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WHAT KIND 0F MOTIDN CAN A RIGD Bopy HAVE P 

An object iding dokm au inelind Plane, is 

staut e tim 
Same 

OF PARTICLES AND RoTATiON�L MOTioN 

dt 

is a 

An objet hoing dom an naelinel plane, 
enecsis otabadl+ trans latena! Msta. 

C: Posi ban a cM. 

wetat. Evey pantele a booy mOrs 
à a irele, about e apis 'hotalan. 

-
dt 

all pantes 4 te body ha 

CeN TRE OF MASS:- Sytig Aephce Single poit otjest. 
A pout at ohi ae entit Mass Gu 

to be oMcedhateod. 

Same 

T! al cot eua ae act an 
at C.M.,it sali (est /mota) hemain wnalleted. 

CENTRE Of MASS OF Two PARTIC LE sycreM i 

l-Axis 

CH-6 

Overal 

s 

Rotalan 

4, ef: External frces 
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f patele at A; 

dt 

for pavtule at B 

dt 

dt 

dt dt 

(mtm) 

at a 

dt 

(Mtm)) 

Total mas ee sgtem 

dt 

M2 

CMitm) an lett zide 

poit, lose pecitan vetar s . 

R Acceleratan 

s subßrsed to be Lon centated 

Motion 9 tae tofal macs decewbed by external fces 

ly as iatemal frees cance out in fas . 
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lase-: T CM. is at ohigin , =0 ’ = - m 

lM. on he line joing 
Case-2: T7 M,= M, = m (ay) 

) cm. di ides iternally 
tue ierse hatio Masses. 

Masses M, Mam3, 
CENTRE DF MASS OF N-PARTICLES -

Tnstantawous velautu: 

N- partlu. 

thee faatles. 

for n- patles : 

=| dt 

e bine joining 

Mt mh 

,, , 
lot be the fosi tan veetar cenhe d mass 9 a 

Totl Tnternal Foree, = : 

C=| dt 

CM. les loen to m. 

-

the to 

where 

fantlea 

Forte m the ia fatle 
dae to j fautle 

But, 

Mtmt-tMN 

T3. 
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CoORDINATES OF CM. -

pocit'oy vecta CM: = xiti t 2k 
:() L'o Mes , 

cyuatng afaately 
M 

man-lenitotm bodies. 

As, 

MOTION OF 

(oovdinates cM : 

M 

dt 

MI 

M2 = (M2, + My2e t 

bifaatalng 
M ak 

wt get. 

=| 

M 

M 

CEN TRE OF MASS : 

M 

lonader Small elemet 4 mass, dn & loovdinales (,,z). 

wt tie, we get 

M dy + 
dt 

M 

= M U, + m + 

dt 

(for a 

(Ky,2- cnrd. cm) 

Case 

+ MyXn) 

+ 

+ my Zn) 

-+ mydty 

+mn 

dt 

M 
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Acceleraton q cM 
Ac, MU Moi M,, + 

dt 

LIN EAR MOMEN TUM 

9 

As, M = mt M,t 

P= M 

dt 

= MaD 

dt 

At 

) 

= Ma 

Conade a 

taed torce, 

A 

l=| dt 

dt 

tj dt 

M 

+ 

dt 

syc7 EM OF PARTICLES - The tofal Memutus 

: Cancel ot i 

dt 

-+ myay 

-t m,n 

+ my d, 

Conetat 

fert 

system Q n.nunbs a pautlu, do the acta 

4 the toal mass he 

> P= onstant 

’ Mi= conct’ = nst 

when the tot erlenal 
fore, acti 

tótal inear momenin 4 

the 
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AN GVLAR VELOCITY AND ITS 

In Retakamal moton f a rigid body, abosd 
a fircd axis, eveg fartele a the body 
movcs in a circle, which 'ec ia a flane 

þerfendicwlar to the axis 2 has its 

Ceute on the axis The partele deceLo 
cirele with a cenbe, c n ttae axi's. 

R= Radius the circle distauce a 

the þt',P fer 

T: inear Veloihy the fartele at P. 

Lpcp' = 

T's alng the 
Posihon the 

. Artrage angadan velauy 

a pautele at a 

fxed apis, 

RELATION WITH 

the 

ads 

Ths, Bx 

4 

tengt 
paitele after time, st 

Ttateneous Anglai velotily, wit - Lin D8 de 

Angular disflacemad g te fostele ia tine,ot. 

lineas 

at p to the rle 

veloay 

Dre te wteal st : 

at a 

LINEAR VELOA T 

d'stauce, i 

Noy Wxh= wxop 

Dt’o Dt 

Posi Van yector the 
partle wrt. igin - O 

= Wx (0l + Co) 
+ 

dt 

CA 

he ax's. 
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AN GULAR AcCELERATION i- Tt's defüecl 

7OK avE - MoM ENT 

m: Unit vectar 

&: Smallea 

= d 

is moment � fre/ tahgue/ conple . 
9 the fre abot the fixed pont laxi's. 

B: dist. the line acia 
fore fom the axis otatan. 

dt 

Cases -

OF FORCE;-Te otatiana! analagne 
TH's the tuming efat 

f = FSno s the 

hand sce hule) 

Antlockalse moMcts = tie u 
by lomventon 

os the time rate hange 

actn 9 F fom the 
2-ixF= FSe = hFsu ) = hFL: 

Vnit -
Dinéasial foula ;-[MT 

A 

N-m 

dive eliau 

= nF (Max) 
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F 

= FSin9 
= F(hsie) 

DY = 

=Fx P 

(antilocksise) 

Con sid a Bautele at P at ttme, t 

APoQ: D lao ’ På = d 
JMal anot w.p. 

ExBessian fe a Cantesian Coordi nates - Pyia meaning 9 

dw = 

dw = Fdx + 

F 

(w) Case-4i 

2poa = d 

hotatig 

ay = h losg do 

Sub stitting e n O, 

a K sith x-an's 

AR = dxi + dyi 

f = F Coca 

get, 

dw = Fx Gyde) t Fy (de) 

= x de - () 
2 

Extcsion for t in bola coordinates -

Conude, a bartcle d mass, m hotatig in 
X-Y plane about o, udn F (along PA) 

y FSia 

Line aclan fote, F makes au 

=F(rsiao) 

(lo ce uoia) 

Partele 4 mass, m is rotalanp 
in x-y plane abot 0 lemder te 

huose 

ine 

A 

4 cales at lttdt) 
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Rectangulan Confoneti g 
elane due to F z will at n z- plaue r to the x-y plaue 

F may otale the 

oualogue 4 
AN GULAR MOMEN TUM Angula momentn is the otaton 

inear Momentem. Tt's a vedar 

lonuda a 

Momenbum, 
to be , 

partcle 9 mas, m aud ineaa mamatn,P 
tan,helati to the ongin, 0. The 

wrt. the ongin, O, 

-(yf-2fj)i+ (zR-x) + y-6)R 

the 

Lody 

Molokcuo) 

MoMentnm,? 'bout O is; 

P(r suio) 

r (op) 
linesr 
Momenlum 

patele 

KA patle at k 4 

line 4 motan fem 0. 

with 

l 
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P-PSio is the 
to . 

Conserva ton 
Tst Metodt 

Ind Mehod -

dt 

Test = dL 
dt 

confonant �7 a dinâon bofedala 

atuex?) 

dt 

ferfedilar diskance 9 tae diretanal lie 

dt 

dt 

= 0° o |80 

L= Iw 

wrt. tine 

Ux (m) 

dt 

dt 

Cert = dL 
dt 

t due to int a well as 

eot f but nt. z add uf 
to zeo 

T saa extema torque, Teot n 
Angulv morn eutin, I yemaine constat. 

Io = Ceot 

L= lonstant 

lo 
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Cartesian Coo rdinates q.: 
As, =x y x 

= X 

m ay - dx1 

As, 

dt 

dt 

L= 

(y -9 ) 

Lz 

Palat, cordinates L: Phyical Meaning 
kaiy)- poci bon 9 the 
rutatig 

dt 

Line ) acton P makes an 

« oith oOx, and angle, 

paYlle a mass, m, kinear mometam, P; 
in X-y plane 'bot z-axis. 

huSia . Ploso 
N 

Plow) 
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As, L = P(oN) 

L i the phodat PL Ir di stane ine ) actan 

4eometica! Meaning 4 Ti 

Tn 

in X-y plaue about an axis, 0Z, at auy 
Let oR = be the postaM vector 

Jo ia KL) 

Draw om, equal L 

Small tim, dt; it ealhes, L 

Area Sueft by 
Small tine, dt : 

otakon. 

2m 

farallel to Rt 
the fartele 

DOKL 

Car("gom OkL)] 

Conside a 

dt 

X 

dt 

tme,t, 
fartele. tHhe 

(dande by dt) 

partele otating 

L a farlele about a 
an's s tuice the prduet mass 

4 the fartle e artal veloy 
4 pos e to the partle. 

[12. 
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FQVIBRIUM OF A RIGIp Bopy:-Translational Equilbiu 

Rotationa Equili'i. 
Said to e in Mehaica Eilibium. 

h bo ts lineas augla mometun heman conatant, 

equivalett tae bo dy ha neithe Lnear acceleraton 
augular acceleratial. 

A aignd bodg 

And, zi =0 

lendiGon for traslatana Equilsim 

londition fo otatona Equkbiu. 

CoUpLE - A pai 4 equel and 
Qines acion u known as 

produces hottton oithout Fraslatbon 

PRINCIPLE OF MOMENTS i 

Antielockoise Momas Ae-dr 

Clockaise Momeets 

R 

Some 

a couple r Torque. A coulle 

d 

weiglt to he 

R acts at 
B the fulou 

e'd has 

’ Lodd Amm x load = 

tuo moment 

Le ver Fre, F is 

ited. Tt's caled the oad. e ia distauce fom the 

tulm, du s caled the Load Avrg, fore, f u the 

to ift ne load. the distauce, ds the etf ont appld 
For Trans htianal Eqitbhium: R- F- 6=0 

.e, dyf, - daf =0 
dify = def 

* For Rotationa Equili'bhiun i- The sum q momets mst 

Fulu 

Eft Arm x E{ft 
|3. 
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MECHANICAL ADVAN TAGE:- M.A. 

T{ de> dy (Efort Arm > Load Arm) ’ MA. >! 
SmalU lfort Can be Wbed to t 

CENTRE OF CRAVITY :- The centu 4 

body is that pout, shese the total' aitlael torque n 
the body s zuo. 

Mii =0 

As, posM vttr c m., = 
( pa^ vetas, i are taken o.rt. the ca) 

Ca coindes ojth CM u 

MoMENT OF INERTIA : 

(D 
M.T. S 

a 

abot the co, due to e 

M 

hnea Motin 

lavge loacd. 

I defeuds an;- u) Postian 9 axis 

au extended 

must be tae CM. 

M.I.- Rodatona! Irertiai- Body offes any change 
ito slai a Vaiform Rotaton. 

htectie distance fonm the anis votakoy. 

() Oxiedahai axic 9 Rotaha(w) Sze (Body) 
(V) Distilutan a Mass 'bout tue axis 4 rotaton. 
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hit of M.I, I i- Kgm, g cm 

T=T: . M.I. 'bo t a 

hotaing 

As, 1 = 

K.E. =Tw;- T 

be 

with wnt angu a celeräton boud t. 
= || 

where M= m, t Mt 

t1 at 

the 

Con sider 

I= M + mgt m + 

K = ekectie ditance 4 the Bartle fson 
= Radius_ 2rabon. 

RADIUS OF GYRAToN :- Perþendiclar dectance | fn the axis 4 
hotaton, at wil t ts eutin mass 

subs osed to be concentrated, Te 
M.I. aGout the quen axis, wold be 

Hhe same the achual 

distbuton Mass. 

M[ 
T! total mass 

axis, 

a Rigid Lody, consicting 4n no9 fartda, 
se' theit þerfeudlas each 6 mass, m. Let 

dictauce tom the axis 4 otaton. Axis a Rotaton 

Dimen siansi- [u tT°] 

wer 

axis, torque 

T'= Mk 

on the body 

T'= I 

K= 

= 2x .E. 
at w= 

the aXi's 

Can centated at P at a s distauce, k 

uolhene M=mxn 
= total mas 
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* wheu a body 

T= ( dm 

when a body deesnt concist 4 die ente bartlés 2 has a 
ontinuous distibtn 4 mass : 

TH EO REMS ON M.T. -

a 

reating 

(when M.T. 9 a body about any guen 
Calclate m.I. about another ax's) 

M.I. 9 a 

Theorem d þerfeudiclan axes ; 

dm- Small elemet at 
yom the axis. 

Theorem 9 þaralld axes t 

M.I. 4 a plane lami ne 'bout an aris t to the flane 

lamina s egual to the sum M.T. 9 the lamine boud an 

aris s to ea h othe. 

u X-Y Plane : 

dt 

2YNAMICS OF 

Iz= Iy t+y 

body about an 
þarall axis thugh ts cM 

Ke = T 

the dstance Ll to axes. 

Ar = Tept M 

axis 

dt 

a I dictauce, 

KINEM ATICS OF RoTATIoNAL MOTION ABOUT A FIXED AXLS: 

axis u Knoon, we can 

ROTAT1DN AL MOTION ABoUT 

is egual to tye M.T. asou 

the Boduet macr squae 

e-M. 

A FIXED Ax\s 

6. 
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The ate 4 ineease K.e : 

AS, d W= 

dt 

ROLLING MOTION -

:. Rats WD. and ease in K.E. aw 

tw = Tw 

One hoatan, it movec 

In Pre Roling 

() C-M. 

chenge in k.E. 

() C.M. the 

2R 

a shost time teva, t, whel mores a dctauee, 

De 2 sloke yotala by de. Thus, heel haes and at the same 

time, mors orwasd. 

Veloutg the lontact poit 
C-M., Ven 

he ae two cases 

the 

dt 

K.E. OF A BoDy |N A COM3INED 

B 0: C.M. 

Dt 

let body 

At 

(i) C.M. 9 the otating bod 

TW 

One noatau, t has Daing holated th an 
cante g the hee 

Ruo 

RO TATION 

Case Pase 
RolLing 

TRAN SLATION: 

sotating body has zeo ineas veloay. 
has also a linean velout 

M: mass 4 the tigid body, movig oith angulas loy 
has zeo Lincan Velot i 
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Masses M, May -

the axis Q rotabon as , ----,Yn 

Total K.¬. = (mi+Mut 

() C-M. d the 

= JtMK 

At any 
body 

. 

hare the same 

2) Case-l: ase g a body rolling aong a klane sskace 

thsough P. 

�Mn 

The moton g the body 

istat, body s at P, taatles the 
angudo veloay 

u thus esuvalent 

and d'st auce 

totating body has also linear Veloit, : 

K.E. = 

K.E. 

to one 9 the p whe hotatan bout the axis 

+2 

:M- Total mass, k- Radiu a 1yrahn. 

kE (tran slakanal mtion)= 

wwhee, Ip = Temt MIR)" 

K.E. = (Tem tMR) 

Rolbng lRot 
abo p 

-+ ma) 

9 Roling eody 

fom 

+ 

MR 

t= WR 

Purt Rotli 
aboud 0 

d.r.t. P. 

R 

P CM. uat 0. 

K.E. (Rotatienal Motion 

VR 

13. 
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Case-2 : Case d a body holling down an inelined blane 
te acceleata ala9. 

U: Velot acquind by the 
coting the di ctauce, . 

P.E. lost y the body = Mgzsia o 

plaut 

P.E. = Tofal K.E. = K.E. 9 Rotaton + 

As the 

= 

2 R² 

body 

Mu 

starts fom st, u=0 

K.E. translahon. 

’ V= 246 a 

(9. 
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