (Lyywxt Tyydy+T gz w2) €y
T (EX%@)&*I:;%A)J + T2z Wz)eEx
s the coretdional vate erf H. This gikmg,
N Jentrsl, & very cowpioked s of equakions.

LS The Fixed- Aic of Rebkion Ga

Ve worked- el the Kinamghis (n Cha'oéarﬁ’ :
&= cos 0% t 51bC, | gy= BB —sBE | &z=E.
&=6e | &= -6 | m0hcwk
The amau(ar wekech and s JO‘Mc-Ja.rzmﬁ\re_ are:
H = Tawex + Tyewe * Tewks and
H = (Tear - TP & H(Tpo  Traefig + Tebs |

T\/\c KM&ECS are o Edes -:J(iw wei
to obore Kigmutics: “f3 fb“ -

F=wmy [ M=H



The Sirst ﬁua‘h'ew s the potion @S: e cenbor
of ma and wackion forces.

The &% and CTJ SC_A(QV‘ uwéiou_g Srom  tha
secoud f@uaﬁovx (M=H), 3»\& tee veachion
moment M. Yrat |CCtFS tle &,{7 wsﬁaﬁ/a abalt
the Ez—axs (M.L (s Ofécu\‘)‘wgt' D).

The 6—?:5: $C‘v("k\f C‘bhfvﬁon %VQW\ F[:F givcs
the A(S«femjdc‘( eguah‘ovt Ser @C’t\ -



T 1.4 The Tour 5'éc5>5 Sor aa(v‘ma problems [ —tui

We gsucw gmr $tcfs et are smilor ko tx
—Sd/»r we_ wizd fow flaf(‘(c(es.

. _Kihgwatics
B —an owﬁm or e Co\rj(csiam(‘dis& A o
rejcw%ce. o figuation. (O o
—o. cordinake jg—g‘gf«,u« to werk (n (E_X)EJ)E;)
_a Com@\(—iomfj basis (&, Ty,

Cdabdih expressions Sor [ or Mo, X, 7, ol &

2. Forces and W\W&S
D & %m.a—bwlj J(‘aamm shvaw {x{cma.(
forces i and Wmoments M? :

Write whek ¢ kwown  abeut endn force oud momat.

3. Culer's [ows
\I\’f LJCC wﬁ' ‘HNL Sk «=(ar eﬁt«a/('mw& gmwx

F = WM& I —M = ﬂ oV MDZR
4. A\M(»\sis

Selye Sor what s MzJeA) U\s(kj the six wmlar @vaﬁw
oadl somekimes Modktiom( Kivtiw,u%{c eﬁvkaﬁ'o(«&.



Hidodler 11-55 (luwf wore- yvv-ml)) the O’ Railly woy

J J ..
WA oW aﬁ\td moment, M ok C, Snd e angular accderation © (0)
e likks and T, (6,0) and To(6, 9)) the f'W\ Pvees ok D and B, Aswne
wassless Lings and wo S\\Y(lyb Jg tae boox -

» =’ = / rc’_%cre"‘( e cov%(awd’l‘bw

~

K NM'H SN

Twe vwcr(’,\OV\ o% QGVJQ G\, DJawA(S Now e cdrcwlar 'Pr.(lns SOUA
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oriedetion  the lox doaswt danee HM»««;‘«O»«( s melion.
The /[JOGE'QOM.VCC(BP OS' G «

X=x&Yey=pr e =Lz .



Gt Affoecdrotiyy o vy e s of $2,
¥="ec* 08 =108 o

wWe will alss weed the position yedor of D and B.

o= % ~b & —oby =¥ -b(ws08,-5ind &) - a(sind &p+-caPy) ’-(L,-bcasB—asin)c_,
H 05nD-acaf)e;

Y F (L) B~ af = (L Labesd-asnd) & + (oL)3ua8- a0 8) &,

( Mo«;é) < will ~ Budery Laws. n mﬁ‘iraflm of dask,
lz': :::«pt«{t €VJ)~:. aw&uﬁmj momtchtu o the (l;e)c daf«i O:

\“lo%—u t xx—(; /C,.r(G‘W\k”“S

A Is= [T 0 0 ][9] Izz/fé- OE=
o Iyolr°
O o " Ial|?

Al well weed the time-ovivatines d the Guuwr and ang oy
W: —_ =D ..
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H,= wli e



Forces + Mamads on the box
o

& gl 49
4 al P/Q
=
T\\e, 6%\,(](“,1('\.0»\;1 %wze
(8-

‘FQ’ ‘W\Sgine € — wgb%e eq

Rewlbwt Sorce: F=ReT G = (masindtTye ey
t (~we oD 4Ty ¥Tie)eq

TL\,Q lows exert ‘h\/\L
Sorces:

i: Tie &-tTeCe T
T).:Tz.r Ct T

Momenks oot O

My= X2 = Lier *Cmgein® & -y cond @)= -mg L cosd
M= X xT = @a'lT,. —lTar)cos O~ (lonM'BAsMD) =

M.= X T, = (LlTle +(aTie *(La=W o)k 8- (bTp ~LaTe* sTp)sinG ).
Rowltost pament: M= Mgt T eM, - Moy doen't enter becanse

i‘é'.s Arf"iﬂ! to the (nwk CD, wot the box.
=T
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5 2r

The s wband momesd it € & ‘\\/

M= M+ LG = T =ML Tio E-. ¢

[y\{rw(ucivx\:]‘l:‘\c vesul bt fovce dogrk MF us bewose we o kwow

O Ccowe about e veection at C.
Euers Laws on e (ks
TL\C (M\( D is mss\c;s, So &3 auauér momtum s Zro and

M=0 = M+Tehk=0 = To=1 M E . Swkl Te=0.



Bulers Lavs on ne \oox

Fext Law - F=G = m= whida , weitten in the Po(ar cond’, i
M9 5ind) T ¥ |_[m(-L. 6
w\g)(,oﬁ +To +To mL, O

Seond Law: Mo=He = ﬁgw‘?ﬁ +1,= wl 0C

Amsy&s

The second sular eﬁuabay\ Srom e Fra{ Law Q,N&S
é = —(-Mj M*Tmﬂfb

mblz
= V\—L,(-MS (,o$9 "'_'Mu\)
_ML‘ MJL\ (&9 + M\Vb p : ANS

We Know To=T M Bz and Te=0 and D). We séill want
T (6,6) and T;r(e 6) 0w wed two eﬁmﬁov\s with T, Tor B+9

the dAlJ unkwawas.

The firk cwlar e%\m‘:ov* of Eae Vit Law i one. The Second

Low aivts ol J ont (rontrivial) scalar equakon. T‘N’.a ar Lingsr
aWn L e,&sa wole:

T(e Q> TwCr “Te o Where, W‘(e 9)_ “ AN‘S—

WO t (LMinsind + agliwmsin® ¥ (M»\Lu - oMt bl " sd)card —wl2 (beasd + asin D) ¥ 9
“(ato) Ly cosD +(ab) L s

Tz(e 9\ " TwertTves  wwre ;r(a 9)" < ANS

-mBO = (rLMinsind - b 4L SO ¥ (mg 13- aMinro. s W\SM9)cos<9 + w2 (acsD Ho sin 5§
(ato) Ly cosQ +(ab)L im0

Noke bk there was a more- conenient galt abod whidk G agply Fier's Lus
G. Recanse the box V\asno wolation X =0, AMH =0. This simolSics Bae

solution for T(6,6) and T.6.9), mastly becan :w% panbmwﬁi f\:» the



Q. Wov\(—@wg} TWeorem. ownd Ell\zrj:} Conservation

92.1 K O€V‘£(€/1 A Dgcom'Posi‘(:lU/\

The defuibion o the Kintlc ey o a rigid éoa(’j s

whve B is \’}«- i a((u\rlt'd bJ O
i€s Au\sc{:), ard V s ﬂu. ve/oc;w o pmaterial fdwf L law((]

In Pmdtlu howc\/w wf_ wse Kbeu_(&s Je(om/ks(‘élm o} U«&
expression for A rigx bw!?

reLagviins |
\-’-\f_—’ vvé
branslafional  votationwal

\:\miml,s-U'\clc'Olswci ¥ IS Hre yeloci 03'-6& - o WMASS,
H is the k\r\%llm" megmkuw Aot e conder a}bms Mu:? tsS:U«L

av\gv\lar veloci

SVAHJW md:\cemgja ﬂ,\g_ Mtw(aw
and Y‘O(c:ﬁom( wetic mevaj 0} iés me& MASS. :

Q2.2 Twe WOrK—Eww\sﬂ T e ovom—

&m‘h with the Kom oarﬁ T, ot fam
of -kLL wwk-evw.véij J&‘)&ofw« g-wgi f%lﬂ bod cail%bc devivd:

T-.:(——_-T,C+M-5 3

where )?tsékwsu%fwowk\&ém( and M is the yresulbant
monant abaut Y conter of gasity- 'h& v o watws(

ectens (o4 & He work-awergy tlcortin Sor o sigle ticle




Thare 15 @ seond Sorm of He Yueorw thaf (s offon
sl = >hW o+ W?-&’)

=\

P,

Where —F_L are the n -Sdtes \i@(_-éo a -S—,mm g_,’c?_l) vV, arc Uee
veboddies %M ralk& where Emaf)r(cp(,anp( M],L'g-ﬂqe m;&
aglicd woimait (wot & vesdt o te F).

So we aan see From Hhid form of £le theores ot :

T. The medwnlcdl gower  of & ‘pree P ed o o ot a pout
X on e 18 PV, whee V isa?-(—i. wlocb(:jbij ()emf Xf.)a

TC. The medhanial poves o} o kpp’id mMomeut | s L P,
&Ml’\/\ivb like Hibbeler 13-7 (exuwxﬂe)

Given tha dondolcsfco(’s avxaw(w Vdoc&j w,
what ¢ the SJ5tm’s Kinetic @‘”337'

s the ew y of the sysfom cansemved?
Assume ﬂwg Hee b nek slip.

The woment efwﬁa of the srw( about

O in the Bz~ direcBon s Tz

The kinetic eaersy of the sqgdam s
DL sum_ tg— e knhx Cvnuaja:f e ‘oQJJ

The Kinckic enore of the sped (s ,

T = ‘Tmﬂf‘;{i— iH® 5 ’
+(Ia)m A
1ot j

Sine B and A awe ﬁmg(a&wg CMJ et mép:ﬁmg, ﬂ'—“i“"AVAQ
omd Te= J{.M&Tﬁs_qs

M 1



So AI(WCV\C.QOL‘&O%MAW{ J(SM\&(D(&‘HQQS»AQAJS.

15 W assame the ropes arent  slade, the tanguitul ve(oabvf each
Woss (5 L swie as | he corresponding vepds ak @i foint,
WA & e Same Ay dan corwf)sd.\ﬁ vokins ogf e yools vel |
Trevelore, if we Sind e velodby of ™o ponk of andilradivg,
Wwe Wl Wl ’d»(,\rdod't\\) o endas wass.

Using the lew&awt ﬁum(w vdok\'vsa be \docitics o
an WO ‘OO\V\/’B N a ri‘bcl 'oM(J , WSy O as one 95’
e ?o\v\ts beCaus [t hpg O Kasow (Zc/®) \rebak:)) W (oA

find thwe \N,‘Oa'{‘t)vi og' a ’wi\dt o the radis X,

V. _};7'-2 w x(x-,_/‘g

AR _
= wfe*(-N2%)
TG T
det O O w] —
-\ o ©O
%= T = -neg

Swwilarly §or Vi of ok X

. . — 2 .
Frally: = TG %= Lwded ad Te=omsto) The bl &
T=Tir A Ts= % Do + L w070 Howgr?d®
= L (Tee t M WD) < AL




What  alout ene onepriationd The e:v\ln Som or Mwayts
Cnferral o bre sgKlewm Ope %V;:V*'{'-J and tre f&y\ reaction | winidA
W nOW  aSSuWce V\G\) Wo &V‘( v .

The anyiubioml fore s conseriative, os it glwags s The piv
reackion §orc does no work bewwse the (’W\t ek Wi Hu,j art
O\ﬂg"\.ﬂﬂ Was Zcro \ldocik{) (docsh £ wev).

Thercjore, b syskems ensrgy iy @nserved <



EXAVAP\L Bused-On Hildocder 17-9Y

C’IW He wl\,_e( wikh MOV\'K«V\*. o& iwf’h& 05002{ its AK(C Te=
rolling down the indine, Siid the anguar acderskion o e
Whee| Y (f @ doest b slip and the e of B Sor which Ehis i VRlid
The coefjcfciwfs vg' 8&(6 GMJ ?Ml::p rlvence coa&awl\('iw\ Ro

frickion ave A ond M), fespes \,(,b._
€ ackual Garkesin
(:—baﬁis
Ev

currat (,Ulf(ju‘lf\'kw R,

Kinematics

Sine he wheel (g0t pinned, were f)robale oing 1 e nfevested

.whr'\(g W dhe wmokion 6f O cent 5 wa&? We doce the orisih
ol U& Cortesian asis ok e conker of mass in the e Vi
confaguration Re. The corotetions| s has angle © wit w?cc% to
‘H«( Garkesian \ossis 0& SOMC (_n.fCr C‘\MSCW\?) CONS’IéW’K ‘N U\\ .

Bibon & ke coder o wos = xEs
VclOc’cl::) e{ Hae Cottr o wsss  FEX= XEy.
Accdorakion & tha mbe}wasgt &= ¢= % Ex

—
—
-



Sinee we will have o moment eguglion (we have &V‘fala(’ MJ, af’cﬂ‘
o\, so Hrardg a‘lug: o mQwend % ow), we will want 4o Kuow the
ﬂ\V\bU\ll\\r V’C(OC&JS) AV\A A(((,(CVL". )

Ay\éu.(ar V-L(o[ib'. =W €£: 9 _E—_Z: .
AV\ZW\W‘ 0((0(0/’*‘01‘ X E%_‘ 9 Ez

Whan the wheel is rel(iwj withod sli pMD, we can vdade the
tromglation  cudl  vokabion of B w\»uf with e coawtniest ongming-
Bven i Hee whee slippig, we call redate the welodfier of the
Conkor of asS aud e weous point of contect P with the swce:

V"

QU €l

& % (X~ %)

v? YW "O?ﬁ(})

Vo t g X (R-(R—eEp)
'\]? T w g‘éﬁ( Qéj\

VI’ ~ Rw Ex

4 5

f ture is o sligping, T3, + ve gut the familiar kiemate constpmint
¥= -Robx. And &¥7-RxEx.

1§ Buere 1o slipging, busk o loss o cenbict, we gt
F=(Np- R)Ex .

F\NJ(D, WC an wrike e Gwear momortuwn ond a*(av\gu(ar Mol
donk e cender of ws&,mi tueir blime-devivatins:

G
e

W H=Iﬁ = Tz w E—.Z
Mé H = TizAEee .

Wl



Fortes and Moments
Crrmicly Fe - g (sinp B + conf E)
Nowwal: Fi=Fi B

Friction: Fy= FE .

Unf)ackiV\ the §wiction fO/tG, we have two  situations: (1) whan the
magwitusle of the Siction force

"F;; " £ Ms |||‘=N" (V\o s(iﬂ)iks)
ard. (D when the frickon %eme £y

Fe = - A&l “—T;:j ’ (sl\'fpiw33

Since we ave {inb o Hind the conditins for e slipping, we
will wst Yre Sivg (vw'mkde)-

E«(er‘s Laws

AsSM'\l\A:) o ’\.‘ﬁ’t“(’) (WdA we will Hren have o dhek), the St Law 9!
B f = Mk _
Tth tf = wm(-R=< £
g (sing B+ cosp B) By B = ~WR<Ex

The seond Law (bout b cater Of wast)  gives -

i
LRE:= T AEz -



AV\o.l“ 0S
dJ

We Wwwe Yrec UV\kWNMV\\'- Fj,)FN) A\Ap(e(. m g’ih){ (Aw aave. W
two (rotrivial) scalar eqaations aad e geond (0w e S one- They
Qe liny, se -l')M.J are ey ko sene.

Fa= wy osp

Fo= —mpaiy/>
|+ wl/ T

~= \MJ R siw/l& L& ANS
T3z t+ mR

But we assumed that e whaeel rolled wibaoul shfriv\:), so we weed to
Show bl cowditions under WA Ehis L8 true:

150 £ oliRll

MY S £ ug my eSP RV
|+ \MK’"/ I

tanp < Mg (| +wl/Tre)
P < onctan (/‘ts (1t mK"/I;_%) < AN

% it 3((.\03 i} P > N‘C{N\(ﬂs (|+MKI/Iu§> .



931 The O\rchwrvxwg Cayvt

“s\ldtﬂ V\Cw
WC cw‘f 07( WMASS Wi 2
dides an & smooth E, gl

herl Zowta\ swATe . PE;
vz ) h_.| )

Over whd mwge of applief

Smooth horizontal surface

force P il u«ﬁ”ﬁ&ﬁg

IJnorC the wag o)( the whels, N kop” yiew
4 3
] 19 PE,
W»\Ki awfﬁ% are szlv‘«l — Ex 2¢
to Htain the amgwer! \ ¢ I
1 2
E.

>

2b

JON

The center 9)( MmESS has L &e((ow‘lvg F@Iﬁw\) vdocf(‘a, awd acd—
erokion: . I

Ex vgoby ¥ 2Ce
£x

Ex

ol

¥= X
¥= X
a= X ‘
T\’\f NOMQWL& M:@:MV:MXE Q\z\d E"'IB:I)_
The tlw.mé%al\m&c eg—’cLest\hw«Lwﬂ\ o é;=w\;g§( wd H=D .

forces and Moments
Ty °

OE‘TIE .




C:,w«‘ff(j‘ Joree: %‘-*W\j% , momeat aod X ﬂfﬁ
Reaction s Sorces: N = N(\\, (;:J+N'7'E.‘J MW%"

M= CoSr oyt € x N
"( aliz - CM‘.‘)B E“"‘Na_bES N\vi} -

i Arb i we weite oty ‘aast@bn recforS of ench whee| vdatie o
the center of wmass, we gyt

NL - Nij EJ "—NQE N’ld

M)_‘ ( K2~ *SX N)_" (-CNLD AMLZ)E‘ kh Niz C:)\"ON;:)EI
ﬂs (chJ "Nu\ix - bNsz tg +oNey Ee
MH (C-N‘(j “ngﬁx +bNe E —lo N‘(‘j

AP]J\’\(A force: T = PEx 5 weoment ! M? (X —X)xP

= (-\,Ex Hn-2E; T oF) *PEx
= (a-WPEz .

Euar's Laws
Fivst (ow in Cavdesion aooraletts F

P
W1+ N\ +N) t
K J \:)? "»?-2 "st gﬁl]
Second Lay . Cartesion @oprdinade: M=H
NNk Ney o) - (N Mozt || ©
[C( I U S(N\QK'N;;E‘NS:*N%\]: 8

We hage six scalw eiwébw&.



AM( gsi 3

We have e%\«{ w«“\(muv\ reacton. forces and the uakinown acceleratin
X amo( J oMY, This 1§ oA ndeemminate sysfem so v waugd

Mmake somg” oéswwfrbm We've. o/\l Mevested A the By ~divecfinu loeconse
we wout 1P Kuow e cowdc{’lws wnderr whatda t\»t wheely Love

M’tﬂi’ TNH,S"" (cjﬁ (jkwc. the ezq';p:ho»& w\@\ 2~ M dl*w\t reackion
,Sbrces Mso ) e Ex Lu« >j( v d«.sv\”c MV@I reaction
Sones, = we igwbre &t o w-d(

Twe leants Hae EJ scelov ow of e First [aw and the
E?, scelar ab of- tie OWJ.LAV witha fwuv o

reactton, Lones wn esc al}anst we wmust wake two assupths,

Lels assume tact the Sronk Wwds have the same EJ recchion and
e rear whiels have thg same (bt diffepart than e froik, "‘}4“"*‘) =

V‘(AL('\,QA et (s
N‘ = N‘f QV\J < m
v ) ) P
N}J = AIXJ h

Now we an eaz[fy solve. Sor the veactions:

The '{;thkou (0516 COV\{&C( s N, ‘N L0 or N;_ 0(0 for

‘guz. pear and Frad whed ccﬁ Y- T‘h& t Que.s Sov the ok
&
P ocdlg- 08+ Ozdfrgr G0
(V\‘a\pL m9 - (l«:\)‘gémj
P& ﬁﬁ" P z-ﬁ-_gf

= The cart will wet (:i,a (g— - 1’\%\2— < P« ‘Mf‘,\i & ANS




I—L\doc(ar o= || the O)Rei(‘(j—waj

Les G(iNV\ % QWJ UR,
0.4m fiud V. and & as

l \// Sandions 5 O and 9.

Z

= )
71 30° N
A, , €x3 04 m = !
LAz -

Kiwszcccs ({]Ms PIEHZM oub has K'(Wq‘('i(g
IZCJGL{\\N- POS?(‘\OM VL((OV‘S con g! wiiltax §er ecch  Link

VoS Fe-Ta= %= Lus cosO B Lug sin . 55
= L(C% 9| E)( +5iV\9\ E:7> (L’» LAK:LKCB
L6+ ccs0) B ~ L{osB 5 +5inB E)
L-( COSBJ.G)\ = M Sl%\

>

= T

—
-

P

-

Since we wmk ‘(-,\N, vw,(—mgg (.xowxjc C,) We. LN vhrt{f_ e rosl'ﬁM
Vedor ewd Acke tme-derivetine Skardig with the definitions of
‘UNL V'L(O':h\l( @S'(‘E\QV\ \ICCkb\lS,

= Te ¥ V= (Far W)Y Tg = Tt R

L (o D\ + cos 9;\?)<
Now) we &w&& take qu—dzma(—lw
V=L (61 5B, = B sin0s) Bx = ~L(whke S5m0, + Weesmd) Ex (1)

Wwhre bosg = 9\ Ez= OJABE—i‘ GMO( Wre = é).éz = ‘43&)?2 -



Oc=-L (B, s + 870+ Hrsind, 18 o5 01)
=-L (hesd, ¥ R +okg sMD + 2 cal) ()

WL\.LwQ e = é\El=°%&€z and OKC=RE=0<&§E

This i great, Yk we dowt Kuow e and og . We weed 40
Wove MQO\& wb‘B/\bv:é more Wakwguns. We Can, g—ud H;\Qst Srom

oW avxo.bsls o% e webion of PO\V& B, WwWda Wis on okl bodlies.
Poskion of B° Tis= L(vonBEx+ sinbi Ey)

Vebaky o B V= L6Ean®Ext 0506 = L (sinb Bt BE)
Auc(wa('tovxu% R ag = L(é\ (-sinEx+ Los%u@ * 9?(‘ o5 E:’S‘V\Q'EU»
= L ((-ogpin B -mgemxB)Ex *+ (S00B ~ 0% 5in8)E; )

9,,%&%1 Ol came 35\1&, 30 we Kyow s, V&, ond T . We an
rclake b woton of te prikt B on the bad) e to the pont C.
This rclajc»ws,\an will 8\\&'_ a \IC(oué} ond. GA_ Q(ce(evﬂ“r'w wn tevim

e wWKupwns we Au.ob had: Vo, &, W, okne , s0 We wil( be 0*?;
to sdve Sor all o ppkudvns. The dofive w(w‘kj s

Ve -\76

0n

&% Tis (ORally 5. 136)
ey Ee L(cnb.E — 57\'\8'5‘\73 I

x
=
Ll {%‘ 5 EZ]
Loty ~L548, O
= Lw“siv«@.g‘*ngccos@x@ ? (+Vg +o bobh sifes)

L-A)gg (S'\ V\QIE ‘_@39) Eﬂ\ + EA)AB(—S(’KQ;E‘K + C$9|E:)‘
\__( (e 4g) IO By + (e conBativpe cas@,\E‘y ) (3

(B

<
no

The V\e(af(\)(— a(ce(e\/*x‘iow s similar:



O —Rg = Xgc X Ve + g x( Qe x ) éde“(j i;.(3-_113
= oo Bz ¥ L(cn .6 — 3\ Sfﬁ fa&E*(L_w&_siV\@. ExrLog co.so.ufj)
= exgel( sm0, Ex + Cbselgj\)*' tasZ‘I_(— coy O Es + sinB, —ETDS
= L((ctscsind -2 cos8, ) En +(tsc (st wpZ sin 6»@33

= @ = L((ctsesinbi-ro cosb)Bn F(sc st o sin6)E )

YL ((’05&".“’\9\'”95«& «0,)Ex (g 0B~ g S\V\QDE} )

()

«-é‘"r
The "eguakions (D=(1) yidd eigit stdlar equaions, ko of Wide arent
Y. : and six wakpouns. These e ke sdwd w1 Wey yom (ike.
Howarer, we shaw \dwak:

ec (o3 Gatpg cosh, = O

(‘) m\A (53 81%
= = - (o0
= e cos 9 “re (5)
(D) and (‘03(\,( . ot (bt ot sm = — X oDt g ing,
= AxT -ohg z‘o’i% 1—(&)«9 .3 TZZQGL 0

(3) ad (@) an be wed in () ad O 4o give:

VC: ‘.\_((A.)Ag SO, + (AJSCSIKQAX E—x
= — L (Was oinbi — coob tanbacoaz) Ex
L g (s — cos B, tanB) Ex < ANS

= —
—

Q.= L (eueswd, * (4;\7;00&91 *olg suB + A)%cccxeb
= —L (g snd * @ 0,0, * (— Mg cos O 1—((.)4@ — 0523 s;we)w(i + gl ws@

= —L (g sind +ak @i, + (— Mg coxb 1—((.»\@* — UKZ') s}V\G)tMGJ
+ Gk EB/eos;) < ANS

Note that we have soved this problaw i yenerd (all BCE),B,(8), Waseta)

Woder's solubon (and %uaewd OM(g locks at oWl wmomest. In practice, Joa
alwost Mty sshe b S juit one worend.




Hidodler 11-55 (luwf wore- yvv-ml)) the O’ Railly woy

J J ..
WA oW aﬁ\td moment, M ok C, Snd e angular accderation © (0)
e likks and T, (6,0) and To(6, 9)) the f'W\ Pvees ok D and B, Aswne
wassless Lings and wo S\\Y(lyb Jg tae boox -

» =’ = / rc’_%cre"‘( e cov%(awd’l‘bw

~

K NM'H SN

Twe vwcr(’,\OV\ o% QGVJQ G\, DJawA(S Now e cdrcwlar 'Pr.(lns SOUA
We dvose e orisin O of owr Co-r(:cs\awwowbo\c&c,g:écm ko Le
ak e cew{((r hS— v;?k (:W*C(é t\/\g-(; C-‘ H(eus. TL\is (s caAveu(m't
lecanse. A phov condinade bsis & vedwel in bais ase. The
corotabional sis is calinear with the Cartesion lusis orcanst the
oriedetion  the lox doaswt danee HM»««;‘«O»«( s melion.
The /[JOGE'QOM.VCC(BP OS' G «

X=x&Yey=pr e =Lz .



Gt Affoecdrotiyy o vy e s of $2,
¥="ec* 08 =108 o

wWe will alss weed the position yedor of D and B.

o= % ~b & —oby =¥ -b(ws08,-5ind &) - a(sind &p+-caPy) ’-(L,-bcasB—asin)c_,
H 05nD-acaf)e;

Y F (L) B~ af = (L Labesd-asnd) & + (oL)3ua8- a0 8) &,

( Mo«;é) < will ~ Budery Laws. n mﬁ‘iraflm of dask,
lz': :::«pt«{t €VJ)~:. aw&uﬁmj momtchtu o the (l;e)c daf«i O:

\“lo%—u t xx—(; /C,.r(G‘W\k”“S

A Is= [T 0 0 ][9] Izz/fé- OE=
o Iyolr°
O o " Ial|?

Al well weed the time-ovivatines d the Guuwr and ang oy
W: —_ =D ..
G=ma=w(LOe +L0&)

H,= wli e



Forces + Mamads on the box
o

& gl 49
4 al P/Q
=
T\\e, 6%\,(](“,1('\.0»\;1 %wze
(8-

‘FQ’ ‘W\Sgine € — wgb%e eq

Rewlbwt Sorce: F=ReT G = (masindtTye ey
t (~we oD 4Ty ¥Tie)eq

TL\,Q lows exert ‘h\/\L
Sorces:

i: Tie &-tTeCe T
T).:Tz.r Ct T

Momenks oot O

My= X2 = Lier *Cmgein® & -y cond @)= -mg L cosd
M= X xT = @a'lT,. —lTar)cos O~ (lonM'BAsMD) =

M.= X T, = (LlTle +(aTie *(La=W o)k 8- (bTp ~LaTe* sTp)sinG ).
Rowltost pament: M= Mgt T eM, - Moy doen't enter becanse

i‘é'.s Arf"iﬂ! to the (nwk CD, wot the box.
=T

fores + Moments on Link cD - D
5 2r

The s wband momesd it € & ‘\\/

M= M+ LG = T =ML Tio E-. ¢

[y\{rw(ucivx\:]‘l:‘\c vesul bt fovce dogrk MF us bewose we o kwow

O Ccowe about e veection at C.
Euers Laws on e (ks
TL\C (M\( D is mss\c;s, So &3 auauér momtum s Zro and

M=0 = M+Tehk=0 = To=1 M E . Swkl Te=0.



Bulers Lavg on fae \oox

Fext Law - F=G = m= wl\l , wv« &CAUNHAL Po(ar cond’, i
M sinf T +Tor
-wg (05D +T(g ¥Typ mL
Second Law: M=% = ﬁgﬁﬁ th= w 0
&v\agysﬁ
The second sular eﬁuabay\ Srom e Fra{ Law Q,N&S
é = —(-Mj M*Tmﬂfb

mbLz
= V\—L,(-MS wﬁ@i——-—Mm)
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