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Centre of Mass Centre of mass for various shapes Mot!on centre of mass Moment of Inertia Theorm of Perpendicular axis I
- Avg.position of all the parts of the ol distributed velocity of centre of mass . ) .
system, weighted according to their mass Uniformly distributed mass centre of mass ~ M1\71 + MZ\H/2 + M3\73 —— i) For discrete system of particles I-=T + ]:y (Only valid for laminar bodies)
-For homogeneous object, | Ven® M AMAM Fmmm e 7D N PHYSICS
centre of mass lie at 1) Rod | Ve s . >
their geometric centres L2 L2 Acceleration of centre of mass xt\::‘ze;, axis lie in the plane of body L A\ V' 4 WAI-I-AH
| — — — .
-Centre of mass, may or may 00 . ( L ’ O) = Mg, + Ma,+ Ma, +-- Z- axis 1 need to the plane of the body
not lies inside the object 2 a,:= Axis need not pass through center of mass
| M +M,+M M - - - - :
- Centre of mass, may ' \ j y
change it's location 2) Square Lamina \ J
Isolated System
A .
*No external forces acting . . .
N (%%) on the system Moment OF Inertia For Various Objects
Centre of Mass For . S *They can have mutual force
. ©.0 L of attraction ri = Ldistance from axis of . | |
System of n Particles rotation Disc Ring ToMR: Thin Rod : i
M - I
R 3) Semicircular Ring °® ii) For non-point mass = I
fon” Fm Y ! 5 1 j <
M. MP =ML, g.=0,vem=constant I-= de = J',.de |
yiz) 8 (xy,z,)
©3) e i
y y (%2, . _mbP? _mi?
: il Nl v (" Moment of Inertia 1z T3
< (2 4) Hemispherical shell P r dm I'=3 mre
= . I=Mr? [ 3 0—‘0 3 | I,=2MR Hollow sphere
i s - I
X ' (12 e
(o%) m= Mass of body I;% MR2 !
; r= Perpendicular distance from . .
General Equation a the axis of rotation \ ) Solid cylinder I
L M+ M, M+ e mF, i I=MR® R
P ———2 23 5) Solid circular cone Moment of Inertia I= %2 M
m +m, +m, +----- +m, A . / ‘_\
! " ! o ! .l (" parallel Axis Theorm )
Tensor Quantity I=Mr? Rohlmonul I- 3 MR2
In terms of Cartesian co-ordinates \_ b ;%Z'f) Conditions: - \r_/ te !
h (OL) 1) Axis where considered to be parallel I
_____ 4 to each other i
_ mx; + myx, + myx; + m.Xx,
Xem™ % ------- > ( Two Point Mass \ 2) One of the axis must pass through Solid sphere
m +m, +m, + ----- +m, centre of mass
I _.=Mr?+ Mr? _7 v
- MYy * My, + My, + ----- mY, 6) Solid hemispherical “* . £ Toarat [— Leom / L\ I’_?Mkj/ ,
em ﬂ'\l + r“2 + ﬂ'\3 * e, -— + mn r < 1 M 4 I:AMRZ
(O, 3) @COM I,=2MR? \w_/ L
7 = mz, + mz,+ mz,+ ----- mz, A 8 %} r com - O ,//
= 1 2 M
ST — (e 1 z y_ ,
7/
m,r _ mr /
r= 2 , = ! e
m1+ ml m1+ mZ
mm - = i = i i
Cavitv in obiect T =m m_ = 1M, T i Loom*Ma? I=Moment of Inertia along the center of mass I =Moment of Inertia along the tangent perpendicular to the plane
Centre Of Mass For y ) com red red " m +m, I'=Moment of Inertia along the tangent pardllel to the plane
Non Point Mass If some mass is removed from a \ ) \_ Y, +
body C.M will shift fowards
the side with more mass
- - N\ N
actors Affecting . .
, o ldmF :‘e.xa;:‘ing bady Moment of Inertia Moment of Inertia along the centre of Mass Perpendicular to the Plane Surface
dm Pem™ J
dm
1) Rin i
A= mass per unit length ) g 2) DISC 3) Squar‘e shee'f 4) Rec*angular Shee‘f
O= mass per unit area A M MR?
- i C.M of Mass of  Axis of ._mass Mz
r B imass per unit volisme orgin:I body C.M of \fhe body  rotation d‘s'""b“""D MRZ(COM, Lr to plane) 2 6 me
cavity -+ b?)
MR? 12
MR? (COM, Parallel to plane) 4 MP?
X . . - 2 1z b
Assuming r_ , is at the origin 12 / \/ / f >
1) Mass distributed over length = dm=1 dl R UTATI 0 NAL / / //ﬂ’2
12
2) Mass distributed over area = dm=c dA -M_ xr.
Q)Mass distributed over volume = dm= pd/V \ Frem™ M / f ; Mz ’
rem 12
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M
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X, X, 1)When =90° Opposite direction:- | /" mechanical energy conservation )
| ] — B —
. . open s - H Iw-ITw Angular velocity with which the rod hits
/ Radius of Gyration \ Equilibrium “ 2T ;; Ll l:;DF' sin@ w,s =L Il Iz 2 the ground without slipping and one of its
e ene = + end on the ground, released from rest
Definition: The distance from the axis of a point ] F T =L toe ° ?
mass whose mass is equal to the mass of whole For translational g m | T max ( w= 39
body and whose moment of inertia is equal to equﬂibr-ium _2mmg m,g Spin angular momentum IT 2 N (
moment of inertia of the body about the axis r “m, +m, I : t L < 1B )
| A
1 ) 1 Fret = 0 I | m 2Tx, = mx,g V\ v Lspi"=Iw { N
I mR I Tret may or maynot be Rolling Motion
2 zero Translatory+Rotatory=Rolling
| | r I
. | . . —Rw
- - - ! F / Angular acceleration \ : | L Velocity in rolling
_ < I P w
> 7 k \’ A V\ 2 e Condition for rolling without
‘o - T=1I | slipping: - V=Rw
R . L r | * Velocity of any point on
Disc | mk? | Rotational Equillibrium T - torque L =T w | rolling object.V,
F > I moment of inertia spin 4B I =wd= XS
! ! Toer = 0 1 R
el (L angular acceleration d is the distance from point content
| | r B ' Energy in rolling motion
AR : I Work,Energy & Power 9y 9
! k= Ji ! F.er may or maynot be zero Initial angular acceleration when B ! gy 1) Translatory Motion
2 .
. *1 X a rod is released Conservation of Angular momentum 1)Work done by a torque, W T, =g mve
Also called principle of moments Initial angular acceleration when abody is = To(if torque is uniform) .
\ k is the radius of gyration j r Pleased FrmRgereie Y If there is no external torque =Jtdo (if force is non uniform) 2 5"'""1"‘9 "‘°*";"/ "°"\';'°“°'1 '“°*'°"k2)
Angular momentum is conserved W =omk = =smvix( o
F v 9 2) K.E:%Iwz(when W is constant) KE2 - R® "2 R
—> o T= dL . 3) Rolling motion
dt =J2T (when L is constant) 1 1 K1 K2
TOl"que . . . * TFT=0 d_L _ 1 TeetRy 6= Emv?*imvzx o iﬂ'\v2 (1+F)
Static Equilibrium V= T =zlw
A A . - k 2
Creates forque 4 Fsind Combination of both translational L=constant 3) Work-Energy 'rheor'nl\ et = (1+%)
4 F and rotational equilibrium Iw=constant IW=AK=5I(W,*-W,?) rans
(mament = of ! . Motion on an inclined plane
" : F.., = 0=>Forces are balanced Tw-=Lw, Energy loss when 2 discs are joined: - = Ve 1
N = = . . . i iai o Velocity at bottom= - Tk
— ~\IAQ when force is Radial T=0 Toer = 0= Ttocuie = Lantictockise Translatory - rotation combination | | * If '“|°"‘e"*| °ff;"':je"'”° '“C"easjﬁf 1) same direction: - eoctty of Bettom LE o)
> > angular veloci ecreases and i
TS A Rt Tappliea™ T moment of intertia decreases AK.E= 5orot— (W, -W, Y k2
>~ v v _ Lapplied” Lopposition rert B T5 S I It Mt K tsv]=Timet
KA /' won't create Pr'mC|pIe of moments X" Total T angular velocity increases f ™ R '
R < any torque . . T
~ ! When a body is in rotational equilibrium sum m,Rg-m,Rg Velocity:solid sphere>Disc>Hollow>Sphere>Ring
< of clock wise moments about any point is =22 12 w ) )

. . m.R2+m_R2+I N\t Time to reach bottom:Ring>Hollow sphere
equal to sum of anticlockwise moments 1 2 . . I I >Disc>solid sphere
about that point Moment of intertia when

Torque T = r Fsin two discs l°|ned: Value of velocity:-
q 0 d d
= Fsingx r = FLr (1) < ! N 2 > same direction: - \wz 1) Ring/Hollow cylinder=1 gh
= =F I
= F xrsing=Fr (2) | I I1w1+IZw2 : 2) Disc/Solid cylinder= g—gh
= -rn \ W= ——""="—" |
T, % f I+I | 3) Hollow sphere= | 8.gh
T =r xF (Vector form) = 12 ’ ) ) Hollow sphere= | g9
Opposite direction: -
F ’ 4) Solid sphere=
If force is radial ie 6 = 0° or 180° ! | LI w.wy ) Solid sphere 17—°9h
i i AK.E= *
TorqueT= 0 Fxd=F xd, Angular momentum & its conservation i STy W Accaleration
| .
. . _ gsin6 1
If force is tangential and A Load x load arm = Effort x effort arm Angular momentum of a point mass: - "N I, =LK XK
to radius vector § =90° R R?
X Angular momentum about origin 4 (W
Torque, T =Tmax = rF < 3 > _ _ v e ! Time of descend:-
) X, - X, R L=rxP // | 1,=.L 2h A K2
I - — - ] =m(FxV) P é 4 | I, sing 9_( *ﬁ)
5. = ?” | J{W-
VAN o : W e
r 2 R2
1) When 6=0° or 180° ! Ring>Hollow sphere>Disc>solid sphere
p
m.g ! %
m,g L,=mvr sin 180=0
m.9 mvr sin 0 =0 |
MOTION @3 -~ e et i , | 43 PHYSICS
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