CHAPTER - 6

System of Particles and Rotational Motion
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Centre of Mass :-

Centre of mass of a body is a point where
the entire mass of the body can be supposed
to be concentrated.It is a point that moves as
though all the mass were concentrated there
and all external forces were applied there.
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Important points about centre of mass :-

(i) Position vector of centre of mass for n
particle system :-

If a system consists of n particles of masses
m4q My, M3......M, whose positions vectors are
Fps T3y Ty, TESpectively  then  position

vector of centre of mass is given by-

(ii) Position vector of centre of mass for
two particle system :-
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(i) The position of the centre of mass is
independent of the coordinate system chosen.

(iv) The position of the centre of mass
depends upon the shape of the body and
distribution of mass.

(v) In symmetrical bodies in which the distri-
bution of mass is homogenous, the centre of
mass coincides with the geometrical centre or
centre of symmetry of the body.

(vi) If the origin is at the centre of mass,
then-

(vii) If a system of particles of masses m1 mo,

M3.......Mn Move with velocities v; vy, V..
then the velocity of centre of mass-

- - - -
- dr d|m n+m,rn+myrit...
Vem = —— = — =
dt dt m, +m, +m, + ...
1 2 3
>myv;
Vl — L

(viii) If a system of particles of masses m; m,,

. . —>
[ g Y m, move with accelerationsa;,as, as.....a,

then the acceleration of centre of mass-

-

- , = 5 —»
;I* dvem d°r d°| myn+m,rn+....
cm = = = — =

dt dt*  di* | mymytmy ...

- Ym.d.

_ i

Acm -
Xm,

(ix) Position of centre of mass for different
bodies
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S. No. | Body Position of centre of mass

(@ Uniform hollow sphere Centre of sphere

(b) Uniform solid sphere Centre of sphere

(c) Uniform circular ring Centre of ring

(d) Uniform circular disc Centre of disc

(e) Uniform rod Centre of rod

® A plane lamina (Square, Rectangle, Point of inter section of diagonals

Parallelogram)

(2) Triangular plane lamina Point of inter section of medians

(h) Rectangular or cubical block Points of inter section of diagonals

)] Hollow cylinder Middle point of the axis of cylinder

)] Solid cylinder Middle point of the axis of cylinder

® Cone or pyramid On the axis of the cone at point distance 34—h
from the vertex where h is the height of cone
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(v) gAfATT U8 A a7 gegA &1 faaror
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Zm;r, =0,
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- Y — -
- dr d|mn+myn+m;rit...
Vem = —— = —
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xm,
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- > -
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m,

(ix) Tafdesr St & gegaeT &g Hr Fufa-
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A body is said to be a rigid body, when it
has perfectly definite shape and size. The
distance between all points of particles of
such a body do not change, while applying
any force on it.
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Translational Motion:-

A rigid body performs a pure translational
motion, if each particle of the body undergoes
the same displacement in the same direction
in a given interval of time.
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Rotational Motion:-

A rigid body performs a pure rotational
motion, if each particle of the body moves in
a circle, and the centre of all the circles lie
on a straight line called the axes of rotation.
Example: Rotation of ceiling fan,Rotation of
blades of a windmill.
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Angular Displacement:-

It is the angle described by the position vector
T about the axis of rotation.

AN\,

\

Linear displacement (s)
radius (r)

Angular displacement (6)=

Its unit is radian and Dimension formula is
[MOLOTO] .
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Angular Velocity:-

The angular displacement per unit time is
called angular velocity. If a particle moves

from P to Q in time At then ® = 2—?, where
A0 is the angular displacement.

e Instantaneous angular velocity -
. A8 deo
@=lim —=—
a—0 At dt

e Average angular velocity-

_ totalangulardisplacement 6, -6,

av

total time t, -t

e Its S.I. unit is radian/sec and its dimen-
sional formula is [M°L°T-"].

e Relation between Linear velocity and Angu-
lar velocity-

— — —
V=) X F

—
where v = linear velocity,
_} .
7 = radius vector
_> . . .
¢ =Angular velocity is an axial vector,

whose direction is normal to the
rotational plane.
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Angular Acceleration:-

The rate of change of angular velocity is
defined as angular acceleration.If particle has
angular velocity o4 at time t1 and angular
velocity o, at time t2 then,

Angular acceleration -

— —
W2 —

5
a:
-1

(1) Instantaneous angular acceleration-

— , 2

—» . Aw dw d° @

a = lim = = 5
A0 Af dt dt

(2) Average angular acceleration
w, — 0,
1, — 1

(3) Its S.I. unit is radian/sec? and its dimen-
sional formula is [M°L°T-]

(4) If a = 0 then circular or rotational motion
is said to be uniform.

(5) Relation between angular acceleration and
linear acceleration-
— — =

a=axr

(6) It is an axial vector whose direction is
along the change in direction of angular ve-
locity i.e. normal to the rotational plane, out-
ward or inward along the axis of rotation
(depends upon the sense of rotation).
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HofT dor F IR $ T H HIofiT ca’or &
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Equations of Linear Motion and Rotational
Motion:-

. 1 ; 1
: - - : (iv) s=ul+—at’ (iv) 9=w,r+—ar2
Linear Motion Rotational Motion 2 2
If linear acceleration a=0 If angular acceleration o= 0 5 2 5 5
then u = Constant and s = u t. |then @ = Constant and 0 = ot (v) v' =u" +2as (v) 0; =0, +2a6
If linear acceleration a = constant, | If angular acceleration o = constant l
- 3 : (74
then- then (Vi) 5,4 =+ Ea(zn -1) | (V) 8,4 =@, +(2n~ 1)5
. +V 2 (@, +,)
) Sz(lf ‘f)I ) g="1l 724,
2 2 fg T 7’07 3R afg FoiT c@gor 3R
el 8, al T &, dF IRied
" V-u . e HHTIOT SIE] sTel greml | FHIAIOT od] Aal glam|
i) a= (i) a= AT A 5 HATHAT A~
t
. dx dd
i) v=u+at (i) @, =@, +at (i) e M o=22
d.
" l 2 ] 2 2
iv) S (iv) 0 =0yt + —at iy gt ot g dor  d6
2 2 dt di’ (i} g ==
dt di
> 2 =
W e V) ; =0 +2a0 () (iii) oo =
: a .
Vi) 5,4 = U +la(2n ) (vi) 8,;, =@, +(2n-1)— Moment of Inertia:-

2 2 Moment of inertia is the property of an object
by virtue of which it opposes any change in
its state of rest or of uniform rotation about
an axis. It plays the same role in rotational
motion as mass plays in linear motion.
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If linear acceleration is If angular acceleration
not constant, then the is not constant, then the
above equation will not be above equation will not be
applicable. In this case applicable. In this case
. dx ! déa
1 1 —
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2 2
ve V—u o Wy =0
(i) a= (i) a=—=—

(iii) v = u + at

(iil) @, = w, + ot
) 1
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Important points-

(1) Moment of inertia of a particle / = mr?
where r is the perpendicular distance of a
particle from the rotational axis.

(2) The moment of inertia of a body about a
given axis is equal to the sum of the products
of the masses of its constituent particles and
the square of their respective distances from
the axis of rotation.

Axis of rotation

i=n
= ml’l +marz + m; ‘rj+ +m,,'r,, Li= lm:'ﬁ

(3) Moment of inertia of a continuous
distribution of mass-

(i

€

Moment of inertia of a mass dm located at
a perpendicular distance r from the axis of

rotation-  Jf = dm 1>
=>Moment of inertia of the entire body

I:Jrza'm
(4) Its S.I. unit is kgm? and its dimensional

formula is [ML2.

(5) The moment of inertia of a body depends
upon

e position of the axis of rotation.

e orientation of the axis of rotation.

e shape and size of the body.

e distribution of mass of the body about

the axis of rotation.
STscq 3met:-
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Axis of rotation
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Ll
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goiel 31eT ¥ oFead r gl W &y gegdA= dm
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=>¥FquT {3 & Sisca 3mepl-

I= Jrzdm

(4) 3HT S.|. AFE kgm? R sEew G ¥
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Radius of gyration (K):-
It is defined as the distance of a point from
the axis of rotation at which, if the whole
mass of the body were concentrated, the mo-
ment of inertia of the body would be the

same as with the actual distribution of mass
of the body.

Important points:-

e Moment of inertia of a body about a giv-
en axis is equal to the product of mass of
the body and squares of its radius of gyration
about that axis i.e.

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)




=Mk2:>k=\/%

where k is called the radius of gyration.

° The radius of gyration of a body about a
given axis is equal to the root mean square
distance of the constituent particles of the
body from the given axis.

[ =myry? + mory2 + marg? + ... + mgr,?
If, my =my, =mg = ....... = m then

I=m(r2 +r2 +r32 + ... [ T (i)
From the definition of Radius of gyration,

I =Mk (i)

By equating (i) and (ii) we get-
Mk?= m(r?q + r22 + r’3 + ... ”n) [As M = nm]
=>nmk?= m(r21 + r’2 + r’3 + ... ?n)

2 2 3 2
ottt +r
:k:\/l 2 3n n

e Radius of gyration (k) depends on shape
and size of the body, position and configu-
ration of the axis of rotation, distribution of
mass of the body w.r.t. the axis of rotation.

e Radius of gyration (k) does not depend
on the mass of the body.

e Its S.I. unit is m and its dimensional for-
mula is [MCL'T].

gfvsraor B=r (K):-
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I=Mk?=k-= M
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I=m(r? + 2 +r32 + ... Mm?) ... (i)
aferaeT Bsar & aiemr 3,
I=Mk (ii)
FHRIOT (i) 3R (i) Fr NS FA W
Mk?= m(r21 + r22 + r’3 + ... ) [As M = nm]
=>nmk?= m(r21 + r22 + r3 + ... ?n)
=>k:\/1‘12+r22+r33+ ............ +rn2
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Moment of inertia of a few bodies of regular shapes

faafa sreR & Fo [t F1 sgeq amgot

Body (3 ) Axis of Rotation (EoTeT 3787 ) Figure (79 ) Moment of inertia
(ST3ca HTH(PST)
. . . . . P _ )
Thin Circular Ring |About an axis passing through its I = MR

(Il gdehR gory) |centre and perpendicular to its plane
- T 3eT & IR S &z T g
TR & 3R gah a??gaaa?r g |

o

!

efT-11 (TN (755) FMEIRA. — N IF-7g-30R [as f:yed RAaRor ¥ (2024)

109}



Thin Circular Ring |About a diameter N b= 5 MR2
(T JAThR ToF | ST & IR A7
About an axis passing through its I % MR2
Circular Disc centre and perpendicular to its plane
JedeR BeF Teh 3787 & GRA: Sl $HS g F gl
5 ) TR & HR 38F Il W o§ad ¢ |
Circular Disc About a diameter -+ I = % MR?
@R BE) | % o >
Thin Rod About an axis passing through its 10y 1= L ML
(TeT ©I) centre and perpendicular to its length 5 | 12
w 3&T & ;t_ﬂ'ﬁg S g8 Fg d TR ]
& oigad g | .
Thin Rod About an axis passing through its | I = 1 ML2
(IcTeTT ©S) one end and perpendicular to its o) ] 3
| length Li
Us & & URd: Sl 39 3HE Uh
?rﬁl ¥ TR AR SHHT olaTS o ogad
Cylindrical shell About its own axis I = MR?
(TG deoleT ) 39T 3787 & IR:
Solid cylinder About its own axis I = % MR2
(B deleT ) 39 3787 & gRd:
Spherical shell About its diametric axis I = % MR2
(@G Mer ) 39 SATET 38T & gRd:
Solid Sphere About its diametric axis I = % MR2
(X el ) 39 ST &7 & IR
FefT-11 (oftfadhn FMEIRA. - e dF-we-3m [FaF fnged Bawor 87 (2024)
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Vector or Cross Product of Two Vectors:-

The vector product of two vectors is equal
to the product of their magnitudes and the
sine of the smaller angle between them. It is
denoted by x (cross)

AxB- ABsin0O A

—_ >  —

C=A=B

Direction of Vector Cross Product :-

When E = A % E the direction of 6 is at right
angles to the plane containing the vectors A

and B. The direction is determined by the
right hand thumb rule.

Right Hand Thumb Rule:-
Curl the fingers of your right hand from A to

B.Then, the direction of the thumb will point
in the direction of A X B .

Properties of Vector Product:-

(i) Vector product is not commutative.

[~ (AxB)=—(Bx A)]
(i) Vector products are distributive.
KX(E+6)=F&XE+KX6

(iii) Vector product of two parallel vectors is
zero.

ie. AxB=ABsin(®=0
(iv) Vector product of any vector with itself is
zero.

AxA=AAsin(P=0

(v) Vector product of orthogonal unit vectors

ie. AxBBx A

i.e.

FHefT-11 (HIhn
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° ixi:}xj:fcxfc:()
e ixj=-jxi=k
o jxk=-kxj=1

e kxi=-ixk=j

A N
NN N
A A n i
kJ k.l
— |

(vi) Vector product in cartesian coordinates
AxB=(Aji+Aj+ ARx(Bi+Bj+ Bk

i ok
A A, A,
B, B, B,

=(A,B, - A.B)i-(AB, - B.A,)j+(AB, - AB)k
g \J
ar wfalt #1 |feer a1 FW IOETEA -

ar |icelt @1 |iGer U Ieleh TRATN IR
3 o o BIC HIUT H FAT & IOADAT &

AR sin©® n

wfeer a1 A AUTRT H AT-

ga'a:Kan‘rFﬁaaﬁr%%rrﬂﬁ%rzaﬂT
B & dd & THSIUT W gidr gl Sadr feer
a%ﬁ%aaa?mﬁa:ﬁmaﬁmﬁtﬁﬁaﬁ
ST &l

aifest a1 & 39S F -
YT arfReT BTy dT Jerfordt @AY A @ B @ 3R

AE A 39S ST Rem A x B #7 Ram #r i
|

qfewr qorerhe & AT -
(i) Ff&er aqureher %A Al 787 g1d gl
i.e. AxB#BxA [~ (AxB)=-(Bx A)]

(ii) @feRr qurAhe  facRUTcAS (distributive) 8l
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gl

i.e. KX(E+E)=KXE+;&XE

(iii) a7 FATAR wieRl 1 AfGer IR g
gl &

ie. AxB=ABsin(° =0

(iv) Tnar ot afger &1 T@g & ary afger
TS =T BIdT B
AxA=AAsin(*=0

(v) 3fUfaierel gerS AT T AN IUTAhe-

»
>

o ixi:]xj:ﬁxf::[)
¢ ixj=-jxi-k
o jxk=-kxj=i
o kxiz-ixk=j

© ©

k
)
(vi) R fAdene & afeer OTAH -
AxB=(Ai+Aj+ ARx(Bi+Bj+ Bk
1§ &
A A A
B, B, B

=(A,B, - AB)i-(AB. - B.A)i+(AB, - AB)k
Torque:-
The turning effect of a force about the axis of
rotation is called moment of force or torque

due to the force.Torque or moment of a force
about the axis of rotation

T=rx F=rFsm6n
Torque is an axial vector. i.e., its direction is

always perpendicular to the plane containing

vector ¥ and F in accordance with the right
hand thumb rule.

L

(112}

Important point-
e As t = rFsind = F(rsind)=Fd

Where d = rsin6 = Perpendicular distance of
line of action of force from the axis of rotation

i.e.
Torque = Force x (Perpendicular distance
of line of action of force

from the axis of rota-
tion.)

e Torque is also called moment of force
and d is called moment or lever arm.

e For a given force and angle, magnitude
of torque depends on r. The more is the
value of r, the more will be the torque and
easier to rotate the body.

e Its S.I. unit is N-m and its dimensional
formula is [ML?T2]

e If a body is acted upon by more than
one force, the total torque is the vector sum
(e} —> — — —>

T=T1+7T2+ T3+ ........

e A body is said to be in rotational equilib-
rium if resultant torque acting on it

. . —
is zero i.e. Yr=0.

e Torque is the cause of rotational motion
and it plays the same role as force plays in
translatory motion i.e. torque is the rotational
analogue of force.

e In rotational motion, torque, t = Ia where,
a is angular acceleration and 1 is the mo-
ment of inertia.

qe 3Tgot -
gouTe 38T & aRd: frdll aof & gA & gaTg
Jol 3TYUT Hgl AT gl Ul 38T & IRd: ol

T=rx F=rFsmfn
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e SIAT © = rFsin® = F(rsinb)=Fd

STEl d = rsind = gUTe 3187 § FoT 1 fohar Y@r

& deaa gl € |

3721,

T VT = g X (YOI AT &« F FRAT
X@r @ deaa gf)

® Sl YUY (Tich) T FeT T TEOT 3T gl SITar

N

¥ 3R d Fr A 3T o Far e B

o Tl U v gor 3R 10T & forT, oo el

T aRAT r W AR Fa1 81 r F AT ST

310 grem, T 3T 3 & 3R gem AR

s & gaAe & 3mamh gl

e 3TET S.I. 3 N-m glar ¢ 3iR sgar Ay

g [ML?T?] gielr ¢ |

o Ifg fRdY Wiz W e & 3H¥F da T Id

%mﬁgsmw@mamﬁwﬁ%rw
|

- = — -
T=T1+T>»+ Tzt .ccuu...

o fhdT s @I FoUll el & &gl ST ¢ IS
30 W HEF H arell IROTHT Feeel e @l
¥y 7 =0

° (1) goft a1fa &1 R+ § 3R I8 @

a

SAHT I & S S W iy s §
AT FATEOT (1) Tof 1 O w7 B

o Tuif 7Y #, Famgel (&), « = L@ & 77,
o IO caxor & 3R 1 STsea 3wyt
Couple:-

e A pair of equal and opposite forces with
parallel lines of action is called a couple. It
produces rotation without translation.

f—

e

T=rxF

e Generally both couple and torque carry
equal meaning. The basic difference between
torque and couple is the fact that in case of
couple both the forces are externally applied
while in case of torque one force is externally
applied and the other is reactionary.

FIA:-
o TATE AR faoia fohar Y@i3il arel aell & g7
&I Ul FHgl STl &1 Ig =11 I a1 & goler
3cYeel AT B
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Angular Momentum:-

The moment of linear momentum of a body
with respect to any axis of rotation is known

as angular momentum. If P is the linear

momentum of a particle and T is its position

vector from the point of rotation then angular
- —

b,
L=rxP

momentum-

L

= |

Important point

e Its Sl unit is J-s and its dimensional formu-
la is [ML2T].

e It is the rotational analogue of linear
momentum and is measured as the product
of linear momentum and the perpendicular
distance of its line of axis of rotation.

e Angular momentum is an axial vector i.e.
always directed perpendicular to the plane of
rotation and along the axis of rotation.

— —

L=1w

e The rate of change of angular momentum
is equal to the net torque acting on the par-
ticle.

e In vector form,

d_L:[@ = 1(_;:?
dt t
[As@ and 7 =/a
dt
. dL
> T=—o
dt

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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FHefT-11 (HIhn

e The angular momentum of a system of
particles is equal to the vector sum of angular
momentum of each particle i.e.,

L=L,+L,+L;+....+L,
FOMT FAT -

goieT 3787 & et A fohell s & W@s daar
% TEQT I HIVMT T & F H AT ST B

WPWWWWW%&T\T?@H?
%gﬁsmﬁrﬁaﬁv%&rs’ra’raﬂnﬂum

- = -

L=rxP

X
L

/)

ﬂﬁm’rﬁs

o SHHI S.|. AEH J-s IR gHT [T 7 [ML2T]
B & |

o g W aw1 a1 gull 3767 & 3R 58 Y@+
9T AR O T Y@ A SER wead gl
%W%Wﬁwm%"l

o AT a1 U 3refr afeer g, aggﬁarrmﬁ?r

& ool & dedd 3R goule 38T & Jrefeer
giar gl
o TG &7 H, E:I;

o FHUT T H IRTIT HI T HUT G oTITeT
mﬁrgw»ramﬁ%ws’ﬁﬁ%l

—— =] = g=

dt dt

[As@__) and?—fa
dr

R dL

T=—o0
dit

e FHUN FI Uah AT T HIONT AT TAH HUT
¥ oM F@3T & G A9 F e g@ar ¥ |
3rafq,

o —

— —» —
L=L +L,+L,+....+L

Angular impulse :-

n

If a large torque acts on a particle for a small
time then 'angular impulse' of torque is given

by

— — — ts
szrdrz T dt
Iy

— -

%
= J=1, ,At=AL
i.e.  Angular impulse = Change in angular
momentum
FIONT AT -
g T 37 Jergul fRE T W A HAT &

fT 1 Far § o SergeT & Wl e A
3 TR § cuad AT ST -

— — — tr
J:err:rw dt

o J=7. At=AL

37U, HONT 399 = AT a1 F gRadeT

Conservation of Angular Momentum:-

If the external torque acting on a system
is zero, then its angular momentum remains
conserved.

So if the net external torque on a particle (or
system) is zero then

’-Jt'ot:l
w

FIONT AT FT FI&TT:-

It ey e W &1 &Y aTeT aIEd Jarepet
U &, A 3T IO HaeT TR @ Bl
safow afy fRl o (a1 e W ogg Tl

JorEel e B ar
= @_0
dt

If the body is initially at rest and angular
displacement is d6 due to torque then work

done on the body- W:Irdﬂ

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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R

afg s ore & v & Rufa & g 3R
JoTEQT & HROT [ & HIof fawuTe do gr
fifs oX fpar amm & - W= [ a0

Rotational Kinetic Energy:-

Rotational kinetic energy of a body is equal
to the sum of kinetic energies of its constitu-
ent particles.

Rotational kinetic energy-
qoff aiferer si-
Ry [ fir goft afas Far 39 geas Hom i
AT FT3T & AT F ST @ L
qoff T -

Total kinetic energy of a perfectly rolling
object

K =11
2

K =L 1
2

=Kinetic energy of translational + (Kinetic en-
ergy of ro-
tation)
1 1. .
== mv? + = Jo®
2 2

gofa: arfaw afa & fis i Fa afas st
= TUA-ROT HT et Foil + (goia & arfast

-'F_:=EI Fi =0
For rotational equilibrium of a rigid body,
f - Z[ f[ - U
s iz #1 dqaer-
T+ o U3 a#r Hddld H Fgl S g, Ife sTer
@ F@aer 3k HAIT AT FAT a?

gl deold g1 39 Wmﬂ%ﬁwﬁ—s’
e Wmaﬁmuwﬂ?rm%l

foell g s & W dqele & fav,

-'F_:=EIF{=D
foell Te U3 & gouff dgee & foT,
fzzifizﬂ

Centre of Gravity:-

If a body is supported on a point such that
total gravitational torque about this point is
zero, then this point is called the centre of
gravity of the body.

aﬁﬁ@ﬁgaﬁrw Wsﬂcrcmam
fear s % g f6g &

Fel Jocarehyor
EXD) 9o & el e @, ar =g %Ig g @
1 1. . TE rar
== mv? + = Io® WW el
2 2 Analogy Between Translatory Motion and
Power : Rotational Motion.
Rate of Change of kinetic energy is defined Sl. Translatory Motion Rotational Motion
as power no
J 4T 4 1 |Distance/displacement (s) | Angle or angular
P:—(KR):—{—Imz]:Im—m = loa = law =t displacement (6)
dt dr] 2 dt
S 2
In vector form Power (P) =7 - ® Linear Velocity(v)zd_s Angular velocity (w) = —
erfed: dt
IfAST FoT & IRAAA FT T FI ATFT & T H |3 | Linear acceleration (a) Angular acceleration(a)
qiRemd foRar s/
¢l _dv _ d*r _dw _ d*8
d d1 d T odt di? C dr  di
P——(KR)——{—IMZ—‘—Iw—w=Im=1fm)=m) de o de dt
dt dr|?2 dt
afrer T 7 aEe P)=7 0 4 | Mass (m) Moment of inertia (I')
Equilibrium of Rigid Body:-
q o _ 9 _ y _ o > |Linear momentum Angular momentum
A rigid body is said to be in equilibrium, N N - o
if both of its linear momentum and angular P = mv L =1Iw
momentum are not changing with time. Thus, 6 - - > >
for equilibrium the body does not possess F=ma t=1Ia
linear acceleration or angular acceleration.
. 2N e | p_aP ._dr
For translational equilibrium of a rigid body, = di T="0
efT-11 (TN 75 FMEIRA. — N IF-7g-30R [as f:yed RAaRor ¥ (2024)
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8 | Translational KE, K = %mv2 Rotational KE, K = L w? 12 |3&T o1fa & o Fofig  Ifa & o T
z THIHIOT- THHIOT-
9 i. v=u+at i. w;=w;+at
W=ff7d_s) WZf?LW i s:ut—f-%atz ii. 8:m|t+%at2
— — i, v%—u? = 2as ii. 3-wi=2a6,
101 p=Fu P=7.@
11 |Linear momentum ofa | Angular momentum of a
system is conserved when | system is conserved when MULTIPLE CHOICE QUESTIONS:
no external force acts on | no external torque acts on
the system the system W R
12 | Equation of translatory | Equation of rotational
motion- motion- .
. 1. The angular velocity of seconds hand of a
i v=utat i w;=w;t+at watch will be-
ii. s=ut+-at? ii. 6=wt+-at? 4 T
) 2 : =73 a. 670rad/sec b. @rad/sec
2 2 _ 2 _ 2 =
iil. v —u®=2as . w7~ oy = 2af, c. 60xnrad/sec d. 30xnrad/sec
X a3 quft A & dre aree T H A E AN 9 F A 7
a. @rad/sec b. ﬁrad/sec
%?_' X At a;uﬁ ot c. 60nrad/sec d. 30xrad/sec
2. What is the dimensional formula of torque ?
1 |qdufaEum= (s ) ?ggw a1 v faedmTsT a [MLZT] b [MLT]
c. [MLTY d. [ML*T?]
2 ds dg
@F (V)= ol 9T (@) = — semgol  #1 RAT gF F4T @ ¥
a. [ML2T"] b. [MLT]
R e — c. IMLTY d. MLTY
) 3. What is the dimensional formula of moment
dv  d*r dao _ d°6 of inertia ?
dr ~ dt2 de  dt? a. [ML2T9 b. [M2LT]
c. [MLT? d. [ML2T?]
4 |gegAT (M STscq 3TEOT
.(») n 7 (Ii S5ea ATVt &1 A |@F F g 32
5 |3&T @dTP = mo HIOMT §AT L = Iw a. [ML2T9 b. [M2LT]
> > > c. [MLT= d. [ML?T?
6 |[F=ma T =1 [ ] [ )
— 4. What is the dimensional formula of angular
7 | p= dar F=4dL momentum ?
dt dt a. [MLT] b.  [ML2T-]
8 |X& wifasr 3o- e arfast 39- c. [ML*T?] d. [M2L2T2]
Ky = mv? T T T4 F1 AT qF 741 e 82
a. [MLT] b. [ML2T-]
— > 2T-2 2| 2T-2
9 szﬁ‘.ds w700 c. [ML2T?] d. [M2L2T?]
— 5. Which of the following is the translatory
10.| P=F. P=7.0 analogue of Torque ?
: - - a. Mass b. Force
1 S = l S 2 l C Velocit d Kinetic ener
il ié.'”' “E%LI . . % o : y’ : ay
9 AT W S AT W A TEd farafaf@a & @ Fla @1 qa 3mger &1 W
e I FE AG | Femgel F FE Far HTET {7
FAT %‘| §'| a. gcgAT b. el
FefT-11 (oftfadhn 776) FMEIRA. - e dF-we-3m [FaF fnged Bawor 87 (2024)
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c. oI d. afas Far 87
6. In pure translational motion all particles of a. acdHl aﬁ‘r b. & 3“af\i
the body have- c. o FAIT d. Y@ F@aar
a. Different velocity b. Changing velocity 11, Which of the following factors affects the
c. Same velocity d. None of these location of the centre of mass of an object?
o : a. Shape and size of the object
I W afa & Rz & @it For g 2- . P obj
a. e o7 b. Jeola | & b. Temperature of the object
c. AT I d. T § IS T8 c. Colour of the object
7 A couple produces- d. Sound produced by the object
a. Only linear motion ffef@a & ¥ sl9-a1 a”F aEq F
b. Only rotational motion acHqHT a’; i ii!limilw THTT STl §?
c. Linear and rotational motion both a. a¥q & g i PR
d. No motion b. &g #T E,I I
C. d¥d ol LT
T FYd  3cded HIdT §- > -
a3 g d. J& CaRT 3cYee
b. e goff a1y 12. Which of the following is the translatory
' R S " analogue of Moment of inertia ?
(Cj' & gﬂgﬁ e gt a. Torque b. Force
' c. Velocity d. Mass
8. The product of moment of inertia and angular i 1 )
velocity is called - A F a
ITET 82
a. Torque A e 3Eot A
b. Impulse ' s '
c. g d. gcTAA
c. Linear momentum
d.  Angular momentum 13. The centre of mass of a body-
a. Lies always at the geometrical centre
STged 3Te ! 3ﬂTi IO a’; RN " Al & b. Lies always inside the body
a aﬂe : g d- NP c. Lies always outside the body
¢ : d. May lie within or outside the body
9. The moment of inertia of a body does not e R/
depend upon its- ﬁ_s—? ¥ Eg If" Ig' o B &
a. Different orientation of axis a. Jﬁ? 5 3 N
b. Nature of distribution of mass b. g Riz & 3T & A T
c. Angular velocity c g; . 61 T8 '%g.ﬁ
d. Axis of of rotation d HeI AT SET el T T T
frelt Rz 71 s m FE W R s 14. where is the centre of mass of a uniform
FaT - rod located ?
a 3T F e e Y W a. At one end of the rod
b mmEeT & Sreer £ gty ) b. At the midpoint of the rod
c. ot 37 ¢ “ c. At the top of the rod
d. o & el d. At the bottom of the rod
N Pl mﬁ 7
10. The product of moment of inertia and the U oS 1“ IWHI ? el B 7
angular acceleration is called ? a. ©s @ TP '
a. Centre of mass b. B3 F & ﬁ
b. Torque c. ©8 P IN :ﬁr
c. Angular momentum d o8 FdATH
d. Linear momentum 15. Which of the following figures does not have
. . . ”
mmwmmﬂﬂwm its centre of mass at its geometric centre?
Per-11 (FifTdn = FMEIRA. — 7o IF-Hg-3 [as fged Favor ¥F (2024)
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a. Circle 20. When is torque considered positive in a
b. Equilateral Triangle rotational system?
c. Rectangle a. When it causes clockwise rotation
d. Irregular polygon b. When it causes anti-clockwise rotation
. . . . Torque is always positive
Frafafla # @ i ¥ R # s T W ©
SSUATT *g AEH T 72 7 i d. Torque is always negative
a. gcd b. FxaTg Mgt TF goled Yool F aa ITEOT F FA gAHAS
c. 3mad d. AT s AT ST §7 ‘
. . . 2 a. o9 Ig g3r fr feem A gHA § |
16. In a symmetrical object, where is the centre N %9 3
of mass usually located? b. SI9 Iz s faedrer ferer gHTd ¢ |
a. At the edge of the object C. ol 3O EHT UATHS BTl ¢ |
b. At a random position d. S 3T AT KUMcHS BTl ¢ |
c. At the geometric centre 21. Radius of gyration of thin rod of mass M and
d. At the top of the object length L about an axis passing through its
. . o mid point and perpendicular to its length is:-
UF FARIY avg &, §ouA Fg FATIA: Fel L 9
e g 87 a. ) b. K=1
a. I & fFaR | L L
b. TH FETTEH T W c. K= d K= —7=
. E) 12
c. SARH Fg T aegA M 3R warE L ) v gae) o3 #1 39
d. & & IW a7 & aRe: aRersror Bsar w7 g & 3@&
17. The unit of angular momentum is- ALY fdg @ & @AY JEeRdr ¢ IR 59 ad W
a. Nm b. Kg m's? qad ¥ 2 L
c. Kg m? st d. KgZm?3s a. K= ﬁ b. K=1
IO FAT FT AEF §- « o L Ko L
a. Nm b. Kg m’'s ¢ B \/g B «/E
c. Kg m? s d. Kg?m?s’ 22. What is the formula for angular momentum?
18. Which of the following factors affects the a. L=mv b. L=1Iw
magnitude of torque? c. L=Fd d L =Pt
a. Force applied and lever arm length yof
b. Mass and volume of the object BT I F; ¥
. a. L=mv b. L=1Iw
c. Temperature and colour of the object _ B
d. Direction of motion c. L=Fd d L=PFt
ST o Sl ses s et £ 23. What is the Radius of gyration of a Spherical
9T YT ST &7 s shell of mass M and radius R about its
a. 3N g 3R ) 37 f 5 diameter ?
b. T T geUAA iR AT a - R b K= /%R
Cc. aE] @I AYA 3R T V2
19. A pzlalrt:clte T'?ves wi_thv\;ah ct:or]sta_:n veloclity oA M AR B R ¥ Uw @lEe md &
parallel to the x-axis.What is its angular Ta% cTE & oRE: TREHT B e # 2
momentum with respect to the origin ? R 5
a. is zero b. remains constants a. K= ﬁ b. K= gR
C. does on increase d. goes on decrease 3
. c. K=R d K= ,4*%R
TF FUT X-I&T F FAWCR TF YT a7 § I 3
W@ 8l 7T &g (origin) ¥ uRa: g@ar AT 24. According to the conservation of angular
AT FAT 19 ? momentum, what happens to an object's
a. I @ gl b. 3R BT g angular momentum when no external torques
C. wodl g B d. ©edr @ g act on it?
FefT-11 (oftfadhn —— FMEIRA. - wea IF-HE-3W TFAF e Rawor ¥ (2024)
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It decreases

It remains constant
It increases

It becomes zero

aﬂvﬁwaﬁw#m#m ST S 9T

oo oo

an axis passing through its centre and
perpendicular to its plane ?

a. TMR2 b. MR2?

2MR?

mmmﬁaaﬁﬁ%amﬁﬁgm gegA M 3R RS R & & gael gaeR
PO FIT F4AT QT ¥? AT FT 3H H&T F IR FSeq HreOr F4AT g
a. Ig geaT § | b. Ug 3R Tgar ¥ | Gﬁm%iﬁﬁﬁww IR s@d a@ W
c. U Fodl ¢ | d. IE LI B E | a“'”'é MR b, MR?
25. What is the Moment of inertia of a solid )
sphere of mass M and radius R about its o ZMRZ d. 2MR?
diameter ?
a ;MRZ b ;MR2 29. Which of the following principles is used by
3 5 a ballet dancer during her performance?
e LMr? d 2 MR a. Conservation of mass
S 3 b. Conservation of energy
a“m”;' M 3T BsaT R & & 3 Tﬂ? F1 30 c. Conservation of linear momentum
et b P oiged S w; B 2 d. Conservation of angular momentum
= 2 = 2
a3 MR b 5 MR TF dd AdS (ballet dancer) YA yeid &
T vR2 S mR2 g mfaf@a & & &Fa Rga &1 s5ENr
c. 3 MR d. 3 MR F &7
26. What is the Moment of inertia of a Spherical a. GcIAT hl FI&TT
shell of mass M and radius R about its b. FST T TIET0T
diamgter ? ) c. YT& I Fr TIETOT
a. FMR? b. 5 MR d. ol FIaT T FXETOT
C. lMRZ d. iMRZ 30. What is the Moment of inertia of a thin rod of
5 3 mass M and length L about an axis passing
gegATT M 3R ST R &t @@e aer &1 through its mid point and perpendicular to
3qF AW F IRa: T5ed ITYOT FAT g ? its length ?
2 2 1
a. gMRZ b. gMRZ a. 12 ML2 b. ML?2
C. %MRZ d. %MRZ C. §|\/|L2 d. 2ML?
27. A body is in translational equilibrium if the gegAT M 3R da$ L Y T gl 835 #1 &6
net external- 39 38T F gRe: STsed Jreet 41 gen N zEH
a. Force acting on it is zero Ay ﬁ% F g ﬂGﬂT—lT IR s8F @ W
b. Torque acting it is zero 7 IEI1
c. Torque acting on it is zero but force a. 1y ML b. ML?
acting on it is non-zero LMLZ 4 2MLz
d. Both (a) and (b) “ 3 '
v s Wy d@qae & ghm afy 5@ W @@ 31, In a seesaw, where should a heavier person
qrell Fel qMEL- sit to balance with a lighter person on the
a. wo U B other side?
b. o 3.“-3-5‘[ AT &Y a. Closer to the pivot point
c. o THUT =T & Jfehed 3@ G 1 arell b. Farther from the pivot point
el T F—lﬁ gr c. It doesn't matter where they sit
d. (a) 3R (b) g&T d. At the midpoint of the seesaw
28. What is the Moment of inertia of a thin A (seesaw) H, TF oY AfFT ol |E
Circular Ring of mass M and radius R about go% ufad & Ay el qoTe & fT Fgt daar
efT-11 (TN —— FHEIRA. - ne IF-TE-IW [ AgeF RRor ¥ (2024)
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acceleration?

a. gl fig & A« a. It must be zero
b. &l Nig & ¥ b. It may or may not be zero
C. ST FIS Beh T8I ISl & o Fgl dad & c. It must be constant
d. I F ALGENg W d. It depends on the shape of the object
32. What is the Radius of gyration of a solid e TF aF] W FA 0 Aot =T @, ar
sphere of mass M and radius R about its ITF FIUNT 2G0T & I & FAT HeT ST TehaT 7
diameter ? a. U§ AT YA g |
gegA M 3R B=ar R & s 31 e #7 38% b. Ig Y=T g1 N FWehel & AT 7ET & &1 Fehel!
e & qRe: aRereror fiear #4T ghem 2 2l
a K= R b K= /%R c. IE ALY HA T |
J2 d. IE TE F HFR R AR e
2
c. K=R K= 43R 37. What is the Moment of inertia of a thin
33 On what quantities does angular momentun .Cm:flar ng,,Of mass MEZP fadifis R about
depend ? its diameter 7
a. mass and velocity geaAe M 3R s qa;' R & u& gaell
b. mass and radius 317"”' I:b'r T Ra: J5e ar
c. moment of inertia and angular velocity a. 5 MR2 b MR?
d. mass and force |
FIONT HAIT fohed Tl W IR HLam & ? c. #MR? d. 2MR?
a. gegHAE 3R ?\?T R 38. When is an object in rotational equilibrium?
b. gegHET IR fFsar © a. When it is at rest
C. 3Iscq 3'1T'5L°‘f AR #IofT 9a1 | b. When the net torque acting on it is zero
d. gegA 3R g W c. When it has zero angular velocity
34. What is the Radius of gyration of a thin d. When it has zero angular acceleration
Circular disc of mass M and radius R about S aEd m '\‘IT-ITFI' FHoaar 2
on i paseins through, s cenie and o qw'ag P 4 Ot |
b. ¥ 3H W Fol ool YT YT Bl
gegAT M 3R BT R § F goasR B3 NN
: c. o« 3§ a-ﬂ'é’ S8 i &)
FT 39 3’7 & gRa: gReAr B =1 gen
S 5 @ O o § AN FEH AT W d. S 3TH FIS HIONT aROT 181 8iem
dqad ¢ ? 39. What is the Moment of inertia of a thin
_ R _ /2 Circular disc of mass M and radius R about
a. K= b. K R . . .
ﬁ 5 an axis passing through its centre and
4 K 2 R perpendicular to its plane ?
c. = : = /5
3 gegdAE M 3R BT R & s gF e @
35. Which of the following is constant, when 39 a7 & URa: Tscd YT FAT g ST IS
external torque acting on a body is zero ? g A FHT o ¥ 3R 38% a9 W awad § 2
a. Linear momentum a. LMRZ b MR?
b. Angular momentum %
c. Force C. 4 MR? d. 2MR?
d. Linear impulse 40. The SI unit of moment of inertia is-
PR & ¥ Fi9 I e ¢, a9 B R STged YT HY S| AEE P-
T W aTell STEdt qATeel A gar 8 ? a. kg'm b. kg'm?
a. @ gaIT b. o FaT c. N/m d. Jis
C. dd d. YR 3mam 41. What is the linear velocity of a particle at
36. If the net torque acting on an object is the axis of rotation of a rigid body ?
zero, what can be said about its angular a. Zero b. High
FefT-11 (oftfadhn —— FMEIRA. - wea IF-HE-3W TFAF e Rawor ¥ (2024)
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c. Low d. Both (a) and (b) 47. Which is the wrong formula from the follow-
frell T Ris & Toier 3re1 W R o @ Yw ing? .
97 FAT Qe & 7 famafaf@a & @ #la @1 97 g7 3?2
a. Y=g b. 3 a. 1=1Iu b. F=ma
c. @A d. (a) 3R (b) q=F c. L=lo d. I=tw
42. What is the unit of angular momentum? 48. Rotational kinetic energy is equal to-
FINRT TAT FT AHF FAT 87 goft afaer Fat T g §-
a. N-m b. Kg.m?s a. Iw? b. 12w2
c. Kg.mis d. Kgm?/s c. %Iwz. d. 1w
2
43. A wire of mass ‘M’ and length ‘X’ is bent . . . .
in the form of a circular ring. What is the 49. A bc_;dy w't: momentl of u:er’fla 3f I;gm';lls
moment of inertia of the ring about its axis ? rotating wn_ an angufar ve ocly o radss.
5 5 If the rotational kinetic energy of that body
a. &2 b. 1\/£‘x is equal to the linear kinetic energy of a
47T2 body of mass 12 kg, then what is the linear
i ?
c 1\7/[T)§ d. None of these velocnz of the body of mass :gkg. N
. . 3 kgm GIEE'STFEI'UT“ drell Tsh 2 rad/s
W*Mﬁmg@ngﬂ*mg;"'m Folr d @ oI I @ FIR I Ws A
T & w9 T '3"':“ TReT: qofer aIfder ST 12 kg Feda & R & Y&
ma:r?gawmima?rr ) T 39T & FAW ¥ @ 12 kg qAAR & T
q Mx b, Mx &1 W@ 3T F41 g ?
Y ' 4 a. 1mis b. 2 m/s
Mx’ :
c. X d. oI @ S a8 c. 4 mis d 8 m/s
a 50. On what does the moment of inertia of a
44. What is the unit of the radius of gyration? body not depend ?
g BT &1 AEe 49T 2 a. Axis of rotation
a. Kg m? b. Kg b. Mass
cC. m d Kgm c. Distribution of mass
45. If a body is rotating about an axis, passing d. Angular velocity
through its centre of mass then its angular frdt Rz &1 I3 3“-5-01- frg W sk &
momentum is directed along its - F@T & ?
a. Radius b. Tangent a. U 3187 W
c. Circumference d. Axis of rotation b. geTHAT W
g wF iz 3w a7 & IRY AR gA W@ S C. GEOANRT & faaRor ©
ma—qﬂmW#m%?ﬁmaﬁvﬁu d oy da ug
R o 31 e 7 51. |If h hrink suddenly,then d i
B b Taear . ofet?:; dv;zrt:vg:"sd l-'ln suddenly,then duration
c. U d. g T %ﬁ a. Increase b. Decrease
46. The distance between two point masses m, c. Remain the same d. Become zero
and m, is d. What is the distance of its f fr 3
centre of mass from m, ? i t[?'_an 3T Ps o A fe "
FIT dgATd NI ?
B, @ m, ¥ 38 goaA Hg A gt FAT FA?
B c. AT I | d. = gl ST |
a. .-nl;m2 52. What is the S.I unit of angular acceleration ?
b. . IO caror #Y S.| AEF AT 87
me_+1rn
e a. Degree s’ b. Degree s?
C. e c. Rad s’ d. Rad s?
d. 7 53. What is angular acceleration of the motor
efT-11 (TN —— FHEIRA. - me F-TE-IW [ Aged RaRor ¥ (2024)
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wheel If the angular speed of a motor wheel
increases from 2400 rpm to 6240 rpm in 16
seconds ?

AT 9y F1 AT @Ior F41 g g AR
gfgd #r FT T 16 FHs # 2400 rpm
TeHT 6240 rpm & AT &7
a. 2xn rad s-2 b.

c. 6rxrad s-? d.

47 rad s-2
8n rad s-2

angular momentum
Decrease in friction at the skates

c. Constant angular momentum and
increase in kinetic energy

d. Increase in energy and decrease in
angular momentum

TF W TF Adh) JF A HAT A ¥ @Y I8
st & gt §1 sw aoE § -

54. The motion of planets in the solar system is a. Far H aﬁ; 3R ol @ H a@’
an example of the conservation of - b. THH 9T TYUT F HA
a. Mass c. 3R FHoig Faor IR afaT Fo F fy
b. Linear momentum d. 3sh & Elﬁi’ 3 ol g7 F I
c. Angular momentum . .
d. Ener 59. If the radius of earth becomes half and its
9y mass remains unaltered then a day will be
R Asa & agt 1 afa FaF wweor FT o of-
3T §7 , IR et f Few AR @ S @ur s
a. gEAE b. Y& HAI geqaTer FaREfda W @ uF R ann-
c. HUfT T d. Far a. 14 hours b. 12 hours
55. If you double the mass of an object while c. 6 hours d. 4 hours
keeping its shape and size the sr-:u?me, how g0, The velocity of centre of mass of the system
does its moment of inertia change? remains constant ,if the external force acting
a. It doubles on the system is-
b. It halves a. Minimum b. Zero
c. It remains the same c. Maximum d. None of these
d. It becomes four times GCUAA $g FT A7 W [T 8,96 @[T |
aﬁmﬁwﬁaﬁrmmaﬁzmm F FI ATl aET I @ -
@A GU FAT GeqA QAT FT &4 &, at 3@ a. gAdH b. T
STgca YT F FAT FEeE g ? c. 3NIHaH d. S8 @ FIS A
a. ¥edl] & €| 61. The direction of the angular velocity vector
b. Jg 3MYT & ST ¥ | is along-
c. Ig GHEA & ¢ | a. The tangent to the circular path
d. ¥E °R I[AT g1 STl ¢ | b. The axis of rotation
56. A solid sphere of mass 50 kg, has radius c. Towards the centre
0.5m then what is the moment of inertia d. Away from the centre
about its diameter ?
FoiT Jor wiger & fem BFa 3R :
50 fRaIT geTATT & UH 31 Mo A Bsar 0.5 #Hr 5 Wwﬁ§m$w|ﬁ ¢
¥ A 58% e F aRa: Sged mget w2 @m? B £ o % e
a. 2.5 kg m? b. 5 kg m? b.  EUI &l 4 |
c. 15 kg m? d. 3 kg m? c. : ? F 3R
d.
57. What is the unit of the Torque ? N
a. N b. Nm 62. i body\ isA rolating with angular velocity
c. Nm?2 d.  None of these w = (31—4]+k) .The Imear (veloclty of ;1
th iti t = — 6]+
T “1 - e Ipsln aving position vector 7 = (5] 6j + 6k
a. N b. Nm ~ ~ L~
a. 181i— 135+ 2k
c. Nm? d. AR A FIS 4T (181 ] )
_ _ b. (187 13]+2k)
58. A dancer on ice spins faster when she folds
her arms. This is due to - c. (6i—2j+6k)
a. Increases in energy and increase in d. None of these
Per-11 (FifTdn T3 FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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v s PO A9 @ = (31 -4)+ k) ¥ gF @
¥ Rufy afer ?"—(51— 6] + 6Kk ) aﬁﬂgrﬂ

c. 6 kg m? d. 9 kg m?

68. Which of the following is the correct relation
3T 4T FI ? between linear velocity vV and angular
a. (_11\81_13J +A2k> velocity @ of a particle ?
b. (187—13j+ 2k) Rt o & YRw a U sk avhw aw 0 &
c. (6i—2j+6k) d fafaf@a & @ #ia ar g d&@g §2
d. A7 ¥ FIg gT a. v=rXow

63. What is the Moment of inertia of a cylindrical b. V=oXr
shell of mass M and radius R about its own c. w=vXr
axis ?

d. None of these (38 & HIS g
&egdT M 3R s R & e @@d dad #r ) i _
IgF W7 ¥ URT: SScd ATt FAT g 2 69. A solid cylinder of mass M and radius R
a  MR? b lMR2 rotates about its axis with angular speed .
' ) % Its rotational kinetic energy is -
¢ 2MR? d  3FMR? ZeaAe M 3R RsaT R &7 UF o1 deieT H9eh

64. What is the Moment of inertia of a solid s.rfr FAN M FAMNT T 0 F o @I HEED

cylinder of mass M and radius R about its q‘ui:-r :rri%ﬁr Fal ¢ -

is ?

own axis a. MR’ b. MR’

eadwaT M 3R BT R & wF 3w dda Fr ]

30 IeT & IR Fsca et FAT ge  ? c. 2MR%? d. 4 MR

a. MR? b. %MR2 70. A cylinder shell of mass M and radius R
2 rotates about its axis with angular speed .

¢ 2MR? d. 3 MR Its rotational kinetic energy is -

65. What is the radius of gyration of a cylindrical aegA T M 3R B9 R &1t @gdr doe
sh.ell of mass M and radius R about its own g g_m FAORI N FONT T 0 oA TET Y
axis ? s mﬁ?r AT AT § -

ZgA M 3R Bsar R & v @@ dodd &l a  LMRw? b MR2w?
39% 3aT & 9Ra: aierAer B &= g 2 T2 S

R 2 c. 2MR?%w? d. -+ MR%w?
a. K= —— b. K=,/ 5R 4

«/5 71. If the ice of the Earth's poles melts and
c K =R d K= /;R comes to the equatorial region, then the
: : 3 duration of day -

66. Wh.at is the radius of gyrati.on of a so!id a. will decrease

ga:\daexrisof? mass M and radius R about its b. Wil increase
. c. will be uncertain

AT M 3R BT R & s o dda #1 . .
3% e & IR IReHAT Bewr @ gen 2 d. will remain the same

K= R b, K= ./2R g qedlt & ygai 1 9% Ruawy qFAeT a7
a. -2 : “ Vs (equatorial region) ® 3T ST ar R&eT Y 3rafr

2 (duration) -

C. K =R d. K= ?R a. °c¢ IATu

67. Calculate the moment of inertia of a thin b. &g JTUIT
uniform ring about diameter, if its moment c. 3faf@aa & s
of inertia about an axis passing through the d >
centre and perpendicular to the plane is 24 - 3
kg m2 72. A wheel of 1 metre diameter makes 30
DT ¥ IR UF Iadl aaER 99T Y SE5ed revolutions in a minute, then the linear
3meot #Y Ao W, ARy 5_3 ?ERT-T s 3ﬁ-{- velocity of any point on the circumference is -

a9 ¥ oaad 38T H IRS: SHH AT 1 #HleX I F1 Th 9RAT vh AT F 30 TFRT
3meget 24 kg m? B aanan g, af aRfr w & et g &1 W aur

a. 12 kg m? b. 3 kg m? 1 g ?
Per-11 (FifTdn = FMEIRA. — 7o IF-Hg-3 [as fged Favor ¥F (2024)
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a. nmis b.  Jmis 29.d. 30.a. 31.a. 32b. 33.c. 34.a. 35.b.
. 43.a. 44.c. 45.d. 46.b. 47.d. 48.d. 49.d.
73. A disc rotates from rest under an angular 50.d. 51.b. 52.d. 53.d. 54.c. 55.a. 56.b.
acceleration of 2 rad/s’>. How many 57.b. 58.c. 59.c. 60.b. 61b. 62.a. 63.a.
revolutions will it make in 10s? 64.b. 65.c. 66.a. 67.a. 68b. 69.d. 70.a.
tH f3%F 2nrad/s? & FONT c@@or F el 71.b. 72.b. 73.b. 74.c. 75.b.
fuwmeeyr @ guler &l 81 10s foreet
TEFET I ¥ T VERY SHORT TYPE QUESTIONS:
a. 25 b. 50 I Y SelT TRt
c. 100 d. 200
74. If a person is making a spinning motion by 1. Und(_er what cqnditions, the torque due to an
extending his hand on a rotating table, then applied force is zero?
when he bends his hand, his spinning rate - Ans- We know that 7T=7x i:" —rFFainBnin  so
a. will decrease torque due to an applied force is zero when
b. there will be no change in (i) 6 = 0° or 180°,
c. will increase (i) r=0
d.  will become zero i.e. the applied force passes through the axis
IfE gAA §T G W TF HJST AT F1Y ety of rotation.
THA AT A A AT T A g frer oRfEufEl #, sRRE o & Fwor
FHTTAT Y IWhT THUI & (spinning rate) - T O g &7
a. °c Suafr i ; W e gk pa
b, # F1& qRadT AE g 3R §F Sed & T=Fx F=rFsinfn
' safog fdl IRNT o & HROT FoT JTYOT
c. ¢ Suef LT BN I -
d. T & SreE (i) 6 = 0° 3T 180°,
75. If a concentric disk is cut out from a circular (i) r=0
plate, then the location of the centre of I G To g 36T F QT TSNET & |
mass of the remaining part- & 3
a. W||| Change 2. Define rigid bOdy.
b. will remain unchanged Ans- A body is said t<_) .be a rigid body,.when it
c. Depend on the size of the part removed h_as perfectly definite shgape and Size. The
i distance between all points of particles of
d. May or may not depend on the size of such a body do not change, while applying
the part removed any force on it.
& TF JeaThR Toie ¥ TF FHaIT (concentric) : ;
7¢ [ & aftenfa +Y
B Frewt A foar v Ay 9 oEr & . B Riz ﬁgl
SR Fg FT TUA- e Tl ¥¢ U5 d9 el S &, S 3“5”
i 3R aR&AT Segpa AfRad gl 0@ s w
a. §ad S HIE 8 ol o W 3ah @ FUIT & g3t &
c. fasmel T T & WeSt T AR Fom 3. Define translatory motion.
d. foehTel a7 #1er &% AgeT WX AT oY o
ThaT g 3R 18 off X Thar & Ans- A rigid body performs a pure translational
motion, if each particle of the body undergoes
ANSWER OF MCQ QUESTIONS Fhe same cl_lsplacemenf[ in the same direction
. in a given interval of time.
3eat gl TUREROT  fy F o ¥
3c: UF 76 N5 g TR afa & g, ARy
1b. 2d. 3a. 4b. 5b. 6.c. 7b. RN & 9AF FUT U6 ARG AT 3iaqel &
8d. 9.c. 10.b. 11.a. 12d. 13.d. 14.b. Teh &1 TR 7 gAe favude qu aar gl
;gg ;gg ;Zg ;gg ;gb ggb g;g 4.  Define rotational motion.
B e e 8- 8- """ Ans- A rigid body performs a pure rotational
FefT-11 (oftfadhn T57) FMEIRA. - e dF-we-3m [FaF fnged Bawor 87 (2024)
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motion, if each particle of the body moves in
a circle, and the centre of all the circles lie
on a straight line called the axes of rotation.
Example: Rotation of ceiling fan,Rotation of
blades of a windmill.

Seat; U A9 gHEE qHT & FohT faeua
&I HIONT T gl ST mﬁaﬂ‘swmm
HP I QH IR afqd &ar § a o=(A6)/(AL)

g STel A0 HIoiT faeamde g

Q
gofer aifar &1 afenia %)
szmﬁg %@aﬁawﬁrm%aﬁ T ;
TAF HUT T ged Ay AT g, 3R T o geat
FT &g va el Y@ | T @er & o ErU‘lTrr
1 43 FET ST T30 B & I & GHAT
AT F SIS H HAT|
5. Define Angular Displacement. 7. What is the relation between Linear velocity
. ) . and Angular velocity ?
Angular Displacement:- It is the angle - I
described by the position vector T about the Ans- v = ¢ = »
axis of rotation. > . .
where v = linear velocity,
2 N N
-y r = radius vector
A \. o =Angular velocity is an axial vector,
= whose direction is normal to the rotational
plane.
WF iRk Foviw ar F Ao Fm T ar § 2
Angular displacement (6)- Linear disple'\cement (s) 3cdl W o= g =
radius (r) _ -
oy ey & aiena w3 . ’
. - R T T = radius vector
3} HIoig T~ rufa CART HUﬁ?-r
o~ feerm gueelier dor & ofFad gl g
F o 8. Define Angular Acceleration.
\. Ans- The rate of change of angular velocity is de-
L P fined as angular acceleration.If particle has an-
gular velocity w at time t; and angular velocity
w, at time t. then, Angular acceleration -
>_ @ -w
— e th—t
e (0)= e fae (s) 2T 4 .
AT (1) FONT 0T 1 IR F|
6.  Define angular velocity. 3cd¥: FIONT 397 F IRadT $T &T H HIONT @XOT F
Angular Velocity:- The angular displacement w7 #F gRenfa frar smar g1 afe e &1 &
per unit time is called angular velocity. If FONT G FAT t Wi I FAT to W FHofig
a particle moves from P to Q in time At 9T w2 g, ar IO caxul-
then wo=(A0)/(At), where A0 is the angular > w—w
displacement. a= th—t
) 9. A body is rotating at a steady rate. Is a
torque acting on the body?
P Ans- No, torque is rgquired only for producing
angular acceleration.
Ifg v W3 3= aifa @ golar w3 @1 & at 7=
FE @ IO Az W F4 T @ §?
yof} P Wzaﬁraarsﬂav‘r T JTALYehdT shaol HIUIT TaloT
& R = 3c0eel T & AT g B
efT-11 (TN (T35 FMEIRA. — N IF-7g-30R [as f:yed RAaRor ¥ (2024)
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10.

11.
Ans-

3l

Define torque.

Torque:-The turning effect of a force about
the axis of rotation is called moment of force
or torque due to the force.Torque or moment
of a force about the axis of rotation-

T=rxF=rFsind n

To 3t F R

: gulel 3787 & IR frel oo & gAE & T &

mem%laﬁﬂaﬁﬂa‘oqﬁﬁ I
3T T=TxF=rFsind n

Define Angular Momentum

The moment of linear momentum of a body
with respect to any axis of rotation is known

as angular momentum. If P is the linear

momentum of a particle and T is its position
vector from the point of rotation then angular

—  —»

momentum- L—rxP
Frofir w31 F ol F:|
qule & el 3787 & Hau & forell s & M@+

W%Waﬁaﬁvﬂwmé?wﬁm

m%lmewwWW%sﬁir
quie & foig & sudr fFufa afger ar ar @i

- L =prxP

SHORT ANSWER TYPE QUESTIONS:

oY SecllT TR

Ans-

Ans-

FHefT-11 (HIhn

If angular displacement (0) of a flywheel
varies with time as 0O=at+bt?>+ct® Then what
is the angular acceleration ?
Angula acceleratlon-

a0

a-——.—[anbr vet’) = 2b+ et

d*
Ify UF FATSEIT FT FIONT RAEATIT 0=at+bt2+ct?
AT & T TEdT @ § df PO @:or F41
g ?

Frofer - a-d—'?—.d—,(aubr»:-.")=2b+ﬁcf

de d”
The coordinates of the positions of particles
of mass 7 gm, 4 gm and 10 gm are (1,5,3),
(2,5,7) and (3,3,1) cm respectively. What is
the position of the centre of mass of the
system ?

Given- mi =7 gm, mz = 4 gm, ms = 10 gm

and r, =G +5j-3k), n, =Qi+5j+7k), r, =@i+3j-k)
Position vector of center of mass-

- 7(:+s; 3k)+4(2:+5;+7k)+10(3:+3; —k)

7+4+10
_ (451 +85) - 3k)
21
- 15~ 85~ 1=
D r=—i+—j—=k
7 217 7

. . 85 -
So co-ordinates of center of mass is- [T TR T]

7 A, 4 I 3R 10 IH gTAWT

ufa & @Adeas FaAUA: (1,5,3), (25

;;r)rm%lﬁmé?mmaa
9

F FoiY
7) 3k (3

&
a‘«:n

Jeae-  feam &

3.

=7gm, m;=4gm, ms =10 gm
AR 5 =G+5j-3k), n =Qi+5j+7K), r, =@i+3)—k)
qeg A g @1 Fufa afeer-

- 76 + 57 - 3k)+ 421 + 57+ 7k)+ 1031 + 3] — k)

T7+4+10
_ (451 +85) - 3k)
21
- 15~ 85~ 1=~
D r=—i+—j—=k
7 21 7

7 21 7

OTAIT GSTATT g T Tl 2leh- [Eﬁi}

The velocities of three particles of masses
20g, 30g and 50 g are 10i ,10 , and 10

k respectively. What is the velocity of the
centre of mass of the three particles ?

Ans- Velocity of centre of mass-

vy +m,Vsy +Mmyvy

Vem

my +ms +mMy

_ 20 x10i +30x 10 + 50 x 10k
100

=2i+3j+5k.
20g, 30g 31X 50 g FTUATA arat ofieT Foif & dor
wA: 100 , 10 3 10k & =Y Foif &
GSTATT Feg &I dAM(velocity of the centre of
mass) FIT g ?

IWi- GOIHT ohg T ddl-

{126}

vy +m,Vsy +myvy

&m
my +ms +mMy

FMEIRA. — T IF-Hg-30 [Fas fgled RAavor g (2024)
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_20x10i +30x 10 + 50 x 10k
100

=2i +3j+5k.

4. If the position vector of a particle is
I'_<31+4_]) metre and its angular velocity

is @= ( +2k) rad/sec then What is its
linear velocity ?

Ans- v =@xr -(3}+4}+0§)x(0?+}+2f:}
ik
=|3 4 0|=8i-6)+3k
01 2

Ify frelt wor w1 Rufy @l T-(37+4)) e
auT HFT i A o = (+2k) AT A
ar s I@F AT FAT B ?

v =oxr =3i+4)+0k)x(0f + ) +2k)

=8i -6 + 3k

S W =0
- b >
N O

5. Three point masses each of mass m are
placed at the corners of an equilateral
triangle of side a. What is the moment of
inertia of this system about an axis passing
along one side of the triangle ?

6. A force of (2i - 4 j+2k) N acts at a point
(3i+2j-4k) metre from the origin. What is the
magnitude of torque ?

Ans: Given-
F=(Qi-4j+2k)N and r=3i+2-4k) meter
i3 x
Torquez =rXF =|3 2 -4
2-4 2
=7 =-121-143-16k
S 17 1= V/(-12) +(-14) + (-16)
= /596 = 24.4Nm
(2i - 4 j+2k) N FT T qo 7o g & (3i+2j-4k)
mgwﬁgwmm ¢ ar gameger v
gfR&ATeT FIAT Fhem
e fer arr &
F=Qi-4j+2k)N 3R r=(3i+2-4k) meter
i 3 x
gemget -2 =7 XF =3 2 -4
2 -4 2

= 7 =-12i-145-16x
S 17 1=V (122 + (-14 2+ (-16)
= /596 = 24.4 Nm

7. A ring of radius 0.5 m and mass 10 kg is
rotating about its diameter with an angular

velocity of 20 rad/s. What is its kinetic
energy ?
Ans- Rotational kinetic energy=
1wt = l[l MRz]mz - 1(lx 10 x(o.sf](zo)2 =250
2 202 22

Ans- The moment of inertia of system about side
AB of triangle-
I=1,+14+1 C
4 tigtic /,\
=0+0+mx>
ST a dTdl U B & Fel W @ TIT
& BT & T & F oA arell g & IR
50 e T Feca IO FAT BT 2
3cadl: Ao Fr Ham AB & 9Ra: e &1 F3ca
Qﬁ Pl
I=1,+13+1 C
4 tig tie /,\
=0+0+mx’
a a
2
:m[uj i /. \N
2 A s (] ey B
FefT-11 (i

(127}

- MRz]mz = %& x 10 x(o.sf](zo)2 =250J

LONG ANSWER TYPE QUESTIONS:
i IcadT e

1. Define centre of mass for discrete and
continuous distribution of mass .Find the
centre of mass of a uniform straight rod of
mass M and length L.

Ans- Centre of mass of a body is a point where

FHEIRA. — e I6-Fg-37 Qe fnges R ¥ (2024)
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the entire mass of the body can be supposed
to be concentrated.It is a point that moves as
though all the mass were concentrated there
and all external forces were applied there.

If a system consists of n particles of masses
m, Mz, M. mn whose positions vectors are

—

[, 12,13 e, I'n respectlvely. ?chen position Centre of mass of a uniform straight rod of
vector of centre of mass is given by mass M and length L:- Let M and L be the
y mass and the length of the rod respectively.
m CM. Take the left end of the rod as the origin and
the X-axis along the rod. Consider an ele-
ment at a distance x from the centre O and
its width be dx.
4
e =) o e
;’=m,r,+mzr2+m3r3+ ............ m,r, > x
m,-i-mz +m3+ ............ m,
In terms of cartesian coordinate system : If As the rod is uniform, the mass per unit
there are n particles having mass mi;, m;...m, length is M/L and hence the mass of the
and are placed at (X1h y1, 21), 0}2’ y2, 22} element is dm = (M/L) dx.
.......... Xn, Yn, zn) then the centre of mass o }
syste(rr:] isyndefirr;)ed as (X, Y, 2) Thde _x—coordmate of the centre of mass of the
v rod is
. m|(x|‘}‘1-z|] L 2
* . 1 1 M 1] x L
. s . X=—|xdm=— x[_dx)z._ —_ =
o 0(x,v.2) , MI M-o[ L LL2], 2
L. X
e . The y-coordinate is,
1
Y-ijdm =0
Where
and similarly Z = 0.
X = mx; T meX, t msxs..... T myx, :Zn m; X; ) )
N +ms..... +m, 1 m Thded;:entrg of fmarnlss |sdat (L/2,0,0), i.e. at the
YZZ“ my oy miz middle point of the rod.
I m; Loy SOAT F Td @ad fAaver & v geaaAe
If we consider the body to have continuous F Fog & IRHRT | gegA@AT M 3R Fars
distribution of matter, the summation in the L Y v 9A el 835 & gTAT F1 Fg AT
formula of centre of mass should be replaced T
by integration. If X, y, z are the coord!nates Scat- GO - T RS #7 coue g a8 %§ ¥
of small mass dm, we write the coordinates SET i &7 G907 ceude S AT S §ehar
of the centre of mass as %IWW%@%ET%FWWWT%W
=1 1 1 TFqoT geaAlT agl Figd & Iar g 3 |l
X—ﬁjxdm.Y—ﬁIydm.Z—MIzdm ﬁ o a?fFIWT“ETTE% &
g th AH T H m,,m,, m,.....m, GTATT & n
SuT § e ufa afeer sawr: 5775 . n
8 o SeTAeT e T FEufd a@feer & 5@ ghR
STFd HLIT -
FefT-11 (oftfadhn FMEIRA. - e dF-we-3m [FaF fnged Bawor 87 (2024)
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FHefT-11 (HIhn

- - - -
Tomy My LMy Py e, -
r = 2

my+my; +my +onans m

FIdrg A yomelt & west #- Ife n For §
S gegdAeT my,m, ..m, § 3R 37 (x1, y1,
21), (X9, Y2, Z3) e (Xn, Y, Zn) O T@T 3T &Y
%I & GoTHA Fg Al (X, Y, Z) § s¥ad

L mI(xl‘YFZ‘)

mix; tmyX, T msXs..... T maX,
m1+m2+m3 ...... +1’1’1n

y=x 20 gl 7=y A
fe gr s & g &1 ey aror gar &, ar
GUAT & g & I A AT H FATRSA GarT
gfaefia fhar s afigel afg x, y, z B¢
AT dm & fAden® §, df §F GodAT g &
A& #I 37 yHR for@d §-

X:

_1 _1 _1
X—ﬁjxdm.Y—ﬁIydm.Z—ﬁIzdm

Ans-

dfF ©F Tk FAE § AR 9fd SHE Sas @
G M/L § ,38foIT dcd I geddTsT

dm = (M/L) dx g |

BE & GoIHAN heg d X-fAdee -

1 CAF MY 1T L
xeglxame () =[5 <5
Y-fadernes -
1 -
Y= Y—ﬁjydm-ﬂ

3R 38 9FR Z-fAdensd - Z = 0 g |

37d: T3 H  geIAWT g (L/2,0,0) 37UTT &3 &
ALY fdg 9 B |

Define Moment of inertia for discrete and
continuous distribution of mass.Find the
Moment of inertia of a uniform rod of mass
M and length L about an axis passing
through one end and perpendicular to its
length.

Moment of inertia is the property of an object
by virtue of which it opposes any change in
its state of rest or of uniform rotation about
an axis. It plays the same role in rotational
motion as mass plays in linear motion.

The moment of inertia of a body about a giv-
en axis is equal to the sum of the products
of the masses of its constituent particles and
the square of their respective distances from
the axis of rotation.

P
ma Ty
[F]

3 my

Axis of rotation
. .l 2 2 2 2_ pi=n 2
Mathematically: I=m, 1y" + myry + Mary+... +m, = Ef=1 m; 1y

Moment of inertia of a continuous distribution
of mass-

Moment of inertia of a mass dm located at
a perpendicular distance r from the axis of
rotation is -
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d/ = dmr?
=Moment of inertia of the entire body

I= Irzdnr

Moment of Inertia of a Thin Rod:- Consider
a thin uniform rod of mass M and length L.
The mass per unit length of the rod is M/L.

Axis

The entire rod may be assumed to be made
up of a large number of small elements.
Consider one such differential element of
thickness dx at a distance x from the axis
of rotation ,as shown in figure. Its mass is-

dm=M/LL dX o ()

The moment of inertia of this element about
the axis of rotation is-

dl =dm-x*= [ h—f‘)\ 2dx,

The moment of inertia / of the whole rod
about the given axis of rotation can be found
by integrating the above equation from limits
x=0 to x=L. Therefore

0
Mi?
I==3
FoHA § 3udd R ATaR Rawor & e I
mget Fr gfenRa Y gegae M 3R derd
PR B A B A B il
T

HI waE & d9ad @ | °
STScd JTguT fahdll a&q &I g8 0T ¢ o 3R
T aF fREr eT F IRt R TR #r Rl
IT ThEA gl fT Rafg & ey Qﬁ‘cl‘ci?r

1 a0 axar &1 ¥g gola afd #
ﬁrm%snmamw%ﬁmm%|

ey for a1v 3187 & gRa: fFdr A &1 J8ca

Ao T F

l=my 12 + myrE + mgr2+... +m,r2= Th=tm; r?

AT & foRax Aarer fr =ufa #7 -

oo 3767 & oFad r g W BT gegAeT dm
a:ra?,—dmv‘r d7 = dmr?

aw@ﬁ?wmaﬁy‘r
!=Ir2dm
T dell ©F & Jscd 3MYUL- GedA M 3R

SIS L T U Il T 88 W AR HY O
$r Ut SHIS oaTS HT gegATd M/L grem|

Axis

IE AT ST Hebell § b [ O3 T3 F&AT H B

aa’r@r &1 gU 38T A gl x W Aerd dx
F 0T TH B ded W [ER FY, ST R
A fe@rar 19T &1 SHHAT GeAE g -

dm=M/L dx (i)
gofeT 3T & IRA: H ded & STscd ITET gram-

dl =dm-x*= (-?—)xzdx,

goie & U 71w 3787 & aRa: qft ®3 & S5
mﬁlﬁmmaﬁxoﬁx L &
AT mem%lsﬂﬁu

LM M[x*] M 1®
TEOT 38d °TH FHUN & gedAT 3R gole 31a7 =I[T)xzda.=—f—-[‘?] =75
q SR G & & a9 & VT ST el ° °
gl 1=M1 .
3
3. Define the radius of gyration. On what
factors it depends. Show that the radius of
gyration of a body about an axis is equal
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FHefT-11 (HIhn

to the root mean square distance of the
constituent particles from the given axis.

Radius of gyration (K):- It is defined as the
distance of a point from the axis of rotation
at which, if the whole mass of the body were
concentrated, the moment of inertia of the
body would be the same as with the actual
distribution of mass of the body.

i.e. Moment of inertia of a body about a given
axis is equal to the product of mass of the
body and squares of its radius of gyration
about that axis i.e.

I=Mk? or k=1’i.
M

where k is called the radius of gyration.

The Radius of gyration of a body depends upon
(a) position of the axis of rotation.
(b) orientation of the axis of rotation.
(c) shape and size of the body.

(d) distribution of mass of the body
about the axis of rotation.

Suppose a rigid body consists of n particles
of each of the mass m. Let rq, ro, ...... rn, be
the perpendicular distances of these particles
from the axis of rotation. Then

2 2 2
I'=mry”™ +mry” +mry +.......+J'm‘,,2

Hence, mi1 = m2 = m3 = ....... =m

So, !=m(1",1 +r +r31 e I N (i)

If whole mass of the body is regarded to be
concentrated at a perpendicular distance K
(radius of gyration), then

I1=MK? wee(il) - Where, M=nm
By equating (i) and (ii) we get,

Mk?= m(r?1 + r?2 + r’3 + ... ?n) [~ M = nm]
= nmk?= m

2 2 3 2
ottt +r
=}’k:\/l 2 3n n

Hence the radius of gyration of a body about
a given axis is equal to the root mean square
distance of the constituent particles of the
body from the given axis.

afersor s #t o w1 a8 e FRE!
o s #var §] R@w fF R et & 9wy

3 et Rz & gaer & aRewor Brear e v
m#mmaﬁmmﬂaﬁ{&tm

gt &

3ca}: gRe#eT Bsar (K):-

S8 OIS 38T ¥ 39 Tog &1 gl & &7 7 gRenn¥a
fopar o & o W Tis & Q@ geaAe Sid
E’ra’rmmmwaﬁmﬂwgﬁ?ﬂsﬁ
Rz ¥ geudd & IEdfaF AR & FROT ¥ |
AT fRdr few 3w 3reT & 9Ra: fRdr Rz &
aﬁmfﬁg%ﬂmsﬂ?qﬁwﬁ—m
%mﬁé:mmwé:ws’lm%l

I=Mk? or k=1’i.
M

8T k T aReAT ST FEr ST gl
fordt Rz &1 aReyaAoT B IR e §-
(a) guTer 37e7 @ Eufd (g )
(b) EoTe 3187 &1 rfAfaeare (fgerm )
(c) s =1 3mpfa 3R gR&A™
(d) guie a7 & aRd: [ & gegAe &
ICGEL

AT olifolT F T U8 7 Ycds m geIAT & n
FUT gId &l AT ST &F o, oy o r, goleT
38T ¥ 3o HUIl AT ofgdd gt &l de-

2 2 2 2

I=mr," +mry” +mry” +...... +mr,

m{=my=mz= ... = m sAfeT Ig,
I=m@’ +r, +1° F . ) (D

gfe s T QU GedAT Teh ofdad gl K (TReFeoT
e w AT ST &,

I=MK2 L (i) ST&f, M=nm
FAFT (i) 3R (i) P R T T GH T & -
Mk?= m(r?1 + r2 + r’3 + ... r?n) [ M = nm]

= nmk?= m(r21 + r22 + r’3 + ... ?n)

I He AT @ g F IR @ B
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