Yoquivun T Tuimmzeevia gl iuudasgHasaaanantt ondouitdanulaaa

srwvaynatunty nagndeufiuovinquivinSeerenanla i usevuuuds naafaufiuuy

. '
\foumtumiy  (translation) uaznaiiadouffuvunnamgu  (rotation) unlnufi-lu
-~ " \ [ 4 -
ua¥aquivundutinazdngs iafoufluvy L deunhumisuaznramqun Soumul Vinudgnquanans

[ . 1 [ -
vownass L fountumielueas luses (Ao Faghvzmyuisuunuilimgnguanatveawaatfunie .
Tuunflaz st seatenns iafaufllussuauventaqud wunde

7.1 guonatwwewnaunyiaquiivunsy (CENTER OF MASS OF A RIGID BODY)

-~ 9 -
Crmsuieflouguona e aueNIuueyn1e  (weu 6.1 ) fe

Z xi mi
xcm = Im
i

_ Z yi my

ycm Zmi
L zi m:L

zcm - I m
‘ i

- ' . + - -
am¥u¥aquivunf ifduusqueen LIRS INY DR | AEN1 T84T L nTn3unn s

'
2890y natnfie



£pxdv prdv Lpzdv

*w © 7 . Tem T » Pem T T, G.1
f p dv [ p dv [ p dv
v v v

) ]
e p ihumwnuauiy war  dv (usugetueviuams.

ffequivunivogludnuazeey  Thin shell wunqiguonatvvewia fo

( ' f
px ds py ds pz ds
X = L— s y = L—-—— s z = -—-—5--— (7.2)
cn [ p ds cm f p ds cn fp ds
s § $

o ds  Tuffuffdudes q waz p 1 TuEnsrduvevuaananimu el Tuntuev Fuafy

o ¥aquivuniveylusinvuzuay  Thin wire i31ln

o 7 -

px dl py dl pz dl
xcm e 5—‘——-—d—1—- , ycm = -J-f—dI— s zcm = !S-“”‘I— (7.3)
(c p o ° [,

o ] 1
tunsfwevaunits  (7-3) f p (utmirduvewnanendwmiqusrwein uaz dl o (usiu

L]
HDUYBNATWET)

s m A o Ta g rn i il unaemmtensd drupea iy p deidunaned

Tyaun1s  (7.3)  @wriodefivle

ﬂﬁﬂhqﬂiznauﬂhﬂqnﬂviqv | nawedn ahumlaguinatwawamalasintew

x. m +x, 0, + ..
10 T X ’
2 (7.4)

cm m1+m2+...
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. 3 -
N e z 1}\4 fl UD X
Tunnien (fisaiiu aunqsus Vog Y cn MBMmnTYeY X

Solld Hemisphere

t1'1mn’mnﬂ\1quz]na‘|waw1avm Solid homogeneous hemisphere 47 a la

IMNNIINIMURLNUY DN TEuERe daqU 7.1

J/.,,,,%_,. 3 ?\

7 s
l ;

[} x

1Y 7.1 Coordinates for calculating the center of mass of

a hemisphere.

1 - [} - (] -
ngd 7.1 q:tﬁm'\quunmwavmanq'luuuqunu z MTRUNARh UL BY Z.m 131y

ﬁqudamvnama\u}’m1n19‘ﬂm‘mnu1 dz %ufl (az - zz);5 ety

dv = 1 (a2 - zz) dz

Sumte
;0
L p‘l[z(az - zz), dz

cm “a .
[ pt (az - zz),, dz
Jo

n
(=11
]

(7.5)
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Hemispherical Shell

#*m¥u  hemispherical shell ¥nfl a tvdlvunuvovguonavuewwaa Louifpafiy

[ . L4 1 .
U 7.1 namife @m¥utageuunst] quuna1vﬂavu1aﬁa:ad1uuuqunu z vtufiu, &miu

' ' . » - -1
FMuBYINERINNAY LIINAWURAIUNNIN LT ade Ay R TR TN TN e

b

2y%  ade

ds = 2% (a2 -z

w @ = gin ! (z/a) oy de = (az - .-:2);5 dz 111lm

ds = 29 a dz

ﬁhﬁhnﬁuﬂﬁﬂﬁﬂﬁna1vﬂavu1aﬂnv hemispherical shell #e

Q
L p 2% az dz

z.o. = 2
I p 29 a dz
(]
= L a (7.6)

adyvnay (Semicircle)

o [ ] »
nﬁsuﬁﬂuuna1vﬂavu1auavuuuu1vn1uqunau duireg a LI mununuigy 7.2
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14 7.2 Coordinates for calculating the center of mass of a

simicircular wire.

P TmIw

dL = ade

Wae

Z = asin®

Faifu

T
£p(a gin ©) a de

cm
pad®o
(Y

i
=N
(]

(7.7

7.2 auqaz?ﬂmﬂwﬁ‘hqu%wnh (STATIC EQUILIBRIUM OF A RIGID BODY)

L] 1] L d [
L3mIwsneey 6.1 uaran n‘n:uL1\1ﬂquuna1\wmmaﬂm1:uuaqmnm‘m‘wamn
- - o« « >~ -
LN mawmus\mwuan'ﬁvmn u’nmuu“aa’ﬁ\mun 'lun'sﬁl'ua\rfnqummn‘s\: TAHRUINLINLABT

wavusvnwuanifanun Ltugud natafe

F, +F, +F, 4 ... = 0 . (7.8)
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uarguenatvepwnav oy fufte aun1s (7.8)  Tnesuawidoulunassunaduuy

1fountumly  (translation eqvilibrium) voumguivungy

1“”5“?“l"U?ﬁﬁ&Hﬂﬂ{hdlﬂﬂﬂﬂﬂu1ﬂﬂ1ﬂﬂ9ﬂﬁvhﬂﬂLﬂuﬁug na1afle
-
T xF 4T, xF, 4T, xF, + = 0 (7.9)

wanwn Ty i Bapvesunts  (7.9) S wazsunasflnesuiodeulunisminag
wuun1Inyy  (rotational equilibrium) wovYaquivundy uazor¥equivuniveylu

nwazeeveunis  (7.8) uaz (7.9) 1uwm=tﬁuqﬁuuaﬂvfﬂihqfuadiuﬁhumzauqadbd1v

auyTaften
sunaslusuwTuveviengy  (Equilibrium in a Uniform Gravitational Field)

fAvrrurfrguivun v luauwlwarviangulfaeeslan (ewsvinvevwsvhin = mg

L3rEaTeLsurunqIue NI TR aouLL L dountundvla  du
F, +F +F, + + wg 0
1 2 gt e tmg = (7.10)

s il’ Fﬁ, f3, oo duwsemimuentu 9 FLduseTindie. e foamdoyly

vovntsauRasuuuntIngy i ndoula ot

- -
T xF +%, xF +%, xF, +...+2F% xm, B = 0 (7.11)
3% %3 P Sl

- -
ud g duaniensaefl welu



= ¥ x mg (7.12)

aunas (7.12)  agdleia "nesauevuseluumvigele 4 Sanindeufuneiavevuiy mF
nizniflynquanatveasuaa®,  wszvnaunas  (7.12) viaRglinas (7.11)  1atnl
1

- - =S -5 - - - >

r xF_ +r_ xF_+7T_ x F3 + ... + T Xme = 0 (7.13)

7.3 nﬂ1ﬂquﬁavfnquﬁvun*vsauunwﬂw!wﬁuﬂ (ROTATION OF A RIGID BODY ABOUT A

FIXED AXIS). Tuiyusweweiwifles (MOMENT OF INERTIA)

. . [
nv3 iafeuflivus TwnAgruov¥nquisunTvie nasaadeufluvui dountumivifluve g fivs
ﬁunﬂsLnﬁauﬂuavﬁnqﬂgnﬂhﬁbiﬁhqu1auunuﬂniuﬁbﬂ Tunasiefaufuuunied! atsanmunin

wpn z 4 Suunumgu wareynin m, WA T ALHI UL (xi, Yo zi), 1R my int

w19 UL Tuaensumy e (xi + yi)li = R Tnuﬂquﬁhaﬂvadﬂunu z., ey 7.3

h 8

1 4

>
Y 4 ;
o

w' - s “_.,-'.4-”-}

9U 7.3 Crass section of a rigid body that is rotating about z-axis,
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Fasda v, waveynin i wilasn

- 2 2k
v, = Riw (,xi + yi) (7.14)
e w 1Bunan i $ i Baprasnasmu sy 7.3 1emama S luurazum e
x4 = -v,siny = —wy, (7.15)
y; = V4 cos y = wx (7.16)
z, = 0 (7.17)
wazmwiia ¥, ermilaem
Vo= bxT, (7.18)
- ~
do @ = wk.
wive sl ImuuseTaquivunis walsaan
T = I X% m, vi
1
vimaun1s (7.14)  wvfu
T = % (@ m, Ri ) Wt = o 7,19)

i
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e
; 2 2 2
L = Im R = Im &y + yi) (7.20)
i i
Uy I (Sonaq Tuuswavarwidas (moment of inertia)
gl 7.3 i3 ofgaiaaaly wusdy L Bvuueveyniauaa m, 1n 9 spuunu
wmu z e
220 2
Li = m; (xi + yi) w m, Ri w {7.21)
o IL; = L uuluous@epifewn #elfu
2
L = Zm, R, w = Iw (7.22)
i it

- ” 3 [] L4
sl 6 L3qlAuansuaaia 5h1ﬂnﬁstuﬂuuwav1uxuuﬁuLﬂuqnwavszuulw1ﬁhw31ﬂ duse

dL
dt

- L4 - L 4
mants (7.22)  ealamwduiusvewne safu Ty wusvevenw Sasam¥ufaqudvuny

v

N = g_&.“ll
dt
1 I (Hudraed  uaneda
N = 1% . 1. (7.23)
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7.4 nrvntmanlyusvevaaudes  (CALCULATION OF THE MOMENT OF INERTIA)

o 9 » ! Z
asflvevyagfifivaanizaeae ieviu i dunsu i fivatu 1s1e1suusursvevigiuean i
’ ' . . -
gugasidnviounan defura dn Teod R iiuszozdrseewunadndusanunungy Tuwue

vovaaw  JovvevTagiuess douln
I = R dm (7.24)
. ¥ ] » -
FmAuTaghdgus ense Lsunntn L MU, [, [enaIe, NINAN, AUMYN Man
. > '
L3E WA e MLy wurvevaaw L fas Tastdauns  (7.24) 1aTeeldoantn,  Houdu

AU

. ] L -
amfuaump e umamisitiaue 897 a wazfuta o SummypegluuIun 2

Fegu 7.4 (a) Tuwuveseawidey fla

ad
I = X p dx
¢
1 3
- %maz (7.25)

ounumyuagniviynatvuoven Tuwurvesaaw den fe

a

rd

2
I = xzpdx

&

2
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1
12 P2

= > ma (7.26)

Axig

o —‘-i".—dn x

{ak (b}

U 7.4 Coordinates for calculating the moment of inertia of a rod
(a) about one end (b) about the center

aniu
- d - L
n13uanlL LuuAuee L Jouvoveediena m ¥ad a t19lginanileeef iun Inaau

gon  dm  wowuaad m Tevaumuauay 4 dr ludald r #elu

dm = p2%r dr

o p (Duwassentaminefud,  Tuuusve vy es Tuuurunumyufiriuguanavuavaodu
fagd 7.5 fe

a

I = p(r2) (21r dr)
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(7.27)

U 7.5 Coordinates for finding the mement of inertia of a dise.

nqufjunufivain  (Perpendicular-axis theorem)

nqufunuinain L hunquinduflusne e am wutudees Ty wumavew 1oy nsiin gl

Fowaz L uukumgy 7.6 aa Lo I, waz I, tBuraTu wusvoma i Gouveeingily

[ -
wruauunudufeaintu Taod L., Iy waz I Viulu iuusvevenaw8eeseunne x, y

» L
waz z aqwaifu sxlean

2 2
I = ¢ m, (x;+7Y,)
2z i i i i N

k1)

I = I +1
z x y

= Inm x2 +Im

(7.28)
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94 7.6 The perpendicular axis theorem

" L L)
My 7.1 avanuLuuﬂwaundﬂutdauwavunu%hqnauUﬂvﬁuaa m Yo a souunu dywuu

' ¢ -
ﬁbuuuﬁhqﬂuﬂuqﬂﬂuUﬂaﬂwwavn1a

» & =
A 8n% Immguefunuivann I I+ Iy
2
dovsan I = % ma R I =1
z b s y
ratiu
- _ 1 2
Ix = Iy = % ma Aoy

neflunueu (paralel-axis theorem)

] - L} -
wquﬁunuwuﬁutﬂquvﬁnaﬂaﬁuﬂaquﬂhﬂhss:nquTutuuﬁuauﬁ11uLdaUﬂavﬁhq1auunu
L] - - -
nyugavunudvuum Tnuﬂunundvuunﬂﬂuunaﬁvwauudauauﬁhq I T iun
L} Ld -
uavn11utdauwanﬁhqu1a m 1auunuﬂuﬂuQﬂﬁuunaﬂuwavuaa I STy uswesaiiu e

vovfagravunuderumuiu wasnaiuifuszus 1 Mgy 7.8
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W 7.8 Paralld axis theorem

IMnguU 7.8

9‘5 , =
47} ;.

Ldﬂvﬁ1n I =

INFAUNTS I =

L4
PINAU B PUUNBINLINAE

z WXy em

(7.29)

(7.30)



301

Foiusunns  (7.30) Sunaedly

I = I <+ ml (7.31)

aun1s (7.31) fe iai1ﬂuaquuﬁunuﬂu1u

- ' -
#0019 7.2 aumtmnuslu s ovaaqy i@estevatuen L ysa m U 7.9 e (a)
L [ ] L4
mpouundysmaisam  (b) nqusnuunuduuﬂuqnﬁuunaﬂvﬂavu1aﬂaun1u.

ok 370

(a) A3rsensuidn 9 vavandedaiwe dy Mutnqada s Fe1zusng ¥ Inunu

L
I = ¥ dn = y2 (ps dy)
L ¢
= ps y2 dy
o
= -:1;}— p SL3

#Anu

)
E
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V7.9 mMwen L yan

(b)  imgufunuuumezlnda

L,2
To = I * Q)
L, 2
n2e L I -m ('f)

¥ufflara  (Radius of gyration)

L vmgaztqudvadnetefinw iemausznaniie1sfingaloudwasnesYaghaney
. [) 3
ey a. wumihinetizasiwazoothsangedlutummp de1fundt ity

- [ [
unuﬁ'wa’wa‘nuﬁ K i1elgssesfuanearlu wusveearwios amaruwduius



i Tmgrasnausrla mk

Body

Thin rod, length a

Thin rectangular
lamina, sides

a and b

Thin circular disc,

radius a

Thin hoop (or ring)

radius a

2
mk n% k = j} a.
%maz s k = %a
w13y 7.1
Values of k2 of Various Bodies
(Moment of Inertia = Mass x kz)
Axis k2
a2
Normal to rod at its center 12
a2
Normal to rod at one end 3
Through the center, parallel to
2
a
side b 12
Through the center, nmormal to the
2 2
a +b
the lamina 12
a2
Through the center, in the %
plane of the disc
Through the center, normal .22
2
to the disc
a2
Through the center, in the 3
plane of the loop
Through the center, normal az

303.

the plane of the hoop

32)
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a1 7.1
Values of kz of Various Bodies

(Moment of Tnertia = Mass x kz)

Body Axis k2
Thin c¢ylindrical shell, 9
Central longitudinal axis a
radius a, length b
a2
Uniform solid right Central longitudinal axis 5
circular cylinder Through center, perpendicular .22 +_k?
4 12
radius a, length b to longitudinal axis
Thin spherical shell, Any diameter 2 a2
3
radius a
2 2
Uniform solid sphere, Any diameter 58
radius a
Uniform solid recran- Through center, normal
2 2
gular parallelepiped, to face ab, parallel to —2—i§—h—

sides a, b, and ¢ edge ¢
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7.5 WaKaiwugdy (THE PHYSICAL PENDULUM)

v,
wngattyunivuasntsiadoutuestaquivunSs Ao msutvimguiainSesunileun
- ] - ]
wornilnundelaseuuniluuuasedu Suss ifoninum@niaimug@mte  Compourd pendulum

fugy 7.10

Ans/

7Y 7.10 The physical pendulum

- . (] . ] -
n 0 uaﬂvnﬁunuvwavununqudvad1uuuﬁ1:ﬁh war M WaEnI R IUrUN JUUNEINTDY
] L) ]
19 Taufszuzneaan 0 8u O watu 1, & 1fuesmane OCM My OA Tuuuatly,

- E ' o
nasAYBN LIV IMU D anSanesnfiuniu Ma

N = - mgl sin 8
WARINTUNTS (7.23} N = Iu
Failiu mg 1 sin8 = 1Ig

n%a

e+-“l%1-sine = 0 (7.33)
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suns (7.33) i sesuvevaunituevmaeedoufuoetu i S inug i wass'mAUn110owds Lan

ihoupiin gy sin 0 = 6 swnas (7.33) Senaawsil
§ +E§i 6 = 0 (7.34)
Tnusunanisiatioutluoy 6 fo

6 = eo cos (291ft + <) (7.35)

e 8 (TuueuiByn  (amplitude) uaz = (fwpiweitusu  (initial phase angle)

mwtuovnisead@aian £ walasan

fF = Py ngl (7.36)

usziaavluntsood@atannsu 1 990 (period) T fo

1 I
T = r 29 mgl (7.37)
Joifuu  period T Tuivovvne¥ellaatu k seleidh
k2
T = 27 = (7.38)
gl ‘

2
awiaan T voesunis  (7.38)  infeufuatuiaawoudu Dainugfufifanwmen = k°/1
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guInauaun1tas@alan  (center of oscillation)

Taumslamgefunueun tsrawiseasuie el la sty k lumanvow sy sthuslque

naNYBNIR  k Tatref :
cm

Clata I = 1 + m 12
cm
R
mk2 = mk2 + m l2
cm

otnan m Foazla

kKW = k + 1 (7.39)

aun1s (7.38)  Suifoule i

k2 + 12
cm

gl

(7.40)

’ . ) ’ ) -
suufiununyuuee e inug i LUfuusanetunde et 0 dedssusiae 1 AMNguy

’ -~
natvuawwda  (Migu 7.10)  atutiamavniseeadai andtmYuunumpulnimilasan
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n%a

11 = & (7.41)

4 . [} ’ -
wiufusuovatiunue o Mu o Tuaunas  (7.41)  1%umi “guanatwvavnaiendfalan”

L 4 L d
Fm¥uy o uar o LUuguunEvuaNNIseRElALawuEY O PN,

7.6 nﬂsnﬁvwauﬁhquu1:u1UL5un (BODY ROLLING DOWN AN INCLINED PLANE)

ﬁhqdnﬁhuus:u1ULﬁuv \9u gnuea nfansunay Jdnwaznasiadeuthinsy 7,11
deszfusy 3 usunszntmetag M (1) useflanawualuuuatly idagarnusvivgavaslan
n%aﬁﬁnﬁhwavﬁhq (2)  usafiftudvainuoeszuiuifu Foowez (3) useifluenou

f  wsvszuwBueiiuYag

iU 7.11 Body rolling an incline plane

L4 -~ z -
owntmunn x iy luawa sy Bes uaz y i hiunuluwuadvatnuazuau i Bovisnle

1] . ] -
TUNNTUDINTTY ﬂda'uﬂun,a:unuuuu |.ﬂaunmmuwavﬂuuna'lwmmatﬁu

mx = mg sin 8 - f (7.42)
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my = ~mgcos8+F (7.43)

19 0 (TaprmevasurwiBuviunaTu cvmgeglusnmtas 1l

nf%o

sun1s  (7.43) s'm¥un<tf

F = mg cos O (7.44)

¥ .a * - -
fluso tflipsusv i fen m'\ﬁuﬂm'lutﬁnnasnﬂquunaﬂwwma fo useifuan £ dvoun

vomeinmaty fa e a t hudvvevtag wefu smmwavmﬂnﬁau#m\mqu flo
N = I & = fa (7.45)

L4 ] o
ot iasmigerifuda nanferee szunBrsunasuu e 2 wufe naanfusey

' ! ' L -
Amquuulimgasanazuu 8o ffbwuﬂnqm’\nszuwtﬂm unszvanaafhouuuusn inniv

mn1snfvraeng lingraantzuwifoy s lamwdufus

x = ay = aw (7.46)
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o v iBopueenem. mns (7.45)  @olmia i

I
cm [od - :
2 xcm = f (7.47)
a
wnen £ lusunis (7.42) 1o
Icm .
nX, - D8 sin @8 - ;5— X.m
uhaunaIminn x sela
ﬁcm - mg sin @ X - g si; 0 > (7.48)
m + (Icm/a ) 1+ (kcm/a )

1da kcm Lﬂu%'nﬂhananawumma sun1s  (7.48) Haaumsm‘mu'waqu

] ] 4 ¥
ﬂnﬁuuu1:uﬂutﬁuvuuulunqnqﬂnszuﬂutﬁuvtﬁhauﬂvtwu A7 L IVUVDININNRY

2 2
(kcm = 2a”/5) fa
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7.2

7.3

7.4

7.5
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wuulnfimumsd 7

Find the center of mass of each of the following: (a) A thin uniform
lamina in the form of a quadrant of a circle, (b) A thin wire bent
into a quadrant of a circle. (c) A solid uniform right circular cone
of height h. (d) The area bounded by the parabola x2 = by and the
line y = b. (e) The volume bounded by the paraboloid of revolution

z = (x2 + yZ)Jb and the plane z = b,

Find the center of mass of an octant of a uniform solid ellipsoid of

semiaxes a, b, and c.

Find the center of mass of a solid hemispherical body of radius a whose
density varies linearly with the distance from the center, the density

being zero-at the center and P, at the outside,

A solid uniform sphére of radius a has a spherical cavity of radius
(%) a centered at a point (})a from the center of the sphere. Find the

center of mass.

How far up a ladder of length 1 and weight w can a man of weight W
climb before slipping occurs if the ladder rests against a rough
vertical wall 7 The angle between the ladder and the floor is 6.
Assume that the coefficient of friction u is the same between the

ladder and wall and between the ladder and floor,



7.6

7.7

7.8

7.9

7.10

312

A uniform wire bent into a semicircle hangs on a rough peg. The line
joining the ends of the wire makes an angle @ with the horizontal,
and the wire is just on the verge of slipping, What is the coefficient

of friction between the wire and the peg ?

A solid uniform hemisphere rests in limiting equilibrium against a
vertical wall, The rounded side of the hemisphere is in contact with
the wall and the floor., If the coefficient of friction p is the same
for the wall and the floor, find the angle between the plane face of

the hemisphere and the floor.

A uniform hemispherical shell rests in limiting equilibrium on a
rough inclined plane of inclination 8, The rounded side of the shell
is in contact with the plane, and the coefficient of friction is u.
Find the inclination of the shell.

Given that a set of forces F ... acting on a rigid body is

1’ F2’
(a) in translaticnal equilibrium and (b) in roctational equilibrium
about some point 0. Prove that the set of forces is alsc in rotational

equilibrium about any other point 0 ,

Show that the moments of inertia of a solid uniform rectangular
parallelepiped, elliptic cylinder, and 911ipsoid are, respectively,
0n/3)(32 + bz), Cm/#)(az + bz), and (lm/S)(a2 + bz), where m 1s the
mass, and 2a and 2b are the principal diameters of the solid at right

angles to the axis of rotation, the axis being through the center in



7,11

7.12

7.13

7.14

7.15

7.16
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each case,

Show that the moment of inertia of a solid uniform octant of a sphere
of radius a 1is %»ma2 about an axis along one of the straight edges,
where m is the mass of the octant. Note: This is the same formula

as that for a sphere of mass m.

Find the moment of inertia of a uniform solid right-circular cone of

mass m about the central axis.

Find the moment of inertia of a uniform semicircular lamina about an
axis passing throligh the center of mass and perpendicular to the plane

of the lamina.

A thin rod AB of length 1 and mass m has a small object of mass m
fastened at end B. Find the period of oscillation of the rod if it

swings as a physical pendulum about end A.

A square plate of side a swings as a physical penduium about one
corner, Find the period of oscillation and the center of oscillation
if the axis of rotation is (a) normal to the plate, and (b} in the
plane of the plate.

Show that the period of a physical pendulum is equal tO 21 (si/g)'ll2
where d is the distance between the point of suspengion 0 and the

center of oscillation 0.
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7.18

7.19

7.20

7.21
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A uniform solid ball has a few turns of light string wound around
it. If the end of the string is held steady, and the ball is allowed
to fall under gravity, what 'is the acceleraticn of the center of the

ball ?

Two men are holding the ends of a uniform plank of length 1 and
mass m. Show that if one man suddenly lets go, the load supported

by the other man suddenly drops from mg/2 to mg/4.

Two weights of mass m, and mz‘are tied to the ends of a light in
extensible cord. The cord passes over a pulley of radius a and

moment of inertia I. Find the accelerations of the weights,

assuming m, >m, and neglecting friction in the axle of the puller.

A uniform right-circular cylinder of radius a is balanced on the top
of a perfectly rough fixed cylinder of radius b(b > a), the axes of
the two cylinders belng parallel, If the balance is slightly dis-
turbed, find the point at which the rolling cylinder leaves the fixed

one.

A long uniform rod of length 1 stands vertically on a rough floor.
The rod is slightly disturbed and falls to the floor. (a) Find the
horizontal and vertical components of the reacticn at the floor as
functions of the angle © between the rod and the vertical at any
instant. (b) Find also the angle at which the rod begins to slip

and in what direction the slipping occurs. Let M be the coefficient
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of friction between the rod and the floor.

7.22 A ball si initially projected, without rotation, at a speed v, up
a rough inclined plane of inclination © and coefficient of friction
Me.o Find the plsition of the ball as a function of time, and deter-
mine the position of the ball when pure rolling begins. Assume that

1 1is greater than (2.7) tan 6.

7.23 A uniform circular disc rests on a smooth horizontal surface. If it
is struck tangentially at a point on the circumference, about what

point does the disc begin to rotate ?



