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If He ana-u\*aw @a\ocil—a & not conetamt the an@u\?& accelevation o
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The paoticle 0% +he ‘m'aid bodéj iNn yvoHon has linea9 wejocﬁa ¢ @hich 18 #zram}
a\cma He cigeolay pa{-h,SO

3 dt dt
A=XQ l e;:,h@
Relgtion belcoeen \iness and E’maui‘a*ar kineticg
Quantity Rela+ion
U
Displacenment 1 0 anad S S=0%v
Ve_mc.i%-d: o and V} ¢ - @7
Acceleyation: X and A A=AG
Eavation of linesd mokion Equation of Relakiona! metion
\S= U + 3+ (D= @p + At
S=Qt +1/),at” O = cox + Lpxt?
UZ: g7 4 225 2= L + 2@

* kX

V - @O

A =-AQ



Kinetic EH&%’«:@U of—’ Rotation of Qiﬁicﬂ Bodd

Fa. Kinet !
6 KineHc enefa“ad D;E yotat n@ boda

(Considey & ‘zro-l-a#ind ?_riaicl bodd of mass ‘M’ yolati aboct an axis Yy
@i+h =2n Emau\afﬁ t921c>c:j+d‘&:>'. et Hhe body be made up of lmae om-
ber ©of pPadticles of mosses )y, Mg, Mg - -- P which @are sitouated
at distances 7,19, %3, - -- 9, ESpechvely foom axis Yyl Alrhough each
pPagticle within +Hhe bcdg has sarve anao\afr @e\ociira 0, +Hheid Vineaw
velocity aoill be di PPezent

let V1, 99,9, . -. 9n be Hhe lineas velocities of tHhe pPa-cles of
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50,+he Tpotarions) k-E of a boda iS ec‘oal o half +he poodouct o? momert
of inewstia and Hhe SqLDITIR of +he ahau\m \9&40@—\-@ of Hwe bcda

abouot He =xxis.

KineHc Enﬁfqraa of Rolling Bod
i R s
L)- Linesxo Motion + Rotational motion

« x = 2nR - >

'l:ié. A szolh'ra l::odd: oNn S JE|B+ surface

Consides & bf-‘-‘)dd such &s wheel of mass tm ard vadiLsg ‘R’ m:)llir-aé

lerB 5+’Gaiah+ lime on 2 hooizonid) pane asusface en the boda
dolls., i+ ootates abovt the hemizontd) axis and undesgoes dieplacement
in Fortoavsd divection. So Hae bc:add possesses both sotational ara
+o2ns5|arkonal wotien.

let'©' be the ula\oa‘il-d of bc:ac-!@ and ‘T’ (e the Deoviod of Qotation
of +he bodd. SDU%“ir"\@ +hig time it covess an angle of ox vadian about
He axic. I +he b@dd covese 3 lireay digtance ‘ot Iin One gyevolution,

lhen +he digtance covesed in one aeVYolukion g
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Accelesa+ion of a I-?o\lir@ 'Boddr on @ Inclined Plane

Fid. A bod@ ‘i:ibl\i on an inclined plane

(onsides 2 cigcvlag bmﬁ of mass ' and radivs (R’ "UDHI'IE aoan alcare 9 plane
inclined 16 He hosizonta) al an anﬁle Q-
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Total kE 6*amed by Hhe bodgj = L os? (4 4;2 )
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Motion foo He b‘:"j!fj aoill e

92:- 285 Gohege, 2= acceleyaton @f 'a-onina ']geda

oV w - Lo

A+ «/p)

oy, g — aSiﬂ@ eﬂl"l@

ean @ s aﬁnafa‘a1 W%Siﬂﬁ ﬁ:ﬁ‘ 2ecce les=2Hon Df bc:old mlli‘na doaor
an inclined plane.

=L

L,
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Moment of ITnes+a
A kedy sotating abevt an axis opposes any charge desited to

be poedoced in ive state This propesty is knoawn as moment of inertia
e Noted bclj TI.
1= mcai

Ffj A oigio bod@ E:'U+E'l-\-iﬂ0 aboceot an axis yy!



(onsides 7 wigid body corsisting @ 18tge NUMbeY of avall paoticles of my,
Mh.— -~ Mn. Suppose He body be aotaking aboot an axis yy' and Hwe distance
of thege paghcles foom Hhig @xig 18 91,09, - ~-Tn- The moment of ine@Ha of
Hese pagticles abouvt Hhe axic of votRtion Y woill be Mi02, Mmook - -
Tegpechvely.

The moment of inestia'l’ of He bc:dﬁ 2bouvt He axise o%’ yotation
vy' is +he 2om of +he moment ﬂjg ineztia of =21 pagticles zbout Hhe
axis Yy'! of eohich +he bodctj S maace.

w T = md_‘a'_{z +m2<a?;? + - - - m”qr?
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2 = Radivs of paeticle o digtarce of paticle foom
the 2xis of wotstion

. Movent of ineghHa fgs +he sum t:a? +he prod ouct DF He ™gsses OZE

vaoiowg pagsHcles and SquaTe of Heie pegPendicolas dietance ﬁrcm
the axis of sotation foo ‘m‘aid bbdéj a2bout 8iven axis of sotation

Uit oF mowert of thegtia (x) = kgm? (ST vnit)
= 6am2 ( cesg wnit)
Dimensional foomula = [M12T°7]
Moment of (nestia vasie? with axig of 9p+aHON dwsen and distaibubon
pf mazs of the bac:!:!j»

Radivs of Cyoation)

Tt is defined a3 Hhe digtarce Foorvi +he axig of @otakion to o
point aohese +otal mass of the bOda o supposed to be corcentraited
8o +he ymonent of ineshzZ about +the axig maYy eermain He same.

T+ is denoted Jsa K .
L= M eq".(D

Suppese-a body having ‘n' numbed of pavticles each of mass m. Le+ 94,7,
. 0p be theiy pegpendiculay distences £s0m yhe axis of gotation. Then
Hhe moment of inevHa (T’ of bOdE]l gbout Hee axis of Yoia-HON |8



T = a2 + g + — — - ML
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2s oot mean gquewe dislance of He vasious pavtides of the body

Poom ‘he axis of Totakon.

Theorem of PRarallel and PReapendicular AXS

Theorem of Parallel Axis
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F‘d.'lﬁeorejh of paovalle|l axis

“The moment of inegtia of 3 bwﬁ 2hHo U} 24 axis i3 equa| to its moment
of inertia about & pPaTBllel axis thiough its cenfe of mass plus He product
o—f +he mass of bodd and the SC]UEWE O;? +he dl;g-\-ance betaween +o axis{’

Fsom pao3dllel axis Heovemn,
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Theorem of Peopendicular Axis

Fl'g._mecnrem DE PE?j'F?_ﬂdiCUl‘a%“ axis

“TF@ sum of ™mowent of inextia of a \mwminav boda 2abooLt any TOO mu-l-ual'lckj
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ﬁid Moment b—? ineY+ie of J—lr\ih (_‘)hiﬁow @od

lonsides o +hin uniform gvd of m=ss (M and |er)54—h ()). SupPPOSe Hhe
yod be %—l—*a-l—iha abovt an axis yy! Pﬁﬁﬁih@ %Mk@h s cenles and
Peopendicolar to {4 \enavl-h-TD find He moment of inextiz of Hhig
sod about BAxie yy! (onsider @ =mall element of Iena-l-h (da) coolnoge
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50, Moment of inegHa of the sod about vy 1S



Total mass of god=

M=aige Pey uhit lerg+h= M/

Macs of elemvent of 1er\5+h da = M/{qu(_
v, dm= My da
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ﬁccm’dma Yo Heorem of parallel axis, moment of ineskia of He ood
2bol 2n xS at the end of voa ‘and Pevperldl'culﬁ‘?f to i+ IS
— M'Q‘Z/.lz—'_ MQ?/:q_
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9.Cipvclans Qirﬁ

12'57 Moment of ines+ia of cioculae &ing

(onsides & +hin wnifoern 7304 of masg (M) and yadius ‘R’ 5,ppege +he
vi0g votates about an axis yy' pRSSINg +hyough itS Centes and PRy PENAiCUIBy
+o Hg plane.

CiscomFevence of TINg= 27 R

Total mass =M

M
27 R

Take a3 amal] element of len8+h (dat’ in +he Ting ohich 1S a+ distance R

Mass pey LNt lana-l-h =

foom +the axis,
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Neco, o anoment of inestiza T Loy odhole %iha,
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Towque and ﬂﬁaulaﬁ Aecelegation for =2 D\i@u‘d B@da

Tegque ~Turning effect of = fowce in, @ bedy 18 called togque 0%

moment of fowce
twque:. Foace x Peaericollay diclance ﬁg Hre :EEWCQ ﬁ‘?@m
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(onsides A bod(tj l?j‘tg-l-"a-l-in@ abowt an axig yy' undex +he a@cHON of congtant
+oogque CtJ.SUppose_ +he bod&j CONSISHS t::.ji ‘e pa‘b‘-’t-icleg of massey mwy,My

—..mpn 2+ distances of vy,%5.-oM vespec+ively.



The ‘oagise weil] preduce a wuritant angolar acceleration (o in each
patticle Since the padsticle of mase m, followss a civcwlay path ot
yaAAUS 7, Hhe m*aOh-i-{—Lde of lineso Dcceleaation OF Hie pacticle 18,
Ay = Ty
The net+ ext+egnal ﬁc::fa-ce 21+ ﬁ@ or it
Fpsrmyfy = 1) Wit
The M‘a@ﬂi-}—oée of Yorgue ackng vpen Hnie PaTHcle doe 4o Fooce,

-Ci: Fj_rbl
:Qiﬁj_‘ﬁ']_a() ‘b—i
= m_]_‘ﬂerO(
@imilﬁg‘\dj—‘-}@ rmagnitud e of Jovque on +he paoticle ©f THBsses M, .
™ ATE mz‘a:z?tx Y - - - mn‘"ﬁ“a?ra{ %—aﬂpec:—l—fwe_b.
~ToBque. on He bodly (T) = Ny TPex -+ M + — - . MR

=(N o - geg + - - nTP) X

=( hﬁ M=)
2y
B

L> Qa—ﬂmmﬁ\ velation belcoeen momehnt of
iNnesHa 'anOr_pI‘afzr Qceh. AN %TﬂU@ ﬁf ’DCIS'b

If =L +Hhen T=T
Hence, the moment of inevdiz of bodd 2b0o O+ d—i\f&ﬂ eAXIS 1S5 equa\ 10

Hwe totgue 'n‘ec\mfa-ed to poeduce vonit anﬁulaﬁ acch. in Hhre b&d@l.

ook and Pecvey in Rotational Metion
Teoo egual and oppesit+e pa2vallel Posc eQ *GCHna o) a3 ftﬁdid

bﬁ’dd 2t oifferent poinke suveh Hat Heeiv line of zckion do not Co-

iNcide ceongiirute =2 couple.

Cangidey a oohwee) 0f gadive (g? eot2+Ng abeot its centey 0.

Suppege. HLOO ealw*al and oppesite foycey &1 a0t Hhaen#iﬂlld a+ pPoinis
A and B. let '@ be the "argle of voiaton of Hie wheel The o TgLe dee
+o +eoo foaceR ie canstant .



F‘ia- (OovK done la ww[je, N ‘a’DJr‘EH-ir@ cheel

Weok dore EU e=ach ?E::ﬂ"c_e,z Fostce x Pisdance
= FXsS
~Fxge [-6=06]
~F00
wWhege @ is in 58dian and disdance —AA'- BB =3 =~ Qg

* Total ook aone (W) = Fo0 +F30

= 2790 _ _QG[V’!(D
Bot, Towque (T) = FX 20
= 2F7D - Qﬁ‘n@

Foom eqn @O and eqh.&©

= T@/|-$cevk dore by @ couple iS +he Poeduct of +orque
and ange of eotation

Poceq (pr= 49 = AX@) - de T
dt g+ A+

»P=T1@D = Poawes 18 Hie pPocdoct of A-c:;wr:\uf:z ANJ
-unacﬂ-av \9{10@—8

Angulay Momnmentdeom
Mo wer - r:;f-’ ipesag rmo mentom o? 20N C}b-ja‘:’- S called

aﬂﬁdﬁ"‘i‘f mowmerntom. I+ is mexsured bd He pooduct of e lineaws
momentom of +he obgect and +Hhe peapendicular digtance bet aoeen He
Object zind 21xis of ovtaHon

ﬁrat-’haﬁ soowentom (L) = Lneagy momentom (P) X |9 diglance -Fq'mm axis Of o+ Hon (?r)

‘- L= T™M\$D \




L=1MP7 = M (I)7T = Mmwr? =imzde> = T

I+ is Yectow qu‘anw@-
+ - kg M - D o4
ST VN d?m R@'m S
(A O+ — am‘le,"i

Dimensional Lormola = [M 2T " L_]

Rela+i on betcoeen anau’\‘a?j o omentumn 8nd fYoogoue

Pde mcﬂo:);
L= T
CO/;, C..:L_'.“_-:'--.I:dtﬁ;I
raglien 3
oY, d_t.—- :C_:.\_O'_D
miakdle (- ox t)
00, AL _T (- T =IX)
di \
O, _C/"' %b

| T = Ok —’Fl'mfa’que ic 9led yate of C_\nﬂrﬁe of
‘aﬂéul*‘atr m owentom of the bogy

Poinciple of (oncesvatioid? angulas momentom
CTP o extesnal -\-QCU‘C[UQ a2cte on 5@9{-@?@, H~e +otal
angulay momentom of Hne syatem TeMANG ConseTVed)’ ’

—F ‘T’ be +he rworuer+ of inewlis of 2 loc:c;iej abow 'aaiwen
axic of zotabion =&and (@) ig jts 'anaulaa“ \Ste\oci-l-a , Hhe
| = (et =ntd

1 co= (ong+aan+

Posooft:

We have, 4L _T
dt
1€ no external HoTque ACks N He FyStem, T =0

o7, a L

et = )
=TS
Ir‘w-l-eﬁfr‘a-l-fﬂ:a on borh 8ides ,

L= Congtant = Ta = (arstant = T W, = Towy




Examples:
1> A dives 1vge? Hwe peinciple of ceorgervation of ahaulaﬁ‘ momentum e
l=T& = Conglant
(Dhile a\ivir@ into @ sesimming pool faom = diving boad ,He diver
ceske cots his body I::Cuj wolling hig asnmg and lEﬁs.Th IWe c=2ge, hew
moment- eﬁ inesHe decyen8el 2no anﬁulaﬁr \9@0044@ N C_Te2ReR

kEEPEﬂ@ e Y‘oial *ahama?r D renrn Conkiam+. 50, 8he. S Aable +o
make more Sbmevssavits before 5+%~i}<in@ e @ateD.

Rut befose em+ertr‘ir5 watey surface ,she Styerches hes arm
and legs so Ht hes momernt of inexdia incve2geg and t+he ‘aﬁaolafr
velocsty decoenses and she i able o 4ouch P water surface w@ith
a wedvueed Sreed withoot Hﬂﬁ—in&.

4

L :.?ﬁ
l;:

Her angular momentum %
is fixed but she can still )
control her spin rate.

(i

Ffa- A dived appldmg poinc ple of congeavation of ﬂﬂ@ulﬁa%‘ O Mer v

&> A man syanding on g Totating o table holdfnﬁ eight on his
handa, can sotate wwith degiyed anguiaT Ga\w'aa veing +he principe
of cergervation of angular momentum. tohen he outatretchey his bards
He womert t:-? ineo+H8 incoexSed anag He éPeed GJ’? m-ka-\—«'en
decxeadQea > Had angolag momenturn 9 MIrR caons)d nl-

On e ohH e hand , =5 he dvaees s hzraz o e
chegt, 4he wormentom of (neati® decaeages and Hne ar@uﬁaa—

Weloci F(Jj \NCcsseasel. Hence , e 6Ft'ﬂniﬁ5 T3a+e of +Ve man NCye AKeY.

The law of conservation of angular momentum

Rotation

Ffﬁ A m'z;r; on fﬁo-'i-a%ma +able



