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
mq Mo, M3......My whose positions vectors are
7 respectively then position
vector of centre of mass is given by-

— - — -
;*_mlrl+m2r2+m3 ?’3+.......... ..m” !""
my+my+my+ e i,

(ii) Position vector of centre of mass for
two particle system :-

o —r
= om K+m,ry
r= e

m, +m,

(iif) 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-

i.e. Ym.r =0

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

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

— - - —
- dr d|m n+m,rn+m,ri+...
Vem = —— = — =
dt dt my+m,+m; +....
>my.
VL‘H’J = Z —
m;
I

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

—

then the acceleration of centre of mass-

g , 3 —* -
;I* dvem d°r d°| myn+m,nt...
cm = = = =

dt dar’  dt’ | my+my+my+ .

— Ym.da.

_ i

Acm -
xm,

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

(a 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)

(® 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

G 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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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.
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Linear displacement (s)
radius (r)

Angular displacement (6)=

Its unit is radian and Dimension formula is
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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 o = %, where
A0 is the angular displacement.

e Instantaneous angular velocity -
. A8 do
lim = ==~

dt

e Average angular velocity-

=
M—0 At

_ 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-

—

—» —
Vo= X F

—

where y = linear velocity,

—
y = radius vector

N

¢ =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— )

L=

S
o =
(1) Instantaneous angular acceleration-
— » —
- Aw do d 0

a = lim >
A0 Af dt dt

(2) Average angular acceleration

r2_‘!‘|

(3) Its S.I. unit is radian/sec? and its dimen-
sional formula is [M°L°T-2]

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

(5) Relation between angular acceleration and
linear acceleration-

—* —* —*

a=adxr

(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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Equations of Linear Motion and Rotational

Motion:-

Linear Motion

Rotational Motion

If linear acceleration a=0
then u = Constantand s =u t.

If angular acceleration a. = 0
then ® = Constant and 6 = ot

If linear acceleration a = constant,

then-
. u+v
1) .S‘=( )1
2
i v-u
i) a=
t
i) v=u+at

. 1

v) s =ut+—at’
2

v) v2 =u? +2as

Vi) S, =U+ %a(ﬁln -1)

If angular acceleration o = constant
then-

(o, ‘”92):

o

. &y —
(i) ool el

t
(ill) ml =a)| + ot
; 1
(iv) 9=w,r+5m‘

V) @} =l +2a6

(Vi) Gy = @) +(2n - n%
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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
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Moment of Inertia:-
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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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

|:m1r12 + mzrzz + m:iﬂf+r'- +m,,r,f= i=1 My ﬁ

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

L

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

dl =dm r*

=>Moment of inertia of the entire body

rotation-

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

formula is [ML?].

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




= Mk > k=4/ﬁ

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.

I =myry? + mory2 + marg? + ... + mgr,?
If, my =my, =mg = ...... = m then
I=m(r2 + 2 +r32 + ... [ R (i)
From the definition of Radius of gyration,
=Mk (ii)

By equating (i) and (ii) we get-
Mk?= m(r2q + r? + r23 + ... ’n) [As M = nm]
= nmk?= m(rq1 + r22 + r’3 + ... ?n)

=> k=

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 [MOL'TO).
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Moment of inertia of a few bodies of regular shapes
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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)

Ax B=ABsind n

C=A=B

Direction of Vector Cross Product :-

When C = A x E the direction of C 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:-
CurI the fingers of your right hand from A to

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

Properties of Vector Product:-

(i) Vector product is not commutative.

iie. AxB=Bx A [~ (Ax B)=-(Bx A)]
(i) Vector products are distributive.
KX(E-l—E)i AxB+AxC

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

i.e.

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

AxA=AAsin(° =0

(v) Vector product of orthogonal unit vectors

(111}

e ixi=jxj=kxk=0

e ixj=-jxi-k

jxk=-kxj=1
e kxi=-ixk=j

’11-} k_|
—— T —

(vi) Vector product in cartesian coordinates
AxB=(Ai+Aj+Akx(Bi+Bj+ Bk

i j k

=|A A, A

B.\' B\‘ BZ
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i.e. KX(E+E)=FAXE+EX6

(iii) a7 FATAR |ieRl w1 AlGLr IR LT
gIaT &

ie. AxB=ABsin(°=0
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AxA=AAsin(° =0
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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=rFsinfn
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.

e

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

Where d = rsind = 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?T?]

e |If a body is acted upon by more than
one force, the total torque is the vector sum
o — — — —

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. 2? ~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 |n rotational motion, torque, Tt = Io where,
a is angular acceleration and I is the mo-
ment of inertia.
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Couple:-

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

—

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.
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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 r is its position

vector from the point of rotation then angular
e
momentum-  j — ;5 P

L

F

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:[ﬂ = [Z:_;

dt t

[Asd—a)za and 7 =/a
t

=:>T"—d_L
dt
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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
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Angular impulse :-

n

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

J= J-?dr . j.:l dt

— e

.
> J=r, At=AL

i.e. Angular impulse = Change in angular
momentum
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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

S0 J o —
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Work :

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

done on the body- W:_frde
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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- K=%J'm2

qoit afasr -

forely s &1 Eolt arfdst a7 38 Tew &olt &
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goff aifasr -

Total kinetic energy of a perfectly rolling
object

K= l Io®
2

=Kinetic energy of translational + (Kinetic en-
ergy of ro-
tation)

1 .i'm,'2+lfm2
yofe: arfas afa & Rz i Fa afas st

=Wﬁ?ﬁaﬁr‘r+(€£ﬁﬁﬁvﬁa
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For rotational equilibrium of a rigid body,
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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.
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Analogy Between Translatory Motion and
Rotational Motion.

Power :
Rate of Change of kinetic energy is defined Sl. Translatory Motion Rotational Motion
as power no
p e J 1 | Distance/displacement (s) | Angle or angular
P=—(KH)=—{71(92]=1{9£ = Tooex = loeew = T displacement (0)
dt dr| 2 dt
o - 2
In vector form Power (P) =7 - © Linear Velocity(v)=E Angular velocity (w) = d_ﬂ
afFa: dt dt
IfasT 3T & gRadeT $r a7 F AFT & T H |3 | Linear acceleration (a) Angular acceleration(o)
g fohar arar
el _dv _ d*r dw  d“8
Pzi(KR)=i[1—Imﬂ:de—w:]axx:]aa):ﬁ:u o ot de dt
dt dr|2 dr
after g § A= (P)=7- 3 4 | Mass (m) Moment of inertia (I')
Equilibrium of Rigid Body:-
aui THoie Body .y > |Linear momentum  |Angular momentum
A rigid body is said to be in equilibrium, N > N >
if both of its linear momentum and angular P = my L =lw
momentum are not changing with time. Thus, 6 - - > >
for equilibrium the body does not possess F=ma r=1a
linear acceleration or angular acceleration.
. ong e T g ._dr
For translational equilibrium of a rigid body, = di U= "0
HET-11 ("ﬁﬁﬁ rﬁ




8 | Translational KE, K1 = %"‘"’2 Rotational KE, K = %Imz 12 | 3@ o1fa & forg Fofg afd & o
9 i. v=u+tat i. w;=w;+at
W=/7’.d_s’ W=/z_‘).cﬂ ii. s=ut+;at? ii. 0=t +;at?
iiii. vz _ uz —= 2as iii. w% - w% = 2(19.
101 p=Fu P=7.w
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
hovsutat i @z tat watch will be-
- .. 1
ii. s=ut+zat’ i BZ: "’IZJ’ Zat’ a. 67T—0 rad/sec b. % rad/sec
2 2 _ — =
. v°—u” = 2as i w2 w1 =200, c. 60rrad/sec d. 30nrad/sec
Y a3 guft A & dre wree TR H AS J§ AN T E 7
a. %0 rad/sec b. 30 rad/sec
%5_' X et a‘\uﬁ ad c. 60xnrad/sec d. 30=rad/sec
2. What is the dimensional formula of torque ?
1 |/fEawum= (s ) (ﬁe)w AT o faeuma= a  [MLZT] b [MALT]
) i i c. [MLT? d. [ML2T?]
@w (V)= Fofr A (@) = — semeet @1 R g F4 Qe ¥
a. [ML2T] b. [M2LT]
3 Y@ T (a)= HIONT EROT (a)= c. [MLTF d. MLT9
) 3. What is the dimensional formula of moment
dv _ d*r do _ d°8 of inertia ?
dt ~ dtZ2 de  dt® a. [ML2T9] b. [M2LT]
c. [MLT? d. [ML2T?]
4 |FeHE (m ) g LN (1) S5 It F R qF w= e 87
5 |X@T @ATP = mo FIOiT 99T L = o a. [ML2T?] b. [M2LT
> > —> C. M LT_2 d . M LZT'2
6 |[F=ma T=1a [ ] [ )
. 4, What is the dimensional formula of angular
7 |\ = dar L= dL. momentum ?
dt dt a. [MLT] b. [ML2T-]
8 | ¥ wfast 3efi- gdfr aifarst 3af- c. [MLT7 d. [MLT]
Ky = tmv? T RN w3 F1 el qF 41 g 87
2 a. [MLT] b. [ML2T]
> > 2T-2 2] 2T-2
9 szF‘.ds szr.w c. [ML2T?] d.  [M2L2T?]
— 5. Which of the following is the translatory
10.| P=Fuw P=7.0 analogue of Torque ?
iy £ Y5 iy £ yof a. Mass b. Force
1 . il . . il c Velocit d Kinetic ener
AT TG wAr & |FI9T WA e & 5« : y : ay
9 R W S e W F1S Tl famfaf@a & @ Fla @1 ga gt &1 Wy
T & gl a. gcdAld b. ddo
PeT-11 (A (11R)




c. g d. afas sar 87
6. In pure translational motion all particles of a. oAl a,—d b. e 3”af\ui
the body have- c. ol FaT d. Y& gaor
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?
X o ; a. Shape and size of the object
y W afy # Rz & @it o o & p 0bj
a. et 397 b. A9 IEaId W & b. Temperature of the object
c. gHA Q9 d. S § HIS FE c. Colour of the object
7 A couple produces- d. Sound produced by the object
a. Only linear motion fafaf@a F & slaar #RF w Tv g F
b. Only rotational motion seqH ﬂg i iiﬂiaﬂTil‘:IT ST STeraT 87
c. Linear and rotational motion both a. d&g @ 3 i 3TN
d. No motion b. axd 1 E.I I
- %_ C. d¥&d bl LT
a0 3 31% a d. I IR 30 Eafe
b. &ae goff aify 12. Which of the following is the translatory
"o by analogue of Moment of inertia ?
3 A8 ?r%ﬂTa;ryﬁ Attt 2yt a. Torque b. Force
c. Velocity d. Mass
8. The product of moment of inertia and angular TN 1 Yt
velocity is called - A A Flar @ T
a. Torque T 87
b' | ql a’ war 3T b. o
r_npu s€ c. ddI d. GcIHAT
c. Linear momentum
d. Angular momentum 13. The centre of mass of a body-
a. Lies always at the geometrical centre
TS 3Teq ! 3ﬁTﬁ IOt a’; T OTeTPel el ¥ b. Lies always inside the body
a Wﬁ : .“g d- NPU c. Lies always outside the body
¢ ’ d. May lie within or outside the body
9. The moment of inertia of a body does not et Y :
depend upon its- fis & geaan I;:‘-' e &
a. Different orientation of axis a. Hed Jﬁ—s—l‘” ;il pa W e
b. Nature of distribution of mass b. @M Riz & eI & T &
c. Angular velocity ¢ ::; ; e el ’%m
d. Axis of of rotation d 3ET A STEX Fel T TR &
el S5 am it 14. where is the centre of mass of a uniform
e %f_ﬁ'g al B = Tt rod located ?
a T F e BT B w a. At one end of the rod
b, AT ¥ T &7 gHT | b. At the midpoint of the rod
e Frofg a7 9 “ c. At the top of the rod
' d. At the bottom of the rod
d. gofe & gt W M . e
10. The product of moment of inertia and the P B3 é?a: '@_{I” 3 el feua
angular acceleration is called ? a. Bs &P '
a. Centre of mass b. T & & ﬁ
b. Torque c. TS &FIW ’Er
c. Angular momentum d Ss&ATH
d. Linear momentum 15. Which of the following figures does not have
. . . pt
mmmmmmmm its centre of mass at its geometric centre?
FerT-11 (ifady ~—=




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
PrRRT #F @ #h @ ¥ s d7 c. Torque is always positive
ZqATT ¥ 7@ aar §7? d. Torque is always negative
a. ged b. HHaTE T UF gold  Yomrelt # g YT B FA gACHAS
c. ¥Ed d. fafaa sgasr A S 72 ,
. . . § a. o Ig °S AT G A A § |
16. In a symmetrical object, where is the centre N %-’ 3
of mass usually located? b. SI¥ Ig < faerer ferer I ¢ |
a. At the edge of the object C. ol YOl GAM  UellcHS BT ¢ |
b. At a random position d. S YT 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:-
wF AR avg #, qeawe Fg AAES: Fal P L perp g
e grar 872 a ) b. K=
a. I & IR W L L
b. TH IEEH T W c. K= -7 d K=
. V3 J12
c. SAAC & T geaAE M 3R oeE L Y vF gad) o3 & 39
d. @& & IW 38T & Iie: IRHAUT B=Ar F4r ghm St 39S
17. The unit of angular momentum is- Aoy g @ § @ ToRar ¢ IR 389F ad W
a. Nm b. Kg m's? qad ¢ ? L
c. Kg m?s d. Kg?Zm2s' a. K= ﬁ b. K=1
FIVNT FIT FT AT §- (o L L
a. Nm b. Kg m's ¢ - \/5 - «/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 L=m S WE? L=
c. Temperature and colour of the object a. ~ v ' ~ @
d. Direction of motion ¢c. L=Fd d. L=Pt
AT & ¥ Fl5-9T $RF T m Y FTAT 23. What is the Radius of gyration of a Spherical
W THTT STeldT shell of mass M and radius R about its
a. 3NN e 3 ¥ 3w i dars diameter ?
b. ] I GeIAE 3N AT - R - /2
a. K b. K R
c. W AR 3R T V2
d. T &1 R e K -R d K % R
19. A pzlalrt:cl;a Thoves wi_thWah ct:01.1sta.:1t veloclity oA M 3R BT R & s @Ea i &
parallel to the x-axis.What is its angular 0% A ¥ IRE: TREFEUT rsaT &= g 2
momentum with respect to the origin ? R 3
a. is zero b. remains constants a. K= ﬁ b. K= gR
C. goes on increase d. goes on decrease 3
. c. K=R d K= ,/5R
TH FUT x-378T & AWK TH YT 37 § I 3
W g oA ﬁg (origin) & 9f¥a: s@sT FUNT 24. According to the conservation of angular
HAT FAT 1O momentum, what happens to an object's
a. I L@ %| b. 3R I&dT g angular momentum when no external torques
c. §&dr I§dT g d. =ear @ g act on it?
hET-11 ("ﬁﬁﬁ W




It decreases

It remains constant
It increases

. It becomes zero

FIVNT FIAT & TIET & AR, 9 HI§ qEd
T YT Reariead A€ @t & @ R Rz @

a0 oo

an axis passing through its centre and
perpendicular to its plane ?
a. TMR2 b. MR?

C. %MR2 d. 2MR?

FIofr AT FAT AT $7? T FT 3H 3H&T F IRA: TSca Aot F4T g
a. Ug U ¥ | b. g 3N Wl & | ﬁm%iﬁ#ﬂwma ¢ IR 5% a9 W
. . I 1ad ¢ !
25. What is the Moment of inertia of a solid |
sphere of mass M and radius R about its c ZMR2 d. 2MR?
diameter ?
a ;MRZ b ;MRZ 29. Which of the following principles is used by
3 "5 a ballet dancer during her performance?
c. lMRz d. iMRZ a. Conservation of mass
5 3 b. Conservation of energy
W": M 3R B R & v 31| ?ﬂf FT 36F c. Conservation of linear momentum
A b Ra: e a ‘-ﬂ; g 2 d. Conservation of angular momentum
= 2 = 2
a. 3 MR b SMR TF do FdH (ballet dancer) 9 wede &
c  Lmre d MR s mafaf@a & & Fw g & 3waNr
-5 -3 FICAT 872
26. What is the Moment of inertia of a Spherical a. gcdAle I JI&IoT
shell of mass M and radius R about its b. T & TETOT
diameter ? ) c. @& I FT TETOT
a. 3 MR’ b. 5 MR? d. i HIIT FT FETOT
c  LVR? d 2 MR? 30. What is the Moment of inertia of a thin rod of
5 3 mass M and length L about an axis passing
agA M 3R ST R &t @@e aier &1 through its mid point and perpendicular to
39S AW F IR T5ed Imger FAT g ? its length ?
2 2 1
a. §|V|R2 b. gMRZ a. 12 ML? b. ML?
c. %MR2 d. %MRZ C. gML2 d. 2ML?
27. A body is in translational equilibrium if the gegA M 3R da$ L i T gl 835 FT &
net external- 39 a7 F IR F3ca e FAT PPN S IHE
a. Force acting on it is zero AT ﬁ%f ¥ @Y TR ¢ IR 3uF dT W
b. Torque acting it is zero e 1% )
c. Torque acting on it is zero but force a. 7y ML b.  ML?
acting on it is non-zero . LML2 4 oML2
d. Both (a) and (b) -3 '
v fis Y dqgae & @om afy 3@ W @@ 31, In a seesaw, where should a heavier person
arelt Fel aredl- sit to balance with a lighter person on the
a. § LT B other side?
b. & 3meoT 9= & a. Closer to the pivot point
c. o 3TEYT =T & difched 3T W TFA aTell b. Farther from the pivot point
gl [T gr c. It doesn't matter where they sit
d. (a) 3R (b) a=r d. At the midpoint of the seesaw
28. What is the Moment of inertia of a thin A (seesaw) H, TF HIY sfFd F gl WE
Circular Ring of mass M and radius R about godh SIFd & WY Wolel a1l & AT Fgl doar
hET-11 ("ﬁﬁﬁ W\




afge?

a. i g & He

b. gl 18 & ¥

c. FHE FIT TH Ael I5a b I Fer dod §
d. 3 % ALY W

acceleration?

a. It must be zero

b. It may or may not be zero

c. It must be constant

d. It depends on the shape of the object

32. What is the Radius of gyration of a solid I 0F aF] W FA g JEOT e B, v
sphere of mass M and radius R about its 3TF FIUNT caqO0T § aX F FAT HeT oI Tohel §72
diameter ? a. g AT Y= BT |
gegA M 3R BsaT R & w& 31 e &1 38% b. ag%l—as’rmﬂm%ma%‘raﬂa‘raﬂ
= & qRe: gRereror fear 4T g 2 gl
a2 K= R b, K = /%R c. g AT HAX BT |

J2 d. IE I &F WMFR R AR e
2
c. K=R d K=,3R 37. What is the Moment of inertia of a thin

33 On what quantities does angular momentun ﬁ;r%t;;an:::ler:g?of mass M and radius R about
depend ? !

b. mass and radius g’me I,:Fr 389 "“ Ra: 5 Fa
c. moment of inertia and angular velocity a. 5 MR2 b MR?

d. mass and force |

HIONT HAIT fohed TTahl W IR FIAT § 2 c. 4 MR? d. 2MR2

a. gedAe AR 9T W 38. When is an object in rotational equilibrium?
b. gegaANT IR Bear W a. When it is at rest

C. Jlscd 3TI'€I,PSF 3R ol g1 W b. When the net torque acting on it is zero
d. @A 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 TE G H Erlﬁ?r W Fogar ¥
an axis passing through its centre and a Srq' T ﬁTFH J E’IT-TT %l
perpendicular to its plane ? '

. 5 b. & 38 W Hel ol MYOT LT Bl B
gerA M 3R B R & 0% qramR B c. I 3TH P FONT 9T A& BT B
HT 3 T & gRa: aRIFoT Bewr 4w ghem o o s P & g B
N 3EF F @ PHT IR ¢ AN FWF dd W : SHH FIS PN R
dead § ? 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 an axis passing through its centre and
perpendicular to its plane ?
c. K=R K= V3 R
oA M 3R BT R & & ¢ BFw &

35. Which of the following is constant, when 39 3eT & URa: STged AEYT FAT g ST SHS
external torque acting on a body is zero ? CAk | E’HW pEiC! ¥ 3R 38% 99 W dwad § 2
a. Linear momentum a. 7MRz b. MR2
b. Angular momentum )

c. Force C. Z MR? d. 2MR?

d. Linear impulse 40. The Sl unit of moment of inertia is-
famafaf@a # & i arx g B, 5@ fnelt Ris Sscq mget A S| AEAF  B-

W S dTelT STEdt JATeor A Far g ? a. kg'm b. kg'm?

a. @ gaaT b. @i Faer c. N/m d. Jis

C. dd d. Y 3mae 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

FerT-11 (ifady (150
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c. Low d. Both (a) and (b) 47. Which is the wrong formula from the follow-
el Te i & goier 3re1 R el ot o1 YR ing? .
FTFM AT E ? e & @ #ia @1 T g7 ¥
a. Y b. 3@+ a. 1=Io b. F =ma
c. &A d. (a) 3R (b) a&t c. L=1Io d. I=1
42. What is the unit of angular momentum? 48. Rotational kinetic energy is equal to-
FIONT FIT FT AFF FAT 87 guff sifaer et s @l ¥-
a. N-m b. Kg.m?s a. Iw? b. Iw?
c. Kg.m/s d. Kg?m?s c. %Iwz. d. 1 Iw?
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'tr:' momentl of "Ilerf'a 3f I;gmzdlls
moment of inertia of the ring about its axis ? rotating w't_ an angufar ve ocity o radss.
5 5 If the rotational kinetic energy of that body
a. sz b. Nix is equal to the linear kinetic energy of a
4772 body of mass 12 kg, then what is the linear
i ?
c. 1\7/[;; d. None of these ;elocmz' of the body of mass ;ikg N
. . kgm? Siscd 31TE|'01'“ drel Tsh rad/s
a—qﬂgMﬁtmﬂ;ﬁxmwaﬂg;ﬂm mwgmwmammﬁgﬁ
e F T W?}':*q:" aRa: qofer s Fel 12 kg Zead & Rz & W&
mar?gasuzwiwg’mr , T 39T & @AW ¥ @ 12 kg geuAR & Rz
a Mx b, Mx &1 W@ 391 F41 g ?
© 4x? ' 4 a. 1mis b. 2 mis
Mx .
c. ‘ d. =@ @ S A8 c. 4m/s d 8 mis
g 50. On what does the moment of inertia of a
44, What is the unit of the radius of gyration? body not depend ?
gfsrAor BT &1 AEe F=24T §7 a. Axis of rotation
a. Kg m? b. Kg b. Mass
c. 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 fFdt Rz &1 J3ca m fFg W AR &t
momentum is directed along its - FAT & ?
a. Radius b. Tangent a. ool 3187 WX
c. Circumference d. Axis of rotation b. eUHAT W
Ife v AT 39 a7 & IRY AN gH @ RS C. GEUAR & faqaRor ©
ma—aﬂmﬂw#m%a’rmm d. Fofe 37
Rear fomr & g 7 51. If h hrink suddenly,then d i
B Lo . ofetahret dv;;a,rsv:)c:“z [ln suddenly,then duration
c. URE d. ok T %P‘;r 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 qﬁ?zﬁ s 9 at R & aafey &
centre of mass from m, ? T 3I€’F'TTI“ ',?
° ¢
a’am2immaﬁﬁa@wm' c. AT I | d. =T 8 SR |
a. mlfmz 52. What is the S.I unit of angular acceleration ?
b, FIONT cor & S.| AFEG  FAT 87
":;ﬁ"z a. Degree s b. Degree s?
¢ m: d c. Rad s d. Rad s?
d m,d 53. What is angular acceleration of the motor
FerT-11 (ifady (121}




a. 2xnrad s-? b. 4rn rad s-?
c. 6rn rad s-2 d. 8rnrad s-?

54. The motion of planets in the solar system is
an example of the conservation of -
a. Mass
b. Linear momentum
c. Angular momentum

59.

d. Energy
@R Asa & gt 1 afa FaF e w1
3ETEI0T §7
a. gcgHAm b. @™ FaeT
c. oy gaar d. Far

55. If you double the mass of an object while
keeping its shape and size the same, how 60.
does its moment of inertia change?
a. It doubles
b. It halves
c. It remains the same
d. It becomes four times
gfg v frdl avg 1 R AR arg-'::r AT
TG g SHH GEAAT GNIAT A & §, At S
Jsca 31TE|'01' # T qged @I ?
a. E G & e ¥ | 61
b. IE TET g ST § | '
c. Ug A el ¥ |
d. I IR AT & Sl & |

56. A solid sphere of mass 50 kg, has radius
0.5m then what is the moment of inertia
about its diameter ?
50 fFam geade & s 3 M dr Bsar 0.5 Hr
¢ @ s8%F aw & aRa: Fseq mget F=4T gem?
a. 2.5 kg m? b. 5 kg m?
c. 1.5kg m? d. 3 kg m?

57. What is the unit of the Torque ?
a. N b. Nm 62.
c. Nm? d. None of these
I HTEOT FT AFE  FAT 82
a. N b. Nm
c. Nm? d. 7 ¥ FIg 4T

58. A dancer on ice spins faster when she folds
her arms. This is due to -
a. Increases in energy and increase in

FerT-11 (ifady

wheel If the angular speed of a motor wheel
increases from 2400 rpm to 6240 rpm in 16
seconds ?

AT 9k &1 FoiT cavor F91 e Iy Al
qfgd Y FolT Jo1 16 FHs & 2400 rpm &
TeHT 6240 rpm @ FTAT &7

angular momentum
Decrease in friction at the skates

Constant angular momentum and
increase in kinetic energy

d. Increase in energy and decrease in
angular momentum

TF W TF AdH IF 7Y HSAT M § @ 9§

asht & e 1 A aoTE § -

Soff # gfy 3R Fohe @& & g

THhed W TYoT F FHell

R Fofer w3 3R AR Fo F gRE

d. Far # gig 3R Fohg Faar 7 FAr

If the radius of earth becomes half and its

mass remains unaltered then a day will be
of-

oo w

o g # Prew wh @ SR auw s

gegATeT aRafdd W@ O v et ghem-
a. 14 hours b. 12 hours
c. 6 hours d. 4 hours

The velocity of centre of mass of the system
remains constant ,if the external force acting
on the system is-

a. Minimum b. Zero

c. Maximum d. None of these

SSTAT %g &T AT AT EdT 8,3f¢ A ©w
F FIA Il 9ET I @Y -

a. =gAqH b. F
c. 3RFHaH d. s @ FIS FAET

The direction of the angular velocity vector
is along-

a. The tangent to the circular path

b. The axis of rotation

c. Towards the centre

d. Away from the centre

i dor wfeer A Rem frw v el ¥

a. JeahR Ty T TRRE & K|

b. ol & gl & 3K

c. g FI & AR|
d g d g
A body is rotating with angular velocity

(31_4]+k) .The linear velocity of a

p0|nt having position vector r = (Sli\— 6j+ GE)
is -

a. (—187—13j+2k)
b (181_13]+2k)
c. (6i—2j+6k)

d. None of these




v fis SOl 3 & = (371 -47+k) ¥ g7 @
¥ Rufy wler 7 —(51—6J+6k) mﬁgaﬁr

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

\ 68. Which of the following is the correct relation
T T T 2 between linear velocity v and angular
a. (—1A81—1A3J + A2k) velocity @ of a particle ?
b. (187—13j+2k) Reelt For % YR A IR AN AT & &
c. (6i—2j+6k) & feafaf@a & @ sl @1 9@ g 2
d. 5H ¥ S 7T a. v=rXow

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

’ d. None of these (3a8 ¥ @IS g
AT M 3R s R & e @@d ddd &1 ) ) .
3EF T ¥ 9Ra: mmwm ? 69. A solid cylinder of mass M and radius R
a  MR? b, 1 MR? rotates z_about |?s a_X|s with apgular speed .
% Its rotational kinetic energy is -
¢ 2MR? d 3MR? geaA M 3R RS R &7 Us o1 deier 3raeh

64. What is the Moment of inertia of a solid a—& FARI M AT T 0 & A @I HEELED

cylinder of mass M and radius R about its a-uivr :rﬁr,r Fal ¢ -

is ?

own axis a. MR’ b. MRZw?

A M 3R BSAT R & % 3 ddd &I 1

3qF HeT ¥ Ra: Ssca meet F=ar g 2 c. 2MR%? d. 4 MR%?

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

c 2MR? d. MR? Its rotational kinetic energy is -

65. What is the radius of gyratlon of a cylindrical g T M 3R B9 R &1t @Edr o
shell of mass M and radius R about its own O Gl & ARY I AT AT o F GF @ R
axis ? FaH avifrr wfer Sl § -
gegA M 3R Bsar R & s @led daa &1 a  LMR%w? b MR%?

38 8T F IRT: IREAT NAT  FAT g ? 2 1
R b c. 2MR?w? d. ZMRZCOZ
a. K= —F/— b. K= gR
ﬁ 71. If the ice of the Earth's poles melts and
c K =R d K= ./2R comes to the equatorial region, then the
3 duration of day -

66. What is the radius of gyration of a solid a. will decrease
cyllnder. of mass M and radius R about its b, Will increase
own axis 7 ill be uncertain

c. Wi
aad@T M 3R BT R & & 3w a4 Fr
0% waT & gRa: aReEor e Fm g 2 d. will remain the same
K= R b, K= .2R I gedt & yal f 9% Ruaaw sprey ay
a. -2 . ~ Vs (equatorial region) ¥ 3T ST ar fae #r rafyr
[y (duration) -
C. K =R d. K= ?R a. °c¢ JATu

67. Calculate the moment of inertia of a thin b. ¥¢ JMTem
uniform ring about diameter, if its moment c. 3fafaa & e
of inertia about an axis passing through the d =A@
centre and perpendicular to the plane is 24 )
kg m2, 72. A wheel of 1 metre diameter makes 30
=T ¥ 9Ra: Wﬁ?ﬁmm @rm revoll.Jtions in a. minute, t.hen the Iin?ar
31TEI'U’i' # o FY, AR FE @ 3131'{? arer 3ﬁ.{. velocity of any point on the circumference is -
TAF ad H 9dd HET F URT: SHH ST 1 HleX A +1 T 9T v AT H 30 gFR
3mget 24 kg m? §l et B, @ 9Rfr W F el R w1 W aer
a. 12 kg m? b. 3 kg m? 7 e ?

hET-11 ("ﬁﬁﬁ r@




a. mmis b. s 29.d. 30.a. 31a. 32b. 33.c. 34.a 35.b.
43.a. 44.c. 45d. 46.b. 47.d. 48.d. 49.d.
73. A disc rotates from rest under an angular 50d. 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. 61.b. 62.a. 63.a.
revolutions will it make in 10s? 64.b. 65.c. 66.a. 67.a. 68b. 69.d. 70.a.
TF B3FF 2nrad/s? & T c@wor F el 71.b. 72.b. 73.b. 74.c. 75.b.
fowmesyr & guler et 81 10s F 37 o
TFHT TIMT? ¥ T VERY SHORT TYPE QUESTIONS:
a. 25 b. 50 A dY ek T
c. 100 d. 200
74. If a person is making a spinning motion by 1. Undt.ar what cqnditions, the torque due to an
extending his hand on a rotating table, then applied force is zero? N
when he bends his hand, his spinning rate - Ans- We know that 7%« F=rFsginOf 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 A W TF AT 9T §TY oty of rotation.
TFA AT W T A A FT T A g A fra oRRufat &, 3T s § FROT T
FHTTI a 3¥hr THO &I (spinning rate) - 3Tt o RYeT 27
a. °c et A ‘ I _
b ¥ @& aRad A& @ 3c: g Sa g T, t=rx F=rFsin0n
' g fFEl IRTWT 9 & HROT doT 30T
C. dg olltd YT BN S -
d. =T g Sl (i) 6= 0° = 180,
75. If a concentric disk is cut out from a circular (i) r=0
plate, then the location of the centre of A IR aor GO 38T & @ET ToNaT & |
mass of the remaining part- & N
a. Wil Change 2. Define rlgld bOdy
b. will remain unchanged Ans- A body is said to _be a rigid body,_when it
c. Depend on the size of the part removed hf”]S perfectly definite shfape 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.
ﬂﬁwmﬁtgﬁﬂ(;%nc:;rlg % fiz ) g =Y
mﬁ“”ﬁi”ﬂim“m 3caX: fonell g &l Tg U a9 &gl STem &, Sid 3qe
T 3T 3R IRAT fdepor ARE gl 0 s W
a. ddc RS 5 g TN W 3855 T FOT F faigat &
b. 3mafkafda w&em e @ g A€ dgad Bl
¢ I T AT F HeS T A FXm 3. Define translatory motion.
d. faerer av smer & |ger W AR w sl
TohdT g 3R 8T 8 o Thar g Ans- A rigid body performs a pure translational
motion, if each particle of the body undergoes
ANSWER OF MCQ QUESTIONS fche same c!lsplacemenf[ in the same direction
R in a given interval of time.
I aa;sll. TYEATReT  Afa F aRenfa F
3ok T T¢ U3 g TUEIRYT afd &ar g, I
1b. 2d. 3.a. 4b. 5b. 6.c. 7.b. RNg &1 yAS FUT U6 ad gAY Fae &
8d. 9c. 10b. 11a. 12d. 13.d. 14.b. T g faem 7 wAE AEds qu S @l
15.d. 16.c. 17.c. 18.a. 19.b. 20.b. 21.d. 4. Define rotational motion.
22.b. 23.d. 24.b. 25b. 26.a. 27.a. 28.b. . .
Ans- A rigid body performs a pure rotational
hET-11 ("ﬁﬁﬁ rm




motion, if each particle of the body moves in 3caX: HIUNT AT SHE TAT & HIvT FEAIA
a circle, and the centre of all the circles lie Y IO 49T gl ST & Izlﬁ FIS FUTAL THT
on a straight line called the axes of rotation. HP A Q&3 afd aar & dr w=(A0)/(AL)
Example: Rotation of ceiling fan,Rotation of BT S8 A0 iy e gl
blades of a windmill. 0
goier aifd A aReRa #
w:wa-c.rﬁ-s' a@aﬁﬂwﬁrm%aﬁ & .
YT FHOT TF ged 3 A1 e 8, 3R aya’r
FT &g TH AT 3@ W] YT gl & o oef
&1 8 T ST TISSAEIOT: B & U FHT GHAT,
UgHaFR F SaE gHAT|
5. Define Angular Displacement. 7. WILatAis tI;e relelltio_n b:tween Linear velocity
Angular Displacement:- It is the angle an’ ngt: ar Vf ocity
described by the position vector T about the Ans- v = ¢ » »
axis of rotation. > , ,
where v = linear velocity,
Sy .
s r = radius vector
A \ ) =Angular velocity is an axial vector,
= whose direction is normal to the rotational
plane.
AF 3o 3t Fol 3o F g Far e @A § 2
Angular displacement (6)- Linear displaiicement (s) 3cdl v = g =
radius (r) GI%}F' > -
g V = 1
Fofir faearge &1 aRenfa ) o
oy faeurder-ag feufa wfeer 7 g@rr guie T~ radius vector
3cdl: - _,
T amw afotd T § | = iy 991 v el afeer &, foraer
o~ %%naﬁa%ﬁaaaaamaaaﬁ?—ﬁ%l
F s 8. Define Angular Acceleration.
A \ Ans- The rate of change of angular velocity is de-
£ 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 -
- _G-w
EECED SIS th—t
i feamae (0) = I (s) C ‘
EESING) FIMT c@wor F gRIRa FY|
6. Define angular velocity. Icay: oM 397 A 9RadeT Y & Fr FONT c&awor F
Angular Velocity:- The angular displacement w7 F gRefsa fear amar g1 afe e &1 &
per unit time is called angular velocity. If FIONT T GAT t1 W w1 AR TAT tp W HoiT
a particle moves from P to Q in time At Q9T w2 8, ar HONT caoT-
then o=(A0)/(At), where A0 is the angular > W —w
displacement. a= bt
Q 9. A body is rotating at a steady rate. Is a
torque acting on the body?
p Ans- No, torque is required only for producing
angular acceleration.
Ifg v Wz 3R a1fa @ golar T @1 & ar =
1§ ao el Rz W HF T @ 7
- PN S 3cc< :a?rasrmv‘r T ATGLTHAT hddl HIVNT caIoT
¥R = IceeT F & T Ry ¥
hET-11 ("ﬁﬁﬁ lorTa)




10.

11.
Ans-

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=rFsindn

gar 3mget A afenfa w{|

: gl 3787 & IR fRe oo & gAE F T wr

aﬁmﬁmm%laﬁaama:qﬁ—cr oI
3Teot- T=TxF=rFsin0 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- 7 — px P

FIONT AT F TR Y

: guleT & R 3187 & Hew H fRdr s & fEs

W%mﬁﬁwm%mﬁm

m%lmewwWW%aﬂTr
ofet & fog @ saehr Feufa afqer a7 ar o

. —» —
I - [ —px P

SHORT ANSWER TYPE QUESTIONS:

oY Scall g geeT:

Ans-

Ans-

HefT-11 (IR

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

Angula acceleration-

ﬂ'd—f'd—[urlbr‘ vdt’) =2h +bet
o
I T FoATSSRIS BT FIUNT RATATIT 0=at+bt2+ct®
g:n-cr ¥ WY FEAdT I@aT § ar HONT aIor F41
?

Frofta e zr-ﬂ-d—,{urlhr"-z-a"]=2b+ﬁcr
did-

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, =Gi+3j—k)
Position vector of center of mass-

1

3.

7G + 57— 3k)+ 421 + 5) +7k) + 10031 + 3] — k)

.
7+4+10
_ (451 +85) —3k)
21

- 15~ 85~ 1=+
= = — —

TET T T
So co-ordinates of center of mass is- [1—75-§17l]

7 I, 4 TH AR 10 TH geIATT F Fo
feufa & @deas waer: (1,5,3), (2,5,7) 3k (3,
3,1) ¥t §| e F gegaAET Sy A Fufa Far
gt ?

fom amam &

=7gm, m;=4gm, m; =10 gm

R R =G+5)-3k), 5 =Qi+5j+Tk), n, =(i+3)—k)
gouAT Sy @1 eufa afeer-
7G +5) — 3k)+ 421 + 5) +7k) + 10031 + 3] — k)

o
7+4+10
_ (451 +85) —3k)
21
= ;—E; 8—5"—112
7' 721777
zafoT gegdATT ohg & A [%%171]

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

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

Ans- Velocity of centre of mass-

M, +m,vy +myvy

Vem =
my +msy +my

20 x 10/ +30 x 10 + 50 x 10k
100

=2i+3j+5k
20g, 30g 3R 50 g FEIATA AT AT FHoit F 1

AT 101 , 10] 3K 10k & HaY ot &
GSOATT Feg HT dd(velocity of the centre of
mass) FIT g ?

W~ GEIHIA hg T ddl-

m,v, + myVy +myvy

ch
my +msy +my

6



2010/ +30 x 10 + 50 x 10k
100

=2i+3j+5k
4. If the position vector of a particle is
r=(3i+4J) metre and its angular velocity

is = ( +2k) rad/sec then What is its
linear velocity ?
Ans- v =oxr =3i+4)+0k)x(0i + j+2k)

=87 —6] +3k

R
N O

i
=|3
0

Ify frlt wor w1 Rufy @l T-(37+4)) e ¥
AT SHEFT FONT AT o = (] +2k) WAT [AFs
ar T I@F AT FAT g ?

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

=8i -6 + 3k

|
D W =
Ll R
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 ?

Ans- The moment of inertia of system about side
AB of triangle-
I=1,+1,+1, c
A B C /\
=0+0+mx’
W:ﬁﬂsrﬁﬁr:nAB%W e &1 SIsca
N
I=1,+1,+1, c
A B C /\
=0+0+mx’
a a
2
av3 3 2 / \
=ml— | =—ma
{ 2 } 4 A B
— q —>
FerT-11 (ifady

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-47+2k)N and r= i+ 2 -4k) meter
i 3 x
Torquez =t XF =|3 2 -4
2-4 2
=7 =-12i -143-16%
S 1712127 +(-14) + (-16)
= /596 = 24.4Nm
(2i - 4 j+2k) N #7 oF T 7 &g & (3i+2]-4k)
AT T & ﬁg tR F FIT & ar FeTeer w
gR&ATeT FAT Fhm
3cai: fear a3 §-
F=Q2i-4)+2k)N 3R r=QGi+2-4k) meter
i3 x
a;n'q‘:u’i' T = fXET =3 2 -4
2-4 2

=7 =-121i-143-16k
S 17 1= V(127 + (142 + (-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 Kkinetic
energy ?

Rotational kinetic energy=

Ans-

(1 MRz)wz S [Ex 10 x (0. 5)2](20)2 =250

LONG ANSWER TYPE QUESTIONS:
& 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
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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,Ms.......Mn Whose positions vectors are

FEZ ........... f; respectively then position
vector of centre of mass is given by
y
;7'1. CM.
-) -) -p ->
2omyntmyntmyrta.. . m,r,

my+my+msy+

In terms of cartesian coordinate system : If
there are n particles having mass m;, m;...m,
and are placed at (x1, y1, z1), (x2, y2, z2)
(Xn, Yn, zn) then the centre of mass of
system is defined as (X, Y, 2)

Where
X = m1X1+m2X2+1’n3X3 ..... + mnXa :Zn m;X;
m; T m; tms..... +m, I m;
_ n MiYi _ n M;Zi
Y = 21 o and Z=2, T

If we consider the body to have continuous
distribution of matter, the summation in the
formula of centre of mass should be replaced
by integration. If x, y, z are the coordinates
of small mass dm, we write the coordinates
of the centre of mass as

X=&jxdm,Y =%‘[ydm, Z=$jzdm

Centre of mass of a uniform straight rod of
mass M and length L:- Let M and L be the
mass and the length of the rod respectively.
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.

As the rod is uniform, the mass per unit
length is M/L and hence the mass of the
element is dm = (M/L) dx.

The x-coordinate of the centre of mass of the
rod is

L 2
=ljxdm=ljx(de)=l X_ =E
M My\L ) L 2], 2

The y-coordinate is,

=%jydm =0

and similarly Z = 0.

The centre of mass is at (L/2,0,0), i.e. at the
middle point of the rod.

GgATT & Td gddq e & v gegAe
& Feg H IRANAT F| gegAT M IR FaE
L Y v dA Aefi 85 & geTA T F1 g AT
|

ST s &1 gyol geuaT Sfgd AT ST Gohar
%lu%'wﬁ'g%a’rsﬂuqou?ﬁwdlﬁmﬂ
TFQOT Zed Al del higd 8 AT @ 3R @el
T aof gt oy @ 7 &l
gig T Ad T & m,,m,, m,......
HoT § o ufa afger sAw: 5.7.4
g g &g A Ul afew @ g8 @R
SgFd T -

128}
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- -
D_mintmyntmyrnt

my+m,+my+

Frdifa A&ers womelt & wast #:- Ifg n o §
St gegA AT mi,m, ...m, & 3R 3% (xq, Y1,
21), (Xp, Y2, Zp) e (Xn, Yn, Zn) 9X T@T 31347 &
as e & gegdAT &g @ (X, Y, Z) § suad
HT |

X = m1X1+m2X2+m3X3 ..... + mnXa ZIl m;X;
m; +m; T ms...... +m, m;
n lel n M;Z;
Y=3, 3R 2=% "=
l 1

afe g7 [ & g &1 ol AaRor gar &, ar
GSUATT & shg & FI H NT Sl GHThell EanT
yfaeenfia T AT @Rl AR x, y, z o
oA dm & e § Y 87 gouAe $g &
e & 39 YR fowa §-

X=&jxdm,Y =%‘[ydm, Z=$jzdm

Ans-

e AR wfd
A, & et me o

dm = (M/L) dx 8WT |
TS & GoTHT dhog HI X-Acems -

1 _1F (Mo L
eyl xam=d(ar) 5] <5
Y-fadanes -
—y= =
Y-Y—ﬁjydm—o

AR 34 yR Z-fAdens - Z = 0 g |

37d: B @ geIHA ohg (L/2,0,0) 37d7d &8 &
ey %g IR B9 |

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.

~

Axis of rotation

Mathematically: 1=m, 72 + m,12 + myrZ+... +myn2= Yiztm; 1
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 -

129}



d/ = dmr?
=Moment of inertia of the entire body
I= Irzdm

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/L dX o ()

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

dl =dm -x? =(%4—)x2d:r,

The moment of inertia I 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
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Auxis of rotation
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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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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=,,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” +

Hence, m1 m2 = m3 =

2 2 2
SO, I=m@ +r +r3" 4o

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

I1=MK? ...(I)  Where, M=nm
By equating (i) and (ii) we get,

Mk?= m(r?1 + ro + r’3 +
= nmk?= m
I_12 +r22 _+_r33 +

s k= -

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.
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