Rigid Body Dynamics ﬂ—

Bl Exercise-1

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

PART - | : SUBJECTIVE QUESTIONS

T - | : f[d9I 9% W99 (SUBJECTIVE QUESTIONS)

Section (A) : Kinematics

T (A) : TR

A-1.

Ans.
Sol.

Ans.
Sol.

A uniform disk rotating with constant angular acceleration covers 50 revolutions in the first five seconds
after the start. Calculate the angular acceleration and the angular velocity at the end of five seconds.

T FHGY bl (10 HIONT RO I FAA 8 TR™ ¥ Ul Urd APvs ¥ 50 FFH I ¢ | Ura dpvs
gar S @Rl T HIOT 9 FId DR |

4 rev/s?, 20 rev/s
wi=0 t=5sec 6 = 50 (2n) rad.

6=(oit+la t2

(50) (21) = 0 + % o (5)2

(50) (2r) = 0 + 2%

2
o= (80)(2r)(2) =4 (2r) = 4 rev/ se?
25

of=oi+ot
of =0 + 4(5) =20 rev/ se

A body rotating with 20 rad/s is acted upon by a uniform torque providing it an angular deceleration of
2 rad/s?. At which time will the body have kinetic energy same as the initial value if the torque acts
continuously ?

20 rad/s 9 HUM @R & 9K DI (S G IO 2 rad/s? BT Hed UM HRal ¢ | fhE g R 9%
DI ISl ol IRMAS TSt Sl & FAF 81 Ife I M0 AR RINT § 2

20s

When initial angular velocity equel to the final angular velocity then

9 UIR®IES BT 99, 3IfF<aH B0 I & RER © a9

(K.E.i=K.E.f)

of = o + ot

—-20=20-2t

—-40=-2t

t =20 sec

Section (B) : Moment of inertia

@us (B) : s 3ol

B-1.

Ans.

Calculate the moment of inertia of a uniform square plate of mass M and side L about one of its
diagonals, with the help of its moment of inertia about its centre of mass.

M &HH g L ol @I U F9%0U TNHR I T 596 TP [9hvl & AUE Sed ATV, $Hd SdM ds
A TORA dTell e & A e Aot B FEIA A AT B |

ML2

12
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Rigid Body Dynamics

Sol.

B-2.x

Ans.

Sol.

2 M 1
N 7
Ll 37
&
‘ ’ \\
/ \

/ N

.

< L N

using perpendiculer theorem o=aq & THI I (Is = |2 + |1)
both diagonals divides square plate in symmatrical way so |1 = I2

T faepol TieR we o Fafa v 9 g &xa ® o =12

I3 = 22 = 2l
ML? ML?
|3 = _— |1 = R
6 12

-5

A uniform triangular plate of mass M whose vertices are ABC has lengths ¢/, — and — as shown in

L g
NN

figure. Find the moment of inertia of this plate about an axis passing through point B and perpendicular
to the plane of the plate.

RATER t& M S2@M &) 996U BoeR <ie f5\a B ABC 8, & awTs /,
e 1 fdg B oA dTell 9 a8 & oFaq 38 & IRd: Siecd Tegel J1d &l |

LHSATL%IW

2 V2

(2 .

Assuming a square‘plate ACDE of mass 4M having centre B.
AT qoi bR ©ic ACDE &1 §d MM 4M © | 91 $9&1 o= BWR 8

- (4M) 2

6
Moment of inertia of plate ABC

o1 (4M€2J M2
IB = —. = T

< ABC &1 STgcd ATel

4 6
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Rigid Body Dynamics H‘
B-3.  Find the moment of inertia of a uniform half-disc about an axis perpendicular to the plane and passing
through its centre of mass. Mass of this disc is M and radius is R.
U FHGY AL Fhd] b SIHN D 9 UIRG g 9 B oreacd e S AIUE SScd YLl S BRI, adhal!
BT gogAaE M T s RR |

2 2
Ans. MR -M ﬁ
2 3n
Sol.
COM
4R ¢
3n E
\ O !
. ’
N ¢

mR?
Ip =
Io = Iem + md?

mR2 (4Rj2
> =Iem+ M| —

T

mR2 4RV
= Iem = -mn| —
2 3n

MR2 4RV
Iov=| o _pm[ 22
e { 2 (sn”

B-4. Calculate the radius of gyration of a uniform circular disk of radius r and thickness t about a line
perpendicular to the plane of this disk and tangent to the disk as shown in figure.
TS JATHR r a1 @1 q1 THHAN AICTs t & Uh gddl &) 59 dd @ o gaq d FIEgER s9a IRy
A TORA dTell e & | gl e sa & |

r

Ans. (K= §r)
2
Sol.
I
I
I
I, 1
I = Iem + md?
2
I=m+mr2=§mr2=mK2 = (K= gr)
2 2 2
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Rigid Body Dynamics ﬂ—

Section (C) : Torque
@ug (C) : g1 regof

C-1.

Ans.

Sol.

Ans.

Sol.

Two forces F, =2i —5j—6k and F, =—i+2]j—k are acting on a body at the points (1, 1, 0) and (0, 1, 2)
respectively. Find torque acting on the body about point (-1, 0, 1).

QN 9 F, =2 —5]—6k T F, =—i +2j—k Td a¥g W fagail swaer (1, 1, 0) 921 (0, 1, 2) R RN 2|
g ®1 a5 (-1, 0, 1) & |U&T TA—3MYl AT PRI |

147 + 10] -9k

— a a ~
F, =2i —-5] -6k atpoint fdg (1,1,0) W

— ~ A~ ~
F, =—i+2j -k at point fd=g (0, 1,2) W
I’o(—1,0,1)
S C
=i+ ]+0k)—(-=i+0j+k)
- ~ ~ ~
= (2i+]-K)
» - > A A A ~ - ~
T = xRy = (2i+]-K) x (21-5]-6K)
R . e e
T =(-10k +12] -2k -6i -2] -5i)
- ~ ~ ~
T o= (=111 +10] - 12k)
% = xFy = ((+]+K) x (<T+2]-K)
— - —
Total T=h+h

T = (204]-K) x (21-5]-6k) + ((+]+K) x (1 +2]-K)
T - (<147 +10] - oK)

A simple pendulum having bob of mass m and length /¢ is pulled aside to make an angle 6 with the
vertical. Find the magnitude of the torque of the weight of the bob about the point of suspension. At
which position its torque is zero? At which 6 it is maximum?

TP ( ANTS & AR dleid T m SF™ &1 Medd oW 8, DI TP 3R Wial Sral 8, difd I8 SEaiEeR J
0 BT FAY | AT g & AT MAF & IR & 9ol Mgl BT GRATT A1 & | 9ot el fora Refay
H T BR A fe 0% forg I' fdeaw B |

mg/ sinb, when the bob is at the lowest point, at 6 = 90°.

mg/ sind, 9 T freTad fawg W) 8, 6 = 90

0 -
mgsin 0 mgcos 0

torque of mg about point of suspension is : e A fd5 & AU mg &1 FaATel
T = (mg sind) (¢)

(When bob is at the lowest position t = 0) (319 g =19 Refd W & 9@ 1= 0)

Torque is maximum when string is horizontal that is 6 = 90°

9 0 = 902 1t SR aferst EFft d9 Farrgot Sif¥raaH B |
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Rigid Body Dynamics ﬂ—

C-3.

Ans.

Sol.

C-4.

Ans.

A particle having mass m is projected with a speed v at an angle a with horizontal ground. Find the

torque of the weight of the particle about the point of projection when the particle (a) is at the highest

point. (b) reaches the ground.

TH m STAM B B v I F A0S eR1ad 9 o 19 R Jafd f&a o g1 &0 & 9R &1 gan g

@ e g1 ATYO A Y 99 B B R (a) ST g W B (b) T R W E |

(a) mv2 sina cosa perpendicular to the plane of motion

b) 2mv? sina. cosa perpendicular to the plane of motion

a) mv2 sino. cosa T & T @ of=iaq
)
)

(
(
(b) 2mv2 sina. coso T & T & T
(

a
mg
%
a L]
O¢—R2——
2
0 = mg R/2 =mg {M]
29
vZsin2a (mvz sin ZGJ
T0 = Mg =
29 2
10 = (MV2 sina. cosay)
(b)
V
o
O¢«——R——™/™X

0 = mgR
= (2mv?2 sina. cosa)

Calculate the net torque on the system about the point O as shown in figure if F1 = 11 N, F2 = 9 N,
Fz=10 N, a=10cm and b = 20 cm. (All the forces along the tangent.)

fRrAgER e ) O & |Me | gargel @ & e Fr=11 N, F2=9 N, Fs =10 N, a = 10 cm @enn
b=20cm (¥ g1 w3 Y@ & Irgfaw )

3N-m
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Rigid Body Dynamics ﬂ—

Sol.

Net torque on the system about O
0% uRd: MR R garget
w=F1.b+F2.b-Fsa

=(Fi+F2)b-Fsa
=(11+9)0.2-10 x 0.1
=3N-m

Section (D) : Rotatlonal Equilibrium
@ug (D) : guiv |rumEaRen

D-1.

Ans.
Ans.
Sol.

D-2.

Ans.
Sol.

A uniform metre stick having mass 400 g is suspended from the fixed supports through two vertical light
strings of equal lengths fixed at the ends. A small object of mass 100 g is put on the stick at a distance
of 60 cm from the left end. Calculate the tensions in the two strings. (g = 10 m/s?)

T% 400 g 3! GFHY Hier B @ RRI R ReR (Tg9d) HAM W68 & &l HHEER gl IRTAT Y
HEIAl 9 a1 ReR Plaid A ACHAT Ol 2| TS & 96 fbIR | 60 cm I TR Teh BT 100 g B ax]
B G ST ®, 1 &1 IRTAT F q9 9 S BRI (g = 10 m/s?)

2.4 N in the left string and 2.6 N in the right

2.4 N9 =0 H dorr 2.6 N i =01 |

V
TI—100m——H'T,
—60cm —>

A J/ i B

0.40g 0.1g
using force balance ¥ dge™ & fog
Ti+T2=049+019g=059g=5
Torque about any point should be zero for rotation equilibrium.
HquiF ArRIERe & forg fdl fag & amue gemgel 3 8 @y
=0
(T2 x 100 cm) = (0.4 g) (50 cm) + (0.1 g) (60 cm)
T2=(04x10x0.5)+ (0.1 x10x 0.6) =2.6 N
T2=26N
Ti=24N

Assuming frictionless contacts, determine the magnitude of external horizontal force P applied at the
lower end for equilibrium of the rod as shown in figure. The rod is uniform and its mass is 'm’.

TYORRT TS AN §Y, RATER B @1 ameRen & foy fee RR R o g, 9t &t 9o P @t

gRHATT S BRI | TS THOY & TAT SIPHT SHF m B |
Wall

P=£cote orP=mcot9
2 2

The F.B.D. of rod is as shown

©g &1 FBD fargar gmm

For rod to be in translational equilibrium
Be D WQEIING ArITEReN & forg

Ni =P (1)

N2 =W =mg ...(2)
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Rigid Body Dynamics

D-3.x»

Sol.

1
For rod to be in rotational equilibrium, net torque on rod about any axis is zero.

TS & gUIF AFIERR & oy 6l W 31e & AE B BT G JoeimegYl I B |

Net torque on rod about B is zero
B® WTUe G qolmgrl I B |

ie., mggcose—szcose+P€sine=0 ....... (3)
from equation (2) and (3) solving we get
FHIHIOT (2) T (3) BT TA P W

P-"9 coto
2

A uniform ladder having length 10.0 m and mass 24 kg is resting against a vertical wall making an
angle of 53° with it. The vertical wall is smooth but the ground surface is rough. A painter weighing
75 kg climbs up the ladder. If he stays on the ladder at a point 2 m from the upper end, what will be the
normal force and the force of friction on the ladder by the ground? What should be the minimum
coefficient of friction between ground and ladder for the painter to work safely? (g = 10 m/s?)

UH 24 kg S G 10.0 m o918 & F99Y AGl SHEaler IR & WER §9%9 53° @ I IR G TS B |
FEgieR AR TN RET 2| UReg HEH FGRERT © | Ub 75 kg FFHM BT UH UeR AIG! B HWR Fedl B |
I I8 A & FT AR A 2m & g W SR & | 99 O gRT gl R A1 1 AW 9 g
YU g AT BIN? YRR B GRIG PMH PRA B folg S q1 A & HeY YATH TN YUl T Bl

12Y? (g = 10 m/s?)
A
A
|

Bjm

v B
< - 8m ~— >
For translational equilibrium THRRI ArRIEReAT & fordy
SFe=0 SFy =0
N1 =f Nz = 75g + 24g = 99g = 990 N

Rotational equilibrium t = 0 (about any point)
Ui ARIERR ¥ 1= 0 (61 Y fog & Ame)
w=0

N1 x 6 = 249 (5cos 379) + 75¢g (8cos 379)

Nt x 6 = 24g (5 x %)+759(8x g)

N1 x 6 = (96g + 480 g)
N1 = 96g = 960 N

f = N1

pN2 = N1

N, 969 32
=N, ~99g ~ 33

Ans. 990N, 960N, 32
33
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Rigid Body Dynamics

D-4.

Ans.
Sol.

/\g

In the system as shown in figure, AB is a uniform rod of mass 10 kg and BC is a light string which is
connected between wall and rod, in vertical plane. There is block of mass 15 kg connected at B with a

light string. [Take g = 10 m/s?] (BC and BD are two different strings)

frargaR yeRia Fer 4, Swier ad 4, ge 99 3991 10 kg 31 B8 AB 8 BC &l SRI & Sl
AR TAT TS b HF IHER A H Jel 8, 15 kg BT Th wifd B W Fedl SN JSI 5—

[g = 10 m/s2] (BC @ BD &I fi=1 SR 2)

4c

=

=

=

=

=

=

E

2

4 A 53° . B
E:

d¢<—— 1m ———»|D
2

[i5]

If whole of the system is in equilibrium then find af qui e dge= # & @
(i) Tension in the string BC BC 1 # a91a =Id &I

(i) Hinge force exerted on beam at point A AR PAS RT IR g 3T B

() T=250N (i) Fh= 150 N (=), Fv =50 N ( T)
F.B.D. of Rod ©s &1
Tsin53°

AF Tw 1

y

Tcos53° 40
A 53 B

—1/2 —P¢—1/2 —>

v

100N 150N
As the system is in equilibrium. ST &1 R Fge 4 B |

> Fx=0

FetTSin530=0 (i
>Fx=0

Fy + Tsin 532—-100-150=0
Fy+Tsin53=250 ... (i)
>Za=0

= TSin53(i)—100x%—150x1=0
= %=200 = T=250N

From eqn (i) Fx=—T cos 53
IHEHR (i) Fx=—T cos 53

=—250 x % =—-150N

From eqgn (ii) Fy =250 - T sin 53 =50 N
B (i) § Fy=250-Tsin53 =50 N

/\
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Rigid Body Dynamics ﬂ—
Section (E) : Rotation about fixed axis (tu = Inat)

@ug (E) : ReR 1&1 & uRe: gu (1w = Iuar)

E-1.  Arod of negligible mass having length ¢ = 2 m is pivoted at its centre and two masses of m1 = 6 kg and
m2 = 3 kg are hung from the ends as shown in figure.

= @ =

m,=3 kg m,=6 kg
(a) Find the initial angular acceleration of the rod if it is horizontal initially.
(b) If the rod is uniform and has a mass of ms = 3 kg.
(i) Find the initial angular acceleration of the rod.

(i) Find the tension in the supports to the blocks of mass 3 kg and 6 kg (g = 10 m/sz2).
(=2m AR THEIE B TI0F THA Pl Uh B AGAR 7Y fIg 4 AT 8 T my = 6 kg Tl
mz=3 kg & 3 fIvs s9& R § RFATTAR dcdY o 8
@

ngkg *Fﬁkg
(a) I8 A gY 6 B UR™ # &S o | B8 &1 URMIS SO @ROT 91d A |
(b) IfE B H1 GIHHE ms = 3 kg B TUT SHD! 18 W 9AM wU ¥ faalRka & a1 |
(i) TS BT YRS DIV TR ST BRI |
(ii) 3kg A6 kg & @FH | LI g8 SR # TG &1 B | (g = 10 m/s?)

Ans. (a) 29 (Mm-mp) _10 e
¢ (my+my)
(b) (i) o= —2M M9 _ 5o (i) 42N ;39 N
{m1 +my +m3}
3
Sol. (a)
m 1m »
&
i 4
m.g m.g

Torque about hinge 2= (hinge) a1 dIai®Ia fdwg & AT FaATel

(m1g — mzg) [éj =L a

(my —my)g(¢/2)

m(5) (5]

_ 2(my —mj,)g
(my+my) ¢
o= 2(6-3)10 _ 10 rad/sec?
26+3) 3
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Rigid Body Dynamics H‘
(b) If mass of rod is 3 Kg Torque about hinge I € &1 g&@™ 3 Kg 8 @ daaa fag & @

et
(m1g — m2g) g =I'a
4
’ (my —my)g (2)
o =

/ 2 0 2 m3€2
myl = | +My| —| +
D) 2 12
oo 2m-my)g _ 26-310 5 4

4 m1+m2+& 2 6+3+§
3 3

4

T,

a I

T

N
m,g mg
For mi block m;i sife & forg

mig—T1=ma

T1 _ Em1g_ m12€(lj

6x2x3

Ti=60- - 42N

For mzblock mea=ife & ferg
T2 —mzog = mea

8x2x3 T2=39N

T2=ng+m2%x =30 +

E-2.=» The uniform rod AB of mass m is released from rest when B = 60° Assuming that the friction force
between end A and the surface is large enough to prevent sliding, determine (for the instant just after
release)

AR Te 98wy S| m @l B8 AB, B = 60° ¥ faRM @ BIS! ol 81 I8 @ fb fIR A9 dds
% A "9l e ¥ Ad & oIy uai< g, dl BIgH @ SIdh a1 S B —
//%B

L

W4

(a) The angular acceleration of the rod

(b) The normal reaction and the friction force at A.
(a) B HT BV TR

(b)

b) A ®R e ufafshar 9o 9 Ty 9o
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Rigid Body Dynamics

Sol.

E-3.

A f
Torque about A @& wTU&l FaATel
t=1la
¢ me?
mgcosB) — = —
(mg cos B) - 3
o= 3gcos60 _ (39
20 4

using Newton 2 law ~ =Je+ & fgda o & Suam 4

mg — N = (may)

N = (mg — may) ay : a[gcos[}}
4
N = (mg—maicosﬁj

_g 00360=mg_3rn_g =(13ﬂj

6 16

The moment of inertia of the pulley system as shown in the figure is 3 kg — m2. The radii of bigger and
smaller pulleys are 2m and 1m respectively. As the system is released from rest, find the angular
acceleration of the pulley system. (Assume that there is no slipping between string & pulley and string is

light) [Take g = 10 m/s?]

fora & ysRia RN fremr &1 STew omeel 3 kg —m?2 21 91 ¢@ 8IS forel &1 531 w99 2m T@ 1m
2 o9 Fer @1 M 4 qad fBa1 Siar & den I8 A fBRAT 91 |0 W e 981§ a1 WK1 s

2 d9 RN & 59 AR &1 B @R &1 d49 o1d #R | [g = 10 m/s?]

VITTTHITITTTTITA
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Rigid Body Dynamics

Sol. Let a be the angular acceleration of the pulley system.

o ol e &1 St @R 2—

//
For 6 kg block 6 kg if® & fora
69g-T1=6QR2a) . (i)
for 3kg block 3 kg =if® & ford
T2-39=8a¢ . i)
for pulley system R+ fA@ra & ford
= 2T1—Te=la=30 oo (iii)
From equation (i) and (ii) putting the values of T+ and Te.
FHEHRT (i) TAT (i) § T4 A T2 @ 99 WA R®
= 2[6g — 12a] — [3g + 3a] = 3a
= 129 —-240 —3g—-3a =3a
= 30 @ —9¢g

90

= o= 30 = 3rad/s? Ans.

E-4. A uniform thin rod of length L is hinged about one of its ends and is free to rotate about the hinge
without friction. Neglect the effect of gravity. A force F is applied at a distance x from the hinge on the
rod such that force is always perpendicular to the rod. Find the normal reaction at the hinge as function
of 'x', at the initial instant when the angular velocity of rod is zero.

L =18 &1 UhAA™ Udell B8 d 39 Uh R @ gRa: feaara (hinge) R f&an Siran & den a8 fehas
(hinge) @& uRa: T &¥01 & g7 & foly WA= 8| [ & Y9@ T g | B8 W fhad 4 x T W
U 9 F 39 ISR 1 ST 2 {6 96 89N B8 & ofaq il ¢ | 9 B &I SV 97 I 8 Sl
2 9 39 U R fhae W IR e gfifhan x @& wed @ w9 § 9 a1 |
F
N
X
®
Ans. N=F [1—§5j
2¢
2
Sol. Fx-M—
3
F
X
| X |
by
F-N=M ﬁoc N=F—M£ 3P
2 2\M¢2
N=F [1—§5j
2¢
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Rigid Body Dynamics H‘
Section (F) : Rotation about Fixed Axis (Energy conservation)
@ug (F): Rer s1g & ane goie (St dveo)

F-1. A solid cylinder of mass M = 1kg & radius R = 0.5m is pivoted at its centre & has three particles of mass
m = 0.1kg mounted at its perimeter in the vertical plane as shown in the figure. The system is initially at
rest. Find the angular speed of the cylinder, when it has swung through 900 in anticlockwise direction.
[Take g = 10 m/s?]

M = 1kg S&FE @ R = 0.5m S &1 & 319 94 $UD b= 9 diddfdhd [HAT Sl & 1 m = 0.1kg &
9 P RAGER SEER 9 4 59! Ry R 419 W[ €1 gR™ # e fkmaken § 21 59 a8

Wﬁﬁﬁ?ﬂﬁQWWWﬂ'&W@lﬁT%ﬂﬂé@ﬁﬁWﬁﬂ?ﬂﬁw, [g =10 m/s?]

Ans. o= \/g rad/s

Sol.

A
m

mC
After rotating 90° 90° 9 HUiF & 91

m C
m

mB

Using Energy conservation $efl G&0 & ITANT |
Ui+ Ki = Ut + Kf

(2ng+ng+0+O)=ng+O+mgR+%Igﬁ
3mgR=2mgR + % [w? = (mgR= % 10?)

2mg = (%+3mRJ o?
o = __4mg
MR + 6mR

m_\/ 4mg _\/ 4x0.1x10
“A\MR+6mR  \1x0.5+6x0.1x0.5

= o= \E rad/s
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Rigid Body Dynamics ﬂ—

F-2.

Ans.

Sol.

A rigid body is made of three identical uniform thin rods each of length L fastened together in the form
of letter H. The body is free to rotate about a fixed horizontal axis AB that passes through one of the
legs of the H. The body is allowed to fall from rest from a position in which the plane of H is horizontal.
What is the angular speed of the body, when the plane of H is vertical.

TP §g 9] AN L T8 B 96U B 9 AAd H Mpfa & 998 o 2| I8 I A o1t AB &
Ael TgiF & foY Waa 8 919 H &1 ad &S 81 99 59 fIvE 9 8ISl 911 8 | 919 H &1 dd $EaieR 8l
A 3BT BV I F®T BT ?

.-B

initial positial ~ ITR=T% Rerclt

2 final position 3rf=<\ Rerfd
Using Energy conservation So1f RefoT &
Ki + Ui = Kr + Ut
0 +3mg L. 1 [w?
2 2

I=(I1+12)

2
[l = % +me2

/\
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Rigid Body Dynamics ﬂ—

F-3.

F-4.

A uniform rod of mass m and length L lies radially on a disc rotating with angular speed o in a
horizontal plane about its axis. The rod does not slip on the disc and the centre of the rod is at a
distance R from the centre of the disc. Find out the kinetic energy of the rod.

o e B URa: AR 9 H o DI I F gEA Tl W, m SIAH T L T=IE D GH FHH B

i feen § H 2| B, FHd R A T8 € TN B F B, TSN D P 9 R W B, @
B D TS ol AT B |

()

Moment of inertia of the rod w.r.t. the axis through centre of the disc is : (by parallel axis theorem).
TS BT STScd MY FHhdl & Bvw A ok dTell 38 & AU (TR el THI 9)
(O]

—

2

I= £+mR2
12
2
& K.E. of rod w.r.t. disc (@& & aRd B &1 TSt Sofl) = %Ico2= %mm2 {Rz +:—2} Ans.

The moment of inertia of the pulley system as shown in figure is 3 kgm?. Its radius is Tm. The system is
released from rest find the linear velocity of the block, when it has descended through
40 cm. (Assume that there is no slipping between string & pulley and string is light) [Take g = 10 m/s?]

AR BRI Mo &1 STswargel 3 kgm?2 B | 59 e @1 kM 4 o &= © a1 <@id @ 40 cm

M IR R =it & RIT a1t 31 B | FoRAT @Y Brsar 1 m 2 9o a8 71 {6 S 9 fore & #ey
BIg e 8 & Td SN &bl ® [g = 10 m/s?)

3kg

/\
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Rigid Body Dynamics H‘
Sol.  When the block is descended through x, let its velocity be V.
from energy conservation

ST A x A d9 SHD! A1d V AHE Al SHoll GRev b e 9.

mgx = 11(92 + 1 mv?
2 2

2
Putting all given values & I 919 @1 WV =2 m/s

2
mgx=1l v +lmv2:> 2mgx = V? l+m
r 2 r2

Section (G) : Angular Momentum & its conservation

QUg (G): BV HIT TAT SHPBT HRE]

G-1. A particle having mass 2 kg is moving with velocity (27+3])m/s. Find angular momentum of the particle
about origin when it is at (1, 1, 0).
2 kg S BT BT (2 +3])m/s B I F TRAAE | W B9 (1,1, 0) R 2 T9 BT BT oI fawg & 108l
Bl FIwT = B |

Ans. 2kkgm2/s

Sol. (::?X gj

L= (1+]+0k) x (4146])  p -@i+6])
-
6 r

=myV

ol

g ~ ~ N A A ~
L =6k —4K =2k kgm?s =(i+j+ok)

G-2. A particle having mass 2 kg is moving along straight line 3x + 4y = 5 with speed 8m/s. Find angular
momentum of the particle about origin. x and y are in meters.

2 kg SAM BT B ARA NG 3X + 4y = 5B JJfT 8m/s B =1 A A & | BV $T ol 5 & aua
DI FIT AT IR | x ARy AR H B |

Ans. 16 kg m?%/s

Sol. 3x+4y=5

=¥, 5
4 4
) il NG oy > Vcos37°
1/4 (Vsin37°)

| N
P=mv=2x8=16 (kg — m/s)
L = (5/4) x mv cos 37°

L=5/4x2x8x%=16kgm2/s
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Rigid Body Dynamics H‘
G-3.= Two beads (each of mass m) can move freely in a frictionless wire whose rotational inertia with respect

Ans.

Sol.

G-4.

Ans.

Sol.

to the vertical axis is 1. The system is rotated with an angular velocity wo when the beads are at a

distance r/2 from the axis. What is the angular velocity of the system when the beads are at a distance r
from the axis ?

T AN (P SFAM m) P gYIRIRd R H W@aAaIgdd d B Fahd 8 | TR BT HEAiER A B AT
Secd Mgl 15| Sd AR 318 A r/2 T W &, A1 M B wo B I I garan Sl & | 5id ARd 37
A r @ W g, A Fer &1 o a9 @ grm?

e
- (1
r/2 r/2
I+ m—rz o,
2 0
I+2mr?
JA™ NP
A—A @::@
) || [] 1
\J \J
r/2 r/2

initial position U&7 Rerch Final position 1f~q\ fRercft

- -
No external torque so L = cont. PIs 91eg qargol T8 8 L = I @ m
Li=Ls

(Timo = Troo)
2 2
mr  mr
[+ —+— |wo=(I+mrZ+mrd)e
4 4
[ 2
mr
I+
W= 2 > ,
I+2mr

A system consists of two identical small balls of mass 2 kg each connected to the two ends of a 1 m
long light rod. The system is rotating about a fixed axis through the centre of the rod and perpendicular
to it at an angular speed of 9 rad/s. An impulsive force of average magnitude 10 N acts on one of the
masses in the direction of its velocity for 0.20 s. Calculate the new angular velocity of the system.

e 6™ H 1 m g P Eedl B b aFl (BRI R QI THAAM YD 2 kg BT g 1 g 2 | e,
TS & SIAM B I Yol dlell 9 $HS oTdd A& b AuE 9 rad/s B BT 9 F gUIF PRAT B | Ub
10 N 3irqa aRRHATeT &1 A 91 Th GgdE WR 0.20 s O% g9d 99 &I fen | o e g | e &
AT PV 9T S B |

10 rad/s
-
2oL
ext dt
. o, = 9 rad/sec
2kg i 2kg
v (2 o——90
dL =[Textdtj E—1m ——>

/\
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Rigid Body Dynamics ﬂ—

Ans.

Sol.

(_r)xl_gj = E, d: = [?XEJd’[
dt

(U—M:I (Frd)  (lor—lo) = (rF 1)

(o — 9) = (0.5)(10)(0.20)
0.5x10x0.20

23] -2 (3

o = 10 rad/s.

A uniform round board of mass M and radius R is placed on a fixed smooth horizontal plane and is free
to rotate about a fixed axis which passes through its centre. A man of mass m is standing on the point
marked A on the circumference of the board. At first the board & the man are at rest. The man starts
moving along the rim of the board at constant speed v, relative to the board. Find the angle of board’s
rotation when the man passes his starting point on the disc first time.
TH M &AM 9 R 590 &1 qameR 9 U@ §¢ e+l §9dd ddg W @1 Ol & 91 39d s o
TR arell ReR o7 & Ave gA1 & oy @ad 81 U m g9 &1 @fdd die 31 gk w fR&ifed fig
AR G 2| UR™ § 91 9 el faRmraRen # 2| e drs & uRfY W, 918 @ 91y e i ard
Vo ¥ WY U™ &Rl B | 99 Afdd 91 WR I URMMS fIg A Usel IR IoRdT B, @1 91 gRT a9
AT BT AT B |

4m

M+2m

o
Angular momentum conservation about O 'O’ & ATEl IO T FRETOT 7

Io = mvR
MR?

o =mvRkR, MRw=2mv

[MR@J

V= | ——

2 m

With respect to bord man's rotation v + @R velocity so in one rotation when velocity v + ®R angle taken by
man (2m).

€ & 9 Jfdd B g I v + oR B 7 TH g H T9 9 v + oR T 99 Afed gR1 a9 e
BT (27) B |

. 2nR
V+oR

Angular velocity bord is ® so at the same time angle covered by disc=o. t= ( 2n Rj.

®
oR+V

Eﬁ@‘iﬂﬁﬂﬁﬂﬁﬁm%&ﬁ:ﬂﬂﬂ{ﬁHuﬁuq)dﬁmaﬂﬁTmWﬁW:m.t:( en R].

0}
oR+V
2noR [ 4mm
MRm+mR M+2m
2m
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Rigid Body Dynamics ﬂ—

G-6.=. A point object of mass m moving horizontally hits the lower end of the uniform thin rod of length ¢ and

Ans.
Sol.

mass m and sticks to it. The rod is resting on a horizontal, frictionless surface and pivoted at the other
end as shown in figure.

U fdvg T@EH m, U6 GH®Y Ul (WS 9 m SHH B BS B fHael R W AfYS Wy <R @
Jorn 399 fue o B, B &fde e |ds R & § U9 S TR 9G] SO}l RIRT et 2

m
*o—>
\"

Find out angular velocity of the system just after collision.
TIIR & OB 91§ B & S 91 F1a B |

3v/4¢

/

m v

*~—>
external torque about hinge is zero, so FEdIa g & AU T AT I B 3N

5
L = constant fFIa

Li = Lt
mvi=I1lo
mv/ mv/ 3mv/ (Svj
I m¢ s 4m¢ 4/
T+m€

Section (H) : Combined Translational & Rotation Motion (Kinematics)

@ug (H) : 9gF RFEiay T goib wifa (i)

H-1

Ans.

The centre of mass of a uniform rod of length 10 meter is moving with a translational velocity of
50 m/sec. on a frictionless horizontal surface as shown in the figure and the rod rotates about its centre
of mass with an angular velocity of 5 radian/sec. Find out Va and Vs

RAGER T 10 Wer W) G99 B8 & 991 d= 50 m/sec. ¥ HYURRT &S a8 R RIATRY
A B I/ 2 T B 39D ST dw & URA: 5 radian/sec. & BT I | FAA 2| Va T Ve TG
B |

A

>V, = 50 m/s
¢=10m J o =5radss

w |

Va=25m/s,Ve=75m/s

/\
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Rigid Body Dynamics ﬂ—

Sol.

H-2

Ans.
Sol.

H-3

Ans.

0/ A

Vem

/=10 T—> Vem = 5 rad/sec
T w = 5rad/sec

5 [Vem + wo(¢4/2)]

Va =(ch—0)€/2)
=50-5x5=25m/s
¢
Y =V, +o—
B (cm (")2)

=50+25=75m/s

A ring of radius 1 m. performs combined translational and rotational motion on a frictionless horizontal
surface with an angular velocity of 3 rad/sec as shown in the figure. Find out velocity of its centre and
point A if the velocity of the lowest point Ve is 1 m/sec.

AR 1 m. B @ e g0 e SUORfRd AfdS @dg w3 rad/sec. & BN I A YA
RIMRRII g goiF 10 R I8 2| 598 &= g fdg A B 97 90 S afe e a5 &1 99 Ve,

1 m/sec. B |
/-> o = 3 rad/s
y

: L.

>V,=1m/s

Vo=4m/seci, Va= (4? +3])m/sec

oR 4

0R < > VVem
ch-O)R:VP
ch—3>(1=1

Vom = 4 m/seci

Va=Vem i + oR ]

= Va=(4i +3])

A plank is moving with a velocity of 4 m/sec. A disc of radius 1 m rolls without slipping on it with an

angular velocity of 3 rad/sec as shown in figure. Find out the velocity of centre of the disc.
FRIETIAR U& Ucel 4 m/sec. @ 97 9 =l @1 2| o 1 m & u& =acll 39 WR a1 fveel e &) 2 |

S BN =T 3 rad/sec. & | Ihdl B SHATT B BT I Id BRI |
’_\(D:Srad/s

I ————>v=4m/s

Vem =7 m/s.

/\
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Rigid Body Dynamics A\

Sol.

H-4

Ans.

Sol.

H-5.=

4
oRE——>V,,
ch —-oR=V
ch =V + oR

Vem=4+3x1=7m/s

The end B of uniform rod AB which makes angle 6 with the floor is being pulled with a velocity vo as
shown. Taking the length of the rod as ¢, calculate the following at the instant when 6 = 37°

HHEY B AB BT fHIRT B 1 B3 | 0 DI I 2, $H FETGAR vo I A Wil 91l & | B8 b owls
PI (A §Y, 0 =372 & DIV B Rfd w51 &1 A9 A1 B |

V,

0
(a) The velocity of end A (b) The angular velocity of rod (c) Velocity of CM of the rod.
(a) fF IR A T a7 (b) BS BT HIUNT I (C) BS & TTAM b= B 91
4v, 5vy Vo 2v,
a) — b) — C)Vx= —,VWy=——+
(a) 3 (b) Y (c) 5 W 3
(a) vasin © = vo cos 0
tan® 3
. 3v, +4(4V0j
(b) © = Vo Sin0+v, coso _ 3 _ 9v0+16v02%
4 5¢ 15¢ 3¢
(c) vx = ﬁ Vax tVex | _ Vo
2 4 2
1 2v,
Vy = E(VAy +VBy) = T

A ball of radius R =10.0 cm rolls without slipping on a horizontal plane so that its centre moves with
constant acceleration a = 2.50 cm/s?; t = 2.00 s after the beginning of motion its position corresponds to
that shown in Fig. Find :

Ud g 3 Brear R =10.0 cm 8, Sl &Rl 9 R 91 e & Jed I8 8 a1 $HP] = ad @xol
a=250cm/s2¥ T FRaA1 8| A YH BH B t=2.00 s B I 39 RAT form A @iy gaR B

qaren

(a) the velocities of the points A, B and O (b) the accelerations of these points.
(a) o5 A, B @M O &1 a7 (b) 371 fa=gail &1 @RI

/\
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Rigid Body Dynamics

Ans :

Sol.

/\g

2
2ta

(@) va = 2at = 10.0 cm/s, vg = \/2_at =7.1cm/s,vo=0; (b)aa=2a 1+[—J = 5.6 cm/s?,

ag =a =2.5cm/s?, ap = a’t?/ R = 2.5 cm/s?

/K\a

B

>2.50 m/s’
a

a=oR (Pure rolling) & dre- i

v=u+at = (v=at)
For pure rolling = (v = oR) Y& drel T & ford
(a) After 2 sec (a) 2secdlq

(0)

g (v + 0R)

A
B V
Y oR

©R o v
Va=V + oR = 2V = 2at
Ve=Vi+oR () =(V2V)= V2 at
Vo=V-0oR=0
(b) a =R

o

aa=2a i
A + R

2,2\ 2.4
aa = \/(2a)2+[4aRt J , 42 + 1621

2.4
an = 2a/m+4;;

as=(a—w?R) i +(aR) (-])
[ 432’[2J1‘ .
as=|a-— i+a(-j)

R

"R | R

R2

R

/\
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Rigid Body Dynamics ﬂ—

Section (I) : Combined translational & Rotational Motion (Dynamics)

|oE (1) : € WG 9 g (@ i)

I-1.

Ans.

Sol.

I-2.

Sol.

I-3.

Ans.

A small solid cylinder is released from a point at a height h on a rough as track shown in figure.
assuming that it does not slip anywhere, calculates its linear speed when it rolls on the horizontal part of
the track.

TP GRER YU TR UH BIC 319 Jo9 B h $a18 W Reyd g & @R 8rer o 2| 98 AFd g¢ &

I8 HEl W TR Al & @ 0 @ &S 9N R gedd W 39! Y@ a1 §@1d B |

fﬁh
3
(v = oR)
Using energy conservation So1l =& |

mgh = 1 mv2 + 1 [o?
2

1 11 vY
mgh= — mvZ+ — — mR? | —
2 22 R

mgh = 1 mv2 + 1 mv?
2 2

2
mgh = 3n;v =V= f%

A uniform ball of mass ‘m’ rolls without sliding on a fixed horizontal surface. The velocity of the lowest
point of the ball with respect to the centre of the ball is V. Find out the total kinetic energy of the ball.

m SEHM $1 Uh 96U o g Th Rer &S eRad R a1 fhael deadl 21 ] @ v @ A
9% =T fag &1 90 V2 | 3] &1 | Tfael Sl 8l —

Total KE{B}[WW:%mVZ+%Im2

ngﬁzm2 6

5

1 12 7
= mv2= —
10

A string is wrapped over the curved surface of a uniform solid cylinder and the free end is fixed with
rigid support. The solid cylinder moves down, unwinding the string. Find the downward acceleration of
the solid cylinder.

U WU Ol dod $I g 9a8 R b SR fudl g8 B d1 g9 Nl R ReR gg R W

TUT BT 2| ST & oIl | S Joi Aird DI AR TN & | 31 da BT Aird Bl IR &R F DI |

mv?

|
|
3
<
n
+

/\
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Rigid Body Dynamics ﬂ—

Sol.

1-4.

Ans.

Sol.

For linear motion :
@ 1 & forg

mg-T=ma ... ()
For angular motion :

goff 7fy & forg

2
TR. = (mR j o
2

mRa ..
T= 5 e (i)
For no sliping :
B3 e T8 & o
a=Ra (iii)
From equation (i), (ii) & (iii)
[HER (i), (i) q«AT (i) |

a—gg
~ 3
T
(04
a
mg

A uniform disk of mass m is released from rest from the rim of a fixed hemispherical bowl so that it rolls
along the surface. If the rim of the hemisphere is kept horizontal, find the normal force exerted by the
bowl on the disk when it reaches the bottom of the bowl.

T ReR 3 MATPR el @I aRA & fFIR A m S B Tb 96U adhall Dl $9 TR Jad b
ST 8 fb U8 AdE R geddl g8 A B AR I 7| Al el B aRfY &S ) g% B @ 59 =),

Tl B UG WR UGEIT B, A W §RT Dbl W ST 7 e ad g A DI |

Let R & r be the radii of hemispherical bowl! & disc respectively
From energy conservation,

R AT r Y3 STETlel dT bl P F3oarg & d SHofl axev e 9
mg(R-r) = %mv2+ %Ioﬂ

For pure rolling,

Y€ die i & forg

V=ro
2

mg(Fl—r):lmv2+llmr2 v
2 2\ 2 r

/\
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Rigid Body Dynamics

I-5.=

Ans.
Sol.

mg(R-r) = % mv¢ (i)

From FBD of bottom :
9 ® fot FBD 9

g
From equ. (i) & (ii),
FHHRT (i) 9 (i)
7

N=—m
3 g

There is a rough track, a portion of which is in the form of a cylinder of radius R as shown in the figure.
Find the minimum linear speed of a uniform ring of radius r with which it should be set rolling without
sliding on the horizontal part so that it can complete round the circle without sliding on the cylindrical

part.

o W yeRRid uo YRERT & TAT 3AS U 9F do1aR 8, e Broar R e | 39 afas 9rm o) r e
el T AN ad DI A YAaH Y& o A 9 e gedd 8¢ 1 9N f$ I8 JATIeR AnT o

JABR 9 W YR 47 el Fams o a7

R
@)

3g(R-r)

Let vi & v2 be minimum speed of ring of bottom & top of cylindrical part

AT vi TATv2 99 @ Tl T Soacd 95 R 909 1 a1d ¢ |

\A

N
mg
VW
<0
At top of path
qAIH IR B g W
2
N+mg= V2

(R-r)
for minimum speed =¥ a1t & g N =0
v2=g((R-r ... (i)

From energy conservation between bottom & top point of cylindrical part

TAMHR 91T & Izaa¥ 9 Feaq g & 7= Sorl a=ero1 oM 4

1 mv12 + 1 Ini2 =2mg (R—r) + 1 mva2 + lla)z2
2 2 2 2

For pure rolling & el I & foIg w1 = Vr—‘ w2 = VT2

1 2, | o Vi _ 1 T V2
:>2mV1+2(mr)r— 2mg (R )+2va+2(mr)r2
= mvi2=2mg (R - r) +mv2 (i)
from equation (i) & (i) THRT (i) T (ii) |
>mvi2=2mg(R-r)+mg (R-r)

= vi = \J3g(R-r)

/\

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

Resonance”®

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

war Road, Kota (Raj.) — 324005
ADVRB - 25



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

1-6.

Ans.
Sol.

I-7.

Ans.

A uniform solid sphere of radius R is placed on a smooth horizontal surface. It is pulled by a by constant
force acting along the tangent from the highest point. Calculate the distance travelled by the centre of
mass of the solid sphere during the time it makes one full revolution.

T e aifers was R R 3o &1 ta |9 o e Rerd & | REgar g8 g9e divad g uR sl
YER TR 9 §RT @il Wl 2 | Mol & R U@ Y01 I a9 3 H, o G99 H 59 SAH s
ER1 T B TS T B |

4 t R/5

Ve
For linear motion,

F=ma ... (i)
For angular motion,

FR. = (Emsz o
5
5F
o= ——
2mR

6 = oot + lat2
2

on=0+ L[ 5F |
2 | 2mR

. 8mmR
5F

Distance covered by sphere during one full rotation

S=ut+lat2
2
1(F)(8wmR
=0+ - |—
2 m 5F
g 4R
5

A uniform hollow sphere of mass m = 1 kg is placed on a rough horizontal surface for which the
coefficient of static friction between the surfaces in contact is pu = 2/5. Find the maximum constant force
which can be applied at the highest point in the horizontal direction so that the sphere can roll without
slipping. (Take g = 10 m/s?)

e &St dd8 W m = 1 5 Sg9H arel U UHEEE @il el @ 83 ©§ | 9Fd Adel b el
Wifs a1 Tonies B AH = 2/5 & | A g w afs fawn 9 fdeaq fea s=R 9 ewman o
qhdl © b e dd8 W S e gea ? (g = 10 m/s?)

5 umg, 20 N

/\
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Rigid Body Dynamics H‘
Sol.

For linear motion

@ 1fa & forg

F+f=ma (i)
for angular motion
goff wfy & farg

(F-f)R= {%msza .............. (ii)
forpurerolinga=Ra L (iii)

g de i & forg
From equation (i) (ii) & (iii) ¥i@=w1 (i) (i) @ (jii) &

F+f _ 3

F—f 2
= F = 5f

Fmax=5fmax

Fmax=5umg =20 N
Section (J) : Conservation of angular momentum (Combined translation & rotational motion)

Gvs (J) : BIof G EREV (Y IR Td o i)
J-1= A uniform rod of length ¢ and mass 4m lies on a frictionless horizontal surface on which it is free to
move anyway. A ball of mass m moving with speed v as shown in figure.collides with the rod at one of

the ends. If ball comes to rest immediately after collision then find out angular velocity o of rod just after
collistion.

NS (9 S 4m P Uh 9HOUY B8 TP YRR AfdS 9dg R ) 21 I8 R f "% 9 @
fou T 21 m S@EH B U I8, v Ad A RIEAR B8 B e R IR THRAN © | e TIPR D R

915 g faRM R 37 Wil § A1 TFPR B I 91 g Bl DIV I o T BN |
A

Oe

me ———>

Ans. o=3Vv/2¢
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Rigid Body Dynamics ﬂ—

Sol.

J-2.

Ans.

4m

Torque about centre of mass of external force is zero. SIFFH &= & Y& IET Il BT JATHY A & |
Li=Ls

2
mv£=4m €— o)
2 12
= |o=—
20

A uniform rod having mass m1 and length L lies on a smooth horizontal surface. A particle of mass mz
moving with speed u on the horizontal surface strikes the free rod perpendicularly at an end and it
sticks to the rod.

(a) Calculate the velocity of the com C of the system constituting “the rod plus the particle”.

(b) Calculate the velocity of the particle with respect to C before the collision.

(c) Calculate the velocity of the rod with respect to C before the collision

(d) Calculate the angular momentum of the particle and of the rod about the com C before the collision.
(e) Calculate the moment of inertia of the rod plus particle about the vertical axis through the centre of
mass C after the collision.

(f) Calculate the velocity of the com C and the angular velocity of the system about the centre of mass
after the collision.

M1 GTAM 9 L =18 &1 U 99w B afadl e 908 W @ T8 8 | m2 S &1 U BT u ard 49

T FRAT §IM B & oI¥ad P (IR TR FHaq <l § N s S 21 (a) B 9 &9 o™ &
SIAE B C &1 97 o1 &I | (b) TIHY A Ul $HY BT C & AU 97 S BRI | (C) TIHR H U8l B9
H1 C B AUE I A1 B | (d) TIPR A Ul HY 9 B &1 C B WY& BT FIT S BRI | (€) TIIR D
e e $1 (TS 1 HU1) I s C I Yok dlell HedieR e & uRd: STed megel = - (f)
CFIR B UL SEE dw C BT 99 T GFAM ds C $ A&l BRI &1 HIoig o9 A |

() myu b myu _ myu d m12m2uL m1m22uL
my +my my +my my +my 2 (my+my)? 2 (my+my)?
@) my (M, + 4m, )2 [ _Mau 6 myu
12 (my+my) my+m,  (m;+4m,) L
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Rigid Body Dynamics

Sol.
m, m, m, m,
o |L L, | ed—— V., o (L L | e4——> Ve
mz m2
initial Final URfRTH aifaq
(a) Pi=mav

Pr = (m1 + m2) Vem
mav = (M1+ M2) Vem

m,V
Vem = | —2—
my +m,

(b) V' (u—Vem)
Viey— MU _ myu
my +m, my +mj,
(© v1=—vcm=( L j
my +my
L
O -
my( )+m2(2j m,L
(d) Xem = =
(Mg +mjy) 2(my +my)
T
Xcm
¢ | e
pob__oml RN B
2 2(my+my) 2 {my+m,

momentum of particle &1 & FITT

= Pi= | mp(u— Vo)L =my 1Mk MM u
22(m1+m2) m1+m2 2(my +my)

Momentum for rod B8 & oI |1 = myV,, x Lo _mb mpu m;’u
2 (my+m,)?
(e) For particle : &9 & ford
22
I = m2L2 = %LZ
4(my +ms,)
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Rigid Body Dynamics

2 2
12 = m1L +m1 —m2L
12 2(my +my)

m, (my + 4m, )2
12(my +m,)
(f) Velocity of centre of mass ~ S&HAM &= &1 97T

) ( M,V ]

Using angular momentum conservation &I | AR &
M2V x Lem = Iem ®

myL
2(my +my)

I=l+I2=

= m2U Iem .0

m,L my (my + 4m, )2
m2U = X ®
2(m, +m,) 12(m; +m,)

6myv

= 0= —————
(my +4m,)L

J-3. A uniform solid sphere is placed on a smooth horizontal surface. An impulse I is given horizontally to
the sphere at a height h = 4R/5 above the centre line. m and R are mass and radius of sphere

respectively.

TP TSI 3 el Uh e afds ad8 W @ 81 5 @1 X&1 9 h = 4R/5 a8 R afas faen §

U AT 1 fear S €1 m a2 R Y9 Mol & goudE 9 f3roar 2

(a) Find angular velocity of sphere & linear velocity of centre of mass of the sphere after impulse.
(b) Find the minimum time after which the highest point B will touch the ground,
(c) Find the displacement of the centre of mass during this interval.

(a) JMATT & 91§ Tl BT PIVNT I g Ml S SIHE HS BT Q- I S BRI |
(b) g8 YATH Ad 9 918 TIel 1 Soacd {9, B Ad8 ®I Bl 8, S BRI

(c) 39 AR & SR SAM b B AR

I

[meaf%mﬂ5@§1

2l
Sol. V& ware linear and angular velocity after giving impulse 1.

V @ o AT ST 139 & g5 IRGY 3R BT 977 2 |
I
: iw/:

Applying impulse momentum equuation
T AT FHHROT |
I=mV
Applying angular momentum equation wrt centre —

P B AU DIV AT FABRY AR HRA W

Ix 2R=2MRZ0 0= 2L
5 5 MR
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Rigid Body Dynamics

(@) Time taken o _ angletranversed 9T g3n ®Iv

angularvelocity @i au

_n _ mmR
o 2
(b) Displacement of COM during same time = v.t
THAE Bs BT FAM THT H AR = vt
1 mmR
“m 2

J-4.» A uniform disc of radius R = 0.2 m kept over a rough horizontal surface is given velocity vo and angular
velocity mo . After some time its kinetic energy becomes zero. If vo = 10 m/s, find wo.

Th FqHwY gddl el e R = 0.2m 8, B GRS &fisl eRidd W 99 vo (=10 /3. T i
I o USH B WA & | FB T ULA 3AD! TS Sholl YA B O B | RS SIof 997 wo 10

Ell
g
Vo
rough surface
Sol.  Kinetic energy can become zero only for the case shown in figure ;
AR d9a fr=1 Rafa & forg vt sort g 8
F=pumg
Torque equation :
AT FHIHROT
MR?
(umg).R = .o
= o= 2Lg
R
. ) wR
Therefore 3d: ,t= — = — ... (1)
o 2ug
For translational motion ®m=r=iRa 7fy & ferg :
Yoo 2)
ug

From (1) & (2) &= (1) 3 (2) & ﬁ:"_‘)

2ug ng
= ®o = 2o = 2(19 = 100 rad/sec. Ans.

R 0.2

Section (K) : Toppling
gug (K) : golem

K-1.= A solid cubical block of mass m and side a slides down a rough inclined plane of inclination 6 with a
constant speed. Calculate the torque of the normal force acting on the block about its centre and the

perpendicular distance 'x' from centre of mass at which it is acting.

Th m SEE 9 a Yol $1 3 THR <P FGREY 0 BV dlel d W A B AR Fd = 4 foseran
2| 39D dw B URT: =i W o dTel AT g1 BT ge1 AT I SHAM B A ovdaq o X' S

PRI | ST TE HRRA B |
atano
2

Ans. %mg asind, x =
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Rigid Body Dynamics ﬂ—

Sol.

Force balance da |=jferd &%+ W

N= mg cos 0

f=mgsin®

Torque balance (about centre of mass)

T B b AUE JATYY Aferd DR W

amgsin© and x = a mgsin® _ atano
2 2mgcos6 2

NX=fxi=
2

Torque of normal force 3= I &1 El?«ITEJ\Uf Nx =mg sin 6 %

PART -1l : ONLY ONE OPTION CORRECT TYPE

AT - Il : BT U 98! fdhed UBR (ONLY ONE OPTION CORRECT TYPE)

Single Choice Objective, straight concept/formula oriented

Section (A) : Kinematics

Tus (A) : TPt

A-1.

Sol.

Sol.

A fan is running at 3000 rpm. It is switched off. It comes to rest by uniformly decreasing its angular
speed in 10 seconds. The total number of revolutions in this period.
T gl 3000 rpm A gH V&1 8 | I8 1 [bAT S &, A1 I8 IV 97 B Y AN B &% A FATT g3l

10 APvS H & AT 2 | 59 I<RTA 9 IR T FoA adbR 81 |

(A) 150 (B*) 250 (C) 350 (D) 300
wo = 3000 rad/min

o = 3000 rad/sec = (50 rad/sec)

t=10 sec

ot=0

of = mo + at

0=50-a(10)

o = 5 rad/sec2
0=wot+ l o t2
2

0 =(50) (10) + % (=10) (10)?

0 = 500 — 250 = 250 rad

A block hangs from a string wrapped on a disc of radius 20 cm free to rotate about its axis which is
fixed in a horizontal position. If the angular speed of the disc is 10 rad/s at some instant, with what
speed is the block going down at that instant?

Udh TACH] gIAT i, &fel 3iet & uRa: ga arell 20 cm 3roan @1 gl W fofud! g8 ST ¥ 991 g3l 2 |
afs fedt &1 Tt 3 Bof a1 10 rad/s 81 A A1 &1 3R RN s @1 59 &1 =7l 81 |

(A) 4 m/s (B) 3m/s (C"2m/s (D) 5m/s

V = oR

V=10 x 0.2 = 2m /sec.

/\
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Rigid Body Dynamics ﬂ—

Section (B) : Moment of inertia
@ug (B) : T$cd 3ol

B-1.

Sol.

B-2.

Sol.

B-3.

Sol.

A uniform circular disc A of radius r is made from a copper plate of thickness t and another uniform
circular disc B of radius 2r is made from a copper plate of thickness t/2. The relation between the
moments of inertia |a and Is is

TS r S0 & PR U T Gadl a, t Aers @ did B ©lc 9 9915 TS 5 a1 gEd 2r B o
JASR T T aHhc B, /2 Al @1 I & ©ic F & q91 T8 8| STecd M0 1o T |z & AL Hag
B —

(A) la> 18 B)la=1Is (CHla<lIs (D) depends on the values of t
andr.

(A) la> 18 (B)la=1s (C)la<lIs D)ra ta A9 W R FH=ar
=

ma = (c.nr2.t)

me = .7 (2r)2 (1/2) = (c2np?t)
ms > MaA

Rs > Ra

so, Is>1a

The moment of inertia of a non-uniform semicircular wire having mass m and radius r about a line
perpendicular to the plane of the wire through the centre is

SAM M g ST r & TP IRIHRY AGIATBR AR Bl 50D dx A YR dlell 9§ IR & Il & owaq
FeT & AMeET STecd el B m—

* 2 l 2 l 2 g 2
(A*) mr (B) 5 mr (C) 2 mr (D) 5 mr

I=.|Admr2
I=r2jdm =r2m=mr?

Let 1a and Is be the moments of inertia of two solid cylinders of identical geometrical shape and size
about their axes, the first made of aluminium and the second of iron.
IfE FRY SRR TP T IMHR & T S Jad BT ITd! e & AU STecd MOl [a TN [s B | gl
THATH g g dlg 9 9918 IRl 86—
(A" Ia< 18 (B)Ia=1s (C) Ia>1Is
(D) relation between 1a and Is depends on the actual shapes of the bodies.
AT I8 S FeT G SHP! AR P TR R H_al 7 |
OB > CA
Is>1Ia
so, If the axes are parallel 3/d: If 3reT FAFGR & o Ia< s
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Rigid Body Dynamics ﬂ—

B-4.

Ans.
Sol.

B-5.

Sol.

B-6.

Sol.

Let I1 and |2 be moments of inertia of a body about two axes 1 and 2 respectively, The axis 1 passes
through the centre of mass of the body but axis 2 does not.

(Al <2 (B) If I1 < I2, the axes are parallel.

(C) If the axes are parallel, 1 < I2 (D) If the axes are not parallel, 11 > I2.

Ife 19 231 el & URT: b I & Sfscd ATVl HA: 11T 2B | 318 1 a%g & SFAM ds | I[oIRl
T IR e 2 TEI—

(Al <2 (B) X 11 < Iz, 3767 AR B |

(C) afe 1T ¥R 8, li < I (D) afg 3re7 TR & B 11 > L.

C

lo=11+ Md2 Then a3 l2 > |1

The moment of inertia of an elliptical disc of uniform mass distribution of mass 'm’', semi major axis 'r',
semi minor axis 'd' about its axis is :

m SAE B FASY SH fIaR0T aTell Tgard el r' oIl Sgorg e 'd' B S1™ JATBR Fbddl BT TS
amept sHaY et @ uRa: B |

2 2 2 2
mr md mr mr
A =— B) =—— C) >— D*) < —

(A) 5 (B) 5 (C) 5 (D7) 5

Moment of inertia of the elliptical disc should be less than that of a circular disc having radius equal to
the major axis of the elliptical disc. Hence (D)

e g RN BT STScd MY SHS! JFGard I b WA AT ATl I AD B oTecd MY A BH
g1 8 | Hence (D)

A unifrom thin rod of length L and mass M is bent at the middle point O as shown in figure. Consider an
axis passing through its middle point O and perpendicular to the plane of the bent rod. Then moment of
inertia about this axis is :

aHE L smE M3 Us Udell B 9 fag, O R REgER 491 8| 989 g, O 9 IOk drell dor
IS BE & T B Idd TP 3 B Ra: e el 7 |
0

0
2 1
A) — mL? B) — mL2
(A) 3 (B) 3
(C* LI (D) dependent on 6 o R R wxm
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Rigid Body Dynamics ﬂ—

B-7.=. The moment of inertia of a uniform circular disc about its diameter is 200 gm cm?. Then its moment of

Sol.

B-8.

Sol.

B-9.

Sol.

inertia about an axis passing through its center and perpendicular to its circular face is
U FHRU JAIPR Tdhdl Pl 39S A & R Siecd gl 200 gm cm2 B O $Hd D= 9 UIRT Td
JATHR HAD & wdq Al & IRT: ST Aol BRM—
(A) 100 gm cm? (B) 200 gm cm? (C*) 400 gm cm? (D) 1000 gm cm?
Ix+ Iy =1z
2lx =1,
I =2 x 200 = 400 gm cm?

A thin uniform rod of length 4 /, mass 4m is bent at the points as shown in the fig. What is the moment
of inertia of the rod about the axis passing point O & perpendicular to the plane of the paper.
TUF 4 | =TS, 4m SAM B Tdel THAAN B8 Hl AR Alel Sl 81 B8 &1 O A fwe areft qen

BITS & FAAA $ ol aq & & A STecd IMEY Fa1 8N 2
0

m ¢2 10 m¢? m ¢2 m¢?
A B* C D) —
(A = (B) =3 ©) = (D) g
The given structure can be broken into 4 parts
& g [FA B 4 9T H A W
A 2 D
B C
2
For AB & forg I=Ic;w|+mxd2=%+57m62 ; IAB=%m|2

2
For BO @ farw 1=%

For composite frame :  (by symmetry)

ol e & fod . (FEf 9
4m/¢? m_€2} _10

+ — ml?
3 3

I=2[Ias + IoB] = 2{ 3

Moment of inertia of a uniform disc about the axis O Q' is:
OO’ e & W|TUeT Tl BT STd MU 7

3mr? m r?
(B) —
2 2

Pearpendicular axis theorem

(A)

mr2

I & UHT o= I+ Iy = -

from symmetry FAAT | =1y

2
mr

= Ix= —
4
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Rigid Body Dynamics ﬂ—

B-10.

Sol.

B-11.

Perallel axis theorem HHT<IN & WX
Too = Ix + mr2

The moment of inertia of a hollow cubical box of mass M and side a about an axis passing through the
centres of two opposite faces is equal to

TP @rEel TG 999 P G@AE M TAT STl a B | 39, 39! &l AuRd Badl & 7e fAgei ¥ o
et et & ATeT STgcareel g —

5 M a? 5 M a? 5 M a? w5 M a®
A) —(— B) —— C) ——— D) ——
3 6 12 18
. M M
Takmgmassofplatem:E I BT S m%‘?ﬁ:E

Then MI of two plates through which the axis is passing = m 5 x 2=

2
JeT & AUE 3T wIC] BT Sfscd IMMET =m;1 x2=12

M.I of 4 plates having symmetrical position from the axis

Fafd Rercll & fo 4 =iel &1 31& |ue STscd MMYT

m a? a) m a?
=4X +m| — =4x
12 2 3
4 m a® ma 5 m a
3 3

Total MI e STecd 3MTE[UT = + =

2
using%:miﬁW@:Ml: 5 1I\ga

A uniform thin rod of length (4a+27a) and of mass (4m+2zm)is bent and fabricated to form a square

surrounded by semicircles as shown in the figure. The moment of inertia of this frame about an axis
passing through its centre and perpendicular to its plane is

oIS (4a+27a) TAT SHAH (4m+27m) B Ub, THAAE Talell BS Bl Ud ¥ & U H HSl T 2|

T I8 T U AGga g1 EgAR foRT 837 © 1 39 B¥ & 50S b= A Yok dlell ol 59 dd &
A e B URT: ST IMMEYT BRI |

2
o g e gy M0

3 2 3 ) 3
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Rigid Body Dynamics

Sol.

2 2
AL
Rat 12 2

w2m
. X
ma®(1+3) ma
12 3
2 2
T a a a 4a
. = —_— —_— - + —+_
Ring 2 @ (nj (2 J
_mm
2
_7ma® [1 A1
2 |4 2 2 g

2
Inet. = 4ma +2nma® 1 + 1
3 2

T
2
ma“{10+3
:ma2 ﬂ+Tc+2 =M
3 3
Section (C) : Torque
@us (C) : 91 3mepof
C-1.  If arigid body is subjected to two forces IE1 = 27+3]+4R acting at (3,3,4) and

Ans.

Sol.

at (1, 0, 0) then which of the following is (are) true?

(A*) The body is in equilibrium.

(B) The body is under the influence of a torque only.

(C) The body is under the influence of a single force.

(D) the body is under the influence of a force together with a torque .

F, = —2i —3j—4k acting

I Th g¢ dvg W & 9o F, = 2i +3]+4k , &5 (3,3, 4) W a1 F, = —2i —-3j—4k, g (1,0, 0) W

ST O 2, @ 7§ pl/AHY 9 2

(A) a5 ATRITERR H B | (B) 9%g ®acl U IATELl & UG H B |

(C) a%] &9 Th 91 & YW H T | (D) %] % 91 9 UH JlTeol & U9a H B |
A

Fy =2+ 3+ 4k

N
F, =—2i—8j— 4k

Net force F,o =F, +F, =0 the body is in translational equilibrium.
®eA 9 Fopy =F +F, =0 O 9% IR T B Argaeern § 29 |

- -
r =3i+3J + 4k r, =i
- - -
T = I’1 X F1

= (Bi+3]+4K) x (2i +3]+4K)

d ~ ~ A ~ ~ A
1, = 9k—12]— 6] +12i +8]—12i

/\
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Rigid Body Dynamics ﬂ—

- I

1y = —4j+3k

- - - ~ ~ ~ ~

T, =T, x Fp =(i)x(—2i—-3j—4k)
=3k +4]

(’;-{-‘E_; :-4?+3R—3R+4]:0J
body in rotational equilibrium I FOIF ARATERAT H T |

c-2. Aforce F = 4i - 10] acts on a body at a point having position vector — 5i - 3] relative to origin of
co-ordinates on the axis of rotation . The torque acting on the body about the origin is:

v ad F = 41 —10], W o W TP g W e it a8 ) 99 g @ ame Refy |l
—5i—3]% orka ¥ @ g & wE 9%g R FRRG Jamet @

(A) 38 k (B) - 25k

(C*) 62k (D) none of these 378 | ®Ig &l
Sol. F=4i-10]

¢ =51 —3])

=1 x F

=(-5i =3])x(4i —=10])

=50k +12k =62k

C-3. Incase of torque of a couple if the axis is changed by displacing it parallel to itself, torque will :

THh qo1 I & qareel & fIg af} rer B g9 g faRenfia fear sy ar garepf

(A) increase (B) decrease (C*) remain constant (D) None of these
(A) I (B) IIe™m (C) fraa <& 8 (D) 3H ¥ BIZ &
Sol.  torque of a couple is always remains constant about any point

5t geg™ @1 gard a5 0 g & ame g e B |

Section (D) : RotationAL Equilibrium YOI ARATaRIT

D-1.  Four equal and parallel forces are acting on a rod (as shown in figure) in horizontal plane at distances
of 20 cm, 40 cm, 60 cm and 80 cm respectively from one end of the rod. Under the influence of these
forces the rod :
fRragarR &fds aa 4, f5d B8 R IR F9H 9 AR 99 BS P Uh R F HA: 20 cm, 40 cm 60

cmd 80 cm & AT IR T I & | 39 9 & J91d § B —
F

F
0 20 40 60 80
F F
(A) is at rest (B*) experiences a torque
(C) experiences a linear motion (D) experiences a torque and also a linear motion
(A) RerR % (B) gargel Jrgwa wRal §
(C) XRaw fy Heh B (D) STgT! 3g9a HRl B 9 Rad AT N w2

Sol. Torque aboutO O & WTU& FeATET!
F x40 +F x 80 — (F x 20 + F x 60)
In clockwise direction sféromad & feem &
=F x 40
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Rigid Body Dynamics H‘
D-2.» A uniform ladder of length 5m is placed against the wall in vertical plane as shown in the figure. If
coefficient of friction L is the same for both the wall and the floor then minimum value of p for it not to
slip is
5m = U FHDY Al U& SR WR AAR SHEieR dd 4 ol © | SR do1 % & folg gy01 Jond
W FAE B A1 399! e @ e & folg w &1 <gAaq A a1 B4 ARy |

5m
(A)p=1/2 (B) n=1/4 CHpu=1/3 D)ypu=1/5
Sol. N1 =pN2,
N1 + N2=mg ,ta=0=
A BN,
N, A
N
2 mg 4
uN, 3
3
3N2—4N1—§ mg =0
Hence 3fq: p = % Ans.
Aliter

N
A f, 3
Using force balance 3¢ I<Ja9 & SWIRT |
f4 =_MN1 N1 +f2=mg —(1)
fo = uN2 Nz = f1

N2 = uN1 —(2)
Using aq (1) Hr&xor (1) &
N1 + uN2 = mg
N+ + uN1 = mg
Ni+ |29
‘I+p2

torque about point B= 1w =0 For rotational equilibrium
f4g B & \U& oo = 1w =0 Ui ARIERel & o

fi x 4 + mg (5/2 cos 53°) = 3Ny
4uN1 + 329 = 3N1

3mg
2
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Rigid Body Dynamics ﬂ—

D-3

Sol.

D-4=

Sol.

Smg =(3—4u)( mo J

2 1+u2

3 3—-4u

= = 3+3u2=6-8
2 [Huzj " "
3u2+8u—-3=0

32 +9u—u-3=0
3u(p+3) =1 (u+3) = (n=1/3)

A rod of weight w is supported by two parallel knife edges A & B and is in equilibrium in a horizontal
position. The knives are at a distance d from each other. The centre of mass of the rod is at a distance
x from A. The normal reactions at A and B will be :

WHR B Th B & FAR O fPIRI A T B WX S9a ovgaq AfaeT sraven #§ & €| R 16 TR

A AT W 2 TN B B 599 s ARR A x T W 2| AT BWR sifier ufafssan 9o g
(A) Na=2w (1 —x/d), Ns = wx/d ] (B*) Na =w (1 —x/d), Ng = wx/d ]

(C) Na =2w (1 — x/d), N = 2wx/d ] (D) Na =w (2 — x/d), Ns = wx/d ]

As shown in FBD — Equation in verticle direction Na + Ns = mg

Taking moments about A
FBD # — $&@ier f&=m # Na + Ne = mg

‘N & gRT: ST ofF W)

mg.x = d.Ns
mg.x
Ng= ——
"4
Na=mg—Ns
mg X d-x X
Na=mg — =mg.|——|=w|1-=
RETET Ty T ( d j ( dj
NA‘? X ‘NB
*COM |
A B
lmg
fe—7—

The beam and pans of a balance have negligible mass. An object weighs W1 when placed in one pan
and W2 when placed in the other pan. The weight W of the object is : _
P TRIG] F1 UAST 9 B8 SHAM M2 | T Udls A & R FA a%g 1 9R Wi g g TS ¥
@G IR W2 91 BIdT 8 | I & 9R W 58—

(A" 1/W1W2 (B) (W, +W,) (C) W12 + W22 (D) (W1t + W2 1)/2
w Wy
] ]
/—x A X
l é Ll
weight of object a%] ®1 SHTT = w
W(l=X)=WIX (i)

If weight is kept in another pan then :

I G TR UTF @ 9™ d9

Wo(l —X) =WX e (i)
By (i) & (ii) THHRT (i) 9 (i) A
AL RN W2 = W1 W2

Wy w
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Rigid Body Dynamics ﬂ—

D-5. A uniform rod of length ¢ is placed symmetrically on two walls as shown in figure. The rod is in
equilibrium. If N1+ and N2z are the normal forces exerted by the walls on the rod then

( THETE P TP FHM BS B QI QAR R FAHT WU I EAGER @71 2 | B AMRIER d 2| fe Ny q2n
Nz SIaR §RT B8 R T Aferaq ae1 81 d9—

14,

Z
Z
z
Z
z
z
z
z
z
Z
z
z
Z
Z
z
z
Z
Z
Z
z
Z
z
Z

AT

(A) N1 > N2 (B) N1 > N2 (C*) N1 =Nz

(D) N1 and N2 would be in the vertical directions. N1 @21 Np Seafer fen # 89 =iy |
Sol.  Balancing torque about the centre of the rod :

TS B D b AU FATHY Bl Al BT W

N1.£—N2. ‘

=0 = Ni=Na

AAUTALALLURLUTRUUVRTINNNN

ARURURURURURURRRRR Y

Section (E) : Rotation about Fixed axis (tu = Inot)
Rer o1 & |m& o (tw = lnat)

E-1. A uniform circular disc A of radius r is made from a metal plate of thickness t and another uniform
circular disc B of radius 4r is made from the same metal plate of thickness t/4. If equal torques act on
the discs A and B, initially both being at rest. At a later instant, the angular speeds of a point on the rim
of A and another point on the rim of B are wa and ws respectively. We have
TE r 3 @ qOeR UE 9 Fdhdl A, t AR @ 91 @ wic | 9918 oIk 8 a1 §as 4r B @
UH FAM Fdhdl B, t/4 AICIS &I I 91 &1 ©ic § 9915 Wil 2 | Ifa SF1 U™ H fIRMeEwen § g def
T R A I MY JRIUG fHa1 WY 1, B F99 uzar A & 9RE w® Rerd fag den B &1 aRe
R Rerd o g &1 BIvfia 37 B oA TAT op & T

(A*) ®a > w8 (B) ®a = w8 (C) ma < o8
(D) the relation depends on the actual magnitude of the torques.

HaY g1 MYl & IRAdD A W AR Fwar 2
Sol. 1=Ia

TA = 1B

Ianoa=1IB as

Ia<1IB

OA > OB

WA > OB
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Rigid Body Dynamics ﬂ—

E-2.

Sol.

Sol.

E-4.

Sol.

A body is rotating with constant angular velocity about a vertical axis fixed in an inertial frame. The net
force on a particle of the body not on the axis is

(A) horizontal and skew with the axis (B) vertical

(C*) horizontal and intersecting the axis (D) none of these.

e T3 H P ReR SHealeR 3iel & AUe Ush 9% U §A1F DO 971 | goiF T IR I & | a8 D
Th HU W S ] DI A& W) Rord TE 2, iR gRemH g Brm—

(A) &fsT don 31& | FHE W (B) Seater

(C*) &R T 3187 B Prcar ga (D) SRR & | PIg &

Body is rotating uniformly so resultant force on particale is centripetal force which is horizontal and
intercecting the axis of rotation.

K THAA ¥ O PR B! B A FU W A ael WO 9 JfB= 96 © 1 b & & qen
Ui 31eT BT BIed B |

One end of a uniform rod having mass m and length ¢ is hinged. The rod is placed on a smooth

horizontal surface and rotates on it about the hinged end at a uniform angular velocity ®. The force
exerted by the hinge on the rod has a horizontal component

TUh m TIHE T ( dHNS B Ja6T BS B Uh RIRT ATl 8| B Uh ey & g iR & T8 2
Jor arafad R @& Amve w9 Bvfi 9 o 9 POl FRA | g M gRT B W Y Y g &
At Ted Bm—

(A) ma?l (B) zero T (C) mg (D) %mmzﬂ

COM”
N<1=2 * |
oz

N = [m(»2 ﬁj
2

The uniform rod of mass 20 kg and length 1.6 m is pivoted at its end and swings freely in the vertical
plane. Angular acceleration of rod just after the rod is released from rest in the horizontal position as
shown in figure is

AR 20 kg S99H TA1 1.6 m 18 @ TP THEA B 301 T R & g W Plafed & den
FHEER T § b wU I g qdbdl ¢ | Bs Bl Afael Rafd #, fikm @ vieq & R 918 B8 &1 vy
TRl B

1Ll

(+)

1.6m
«~ 159 179 169
A —= B) — Cc) —=
) 16 ®) 16 ©) 15 15
Initial velocity of each point onthe rod is zero so angular velocity of rod is zero.
Torque about O

t=1la
2 2
20g (0.8) = %a — 209 (0.8) = wa
= 39 = o = angular acceleration = a = 15 9
3.2 16
;<—0.8m.—>‘
o ]
20g
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Rigid Body Dynamics ﬂ—

gl

Sol.

TS W IAS 45 & RIS 9T I B el B &1 ST I I BT |

O & uRRkd: amgof
t=1a
2 2
20g (0.8) = %a — 209 (0.8) = wa
= 3—g = o = PIUNY @O = o= 15—9
32 16
:(—0.8m»—>‘
0 !

209

Two men support a uniform horizontal rod at its two ends. If one of them suddenly lets go, the force
exerted by the rod on the other man just after this moment will:

(A) remain unaffected (B) increase (C*) decrease

(D) become unequal to the force exerted by him on the rod.

T 3MEH U FH%Y &S B8 ®1 39 il f69RI IR F Soid &1 I S8 9 U@ Afdd B8 Bl @D
BIS ol & Al BS §RI g Al WR AR da:

(A) sraRafia = (B) g (C*) '™

(D) SU® ERT BS W ARIMNT g A T 8RN

Beam is not at rotational equilibrium, so force exerted by the rod (beam) decreases

TS YU ArATERAT H TEI 2 37 BS §RI oW drell §ef °e |

Section (F) : Rotation about fixed axis (energy conservation)

F-1.

Sol.

ReR 31w & Qg goib (Sl wwew)

A uniform metre stick is held vertically with one end on the floor and is allowed to fall. The speed of the
other end when it hits the floor assuming that the end at the floor does not slip :
TH HieX @l (& 996U B8 HWER W I 8| SHS U A1 %Y W B 3R I8 iR & oIcft ® a8

A gV b Bl aren RRT fhaerar 81 €1 519 I8 B W THIAN & q9 gER RN B A o1 DRy |

(A) J4g (B*) \3g (C) 59 (D) g

A
m
(0] Cf\
®f--------- A
hinge _
using energy conservation 3ol A& |
mg é = l o
2 2
4 1 me? 5
mg—-—=—.—o
2 2 3
f=1m o= 39

v

VA=(DE=E=(E)
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Rigid Body Dynamics ﬂ—

F-2.»=

Sol.

A uniform rod is hinged as shown in the figure and is released from a horizontal position. The angular
velocity of the rod as it passes the vertical position is: (axis is fixed, smooth and horizontal) _
Th GHEY B8 AR diafbd & T 81 39 i ek 4 8IS Ol 21 B8 & $Heaigx awey] #

TSI TR SHBT PO I B ¢ (e STsaq, AYIRRET iR & 2 1)

hinge fra®
14
/
129 29 - [249 39
A . |— B) ,[== C i) D) |22
) 3¢ B) 3¢ () 70 ) 70
By energy conservation $oii A& ¥ :
]
GO M )
O 4

N ————

[

3
~
n
3
—
N~
N—
n

(1 (7 ) s
mg— = —.| —m¢ I = —
94 5 ( j(&) [ (about O) 12

Io = l m¢2 = o= f@ Ans.
48 70

Section (G) : Angular Momentum & its conservation HINY HA q2AT HINT FAT GREI

G-1.

Sol.

Sol.

A constant torque actingon a uniform circular wheel changes its angular momentum from Ao to 4Ao in
4 sec. the magnitude of this torque is:

e fad gameel tE 9Hed gAeR ufed &1 S HIT 4 secH Ao W 4A0 T6 IRafid wRar 21 59

SeTEel BT qRHETT
(A) 4A0 (B) Ao (C*)3A0 /4 (D) 12A0
e db _ 4A -A, _ (SAOJ
dt 4 4

A particle moves with a constant velocity parallel to the Y-axis. lts angular momentum about the origin.
(A) is zero (B*) remains constant (C) goes on increasing (D) goes on decreasing.
TP HU Y- b AR AR 97 A T BRAT B, G [Og & AU& S/ HIoNg FaAT
(A) I3 B (B) fad <&an © (C) AR dgdl 2 | (D) @IAR ®edl 8

A
Y

¢} > X

= L = (mvd) = constant becouse v = const. and d = const.

= L = (mvd) = a @a1fes v = fga & qen d =+ g 2
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Rigid

Body Dynamics H‘

G-3.

Sol.

G-4.»

Sol.

G-5.

Sol.

A particle is projected at time t = 0 from a point P on the ground with a speed Vo, at an angle of 45° to
the horizontal. What is the magnitude of the angular momentum of the particle about P at time t = vo/g.
TP HU t=0 R THE R &S | 45° D BI0T WR fdg P A voaradl A Uaifia fosam Smam 81 t = volg 999

TR B BT P B Gqruel Hrofig FI1 &1 gfRArer ar 8

mv3 ©) mv3 mv3

V2 g V2 g 22 g

mv3

(B)

5 !tdt=2\/§g

A uniform thin circular ring of mass 'M' and radius 'R’ is rotating about its fixed axis passing through its
centre perpendicular to its plane of rotation with a constant angular velocity . Two objects each of
mass m, are attached gently to the opposite ends of a diameter of the ring. The ring now rotates with an
angular velocity.

'M' &9 @ R 901 @1 U@ udell ThAHH aad $91 ReR o1 Sl v 9 oikdl 8, 91 YU ad B
A B, B AU FHE DIV T 0 W HUF BT | & RGU TS M SIAA DI 5HS A AU
fPIRI R 4R | @ & I B | AT gAT BT DIV 9T B -

A) oM oM oM ®(M+3m)

(B) ——— ©C) —— (D)
(M+m) (M+2m) (M-2m) M
No external torque so L = constant;
PIS qEd gAYVl T8 § 37 L = a2 |
Iiot = [2m2

(MR20) = (MR?+2mR?) ?
5 Mo
= w° =
M+ 2m

A boy sitting firmly over a rotating stool has his arms folded. If he stretches his arms, his angular
momentum about the axis of rotation
(A) increases (B) decreases (C*) remains unchanged (D) doubles

Tdh gl PO IR E WA W Yol Hpredx 901 2| Al I8 U+l Yo bare, a1 goid e & |1
BT BV HAT

(A) 93T B (B) Trea ® (C*) smuRafid I&ar 8 (D) S B I ®
external torque I1Ed FATEY Ty =0
lio1 = T2m2

when he stretches his arms I

9 g8 AU YOIl Pl Bl &, Al [ 98 Il & 3,
sodrd: li<le

thenTd (w1 > )

so, (L = constant) ara: (L = fraa &)
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Rigid Body Dynamics ﬂ—

Section (H) : Combined Translational + Rotational Motion (Kinematics)

Sol.

H-2.=

Sol.

YR RIFRY R + o TRy @)

The centre of a disc rolling without slipping on a plane surface moves with speed u. A particle, on the
lower half of the rim making an angle 60° with vertical, will be moving at speed

FHAA e R 91 A geb drell =@l b1 b= u @ 9 T BRal & | 1 srfg iR Red FemieR
H 602 P IV W, Fghal B GRT R Rerd v fag &1 arer Rl

(A) zero T (B*) u (C)\2u (D) 2u

For pure rolling & el i & o’ oR=u, v= fuz +u? —2uu% =u

A thin string is wrapped several times around a cylinder kept on a rough horizontal surface. A boy

standing at a distance ¢ from the cylinder draws the string towards him as shown in figure. The cylinder
rolls without slipping. The length of the string passed through the hand of the boy while the cylinder
reaches his hand is

GIeY AfTS 99 IR T Y UF I R T0Y AR B Th IR FY IR AUt T8 7| REAgER /g8 w®
Gl 91 $HB] AUl TR% Fiodl 7 | IS Io9 91 el gedhan 2, a1 99 9o S¥a 81 W Ugadl @
N o B B A YR+ dTell IR BT =S Bl

(A) ¢ (B*) 2/ (C) 3¢ (D) 4¢
B
2V
Vv
A

< S

When A point travels ¢ distance then B point 2¢ so, 2¢ length of string passes through the hand of the
boy .
S9 fag A /30 7T BRAT & T4 B2/ T T BN AT I D BT I 2/ RIS DI IR oA |
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Rigid Body Dynamics ﬂ—

H-3.

Sol.

H-4.

Sol.

A uniform cylinder of mass M and radius R rolls without slipping down a slope of angle 0 to the
horizontal. The cylinder is connected to a spring constant K while the other end of the spring is
connected to a rigid support at P. The cylinder is released when the spring is unstretched. The
maximum displacement of cylinder is

&S & WY 0 P97 a9 qd W M F@EHE 9 R o &1 teead o9 O fhaa T e @8R
Joabdl & | 9o K RET fFardiss arell Us RS A T 831 & Siafd BT &1 gok1 RI”1 T g8 oaR P ¥
T g B | o9 R ifaaiRa &1 @ 99 I @I fRM &/ BIeT S 8 | 99 BT 1faad faveme 28—

P
K
0
3 Mg sin 6 Mgsin© o~ 2 Mg sin6 4 Mgsin 6
(p) =950 (B) —23N° cn =8 she 2 Moso
4 K K K 3 K

Using Energy conservation, 3ol A& |
(at maximum distance 3ff&®dH g WXV =0 Vo = 0)

\\\\\\\\\\\\\\\M

%sz = (mg x sin 0)

X=(ng sin 9)
K

A system of uniform cylinders and plates is shown in figure. All the cylinders are identical and there is
no slipping at any contact. Velocity of lower & upper plate is V and 2V respectively as shown in figure.
Then the ratio of angular speed of the upper cylinders to lower cylinders is

™Y g9 g wiel b1 Me RFEgER g1 9 999 e 8 YR $ © ol fhdl fl e |dE W
e T8 21 - arell dun FU) Wi B 9 HEL: V M 2V RAEgER 8 @ SR e A9 arel et
@ PIofi I BT IFUTT R BT

V;EO ()
HONO

(A*) 3 (B) 1/3 (C) 1 (D) none of these 9 ¥ ®IS &l
(A) Since there is no slipping at any interface, the velocities of bottom and upper most point of lower
and upper cylinder are shown in figure.

FNfF T fHA i I99e dag ) baaqd 78 2 o A9 a1l 3R S 91l 94 & a9 8k S<erad
fag & forg 971 fETgaR M

Angular velocity of upper cylinder =
FUR qTel 9 B ol BT 97T
Angular velocity of lower cylinder = V-0 = v

= arel 9e9 & forg ®rofi 9w

»2V

2V+V 3V
°2R 2R
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Rigid Body Dynamics ﬂ—

H-5.

Sol.

The ratio is % 3 IrgUTd % g
' 2V
O O
Ve—=t 1
O O

When a person throws a meter stick it is found that the centre of the stick is moving with a speed of
10 m/s vertically upwards & left end of stick with a speed of 20 m/s vertically upwards. Then the angular
speed of the stick is:

9 TH IMEH 9 TP Hiex BS Bl HPpT a I8 <@ T & SHD I &I I SHEaieR HUR d1 MR 10 m/s
2 3R 918 3R @ RR & 97 20 m/s HEAIER HUR Bl 3R 8 dl B P HIoT =1l B0

»2V

(A*) 20 rad/ sec (B) 10 rad/sec (C) 30 rad/sec (D) none of these T4 & PIg &l
20 = ch +wR
20=10+w(£] 10=§ (=20 rad / se)

Section (I) : Combined translational & Rotational Motion (Dynamics)

I-1.

Sol.

I-2.

<ga R TR o gela iy (i)

As shown in the figure, a uniform disc of mass m is rolling without slipping with a angular velocity .
The portion AB is rough and BC is smooth. When it crosses point B disc will be in :

AR T m SegdM o G9%d gl o DI 37 4 {91 el eiel i &=l &1 AB 91T QR 9
BC for@=1 21 519 I8 B &1 UR Il &, I 7 Bl ¢

\)
A B = C
(A) translational motion only (B*) pure rolling motion
(C) rotational motion only (D) none of these
(A) DI IR TTfA (B*) & e i
(C) ®adt goiF g (D) 379 | P13 T

Disc is in pure rolling and external forces are zero after smooth surface, so pure rolling continue.

TEHH YE Al T B IE T qAT 918 9l Y B I A waw b 9 g dre areg @A

A solid sphere, a hollow sphere and a ring, all having equal mass and radius, are placed at the top of
an incline and released. The friction coefficients between the objects and the incline are equal but not
sufficient to allow pure rolling. The greastest kinetic energy at the bottom of the incline will be achieved
b

(X*) the solid sphere  (B) the hollow sphere  (C) the ring

(D) all will achieve same kinetic energy.

FHE G 9 3o &1 Uh 1 T, @Gl el d1 9o TP Ad dd & Y F TP G BIs o
g 9% 9 99 a0 B FH °YY NG FEE T qT Yg dledl I B fow vafa wE 2| I ) wew
o TfersT ol T H—

(A*) BT el (B) @RI Tredl (C) aera

(D) Y FHE RISt ol U BN

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 48
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics H‘
Sol.

f X mgsin6
0
mg sind —f =ma
a= {M} ....... (Q)
m

ais same for each body. (Y% I B foy a F9F B)
f.R=1Ia
L IR

mk?

For solid sphere k? = g R2 is minimum there fore o is maximum hence, k.E. for solid sphere will be

max at bottom.

amrhazﬁmw:gRqu%aazamwm|mwmmmaﬁwﬁazammw
BT |

I-3. A hollow sphere and a solid sphere having equal mass and equal radii are rolled down without slipping
ona rough inclined plane.
(A) The two spheres reach the bottom simultaneously
(B*) The hollow sphere reaches the bottom with lesser speed.
(C) The solid sphere reaches the bottom with greater kinetic energy
(D) The two spheres will reach the bottom with same linear momentum
U GGl el g o1 el 5=l se@E 9 B3r5ur 99 8| U gRaY 7d dd R 91 dead & A

JePIT SId &, al
(A) BFT T Tl TR TS |1 UG (B) @RI AT qell TR HH AT | Uga
(C) 31 el Tell R AfA® WIfcrel Io1l A Ugaim (D) QM1 el dell UR FH1H YR G | ggon]
Sol. a-= gsin®
1+E
R2

2
For solid sphere 391 it & foll = %:%
m

For hollow sphere @@ el & ford = % R2 = mk?

k2
RZ
S0 3 ks <kH
then A9 as > ax
(so speed of solid sphere is greater then hollow sphere)

(31T BT Tl B AT, WEed Ml | A& B

2
3
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Rigid Body Dynamics ﬂ—

I-4.

Sol.

I-5.

Sol.

I-6.=

A solid sphere, a hollow sphere and a solid cylinder , all having equal mass and radius, are placed at
the top of an incline and released. The friction coefficients between the objects and the incline are equal
but not sufficient to allow pure rolling. Greastest time will be taken in reaching the bottom by

(A) the solid sphere (B) the hollow sphere  (C) the solid cylinder  (D*) all will take same time.
A SIHE 9 B5a1 &1 U 9N Tiell, WiEel el 9T 9 99 Udh Ad dd @ Y § B o g,

9K 9 9 a1 B A T NG AN B qA Y Aledl A B oy gatw 6 2 | R @ gR1 den I
ugam § form T wwy AfdFaw B8R -
(A) 31 el (B) @IEetl el (C) 3/ dad (D) ¥ |9 9T o

mg sin 6 —f =ma
mg sin 6-—f
- m
a is equal for each body so all the object will reach at same time.

a ¥ IRl & oI A 2 o Wl o || ||y | uger |

A rough inclined plane fixed in a car accelerating on a horizontal road is shown in figure. The angle of
incline 6 is related to the acceleration a of the car as a = g tan6. If a rigid sphere is set in pure rolling on
the incline

3 A e e 79 a9 @ 71 8 S U BR H Sedd [Ba1 T 2| R &AfS ¥ iR @Rd il
2| 7 T BT FPHG DIV 0 T HR BT @RV 7 UPR A FART & a =g tand. IR TP e ol B T4
T W gg el fa & S ar -

B) Friction will act on it
D) its angular velocity will decrease.
B)

39 W g9 g BrA BT

(A*) it will continue pure rolling (
(C) its angular velocity will increase (
(A) I8 TIAR g dAleHl i B (
(C) 3|1 BT I ¢ (

a = (g tan 0) so net force along the indined plane is zero so it will continue in pure rolling with constant
angular velocity.

a = (g tan 0) 37T IITA & FIRY Hol I YL B 37T TT Y& oAleN T (3R Brofia 97 ) v 2|

A sphere S rolls without slipping, moving with a constant speed on a plank P. The friction between the
upper surface of P and the sphere is sufficient to prevent slipping, while the lower surface of P is
smooth and rests on the ground. Initially, P is fixed to the ground by a pin N. If N is suddenly removed:

Uh Mol S Th wie P R fa=1 fhgel forud el @ ol @1 81 P & SU) Qg 9 Mol & d9eg gyo
fhae™ T & forv vl 8| Wafe P &) el ddg e € 9 9dg R O™ o} @1 8] UR=T § P
|8 9 e U9 N gRT 99T (fixed) 81 afe N s/@mia gel foran Sy a1 —

()]

S

V=mr
e

B

N
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Rigid Body Dynamics H‘
(A) S will begin to slipon P
(B) P will begin to move backwards
(C) the speed of S will decrease and its angular velocity will increase
(D*) there will be no change in the motion of S and P will still be at rest.
(A)S, P WR el U™ &M
(B) P U8 Tl UR™ BT
(C) S @t =1al Tl 9 $H®BI BT 971 g
(D) S @ Ify # PIg uRad= &l M g P 31g W favm™ R <&M

Sol.  There is no relative motion between sphere and plank so friction force is zero then no any change in
motion of sphere and plank.

JEf et SR Wi S 7 P ARG AT TG B S "YU g I AU M IR WP B A H Bl
gfRda w8l B |

I-7. A body is given translational velocity and kept on a surface that has sufficient friction. Then:
TP ] DI RIFERIA I &1 S § Ud 93t gyor arell |ds R @1 o g,

(A*) body will move forward before pure rolling
B) body will move backward before pure rolling
body will start pure rolling immediately
none of these

)
)
) g HUIF A UBel I AN B AR A PRA
)
)

B) J€ M A Ugd I UIv B AR Ry B

C) a%g XA Y& U IR Bl
(D) T & BIE TE

Sol.  Due to linear velocity body will move forward before pure rolling.
YR 9 B PR 9Ig Yg AleHl A A U AT DI AR AT BT |

I-8.= A body of mass m and radius r is rotated with angular velocity ® as shown in the figure & kept on a
surface that has sufficient friction then the body will move :
RETgAR m 2@ g r B350 &1 U avg o V- 97 9 guiF Rl 8 d1 U a8 UR Wl Rl 8
e o wyor & a1 axg T A

(A) backward first and then move forward (

(C*) will always move forward (

(A) UEat WIS @Y 3R TAT 915 H 3T &Y AR (

(C*) BRI 3R & 3R (
Sol.

f
Friction will at forward dir so body will always move in forward dir.

T T P AR TN, 37 NG SHAT M B AR Ty Bt |
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Rigid Body Dynamics ﬂ—

I-9.

Sol.

A body of mass m and radius R rolling horizontally without slipping at a speed V climbs a ramp to a
2

height 34L . The rolling body can be
g

(A) a sphere (B) a circular ring (C) a spherical shell (D*) a circular disc

Vv Ire | afae wag R e die 1 R @ m s@Ee qun Rﬁwaﬁwmm%.zﬁ
RF TR TGl © | 9%g B Al B |

(A) T e (B) U®h JUHR gt (C) T TIelig BIel (D) U gxThR Feheil

(d)

2 2
From energy conservation ol A&l | %mv2 (1 +k—2] = mgh= mg [?:].L]
r g

R
K= -
2
~. Body is a disc %] e B |

Section (J) : conservation of angular momentum (combined translation & rotational motion)

J-1.

Sol.

J-2.»

PG FHT W&V (HY RAFRRI TR gF goie T1f)
A sphere is released on a smooth inclined plane from the top. When it moves down its angular
momentum is:
TF e 90 I & S RR A Toh el Jad ©U | BIST oIl B | 99 Jg 1 B R T wver &
SABT BT FIT
(A) conserved about every point U@ g & AMe WRIEM 8N |
(B) conserved about the point of contact only ®ae §ua a5 & | =AM 8 |
(C) conserved about the centre of the sphere only &de Ml & &= & AU A 811 |
(

D*)conserved about any point on a fixed line parallel to the inclined plane and passing through
the centre of the ball.
Ml & d= W Yok dlell T 7d T » FAA=R T Rer @ ) Rem el f fig & @ma
SRS
(D) As the inclined plane is smooth, the sphere can never roll rather it will just slip down.
Hence, the angular momentum remains conserved about any point on a line parallel to the inclined
plane and passing through the centre of the ball.

fdh 99 FAdA e 8 ora: Men goil T T RS Y@ A B, (G DI G Ta9Hdd B FHRR
Jerr forel 0 fag @ uRa: wxféra |

A circular wooden loop of mass m and radius R rests flat on a horizontal frictionless surface. A bullet,
also of mass m, and moving with a velocity V, strikes the loop and gets embedded in it. The thickness
of the loop is much smaller than R. The angular velocity with which the system rotates just after the
bullet strikes the loop is

m A 9 R 590 @) U@ AR ddhs! @ 9o FHded ©Y ¥ e gy IfRd afas 9 W) Rer @

B3N B | FAM S m & U@ Mell V I | T et g2 9o ¥ THADBR 3AH 69 Ol B | qe1d B
AIerE R®! a1 9 980 &9 ¢ | Well & god § 99 91 & 3% 91 ar &1 Siofig a7 7 |

v v 2V o) 3V
4R 3R 3R 4R

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 52
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

Sol.

Conservation of angular momentum about C.O.M. of m and loop of mass m gives

m STAM IR m SIHE B 90 $ GIHAE D¢ © qTUeT DI FIT GRETT A

oo (2]} < (3]

-V
3R

- V=30R = o Ans. (B)

Section (K) : Toppling

K-1.

Sol.

K-2.w

A uniform cube of side a and mass m rests on a rough horizontal table. A horizontal force 'F' is applied
normal to one of the faces at a point that is directly above the centre of the face, at a height %a above

the base. The minimum value of 'F' for which the cube begins to tilt about the edge is (assume that the
cube does not slide).

aYqSll @ m & B S GHRY O GRaW &S A9 IR @ T 2| U AT 9 'F dw B Sb SW

JAMER 4 %a SIS W TR ST & | 89 @ Yol & Ael e (tilt) & fog 'F' &1 <gAaqq a9 31 sm?

@ % v faerar T8 )

2 4

. S
(A) 5mg (B) 3mg (©)

1
m D) —m
2M9 ()29

F

Img 3a/4
xX'

For topling about edge xx’

XX® AU Ueled & fory

Fmin. 3—a =mg g = F min. = 2rn—g
4 2 3

A homogenous block having its cross-section to be a parallelogram of sides 'a' and 'b' (as shown) is
lying at rest and is in equilibrium on a smooth horizontal surface. Then for acute angle 0 :

U FART i fTa] 3TguRel HIe qofl 'a' a2l 'b', REgaR 8 91 98 U 99=R adqysl & w9 A © |
I I8 Arawen H g¥vEE &Ris Jd8 R @1 2 Al DIV O (|YADIT) BT AH BN ;

o

(A*) cosb<— (B) cosezg (C) COSG<2 (D) cose>§

Q

a
E) cos0>—
(E) >
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Rigid Body Dynamics ﬂ—

Sol.

K-3.=

Sol.

N

A

—

Vmg

The block will not topple if mg acts from within the base area of the block. So,

IS <ife T8I gediedl & Al mg 9qd IMUR & TS & ey 9 Yokl a1y, M
a

—c0s0 < 9 = co0s6< 9
2 2 a

An equilateral uniform prism of mass m rests on a rough horizontal surface with coefficient of friction p.
A horizontal force F is applied on the prism as shown in the figure. If the coefficient of friction is
sufficiently high so that the prism does not slide before toppling, then the minimum force required to
topple the prism is :

m STAM B (S FH6Y GHag USH 890 qONe e RGN AFad W @ ©| 39 W AfGS JAF
frargaR RIftq 2rar ® afe wdvr qonie ga vatw ® fF 98 gele (topple dA) | gl Rawadr g €
a1 IS 31 gele (topple F7A) & oY sawad <JAaH 91 B |

F

a

(A) 2 (8) 72 (€ 2 (o) £28

J3 4 NE) 4

(Moderate) The tendency of rotating will be about the pont C. For minimum force, the torque of F about
C has to be equal to the torque of mg about C.

o @t fog C & ufd o Ifd &= @1 wafd 2| a9 9 & o F &1 fag C & uRa: amepef mg &1
C & uRa: Mol & aRIER BT =1

(23] )

mg
= F=—2= Ans.
3
F A ']‘
a a ag
B (a2 C
mg
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Rigid Body Dynamics

/\g

PART - lll : MATCH THE COLUMN

HIT - Il : DI DI FAfT BT (MATCH THE COLUMN )

1=

In each situation of column-I, a uniform disc of mass m and radius R rolls on a rough fixed horizontal
surface as shown in the figure. Att = 0 ( initially) the angular velocity of disc is w. and velocity of centre
of mass of disc is v, (in horizontal direction). The relation between v, and . for each situation and also
initial sense of rotation is given for each situation in column-I . Then match the statements in column-I

with the corresponding results in column-II .

Te Rl #, T Teaa =l et s = m a1 3 R g, avogad Rer (fixed) & |8 w®
A TR (roll) R IE B | YR H t =0 WR, T B BIVNT T o & TAT Tdhel S SIHE b B I
AT = & vo B 1 TAT vo TIH o0 FT T YIS RAM # & = & qen o= & urfde wgin ads
Rafd & fog w1 1# & € &8 09 W™ -1 7 A N woml 9 I=fd -1 3 A W aRom a1

GAfeTd BRY |

Column-I

(Vo > R o)

(Vo < R (l)o)

Column-II

(p) The angular momentum of disc about point A

(as shown in figure) remains conserved.

() The kinetic energy of disc after it starts rolling

without slipping is less than its initial kinetic energy.

(r) Inthe duration disc rolls with slipping, the

friction acts on disc towards left.

(s) Inthe duration disc rolls with slipping, the friction acts

on disc for some time towards right and for some time
towards left.

/\
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Rigid Body Dynamics ﬂ—

Ans.
Sol.

w - 1 ™ - 11

—a W,

(A) »n(vo>Rmo) (p) FEER g A gRa: g&dl & I Faa
A
A& g B |
40,
Vo

(B) A (Vo > R o) (@) THH & a1 A die T (rolling) Y& B

P 91, Ihdl DI AN Sl B T4 TP IRBID
TS Solt F HH BT |

(r) Tb 59 e & A1 Al T R & @S9

TR § Fhdl R 989 i1 (left) MR oRAm |

(D) (Vo < R o) (s) o9 Tl fhaerdl g5 dreAl T (roll) HRe & a1

I FHATRIS & QR Fdhd] R HB q99 B oy
YU g ST (right) 3R B GWI & Il (left) AR
BT |
(A)p.ar (B)p.ar (C)p.a (D)par _ _
Since all forces on disc pass through point of contact with horizontal surface, the angular momentum of
disc about point on ground in contact with disc is conserved. Also the angular momentum of disc in all
cases is conserved about any point on the line passing through point of contact and parallel to velocity
of centre of mass.
The K.E. of disc is decreased in all cases due to work done by friction.
From calculation of velocity of lowest point on disc, the direction of friction in case A, B and D is towards
left and in case C is towards right.
The direction of frictional force cannot change in any given case.

i FHdl R FH I AT Fag I sHD AUD g I ORd &, Thdl S SHA D 1Y ISP 45 b
aRRa: S | RIEM 801 & | 9996 g § S arell Y& R T @ ds b 91 b FAR, [l
fog @ uRa: @+t Reiferdl # =<t &1 Sl o |@xféa w&ar 2

| Rerfei A 9991 & gRT fF T SR & SR Fdhdl B Tael Holl g€ Sl & | Fbadl W A9 g
& I B o |, Rafy A, Baen D # avor Y fem qrft ofik @ aen Refy C# < &R 2

e & 18 Rafy § avor 91 @) e 95 72 Faed B |
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Rigid Body Dynamics ﬂ—

2.x=

Ans.
Sol.

A uniform disc rolls without slipping on a rough horizontal surface with uniform angular velocity. Point O
is the centre of disc and P is a point on disc as shown in the figure. In each situation of column I a
statement is given and the corresponding results are given in column-II. Match the statements in
column-I with the results in column-II.

TEH TS gl (disc) T GRad! &fas |as W A1 fhde tamaa Srof a1 9 geaat (roll) g8 1
IR 2 g O =ahhl (disc) &1 = § T P REaR Iadl R U@ g 3 | W-1 3 yas Rafd # 1@
FHF o T ¥ den -1 AN aRvme R T 2| /-1 H Y T deEl B -l Ry T
FHUET | FAferd Y|

ColumnI Column II
(A) The velocity of point P on disc (p) Changes in magnitude with time.
(B) The acceleration of point P on disc (q) is always directed from that point (the

point on disc given in column-I)
towards centre of disc.

(C) The tangential acceleration of point P on disc (r) is always zero.
(D) The acceleration of point on disc which is in (s) is non-zero and remains constant
contact with rough horizontal surface in magnitude.
w1 ™ 1
(A) Tl (disc) TR fag P &1 a7 (p) T & A1y gRETT # gRafia Brar g1
(B) =raeil (disc) WR fa=g P &1 @Rl (q) B¥eN I9 a5 &1 w™-l § Fddl (disc) W

TR, W AHhd B b= B MR IR g 7

(C) Tach (disc) W fa=g P &1 TRy @=oT (r) 89 3 &Il B

(D) Tl W Rerd favg, S gRa afas (s) 3L (nonzero) & T URATT 3 d T&al B |
Hde & A D & 99 g BT @RI

(A)p B)ass (C)p (D)a.,s

(A) Speed of point P changes with time

(B) Acceleration of point P is equal to w=x (o = angular speed of disc and x = OP). The acceleration is
directed from P towards O.

(C) The angle between acceleration of P (constant in magnitude) and velocity of P changes with time.
Therefore, tangential acceleration of P changes with time.

(D) The acceleration of lowest point is directed towards centre of disc and remains constant with time

(A) g P& ara 99T & 1Y o 2 |

(B) fag P &1 &R o’ (o = 5%@ & P =1 T x = OP) & SRT&R &1 a1 @Ro1 P9 O &1 faem 4
BT |

(C) P& waxvr (uRHmr # fAord) 9en P & 971 & g &1 $Ivr 989 & A1 uRafidd g 8, sdafery P &
TR @R G B A1 IEodl 2 |

(D) F=1a¥ fa=5 &1 @R (disc) & @ &I faen | 81 © d1 999 & |1 Rerd & & |
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Rigid Body Dynamics ﬂ—

Bl Exercise-2 |

. Marked Questions can be used as Revision Questions.

= Fifed e Seem arFg ueE 2

PART -1: ONLY ONE OPTION CORRECT TYPE

Y- : A TP el fdded YHR (ONLY ONE OPTION CORRECT TYPE)

Sol.

Three rings each of mass m and radius r are so placed that they touch each other. The radius of
gyration of the system about the axis as shown Iin the figure is :

(A) \z T (B) (=T ©) 5T (D*)\Er

A I 9P B AT M 1 r 5, 39 UPR EI B 6 9 th—gEN Bl WEl R @ 5 | o | quiE
TS 31E & Ae e @ goia e gl -

6 5 6 7
A = B) .= C) .,=r D*) =
(A) 5 (B) 5 (C) - (D7) 5
I=l1+I2+1s
3
Ii=Ia= —mr?
1 2 2
2
mr
I3= —
T2
I=I1+12+13=Zmr2
2
"Pc
Moment of inertia = 3mk? where K is radius of gyration.
Te@ AT = 3mk2 el k o e 2
3mk2=zmr2
2
= k=\/zr
6
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Rigid Body Dynamics ﬂ—

2.

Sol.

Sol.

A hollow cylinder has mass M, outside radius Rz and inside radius Ri. Its moment of inertia about an
axis parallel to its symmetry axis and tangential to the outer surface is equal to :

(A) % (R22 + R+3) (B) % (R2?2 — R1?) (C) % (R2 + R1)? (D% % (
UH QAiEgel 969 BT S M, 9189 U9 aRe o wwe: R: Td R & | 99l 11 & 9= gd
el A8 B WY VA & B URT: SHD Secd MY B —

% (R — Re2) (C) % (Rz + Ri)2 (D*) % (3R2 + R1?)

3R22 + R1?)

(R22 + R1?) (B)

Taking cylindrical element of radius r and thickness dr
r 1 qAT dr TS BT UH dHIBR IaUd o R

dm = % x (2mtr £ dr)
TC(RZ—R1) €
R,
oM 1
Ine= |dl, = |dm 2 = | —=—"—1r%® dr = —M (R2+R?
AB J. Y, '[ E!‘(Rg—Rf) 5 (Rz +Ry)
1

Using parallel axis theorem TR 31eT UHT A
Ixy = %M (R3 +R?) + MR22 = %(3R§+R12)
Two uniform rods of equal length but different masses are rigidly joined to form an L—shaped body,

which is then pivoted about O as shown in the figure. If in equilibrium the body is in the shown
configuration, ratio M/m will be:

(A) 2 (B) 3 (©) V2 (D*) V3
FAM T8 d - g @ Q1 996U B LIMER H g IO g8 & a1 I8 fEgER O W)
fafga 21 afk yeRfa wraven § 9vq wge™ @ |rarEwen § & @ M/m guTd 81 :

(A)2 (B)3 (C) 2 (D*) V3
In equilibrium, torques of forces mg and Mg about an axis passing through O balance each other.

AR ¥, mg A Mg 9l &1 gargel O | TIRT 318 & |l T §av dI Agferd dY odl 8 3N

L L M
. —c0s30° = Mg — cos60° —=4/3
md- 3 93 ~ m 3
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Rigid Body Dynamics A\

4,

4,

Sol.

Four forces tangent to the circle of radius ‘R’ are acting on a wheel as shown in the figure. The resultant
equivalent one force system will be :
200N > 400N

100N < 200N

500N » 500N 500N
500N
"’ ‘ " ‘ - ‘ :

R0 & g & Wl &9, 4fed R o IR 99 7 4 9l W 2| Y W a1 $ aRem g

a1 e g |
200N > 400N

100N <« 200N

s 500N 500N 500N
500N
(A) ‘ (B) (C) (D) ‘/

F o = (400—-100)i + (200 +200)j = 300i +400j = |F| =500 N

Angle made by F,., with the vertical is 6 = tan-! [%gj =37°

F o SNT SEaleR & H1T 99797 797 BIvT 6 = tan' [%gj - 37°

also t = 500 R therefore point of application of the resultant force is at a distance R from the centre.
Hence (C).
Jorm © =500 R g, o a8 fag Wef R wom 9 &1 SUArT fHar 9 &% 9 R g8 R 8|

Hence 2 (C) W& =1

A uniform thin rod of mass ‘m’ and length L is held horizontally by two vertical strings attached to the
two ends. One of the string is cut. Find the angular acceleration soon after it is cut :

w2 ® 2 ©) 52 (o) 22
T GG ‘m’ S 9 L TS 31 udel B Rl R 31 o SRl | &fds dca g8 21 It e =i

B FIc &1 Sar ® @ dled & R 918 B Bl BV TR R®I1BRT ?

(A) % (B)

« 39
(C)Z (D)T

[l [¢e}
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Rigid Body Dynamics ﬂ—

Sol.

(C)
Immediately after string connected to end B is cut, the rod has tendency to rotate about point A.
Torque on rod AB about axis passing through A and normal to plane of paper is

BRR ¥ G & &1 les & R 918, B @ fdg A S |e goia & a1 ygfy anm .
A TSR aTell TAT BTG & T B 9 & S AUel B AB HT JTgl

m¢2 0 39
— o = mg— — o= =2
3 2 20
yZ77777IIIIg M#MU

:

T4 '

T :

(/2 I

A =B
lmg

Aliter : Applying Newton’s law on center of mass
Bfeud Bl : TIAM s W Y & 9 |

mg-T =ma ... ()

Writing = = Ia. about center of mass

t=lo SEE F= & AN

T é _ ”1‘_;2(1 ...(ii)

Also @oIT a = goc .. (i)

From (i), (i) and (i) & () , (ii) 3R (iii)
_ 39

Y

A uniform rod hinged at its one end is allowed to rotate in vertical plane. Rod is given an angular
velocity o in its vertical position as shown in figure. The value of ® for which the force exerted by the
hinge on rod is zero in this position is:

(0]
—

g o 129 g 3g
® |2 @) = © o ©) |

TH AM B, U6 R TR $IdfGd § T SR dd 3 g & foy WA= g | B8 P 39S HHER
Reafd & AR 1T I 0 I B1 0 @ 98 99 91d &1 fows fod 39 Rafd § #rafea g gw
TS W I 9 Y B

(0]
—A
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Rigid Body Dynamics

Sol.  For the circular motion of com : T&HM &= & =i A & forg
£
com
mgl}| 1
L/2
!
mg=m L 0 = o= 29
2 L
Note : Since the reaction at the end is zero, the gravitational force will have to provide the required
centripetal force.
e : gfe AR W ufifsan g R o Toareyu 99 yate SIS 91 |
7. Two points A & B on a disc have velocities vi & vz at some moment. Their directions make angles 60°
and 30° respectively with the line of separation as shown in figure. The angular velocity of disc is :
(A) @ (B) V2 (D¥) Vo
d J3d d
bl R Rord q1 fag A @ B &1 97 {60 &1 R vy g ve B | RETGER a1 g3l @1 gors &=+ arall
@ ¥ 39! =y Hen 60° 9 30° BV I & Al Al BT BV 99 B |
(A) @ (B) Vo (D¥) Vo
d J3d d
Sol.  For rigid body separation between two point remains same.
ge I @ el q1 fagell & 7o g0 w9 & B |
vi c0s60° = v2 cos30°
Wb B
Vo \EW
s < | V2SIN30°—v4sin60° | _ 2 2 | | va-VBx\Bv | 2v, v,
= d d 2d 2d  d
Mdisc = VF2
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Rigid Body Dynamics ﬂ—

8.»

8.»

Sol.

Uniform rod AB is hinged at the end A in a horizontal position as shown in the figure (the hinge is
frictionless, that is, it does not exert any friction force on the rod). The other end of the rod is connected
to a block through a massless string as shown. The pulley is smooth and massless. Masses of the
block and the rod are same and are equal to ' m'. Acceleration due to gravity is g. The tension in the
thread, and angular acceleration of the rod just after rel/ease of block from this position

A L]
77@? B
3m ~ bmg 3 m 5 m 7
A) =9 9 (8% 219 =9 c 9 9 oy 9 A9
8 8¢ 8 8¢ 8 8¢ 8 8¢

fora # @R IgaR e tHaaH B8 AB, &ftw Rafd # A RR R @lafsa (hinged) 21 I8t daadd
Tel (hinge) TNURIEA B TAT I8 B W Pls OYY Io Toi oIl © | BS BT GOl -1 & sgqM Ifed
HAl gRT FRATER U i 9 oSl © | R gegd fed don il & | <dife do1 B8 &1 S| a9
TN TS BT A m B | O @RV g B e 31 39 Rafd 9 8ie & R 91, W= § a9
qAqT B BT I TR BAT—

3m ~ bmg 3 m 7
(A) 299 (8 29, =9 o) 09 59
8 8¢ 8 8¢ 8 8¢
(a, b) Let o be the angular acceleration of rod and a be acceleration of block just after its release.
AMT B HT DIV TR o 7 T 39D BIS M & R 91§ iy HT @=0T a B |

mg-T=ma ... (1)
¢ me?
T/ —-mg— = — I
mgy = oo . (2)
and T a = la ()
Solving we get & &R WR, F UT & @
T= m and qer o= 3—9
8 8¢
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Rigid Body Dynamics

/\g

9.

Sol.

In the figure shown a ring A is rolling without sliding with a velocity v on the horizontal surface of the
body B (of same mass as A). All surfaces are smooth. B has no initial velocity. What will be the
maximum height (from initial position) reached by A on B.

A
B smooth serface
YT RfE WAcTE
3v2 N v2 v2 v2
(A) —— (B") —— ©€) o— D) —
4 49 29 39

g
RAgaR o A fivs B 91 &fdw 98 W™ v 9971 9§ 391 el ged @ 21 afe A 9o B &1 g9
A & don W dag fad 8 qu1 B &1 YRS I T B | A §RT B @ Adg R W if¥ean Sarg
ORfe Rafa & )=id & ?

A

B smooth serface

YT R WAcTE
3v2 N v2 v2 v2
(A) —— (B*) —— €) 5— (D) o—
49 49 29 3¢

m
v
m

VALV LALVAY
When ball at maximum height block and ball has equal velocity

9 g Has R B d9 <ifd AR g BT I 99 811 | 1fdrpan
So Using momentum conservation
AT HIAT TR0 |

Pi=mv

Pr = 2mvo (vo final velocity) (vo 31f<TH a7 %)
Pi = Py

mv = 2 mvo

)

Using energy conservation %51 =&l |

lIo)2 + 1mv2 = 1 Io? +1 2mve? + mgh
2 2 2 2

(I =mR?)
v=o0R
1

1
Emv2= > 2mvo? + 2mgh
2
v
vZ—2— =2gh
4 g

=

/\
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Rigid Body Dynamics ﬂ—

10.= A uniform rod of mass m, length ¢ is placed over a smooth horizontal surface along y-axis and is at rest
as shown in figure. An impulsive force F is applied for a small time At along x-direction at point A after
this rod moves freely. The x—coordinate of end A of the rod when the rod becomes parallel to x—axis for
the first time is (initially the coordinate of centreyof mass of the rod is (0, 0)) :

L
|
1

2

g

nl ¢ b ( b o ! T
(A)E (B) §(1+E] (C)E (1—Ej (D)E [1+€j
m S U4 ( NS B Uh 9w B y-318 & Ay REgar e afae aag w ReRr sawen |
REl 2| TP AN 9 F &1 fdg A R x fa=m 5 orcq 999 At & foly o & e ueenq I8 os
WA=l (@ I B B A TS b R A B x-uid 8 99 TS UIH IR x93 b FHRR BNl B

(UR™ § B8 & GIAM b & aend (0, 0) B) :
y

L
1
|

02

o

( ( T ( e ( T
A) = B) —|1+—— Cc)~ [1-Z DY) — |1+=
W ()2(+12j ()2( ej ()2(+6j
Sol.  Astorque = change in angular momentum
T Fargor = Srofig FI97 # w_idaq
FAt=mv (Linear) k&™) ... (1)
2
and 3 (ng At = %~m (Angular), (@) ... @)
Dividing: (1) and (2) (1) 3R (2) o W
12v 6v
2=— = 0= —
Y4 (
Using &T SYIIRT & S =ut :
Displacement of COM is S&ATH &5 &1 favemas g = ot = (%’jt and 3fR X = vt
Dividing ¥RT &9 W) x_L
T 6
= x= % —  Coordinate of Awillbe A@ e fer an [%+é o}

Hence (D). 3ra: (D) W& B
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Rigid Body Dynamics ﬂ—

11.

Sol.

12

Sol.

A uniform rectangular plate of mass m which is free to rotate about the smooth vertical hinge passing
through the centre and perpendicular to the plate, is lying on a smooth horizontal surface. A particle of
mass m moving with speed 'u' collides with the plate and sticks to it as shown in figure. The angular
velocity of the plate after collision will be :

2a
a ®
I
m 2L ® o © 3¢ o 22

Th AR ARAHR M S P W 39S SHAN be A YORA dlell d ®IC P Awaq [add
SR Blid B AU FAH B oY Wad g | I8 e e &fie 9d ) &) T 2| m ST\ & Uh
FU FIAER U AA A BRAT I W H THIAAT B 9 T fYUG A1 2| IR B qIE Wi B
Brofig o7 B :

2a
a ®
I

Conserving the angular momentum : about the hinge

frad & WRId: BN FIT GRFRT R W

m(@@®+4a®) 5
mua=|— '+ ma?| o
12 4

= o=

ol w

u
— Ans.
a

A rod can rotate about a fixed vertical axis. The mass is non-uniformly distributed along the length of
the rod. A horizontal force of constant magnitude and always perpendicular to the rod is applied at the
end. Which of the following quantity (after one rotation) will not depend on the information that through
which end the axis passes ? (Assuming initial angular velocity to be zero)

(A) angular momentum (B*) kinetic energy

(C) angular velocity (D) none of these

Uh TS U ReR wad & & AIUE HUIF PR Adall © | BS DI oH s B AR SIHA A6 Rdb A
fqaRd z | B @ @ RN R g aR¥r &1 8fis 901 899 B @ oF99d BRIRA © | Udh 99 & 918
=1 # 9 = IfY 39 99 R R T8 e 6 oo e AR 9 JoRar @ (IR sl 9 3=
A1)

(A) ®rofig Fa (B*) wiferst St (C) o a1 (D) =1 & & PIg &

Since the work done is independent of the information about which point the rod is rotating,

by work-energy theorem the kinetic energy will also be independent of the same. Hence (B)

Fife B T 1§69 o W R T8 IRa1 6 os 59 g & Ane goid o=l § | o BRI Sl
T ¥ TSt Soft W 59 wR R FE el | e (B) WEY &
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Rigid Body Dynamics ﬂ—

13.=

Sol.

14.

A particle is attached to the lower end of a uniform rod which is hinged at its other end as shown in the
figure. The minimum speed given to the particle so that the rod performs circular motion in a vertical
plane will be : [ length of the rod is ¢, consider masses of both rod and particle to be same ]

m, ¢

m
(A) \J5g¢ (B) \J4g¢ (C*) \J4.59¢ (D) none of these
o W fiER AR & s Udh R R Pdfbd & 721 T ad R R T 91 Fo1 & | S 31 &
T RAGH I T B AP B HAER I § g AT IR qD — [BS DI a8 (T, BS g BU B
TAE QHEl m 9 ]

(A) \Bg? (B) 49! (C*) {459/ (D) 5 %1 BrE T
For (rod + particle) system :

(8BS + &) e & fog

1 (m 2) (v 1 3 éj
— — | +=mvZ =2mg| —
2 3 I 2
[Since, com will finally reach a height 2 [%j]

[iif, s 3 o 2 (%)qugam ~ v= (35 o

A particle of mass m is moving horizontally at speed v perpendicular to a uniform rod of length d and
mass M = 6m . The rod is hinged at centre O and can freely rotate in horizontal plane about a fixed
vertical axis passing through its centre O. The hinge is frictionless.The particle strikes and sticks to the
end of the rod. The angular speed of the system just after the collision :

MA
l
1
@) :d
|
|
me—=Y------ v
(A*) 2v/3d (B) 3v/2d (C) v/3d (D) 2v/d

UH SIAM m, Udh B8 d o=aq v ald 9 &iaerd: T &R I8 8| & T8 (HIAM B8 dl org d a0
T M=6mz| B8 B b= O W fhadid a1 gam 8 9o I8 d= O ¥ ok dlell Feaier ReR a5t
P R Afas dd ¥ gad wU 9 gUIF R Gl 2 | [badia 9w guv fET 5| HU I B 9 B b
R 9§ fRIus S § | <FpR & 3% 918 Mard &1 S a1l siii—

MA
l
|

) :d
1
1

me—=>Y-.-.-- v

(A*) 2v/3d (B) 3v/2d (C) v/3d (D) 2v/d
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Rigid Body Dynamics

Sol.

15.

Sol.

16.

By conservation of angular momentum about hinge O.

fraaa fog O @ uRa: ol |97 FRev™

L=Tw
d | Md? d )P mvd (md® md?
V—=|—+m | = o = = + ®
2~ | 12 2 2 2 4
mvd 3 md2e gl:@
2 3d

A uniform sphere of mass 'm' is given some angular velocity about a horizontal axis through its centre

and gently placed on a plank of mass 'm"'. The co-efficient of friction between the two is . The plank
rests on a smooth horizontal surface. The initial acceleration of the centre of sphere relative to the plank

will be : (
n;;JWWWWWTW

(A) zero (B) n (C) (7/5) ng (D*) 2 ug

'm aam:rzr\)qzﬁWﬁﬁﬁ@ﬁ?{ﬁﬂﬁﬁﬂ%ﬁ@ﬂzﬁwﬁamgaﬁvﬁaéﬂﬁmm%
Tl R A mEFHAH B & W 9 I S 2| SF S = gy e u g | a e afe 99 W
G T B | T B AU T B D Pl YRS @R BT

{
H7T7J777777777777777777777777777T77T

(C) (7/5) ng
et 3R =ifd & ferg FBD

Carlihgum

(A) = (B) ng (D%) 2 ug

FBD for sphere & block

f m f m
m m m m
a; = ugi 8 = —gi
éreI = 5*1 _5*2 = 2ugi
Arel = 2“9

A rod of negligible mass and length 7 is pivoted at the point % distance from the left end as shown. A

particle of mass m is fixed to its left end & another particle of mass 2 m is fixed to the right end. If the
system is released from rest and after sometime becomes vertical, the speed v of the two masses and
angular velocity at that instant is

1z
&
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m pivot A
PSRN LT @ 1 [P0ef 3 [20a7  [20g
4\ 19 4\ 19 19¢ 2\ 19 4\ 19 19¢
0 1 [, 3 [l g o 3 [ 1 fRoar fiog
4\ 19 4\ 19 19¢ 2\ 19 2\ 19 19¢
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Rigid Body Dynamics ﬂ—

16.

Sol.

17.

zw@awmwaﬁwwﬁmﬁr’aﬁ?ﬁéﬁwmmwmm%lw

m S BT B $9b 9 R TR T ST 2 m S@EHE BT 91 S AR R 91y A1 S g1 7R
M o1 FRrargaR ReR sfeRen ¥ 8ISl Ol 8 A &1 A $1 ard e 1o 9 &1 81 oig
e Feater Rafd | o 2 |

1z
<>

m pivot 2
a1 M,E\/M,\/ﬂ (B)l/w,ﬁ/w,ﬁ
4\ 19 4\ 19 19¢ 2\ 19 4\ 19 19¢
© 1 ME\/M\/@ (D)lw,l\/w,Jﬂ
4\ 19 4\ 19 19¢ 2\ 19 2\ 19 19¢

Decrease in PE = Increase in rotational K.E

Rerfost il § &= goiF it ol | gfg

2m

Vv

2 2
= 2mg.%—mg.£=ll.m2 =lmﬁ +2m% o?
4 4 2 2 4 4

o= ﬂ and V1=£(D=l M andw:ﬁ(;):E M
\f19€ 4 4\ 19 4 4\ 19

Two identical balls A & B of mass m each are placed on a fixed wedge as shown in figure. Ball B is kept
at rest and it is released just before two balls collide. Ball A rolls down without slipping on inclined plane
& collides elastically with ball B. The kinetic energy of ball A just after the collision with ball B is (Neglect
friction between A and B, also neglect the ra/ciius of the balls) :

() ™R ® ™" ©) 2 o) 70

3 UH GAM O e A 9B IS SdH m, o § SR ogER U ReR 99 W Wl &l g i
Bfvm W & € U9 Wi B IM1 W& & <HIM A IF UB BIS Wl g1 W A 9 dd W I e
Jeddl 8 3R e B A UARY TFIR PR o | G B A TFPR b I 9] g A B RS Foll BN

(A G271 B& #eg gyu] W0y 7 q1 Al @ R @ W= 9m)
A

/\
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Rigid Body Dynamics H‘
Sol.

Just before collision Between two Balls

SFI IRl B A TIBR D R 91

potential energy lost by Ball A = kinetic energy gained by Ball A.
T Al Rafdst ot 7 &1 = 38 A Wit St 4 afg

h 1 1
ng = Elcmmz +§mv§m
2
= % x ngzx(%j +%mv§m
= % mvZ, + % mv2,
= gmgh = mv2, = m7gh = %mvgm

After collision only translational kinetic energy is transfered to ball B

TIPY B 918 Had QAR IS Hofl g B BT RIAIRT 81 |

So just after collision rotational kinetic energy of Ball A = % mv§m = m7gh

aﬁzawa%g?*—crmﬁHAaﬁnﬁGm:%mvgm _ mgh

18.=» A solid uniform disc of mass m rolls without slipping down an inclined plane with an acceleration a. The

frictional force on the disc due to surface of the plane is
(A) 2 ma (B) % ma (C) ma (D) % ma

Udh B FHHRYU gdhdl [OTadl SgdF m 2, Udh add W a @R A §91 et geadl 8 | I &l a8 &
HRU FHA TR TYT I BT |

(A) 2 ma (B) % ma (C) ma (D*) % ma

Sol.

Torque about COM &M &% & WATU&l qeTgol

fR=1-a (a=aR)
2 2

tRe MRZ 2 _ymR” 1 {_Mma
2 R 2 2
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Rigid Body Dynamics ﬂ—

19. =

Sol.

20.

A small block of mass ‘m’ is rigidly attached at ‘P’ to a ring of mass ‘3m’ and radius ‘r. The system is
released from rest at 6 = 90° and rolls without sliding. The angular acceleration of ring just after release
is

P

9 s 9 9 9
") 4r ) 8r ©) 3r (©) 2r
TP ‘m’ SHA P BIC] @id (h gad foIdT S '3m' J 3531 r' ' W g8 w9 A o & | e
foRm @ 0 = 90° R o o S & e A el geaan 2| fIRM @ Jad 1 & R 918 97 B

Pofrg RO fd=n 8 —

P
9 « 9 9 9
(A) - B 5 © 5 (D)
f=4ma e (1)
(mg—="f)r=(3mr2+mr?) a
mg—-f=4ma e (2)

from (1) and (2)
= 8ma=mg

—~a=9 5 4= 9
8 r

/

mg

A uniform ring of radius R is given a back spin of angular velocity Vo/2R and thrown on a horizontal
rough surface with velocity of center to be Vo. The velocity of the centre of the ring when it starts pure
rolling will be

(A) Vo/2 (B*) Vo/4 (C) 3Vo/4 (D)0

R 501 @1 T UH9HH 9o 1 Vo/2R B0 971 &1 uga =Yl (back spin) dR1é Udh GRaX &fdul adl

TR BB SN 8| Bbd GHY D7a DT 9 Vo' | g el A IR B & a8 dad D b Bl 7
B |
(A) Vo/2 (B*) Vo/4 (C) 3Vo/4 (D) 0

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 71
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RJ2007PLC024029 .



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

Sol.

21.»

Sol.

22,

Here, u= Vo, wo= —ﬁ
2R

At pure rolling ; (g% o TIfd & forg)

V=Vo-— [F—th
m

v Y/ F 1 FR
& — =0yt In pure rolling V = R offg fy & V=R = — =
Y-kt anpure oling V - Ro) (g Rre V= Roja= < = L)
= Vo—V=V+ﬁ
2
= 2V=ﬁ = V=ﬁ Ans.
2 4

A box of dimensions ¢ and b is kept on a truck moving with an acceleration a. If box does not slide,
maximum acceleration for it to remain in equilibrium (w.r.t.truck) is :

1L E’

(A) 9?6 B 92 ©) g (D) none of these

¢
TP ¢ TAT b faHR &1 U il a @RU ¥ dcl I8 ¢b WR @ B IR} df T8 WRbal & AR IE
AT § B (6 B ATeT) A <dAfp DY Afdban fbawn @alRd &) dad & |

T

O <m% ©)g (D) & & Pré T

For maximum a, normal reaction will shift to left most position.
Afrpad @R & fory ifers ufifdrar a1 91 PR W RIE=Rd 8 SR

b
<> —>a

ﬂl e L

© )
for rotational equilibrium tp = = 0 [in frame of truck]
YOI A Rl B fY e == 0 [86 & fde a3 ¥ ]
b gb

ma£=mg— = a=
2 2

If the positions of two like parallel forces on a light rod are interchanged, their resultant shifts by
one—fourth of the distance between them then the ratio of their magnitude is:

(A)1:2 (B)2:3 (C) 3:4 (D*) 3:5

I fFdfl g B8 R, TV IR U@ & o @) el @ Rafd =R 9ga 7, a1 9@ aRom 9a
ITB 19 B g b TP g A fRenfT 81 o 8 A1 S gREl @1 rgurd 8R—

(A)1:2 (B)2:3 (C) 3:4 (D*) 3:5

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 72
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RJ2007PLC024029 .



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics H‘
Sol.

A B_>F

2

d ——Fr

ﬁF

A " Torque about point A a5 A& wTUer FaTeEl

Ta=Fr (%) + Fa (d)

—>Fr

4
A W\ =Fr [de +Fi (d)
(F1 + F2) g + Fod = (F1 + F2) (%j +Fd

F+F 3 3
% +Fo = (ZF] +ZF2 +F1)

F‘ —§F1—F SE4F -2
4 2

( ) [3)

1 3':2

4 4

5F1 = 3F2

F, 3

2

23. Consider two point masses m1 and mz2 connected by alight rigid rod of length ro. The moment of inertia
of the system about an axis passing through their centre of mass and perpendicular to the rigid rod is
given by
] fag s@WEl my TAUT m2 B TP Bedl GG o AXTs DI B §RI s gU AN | & B & orrdad aoll
SI® SREM Bal ¥ JoiRe arell Uh el & aRd: e &1 stea gl = i @

mym . mm 2m;m m2 +m3
W) o2 (B) i (C) ——2r5 (D) L—2¢
(m; +mj) m, +m, m, +m, my +m,
Ans. (B)
Sol.  pre?
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Rigid Body Dynamics H‘

24, In the following arrangement the pulley is assumed to be light and the string inextensible. The
acceleration of the system can be determined by considering conservation of a certain physical
quantity. The physical quantity conserved and the acceleration respectively, are

71 gaven d AR &1 gedl den =T fda AR | e w1 @R fe te Hifde iy o i
A} FReiRa fear s gear 2 | Sxfed 9ifde afdr aon v saer: 8

r

|::|1kg

2kg_]
’ DSkg

B) linear momentum and g/2
D) mass and ¢/2
B) &g HdW qemT g/3

)

(A*) energy and g/3
(C) angular momentum and g/3
(A) Soit q2rm g/3

P

(C) BT a7 T2 g/3 D) S| T2 g/3
Ans. (A)
Sol.  No dissipative forces so total mech energy is conserved

(B+1)gx—2gx = %(3+1+2)v2

= 2gx = 3v2

= 29v=6vd—v
2dt

av_g

da 3

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE
T -1l : Yhel Ua fg—qurfs A UHR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1. A wheel starting from rest is uniformly accelerated at 2 rad/s2 for 20 seconds. It rotates uniformly for the
next 20 seconds and is finally brought to rest in the next 20 seconds. Total angular displacement of the
wheel is n x 102 radian where n is.
U ufean faRmreRen & UR™ 81aR 2 rad/s? & @RU ¥ 20 9Hvs & U U HHAE @Rd g1ar B | g9d!
el 20 HHvs & fog U |AME ®U A AT a1 B SR I H STl 20 Hdhvs d1 favmraRen |
ST A ¥ | Uiy &1 el IO IR n x 102 radian ¥ STEf n RN

Ans. 16
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Rigid Body Dynamics ﬂ—

Sol.

Ans.
Sol.

wo =0 o = 2rad/se? t =20 sec

20 40 60
o= mo+ ot
0=0+2x20=40
Area of graph is equal to total angular displacement

U &1 a6 Gl DU favemud & Jed B |
0= % (60 + 20) x 40 = 1600 rad

Two steel balls of equal diameter are connected by a rigid bar of negligible weight as shown & are
dropped in the horizontal position from height h above the heavy steel and brass base plates . If the
coefficient of restitution between the ball & steel base is 0.6 & that between the other ball & the brass
base is 0.4. The angular velocity of the bar immediately after rebound is nx10- rad/s where n is:
(Assume the two impacts are simultaneous.) (g = 9.8m/s?)

o /=1m )
Th=0.1m

M MBrass
Th A AR B & I Bl 1 70 G $ g6 B8 9 AGAR Jo! 8| 39 h a8 | &I qen
9 B wie W &fds Rafa | vier omar 21 Ik a don T & 9 T 919 01 IR B 99 TR
o6 HAL0.6 T2 0.4 ® @ IR B R 91 109 dled WAT 1% BT BT 97 nx10 2 rad/s § il
n 8| (AT ST <] Ub A B 21) (g = 9.8m/s?)

o /=1m
Th=0.1m
Brass

e= Vs ,  Vss=0.6./2gh

vep =0.4 ,yZQh

o= Yo Yo - SHBOABDL - 02 x (186 =0.2x 1.4 =0.28 rad/sec.

Three identical uniform rods, each of length , are joined to form a rigid equilateral triangle. Its radius of

gyration about an axis passing through a corner and perpendicular to the plane of the triangle is L

N
where nis :
A TR B, UA® B ANl £ 8, 58 SISdR Udh g¢ 9HdIg S 991 § | U eNY 9 OiR dTell ae

%rgaa%aazﬁmaazﬁwﬁaﬁsﬂaﬁqﬁﬁﬁﬁm%%aﬁnﬁm
n

/\
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Rigid Body Dynamics H‘
Sol. 2
MI of the system w.r.t an axis L to plane & passing through one corner

qd & oTraq a1 Mo & Ueh IR | U Bkl gl fhl 3fe1 & e ST ST |

ML?

M {ME 3ML2}

+
3 12 4
2 2 2 2
_ 2ML . 10 ML _ 3ML! _ 18ML _ EMLz
3 12 3 12 2

Now 379 % ML2 = 3k2M

‘
K= —

J2
[Ans.: —— ]

N

4, The moment of inertia of a thin uniform rod of mass m & length ¢ about an axis passing through one
2

end & making angle 6 = 45° with its length is mez where n is.

n

m SEAM T/ NS P UH Udell THAAT TS Pl 5Hb TP R I YORA dTll TAqT SHD] AR D

2
1ot 6=4SQEFIWWWST&T$W&TWGTF€[FT% 2 S8l n 8

Ans. 6

Sol. linear density Y& 8@ ) = %

dm = (mdxj
/

/
m
Ing = J.dm - X% = I7dx - (x cos 45)2
1 /
m x2 m ( x3 me?
— = dx = — | ||| —
4 2 20| 3 6
0 0
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Rigid Body Dynamics

5xn

Sol.

Sol.

/\g

A uniform rod of mass m and length L is suspended with two massless strings as shown in the figure. If
the rod is at rest in a horizontal position the ratio of tension in the two strings T1/Tz is:

LU

T

R
, 34!

L
m STHF 9 L a8 B 96 B &l sdMe IR|AT 9 AR dcal 83 | afe vs afao sraRen

# Rer 8 a1 =1 IR\AT | q4m@l B1

T1/T2 8T :
LU ]
T, T,
D r——
34|

2
LA
T, T,
A
'
] L4
) L
w=0
3L L
Tix — — - =0
g TG
T1=—2mg
3
Ti+Ta=mg
T,= 19
3
1=2Ans.
T, 1

Two persons of equal height are carrying a long uniform wooden beam of length ¢. They are at distance
/14 and ¢/6 from nearest ends of the rod. The ratio of normal reactions at their heads is n : 3 where n is

A ot RFE S T 2, T TR e W aed B T (@WE ) B A W e E A’ B
o RRT | /430 /6 B T W | 398 RRI (heads) TR 31Wera Ufifehar 9ol &1 ourd n : 3 ©

STEl n 8 —
4

N, N
O N
04T 04 T

RN

For rotational equilibrium o= |rmeRen & ford

N1x£=N2x£
4 3

N1:N2=4:3

/\
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Rigid Body Dynamics

7. =

Ans.
Sol.

/\g

A (i) ring and (ii) uniform disc both of radius R is given an angular velocity and then carefully placed on
a horizontal surface such that its axis is vertical. If the coefficient of friction is u for both cases then the
ratio of the time taken by the ring and disk to come to restis n : 3 where nis : (The pressure exerted by
the disc and ring on the surface can be regarded as uniform).

Ud (i) 9o19, AT (ii) TP FAE Fdhdl

JAh B Frear R B, & v I | Ih0T Ifd 9= BRd ©, AR

9 U AEgrYEe AfdS §a8 W W T B | T I8 SwieR § | I M Refdl § v onie @
AM p B | 99 IF AT el gRT fIRTATER T A H T qHI BT U n 13 B @l n B (=l
AT IIT R I8 W MY T TG P Th A A Fhd 2)

4
For ring

1= umgR = mR2a

o= M
R
o= o — at
0= wo—oat
o @R
ug
For disc
Z

For small ring friction force

dfr = p(2nrdro)g
Torque of the friction

T = (—rdfr) = — 2ruogridr

6-[&]

- nR?

BIE! 9o ® o Oy 9
YO BT qATET

R
T = —21ucg Irzdr =— g nuogR3
0

For rotation about z-axis
(t=1a)

2
_ % ruogRe = (TR0

oo (ﬂj
3R

From equation of motion
o=m0+ot

0=wmo+ ﬂ t
3R

z-318 & Ae goiF & ol axis

R2 a

T B FHBROT A

te (3R(DO J
4pg

/\

Ratio = 4:3
n=4
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Rigid Body Dynamics

/\g

8. Each of the double pulleys shown has a centroidal mass moment of inertia of ‘mr?, inner radius r and
an outer radius 2r. Assuming that the bearing friction of hinge at A and at B is equivalent to torque of

magnitude m9

and r =0.1m)

Tr then the tension (in N) in the string connecting the pulleys is : (m = 3kg, g = 10m/s?,

geg S fg FARART U@ @1 I SS9 Wed AU ‘mr?, <IR® 3w ra I e 2r g
AT A9 B 318 WR IR |vr (bearing friction) &1 9e 3meoi %W@W%Fﬁ feRT @1
Sires aTell S"1 § d91a =[ed H 81 (m = 3kg, g = 10m/s?, Termr =0.1m)

Ans. 10

Sol.
=

mg
=ma
{a=ar}

Txr =T x 2r — mar _
4

mg -T = mar

T'xr — % =mr? (2a)

Solivng T’ = % — 10N

mr2o,

Correction SR Sir [Check the numerical answer]

<Nx'=2a

Resonance”®
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Rigid Body Dynamics ﬂ—

9.

Ans.
Sol.

10.=

The pulley shown in figure has a radius of 10 cm and moment of inertia 0.1 kg-m?2. The string going
over it attached at one end to a vertical spring of spring constant 100 N/m fixed from below, and
supports a 11 kg mass at the other end. The system is released from rest with the spring at its natural
length. Find the speed (in m/s) of the block when it has descended through 10 cm. (Take g = 10 m/s?
and assume that the there is no slipping between string and pulley).

o § Tuls T T fRA B BreAr 10 cm @ Srew TR 0.1 kg-m2 R | SH S TP S BT T
fa=R1 100 N/m & fFradie &1 U Seaier RUT A Je 8o & ol - 9l 8 2 gy R R 11 kg
MM F41 & | fET S9e upfae awE o R § 8 919 e o1 faxmmesen 9 o a-d € | 99 I8
10 cm A K 3 ST 2 99 i DI A A/H H A PN (g = 10 m/s? ofd, T gfa v St &
7 PIg e T8 B )

11kg

1
Using energy conservation ol TRETT |

mgh = lkx2+ lIo)2+ lmv2
2 2 2

String does not slip T fhsgerch & 8

So(V = ar)
2
mgx=lkx2+ lI A, lmv2
2 2 |r? 2
x=0.1m I=0.1kg—m2 r=0.1m K=100 N/m
m =11 kg
1 1 V2 1
11 x10x0.1= — x 100 x (0.1)2+ — x 0.1 + = x 11 xV?
2 2 (0.2 2

22=1+10V2+11V2
21V2=21
V=1m/s

The angular momentum of a particle about origin is varying as L = 4\/§t + 8 (SI units) when it moves
along a straight line y = x — 4 (x,y in meters). The magnitude of force (in N) acting on the particle would
be :

Uh P O WA W@ y = X — 4 B IR A a1 & A A 5 & AUE FAD] DIONT T

L=4V2 {18 (SIa=® # & qom x,y Hex # 2) & e aRafdd 211 1 97 W o B g6 BT GRA
=Jed # B8R —

/\
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Rigid Body Dynamics H‘
Sol. 2

Y
y = x—4
(0,0) N
AN (4.0) x
AN
1
1
1
N )
dt
from figure =3 & r=2J2m
Hence 3 t=r,F
a2 _22fF . F=2N Ans.
11. A plank P is placed on a solid cylinder S, which rolls on a horizontal surface. The two are of equal

mass. There is no slipping at any of the surfaces in contact. The ratio of the kinetic energy of P to the

kinetic energy of Sis n : 3 where nis :
P

S

<l P &1 &fds Ade WR goiF T PR @ o/ doi S WR I T 8 | QM1 b S| |HM © | 9WD
g & a0 &8 ® N frgew 7fa 7€ 8 @ P 91 wIfost Sott @ S @1 i Sooft &1 U n: 3 B &t

n gRM
P
S
Ans. 8
Sol.  Let velocity of c.m. of sphere be v. The velocity of the plank = 2v.

AT M S SHAT D BT 9T v | 9T ©fih BT 97 2v 8 |

Kinetic energy of plank = %x m x (2v)2 =2mv?
ih B TS el = %x m x (2v)2 = 2mv?2

Kinetic energy of cylinder = %mv2 +% + (%mRZmZJ

JoIF B TferSt ol = %mv2+l +(1mR2m2)

2 2
ve[14 1] 23 1yt
2 2 22

i B o ot

KE. of plank =28 ofyey gof . 2mvZ 8
KE. of sphere 3
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Rigid Body Dynamics ﬂ—

125

Ans.

Sol.

13.

Ans.

A uniform rod of mass m = 5.0 kg and length ¢ = 90 cm rests on a smooth horizontal surface. One of
the ends of the rod is struck with the impulse J = 3.0 N-s in a horizontal direction perpendicular to the
rod and removed. As a result of which the rod gets angular velocity and linear velocity instantaneously.
The force(in N) with which one half of the rod will act on the other in the process of motion later on.

m = 5.0 kg T T £ = 90 cm TIE B Uh 94 B Afe e ddg o faxmrasen § i g€ 21 v
T Th AR @ B & ofwgaq afast faem # J = 3.0 N-s 3ma71 & & @1 fR gl oid 8| g9a uRum
wWHY I &0, B PIUNG Tl VER 97 YT R ol ©, A1 = dY B A B ufhan § v B a7en |n
9 Y MY 9N W a1 9 = H g

9

due to hitting of the ball, the angular impulse received by the rod about the CM is equal to [Jgj If ois
the angular velocity then

ﬁaa%‘ra‘crcwzﬁWwwﬁvﬂumﬂwﬁmammzﬁwzﬁazﬁwﬁamm[Jﬁj

2
BT | A 1o I o'

2
Hence the force exerted by one half on the other half = | — [mg KJ = 2_6 = (9N)
m

ON)

W:WWWWNQWWWWW=(2 -[

A uniform solid sphere of mass m and radius r is projected along a rough horizontal surface with the
initial velocity vo and angular velocity wo as shown in the figure. If the sphere finally comes to complete

20, .
rest then =20 s equal to:

Vo

T

m SEE g r S &1 U S ord el GREY A AdE WR QY gER URMMS 9 vo del
aﬁvﬂuaﬂmoﬁu&#ﬁﬁmmélﬁﬁéaﬂmanwﬁaﬁﬂ ERSEACRERESE

Vo

T

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 82
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RJ2007PLC024029 .



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics

Sol.

14.»

Ans.

umg
Torque about point A a5 A & HTU&T qa—3Mmel

(umg) R = ngZ.a

o |2 M9
2 R

vV=uU+at
0 =vo — pgt
t=(V_0j
ng
o = oo + at
0=mo—Sig Yo
2P ng
5v,
wo=—20

A thin uniform rod AB of mass m = 1.0 kg moves translationally with acceleration w = 2.0 m/s2 due to
two antiparallel forces F1 and F2 (Fig.) . The distance between the points at which these forces are
applied is equal to a = 20 cm. Besides, it is known that F2= 5.0.N. Find the length (in m) of the rod.

F,

LI B
AR & dell T w99 Bs AB R ™M m = 1.0 kg &, &1 YAk (antiparallel) 3 F1 @

Fo® ®RU w=2.0m/s?d @RY § WM A SRl 8 | R f[Igeil 'R I8 9 od &, S 78 &)
T a=20cmz| T I8 91d © f& 9 Fo= 5.0.N. 8 O B @ =8 Al H AT B |
F,

1
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Rigid Body Dynamics ﬂ—

Sol.

15.

Ans.

Sol.

Motion of rod is purely translational net torque about C.M of the rod should be equal to zero

TS Pl W Y WIFIRT A & TN B & ST S $ AU Fo Jogdl YA 8 37k

H

For translational motion of rod B &I WIHRT Tfa & ford

Fo—F1=
- i ma’
F2 F2
oa/= M 28 _qmy
F, ma

A hollow smooth uniform sphere A of mass ‘m’ rolls without sliding on a smooth horizontal surface. It
collides elastically and headon with another stationary smooth solid sphere B of the same mass m and
same radius. The ratio of kinetic energy of ‘B’ to that of ‘A’ just after the collision is 3 : n where n is :

TF ‘m’ SIAM B IHT GrEe F9wd Mol A U6 99ad e eRad R 31 fhael geddr 2| I8 6
I FAE o 9 GHF S| dTel e 3 ReR Mol ‘B W AR TR WU ¥ TGHR BRal B |
W?WWBH%AH%WW@WWS n%x—ﬂn%‘ﬁn—

2

Since the two bodies have same mass and collide head-on elastically, the linear momentum gets
interchanged.
Hence just after the collision 'B' will move with velocity 'vo' and 'A' becomes stationary but continues to

rotate at the same initial angular velocity ( R J Hence, after collision.

Rifd SF TRGAT T I WK & AR AT T YR TIPR P 6, ST ITP1 FaAT 09 4
IS ST & | 37 AT IMUH H I STl ¢ |

3T IR B Sb a8 'B' , 'vo' I H T AT © A A’ Bb I B, IR Sl DI I (Vﬁojﬁqﬁﬂ

PHRAT B | I: TP © 9%

(K.E.)g = %mvg

e o (2mge) | (Vo) L (< E)p 3
and 3R (K.E.)a = 2160 = 2(3mR) ' [Rj = (K. E.)A_2

Note : Sphere 'B' will not rotate, because there is no torque on 'B' during the collision as the collision is
head-on.

e : e ‘B goiF T8 B, R®ifd 'B' R < & IRM 9o el 98 B, R®iifd Tdm) ww ®
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Rigid Body Dynamics

/\g

16. The free end of the string wound on the surface of a solid cylinder of mass M = 1kg & radius R = %m is
pulled up by a force F as shown. If there is sufficient friction between cylinder & floor then the upper
limit to the angular acceleration(in rad/s?) of the cylinder for which it rolls without slipping is:
(g = 10m/s?)

F
M
UH & BT gad RRT M = 1kg S @ R=§m%|aﬂa‘:€m J B qaE W digdR F g A
frargaR dien A g1 IR 999 9 B @ HeF g i gyl B, 99 991 @ PO @Rl Pl AAFHAH
A feTH/82 F T Bl R I {91 e @les I &R 93 | (g = 10m/s?)
F
M
Ans. 10
Sol. (F+N=mg) —(i)
F
il
f A
bog
2
w =FR= MR —(ii)
2
For maximum o
AMTFHTH o ® ford
N=0
(F=mg)
mg.R= 3 mR2 o
2
- [
{ 3R
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Rigid Body Dynamics ﬂ—

17. =

Ans.
Sol.

A uniform solid cylinder of mass m = 1kg rests on two horizontal planks. A thread is wound on the
cylinder. The hanging end of the thread is pulled vertically down with a constant force F.

(a) Find the maximum magnitude of the force F(in N) which still does not bring about any sliding of the

cylinder, if the coefficient of friction between the cylinder and the planks is equal to p = %

(b)The acceleration amax of the axis of the cylinder rolling on the planks is %m/s2 where n is:

m=1kg SEHM BT TH A 3 9o al Afasl ddi R R #§ 81 909 & aRT IR % 9T duel -1
21 UM & WA 1Y ded gY RR B ve fad 9 F 9 dian o @

(@) 9 F &1 98 1f¥fdad gRATT (R H) 9d ooy Rad 9o 3 Bl 9 geR @ haed T8 8,
aﬁéaﬂaﬁ—\fa@rzﬁqwm‘wwzﬁu=%a%wé

(b) T TR b H I B! 3f&T BT FMAHAH AT amax, %m/s2 T STEf n 8|
(a) 10 (b) 20

Using Newten's second law in y and x dir.

x 3R y feen # a1 & fgd w9
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Rigid Body Dynamics

18.

Ans.
Sol.

fr1 + fra = (mwe) —— x dir —(i)
Ni+N2—mg-F=0 ———ydir
Ni+Ne=mg +F —(ii)

Torque about axis of cylinder 9@ @1 31&T & A& FTATHIT

2 2
FR—(fri +fre) R= 0 o= MA” (Wo
> > (R

pure rolling Y& e A (ﬂ = aj

fri + fra < p (N1 + N2) —(i)
from eq’ a1 ¥

F < [3nom
2-3K

Frax = [Mj -10N

2-3K
o (N +Np)
m

2-3K 2-3n 3

£ (mg + Fma) = = (mg + (3umgj =[ 219 j= 20 2
m m

A cylinder rotating at an angular speed of 50 rev/s is brought in contact with an identical stationary
cylinder. Because of the kinetic friction, torques act on the two cylinders, accelerating the stationary one
and decelerating the moving one. If the common magnitude of the angular acceleration and
deceleration bel rev/s?, then how much time (ins) will it take before the two cylinders have equal

angular speed ?

50 FFHR/ADHUS BT ATl | gH I8 VP Joaq ReR @ H Red Uoh 3= b 9o daid & 9 H
T ST & | TS 860 & PR, &A1 do1i UR g A0l o B, ReR a1 @Rd s & de iR
Jrafed Brar B | If HIoNT RO q1 Bl Srawes b1 AT URATT 1 rev/is? B, A QM1 I @l

IV o1t Th A B9 § fhaar 997 AHhvs § o ?
25

o= 100 rad/sec

o, =0

o

(a1 = a2)
fR = T fR = loe2
o1=02 = =2nrad/sec?

For A cylinder 9 A @& a7 : © = wo — at
® = 100% — 2xt ...(J)
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Rigid Body Dynamics ﬂ—

19.

Ans.
Sol.

For Beylinder 9eM B @& foly o = wo — at wo =0
o= at
®=2nt ( i)
From (i) and (ii) |#&=oT (i) T2 (i) 9 =1
20 =100x
o = 50n
From (ii) equation | (i) & 50 1 = 2 nt
t=25sec

00n—w

A uniform disc of mass M = 1kg, radius R = 1m is moving towards right on smooth horizontal surface

with velocity vo = 20 m/s & having angular velocity ®o = 4 rad/s about the perpendicular axis outward
the plane of disc passing through centre of disc. Suddenly top point of the disc gets hinged about a
fixed smooth axis. The angular velocity (in rad/s) of disk about new rotation axis is:

Before After

A M = 1kg, BT R = 1m @1 U& 9999 Il il 3R vo = 20m/s I 9 faa=i &fs dag w®

TN B Td Thdl B dvm A UIRD 39D T B oaq el b R FAD! BIUT 97T o = 4 rad/s B |
S FHdl B Y g Rer el a1er & aRa: feaea a= e oar 3 | =0 goiF a1g & aRdaeia
BT HIUNY 7 ST,/ qbvs H a1 BN ¢

Before UR®T # After 91 #

12
Conserving angular momentum about A

Azﬁﬂﬁaﬁvﬁaﬂaﬂﬂwﬁﬁ

©- 0

2 2
MvoR - MR” o= MR +MR2 & 0= 2[Yo ) _12ragss
3R 2
[Ans.: 2[ Yo _%0 )
3R 2

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 88
Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RJ2007PLC024029 .



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

20.

Ans.
Sol.

21,

Ans.

A regular hexagonal uniform block of mass m = 4\/§kg rests on a rough horizontal surface with

coefficient of friction p as shown in figure. A constant horizontal force is applied on the block as shown.
If the coefficient of friction is sufficient to prevent slipping before toppling, then the minimum force(in N)

required to topple the block about its corner A is:(g = 10m/s?)
a
a

A
TR WHYCYS & ®U § m = 4 /3 kg TIHE HT I Th GHAGY lld | T e arelt &S gra
HAE TR W@ T § A 39 R FREAGAR Th 3R &l 9a o & | A ueies 9 gd e a4 &
fo amawad GYY NG BT AF T B Al R A $ URa: 39 Uded & oy fha <eew 99 =ed A
JMITYFH BT (g = 10m/s2)

F a
a
L4
A
20
For toppling of block about A ; A @ IRd: =if® &I Yeled & forg
F a
a
A
= Tnet= 0
a mg
= F.¥3a=mg. - = F=—= =20N
V3a=mg. - o0

A uniform rod of length ¢ = 1m is kept as shown in the figure. H is a horizontal smooth surface and W is
a vertical smooth wall. The rod is released from this position. The angular acceleration (in radian/sec?)

of the rod just after the release is :
H AA :

'£'=1mmaﬁwwwaﬁﬁwwﬁ%|HWWW%HWWWWW
IR 2| TS Bl S T3 RART # BIST 9aT 2| BIed @ b 915 B Bl DIV RV Af$I/92 § 71
PRI |
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Rigid Body Dynamics ﬂ—

Sol. (mg) (écos@j = la
IAOR
L
2
[ﬁcosﬁj k‘?h--}.
2 0 *.
R
8 mg
¢ me? (V° me?
mg|—-cosf|=——+m|—-| =—a
2 12 2 3
= o= (wj = 9 rad/s?
2
22, A uniform circular disc has radius R & mass m. A particle also of mass m is fixed at a point A on the
edge of the disc as shown in the figure. The disc can rotate freely about a fixed horizontal chord PQ
that is at a distance R/4 from the centre C of the disc. The line AC is perpendicular to PQ. Initially the
disc is held vertical with the point A at its highest position. It is then allowed to fall so that it starts
rotating about PQ. The linear speed of the particle as it reaches its lowest position is «}ngR , where nis
an integer. Find the value of n
U FHHRY JBR gl Bl a1 R T1 So0dE m 2 | U 31, sl g9 9 m &, RIEgaRr a@dl &
fFIR W fdg A R eI g 2| Il U ReR &fds Sfar PQ & uRa: g7 & forg s 8, foat
FHdl B H= CH g R4 T Y@ AC, PQ & TEdq © | 3RY H Iadll Bl 39 UHR HEAER I&d & Al
g A S9! Ieacw Refd 3§ 81 21 319 39! R o &, f9 98 PQ & uRa: g1 IRY &R <l |
1 &1 wor e Refy & ugaan 8, S &vr &9 @) e 9 (JngR R | W@l n Ud qie =1 on @
A A DI |
Ans. 5
Sol.

Initial and final positionsare shown below
m

[e]
S3P-——————0 - -

Inital Final
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Rigid Body Dynamics

Sol.

Decrease in potential energy of mass ‘m’ = mg {2 x ?} = %
Decrease in potential energy of disc = mg {2x %} = ngR
Therefore, total decrease in potential energy of system
= M + ng =3 mgR
2 2
Gain in kinetic energy of system = %I o?
Where I =moment of inertia of system ( disc + mass ) about axis PQ.
= moment of inertia of disc + moment of inertia of mass
mR2 R 5R\?
= +m| — +m| —
4 4 4
| _ 15mR?
8

From conservation of mechanical energy -
Decrease in potential energy = Gain in kinetic energy

SmgR < 1 (m} o
2 8
169
5R
Therefore, linear speed of particle at its lowest point
_ (@j w=2R [169
4 4 \5R

or V= 1/5 gR Ans.

TRfTe Jorr sifvaw Rerftrlt i gofdy orgaR 21

Inital

'm' s & Refast St # wH = mg{2x } 5ng
m

ﬂﬁﬁﬂ%ﬁ@ﬁ%ﬁ'%ﬁﬁﬁ:mg{zx%} _

a: e & o Rufos $oif ged & -
_5ng mgR
2 2

2

=3 mgR

Final
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Rigid Body Dynamics ﬂ—

WWﬁq@:%loﬁ
Tel [ =P (Fadl + @ ) PQ 31 & QU8 Siscd e & |
= bl BT STScd AU+ FTIAT BT STocd IMET

mR2 R)? 5R
= +m| — +m| —
4 4 4
_ 15mR?
8

FIE Holl S A& -
Referst Soit # &7 = i Sott 7 gfeg

2
3ng=l(15mR j "

I

2 8
- _ [169
~ \'sR
s9fery, g &1 Fo1 @1 Y& g
5R 5R [16g
= |2 o= 2 |1BY a1 =,/5 R Ans.
Y [4}” 4 \5R Y g

PART - 1ll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

AR -1l : U T UF 9 Af0F F81 fabed yaR

1".m

Sol.

A rigid body is in pure rotation.

% g fUvs gg goib i &R =1 2 |

(A) You can find two points in the body in a plane perpendicular to the axis of rotation having same
velocity.

(B) You can find two points in the body in a plane perpendicular to the axis of rotation having same
acceleration.

(C*)Speed of all the particles lying on the curved surface of a cylinder whose axis coincides with
the axis of rotation is same.

(D*)Angular speed of the body is same as seen from any point in the body.

UHh go fUvs Yg goid T PR T 2 |

(A) g1 31T & T aq ad 9 fivs 7 |1 V9 g 81 9ad & R a7 994 © |

(B) oI 1T & T aq ad 9 fuvs # |1 V4 g 81 9ad & Rd @Ro |99F B |

(C*) U Jof foTaa! 31ef , gouid 316 & TRl 5, & 9 g R Rerd 91 fagei &1 =1 ¥94 B |

(D*) fove R Rera fef N g & @t favs & @rofrg a1 94 2 |

All points in the body, in plane perpendicular to the axis of rotation revolve in concentric circles. All
points lying on circle of same radius have same speed (and also same magnitude of acceleration) but
different directions of velocity ( also different directions of acceleration)

Hence there cannot be two points in the given plane with same velocity or with same acceleration.

As mentioned above, points lying on circle of same radius have same speed.

Angular speed of body at any instant w.r.t. any point on body is same by definition.

9] H YU e & Eaq ad R 9 g Fawig gai § uRyEe aRd 2| 99E e & gd R 99
fargell @ FAM A1t (qen @RT BT W wAE gRATon) B ofh 9 @ e (@Rer @ e o) e g
safer fod M aa 9 <1 W a5 999 981 © RS 99 (@2 @Rt 99H) 99 8 |

HWR Jg IIR1 T 7 fF wAE o @ g9 R gl @ 99H 91d ©

e &1 R axg B Bl T axg W Rerd e famg & Amder R | |99 @l 7
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Rigid Body Dynamics

2. %

Sol.

3.

Ans.
Sol.

A sphere is rotating uniformly about a fixed axis passing through its centre then:
(A*) The particles on the surface of the sphere do not have any angular acceleration.
(B*) The particles on the axis do not have any linear acceleration

(C™) Different particles on the surface have same angular speeds.

(D) All the particles on the surface have same linear speed

TP el 39S S5 ¥ ok drell ReR &7 & A1el U FH goid HRal 8

(A) el @ T8 IR ReId $1 BT B BV @ROT TE] BIT|

(B) U= aftfa a7 ux Rerd Holl &1 Y& @ROT 81 8T |

(C) ag W Reyd 31— &Ul &1 HIofig 977 A 81 |

(D) e W Rerd a $oll &) Y& gt |qAe 817 |

Sphere is rotating about a diameter

Tell, T & WATYel GO B &l B 3r:

so 3d:, a=oaR

but, R is zero for particles on the diameter.

<fe & R Rerd fd=gai & ford R 3= 8

The moment of inertia of a thin uniform square plate ABCD of uniform thickness about an axis passing
through the centre O and perpendicular to the plate is -

(A )L+ I2 (B*) Is + 14 (C)L + 13 D)L+ +Is+1a
where 11, 12, Is, and I are respectively the moments of inertia about axes 1, 2, 3, and 4 which are in
the plane of the plate.

TS Ul YHAAN Ay @ G99 TNeR ¢ ABCD &1 ©ic & dd & o=dq 9 39® = O I ok
qrell 31& & AU Sed IOl SR -

>

(A") L1 + 12 (B*)Is+ 14 (C) L + 13 D)L+ +I3+1a
SRl 1, Io, s, QAT 143699 36T 1,2,3,9 4 AU Secd MLl 8, & ddf # RId 7 |
A B, C

---3

\C
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Rigid Body Dynamics

4*,

4*,

Ans.
Sol.

Using perpendicular theorem orad 316t 94

ITo=Ilsa+13
ITo=Ii +12

so, (Io =TIt + I3)

I3=14
Io=11
Is=12

In the figure shown a uniform rod of mass m and length £ is hinged. The rod is released when the rod
makes angle 6 = 60° with the vertical.

33g

(A*) The angular acceleration of the rod just after release is Ve

(B*) The normal reaction due to the hinge just after release is

J19mg

8

(C*) The angular velocity of the rod at the instant it becomes vertical is B—?

(D*)The normal reaction due to the hinge at the instant the rod becomes vertical is % mg

T TN R A m g@EAE JUT /TS B Uh GHOY B Bl blidihd fhAl Il g | Ofd TS SHEiER I
0 = 60° BV IO B, I TS Pl faRE I BT 9T 2 |

(A*) BIS & SIH UTAN B B BT TROT %%l

(B*) BTSH & TId U dHlaid & BRI et glafsha @ 21

(C*)%mﬁvﬁuéﬂmu@mwg‘raﬁﬁ%‘,\/gﬁl

(D*)wwwaﬁwzﬁwwﬁwmmwmwﬁaﬁ%‘,%mg 2l

(A), (B), (C), (D)
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Rigid Body Dynamics

5* . n

‘. m¢?
A - 60° = —
(A) mg 5 sin 3 o
B 3\/§g
Y

(B) N2—mg cos60° =0 = N2 = %

mg sin 60 — N1 = (M
mgﬁ _m i @=N1
2 2 4
N1=M
N=JN2+N3 = V19mg
8
(C)m —(1—cos60° —l 2__m_€2w2
g =2 =273
_ 39
2/
mo?¢
(D)N-mg =
2
7
N=—m
7 M9

Consider a disc rolling without slipping on a horizontal surface at a linear speed V as shown in figure
A

A
N
C
A*) the speed of the particle A is 2V

B) the speed of B, C and D are all equal to V

C*) the speed of C is zero and speed of B is \EV

D*) the speed of O is less than the speed of B

T AF ahcl &S 9@ W @R 9 V¥ REER gg dedl afd w8
A

(
(
(
(

A) B A B! =TTl 2V Bl
B) B, C 9211 D &) =l V a9 819

)
)

C) C &Y aret = &, @ B =t V2V ¥
)

(
(
(
(D) O @ a1t B! aTel § %H ¥
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Rigid Body Dynamics H‘
Sol.

C
for pure rolling g dre-l Tfd & forg
V =o0R Va =2V

Ve= 2V  (Vo=0)

6*. A cylinder rolls without slipping over a horizontal plane with constant velocity. The radius of the cylinder
is equal to r. At this moment

) The speed of B is 2 times the speed of A.
*) The radius of curvature of trajectory traced out by A is 4r.

(A
(B
(C*) The radius of curvature of trajectory traced out by B is 22y
(D) The radius of curvature of trajectory traced out by Cis r.

TEh Jor afas 9 W A e /R I | Jedhdr 21 99 @ e r2 ) 39 v W)

C*) BRI 99 T U &1 gshal f3rean 22y 3
D) C §RT 991 T U & ashell Brsar r 2
Sol.

2 2 2
Ra = (2\;) _ 4\; _ 4v2r _ar
o°r ®°r v

ra- CRVP (¥ @]

or

%)
2viJar 222

Rs = ‘;Zfr - *\FEF - (2V2r)
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Rigid Body Dynamics ﬂ—

7.

7.

Ans.
Sol.

A uniform solid sphere is released from rest from the top of an inclined plane of inclination 6. Then
choose the correct option(s).

(A*) The minimum coefficient of friction between sphere and the incline to prevent slipping is ; tan 0.

(B*) The kinetic energy of solid sphere as it moves down a distance S on the incline is mgSsin6 if
2

pnz Z tan®.

(C*) The magnitude of work done by friction on the solid sphere is less than umgScos6 as it moves

down a distance S on the incline if > % tan 6.

(D) The magnitude of work done by friction on the solid sphere is equal to pmgScos6 as it moves down

a distance S on theinclineif p> % tan 6.

DIV & A Il & MY F TP FHASY 3 el BIST ST | a9 T fadwedl &1 T DI |
(A*) Tt AT Tadd & Hed =gAqH b9 O et b b oy %tane 2 .
(B*) 519 319 el d T WX A @l R S I qP T HRaAT @ d9 IFD! TS Holl mgS sind 7 IS

ngtane

(C*) 99 31 Il add W A/ @1 IR S X T& 0 HAT & T9 S Ml W =90 9o gRT {1
B & IRATT  umgScosd | &H & IR ngtane.

(D) W19 31 el Fadd A Bl 3R S G TP AT HRAT § T4 319 el W =YY 9 g1 6 T B
%1 gRATYT pmgScosd & TWER & IfS uz%tane.

(a) % tano (b) 11—; mg/sin®

mg sin 6 — f = ma —(i)
Torque about com ST B b AT AT

fR=la

fR=§mR2.a For pure rolling & @rel fd & ol a=aR
2

f= =m(aR
5 (aR)

=2 m(R)=[2ma
5 5

. 2
mg sin 6 — gma=ma

. 2 7ma
mgsin6=— ma+ma= ——
5 5
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Rigid Body Dynamics ﬂ—

a=£59 sin ej
7
fzgm[Sg sin 0 =[2mg sin 0
5 7 7
f=uN

f 2mg sin 0 2
L

= =|-tan 6
N 7mg cos © 7

(b) torque about com TEA &% & HTUE TATgD!
f.R = g mR2 .o
5

uNR = % mR2. o

(;tanej (mgcos ) R = % mR2 o

o= 59 sin 0
14R
mg sin 6 —f =ma

mgsinG—%tanG.mgcosG:ma

mgsinG—%mgsinG:ma

6 .
= —_ 6
a [79 sin j

KE = lmv2 +1Ic02
2 2

V2 = U2 + 2as

v2=0+2ggsinef

v2=(%g sin 0 €j

s=ut+lat2
2

€=0+l ><§gsin€)t2
2 7

(e ”
" 3gsin®

. 2
K.E. lm Egsineg +l EmRZ 5gsin® 7.€
2 \7 2\ 5 14R ) | 3gsin®

K.E. = Emgsinef + S mgsino ¢
7 84
11 .

K.E. = — mgsin6/ .
12
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Rigid Body Dynamics ﬂ—

8. =

Sol.

9*.

Sol.

A uniform solid cylinder rolls without slipping on a rough horizontal floor, its centre of mass moving with
a speed v. It makes an elastic collision with smooth vertical wall. After impact:

(A*) its centre of mass will move with a speed v initially

(B) its motion will be rolling without slipping immediately

(C*) its motion will be rolling with slipping initially and its rotational motion will stop momentarily at some
instant

(D*) its motion will be rolling without slipping only after some time.

T do GREY & B R 1 e Jeddl | SHdI SMM % v ad ¥ °9d 81 © | g e
FeafeR AR ¥ TR THH] AT B | TIHY B 919 ¢

(A) URY H BT TN D5 v ATA A T B

(B) S &7v1 ¥, gt fa faer el @rest fa 2l |

(C) IR® ¥ @S T e & T el a8 iR Bl e s9a goia w1fd t& &1 & fog o&
SR |

(D) B9 FB FAY I18 gHS! W famT et ares wifa 8|

® ®
~— ~—
%’WE e MWWZ”WWE e
®
~—

velocity of COM after collision is V friction will act such that ® = o at some intant after some time
(V= oR)
W%W,W?ﬁr—d?ﬂaﬂV%awaﬁwsﬂmw%ﬁ?@awmﬁﬂﬂmwoa:o

Jrerid (V = oR) 81T |

If T x |: = 0 for a rigid body, where T = resultant torque & [ = angular momentum about a point and
both are non - zero. Then :

(A) L may be constant (B) ||:|=constant
(c |L (D%
afe il g five & forg T x L =03, oief el fag @ wmier T = uRomd gameet @en L = @i
HIT g TAT SFI B AN M B Al

L| may increase

A L = frris ) |L|= Frmis
(") (0% |L|7e wwar 2
Tl

then a9

N
angle between T and L may be 0° or 180°
-

SO 3 (Lj may increase or decrease @1 A ¥ AT €€ AHT 2 |
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Rigid Body Dynamics ﬂ—

10.

Sol.

11.”

Sol.

12.*

In absence of external forces on a rigid system, which of the following quantities must remain constant?
(A*) angular momentum

(B*) linear momentum

(C*) moment of inertia about fixed axis through any point on body

(D*) kinetic energy .

I TP e M W ar@ 9 781 &, @1 Sl ARR ReR & =1fey -

A) orofrg |a
B) X FaT
C) oy & 5l g & oRA aTell STeaq el & AUe STecd ATl

D) wforst St

In absence of external force linear momentum and angular momentum remains const.

qEY 9 BI FFUARN H I FI R Frofig Fa Faa = 2

(
(
(
(

In the given figure a ball strikes a rod elastically and rod is smoothly hinged at point A. Then which of
the statement(s) is/are correct for the collision?
A

u
—_—

@)

) linear momentum of system (ball + rod) is conserved

*) angular momentum of system about hinged point A is conserved
*) initial KE of the system is equal to final KE of the system

(D) linear momentum of ball is conserved.

R M R 4 P T To B8 R TARY WU A THW & 3R B g A W =¥y Mfeq Plafea 2
TFP B U BIE/A B G B/8 ?

(A
(B
(C

A

u
—_—

O
(A) BT (5 + B8) BT W& FT Rferd 2 |
(B) B fag A @ uRa: fer &1 1o wavr a=fdd 2 |
(C) Frra @ URf™S Wit Soft dorm ifsad ISt ol F91H B |
(D)
t

D) ¥ &7 Y& G GxfeT ® |

External force will act at hinge so linear momentum of system will not remain const. but torque of

external force is zero about hinge so L = const., collision is elastic so K.E = const.

qied 9 dadid (hinge) R R &R g 31d: M &1 Y& Fav 9d 981 W ofdes 9= 9 &1
Wﬁ?@%aﬁ:f:%@mlaamuw&%mznﬁammﬁﬁﬁl

A horizontal disc rotates freely about a vertical fixed axis through its centre. A ring, having the same
mass and radius as the disc, is now gently placed on the disc coaxially. After some time. the two rotate
with a common angular velocity:

(A*) some friction exists between the disc and the ring before achieving common angular velocity

(B*) the angular momentum of the 'disc plus ring' about axis of rotation is conserved

(C) the final common angular velocity is 2/3" of the initial angular velocity of the disc

(D*) The final common angular velocity is 1/3" of the initial angular velocity of the disc
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Rigid Body Dynamics ﬂ—

Sol.

13

TEH &S IHd) 399 = 9 UIRG Tah wer ReR ot & uRd: Jad ¥4 9 ¥ & 2| 99 SEWE g
o @1 te e, Fadl W ER ¥ AHET wU | W o A 8| BB GHI 918, Al S 9 pivi
I gA A R |

(A) IHIFTE BRI I YT HRA & U8, Idhdl 9 9o & AL Y T & |

(B) Tl TAT T BT YOI el & TR BIvi HIT AR B |

(C) sifem Swafas ®1ofig 9w, gl & URMAS oy 97 &1 2/39 R |

(D) 3ifc Swafass d1ofig 971, Ihd) & URfAS BIvfig 977 &1 1/39 7 |

at the moment when ring is placed friction will act between them due to relative motion. Friction is
internal force between them so angular momentum of system is conserved.
T4 g P WG] S & S FHY S9d AL Arferd T f & SR uyur 9 Far ® 990 g9a Hew 'y

ITIRP g1 B I Fera &1 drofig a1 g e |
lio1 = lam2

2 2
mR o = mR +mR? |o
2 2

A wheel (to be considered as a ring) of mass m and radius R rolls without sliding on a horizontal
surface with constant velocity v. It encounters a step of height R/2 at which it ascends without sliding.

/2

(A*) the angular velocity of the ring just after it comes in contact with the step is 3v/4R

2
(B*) the normal reaction due to the step on the wheel just after the impact is %_916%

(C*) the normal reaction due to the step on the wheel increases as the wheel ascends
(D) the friction will be absent during the ascent.

m ST 9 R S (T @ dRE A1 Ol 961 &) &1 ufedl a1 fhae s @@ # v g a1 9
Jod @1 2| o aor A e fhaer R/2 338 @) R W) gedr & S9 &

/2
(A*) HI! & 9D H 3 & S 918 ga1d BT BT 1 3v/4R T |

2
(B*)ﬁm%wmﬁ%%wmmw%—ig—; 2 |

(C*) 99 ufgan ggal & A1 Uy gRT A IR oW 141 AfFerd ufafshan 9 qgdn 2 |
(D) 7eT¥ & IR TV gt guRerd & |
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Rigid Body Dynamics

Sol.

14*. =

By angular momentum conservation ;
DIV AT AR ¥
L=Ico:>mvg + mvR = 2mR2w»

%va =2mR2n

_3v
" 4R

()

o™

"y
mg cos0

mg
Also at the time of contact ;

Th B THI W

2
mgcosd — N = mv
R

mv?2

.. N=mgcosf — —
R
when it ascends 0 decreases so cos0 increases and v decreases.
ST9 I8 §odl © dl 0 B BIal © 3 cos 0 g MR v HS |
2
. . mv< . .
. mgcoso is increasing and R is decreasing

2
mv
. mg cos TG 3R = T |
. we can say N increases as wheel ascends.

. S & ufgar A eme N ge |

A hollow sphere is set into motion on a rough horizontal surface with a speed v in the forward direction
and an rotational speed v/R in the anticlockwise direction as shown in figure. Find the translational
speed of the sphere (a) when it stops rotating and (b) when slipping finally ceases and pure rolling
starts.

—V
(A) The angular momentum of the sphere about its centre of mass is conserved.
(B*) The speed of the sphere at the instant it stops rotating momentarily is%

(C*) The speed of the sphere after pure rolling starts is %

(D) Work done by fricition upto pure rolling starts is zero.

/\

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

®
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow [ e e300 558 5555 | CIN : UB0B02RJ2007PLC024029 ADVRB - 102



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

Ans.

Sol.

TP YR &Sl ¥ W TP @RIl a1 AR B IR Rgd o v 9 qon amEmadt fa=m 7 v/R Sty
e 9§ RErgER foefie far S 21 Mo @ g A A B | (a) 99 g goiF 98 B T a9
(b) 5T Sifc w9 & B 98 81 W do1 Pg dAredl I YRS 8 9 |

©=VIR >V

(A) A B TIAM D= B YR el BT BN FIT ARET V&l 8 |
(B*)quﬁﬁmwwéﬁ%aﬂwwwﬂéaﬁwgé

(C*) g& el T UR™ &= & year Ml ol a1 %%l
(D) g= @ret T UR™ BN 9% wWvl 99 g1 fohan T SRt IR 2

Vv \'
(@) 5 (©) o
e
R
-->V
A

If we take moment at A then external torque will be zero, initial angular momentem = final angular
momentum.

e T &v1 A R qred gargol TR B A1 WS BIvfid [ = Af<TH Srofa Faw

MvVR —Iow = MvoR

MVR— 2 MR2 Y = MvoR
3 R

3
(b) Again after some time pure rolling starts
97 FB WHI 91C Y& el A P 8 SRl 2|

’

MveR = 2MR2 x ¥ + MvR
3 R

M (lj R= 2MR? +Y MvR
3 3 R

at
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Rigid Body Dynamics ﬂ—

15 .=

Sol.

Two small particles A and B of masses M and 2M respectively, are joined rigidly to the ends of a light
rod of length ¢ as shown in the figure. The system translates on a smooth horizontal surface with a
velocity u in a direction perpendicular to the rod. A particle P of mass M kept at rest on the surface
sticks to the particle A as the p%qvlticle P collides with it. Then choose the correct option(s)

-+« Be ——u

14

A. u
M

(A*) The speed of particle A just after collision is %
(B) The speed of particle B just after collision is %
3u

(C*) The velocity of centre of mass of system A+B+P is "

(D*) The angular speed of the system A+B+P after collision is 2%

] B A dAT B, e SeqdM HHe: M Gl 2M 8, Th ( w18 &) Bodbl BS 4 goaiad [aagar oS!
2| I8 Mo te auoRREd 809 9 R u I 9 B8 & oredq Qe H TR HRaT 2| |8 W ™ M
S BT Th YT P fRmERe W 39 UBR @ § & 98 Fu A 9 U @ 8, 99 FU P ogE9
THICT &, A1 Al f[AFHeai & a9 DI |

2M
+ B¢ —u

14
A u
M
(A*)W%%WwAaﬂwgﬁl

(B)EW$E§1’GBWI?[WBH%W%%I
(C*) &g A+B+P & ToUA™ dvs &1 a7 %“%|

(D*) TFHR & TTAT PP A+B+P aﬁaﬁvﬁuw%%

[Hint : The light rod will exert a force on the particle B only along its lengths]
[Hint : 53 B & B W $dd I9dH s & A g1 mgn]
before collision angular momentum about COM :

cHHR W Jd GHA b b ATUE DIUNY HIT

Li=2mu£— mué = m_u€
2 2 2

Li= Ls 3(0:1

2/
Linear momentum SECIAR R
Pi = 3Mu Pi = 4MV

Pi = Ps :V:gu
4

VaoVoglSu_ufl _u
2~ 4 202 "2

Ve=V + (né:u
2
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Rigid Body Dynamics A\

2M
B.%u B.
L
2
- ®->----------COM
© ”&
| £
2
AO—>U Ae
M M+M

16*. A block with a square base measuring a x a and height h, is placed on an inclined plane. The
coefficient of friction is u. The angle of inclination (6) of the plane is gradually increased. The block will:

(A*) topple before sliding if u > % (B) topple before sliding if 1 < %

(C) slide before toppling if > % (D*) slide before toppling if . < %

axa ¥y B SR MER g h FaTs a1 T JeHbT Uh Fd ddl U &1 & | 9997 Jod  p e | adel bl
[ DIV (0) IR A I ST & Al JTdbl —

(A) afg p>%%?ﬁ e ¥ U8l Ualc SR
(B) af u<%%?ﬁﬁ>—wﬁﬁmwm
(C) afx u>§%mwamﬁmm

(D) T p<%%aﬁqa€ﬁﬁmﬁ?ﬂaﬁmﬁm

Sol.  For no slipping f5aa= 7 89 & forg
umg cosb >mgsind ... (1)

For toppling ~ ge@ & fog

. h a
mg sind —>mgcos6— ... 2
g 5> Mg 5 (2)

for minimum p (by dividing)  =FTH p & fIg (W 39 W)

Hmin =

>IN
>

2
B —=
a
[ Ans.:a/h]
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Rigid Body Dynamics

Sol.

17.

Ifafs f>mgsino
umg cos 6 > mg sin 6 _
(1> tan 0) block will topple before sliding 1d: e | Ugdl &Aid TeIc A |

g A® A& AT 1A =0

torque about point A ta =0

4> (34)

If af& > tan 6 (block will slide) (sf® fwrerm)

A uniform disc of mass M and radius R is lifted using a string as shown in the figure. Then,

T=M9 '\T=3|\/Ig
1 2 2

(A*) its linear acceleration is g upward
(B) its linear acceleration is g downward
(C

29

*) its angular acceleration is

(D*) its rate of change of angular momentum is MgR.
M SeMmE J1 R 350 @ U@ U9 Fadl & SR & gRT RIETgaR SR ol §, a9

T - Mg A1 .3 Mg
1 2 2

(A*) DT T @RI g IR BT AR 2|
(C*) 3THT BV @RI %’.%l

(B) 39®T Y @RI g I B AR B |

/\
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Rigid Body Dynamics ﬂ—
Sol. (acd)

Mg Mo
2
a=g?t
T=1cc
2
Mg Mg, MR™
2 2 2
29
oM -2
g oc R
dL
— =1t=MgR
at g

PART -1V : COMPREHENSION
AT - IV : THS (COMPREHENSION)

Comprehension # 1 =
A uniform disc of mass ‘m’ and radius R is free to rotate in horizontal plane about a vertical smooth
fixed axis passing through its centre. There is a smooth groove along the diameter of the disc and two

small balls of mass % each are placed in it on either side of the centre of the disc as shown in fig. The

disc is given initial angular velocity wo and released.

"]

)

m

ITHE #1 =
Th UhAF dhdl fordedl g9 m don B R 8, I8 &fdw da & o= @ wiRa deon Seafer e

ReR a1e1 & uRa:, &fos 9 4 g7 & foly Wa= @ | I8l U fae-n @fen (groove) § Sl b =il &
A & Q¥ § AT IAA &1 B 7, YD B GAqMA g%‘,sﬁﬁaﬂo—cﬁzﬁzﬁawaﬁw

FRETIAR @1 ST 8 | Fadell Bl RS IR AT wo IPR 901 Jad B &A1 1l 2 |
SN

&

B
NIES

1.a  The angular speed of the disc when the balls reach the end of the disc is :

™ 2 ®) 2 ©) 22 o) 2

W9 i Tbdl @ AR IR UgH Sl 8 S 9HY "Ahdl B DO AT B —
@ o Q0 2w D

(A) = (B°) 3 (©) =35 (D) -
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Rigid Body Dynamics ﬂ—

Sol. Let the angular speed of disc when the balls reach the end be . From conservation of angular
momentum

W9 g Tl B [PIR WR UgH Tl 8 SH GHY SHB] DIV A o 8 | Do FIT GReT0T |

®g

lmR2mo=lmRz(o+ mRz (o+m R? o or o=
2 2 2 2 3

2% The speed of each ball relative to ground just after they leave the disc is :

({2
| [ X ] |
m
R R 2Rw R
A) —2 B) —2 c*) £=%0 D) %
(A) Ng (B) N (C) 3 (D) 3
JAE 1§ oI Fdhell BT SIdb BIgd! &1 & (@I Bl 2) S6 9T UIS 3] Bl SHIA & AT aral a1 8r
S
({2
| [ X ] |
m
R R 2Rw R
A) —2 B) —2 cr) &% D) %
(A) Ng (B) N (C") 3 (D) 3
Sol.  The angular speed of the disc just after the balls leave the disc is
)
3

Let the speed of each ball just after they leave the disc be v.
From conservation of energy
V2 1(m v2
212

1 1mFl2 m02=l lmF%2 (»2+l
2\2 2\2 2

Solving we get

|3

v 2Ry
3
NOTE : v = (oR)?>+V2 ; vr = radial velocity of the ball

Bal: mﬁaaﬁﬁ%ﬁ@aﬁﬁ%wwaﬁaﬁﬁmw@=%%l
TAT Thdl Bl BIgT & Slb a5 g B AT v & dd SHoll IRe&0 |

l 1mR2 (,0()2=l lml:{2 ®2+l m V2+l m V2
2\2 2.2 22 2\ 2

A B W
v 2oy
3
NOTE : v = /(0R)?+V? ; vr = i @1 e A
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Rigid Body Dynamics ﬂ—

.=

Sol.

The net work done by forces exerted by disc on one of the ball for the duration ball remains on the disc
is
2 2 2 2 2 2 2 2
9 18 6 9
I9 AT & oIy 919 g Fahell TR &l I&! & 9 gl §RT U 18 IR ARG 9 & SROT b a1 S
o B |

2mR%w3 mR%w3 mR2w3 .. mMR%w2
(A) ——2 (B) 0 () : (D7) :
9 18 6 9
2 2
Workdone by all forces equal Ki— Ki = % [gj V2 = @

2 2
9l gl g1 e T/ st Kf—Ki=% (gjw:%

Comprehension # 2x.

A uniform disc of mass M and radius R initially stands vertically on the right end of a horizontal plank of
mass M and length L, as shown in the figure.

The plank rests on smooth horizontal floor and friction between disc and plank is sufficiently high such
that disc rolls on plank without slipping. The plank is pulled to right with a constant horizontal force of
magnitude F.

M F
smooth horizontal floor
L S

ITHVT #2n

4.x

M g = @1 9 R 901 &1 U ThaaH gddl IR A Ua Sfoe 9 @ It RR R SR WSl R |
T& BT g = M q a=Ts L REgEr 2

T U e Afi eRTad IR B @0 Idbdl 9 av © AT 'Y sae1 gai| § fd gwdt O fheet
T TR e I &R FHhal 81 T Pl SR _R% Uh gd afas 9o o man Sirar @ g akemr F
21

M —> F
%WL«%%G ad

The magnitude of acceleration of plank is

F F 3F 3F
A) — B) — C) — D*) —
()BM ()4M ()2M ()4M
T& & @R HT URHATT B

F F 3F 3F
A) — B) — C) — D*) —
()BM ()4M ()2M ()4M
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Rigid Body Dynamics ﬂ—

5xn

6. =

Sol.

The magnitude of angular acceleration of the disc is -

F F o F 3F
W R ®) SR ©) 2mR ®) omR
Fdl B DIVNY @R BT ARATT & —

F F . F 3F
A) 2R ® emr ©) 5r e

The distance travelled by centre of disc from its initial position till the left end of plank comes vertically
below the centre of disc is
L L L
A*) = B) — C) =
(A%) > (B) 2 (C) 3
IRAME Rafd § 919 @ T @& 910 AR & Sw@ier S1d 1 gadl &1 = Ial & S9 QR ab g

D B GRI TT B TS A B —

(D) L

L L L
A = B) — C) = D)L
(AY) 5 ® 5 (©) 5 (D)
The free body diagram of plank and disc is
Applying Newton's second law
F —f=Ma e (1)
f = Maz e (2)
FR = %MR2OL )
0
a2
f
fl <1—>F
—> a,
from equation 2 and 3
- o
)
From constraint ar = a2 + Ra
coar = 3az e (4)
Solving we get a1 = SF and a-= _F
4M 2MR
If sphere moves by x the plank moves by L + x. The from equation (4)
L +x=3x or X = L
2

T& 9 g&a & FBD gea & fgdia fm |

F—f=%Mm e (1)
f = Maz e (2)
FR=MR2a  ...(3)
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Rigid Body Dynamics A\

THHRT 29 39
g = D&
2
&~
a2
f
f | <——>F
—a,
yfgefad 1 9 a1 = a2 + Ra
a1 = 3az e (4)
B B WX a1=£andﬁ%ﬂ oa:L
4M 2MR

I el x Total & O Tl L+ x Iolal g df FHIaI0 (4) 9

L +x =3x a1 x=%

/\ R ® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

p Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 111
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : UB0302RJ2007PLC024029 -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

Il Exercise-3
= Marked Questions can be used as Revision Questions.

» faffed v e A U B

* Marked Questions may have more than one correct option.

* fafesd w9 1o 9 e 9E fAeed arel U= © -

PART - | : JEE (ADVANCED) / lIT-JEE PROBLEMS (PREVIOUS YEARS)
I - 1 : JEE (ADVANCED) / IT-JEE (U5 auf) & gy

1.» A solid sphere of radius R has moment of inertia I about its geometrical axis. If it is melted into a disc of
radius r and thickness t. If it's moment of inertia about the tangential axis (which is perpendicular to
plane of the disc), is also equal to I, then the value of r is equal to : [JEE 2006 , 3/184]

2 2 3 3
A" —Z_R B) = R C) = R D) X2 R

R 3501 &1 T 319 TTelT 370+ ST e & URa [ Secd ALl 9T © | Ifs S99 r B3 9 t Aierg @l
TS &l & w9 H fraamn Srar 1 I sH61 Wt e & uRa: (G gl & dd & ofedq 8) oied

ol M [ & SRR B, 9 r BT A9 R © -

o 2 2
(A%) NG R (B) NG R
Ans. (A)
Sol. 2/5MR? =1/2 Mr? + Mr?
2/5 MR? = 3/2 Mr?
r2 = 4 R2
15

2R

NG

r =
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Rigid Body Dynamics
2.

0

A solid sphere is in pure rolling motion on an inclined surface having inclination 6.

[JEE 2006 , 5/184]

(A) frictional force acting on sphere is f = u mg cos 6.
(B) f is dissipative force.
(C*) friction will increase its angular velocity and decreases its linear velocity.
(D*) If © decreases, friction will decrease.
2% S I WA 0 AT BV qret A Tt R g aArer T B & B -
0
(A) Mt TR HRIRT TY9 g f=pumg cos O & |
(B) f &1 9t B |
(C*) Tyl ST IV I ST TAT FAGT YER- I9 TSR |
(D*) afg o T, =y W '
Sol.
f
necessary torque for rolling t=fr, (frictional force provides this torque)
as mg sin 6 —f =ma
but a=ro = mg sin 6 — f = mra
as t=fr=1a = o = fr/l
2
mg sin 6 — f = mrfr/I = 5f/2 {l = 2rr51r J
mgsin= —
thus friction increases the torque in hence the angular velocity and decreases the linear velocity.
If 6 decreases friction will decrease.
Sol.

JqeH @ oIy Maead ATl
P

T = fr,

mgsin 6 —f=ma

a=ro

g
Fifd

mg sin 6 — f = mrfr/I = 5f/2

t=fr=1a

= mg sin 6 — f = mra

= o = fr/l

7f
mgsin0= —
g 2

9 UGN TYU JATGY B GRT BHIONT I BT 97T & I Y@ I BT "l 2 |

IfS 0 gedr & gy g |

(G99 91 I8 JATYYl U BRAT B)
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Rigid Body Dynamics ﬂ—

3.

Sol.

Sol.

A ball moves over a fixed track as shown in the figure. From A to B the ball rolls without slipping. If
surface BC is frictionless and Ka, Kes and Kc are kinetic energies of the ball at A,B and C respectively,

then : [JEE 2006 , 5/184]
C

'\

ht he
|

B
(A*) ha > hc ; Ks > Kc (B*) ha > hc ; Kc > Ka
(C) ha=hc ; K = Kc (D) ha < hc ; Ke > Kc
Wﬁa%awﬁmtmwvﬁraﬂ?ﬁ%|AﬁBWﬁHﬁWW@@Wﬁ%WﬁBCWW‘W?@H
8 T Ka, Ke T K 7ig &) %3 ABd C R TIfasl Sy &1, a9 —
C

'\

h‘E he
|

B
(A*) ha > hc ; Ke > Kc (B*) ha > hc ; Kc > Ka
(C)ha=hc; Ke=Kc (D) ha < hc ; Ks > Ke
As total mechanlcal energy at points A,B and C will be constant
EA =EB = EC

= mgha + Ka = Ks = mgh + K¢

o Ks > Ka (mgha + Ka = Kg)
and Ks > Kc (mghc + Kc = Kg)
Also  ha—ho= e =Ka when mgha + Ka = mghc + Kc
mg
ha > hc = Kc > Ka (if LHS is positive then RHS have to be positive)
?rch%wmﬁrcﬁmﬁﬁABaC wR frgd gl
€A = €B = £C = mgha + Ka = Ks = mgh + Kc
Kg > Ka (mgha + Ka = Kg)
R Ks > Kc (mghc + Kc = Kg)
I ha—hc = Ke =Ka SE] mgha + Ka = mghc + Kc
mg
af ha > hc = Kc > Ka

(I LHS e\1eA® 8 a1 RHS Y e-Tas 8141 anfay)

A rectangular plate of mass M of dimensions (a x b) is hinged along one edge. The plate is maintained
in horizontal position by colliding a ball of mass m, per unit area, elastically 100 times per second this
ball is striking on the right half shaded region of the plate as shown in figure. Find the required speed of
the ball (ball is colliding in only half part of the plate as shown). (It is given M = 3 kg, m = 0.01 kg, b =2
m,a=1m,g=10m/s? [JEE 2006, 6/184]

1
!

/ XXX X XXX X

: XXX XX XXX
! XXX X XXX X

1 XXX XXX XX
/ XXX XXX XX

. XXX XXX XX
! xxxxxxxx
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Rigid Body Dynamics ﬂ—

4,

Ans.
Sol.

Sol.

5.x

Ans.

M S&HH &I Th e et I (a x b) 8, @ 59 U@ IR & fafaa fear oar 8| < & sa1s
ST R m SIAE B TS 100 i /IAdo P X T TARY ®U I <herdl 2 | T wie dfos v #
fAgER a0 Th 2| AT F Mawd A F BE? (AR We B MY 9N W TIRM T ).
(fam T 8@ M=3kg, m= 001kgb 2m,a=1m,g=10 m/s? [JEE 2006, 6/184]

XXX XXX XX
XX XXX XXX
XXX XXX XX
I XXX XXX X X
/ XX XX XXX X
. XXX XXX XX
! xxxxxxxx

V=10m/s
(As collision is elastic)
e dP _ 2mV

dat 1

=2mV

torque about hinge = 2mV x (% %j x 100

= 2mV @ 100=Mg%

—10m/s
w%wm%
F=£:n X (a X Ej x 2mV
dt 2
PIAd & IRT: JATHY P Fferd B W,

Hﬁw$qﬁﬁzmﬁ=nx(a x gj x(2mv)%=ng9

2
9 9M1 B gfaRenfid ek R g9 U 2,
V=10m/s

Paragraph for Question Nos.5t0 7 =

Two discs A and B are mounted coaxially on a vertical axle. The discs have moments of inertia T and 21
respectively about the common axis. Disc A is imparted an initial angular velocity 2w using the entire
potential energy of a spring compressed by a distance x1. Disc B is imparted an angular velocity o by a
spring having the same spring constant and compressed by a distance x2. Both the discs rotate in the
clockwise direction. [JEE-2007, 12/162]

T 16 W 18 B fY Ig=T =
31 FHferdi A U9 B Ua FHEaieR g9 IR GHIE WU W FaRUd (mount) B TS | IWIMTS 31& (common
axis) @ URT: I IR & Tecd ALl HH: [ A 21 5| U T B x1 G 4§ SqHR IFD! a0l
RIfast o1l &1 SWIRT FR =l A T 20 IRMAS BIvi 971 331 Sian 8| Sa9 8 RS qoie a1l Uab
T B DI x2 T ¥ G FHdl B DI o IR I &1 S 2 | 41 il féomaddi (clockwise)
oo # g 2 7

The ratio xi/xz is 3TTd x1/x2 &

1 1
A) 2 B) — 2 D) —
(A) (B) 5 (CY) (D) N
STUT X1/x2 &

1 " N2 al
(A) 2 (B) > (C*) (D) N
(C)
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Rigid Body Dynamics ﬂ—

Sol.

6. =

Ans.

Sol.

7.5

Ans.

Sol.

Sol.

%XIX(ZQ))Z = %kx?

Torxe? =t = X 2 2
2 2 X5

When disc B is brought in contact with disc A, they acquire a common angular velocity in time t. The
average frictional torque on one disc by the other during this period is

2lo 91w 91w 3l
A*) — B) — C) — D) —
()3t ()2t ()4t ()2t
9 The BB gdcl A D A1 TS H AT ST & Al 9t FHT H A BV 9 U B od 2 | S
Fafy # o FHdN W GEAY B gRT SR T A TNl g Mot §

o 2o 9lw 9w 3lo
(A%) TS (B) o (C) TS (D) =
(A)

Apply conservation of angular momentum
R |/ W& R T W
(ITx20) + (2T x @) = (I +2I) o’
, 4o
= o= —
3
ForDisc A Tl A @& ford

tt=1x (20— )

2l
= T= —
3t
The loss of kinetic energy during the above process is
o2 o2 lo? [o?
A) — B*) — C) — D) —
(A) 5 (B%) 3 (C) 1 (D) 5
SURIFT Ffshan § 89 arell it Solt &1 8 (loss) ®
Io? Io? Io? Io?
A — B*) — C) — D) —
(A) 5 (B%) 3 (€) 2 (D) 5
(B)

Initial Kinetic Energy ki1 = %x I x (2m)2 + %xQI x P

Final Kinetic Energy k2 = %x Ix w2+ % x 21

2
Loss of Kinetic Energy =ki1 —keo = I%

URRTE Tfae It ki =

x I x (2w)2 + %x.?lxco2

Irfeaq TIforst STt ko =

xwa’2+%x21®'2

2

RS 9ot ¥ B = ki —ke = I%
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Rigid Body Dynamics ﬂ—

8.»=

Sol.

Sol.

9=

A small object of uniform density rolls up a curved surface with an initial velocity v. It reaches up to a
2

maximum height of 32% with respect to the initial position. The object is [JEE-2007, 3/162]
g

(A) ring (é)_solid sphere (C) hollow sphere (D*) disc
U FAM O dlell Yo BICT 9%g 9 v A UR™ BR Udh d Ads W SW Bl IR geabdl (rolls) B

2
IRME Rl @ arven a8 %aﬁaﬁqMH 4TS d% Ugad © | 9% & |

(A) 9T (ring)
From the conservation of energy
loss in KE of body = Gain in potential energy

1,1 (v) 3 v?
—mvi+ —I|—| =mg— —
2 2

r 4 9
on solving
2
I= % .. The body is a disc
ol AReTT o |

g A TR Soit F w = Refirr gt § afey

1 1 (v _ 3v?
—mv+ —I|—| ==—mg
2 2 \r 49
mr?
B BRA W = - ERSECE| I
STATEMENT - 1 : If there is no external torque on a body about its centre of mass, then the velocity of
the center of mass remains constant. [JEE-2007, 3/162]
because

STATEMENT - 2 : The linear momentum of an isolated system remains constant.

(A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1

(B) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement1
(C) Statement-1 is True, Statement-2 is False

(D*) Statement-1 is False, Statement-2 is True

IFIA - 1 : IR N g W SHD g9 = d IR B 98T g1 MLl & B, A GIHAH B Bl
I 3R I | i

qFde] - 2: Uh fAdfid A®r™ (isolated system) &1 X HI9T 3M@R & © |

(A) TFTT-1 FF B, IHRIF-2 I §; IHTI-2 JITA -1 BT FE WEIIT ¥ |

(B) IaT-1 ¥ ¥, JaAA-2 I B ; qaad-2 qadd-1 BT T TLIHRI] a8l 2 |

(C) aadd -1 9 B, JaIT-2 A ¢ |

(D*) g -1 T & , JRIH-2 I 2 |
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Rigid Body Dynamics ﬂ—

Sol.

10.

10.

Sol.

If torque external = 0, then angular momentum = constant = Io
afe qreg gareet = 0, 1 ®efg w99 = fFd = lo

STATEMENT -1 : Two cylinders, one hollow (metal) and the other solid (wood) with the same mass
and identical dimensions are simultaneously allowed to roll without slipping down an inclined plane from
the same height. The hollow cylinder will reach the bottom of the inclined plane first. [JEE-2008, 3/163]
and
STATEMENT -2 : By the principle of conservation of energy, the total kinetic energies of both the
cylinders are identical when they reach the bottom of the incline.
(A) STATEMENT -1 is True, STATEMENT -2 is True; STATEMENT -2 is a correct explanation
for STATEMENT -1
(B) STATEMENT -1 is True, STATEMENT -2 is True; STATEMENT -2 is NOT a correct
explanation for
STATEMENT -1
(C) STATEMENT -1 is True, STATEMENT -2 is False
(D*)  STATEMENT -1 is False, STATEMENT -2 is True.

JFI -1 : T SIAN T TR (AR & &1 9o, o 9 U @iEen (91]) 3R 81 3 (Adhs! &)
2, & 9d 99dd (Inclined plane) &R FAM s &, fa1 fhdal, ta A1 Jedr™ W & | @RIel 9e1 d

FATA B Tell W UgA g | [JEE-2008, 3/163]
AT

JHRIA -2: Holl W&V & G & JAR, Sd Al 99 T FAAA DI dell IR Ugall, STdb! Afasi—Hol
FAE B |

(A) TFE -1 A B, JRAA-2 A T; THIA-2 Jaae -1 BT Fal WD ¢ |
(B) I -1 9 B, IaIA-2 T 7; THIA-2 Jaqed-1 BT el WEIHI T8 2 |
(C) 9 -1 VA &, IaqA-2 3T T |

(D*) IFAA-1 I &, TITA-2 T T |

The acceleration of centre of mass of either cylinder
a- gsin®
K2

1+?

where K is radius of gyration.

So acceleration of centre of hollow cylinder

is less than that of solid cylinder.

Hence time taken by hollow cylinder will be more.
So statement-1 is wrong.

Ans. (D)
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Rigid Body Dynamics ﬂ—

Sol.

11.

Sol.

12*,

Zfed WG 99 @ B BT RV S g D bg
P @R W HH 2| 3 WiEd 99 gRT fordn T 9y
s & | gaferd HUF -1 3T B |

Ans. (D)

If the resultant of all the external forces acting on a system of particles is zero, then from an inertial
frame, one can surely say that [JEE 2009, 4/160, —1]
(A*) linear momentum of the system does not change in time

(B) kinetic energy of the system does not changes in time

(C) angular momentum of the system does not change in time

(D) potential energy of the system does not change in time

PN B Yh BRI TR o I8 I8 Fall B AR I IS I Bl AT R ST wA 9 I8 MREd
w4 ¥ HE o Gl & b

(A) T &1 QT AT GHG D 1Y T8 gaeAdl

(B) Fama 1 it ol F9a & |1T T8l dqerdl

(C) @ &1 ®vfi [T FHT & A1 TR IEerdl

)
)
) e o Rufost SOt 999 @ 91 T8 a5
)
)
)

Since there in no resultant external force, linear momentum of the system remains constant.

Kinetic energy of the system may change.

Angular momentum of the system may change as in case of couple, net force is zero but torque is
t zero. Hence angular momentum of the system is not constant.

Potential energy may also change.

)
) Gf aRemd a9 T8 2 Mo &1 Y& G99 fEa @,
)
)

OW> O

(
(
(
(

n

o

> O

B) M @1 It ot uRRafia 81 |adl & |

C) e &1 divfia Faw1 uRafia 8 waar & o & a1 g™ @ Rafa d, | 9o I & & fbg o
et g1 A8 B 2| or: Mg &1 drefig w3 faa T8 g 2

(D) Rerfast Sott ¥ gRafida & war 2|

A sphere is rolling without slipping on a fixed horizontal plane surface. In the figure, A is the point of

(
(
(
(

contact, B is the centre of the sphere agd C is its topmost point. Then, [JEE 2009, 4/160, —1]
—>
A
(A) Ve —Va = 2(Vg - Ve (B) Vo - Vg = Vg —V,
(C* \VC—VA\ =2 \\75 —\70\ (D) \\7C —VA\ -4 \\78\

/\
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Rigid Body Dynamics H‘
g ReRr & I9dd g6 W Tdh Mol 31 fhael Jed @1 2| o #, A da 9 99a g, B Mot @&

T JAT C IFHT F99 Wl fIg © | 79 [JEE 2009, 4/160, —1]
(3
e
A
(A) Ve —Va = 2(Vg - Ve | (B) Vo —Vg = Vg~ Va
(C*) ‘\”/C—VA‘ =2 \\75 —\70‘ (D) \\70 —VA‘ =4 \\73\
Sol. (B,C)

Va =V(i)+oR(-i); Vg = Vi ; V; = Vi+oRi

Vg -V = 20Ri
2[Vg —Vo | =2 [ V(i)-V(i)-oR()] =-20R(1)
Hence @ra: Vo -V = 2(Vg - V;)
so gy Ve =Val =12V - Vo)
Vo - Vg = oR(i)
Vs =V, = oR(i)
Vg~V = Vi =V
Hence ara: Ve -V, = 20R(i)
Vo—Vg =V —Vy; 4Vg = 4V(i) = 4eR (i)
Hence 31: Vo =V, =2(Vg)
13. A block of base 10 cm x 10 cm and height 15 cm is kept on an inclined plane. The coefficient of friction
between them is /3. The inclination 6 of this inclined plane from the horizontal plane is gradually
increased from 0°. Then [JEE 2009, 3/160, —1]

(A) at 6 = 309, the block will start sliding down the plane

(B*) the block will remain at rest on the plane up to certain 6 and then it will topple

(C) at 6 = 602, the block will start sliding down the plane and continue to do so at higher angles

(D) at 6 = 609, the block will start sliding down the plane and on further increasing 6, it will topple at
certain 6

13.  10cm x 10cm 3MgR g 15 cm $aE H Tdh Jedbl Th Fadel IR @1 2 | dd iR [ed & 91 a9 [oridh
J3 21 39 add 3R AfSt 9o & e Bior 0 B 00 R—4R g i & 1 @9 JEE 2009, 3/160, —1]
(A) 6 =30° IR @I A IRBA T B
(B) 0 & frefl fa9y A % T[ed! da WX ReR & ® 3R S9a 1§ Uale orl ©
(C) 6 = 60° TR T[eHT A TR oIl 7, 6 BT A AR g TR W ICH Tl &l 3
(D) 6 = 602 TR TTHI -Ia TR Al &, 6 BT A 3R S ggr W el fI¥y 0 )R I8 daole Il
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Rigid Body Dynamics

Solution :

Solution :

Angle of repose 6o = tan-'u = tan-1 /3 = 60°
tane=i=g. 0 < 45°.

15/2 3
Block will topple before it starts slide down.

/N
fasnfsa @191 0o = tan—"p = tan-1 /3 = 60°
tane=i = E 0 < 45°.
15/2 3

=i & - e 9 U8 I8 Uele S

14. A boy is pushing a ring of mass 2 kg and radius 0.5 m with a vertical stick as shown in the figure. The
stick applies a normal force of 2 N on the ring and rolls it without slipping with an acceleration of
0.3 m/s?. The coefficient of friction between the ground and the ring is large enough that rolling always
occurs and the coefficient of friction between the stick and the ring is (P/10). The value of P is

_/

Ground

[JEE 2011, 4/160]
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Rigid Body Dynamics ﬂ—
14, UTH S Bl A Ud R B 2N W= 9o MR gabat @ 2 ([ <Red) | R &1 9= 2 kg 8k
o 0.5 m e | R fae f5eet 0.3 m/s2 & @ROT 4 ged I8 ¢ | R 3R i & d/= gy quie a1 @
% godT g ¥9a © | ARk B &R R & g aor qones (P/10) 81, 79 P &1 914 ©
[JEE 2011, 4/160]

Stick

_/

Ground

Ans. P=4
Sol.

11 feferr s Law = 2 —f=21[0.3]

= f=2-0.6
f-1.4 Nx (i)
a=Ra
= 0.3 = a [0.5]
= o= grad/s (i)
5
Tc = Ic o
= fR—2uR = mR2 a
f —2u=mRa
2(3
14-2u=—-|=
HTo (5]
1.4-0.6=2u
08=2u = H=0-4=% P=4 Ans.
15. Four solid spheres each of diameter J5 cm and mass 0.5 kg are placed with their centers at the
corners of a square of side 4cm. The moment of inertia of the system about the diagonal of the square
is N x 104 kg-m2, then N is [JEE 2011, 4/160]

J5cm @ & GRS e, Udd b1 g@HH 0.5 kg B, B Th 4om Yol B T B BIAl IR HHL: &
T 2| T & Hf W 39 e w1 Se@—smget afd N x 104 kg-m2, 81, T& N &1 919 5—
Ans. 9
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Rigid Body Dynamics
Sol.

)

4cm

C
- [g
= (%MRZJ 2 + (g
4@

—x0.5x
5

4cm

\EZ

So,N=9 Ans.

16.

MRQJ 2+ (gMR2+Mx2j 2
MRZJ 2 + (Mx?) 2

MRZJ +2mx2 = gMRz +2mx2
(?J +2x(0.5)x(4x2) 107

{§+8} x10%#=9x10*%=Nx 10

A thin uniform rod, pivoted at O, is rotating in the horizontal plane with constant angular speed o, as

shown in the figure. At time, t = 0, a small insect starts from O and moves with constant speed v with
respect to the rod towards the other end. It reaches the end of the rod att = T and stops. The angular

speed of the system remains o throughout. The magnitude of the torque (|% |) on the system about
O, as a function of time is best represented by which plot ?
Z

A
(0]
z
3 3
7l re
[l .
(A) (B*) :
} >t : >
© T o T "t
3 A
] 2
[r]
(9) (D)
o } >t : R
T O T ot
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Rigid Body Dynamics

16.

Ans.
Sol.

Sol.

/\n

TP el UHEHH Bs fdg O W dldafbd 8 iR &fds Jd § teaad a1 91d o 4 g7 8 & (R
2REA) | t=0 R TP BIC DIl O A T Y& PRd B B Iffad "R W t=T T W Igd IR v Sl
2| P B B AU THEHE AA v FAd 2| FEr @ el ard R 99 o 9 w2 0B
aRa: e R v el ge—rEel &1 A9 (|T)) 9T B A1 R UBR Igodl & SHdBT Hatad o
[IIT-JEE-2012, Paper-1; 3/70, —1]

frd o 87

»N

L = [m(vt)?]o
L = mv2et?
dL

— =2mv2et
dt

Tt

T

L = [m(vt)?o

L = mv2wt?

So = % = 2mv2et
dt

Toct

Z
A
~7 Y —>
(6]
Z
A
7l ;
(B :
o] T >t
V4
A
7l
(D) :

straight line passing through (0, 0)

= straight line passing through (0, 0)

/\
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Rigid Body Dynamics ﬂ—

17.

18.

A small mass m is attached to a massless string whose other end is fixed at P as shown in the figure.
The mass is undergoing circular motion is the x-y plane with centre at O and constant angular speed o.
If the angular momentum of the system, calculated about O and P are denoted L, by Lpand
respectively, then [IIT-JEE-2012, Paper-1; 3/70, —1]

A Z

(A
(B
(

) Lo and Lp do not vary with time.
) Lo varies with time while L, remains constant.
C*) Lo remains constant while L varies with time.

(D) Ly and Lp both vary with time.

m SAME $1 Ueh Biel fUs gemm—Med g 9 9 & | g1 &1 ga-1 1 P wR 9f9d & (R <Rey |) fis
X—yad ¥ gHaAH B I o ¥ gg I wR @ B g9 B v O W 2| AR 0 MR P RAgel &
A el T 39 e & wofg G99 wEe Ly R L 8, o9

AZ

(A) L, 3R L, 999 & W1 =78 9ord 2 |

(B) L, 9 & 1 9<eiall B, Wi Lp Thawe B |

(C) L, vwadM &l 8, Wafd L, 999 & A1 dqordl B |

(D) L, 3R <t L, F99 & A1 9o 2 |

Ans. (C)

A lamina is made by removing a small disc of diameter 2R from a bigger disc of uniform mass density

and radius 2R, as shown in the figure. The moment of inertia of this lamina about axes passing through
O and P is lo and Ip, respectively. Both these axes are perpendicular to the plane of the lamina. The

ratio :i to the nearest integer is : [IT-JEE-2012, Paper-1; 4/70]
o

/\
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Rigid Body Dynamics

/\g

TS UHHAN GIA 99 &) 2R B @t Mia 6 4 3 16 2R &9 @ BiId] Mid f$vw Raraar 1@
gcd (lamina) 9910 1§ (R <REW) | 39 dTd &1 Sew@—agul O 3R P ¥ SHdTel 37&i & uRd: HHen:

o

IoTd Iy 8| QI 3181 Ucd & Ol & ofad o | a9 (gurd - Fweaw quile § a1 & ?
0
op
Ans. 3
Sol.
P _ P
o
4m m
2
Lo (M @R 3
2 2
3
=mR2[8 - =
[8- 3]
=EmF{2
2
P _ P
0]
4m m
mR?

lp = % (4m) (2R)2 — +m[(2R)? + R?]

11
=24 mR2—- —mR?
2
37
= Z_mR?
2
37
I o 37
P_2 _ o ~3
o 13 13
2
Ans. 3
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Rigid Body Dynamics ﬂ—

Paragraph for Q. No. 19-20 =

The general motion of a rigid body can be considered to be a combination of (i) a motion of its centre of
mass about an axis, and (ii) its motion about an instantanneous axis passing through center of mass.
These axes need not be stationary. Consider, for example, a thin uniform welded (rigidly fixed)
horizontally at its rim to a massless stick, as shown in the figure. Where disc-stick system is rotated
about the origin ona horizontal frictionless plane with angular speed ®, the motion at any instant can be
taken as a combination of (i) a rotation of the centre of mass the disc about the z-axis, and (ii) a rotation
of the disc through an instantaneous vertical axis passing through its centre of mass (as is seen from
the changed orientation of points P and Q). Both the motions have the same angular speed o in the
case.

Now consider two similar systems as shown in the figure: case (a) the disc with its face vertical and
parallel to x-z plane; Case (b) the disc with its face making an angle of 45° with x-y plane its horizontal
diameter parallel to x-axis. In both the cases, the disc is welded at point P, and systems are rotated with
constant angular speed o about the z-axis.

Z Z

Q
O >
/ "
X X
Case (a) Case (b)

e 199 20 % fo Ig®T »

e WY ¥ Al gg fUvs &1 1A BT 89 I AI—AT Al & FYad w9 H <@ Fad © ¢ (i) IFD
Hefa—a= @ f& a1 & gRa: 7, IR (i) ST dsfi—a= ¥ oA gl el drerfire—aie & aRka:
IFD! TR | I8 AaID o1 © b Al 31& ReR i | IR & foly 89 &fis a1 9 W U 991 %6
P A B Sl AU URE W W U GIHE MRd B A Joal 4 go! ¢ (BFF RN | w® o-vs
e 3gm & uRa: o dvfia ora @ adv—<fRa afos 9 & gu @1 21 99 fesft N oo e @t iy
B 31 = A & JEIRY & FI H I Ghd © (i) FF & 80 o $1 z- 3 & GuE g, AR
(i) fo¥ &1 oo We2fd dg § ToR W HHeR drerldre—ae R goib (A 5 fageli P ik Q & smuw #
WM 9o $ ®U ¥ QA1 8 ) | 39 IRV H 39 QM goAL B PO A o B

(O]

/\
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Rigid Body Dynamics ﬂ—

19.m

Ans.
Sol.

20.=

Ans.
Sol.

39 I # <R M S UeR & e & I A @wUl (cases) W &M | Case (a) : 586 &1 U<
FEAleR B 3R x-z T & FHGR ® ; Case (b) : f$%@ &1 U5 x-y qa1 § 45° BT 971 & Td SqHT A
N x3fE B GAGR B | I cases H 5% g P X 9Ifed § 21 I o z- 31 & uRa: o @fi
I A GOl HRAT 7 |

VA VA
Q
O >
=)

Case (a) Case (b)

Which of the following statement regarding the angular speed about the istantaneous axis (passing

through the centre of mass) is correct? [IT-JEE-2012, Paper-2; 3/66, —1]
(A) ltis 20 for both the cases (B) it is o for case (a); and % for case (b).

(C) Itis o for case (a); and 2w for case (b) (D*) ltis o for both the cases
qreerfdrh—atet (S Wefd—d= A o @ 8) & uRa: P 3 ool 9/ & IR | S 491 UHA= |8 8 7

(A) T cases @ ford Ug 2o 3

(B) Case (a) & for 98 w ¥ ; Case (b) & ford ug % =

(C) Case (a) & forl 918 © & ; Case (b) & ford o8 o 3

(D) GHi cases @ foll I8 o B |

(D)

Angular Velocity of rigid body about any axes which are parallel to each other is same . So angular
velocity is o .

Angular Velocity of rigid body about any axes which are parallel to each other is same . So angular
velocity is .

Which of the following statements about the instantaneous axis (passing through the centre of mass) is
correct? [IT-JEE-2012, Paper-2; 3/66, —1]

(A*) It is vertical for both the cases (a) and (b).

(B) Itis verticle for case (a); and is at 45° to the x-z plane and lies in the plane of the disc for case (b)
(C) It is horizontal ofr case (a); and is at 45° to the x - z plane and is normal to the plane of the disc for
case (b).

(D) It is vertical of case (a); and is at 45° to the x - z plane and is normal to the plane of the disc for
case (b).

eI —3iel (S Held—d A ok Y81 &) @ IR ¥ I 91 JHod T8l & 7

(A) I8 a1 Rfe™i (a) o (b) & for) Feafer 2 |

(B) Case (a) & ford SeaieR © ; Case (b) & fo’d x-z2 T 9 45° BT IR 4 3% & IS H & |

(C) Case (a) @ for &frst 2 ; Case (b) & o x-z T ¥ 45° S0 R T4 69 & oaq 2 |

(D) Case (a) & fordl SeafeR 2 ; Case (b) @ o x-z T & 45° S W U4 FFH—7 & oad 2 |

(A)

Since z- coordinate of any particle is not changing with time so axis must be parellel to z axis.

FfH fFN wo &1 z Frdenie g9 & @1 uRafda 21 81 © o: 318l z-378 & FHR B

/\
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Rigid Body Dynamics ﬂ—

21,

Ans.
Sol.

22.*

Two solid cylinders P and Q of same mass and same radius start rolling down a fixed inclined plane
form the same height at the same time. Cylinder P has most of its mass concentrated near its surface,
while Q has most of its mass concentrated near the axis. Which statement (s) is (are) correct?

(A) Both cylinders P and Q reach the ground at the same time

(B) Cylinder P has larger linear acceleration than cylinder Q.

(C) Both cylinder reaches the ground with same translational kinetic energy.

(D*) Cylinder Q reaches the ground with larger angular speed. [IT-JEE-2012, Paper-2; 4/66]
A SIAM IR F9 3501 @ 31 319 99 P 3R Q Tdh S A del IR FAM S a5 4 Udh & 99d
Jehl YH X ¢ | 999 P P AfHaH STIAM SHD! T8 Bl IR Bfed & 3R daT Q P 3if¥daH
T IID A P 3R Dfwd 8| T9 DIF UHAF & /8 7

(A) T 99 P T Q Ud A1 ST TR g5 |

(B) ¥19 P &1 Y& @RV 9o Q ¥ SIIET ® |

(C) SFI 979 MM TR |AM WIHRY TRIG—$oll & A Ugad © |

(D) 959 Q S W SATET BT | ggEan 2|

(D)

Ip > la

g sin6 aa= g sin6

lb + mR? lg +mR?

ap =

1
ap<aa=>V=u+at=>to —
a

tp>ta
VZ2=u2+2as=>voeca = Vp<Va

Translational K.E. = %mVQ = TR KEp < TR KEq

ITIRd Tferst ol K.E. = %mv2 = TR KEp < TR KEq

V=oR =>0wxV=o0pr<na

The figure shows a system consisting of (i) a ring of outer radius 3R rolling clockwise without slipping
on a horizontal surface with angular speed o and (ii) an inner disc of radius 2R rotating anti-clockwise
with angular speed w/2. The ring and disc are separated frictionaless ball bearings. The system is in the
x-z plane. The point P on the inner disc is at distance R from the origin O, where OP makes an angle of
302 with the horizontal. Then with respect to thze horizontal surface, [lIT-JEE-2012, Paper-2; 4/66]

(A*) the point O has linear velocity 3Roi .

73

(B*) the point P has a linear velocity % Roi + T Rok

33

(C) the point P has linear velocity ? Rwi — T Rok

3

(D) The point P has a linear velocity [ —TJ Rwi + %RWR .

/\
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Rigid Body Dynamics
22>

/\g

foa & few® e & R € () 3R - o {71, o 8t 9a8 W o sofig ara | <féomad

fo T el ges & &, 3R (i) 2R o 1 fiad 5 S w2 dofe ard | amrad g3 @ 2 | ado
—fEq dfa—faRe (@fer) R R 5w @1 16 g & el 3@ 2| 6™ x-z a1 # 7| Nl s
R g P I O ¥ R A W 2 AR OP afast & 30° &1 divr 911 2 | 99 &fds |ag & @

[IT-JEE-2012, Paper-2; 4/66]

(A) fig O %1 ¥ 3 3Rol 3

(C)feg P @1 &g I

Ans.
Sol.

(A,B)
Vo=30Ri

Vp (st% — cos 609)

30R

Sol. Vo=30Ri

z
A

Rw?—ﬁﬂwﬁ
4 4
P2 Gineo]
2

V = 3R for pure rolling

Ve (30R — “’?R cos 609 | + “’?R sin60]

_ MR+ 3oR:
4 4

>
V = 30R g e

(B) g P &1 Y& I %Rmf+€RwR 2

(D) fasg P &1 X1 A [3-@}%?%%& gl

3wR
Ans. (A,B)
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Rigid Body Dynamics ﬂ—

23.

Ans.
Sol.

24"

A uniform circular disc of mass 50kg and radius 0.4 m is rotating with an angular velocity of 10 rad/s"
about its own axis, which is vertical. Two uniform circular rings, each of mass 6.25 kg and radius 0.2 m,
are gently placed symmetrically on the disc in such a manner that they are touching each other along
the axis of the disc and are horizontal. Assume that the friction is large enough such that the rings are
at rest relative to the disc and the system rotates about the original axis. The new angular velocity
(in rad s7") of the system is : [JEE (Advanced)-2013; 4/60]
& 50 kg @ 0.4 m 31 @7 (A 3% 30+l SHEaieR e & g 10 rad/s—' & S0 971 | gH <& B |

3 THEAM PR Boedd IR 9 % W 99 T ¥ Td SR Bl B U 39 UBR S dd R W
S ? 5 9 fS5b @ 317 & W) el R | IS Vool BT GAHE 6.25kg d Br5a1 0.2 m 1 59 e @
T B 9 (rad s~ H) 91 B8R (WA S 5 ¥ Taw Beat & @ w¥vr ga & 6 (6 9 Boa
% 49 g 1T Y B IR e a1 31 R U #R @ )

8

o, = 10 rad/s ,

L, = 1/2 x 50 x (0.4) [=2mr = 0 5kgm’
=4 kgm’

I=5kgm’
It o1 =12 m2
I 4
= —®; = — x 10 rad/s = 8 rad/s
I, 5

In the figure, a ladder of mass m is shown leaning against a wall. It is in static equilibrium making an
angle 8 with the horizontal floor. The coefficient of friction between the wall and the ladder is p1 and that
between the floor and the ladder is p2. The normal reaction of the wall on the ladder is N1 and that of

the floor is Nz. If the ladder is about to slip, then [JEE (Advanced)-2014,P-1, 3/60]
N
Nt
N\
N\
N\
N
N\
N\
o X
N\
(A) w1 =0 p2#0and Nztane=% (B)wi#0 pz=0and Ny tan 0 = %
(C*) w1 #0 p2#0andNz = — 19 (D*) w1 =0 p2#0andNitan 6= 29
T+ pypp 2

/\
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Rigid Body Dynamics ﬂ—

24* SIEE m dTell Uh W IR @ WeR (ke @St B, 9 o | quitar e 7 afas wet | 0 ®ror 9
gV I8 Wi aruaeen | 2| d9R 3 A & 91 999 qoie w g | 9 B g A & g avor o
22 | SR gRT A W T Afdefad ufiforar g1 Ny 99 w3 gR1 0 R o T ifdyerfraa
gfafshar g1 No® | o9 il SR arelt &1, a9

My
(A) w1 =0 uziOFI?JTNztan():% (B) 1 # 0 uzzOFr?ﬂNMane:%
(C*) w1 %0 po#0am Np= —19 (D*) w1 =0 pz# 0T Ny tan 6= 29
1+ pypp 2
Ans. (C,D)
Sol.  Since rod is about to slip so both friction will be limiting
f1 = Ny
fo=p2 N2

In option (A) (D) w1 =0
Net torque about A should be zero

mg cos6 g = N1 sin6 ¢

mgcot 6

= N1 =
2

= Nitan6 = %

and N2 = mg

N2 A mg

0

A
Hp f,

(B) He=0
There is no force to balance N1 so rod can not remain in equilibrium
(©) N1 = paN2
Nz + piN+ = mg
N2 + p1 p2 N2 =mg
No= — M9
T+ o
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Rigid Body Dynamics ﬂ—

Hindi

25.

4% T faer 8 o qMi a9 WA= 81
f1 = Ny

fa = p2 N2
fawed (A)YD)H =0

A
T

2 mg

0
[

Aw 1,
A AU [ AT I B AR

mg coso g = N1 sinb ¢

mgcot 0
2

= Nitan® = %

= N1 =

GRII N2 = mg
(B) we=0
I8l N1 1 GYferd &R & o i 9 81 © 37 DS AMRIMERT § 81 %8 Fohdll © |
(C) N1 = paN2
N2 + p1N+ = mg
N2 + p1 p2 N2 =mg
Nz = Mg
T+ o

A horizontal circular platform of radius 0.5 m and mass 0.45 kg is free to rotate about its axis. Two
massless spring toy-guns, each carrying a steel ball of mass 0.05 kg are attached to the platfrom at a
distance 0.25 m from the centre on its either sides along its diameter (see figure).Each gun
simultaneously fires the balls horizontally and perpendicular to the diameter in opposite directions. After
leaving the platfrom, the balls have horizontal speed of 9ms-' with respect to the ground. The rotational
speed of the platfrom in rad-" after the balls leave the platform is [JEE (Advanced)-2014,P-1, 3/60]

/\
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Rigid Body Dynamics ﬂ—

Ans.
Sol.

26.

o & fazamn =1 0.5 m < Jem 0.45 kg S99 aTell Uah Afae gRi ©IcHH 3+ 3l & URdT: go
% oIy w@da | &1 g9 MEd FAMI arell Rad T 5@ (toy-guns), 9 R 0.05 kg S dTell &iel
B AT M B, ©CHH B AH W = F 0.25m P g W, = d aH IR Rera 2| SF 958 TH
|1y Mol & 9 & dqaq, afas aa § fua feem #§ gt 8 | <iew™ &1 8ieq & uvar Mferdl &
I & ame &fas faen 7 1fd Ims— 8 | Ml & wic®hM Bled & UTaN wlc®wM &l goitg Tfd rad-! §

B

4
Applying conservation of angular momentum. &1 HdT HRETT T TR

ml

2

2mvr — o =0
_ 4mvr
MR?
) 1
(4) (5x107) (9)[]
4
o= 3 = w=4rad/s
45X10_2XZ

A uniform circular disc of mass 1.5 kg and radius 0.5m is initially at rest on a horizontal frictionless
surface. Three forces of equal magnitude F = 0.5 N are applied simultaneously along the three sides of
an equilateral triangle XYZ its vertices on the perimeter of the disc (see figure). One second after
applying the forces, the angular speed of the discinrad s~'is:  [JEE (Advanced)-2014,P-1, 3/60]

FA\ X

Y/\_/Z o

F

/\
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Rigid Body Dynamics ﬂ—
TP VA JaTeR ¥ rd g@mE 1.5 kg @ B 0.5 m 8, yR™ # "yl fEq &fds dds W
foRraTaRen § 8| aRaR GRAT F = 0.5 N dred 9 9 T &1 t = 0 R 4 fRwry w3 wwarg Byt XYz,
foras oY fig v @1 R R Rerd 8, 31 qomell & Ry TR O &1 91 @ o & 1 APvs
g f$%h &1 Sy fd, rad s 4 B

F\ X
o)
F
Ans. 2
Sol.
F\{
30
N—" >F
F
t
IT " J.3Fsin30°R dt
o 3 _ 3. (05 (05) 2(0.5) M o rags
¢ I 1.5(0.5)
2

27.»  Two identical uniform discs roll without slipping on two different surfaces AB and CD (see figure)
starting at A and C with linear speeds vi and vz, respectively, and always remain in contact with ths
surfaces. If they reach B and D with the same linear speed and vi = 3 m/s, then v2 in m/s is
(g =10 m/s?) . ~ [JEE(Advanced) 2015 ; P-1, 4/88]
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275

Ans.
Sol.

28.%

fATgaR 1 =1 ¥agl AB @ CD R 9AM JOIdR Afhdg (f$%6) A @21 C | HH: vi 91 ve URMBIS

IR 9 A e 8T ged Tl Yo SRAl § 91 ¥ad |del & |ue # & g | afe B Jen D fgad

TR USABR QI AlhPIA B I I RER § AT vi=3 m/s B, Tam/s H v2 BT 91 21 (g = 10 m/s?)
[JEE(Advanced) 2015 ; P-1, 4/88]

7
Final kinetic energy of both discs is same

{g}%m(sf +mg (30) = g%mvz2 +mg(27)

394300 §v22 +270
4 4

% +30=%v22 = V=9+40=>v2=7

A ring of mass M and radius R is rotating with angular speed ® about a fixed vertical axis passing
through its centre O with two point masses each of mass % at rest at O. These masses can move
radially outwards along two massless rods fixed on the ring as shown in the figure. At some instant the
angular speed of the system is ga) and one of the masses is ata distance of %R from O. At this
instant the distance of the other mass from O is :

®
>

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 136
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics

/\g

28.n TP gdd M Tl 351 R &1 Booll 00 &g O I BIHR OH dlell RER FHHER M & IRl IR o

M

Eﬁvﬁﬂﬁﬁq\qw%wwwEW%?%@WW%%&'OWW&Wﬁ%l
a1 T FRAGER B R M s@@E 20 a1 Bl R Broya: 9k o 3R I &R Jad 8| 6l '
wwﬁmaﬁaﬁvﬁﬂvﬁgm %‘a&mwﬁr—gmﬂﬁoﬁgR B W B3 & g fag

T B O ¥ g BN

(V]
4>

&

2 1 3
A) =R B) —R C) =R
(A) 3 (B) 3 (©) =
Ans. (D)
By conservation of angular momentum
PO FIT &V |
X1 XZ
2 2
MR2 o = | MR2 4 M9B% | Md” | 8o
8 25 8 9
Re _ [ 200R? +9R? +250° | 8
- 8x25 9
225 R2—-209 R2 = 25 d?
2
do 16R
25
a= 8
5

[JEE(Advanced) 2015 ; P-1, 4/88, —-2]
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Rigid Body Dynamics ﬂ—

29.

Ans.
Sol.

30.

The dinsities of two solid spheres A and B of the same radii R vary with radial distance r as

5
pa(r) :k(%j and pg(r) :k(%j , respectively, where k is a contant. The moments of inertia of the

T . . . I
individual spheres about axes passing through their centres are 1a and Is, respectively, If ]—B = % the
A

value of nis : [JEE(Advanced) 2015 ; P-2,4/88]
R & a1 39 7l AR B3 gl & B35d g0 r & A1 Fag Has: pA(r)zk(%] qen

5
pB(r)zk[%j §, W kT ReRi® &1 el 3 S—om 3 W ) o aeh e @ R wrsereet

B [a AT I8 | IS %:%%,aﬁ N A B |
A
6

Consider a shell of radius r and thickness dr
dl = % (p-4mradr)r?
| = jdl

5

1o
J.4<r—.4nr2dr r?
3 5

(0]

uy)

Ig _

Iy ?2 ; 10
(]

k—4nredr r?
3 R

A uniform wooden stick of mass 1.6 kg and length ¢ rests in an inclined manner on a smooth, vertical

wall of height h (< ¢) such that a small portion of the stick extends beyond the wall. The reaction force
of the wall on the stick is perpendicular to the stick. The stick makes an angle of 30° with the wall and
the bottom of the stick is on a rough floor. The reaction of the wall on the stick is equal in magnitude to

the reaction of the floor on the stick. The ratio ? and the frictional force f at the bottom of the stick are

(g=10 ms?) [JEE (Advanced) 2016 ; P-1, 3/62, -1 ]
A o8 188 ® N_38 (168

[ 16 3 [ 16 3
(C) ﬁ=%’f=%|\] (D% ﬁ_ﬁ’f:%N

I 16 3 [ 16 3
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Rigid Body Dynamics H‘
1.6 kg STAM R ¢ IS B THAAE dABS! B Uh Sl Uh fIdh+l Tl aR, Rd Sa18 h(< /) B,
TR A TIB ¥ 39 AR ¥ W T 2 fF S B Ue viel A 96 SR § FW FHar g 2] S8 W
AR &1 UfIfha 901 S & U H 2| TS AR D A1 30° BT BT §91 @ B AR I BT MR

Qtﬁ‘aﬁmawﬁaﬁﬂq'\f*%laﬁmﬁé@ﬁwuﬁmamaﬁﬂﬁﬁwqﬁmaﬁwwﬁl?

BT AU T S & AYR W =99 g f2 (g = 10 ms2) [JEE (Advanced) 2016 ; P-1, 3/62, —1 ]

(A) ﬁzﬁ,fz—m\/?_’N (B) ﬁ:i,fz—m\/?_’N
[ 16 3 [ 16 3
(C) ﬁzs;ﬁ,f :ﬂN (D) h —S\E f =—16\EN
[ 16 3
Ans. (D)
Sol. balancing torque about lowest point
e fosg & uRa: qarget dges & g
h

1 16’ 3

14
= mg—cos60°
g2

2m mgf X sin 60 =h

1.6x10

31.* The position vector r of particle of mass m is given by the following equation
F(t) = at®i + Bt
Where o = % ms=3,B=5ms?and m=0.1kg. Att =1 s, which of the following statement(s) is (are)

true about the particle. [JEE (Advanced) 2016 ; P-1, 4/62, -2]
(A") The velocity ¥ is given by ¥ = (10f +10jms™
(B*) The angular momentum L with respect to the origin is given by L= —(5/3)R N ms

(C) The force F is given by F = (?+2]) N

(D*) The torque T with respect to the origin is given by 7 = —2?012 Nm.
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Rigid Body Dynamics H‘
31.* mTIIH B TP HU b Rafg—afes ¢ i afiexor § fear T 2

F(t) = at®i + B3],

R o= % ms3 B=5ms2 @m=0.1kg. 8| I08t=1s W F=falaq § § S~/ HH
a3 8/8 ? [JEE (Advanced) 2016 ; P-1, 4/62, -2]
(A*) O BT H1H \7=(1o?+1oj) ms™' &
(B*) 7 fasg & frd iofia a1 &1 719 L=—(5/3)k Nms 2
(©)act w1 am F=({+2]) N #
(D*) a1 favg & fd oofF &1 a9 © = (20/3k Nm &
Ans. (ABD)
Sol. r :at3f+[3t2]
V = a3t%i + p2tj

v

gx3x12f+5x2x1]

10 i+10 |

o <i
Il

m(r x V)

(et}
Il

0.1 [ai+Bjlx [10i+10]]
=0.110xk —10BK]

=0.1 [10><1?0—10><5] k

i

i

=0.1 %—50] k

=0.1 {‘—SO}R
3

a=obti +p2j

i

IE:méz[OJ][%xG i+ 5x2 ]
F =0.120i +10j] = 2i +]
=7 xF = (ai+Bj)x(2i +])

= aR—ZBR
= Eﬁ_mkzﬂﬁ
3 3
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Rigid Body Dynamics ﬂ—

327

Two thin circular discs of mass m and 4m, having radii of a and 2a, respectively , are rigidly fixed by a

massless, rigid rod of length [ =+24a through their centers. This assembly is laid on a firm and flat
surface, and set rolling without slipping on the surface so that the angular speed about the axis of the

rod is . The angular momentum of the entire assembly about the point 'O' is L (see the figure). Which
of the following statement (s) is (are) true ?
m T 4m SHE drel &1 Udell gareR AF@ (discs), @l SIRi wHe a 991 2a B, @ el bl

=24 qear$ o gamE—<Ra w¢ (rigid) S & SISl T & | 39 AYE DI TP Aol AT Ad8 W
foern T g iR e 9 59 TRe @ g 1 & & 39 ol 1) S8 & 31 & AR o 81 W

T @1 g '0' & ik #vf w3 LR (e <Red) | frafafea § 9 se/a19 sum ww 3/2 |
[JEE (Advanced) 2016 ; P-2, 4/62, -2]

)

(A) The magnitude of the z-component of L is 55 ma? o.
(B) The magnitude of angular momentum of the assembly about its centre of mass is 17 ma? %

(C)The magnitude of angular momentum of centre of mass of the assembly about the point O is 81ma?
.

(D*) The centre of mass of the assembly rotates about the z-axis with an angular speed of %

/\
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Rigid Body Dynamics H‘
32 mdl 4m TIAM drel Q1 Udell gAdHR A (discs), foEa oarl wEw a o1 2a B, & @i @l

1 =242 qwré @ geEE—RT 93 (rigid) S & SISl T & | 3@ AYE DI TP Aol AT Ad8 W

foern T g iR e I 59 TRe @ g 1 B & 59 ol 1) S8 & 3 & AR o 81

T @1 g '0' & ik Fvfr w3 LR (e <Red) | frafafea § 9 sm/a9 wum ww 8/2 |
[JEE (Advanced) 2016 ; P-2, 4/62, -2]

(A) L & z-5cdh b1 IRHATT 55 ma? o B
(B)ujw\%fﬁrmﬂgﬁf—$€a§ﬁéaﬁvﬁnﬁﬂww17ma2§ 2
(C) IR} |8 &1 "ehi—d= & fdg O & g By Haw w1 4RAwT 81ma2 o 2
(D" R WHE & Wefi—d= z-E & fd Brofg I % oA e §

Ans. (D) (IIT has given answer D or B,D. In our sheet we have given answer BD)

Sol. Q

(D) Velocity of point P : aw = ¢/Q then
g P#1 a7 a0 =/(Qd

am

Q= Vil Angular velocity of C.M. w.r.t paint O.
Q:aTCO = SEF B B 45 O & A1UE HIoNg a7

Angular velocity of C.M. w.r.t z axis = Q cos 0

T b5 Bl z A& B U BT I = Q cos O
an\24 ao 24

MWOCM.-z= — —
¢ 5 J24a 5
ocM_z= 2
=g
2 2 2
(B) Lo_cw= &, 4m2a)” = 17ma’e

® ®
2 2 2
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Rigid Body Dynamics ﬂ—

2 2
(C) Low—o = (5m) {%Q}%: 8Im*Q _81m¢* aw

5 5 5 5 ¢
8imlan 8W24a°mw
Lom-o0 = =
5 5
(A) Lz = Lcm-o0 cosO — Lo-cm sind
8124 , J24 17ma’e 1 81x24ma’n 17ma’w
= ———a MmMox — X = —
5 5 2 o4 25 224

Paragraph for Question Nos. 33 to 34
A frame of reference that is accelerated with respect to an inertial frame of reference is called a non-
inertial frame of reference. A coordinate system fixed on a circular disc rotating about a fixed axis with a
constant angular velocity o is an example of a non-inertial frame of reference. The relationship betwe?n
the forcell:rot experienced by a particle of mass m moving on the rotating disc and the force F,
experienced by thle particle in an inertial frame of reference is,
F

L r r r ry r
ot = Fin +2M(Vip x @) +m(@x 1 )x @,

Where \r/mt is the velocity of the particle in the rotating frame of reference and ris the position vector of

the particle with respect to the centre of the disc.

Now consider a smooth slot along a diameter of a disc of radius R rotating counter-clockwise with a
constant angular speed o about its vertical axis through its center. We assign a coordinate system with
the origin at the center of the disc, the x-axis along the slot, the y-axis perpendicular to the slot and the

z-axis along the rotation axis (&:ml&). A small block of mass m is gently placed in the slot at

r N
r= (R/2)i att = 0 and is constrained to move only along the slot.

7ed 333R 34 & forg sgws
U e 9F S U STedid Y  F P o H R 8l Aol e 97 dEdl § | ReR By
T 0¥ gAdl g8 % W 9§ (fixed) M9 7 ciscdd 93 &1 Ua Saev 81 m SF9H &1 Udh HUI
TN gt o R IEE 2| IfimE B 3% W 95 e 73 @ avg 99 Iérotawwa@_ﬁﬂuﬁéw
T3 & ANe I ﬁnﬁwwiﬂ Iérotaﬁ? ﬁniﬁéﬁamﬁéaﬁﬂﬁmwﬁwﬁﬁmwﬁ
Il:rot _F, +2m(Vygy ><(E))+m((1;3><ll:)><(€b,
TE W v,y T Y PTG F B BT 9 & qAl 1 B9 B Rwp B wey g @ wne Refy afew

(position vector) ¥ |
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Rigid Body Dynamics ﬂ—

33.

Ans.
Sol.

#@ife f& R oo o @ o, s o & 99 U gYoRizd @i 8, te Rer oo 14 o |
U A W aHEd fawn H oW @ 7| U kY 93 Ay e Jafes, e @ ey g me W@

x-aaaﬁ%mv—cr\f%‘,y-aa@ﬁ%aﬁa@rﬂ%@z-a&aqaﬁm@ﬁa&%m%(&:mﬁ)l

M FEH AT TE BIE Ted B G = 0 W r=(R/2)i fig W 9R A 39 aE § ¥ o & oA
e @ 4 & = 9o |

The distance r of the block at time tis : [JEE (Advanced) 2016 ; P-2, 3/62, —1]
(A) gcos2mt (B) %(ez"’t+e‘2‘”t) (©) gcoswt (D) %( ot +e“”t)
HHI t R CH B W r BT A ©
(A) %cos 20t (B) %(e%t + 2ot ) (C) gcos ot (D% g(e“" +eot )
(D)
mre? = ma a=rmw?
V&V _ 2
dr
\ r
Ivdv = ? J‘ rdr
0 R/2

2
\/ 4

Rz [ 2_R% %
4
R
Assume A1 : =§sec(-)

dr = gsecetanede

= Jodt ot = m S+
R R

'[ /RZ 2 0
—tan“0
4

R
Esecetanede t Fr /4r2—R1.

/\
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Rigid Body Dynamics

/\g

34.

Ans.

Sol.

The net reaction of the disc on the block is :

(C %mcozR(e“" —e“”t)]+mgl2
Ted R &% @1 w1 gfafhar (net reaction) © :

(A) m(ostincot]—ng (B) —manRcoswt]—ng
* 1 2 ot —ot |7 "
(CM Emo) R(e —-e )J+mgk

(C)

F

rot — I—:in + 2m(vrot’i\) X (DR + m(oaR x I’?) x (DR

mro?i = F, + 2mv,,o(-j) + mo?ri

Fo=2mvie] .. (1)

r= %[e“" +e“’"]

% =v, :%[coe‘”t —coe’“’t]; F, = m%[e‘“t et ]
l—:'in _ mRo? [e“’t —e*‘”‘h

2

Also reaction is due to disc surface then
39 YBR Ihdl B Ids g1 f ufafhar sRifod & &

= mRw?
reaction =
2

[e‘”t —e ]] +mgk

[JEE (Advanced) 2016 ; P-2, 3/62, —1]

(A) m(ostinmt]—ng (B) —moochoswt]—ng

(D) %mw2R(eZ“" —g2¢t )] +mgk

(D) %mcozl:{(ez“’t g2t )] +mgk

/\

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

®
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

war Road, Kota (Raj.) — 324005
ADVRB - 145



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

35.

Consider regular polygons with number of sides n = 3, 4, 5 .............. as shown in the figure. The
centre of mass of all the polygons is at height h from the ground. They roll on a horizontal surface about
the leading vertex without slipping and sliding as depicted. The maximum increase in height of the locus
of the center of mass for each polygon is A. Then A depends on n and h as _ _

o g1 <l SHagySil & qomell @ =T n=3,4,5 . 2| 9 9gYSll &1 Hela d= (centre
of mass) P T ¥ h Ja15 W & | 1 e @fosr @ = gkmme oW (leading vertex) & @RI
IR oI TR AR B I8 B | TS 984 B Weld b= & Y@ (locus) B FaTs B AfFHIH e A
21T A P h R n R feiRar i & @ & Sl [JEE (Advanced) 2017 ; P-2, 3/61, 1]

(D)
7’ [}
/, !
/ 1
! 1
n/n 1 R=Maximum
H R | height
|
1
1
1
1
SN
cos| — | = —
n R
A=R-h= h -h
T
cos| —
5

/\
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Rigid Body Dynamics ﬂ—

36.

Ans.
Sol.

A wheel of radius R and mass M is placed at the bottom of a fixed step of height R as shown in the
figure. A constant force is continuously applied on the surface of the wheel so that it just climbs the step
without slipping. Consider the torque t about an axis normal to the plane of the paper passing through
the point Q. Which of the following options is/are correct ?

% 3591 R Td g M &1 ufgan (wheel) U6 R $@1E drel §¢ QU (step) @ dd W @1 3 (W9 f&F
¥ fe@mn T R) ) Uy @ WUE ge™ WA B fy e R 9o Uy & USW Hdq (continuous
constant force) ®IRT 2| ST & I 4 Afera fawm # (perpendicular to the plane of the paper) fag
QY T arel e & Ave JoRmeet ¢ A | e H | B @ udseH 9 8/8 ?

[JEE (Advanced) 2017 ; P-2, 4/61, -2]

S

R Q

P

NN
&\\\\\\\\\\\\\\\

(A*) If the force is applied normal to the circumference at point P then t is zero

(B) If the force is applied tangentially at point S then t = 0 but the wheel never climbs the step

(C) If the force is applied at point P tangentially then t decreases continuously as the wheel climbs
(D)

(A*

(

If the force is applied normal to the circumference at point X then t is constant

) Ife g P oR ufey &1 uRfY A iffieig feen 9 91 oW S 99 ¢ 3 270 |
B) aft fag S R wifg 9a &R OY 4 1% 0 & fbeg ufedn | R &0 @ 81 =g
(C) aft fag P ™ W@ 9d (tangential force) AT WY T S el AU W I 99 1 9aq
|
(D) If fag X R ufed & uRfY ¥ ffea fa=m (normal direction) # & <FTR—IT WY T4 1 3T@R &7 |

(A) (IIT has given answer A or AB. In our sheet we have given answer C)

1 =0, it can never climb, so option (A) is incorrect.
(B) Wheel can climb, so option (B) is incorrect.
(C) T = F(2Rcos6) — mgRcosH

T oc COSO

since when 0 increases, © decreases.

So its correct.

t=Fr.—mgRcos6 ; rtincreases with 6

/\
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Rigid Body Dynamics ﬂ—
37. A rigid uniform bar AB of length L is slipping from its vertical position on a frictionless floor (as shown in

the figure). At some instant of time, the angle made by the bar with the vertical is 6. Which of the

following statements about its motion is/are correct?

e L TS B ¢ &S (rigid bar) AB I+l Ieafer Rerfd & wiurdl argfie e (frictionless horizontal
surface) R FRIATIER fFad @1 28| 999 & BN &9 R S Seafer | 9911 S0 6 & | 777 § | P
(&) TpUT e B/E?

N
ANRY
AN
AN
N
\\\B
\

e
4
4
4
e

E

(A) The trajectory of the point A is a parabola

(B*) Instantaneous torque about the point in contact with the floor is proportional to sin 6.

(C*) When the bar makes an angle 6 with the vertical, the displacement of its midpoint from the initial
position is proportional to (1— cos6)

(D*) The midpoint of the bar will fall vertically downward.

(A) S5 A &1 YU WRadIe (parabolic path) & |

(B*) T8 3R YO & WEl fdg & IRI TR dEfOd gaargol (Instantaneous torque) sin 6 & FHTAT

2 |

(C*) 919 S IWAER | 0PIV I91A1 & 9 & & 7ed g &1 fIeee S9& R Refd (1- cosd) &

FATUTH B |
(D*) &% &1 7=y fag Seater 1 #1 3R (vertically downward) iR |

Ans. (BCD) (IIT has given answer BCD. In our sheet we have given answer CD)
Sol.

y
(x,y)

L

900

(0,0)

X = —gsine, y = /cosO
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38.

Ans.

2 2
y—2+4L2:1
l ¢
Path of A is ellipse A uy e ga 7|
2 2 2
mgﬁsin9= M msin?0 o= %(1+3sin2e)a
2 12 4 12
o= 695|n62
¢(1+3sin“0)

2
torque w.r.t. B® TU& I 3MEYT = %a
~ mez( 6gsin® j
3 \1+3sin?0

(€) Yem = %(1 —cos0)
(D) midpoint will fall vertically downwards #&a1 fa=g FeaieR == @1 iR R |

Paragraph for Question Nos. 38 to 39
7 38 3R 39 & forg ergeos

One twirls a circular ring (of mass M and radius R) near the tip of one's finger as shown in Figure-1. In
the process the finger never loses contact with the inner rim of the ring. The finger traces out the
surface of a cone, shown by the dotted line. The radius of the path traced out by the point where the
ring and the finger is in contact is r. The finger rotates with an angular velocity wo. The rotating ring rolls
without slipping on the outside of a smaller circle described by the point where the ring and the finger is
in contact (Figure-2). The coefficient of friction between the ring and the finger is pu and the acceleration
due to gravity is g.

TH FAHR Jad  (circular ring) (S®@E M wd S R) TS Sl & uRa gageE dRal ®
(o = 1 (Figure 1)  Seifan T B) | 39 U%¥ H Sl 909 @ faRad g I gAwn wWef a=a) g |
Il Th TG (cone) B TS BT IRRGA U HT ATARV Hall & ol 1 [Igfhd Y@ gR1 =it
2| I Ud a0 B W g & R vy @ o r 21 Sel v O oo A PO @R @ B
I r gl 99 @ 9 U8 R e I@d goiA (rolls without slipping) &Rar © | o4 @ 2
(Figure 2) ¥ dcg U4 Il & Wi fdg gR1 SWiAm 741 2| 9909 W Sl & 99 =96 I[ond
(coefficient of friction) p, Td &R @1 g 7 |

-==a
E—)

Figure-1 Figure-2
The total kinetic energy of the ring is : [JEE (Advanced) 2017 ; P-2, 3/61]
AT B FHA RISl oAl 2
(A) %Mmg(R—r)z (B) gl\/lmg(ﬁ—r)2 (C) Mo R? (D) Mo (R-r)*

Bonus (lIT has given Bonus marks for this question. In our sheet we have given answer D)
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Rigid Body Dynamics H‘
Sol. Finger and ring will have same .
Point C is instantanious axis of rotation

39. The minimum value of wo below which the ring will drop down is: [JEE (Advanced) 2017 ; P-2, 3/61]
=AdH wo TP B9 B & g R S, 98 8

A* ’ 9 B f# c j?’_g oy |29
() p(R—r) ®) 2u(R-r) © 2u(R-r) ©) p(R—r)
(A)

40~. Consider a body of mass 1.0 kg at rest at the origin at time t = 0. A force F = (atf+ B]) is applied on the

Ans.

body, where o = 1.0 Ns™" and B = 1.0 N. The torque acting on the body about the origin at time
t=1.0sis © . Which of the following statements is (are) true? [JEE (Advanced) 2018 ; P-1, 4/60]
1.0 kg SEM (mass) @1 T ax] F9A t = 0 IR o =g (origin) TR faRm™mE=en 4 2| 39 9% W & dd
F =(ati +B) ovmar Sirar 2, ofef o= 1.0NsT3RB=1.0N 2| 9Tt = 1.0s R oI g & wNe &g
R M aTell g 3ot (torque) T B | FfalRad wedl # & wia () 98 7 () ?

1
A =—Nm
(A) || 3

(B) The torque 7 is in the direction of the unit vector +k

9ol amgel T AEe AR (unit vector) +k @ faEm § 7

(C) The velocity of the body att =1 s is V = %(i +2)ms™
TG t= 1s W I BT 9T \7=%(?+2])ms“ =
(D) The magnitude of displacement of the body att=1s is %m

Wt=1swaﬁ$ﬁ?wwwﬁqm%m 2l

Ans. (A,C)
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Rigid Body Dynamics

Sol. m=1kg
ma=F=ti+]
(1) a=ti+]
Yty
dt
2. - .
V=—i+tj=—i+
5 J J
s 72
S=—i+—]j
6 2
- 1+ 1-
s(t=)==i+—
(t=1) 5 T3
T=rxF
12 1. 12 =
=|:g|+§J:|><|:|+Jj|
1 1~ = A~ 1. 2 1-
= — —(jxi)= =k—=k=—k=-=k
gl rglix)=gh=gk="gk=-7
1
|t| = — att=1sec
3
1
[t]= = ,t=1sec ®
3
41, A ring and a disc are initially at rest, side by side, at the top of an inclined plane which makes an angle

60° with the horizontal. They start to roll without slipping at the same instant of time along the shortest

path. If the time difference between their reaching the ground is (2—\/5)/ \/ﬁs, then the height of the

top of the inclined plane, in metres, is . Take g =10 ms™.

U&H JABR aed (ring) 3R T JaIdR Tl (disc), Td 3d a9 (inclined plane) & ¥ TR 3FTa—a7Td
(side by side) faxRmraRen & 2| 9d o, &fAST @ (horizontal plance) & 60° &1 ®IvT §+IGT & | QI
IEU TP B e, <Aa¥ g9 ald 99 R I fHel @re (rolling without slipping) 3TR™ &=cl 8 | Ifq
A TRt @ AR T9 R U B WHIR (2—+/3)/ 10, B @ qFd dd & o @ S

Hlex g1 g=10ms=27<f | [JEE (Advan

Ans. 0.75
_ \B3g
Sol. dcm = gsm? Z%
K K
1+¥ 1+¥
J3g
__2 _%
M 141 4
V3g
2 g
ai5<::_:_
i 1+l V3
2

ced) 2018 ; P-1, 3/60]

AN Resonance®

Educating for better tomorrow

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhala

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

war Road, Kota (Raj.) — 324005
ADVRB - 151



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

42,

o2
'_ﬁ_J‘*_hi_ 16h
3g

4

BBy \3g

disc —

= |— = = h:§:0.75m
4

In the List-1 below, four different paths of a particle are given as functions of time. In these functions, o
and B are positive constants of appropriate dimensions and o = . In each case, the force acting on the
particle is either zero or conservative. In List-Il, five physical quantities of the particle are mentioned: p

is the linear momentum, L is the angular momentum about the origin, K is the kinetic energy, U is the
potential energy and E is the total energy. Match each path in List-1 with those quantities in List-1l, which

are conserved for that path. [JEE (Advanced) 2018 ; P-2, 3/60, —1]
List-l List-Il
Po | f(t) = ot + Bt 1. p
Q F(t) = acosoti +psinot] 2 L
R. F(t) = a(cos wti + sinwtj) 3. K
S . . s 4 U
F(t) = ati +Et2j
2
5. E

T @ T gA-lF, e Bu & IR (IfF= 9y, 999 @ fafi= el (functions) @ w9 # A T B g
WAl § o T B 3o fAwmRi arel eMrHe fEdid (positive constants) ¥, STET a# | UA® U H HUl
TR T Gl 9 I1 A1 IR § A1 GRE (conservative) © | El-ll § U1 P Ufg Wifad IR BT @R
fem mr ® : p Y@ AW (lnear momentum) B, L¥a fig (origin) & Ame wofm waw
(angular momentum) &, K TIfarst St (kinetic energy) 8, U Rerfdst 51t (potential energy) 8 iR E g
Foll (total energy) T | FAI-l & TS U &1 -l H A W 9 IR § GAS DA, S SE U9 B
fore ARefl (conserved) ® |
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Rigid Body Dynamics ﬂ—

- L0 ||
P )y =ati+pf 1 p
Q F(t) = acosoti +psinot] 2 L
R F(t) = a(cos mti + sinwt)) 3 K
S N 4 U
F(t) = ati +Et2j
2
5 E
AP—1,2,3,4,5 Q—2,5 R—-23,45 S-—-5
BYP—>1,2,3,45 Q—-35 R—>23,45 S-525
(C) P—2,3,4; Q- 5; R>1,24 S—25
D) P—>1,2,3,5, Q—25 R—52345 S—525
Ans. (A)
Sol. (P)V =constantf@ a=0 P —>1,2,3,4,5
(Q) a = -w?r path of the particle is elliptical @1 &7 T EIAHR & Q — 2, 5;
(R) a=-w?f path of the particle is circular @1 &7 U qaTdR 8 R — 2,3, 4,5
M = constant fraa
(S) @ =constant =@ S — 5
PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)
AT - 1l : JEE (MAIN) / AIEEE (fUBel auf) & yeq
1. A thin circular ring of mass m and radius R is rotating about its axis with a constant angular velocity .
Two objects each of mass M are attached gently to the opposite ends of a diameter of the ring. The
ring now rotates with an angular velocity o' : [AIEEE-2006, 4'2/180]
. ®»m o(m+2M o(m-2M ®m
(1) —2m__ (p) LMt 2W) (3 2m-—2M @)
(m + 2M) m (m+2M) (m+M)
m S R R 01 &1 & qde g aod U e R Ud ReR B I o § FUF IR IE T
T B A B AU RRI R Jd$ M &9 31 &l 9wl 8R 9 Srs! Sl 8 | 903 319 o o a9
o | oI M T8 T :
. ®»m o(m+2M o(m-2M ®m
(1) —2m__ (p) LMt 2 olm—2M) @)
(m + 2M) m (m+2M) (m+M)
Sol. Li=L
mR2w = (MR? + 2MR?) '
. Mo
W =
(m + ZMJ
2. = Four point masses, each of value m, are placed at the corners of a square ABCD of side ¢. The
moment of inertia about an axis passing through A and parallel to BD is : [AIEEE-2006, 4'/2/180]
(1) me2 (2) 2m? (3) B me2 (4*) 3m¢2
(ST & Y& a7 ABCD & Rl &Ml R IId m SIAH & IR g 9099 W 8| A ¥ oA a7t 3iR
BD & W¥I=R & & uRa: 39 a1 &1 sie@ meef 2 -
(1) me2 (2) 2m¢2 (3) 3 me2 (4*) 3m¢2
Sol.  I=2m (¢/N2)2 + m(v20)2 = 3my2
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3.

Sol.

Sol.

For the given uniform square lamina ABCD, whose centre is O, [AIEEE 3/120 2007]
D¢

(1) N2Inc =1gr (2) Inp = 2Ier (3*) Iac = Ier (4) Iac = 21

Q TE THEHH IHR Yed ABCD & forg, e &= O ® [AIEEE 3/120 2007]

(1) 2l =Tgr (2) Tnp = 2Ier (3*) Inc = Ier (4) Iac = \2Ig¢
(M2 M2 M¢?

Iac= —| — | = — ,ler= —, lac=1

AC 2[ 6 J 12 EF 12 AC EF

A round uniform body of radius R, mass M and moment of inertia | rolls down (without slipping) an
inclined plane making an angle 6 ? with the horizontal. Then its acceleration is :

[AIEEE 3/120 2007]
(1%) gsme2 > gsm26 3 gsme2 4 gsmg
1+I/MR 1+MR=/1 1-1/MR 1-MR</1

Brear R, S09F M @ STscd Ul | &1 U YhaA™ Tid fIvs &afdst |4 0 &9 R [ AFdd IR a9l

o

Ped & Jehdl © | TP @RV & —

«~ 0gsind gsin® gsin® gsin®
[ ey 2 o 8 — % 4 2
1+1/MR 1+MR“ /I 1-1/MR 1-MR*“ /1
mgsind—f=macm ... (i)
fR=T (ii)
acm=Re (iii)
On solving (i), (ii) & (iii)
gsin®
acm = I
1+
MR?
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5xn

Sol.

Sol.

Ans.
Sol.

Angular momentum of the particle rotating with a central force is constant due to :

[AIEEE 3/120 2007]
(1) constant force (2) constant linear momentum
(8*) zero torque (4) constant torque
BT g B AU A TP BT B1 IV FIT 97 Y& B | §ADBT BRU B
(1) g s (2) fraa Rad T
(3*) T et epe (4) foraa g1 smeef

Central force is directed towards a point, therefore torque of the central force is zero.

Consider a uniform square plate of side 'a' and mass 'm'. The moment of inertia of this plate about an

axis perpendicular to its plane and passing through one of its corners is : [AIEEE 3/105 2008]
1 7 2 5

1) —ma? 2) — ma? 3*) —ma? 4) —ma?

(1) P ) 5 (3%) 3 (4) 5

qoll 'a' AT SFAM 'm' DI HFA T FMeR < R [TaR HINY | 59 < H1 39 A 3 gRd: O
TS T & I9aq & AT 3D [Hdl Th B A OIRell 8, STecd SMeof

1 7 2 5
1) — ma? 2) —ma? 3*) —ma? 4) = ma?
(1) @ 3) 3 @
a 2
la=lem+m —j
N2
ma® ma?®
= +
6 2
3

v"
-~ cm

A thin uniform rod of length ¢/ and mass m is swinging freely about a horizontal axis passing through its
end. lts maximum angular speed is . lts centre of mass rises to a maximum height of :

[AIEEE 4/144 2009]
2 2 2 2 2 2
(1) Lo (2) 110 (3 1L (@) 1o
69 2 g 6 ¢ 3 9

TS (3R SFEE m Bl T Udell UHEAN BS AU Udh RR A oR & &S 38 R w@Wad w4
A 81 gHal f¥dad By A o B 39S G@EM B 39 HEAW $Alg ad SOl

2 2 2 2 2 2
(1) 12 @ 150 @) 122 (@ 150
69 2 g 6 9 3 9
@
%Iuﬁ:mgh
2
1(%} & - mgh
21 8
h_0)2€2
-
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Rigid Body Dynamics

8.

Sol.

/\g

A small particle of mass m is projected at an angle 6 with the x-axis with an initial velocity vo in the x-y

plane as shown in the figure. At atime t <

(1) =mg vo t2 cos 0

(3% —% mg Vo t2 cos 0k

VoSin® , the angular momentum of the particle is

y

[

» X
(2) mg vo t cos 0k

(4) %mg Vot2cos 0 i

where i, ] and k are unit vectors along x, y and z-axis respectively.

X-31&T F 0 P W I

Mm@ U& BIC BV B Th URMIEG 9T vo ¥ x-y T 9 gaifud fan sirar 8 S

fos forr & waifar T ¥ | W t< Vojne,zﬁ forg, U7 BT BT G 2 [AIEEE 4/144 2010]
y
Vo
6 |
» X

(1) -mg vo t2 cos 0

(3% —% mg vo t2 cos 0k

(2) mg vo t cos 0k

(4) %mg vot2cos 0 i

Sl i, ]8R k ®EEm: x, y R z-38 W) P ARY 8

V, sinot—1/2gt’

V,sinf —gt

V,cosb

B |AT angular momentum = m {(v0 sin® — gt)(V, cos6bt) — (V, cose)(v0 sinot —%gtzj}

=— %mg Vo t2 cos 0o k
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Rigid Body Dynamics ﬂ—

9.

Ans.
Sol.

10.=

Ans.
Sol.

A thin horizontal circular disc is rotating about a vertical axis passing through its centre. An insect is at
rest at a point near the rim of the disc. The insect now moves along a diameter of the disc to reach its
other end. During the journey of the insect, the angular speed of the disc :[AIEEE - 2011, 4/120, —1]

(1) remains unchanged (2) continuously decreases

(8) continuously increases (4™) first increases and then decreases

T gl AfTS gy Fhedl 37U B | YO & SHEER & TR U PR &l © | aPbdl DI g} D FHIY
g W™ UF BT faRM o/@aw # 2| BT 3@ U oI R Ua RN 9 g R 9@ fefia gran g1 o
P I B SRM, Fball bl DI A1

(1) sraRafida & ® (2) AR Ted ®
(3) AR &<t ® (4*) UB dedl 8 SR R e ®
(4)

_—>

From angular momentum conservation about vertical axis passing through centre. When insect is
coming from circumference to center. Moment of inertia first decrease then increase. So angular
velocity inecrease then decrease.

T8 A YoRT dTell FEAER & S ATIE PIONY FIT GREUT | 94 Prel URMY F R BT AR 1 & T
STecd ATl Ul Tedl & def fhR aadl © | 3 HIoiig 97 Ugel agi el fhr =e |

A mass m hangs with the help of a string wrapped around a pulley on a frictionless bearing. The pulley
has mass m and radius R. Assuming pulley to be a perfect uniform circular disc, the acceleration of the

mass m, if the string does not slip on the pulley, is : [AIEEE - 2011, 4/120, —1]
3 2 g

1) = 2 3% = 4) =

(1) 59 29 (3%) 79 (4) 3

T TYUEH IR )R Th RN & IR 3R Th SN &I ofic &R SU9d m oehral a1 8| R &1
TEEE m R 5o R2| 98 99 of & iR o gof ve wwe i =t 21 It @R il =
fhaer 921 8, O9 SAHE M BT RO ®

3 2 g
1) = 2 3% = 4) =
(1) 59 g ( )39 ()3
(3)
N
\cj=a/R
m
R .
mg
AT
[m] .t
mg—-T=ma
2
TR=mRa
2

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 157
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

11.

Ans.
Sol.

szROL:E
2 2

mg- "2 _ma

g 5 =

3ma mg

2

a=2—g Ans.
3

A pulley of radius 2m is rotated about its axis by a force F = (20t — 5t2) newton (where t is measured in

seconds) applied tangentially. If the moment of inertia of the pulley about its axis of rotation is 10 kg m?,

the number of rotations made by the pulley before its direction of motion if reversed, is:
[AIEEE - 2011, 4/120, —1]

(1) less than 3 (2*) more than 3 but less than 6

(8) more than 6 but less than 9 (4) more than 9

TERET T T 96 F = (20t — 5t2) }[eA (W&l t 9Hvs | 197 T B) & HRY 2m B a1 e fr

U & W PO PRI © | AR YOI e B ga—FIe, fORA $1 STeca amgrl 10 kg m2 ®, d9 Rl @1
fa 1 fen afdenfid 89 & usel R g1 b T FapR] B g1 B

(1) 398 &9 (2) 3% 3If® =g 69 FH
(3) 6 9 3f¥®H W=y 9¥ HH (4) 99 1fdr®
(2)

To reverse the direction jrde =0 (work done is zero)

ﬁwzﬁzgaﬁqa‘)mjrdezoﬁmwmqm%)

T=(20t-5t2) 2 =40t - 10t2
2
o= I=M=4t_t2
I 10

t 3
w=Iocdt _op_ U
0 3

wiszeroat o ¥ &

22— — =0
3

No of revolution 2—6 Less than 6
s

ﬂiﬂﬂﬁﬂ%ﬁwgﬁ,6®w%|

T
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Rigid Body Dynamics ﬂ—

12.

Ans.
Sol.

13.

Sol.

A particle of mass ‘m’ is projected with a velocity v making an angle of 30° with the horizontal. The
magnitude of angular momentum of the projectile about the point of projection when the particle is at its

maximum height ‘h’ is : [AIEEE 2011, 11 May; 4/120, —1]
3 3 2
(1) zero () T2 (@ B (@) Bmo*
V29 16 g 2 g

ST ¥ 302 P R I v I TIHE 'M' D TP U Bl Yifod fbar S 81 99 1 (U= ifrhaH
IS ‘N WR 8, 9 e fdg & |1ue U & BV FAI BT GRA B

my? 4 N8 mv® N3 mv?
(1) @ ) 16 @ 5

vCosO
AN

Lo = Pr.
Lo=mv cos6 H
_ mgﬁ . v2 sin? 30° _ \/§mv3
2 29 169

A hoop of radius r and mass m rotating with an angular velocity wo is placed on a rough horizontal
surface. The initial velocity of the centre of the hoop is zero. What will be the velocity of the centre of

the hoop when it ceases to slip ? [AIEEE 2013, 4/120, —1]
re ro ro

1 0 2 0 3* 0 4

()—4 ()—3 ()—2 (4) ren

BRI AT o I GUIF PR B FAE m AR A1 r 3 T gU B U YR &fl ddd R @M 5| g9 &
P BT YRS 97 YA & | 519 Ig Ry PR 91 PR <, 79 89 & D Bl d9 FT BT ?
fog % » [®
= 2 3 (8 =
\

R
DA v

v
mr2mo = Mvr + mr2 x —2

r

(4) roo

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 159
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics

/\g

14» A mass 'm' supported by a massless string wound around a uniform hollow cylinder of mass m and
radius R. If the string does not slip on the cylinder, with what acceleration will the mass fall on release ?

29
(1) 3

(2%)

[JEE

N @
m|g§
3

) “4)9

(Main) 2014, 4/120, —1]

50T R Ud 09 m & U UHTA WG 9o & dRI a¥% Uh gIAHae SRl 9 Uh ggq9= 'm!'
Jacifed 21 IfT S 9o R faad T8 8, 99 BIs oM W) g9 fbg wror 9 iR ?

™
2 R 5
13 @) 5 @ 2 OF
Sol.
T
T
a
\4
mg
mg—T=ma (1)
TR=mR2Z (2)
R
9 _,
2
Ans (2)
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Rigid Body Dynamics ﬂ—

15.

Ans.
Sol.

Sol.

A bob of mass m attached to an inextensible string of length /is suspended from a vertical support. The
bob rotates in a horizontal circle with a angular speed o rad/s about the vertical. About the point of
suspension :

(1) angular momentum is conserved. [JEE (Main) 2014, 4/120, —1]

(2) angular momentum changes in magnitude but not in direction

(8*) angular momentum changes in direction but not in magnitude.

(4) angular momentum changes both in direction and magnitude.

TEE /B UE AT I A I TIHHE m B UH 919 Bl Uh SHEATER IMUR W ACHIAT Sl B | 99
FeER W I T o rad/s A Te &S g9 # goiF a2 | fFrddes fag

(1) ®rofi a9 T=ferT & g |

(2) ol o gl § aRacdiia & uR=g fo=m & =78 |

(3) BT Faw fem # uRadelia & U=y gRAT 3§ T8 |

(4) 1o o ST e v gikEmr d gRad=eie 2 |

(3)

VvV
Angular momentum of the pendulum about the suspension point 'O’ is

L=m (rxv)

Then ¥ can be resolved into two components, radial component rrag, and axial component raxia. Due to
rad, L will be axial and due to raxia, L will be radially outwards as shown.

So net angular momentum will be as shown in figure whoose value will be constant (|L| = mv/). But its
direction will change as shown in the figure.

g 'O' & due Yged &1 BIvig HaT

L=m (FxV)

I B I ged H O fear o wadr 21 S BEe: B rad, 3 raa 8| frad ® BRT L 31T B
AT B AP raxiar ® PRI L A e 9 98 &1 3R 811 |

o & ysfRid © o ®of |Faw1 &1 318 uRAMT (|L| = mv/) a8 fag s9e feem uRRafda gt

(0]

v
Angular momentum of the pendulum about the suspension point 'O" will have a constant magnitude :
(L) = mv (op) but its direction will change as shown in the figure.

g 'O' & AuE I |9 ST gRATT F171a (L) = my (op) & oifdhd s fa= AR fRETgar ager |
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Rigid Body Dynamics H‘
16. Form a solid sphere of mass M and radius R a cube of maximum possible volume is cut. Moment of
inertia of cube about an axis passing through its centre and perpendicular to one of its faces is

[JEE(Main)-2015; 4/120, —1]

MR? MR? AMR? AMR?
1) —— 2) — 3n 4)
() 322 @) 16/2n &) 9./3n ) 3\3n

fefl S/ el &1 S M de s9@) S R 2| 59H 9 Siffdan 9w A &1 Udh agd (UH) HIe
forn ST § | 59 g B Ted MYl fhan B, I 3HD! g o1 $HD s 9 BB} Yoikdl © qol
598 [P TP Bod & =ad © ?

MR? MR? AMR? AMR?
1 2) —— 3* 4
M) 52z @) J6vzn B 9 En N
Ans. (3)

Sol. AB= 2R
a3 =2R

2R
a=—

NG

3
Mass of cube 9 &1 TIHT = M X(Ej

i \B

“rR3
3

3aM  8R® M

B 47R3 . S\ﬁ - \En
Moment of inertia of cube about given axis is

& g 3T B R " BT STecd ATl

_ma®
6
A
a
R~ -
B s
17. A particle of mass m is moving along the side of square of side ‘a’ with a uniform speed v in the x-y
plane as shown in the figure : [JEE Main 2016, 4/120, —1]
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Rigid Body Dynamics

/\g

Ans.

Which of the following statements is false for the angular momentum about the origin ?
) L= mv[——a}kWhen the particle is moving from C to D.

) L= mv[—+a}k when the particle is moving from B to C.

() [="R

2
(4) E:—E

k when the particle is moving from D to A.

R k When the particle is moving from A to B.

o 4 qofl ‘@ &1 9F x-y I H 81 m TGAM BT U HY ThAET Td v 4 9 1 B Yoll TR = 8
g o & form 9 <wiian w B

aJ(v Y VANa
A

B
R @
450

» X

9 91 | PIA1 B, 39 BV & o f[dg & MR 1o amegel & for, Tea 21

(1) [:mv[%—a}

B) [="MR &

kST BT C¥ D P IR Il 8T 2 |

+a}RWWBﬁCHﬁ3ﬂ?WW§I
S BT DI AP IR o ¥8T 2 |

(4)[:_T;RgmwAﬁBaﬁaﬂ?aam%|

(1,3)
FromCto D
C¥ Dd®

[O:mv[%Jra} K
from Bto C
B¥ Cd®

[0=mv[%+a} k
from D to A
DY Ad®
I— N
LozﬁR(— K)
from Ato B
A¥ Bd®

Lo

:%R(— k)
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Rigid Body Dynamics ﬂ—

18.

Ans.

Sol.

19.

The moment of inertia of a uniform cylinder of length/and radius R about its perpendicular bisector is 1.
What is the ratio /R such that the moment of inertia is minimum? [JEE (Main) 2017 ; 4/120, —1]

3 K J3
(1) ﬁ (2%) ) 3) > (4) 1

T 50 R a8 [ $ U GHM I B SHD AN fg9eid & Ame Sied Mgyl 18] S|
mget & eI w9 @ o U /R F BT ?

(1) = (2%) \E ) B (4) 1

NA 2
(2

M2 MR?
I=—-+

12 4

2
=M_ﬁ+Mx£’ M:(nsz)p = —=R2
12 4 pnt pnl
da M M? (1
—=0)-——|—5|=0
dae 12 4pr\ ¢
LM
6 4pnr®
2ot 2pmn
? 3
RZ 2

ﬁ_ﬁ
R 2

A slender uniform rod of mass M and length / is pivoted at one end so that it can rotate in a vertical
plane (see figure). There is negligible friction at the pivot. The free end is held vertically above the pivot
and then released. the angular acceleration of the rod when it makes an angle 6 with the vertical is.
[JEE (Main) 2017; 4/120, —1]
ZA

v

(1) 2 coso @) Hsino 3) ZYsing @) Bcoso
3l 21 3l 21
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Rigid Body Dynamics ﬂ—

19.

Ans.
Sol.

20.

Ans.

TP SIEE M Td dHTs /@ Udell T4 Uh FHH BS Pl U (R gRIUW & 9 fF 98 e FEhR
A H A Gadl 2 | (FRF IRa) | g0 &1 v T0g 2| B b g R B g & FUWR HEER @B
BIg & A1 § | 519 B T A 0 DIV FARN & Al SAD] HIUNY @ROT BAT |

[JEE (Main) 2017; 4/120, —1]

ZA
0
>
(1) ECose (29 3—gsine (3) 2—gsin9 (4) 3—gcose
3l 21 3! 21
(2)
] (¢/2)sin6
1 /,
1
1
L
| 1
1
I
1
[ ] mg
Initially S _
o b 1 atanytimet
'tem w
. ¢ me?
mgsinf—=——a
2 3
3—gsin9=a
2/

Seven identical circular planar disks, each of mass M and radius R are welded symmetrically as shown.
The moment of inertia of the arrangement about the axis normal to the plane and passing through the
point P is [JEE (Main) 2018; 4/120, —1]

RATER 91d T Sl qameR aad S5l {5 9@ &1 g@ma M dn 531 R 8, &1 98 w9 9
SIIST ST 8 | AHAe & ofwad a1 P ok aTell 3 & AIUe], 39 FATSA &I STecd ATl B

(1) DMRe @)

(2)

MR? 3) 2R (4) 2MR?
2 2 2

181
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Rigid Body Dynamics H‘
Sol. Ip=1Io + 7M(3R)?

(MR? _(MR? ) 181, ,
-1 +6L 5 +MR) U+7M(3R)2=7MR

21. From a uniform circular disc of radius R and mass 9 M, a small disc of radius g is removed as shown

in the figure. The moment of inertia of the remaining disc about an axis perpendicular to the plane of the
disc and passing through centre of disc is : [JEE (Main) 2018; 4/120, —1]

RWHW9MW$QWW%W@%%WWWBWWW%WWW%W

forn sman &, o &6 s # <ol T 31 R @& 98 @ Waq U9 S e 9 ok ard e B
|me 9 g3 %@ &1 e el Bnm |

(1) 10 MR? (2) ZIMR? (3%) 4 MR? @) 2Ompe

v Q-

Ans. (3)

Sol.

[Using negative mass concept] = 0T® SIATE g &1 SUINT &R W

R 2
M(j 2
2
I:9MR B 3 +M(£j
2 2 3
=M 2[%—%—%}:4MR2
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Rigid Body Dynamics ﬂ—

Il High Level Problems (HLP)

SUBJECTIVE QUESTIONS

faSAITI% Y99 (SUBJECTIVE QUESTIONS)

1. Find the M.I. of a rod about (i) an axis perpendicular to the rod and passing through left end. (i) An axis
through its centre of mass and perpendicular to the length whose linear density varies as A = ax where
a is a positive constant and 'x' is the position of an element of the rod relative to its left end. The length
of the rod is /.
TS P STecd AL ST BRI — () B & 919 R 4§ uIRT ofaq 31 & uRka: | (i) B8 & S99 &= 4
qIRd dq TS B orEaq I @ R et Ragd @ A= ax & IR uRafia BT 8, I8 a
gHS ReRie 8 d1 X' B & 919 R A {5l 9 @1 1 2| B8 & a=E (2

art .alrt
=— (i) —
4 36

Ans. (i) 1

Sol. (i)
Al

dx

<+— X —»

B!

B!
2 2
IAB=Icm+m(§€j R Iem = 1aB — 4m¢
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Rigid Body Dynamics H‘
2. The pulley (uniform disc) shown in figure has, radius 10 cm and moment of inertia about its axis
I=0.5kgm?(B and A both move)

(a) Assuming all the plane surfaces are smooth and there is no slipping between pulley and string,
calculate the acceleration of the mass 4kg.

(b) The friction coefficient between the block A and the plane below is u = 0.5 and the plane below the
B block is frictionless.Assuming no slipping between pulley and string find accelaration of 4kg block

2. ffrm # s 8 fBRN & s 10 cm & T S9@ & & ANE Ssd oMYl 1 = 0.5 kg-m?2
(B @7 A ST Y BRd B )

(a) I |AGOA g B =YY *fed A gY d R U9 S § IS e T8l ® Ad g0 4 kg B
AP BT @ROT A1 B |
(b) I Al 9 1 T & Feg BNl O u=0.5% T BAl®d & A9 & I 999 M2d & oAl 1@
SR H BIS A 781 2 | A gV 4kg & Al Pl @RI A BRI |

Ans. (a) 0.25 m/s? (b) 0.125 m/s?

Sol. (a)

For 2kg mass, 2 kg §&9M & forg
Ti—2gsin45°=2a ... (i)

For 4kg mass 4 kg &9 & forg
4gsingd5®—-To=4a ... (ii)

For pulley, forelt @& forg

(To=T)=la=1@") oo (i) (1= (m_er )
From eq. (i),(ii
(

i) and (iii)  FHTHROT (i), (i) T (i) |
4-2)gsin®
a [ J S . —
4+2+r12j
_ (4-2)x10x1/52
(4+2+0'5j
0.01
a=0.248 =(0.25 m/s?)

a
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Rigid Body Dynamics ﬂ—

(b) m1 = 4kg mz = 2kg
u = 0.2 (between inclined plane and 2kg block) (2 kg % @ 1d dd & 3rgfaen)
I =0.5kg-m? r=0.1m
migsin@ — Tz2=ma ... (i)
T1—(m2gsin® + umzgcosB) =mea ... (ii)
K(T1-T2) = La = [1%] ......... (i)

From eq. (i),(ii) and (iii) |H®RT (i), (ii) T (i) A

m1g Sin® — (m2g Sind + pmzgsind) + I_g = mia + mza
r
Put values : dM T@ W

49 sin45° — (2g sin45° + 0.2 2g sin45°) + % a=~6a

= 27.80 — (13.69 + 6.95) = 56a

= a= 7 (0.125 m/s?).
56
3. A uniform rod of length 'a’ rests against a frictionless wall as shown in figure. Find the friction coefficient

between the horizontal surface and the lower end if the minimum angle that the rod can make with the
horizontal is a., without slipping.

'a TS B Yh AN B8 Pl Uh [Fd1 QAR & [d6g e Jaiid REER @ 11 8| afk gs e
fOherel, &S | gATH DI o I Tl B, A B B Aol R AR & |8 & 79 =99 ene 9
BT |

'a' THEIg D Uh T BS Bl Uh [FdbAl aR B fdwg A< YR REgaR @1 [ 2| Ak v o
fheel, &S | =gATH IV o 991 Fahall 8, A1 B & el RR R &8s |ds & #7eg 9vv [ons sa

HIRTTY |
a /i
b
a g
T
2
acosaosin® o
Ans. R
2b—acos” asina
Sol.

N, N,cosa

ecﬁwx 4

N2 sin o = f ——(i)
N1 + N2 cos o = mg —(ii)
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Rigid Body Dynamics

Torque about point A fa5 A & | SaTeo

anao

(N2 cos a) [t b

(mgacosa sina)
2b

N2 =

N2 cos a =

j+stinab=mg % cos o)

(mgacos"2 o sin oc)

2b

From equn. S¥HI&ROT ... (i) A

N+ =mg—Nz2cos a=mg -

mgacos? a.sina

2b

Ni=m
2b
N2 sin o = pN1
_ Nysina
- N
mg acosasin®o

2b

. (2b—acos? asina)

mg(2b —acos? asino)

2b

Lo { acosa - sin®a

2b—acos® asina

after that moment;

A uniform square plate of mass m is supported as shown. If the cable suddenly breaks, determine just

m S B FAHY TMHR < FHAGAR dchls ol © | IS 3@d Il ¢ o a1 39 &9 & g3

91 ST B |

(a) The angular acceleration of the plate.

(c) The reaction at A.

N

(b) The acceleration of corner C.

m SAF B FAHY TPR ©ic FAAR dehs Rl ¢ | AT &+ed IRW < O- 1 39 &0 & g

q1e S B |

(a) @IC B DIV RO
(c) A o= ufaforan
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Rigid Body Dynamics ﬂ—

Ans. ——=_ (cw) (b) 3 g (o) Mg 4
2 4
Sol.
mb? b Y
mg (b/\2) =Ta,1= — +m|—
9 (o/2) e %)
mb?  mb? _ mb? 1
= 1= + = 1+—
6 2 2 3
= 2mb?
3
2
Hence 31a: mgb _ 2mb a:>a=3—g
2 3 2\2b
Accn of corner C = b2 +b2 o= 39
Acceleration of O in horizontal direction is zero So Nx = 0
afrst faen d @R 3 2 S
C 91T &1 @R = {b? +b? o= 3?9
OfIg &1 97 T 8| AT Nx =0
mg—Ny=m b o
BN}
_m P39 _3 mg
2122 b 4
m
Ny= 2
5. A uniform slender rod AB of mass m is suspended from two springs as shown. If spring 2 breaks,

determine at that instant ;

0] (i)
(a) The angular acceleration of the bar.
(b) The acceleration of point A.
(c) The acceleration of point B.
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Rigid Body Dynamics

/\g

m SHM B T T JaPR B AB a1 R 4 RIAgER dea @ Ife R 232 W 1 39 &9 91d

BITT-
ly_
1 2
PN . 30 5
N BV R VI
(i) (i)
(a) B B B @RI
(b) fag A &1 TR
(c) g B &1 @rW
Ans. (i) (a) 3g/L (cw)
(b)

3
(E?+"'Jg= 1.323g £ 49.1°

2
gi - 2]jg =2.189 / —66.6°

(i) (@) g/L (W) (b) —[@j ol

() (@ i+ ]j-g=1.32394-130.99

Sol. (a)
1 2
kxsin302 kxsin302
A A
30° 30°¢
A B
L
Vmg
()
Tsin30°
A
30° \ O
A 5 ./‘ I
Tcos30° i
vmg

Before cutting ®Te & U8l 2k xsin302 = mg
kx = mg (T =kx =mg)
After cutting @ & 91

/\
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Rigid Body Dynamics

(ii) Torque about COM COM @& wTdel g et

(Tsin302) x é =1la

mg¢  m¢?

= —.0
4 12
o= (%gj (clockwise)

(aferomg)

(b) acceleration of point A A fd=g &1 @R
max = T cos30°
ax=M=@=3Ao—>

2m 2
mg — T sin30° = may
mg— 9 _ma
g 5 = May
9, 9,39 ot
aAy_[ 2]+ Lo 9.8
G -
a;\_[2 i+jlg
(c) an=ﬁg—>
2
¢
asy = [%)ﬂ‘? —2g (V)

(i)

kxsin30°

309"

kxsin302

<+ L3> L3> L/3—>

Before cutting @®Tcsl & Ugel

Vmg

mg = 2kx sin30% = kx = T

T =mg.
After cutting ®Tcs & 91§

Tsin30°
4

(Tcos30°) 309
4“— I

< L/3—»<—L/3

—><— L/3—>

Vmg
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Rigid Body Dynamics H‘
(a) Torque about COM COM @& WTdel 9l et

(T sin309) (éj =La
wo (3)(5) - T
Y12)\6) ~ 12

o= (%) (cw).

(b) (T cos30?) = max

3

mg —— = max

ay = % (—])
g g( ¢
= —o—)=12 | -2 =1=0
aay = (ay 0(2) (2] €(2j
N
ap =|——gi
A ( 5 g
- 3 -
(C) gy :_ggl
=~ Srag)i=-a
dc = acx‘i\ +acy’j =- {@g?-ﬁ-g’jj
6. A 2 kg sphere moving horizontally to the right with an initial velocity of 5 m/s strikes the lower end of an

8 kg rigid rod AB. The rod is suspended from a hinge at A and is initially at rest. Knowing that the
coefficient of restitution between the rod and sphere is 0.80, determine the angular velocity of the rod
and the velocity of the sphere immediately after the impact.

A

1.2m

VS
o— U

TS 2kg SFFM BT AT ST SR 5m/s & URMSG 971 ¥ &fds fIem 3 1fq w=ar gan 8 kg &9 &I U
3¢ B AB @ ot RR A cavral 2| B8 g A 9 d1afhd @1 oIl 8 dn ues § farvmerawen # 2|

B$ g Ml & AL TATERA oNd 0.80 A U TIHR & Sl d18 B§ $HI HIUINY 97 g el BT 97 AT
B |
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Rigid Body Dynamics

Ans. o= T—i: 3.21 rad/s (ccw), vs = ;: 0.143 m/s «

Sol.
ALTALERRARARRRRNNY
Al®
1.2m
m2
)
m1 VS \\/;i
o—
uS
o—

Angular momentum about point A

Li = mivs/ (us:
AT & AN SO |99 ¢

Li = mivs/ (us :
2
Lf= Mo ® + M1Usl

Li=Ls

2
(m1Vs£ = M

_ 8x1.2xwm

2x5 b

32 o

10 = + 2Us

Final velocity of ball after collision)

TFHR B 1S g Bl 3ifaH a)

+ M1Us?)

+ (2 x Us)

Coefficient of restitution TdTaReT= I[0Th

ol —Ug

(60)—20}
Us =
5

Put equation (ii) in equation (i)

JHBROT (ji) DT FHNBHROT (i) H

G R

10 = 320 +2[6m—

*)

10 5
10 320 120-40
10 5
100 = 320 + 24® — 80
45
0= —
14
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Rigid Body Dynamics

Put ® in equation (ii)

o B FHHT (i) § W@ R

(6(»—20)
Us =
5
6 (‘15}—20
14
Us = ————
5
_270-280 10 (1
°T T 14x5  14x5 | 7
So direction is (<) us (;j
ERS EQ %3” ((—) Us (;j
7. A rotating disc (figure) moves in the positive direction of the x axis. Find the equation y (x) describing

the position of the instantaneous axis of

located at the point O after which it moved
YA

rotation, if at the initial moment the axis C of the disc was

(a) With a constant velocity v, while the disc started rotating counter clockwise with a constant angular
acceleration B (the initial angular velocity is equal to zero);
(b) With a constant acceleration a (and the zero initial velocity), while the disc rotates counterclockwise

with a constant angular velocity o.

7. e gt @adl (fF), x 318 & g faen | i w3 | deefore goia s a1 Refa @1 gwie arel
y(x) @ FHIBRU A1 DI | Ifa IR H Fahal a1 318 C fag O iR Rera off s 915 98 1fa

\7

A

(a) fod 91 v |1 e Al B, Safe adhdl Fd B @R B W arEad gA P BRAl © |

ERfE rofra 1 I 7 )
(b) f9d @RU1 a (@ IR 97 I

2) B WY YE B B, O Fhd FEd ST I o @

T g B |
Ans. (a)y= g—i (Hyperbola) ; (b)y = /2ax (Parabola)]
()
2
Ans. @)y = 3 (sfer) (6)y = Y22 (o)
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Rigid Body Dynamics ﬂ—
Sol. (a)

T Pxy)
[ ]

Let coordinates of instantaneous axis of rotation be P(x,y).
then velocity of P w.r.t. ground is zero.

AT A oA e & FdEE P(x,y).
TG PH 91 CH AUET I ¢ |

- ®xCP+vi=0
= bt(k)x [(x—v 1) i+Yyj]+vi=0
= X = vt
and Byt=V
from these eliminating t
3R pyt=V
IWRIFT FHIERT H t B TeM W)
B—y.5=1 or Xy = ﬁ
V v B
= locus of P is a Hyperbola.

= 3d: P o1 faeguer sifduraerg grm

(b) Here coordinate at point C =(%Nt2, Oj

(b) cfig & fdwis = (%Ntz, oj
@xCP+vi=0

= mﬁx{(x—%w t2)f+yj}+w ti=0 = X=—W
oy =wt

from these eliminating t,

t P M W

Eqgn. of parabola.
THIBRUT WRAAT BT 2 |
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Rigid Body Dynamics ﬂ—

8.

Sol.

A block X of mass 0.5 kg is held by a long massless string on a fixed frictionless inclined plane inclined
at 30° to the horizontal. The string is wound on a uniform solid cylindrical drum Y of mass 2 kg and
radius 0.2 m as shown in figure. The drum is given an initial angular velocity such that block X starts
moving up the plane.

0.5 kg &1 & ild X, & oW 9 STAMRIRd [ & G8Edl 9 g¥oRREd 79 aa S &fast 9 302 1T
TR P B’ B, W I Il 2| IR Pl TP 2 kg TAM 9 0.2 m 1 & F9wy 909 y R RETGAR
e STl B 9o Bl YRS S 97 39 SR R S B fF wdfd X, dd W) SW @ iR fa

UR®] B 2 |

Y
P

(a) Find the tension in the string during motion.

(b) At a certain instant of time the magnitude of the angular velocity of Y is
10 rad s7'. Calculate the distance travelled by X from that instant of time until it comes to rest.

0.5 kg &1 & dldh X, T Wl 9 SRR I & A8-dl 9 GYORREd 7d da S &fast 9 302 ST

TR FHT B3N &, TR @I AT 2| IRW Bl T 2 kg @ 9 0.2 m B & 9990 9o y R REgaR

ST Tl B | 9o Bl YRS HIo 97 39 ISR a1 Sen B fF &fd X, dd ) SW dl AR afa

YR™ BT © |

Y
P

)

(a) Ty B SR TR F TG TG B |
(b) fr<fl eto1 Y & B1ofig 971 &1 aR|Tor 10 rad s718, @

I & P I faRMTERe 9% 1 H X §RT 99 X A6 BRI |

a=aR
mg sin30°~-T=ma .. (1)
mg
or 3R ?—T=ma ......... 2)
_t_ TR
I TyR2
2
2
= — 3
a= e 3)
Solving Equations (1), (2) and (3) for T, we get
T & forg F®=or (1), (2) 9o (3) BT 8 B W
T- 1 Mmg
2 M+2m

Substituting the value, we get
) (1} {(2)(0.5)(9.8)} 163N
2) | 2+(0.5)(2)
T=163N
(i) From Eq. (3) , angular retardation of drum
2T  (2)(1.63)
T MR (2)(0.2)
or linear retardation of block
a=Ra=(0.2)(8.15) = 1.63 m/s?
At the moment when angular velocity of drum is
wo =10 rad/s

/\
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Rigid Body Dynamics H‘
The linear velocity of block will be
vo=woR=(10) (0.2) =2 m/s
Now, the distance (s) travelled by the block until it comes to rest will be given by

A IE9 WX B9 UTW BN
T=(lj{W}=1_63N

2) ] 2+(0.5)()
T=163N
THHR (i) F §H BT DIV AgH
Lo 2T _@1.63)
MR ~ (2)(0.2)
® BT G AgH
a=Ra = (0.2) (8.15) = 1.63 m/s?
Ig & 5 A B BN o
wo =10 rad/s
e BT Y& I
Vo= 0oR=(10) (0.2) =2 m/s
39 <P ERT TF X o9 dF I8 favH | 781 o o
2

= 8.15 rad/s?

s= Y0 [ Using v2 = ve? — 2as with v =0]
2a
2

s=V2—O [V2=vo? —2as & ST B W v =0]
a

2
_er
2(1.63)
or a1 s=1.22m

Ans. (a) 1.633 N (b) 1.224 m

9. A rod of length R and mass M is free to rotate about a horizontal axis passing through hinge P as in
figure. First it is taken aside such that it becomes horizontal and then released. At the lowest point the
rod hits the small block B of mass m and stops. Find the ratio of masses such that the block B
completes the circular track of radius R. Neglect any friction.

M e 9 R aWTg @1 U6 B8 RFFgAR P R Fered 9 oR arell &8s 3ie & | ga4q & o
WaF 2| IR 39 39 UBR o & b a8 AR B 7 &R fiR visd €1 v e g ® m s = @
TF BIC «idh B § THAN & d ©db RNl 8 | SIAMI & AU 1 BIFY, a1fs BIel «difd B, R a1 &
JATHR U W YRI FFPR T 8 | AT G607 797 3 |
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Rigid Body Dynamics

Sol. Minimum velocity required by block ‘m’ to complete the motion in JSgR
E P
(0]
R g
conserving mech. energy
lI(»2=Mg.E = o= fM
2 2 I
Cons. angular momentum wrt P before & after collision
Io =m.R /59R
MgRI = m?R2 5gR
: ML
uttingl = —
p g 3
M_ a5
m
Ans. : M:ﬁ
m
Sol.

e ‘m’ B IR VP TG MM B g g a1 ([5gR BT ARy |

P
(0]
R.M| |
[m” *F

gifar THolt TR o
1

Lpwg-B L o R
2 2 I

g P& A& TIPR T TIPR & d1a DIV FdT ARET0T
Io =m.R /59R

I @ - mR J5gR

MgRI = m?R2 5gR

2
1= MY ey
3
M_ 5
m
Ans. : M=\/1_5
m
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Rigid Body Dynamics ﬂ—

10.

Ans.

Sol.

A 3 kg uniform rod rotates in a vertical plane about a smooth pivot at B. A spring of constant k = 300
N/m and of unstretched length 100 mm is attached to the rod as shown. Knowing that in the position
shown the rod has an angular velocity of 4 rad/s clockwise, determine the angular velocity of the rod
after it has rotated through. [g =10 m/s?]

[«<—— 450mm —

150mm
B c

i) [

A T

200mm

D4

T
(D is vertically below B)

(a) 90° (b) 180°

3kg @ UH WA B Td fad- o B & AU (& HEieR dd 3 gadl 2 | Ud R e Faaie
k =300 N/m T or=a1g (= =i sraven #) 100 mm &, B ¥ RAGAR I &1 I8 99 & & 39
RN H B B DIV 9 4 T/APHvs Sfronasd 2| B I UMY I FG BRI, Said T8 HAL: AU

2 ;[g=10m/s?]
’4— 450mm ——
, 150mm
B C

A
200mm
D
(D, B & StaltR -1 )
(a) 90° ¥
(b) 1802
(a) 2\/% rad/s (b) 4 rad/s
(i) "
L2 - — —(ll2)-x — X C
| Pe (9
B
Kk
Mg
D
\ 4 y

L = Natural length of spring
L = R &1 {97 @rel raven # oS

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 181
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics

(ii)

(b)
(b)

Liav]

WAAAA

D
By energy conservation from (i) to (ii)

(i) @ (i) & oIl AReror |

Emh%kxz:%mhmg [g—xﬂ ............. (i)
2
|=|cm+ (ﬁ—xj ,
2
m¢2 ¢ YV
=—— +M|=—=X| . (ii)
12 2

(x = @1y —L) ............. (i)
Put equation (ii) and (iii) in equation (i)

BT (i) TAT (iii) B (i) H @ W

1 m€2 4 2 1 2 2 12
— | —=—+m | =—X 2+ —K («fx + —L)
2 { 12 (2 j J(” 2 y

1 (me? ¢V, (e J
=— |—/—+m |=—x| | @2 +mg|—-x
2 | 12 2 o

x =150 mm, y =20 mm, / = 450 mm, K = 300 N/m
m = 3 kg, o = 4 rad/sec
Put all the data TH1&RT § 79 9 R

o = % 86 rad/sec

rotating to 180° condition is

180° g9 W

— X — s (U)X —— 12 —

P 9 |

o4

,

y KL‘
D

B/

This is like a initial condition so m2 =
w2 =4 rad/ sec

I8 URMATS RAIfd & TR B, 31d: ;e = o

w2 =4 rad / sec.
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Rigid Body Dynamics ﬂ—

11.

Ans :

Sol.

12

Ans :
Sol.

The angular momentum of a particle relative to a certain ' point O varies with time as M = a + bt®, where

a and b are constant vectors, with @ 1 b.. Find the force moment N relative to the point O acting on
the particle when the angle between the vectors N and M equals 45°.

st ®o1 o1 v ifded fasg 'O’ & | Ffia HIT I B W M=a+bt? @ AR uRafia &dr 7,

wef &, b frrg wfw g @ L b §) 391 W BRRka g@ omget N &1 g '0' & | 71 ST SR o
dfeer Ng M & 729 HIoT45° B |

N =20 F
b

M

0 b:t"
Force moment relative to point O
O fag & A&l ga JATel
N - 9M _ opt
dt
Let the angle between M and N

qr M denm N & & i

a=45%att=to
0 B
Then @q L _ M . N (@+btf).2bt,
2 [MINT R2ip?d oot
20%t3 bt3

JaZ bt . 2bt, Ja2+b2t3

Solving €1 &R W, to = \E (as to cannot be nagative) ( to FEUTTH® HEl & AdhdT)

Therefore ard: N = 2bt, = QBE

A plank of mass m1 with a uniform sphere of mass m2 placed on it rests on a smooth horizontal plane. A
constant horizontal force F is applied to the plank. With what accelerations will the plank and the centre
of the sphere move provided there is no sliding between the plank and the sphere?

M1 S BT Udh A T&, 39 W W me2 S & Th 99 Tl dfed U6 g9vRe afds dd o
faRrra=en % Rera 21 F kA &1 o fod &8s 90 o o) oRiftd fdan San g | awdm ik 39 )
Rerd Mot &1 a5 @R 9 Ifd B9, Safds T iR Mol & 7eg d1g e 781 2|

Wi = F/(m1 + 2/7m2); W = 2/7 Wi.

o = angular acceleration

o = angular acceleration
For the plank

F-f=mw» ... (i)
For sphere torque about point C

/\
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Rigid Body Dynamics

Sol.

13.

fr = lca = %mzrzoc ....... (i)
assuming oz is the acceleration of COM of sphere at point A
(@ =we+ar) .. (iii)
From equation (i), (ii) and (iii)
F 5o
01 = ——— and 02 = | -0y
(m +2m } 7
1 7 2
f
o = BT @R
o = DIV @R
& @ fog
F-f=mwo»> ... (i)
el & forg 9« amgel C fag & wma
fr=leca = %mzrzoc ....... (i)
AT 2 TSl & SIAM B BT BN @R A fdg wR 2|
(ot=w2+ar) ... (iii)
JHHT (i), (i) T (iii) A
F 5o
o= — R 02 = | -0y
7

m+gm
1 7 2

In the arrangement shown in the figure weight A possesses mass m, a pulley B possesses mass M.
Also known are the moment of inertia I of the pulley relative to its axis and the radii of the pulley are R
and 2R respectively. Consider the mass of the threads is negligible. Find the acceleration of weight A
after the system is set free. (Assume no slipping takes place anywhere and axis of cylinder remains

horizontal)

/\
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Rigid Body Dynamics

/\g

T yefRfa o =awen § YR A &1 M m A1 U Yeil B &1 S&FF M 2| 30+ 31&l & A1uel gell &1
e el 12 ok gell 1 Froamd oe: R iR 2R B | 911 & Sogd[ @1 ¥1vg |+ | ey & &
BISH & UTATd YR A &I TRV S1d B | (Je09 &1 et &fiast 8 vd wai W e 181 Ar)

Ans :w =3g (M +3m)/ (M +9m + I/R?)

Sol.

IR
XN 1
o =
) A J=

a
For cylinder 99 & forg

Mg+Ti—2T=Ma ... 0)
Torque about axis of rotation UIF et & A&l g T
2TR + T1(2R) = La = [1 . %j ..(i) (a=aR)

Forweight A AYR & forg
mg—Ti =mai
No slipping between pulleys and thread
iR 7 S & A7 BIE e wE 7|
ar=a+ a(2R) = (3a) ....(iii)
From equation (i), (ii) and (iii)

iR (i), (i) @ (i) ¥

_ 3(M+3m) g

1 I
(M+9m+RZ)

/\
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Rigid Body Dynamics ﬂ—

14.

Ans.

Sol.

A uniform rod AB of length 7 is released from rest with AB inclined at angle 6 with horizontal. It collides
elastically with smooth horizontal surface after falling through a height h- What is the height upto which
the centre of mass of the rod rebounds after impagt?

Y.
( TS B AAHY Be AB B faRmaRen @ &fTS | 0 PV W Fa! S a9 BIFI Wl g1 I h
Sas I RAR gy IRT AfdS B3 F IIRY cFhR BT B | TIFHR B 916 BS B SHAN P (5
SIS TP I09 STl ¢ |

1 + 3cos’0 144

Velocity of end A at the moment it strikes ground = «f2gh . If velocity of COM of rod just after collision v’

and angular velocity acquired by the rod is ® clockwise as shown then using equation for coefficient of
restitution velocity of approach = velocity of sep. (applied at point A).

,fZgh =V + %m cose (1)

Angular momentum can be conserved about A just before collision & after collision as only impulsive
force will be acting at A only.

1 3cos2 0) 49 ¢
H=( - 3cos J h= n

2gh M % €080 = Iem ® — MV’ % COSO ..ocoveenen. (2)

Putting value of o = (1f29h -V
from (1)

Lcos®

2gh M L cos6 = M—L2 (1y2 h —v') —Mv’E coso
an M. 5 cos8= g W= Lcoso ' 2

' Ly2gh f2gh
L, Leosovt J 29 LcosO

6cos0 2  6cosH

2 2
v {1+3cos 6} _ (1-3cos“ 0) \/29_h

6c0s0 6cos0
1-cos?0

V= | ——— 1/2 h
[1+SCOSJ g

COM will of at maximum height when its velocity becomes zero during upward motion.
O=v2-2gH

2
v'2 {1—3003%}

H=— = >
29 1+3cos“ 0

]

2
[Ans-H—£1‘3C°SQGJ hop_49me

1+3cos® 0 144
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Rigid Body Dynamics ﬂ—

Sol.

15.

Ans.

A M @) eRITA | THIA 9 I =\ [2gh
IS TFHR $ NP 918 TSI D= B 9 V' B BS §RT UK B I o Seonad fwn § REgar 21

TR UMD BT FHDRY BT STANT B UR U A BT 4T = g S &1 a7 (A fig W)
,yZQh =V + %mcose ............. (1)

Fifs A fig W maffia 9 Fika g1 gafog A fIg @& ANe Tdax & U8l a1 Tqax & 918 DIV
HIT HRET

2gh M % €086 = Iem ® — Mv' % COSO ..ooovunnen. (2)

[yl 2 N
©=(yagh -v) Lcos6
A (1)

L ML2 2 L
1f2 h M. = cosf = — 1/2 h —v — MV’ = cos0
g 2 12 (V29 )Lcose 2

! Lay2 h 1/2 h
L v+ Leosov’ _ 9 29 Lcos6

6cos0 2  6cosH

2 2
V,[1+Scos e:l _ (1-3cos“0) \/Zg_h

6c0s0 6cos0

2
Ve [MJ B

1+3cos

SN B8 HUR O G AfHTH S8 W RN 99 SHDT I P 8 S |
O=v?2-2gH

2
v2 1-3cos?0
A
29 1+3c0s?0

2
. _49md
C T 144

]

[Ans-H—£1_3COSQ e]

1+3cos? 0
A uniform block A of mass 25 kg and length 6m is hinged at C and is supported by a small block B as
shown in the Figure . A constant force F of magnitude 400N is applied to block B horizontally . What is

the speed of B after it moves 1.5 m ? The mass of block B is 2.5 kg & the coeffcient of friction for all
contact surfaces is 0.3. [use In (3/2) 0.41 andg =10 ms?]

3m 3m

A
c . F

25 kg TT 6m =TS BT Uh—99H < A,C fdg w) Faffad & den ®iel <dife B 99 & oy REmgar

Gl ST g | F = 400N &1 Us o 9 i B iR RArgaR &fost faen 4 avmn Sian 81 B @1 ara @

B ? O/ I8 1.5 m g 99 HRal 2| B &1 @@ 2.5 kg TA1 Aflo ARIH Ad® W HNY Ud 0.3 |

[In(3/2) 0.41 G2 g =10 ms?]

\/323.4 m/s or 18.52 m/sec.
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Rigid Body Dynamics H‘
Sol. Nc + Ns = 250

N —x =250 x 3
) «—{,
k2 <—f2
B} N_C___J.;I ______
N =@, f1_ﬂu
X X
fo = [EO+25}
X

workdone against friction

Ty & faeg fear T et

*? (1500 3
W= [(fi+f2) ox = | ( ><O.3+7.5j dx =450 n > +7.5(4.5-3)
X
3
=450 x 0.41 +7.5x 1.5
%mvz =400 x 1.5—195.75

v2 = (600 — 195.75) x % =161.7 x 2 =323.4
v = 18.52 m/sec.
16. A window (of weight w) is supported by two strings passing over two smooth pulleys in the frame of

the window in which window just fits in, the other ends of the string being attached to weights each
equal to half the weight of the window. One thread breaks and the window moves down. Find
acceleration of the window if p is the coefficient of friction, and 'a’ is the height and 'b' the breadth of the
window .

S

w/2ps——= [w/2

w AR &I Rasadl &1, a1 IR\AT ¥ ey R gRT RATAR SreT 911 & | I8l & off~q RN R Rasa
P AR I A IR (W/2) B <P s gU & a1 Rasal, Rasdl & %A H gcd ¥ <9I g8 2| VP RN B
HreT orar 2| s Rasar @) &R 10 &l 7 | Rasadl &1 @R9 &1 8rm afe, u %49 dn Rasar
P! Fd8 & 7Y TN OIS B 9 'a' 7AT b’ Rasal I Falg den drss 8 |

) €
W
a
e | [
w/2He=——7= |w/2
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Rigid Body Dynamics

Ans.

Sol.

_(a-pb g
“|8a+ub

0 is very small 6 9gd BITT 2|

0~ 02
-l- "n
b uN,
NT P
T a !

uN, K ;
>0 ! lA

A N -'

w/2 ‘1'

Force balance in horizontal direction
&fors feen 9 ga1 Hgfod a1 R
N1 = N2
balancing torque about point P
P & We aa1 el Agferd 7 R

For 0 to be very small we can directly write
T.b + uN2b — % —N2a=0

Force in y direction if acceleration of windows is A

Ife Rasa & @R A- @ y feen # 9«

W N — Nz =T = WA ... (ii)
9
For block =if® & forg
_W _WwA
2 29
To (W, WA i)
2 2

Put equation (iii) in equation (i)

BRI (jii) BT FHIBIOT (i) H @ W

ﬂb+ ﬂAb+pN1b=N1a+ Wb
29 2
WAD _\, (a- ub)
29
N1 = {ﬂ} _____ (iv)
29 (a—pb)

Put N1 and T in equation (ii)
N1 @1 T &1 A9 G901 (i) § @

Ws WAD W WA WA
"129 @-)

W
2
g@-
A=

2 29 g
_ u WAb  3WA ,_ 20 Ab _3A
g (a-po) 29 ° g (@a-pb) g
ub) = (2ub + 3a — 3ub)A
(@a—pb) g Ans.
(3a—pb)

/\
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Rigid Body Dynamics ﬂ—

17.

Ans.

Sol.

Three particles A, B, C of mass m each are joined to each other by massless rigid rods to form an
equilateral triangle of side a. Another particle of mass m hits B with a velocity vo directed along BC as
shown. The colliding particle stops immediately after impact.

moL» B C
(a) Calculate the time required by the triangle ABC to complete half revolution in its subsequent motion.
(b) What is the net displacement of point B during this interval ?
dF BT A, B, C IS P A m & T SF9H IMed 3¢ BS §RI IS © ol Udh 'a’ oIl P GHATG
S 991 € | BIT '’ SFHEE BT A B vo 9 F BC Yo P fawm # B U1 I RAGAR I B |

TP ATl HU TFIHR D R 918 ©b Sl 8 -

A

>

me—Yo 5 B¢ *C
(a) Byt ABC 8RT S9& 31 Y & IR g Ui # oW 999 1 & |

(b) 39 FTHITRTA H $HY B HT ol favem= a1 2 |
ban (b)s:i3 1+ (2n + J§)2

\/§Vo
After collision, let COM move by velocity v’ and

system starts rotating by angular velocity » about COM.
Using cons. of linear momentum

TIPR B d1&, AT COM, V a7 3 7If &_al &, AR g COM & Qe o Iviig o9 | gAMT RS HR
AT B | VERT HII ERET A W

mvo = 3mv’ = v = -0

(a)t=

O

conserving angular momentum about COM

COM & 9TUel HIofig T TRETOT i U=

2
mvo. =lo = {m; XSJ .0 = Ma2m

Vo
23 a

(a) Time to complete half revolution.  3TTET FaHR YT &I H N A4

t_E_Z\Ean

® Vo

0w =

/\
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Rigid Body Dynamics ﬂ—

18.

(b) Particle ‘B’ completes half cycle during this duration. It's position const. COM in
shown.
T IR H HUT ‘B’ 3N Idhy X1 H_ll & | 39 RAfd # COM g ¥ Rerfay
Disp. of B in x-direction = Disp. due to linear motion of COM
+ Disp. due to Angular motion.

x-feem § B &1 favemus = COM & Y& fd & Rl favenus + dIvig 1fd & drRor favem=
0
al3

607

xg= 20 {4+ MN
3

Yo . M +E.00330°= iarr+a

3 Vo \3 3
Disp. in Y-direction Y fasm # fazemu=

2a a
Ys = ——= €0s60° = —

NE) V3
Total displacement G& faverma= =a}x§ +y2

Disk A has a mass of 4 kg and a radius r = 75 mm, it is at rest when it is placed in contact with the
belt, which moves at a constant speed v = 18 m/s . Knowing that p = 0.25 between the disk and the
belt, determine the number of revolutions executed by the disk before it reaches a constant angular
velocity . (Assume that the normal reaction by the belt on the disc is equal to weight of the disc) .

4 kg ToIM r = 75 mm, A1 B Ue aAdhal A faRm smawen H 90 o v = 18 m/s ¥ WA FRA g de€ b
TP H I A B |y = 0.25 TH B FIE qA Jo B 1 °6 YOG © | A & ad wrefi A
TP UgaT A U dDal §RI OF FFPR] DI AT FIT BT | (A1 do€ §RI Fbdl WR A gfiafhar qa
FHA B R B IR B)
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Rigid Body Dynamics
216

T

Ans.

Sol.

(0]

\

f

f=pumg
Torque about A
AfIg & Qe I el

2

2

m
R(umg) = "o

M:a

R

2x0.25x10

- =
R

g

o=

at constant angular speed

faa e ora )
#
R

2
j =2q (2mn)

()

Y
R
18x18

V2
n= =
4anR2 4 x 5RTE

18x18

N 18x18
“20Rn

B 20x75x10 3 x 1t

o _ 18x18x10° _ £6x18x103j

20x75xm

(6><18><4j
n=| ——

X2

= 36n6 216

T U

Number of revolutions executed by the disk before it comes at constant angular velocity n = (%j

g B 99 IR 39 ¥ UsS ddhdl §RT I TR IdhRI Bl G&IT N = (ﬁj

20x =20

T

T
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Rigid Body Dynamics H‘
19. A 160 mm diameter pipe of mass 6 kg rests on a 1.5 kg plate . The pipe and plate are initially at rest

when a force P of magnitude 25N is applied for 0.75 s . Knowing that ps = 0.25 & pk = 0.20 between
the plate and both the pipe and the floor, determine ;

O »

[ I —

(a) whether the pipe slides with respect to the plate.
(b) the resulting velocities of the pipe and of the plate. _
6kg @ 160 mm & &1 (& da 1.5 kg ®I ©ic W fORM # g 99 dA wic IR™ H fIRm § 8 <19

P=25N® 9d 0.75 s & foU wic R A1 AT 2| @I d1 da1 d eRIA & ard gy i ps =
0.25 T k= 0.20 ® a1 S BN ;
O »

[ I —

(@) R 9T wic & A e |
(b) S T wiT BT YRUITHI 97 R B |

Ans. (a) pipe rolls without sliding (b) pipe : % m/s — , % rad/s (ccw) ; plate : g m/s —

Ans. (a) usU a1 fesrel goia wIfd &xm (b) uTsy :% m/s — , % rad/s (ccw) ; @I : g m/s —
Sol.

f,

Friction on plate due to ground f1 =7.5 x 0.2 x 10 =15
AAE B PR @I W TG99 f1=75x02x10=15
25-15-fo=15 a1

f2 = 6az
10=15a1 + 6az o)
fo.r=mr?.a
= fa = maz (i)
f2 =mas —maz
az + ro = ai = ar—az=az
= az=at—az
= ar = 2a
10 —3a1 = 1.5 af
100 20
= ar= — = —
45 9
a, 20
Q=—=—
2 18
20 3 5
vi = ait > *71°3 (Plate) (wie)
20 3 5 .
V2 = aot = m x 16 (pipe). (dtgy)
v, 5 1000 .
w2 = T_EXW_1O'42 rad/s (pipe) (UTgY)
2
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Rigid Body Dynamics
20.

/\g

A uniform disc of mass m and radius R is rolling up a rough inclined plane, which makes an angle of

302 with the horizontal. If the coefficients of static and kinetic friction are each equal to u and only the
forces acting are gravitational, normal reaction and friction, then the magnitude of the frictional force

acting on the disc is

and its direction is (write 'up' or 'down') the

inclined plane.[JEE - 1997]

20, mTIAE 9 RS @ UF GERY T GREX 99 dd, Sl &fds | 302 I g9l 7, W HW B AR
Tfefie &1 It WRe 7 7fas gy Ioris, IdE YU & W 2 AR B9d [HA g g6 9 & BRRA
B, 9 TdHal UR HRIRG IY9 g BT GRATIT 2 R 79 da W g feum (S a1 Ay
forfem) |

Ans. % ,up SR

Sol. Under the given conditions only possibility is that friction is upwards and it accelerates downwards as

shown below :

The equations of motion are :

_mg sin6 — f mg sin 30° - f
- m - m

t fR 2f
0= = — = —

1 I mR

For rolling (no slipping)

a=Raorg/2—-f/m=2f/m

3t =g/2 or f=mg/6
m

f < fmax

—
—_
~

33

<umg 003309s7 umg

(2) Other possibilities which are not feasible are as follows :

(a) Friction is downwards.

In this case a and o will be as shown and rolling is not possible.

@g 0 f

(b) Friction is upwards and the disc has linear acceleration in upward direction.
a

)
N
«

In this case also rolling is not possible.
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Rigid Body Dynamics ﬂ—

Sol.

21,

& TS IS B AT DI Te! T B P g SR B AR 9 RO A B AR B T A g
=

T BT BRI & —
_mg sin6 — f mg sin 30° — f g f (1)
- — = — o e
_x_fR_@e )
I I mR

goia (9= fhaen) & forg
a=Raorg/2-f/m=2f/m
st =g/2 T f=mg/6
m

(1) f < fmax

3

<umgcos 302 < ?pmg
(2) 31 TN Sl 9919 8l § 4 8 —

(a) TS S BT 3R B
59 R 3 ad o TN AR B |

(b) THA TR TYY FHWR BT AR T IGT TR HUR Pl 3R

a0
2\
«9

39 Reafa § goiv ww=@ =81 2

A uniform disc of mass m and radius R is projected horizontally with velocity vo on a rough horizontal
floor so that it starts off with a purely sliding motion at t = 0. After to seconds, it acquires a purely rolling
motion as shown in figure.

Vo

7 /
t=0 t=1
(a) Calculate the velocity of the centre of mass of the disc at to .
(b) Assuming the coefficient of friction to be p, calculate to. Also calculate the work done by the frictional
force as a function of time & the total work done by it over a time t much longer than to. [JEE - 1997]
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Rigid Body Dynamics ﬂ—

Ans.

Sol.

m A g R 31 @ 1o GAF Fadl B T greY i W ovo 9 9 &fow e gafia feen
ST B, R 6 98 t= 0 999 R YE e I e Rl 21 to APUS v I8 Y& godd T
IR Bl B, ore o # wefia faan w7

ee
Vo
7
t=0 tzto

(a) to TR THAl B GIHM s DI 9T ST DIIY |
(b) BYYT TN p A §Y to B UM S | 9T & Heold H, Y9 g1 NI (a1 11 SR TG & Head
S WU H TAT FAI L, 1 to A IgA AP B, § 39D g1 [HA T FA IR AT PN |

2V0 Vo 3 1
a) v=—>; to = —— (b) w=—umg (vot— = pgt?); — = mvo?
(a) 3 0 Sug() umg (vo ng) 5 Mo
Between the time t = 0 to t = to. There is forward sliding, so friction, f is leftwards and maximum i.e., p
mg. For time t > to, friction f will become zero, because now pure rolling has started i.e., there is no
sliding (no relative motion) between the points of contact.

v, v
f=fmax=u’mg fmax Hf:o
t=0 t=t,
So, fortime t < to
f=umg
Linear retardation, o = Al =ug (f = pmg)
m
f R
and angular acceleration, o = % = %mR2 = %
Now let V be the linear velocity and o, the angular velocity of the disc at time t = to then
V=Vo—ato=Vo—pgto ... (1
and m:ato=2“%t° ...... @)
For pure rolling to take place
V = Ro
ie., Vo —2uto = 2uto
= to = Vo
3 ug

Substituting in Eq. (1), we have

/\
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Rigid Body Dynamics H‘
Work done by friction

2ug

For t <to, linear velocity of disc at any time tis V = Vo — pugt and angular velocity is w = at = t . From

work-energy theorem, work done by friction upto time t = Kinetic energy of the disc at time t — Kinetic
energy of the disc attimet=0
1 1 1

W=—mV2 +— Io? - —mVe?
2
1 101 o)\ (2ugt? 1
- Vo g+ ~ [ 1mR2 |[ 29 _ Ly
oM Ve “g]+2(2 M 2 oMY

= [MmVo? + mu2g2t2 — 2mVougt + 2mp2g2t2 — mVe?
o W= m%gt [3ugt — 2Vo]

For t > to, friction force is zero i.e., work done by friction is zero. Hence, the energy will be conserved.
Therefore, total work done by friction over a time t much longer then to is total work done upto time to
(because beyond the work done by friction is zero) which is equal to

W = m“zgto [3ugto — 2Vo]

Substituting to = Vo/3ng, we get
W= mTVO [Vo —2Vo]

W=_m_V02
6

Sol. t=0Wt=todHT & AeH, Y&I M &I IR e & & B | gaferg ooy f i) R B U9 ifdywmaH 2 |
It umg B 1t >to, T & forg, Tl f 31 8 | i g goia 1fd uR=1 &1 8 2| srfq wst awue
fagaell & #eg o1E e (| fy) T8 2 |

V, \Y

f=f . =pmg £, F>1=0

t=0
gafeTt t<to & forg

aﬁ?aﬁv‘hﬂw,a=%=;mR2=%
T VIE I 8 AR o DIV 9T 8| TG t=to Fdbell B

V=Vo—ato=Vo—pgto ... (1)
SN (0=0Lto=zu%t° ...... (2)
Ug goF & forg

V =Ro
BRI Vo —2uto = 2pto
= to= Vo
3 ung
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Rigid Body Dynamics ﬂ—

22,

THPHROT (1), § WG9 W, 89 U B 2

V=Vo—ug( Vo J
3 png

V=—=Vg
YU g §RT {5 T o
t<tod forg, ol I99 t R &) &1 & 97 V = Vo — pgt & 3R o a9 m=at=%?liﬁﬁf{

ol YR 9, t 99T H gY9 gRT {6 1 S =t 99 R gddl o RS il — 98 (t=0) W gl
B TS Sl
1 1 1

W=—mV2 + —To?2 - —mVe?
2 2 2
2
101 5 (2ugt 1
= —m[Vo—pgtlP+ — | —=mR = — —mVo?
[Vo Mg]+2£2 sz 5 mVo

[mVo? + mp2g?? — 2mVougt + 2mpg2t? — mVe?]

D= N =

a7 W = m%gt [Bugt — 2Vo]

t>to W ¥ forg, avo g1 3= B | o¥or 9 gR1 {51 T SR g R | Q1 ol wRfed @ |
SfTY, t T W "9 gRT A1 T B to 9% a1 1 g B 2 | (RS 36D I8 "6 g gRI
o T a1 T R )

W= m”TgtO [3ugto — 2V]
to = Vo/3pg, T8 TR BH YT $RA &

mV¢
6

W=mTVO [Vo—2Vq], =—

A carpet of mass 'M' made of inextensible material is rolled along its length in the form of a cylinder of
radius 'R' and is kept on a rough floor. The carpet starts unrolling without sliding on the floor when a
negligibly small push is given to it. Calculate the horizontal velocity of the axis of the cylindrical part of
the carpet when its radius reduces to R/2.

T
'M' SFHH qAT IAT ga1ed B 91 g8 TP S9 (carpet) SHD! T8 d Qe 'R B & 99 & wu
AU ORlt & dUm gREX B W W WRfl B 1 99 Ud gedl A1 g9 QA oar g A 9 fa e
G Y 8 SR & | 9 S9! (a1 R/2 8 A da-dR 91T & el HT &8st a9 S BRI | [JEE - 1990]

T
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Rigid Body Dynamics

Ans. L= M
\J 3

Sol.  Let M be the mass of unwound carpet. Then,
LISIRCEIG SICSUIC =L IR I VIGE

o ()(3 -2

nR?

M
M7

From conservation of mechanical energy :
Iit® SHoll w=err 9 |
MgF{—M‘gE = 1M V2 + 1 | w2
2 2 2

2 2 2
or a1 MgR — Mg E=M_V+l I MRV
4 2 8 212 4 4 R/2
3Mv? , ,_ [4PRg
- -5

or i ZMgF{=
8 16

Figure shows a vertical force F that is applied tangentially to a uniform cylinder of weight W. The

23.

coefficient of static friction between the cylinder and all surfaces is 0.5. Find in terms of W, the

maximum force that can be applied without causing e cylinder to rotate.
faa # iR 9o F <ofar 11 8 S W ¥R & U AA%U 9o @ W9l Y& o @1 8 | 9l a8 9 9
% 7y Wfde g9 one 0.581 W & Usl ¥, 99 B 491 g9 §9 W @ dTell AHaH g 91d
HITTY |

Ans. M
8

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
ADVRB - 199

®
AN Resonance
Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

Educating for better tomorrow



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

Sol.  When F is maximum equation. of rotational equilibrium.
9 F A & T9 goiv AreIraee] bRl
FR=pNi+N)R (1)

For equilibrium in horizontal direction
arferst feen # drmaRen & fog
fi=Nz2= ull\:h ............ 2)

<«—N
Nt
f,

In vertical direction S feen & forg
F + N1 =mg
F=u[(mg—F)+p(mg-F)]
1

! {(mg—F)Jr (mg—F)} {putting p:ﬂ {p:%wﬁw}

2 2

F 1+l+1 = gmg
2 4

2

2

3 3
F==—mg=—-w
8 g 8

[Ans.: 3w/8 ]

24, A drinking straw of mass 2m is placed on a smooth table orthogonally to the edge such that half of it
extends beyond the table. A fly of mass m lands on the A end of the straw and walks along the straw
untill it reaches the B end. It does not tip even when another fly gently lands on the top of the first one.
Find the largest mass that the secong fly can have. (BNegIect the friction between straw and table).

2m S & Th UM BT 98U (drinking straw) U6 @1 2o R @9 ©U 9 39 JaR R 2|
5 DT e 9N TI W AT T Bl || M THAA S U AaE], U8Y B MRS R A’ TR Al
2 3R Uy & Ry T9 I T & B, 99 9% fF I8 g AR 'B'WR 7 g 9| I8 U a9 A
T8 FHa1 B, IR UF I AGE), U dlell ARl W IS W g | 98 JIAHIH TIAE T DTG Sl
fgia 9o @ 9l 2| (JEf UISY AR <dal & Hed "yl Bl 0 HIQ)

A B

Ans. 3m
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Rigid Body Dynamics ﬂ—

Sol.  As fly moves to other end C.M must remains at same position so straw shifts left.
T B Bie (AR) gAY RN &1 IR 7T 0 Sgd & 991 Rerdll R 2m 599 (straw) &S aril
TH ARG B |
Al
¥2m
[m, m,
MO
4 + B
2m ’
Torque about AB is balanced ~ AB & WTU&l FelTevl Aferd 2 |
4 l
2mg| = | =(M+m —
g( 3] ( A)g(ej
4m=m + ma
ma =3m
25. Two uniform thin rods A & B of length 0.6 m each and of masses 0.01 kg & 0.02 kg respectively are
rigidly joined, end to end. The combination is pivoted at the lighter end P as shown in figure such that it
can freely rotate about the point P in a vertical plane. A small object of mass 0.05 kg moving
horizontally hits the lower end of the combination and sticks to it. What should be the velocity of the
object so that the system could just be raised to the horizontal position ?
P
A
B
m v
- H .
3 HEY Udell Bs A T B UR$ 0.6 m TS 9 S %A 0.01 kg T 0.02 kg & ol @S fHARI
H SIGI OR & | AR Fer &1 ged! B 31 f[dg P A dididd [Ba1 S & dfe I8 SHEler ad |
g P& uRa: waaads oM &R 9% | U 0.05 kg TAM @1 B! a%g afasl fawn 4 i =l g3
fer & e PR A coHad ® o su9 fos ot 2| avg &1 3 &= &1 5 fer @t afow Rerfy
TS SOl 1 D |
P
A
B
m v
—>
Ans. 6.3 m/s
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Rigid Body Dynamics H‘
Sol. System is free to rotate but not free to translate. During collision, net torque of the system (rod A + rod
B + mass m ) about point P is zero.
e goF o3 @ folg w@a= § ofed wrifaRa 1 & fog wa= 78 2 | 990t e (Bs A + B8
B+saMM m) &1 fisg P& @met qargof = 2|
Therefore, angular momentum of system before collision = Angular momentum of system just after
collision. ( About P ). Let o be the angular velocity of system just after collision, then
A IR A Yd FHr & B §A = IR B 9. e B pioig Faa (g P & el ). A
TFPR B I 918 B P B 9 0 8 79
P

A

Li =Lt
= mv (2I) = {o
Here, (¢ = moment of inertia of system about P

I8l , (= a5 P& | Merg &1 Siea gl

=m(20)2+ma (/2 /3)+ms {£+(£+€)}2}
12 2
Givenf&ar g :/=0.6m, m=0.05kg, ma =0.01 kg and 3R ms = 0.02 kg
Substituting the values, we get
A BT UfRemE &R W
| =0.09 kg—-m?2
Therefore, from Eq. (1) 3/ dHa=oT (1) |
L 2mve _ (2)(0.05)(v)(06)
I 0.09

o=067v. L. 2)
Now after collision, mechanical energy will be conserved.

39 TFPY B dIS b Holl TRE0 |

P— 'O

Therefore, decrease in rotational KE = increase in gravitational PE

A GUIF TR ol 7 FHI = T Refas ol d fg

or I lo? =mg (27) + ma g(gj +mBg(€+g]

N =

gl/(dm+mp +3 mg)
|
(9.8)(0.6)(4 x0.05 +0.01+3 x0.02)

- =17.64 (rad /s)?
0.09
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Rigid Body Dynamics

26.

Ans.

o w=42rad/s ..
Equating Egs. (2) and (3) , we get FHIHRO (2) 3R (3) BT JoIl A W

_ 4.2
©0.67
or i v=6.3m/s

v

m/s

A uniform cube of side 'a' and mass m rests on a rough horizontal table. A horizontal force F is applied

normal to one of the faces at a point directly above the centre of the face, at a height %a above the

base. (i) What is the minimum value of F for which the cube begins to tip about an edge?
(i) What is the minimum value of us so that toppling occures.
(iii) If w = pmin , find minimum force for topping.

(iv) Minimum ps so that Fmin (as in part-(i)) can cause toppling.
T TERY M GFH g a Yoll Bl gAeR @idh GRax &Afdsl T R @ 2| T &de 9 F o9 & T

Wwwzﬁéﬂtﬁwaﬂwﬁ%mwmmél
(iy B9 & ol & A& Jeb & oy 'F' & gAqH A1 Fa1 s? (@1 6 w9 e T8 ©)
(ii) s BT JATH AF T BAT A1MBY ATMD 89 gale oY |

(iii) IS p = pmin , A IS & Y IAaH 98 910 B |
(iv) =IATH ps B Froin & HROT Jalc S |

(i) % mg, (ii) pmin = 0, (iii) F = 2 mg], (iv) s = %

Solution :

(i) In the limiting case normal reaction will pass through O. The cube will tip about O if
torque of Fabout O exceeds the torque of mg.

(i) AT ergeen 4, sifier ufdfihan 'O' ¥ ol B | 91 899 O & AUe ded o Ife F
P OB WY AP mg b JATHT I SATET & dI—

Hence 31

() 2

-
>F

o a2 | |3a/4

mg

orar  F> % mg

therefore, minimum value of F is % mg.

31t F &1 =9 A gmgg‘rTﬂl

(i) In this case since it is not acting at COM, toppling can occur even after body started
sliding because of increasing the the torque of F about COM.hence pmin = 0,

(ii) 39 Rl # 91fs @) COM, R &1 =18 o <@ & o af avg e g% o <t 2
IS 915 W I Jele IR ®NfF G2 o & Al F &1 9aTd0 9edl 2 | 87T fmin

=O’

(iii) Now body is sliding before toppling, O is not I.A.R., torque equation can not be applied
across it. It can now be applied about COM.

/\
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Rigid Body Dynamics ﬂ—

27.

27.

Ans. :

(iii) If 9] Ucted ¥ Ugd fheerdl @ @1, O, LA.R. 8! 8| T $Ha HU& Jarger |9 S8l
S |H | qATHOr I COM & |riel el &1 |ehcll © |

Fx—=N x o (1)

N=mMg .cooeririrrrrirraennn. (2)

from (1) and (2) I (1) iR (2) &

F=2mg

(iv) F> %mg ................... (1) (from sol. (i)

N=mMg .ccoorrrrrrrrnnnn. (2)

F =psN = usmg ........... (3) from (1) and (2) T (1)3iR (2) &
2

Hs = 3

Three particles A, B and C each of mass m are connected to each other by three massless rigid rods
to form a rigid , equilateral triangular body of side ¢ . This body is placed on a horizontal frictionless
table (x - y plane) and is hinged to it at the point A so that it can move without friction about the vertical
axis through A as shown in figure. The body is set into rotational motion on the table about A with a
constant angular velocity o

B C
(a) Find the magnitude of the horizontal force exerted by the hinge on the body .
(b) At time T , when the side BC is parallel to the x — axis , a force F is applied on B along BC as
shown. Obtain the x — component and the y — component of the force exerted by the hinge on
the body, immediately after time T.

A9 B A, B3R C IS & A m T T I SHAFEH §¢ Bl @l Wl 4§ ol drell §¢
PryeeR axg &1 FEv FRd § | I8 9 &S gyvRRd <9d (x -y 9 H) W IE! TTS g d91 39 fag A
TR 3H YHR FACHIT B3Nl & Al I8 A | IO+ dTell SHedier el & duel REgar gy f@d 1fd =
o | axg P A D IRT <9 R Fd S a1 o 9 o 1fa & ol 2 1

ya

B I4 C
(a) e (hinge) BRT a%] R ARG &S 91 &1 AT A1d SIS |
(b) FHI T WR S99l BC, x- 318 & FHI=R 8, AR BC & 3rgfa™ B WR F 9 MRIfUT b S
21 9 TS 3P uzar o= & gRT a%] W, ARINUT 96 BT x -69¢dH 9 y-IcH Fd DI |
(@ V3mao?Z (b) Fy= 3 mo?s Fy= —F/4]
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Rigid Body Dynamics H‘
Sol.  (a) The distance of centre of mass (COM) of the system about point A will be :
4

r= —
3
Therefore the magnitude of horizontal force exerted by the hinge on the body is
F = centripetal force

or F = (3m) re?
, 4
or F=@8m)| =|w?
&
or F= «ﬁ m/o?
(b) Angular acceleration of system about point A is
TA
o= —
|a
3
F)|——¢
( >[ 5
- 2m/?
_N3F
Y

F

J3 ) 4me

F

or ax = —
4m

Now let Fx be the force applied by the hinge along x-axis. Then :
Fx + F = (3m) ax

or Fx+ F = (3m) [%)

or Fx + F = EF or Fx=—E Ans.
4 4

Further if Fy be the force applied by the hinge along y-axis. Then :
Fy = centripetal force
or Fy = \E m/o? Ans.
Sol. (a) R & oA B= &1 fdg A¥ g 8l ¢
1

r= —
B
3T Plerdh §RT A% IR ARG &St a1 &1 A1aiw 819 -
F = =< 9o ar F = (3m) re?

an F = (3m) (ij @ W F= 3 mie? Ans.

B
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Rigid Body Dynamics

28.

(b) g A & dme e &1 Srofig @R -
F)y =
_T_A_()[2€J_\/§F

A om¢? T 4dme

COM &7 x 31eT & IS ROT -

(38 eed

A x 38 B AW BeAd gRT 9 Frew al
Fx+ F = (3m) ax

a1 Fx+F=(3m)£Lj 1 FX+F=§F or Fx=—E
4m 4 4
I y 3ET & AR Biddd gRI Fy a9 & Al -
Fy = ifAa=T 9o
a1 Fy= 3 mla? Ans.

Ans.

A bar of mass m is held as shown between 4 disks, each of mass M & radius r =75 mm
Determine the acceleration of the bar immediately after it has been released from rest, knowing that the
normal forces exerted on the disks are sufficient to prevent any slipping and assuming that ;

In (i) case the discs are attacthed to the fixed support on wall. In (ii) case the
bar.

rloEe] A Ele

s [l s Ol e

(1) (i)
(a) m=5kgand M =2Kkg .
(b) the mass of M of the disks is negligible.
(c) the mass of m of the bar is negligible .

discs are attached to the

/\
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Rigid Body Dynamics ﬂ—

Ans.

Sol.

m S@EHE & (6 e & IAgAR 4 I6d, TS 1 Sqq= M el 3591 r= 75 mm & §9& # 3@l
I B | it BT fRM | BIeT & g 918 @R F1 B | & W2 6 gafodl W sifiers wfafsar q@
g die i & fog vt 7

Rfd (i) § gl dar | I8 99 F T g2 ® U1 Rl (i) 7 gadai o= | g7 9Wwe d G
g3 B

Ao A Ele
s [ s Gl [

(i) (if)
(a) m=5kgdem M=2Kkg .
(b) FEHdl BT GIHE M T 2 |
(c) <P BT GHAE m 0T 8 |

() (@) 5094 (b) g (c) O (i) (a) 113—79 L) gl (c)zs—g !
()

f f

f f
mg
(a) mg—-4f=ma ... (i)
R=lo= 22
R

fR2=1a
MR?2
2

(%)

mg=£%+ma}=(2M+m)a M = 2kg, m = 5 kg

fR? =

a

_ %9
a= g )

(b) If afs M=0 (c)
f=0
mg = ma

a=g()

(2M + m) a

O O3 3
e
oIl o
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Rigid Body Dynamics ﬂ—

29.

(ii)

Mg Mg

Mg Mg

|
s
(a) (m + 4M)g — 4f = (m + 4M)a
Torque about centre of disk (o = a/ R)
FH & D B AE I AT (o= a/R)

MR? a

2 'R

f=(Wj
2
(m+4M)g—-2Ma =(m + 4M) a

(m+4M)g=(m +6M)a
5+8)g=(5+12)a

_ (139
a"(wj@)

f.R=

(b) If afs M=0 fafle M=0
mg = ma 4Mg = 6Ma
29
a=g() a= =" ()

Two thin circular discs of mass 2 kg and radius 10 cm each are joined by a rigid massless rod of length
20 cm. The axis of the rod is along the perpendicular to the planes of the disk through their centres.
This object is kept on a truck in such a way that the axis of the object is horizontal and perpendicular to
the direction of motion of the truck. The friction with the floor of the truck is large enough, so that object
can roll on the truck without slipping. Take x-axis as the direction of motion of the truck and z-axis as
the vertically upward direction. If the truck has an acceleration of 9 m/s?, calculate [JEE - 1997’ 5/100]
2kg 2kg
)

10 cm

K - - 20cm -
(a) the force of friction on each disc.
(b) the magnitude & direction of frictional torque acting on each disk about the centre of mass O of the

object. Express the torque in the vector form in terms of unit vectors i, j & k along x, y & z direction.

/\
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Rigid Body Dynamics ﬂ—

Ans.
Sol.

(i)

2 kg &9 9 10 cm f35a1 &1 1 Udell qATBR FHAT B 20 cm TR B §¢ Y4 SIAFRRT Uh B
BRI ST T 2| B @ 348, IPfdl & dwl A Bh: IRl g8 AT I dd & =9dd ¢ | 59 GARIGH
B YH ¢ TR A YBR @ Al © 6 39 aEeE @ e AfS ® au1 ¢F @ 1fa @) e & awaq
21 P D BY > WY 39S 990 waf| U 9 e 2 e g8 wwEeH i fhed §F R Jed
AHAT B x-31&T ¢b HI A B QM A qen z-oe FHiER W B MR AN IR gH BT RO
9 m/s?8 | AT BIRTT-

2kg 2kg

10 cm

K - - 20cm -
(a) S THA W TYUT I
(b) TG & S b O & URG: YIS Il IR PR GY9 g ATl HT gRATT g9 =
JA—3meel BT x, y T z el W Thih GRew i, &k B gal # wfew wu # wffa AR
(@) 6N (b) =06k —0.6] , i,=—0.6k — 0.6]
Given mass of disc m = 2Kg and radius R=0.1m
FHhdl B A1 T TFHAE m = 2Kg AR R =0.1m

FBD of any one disc is f&¥l & adal H1 FBD
z
Truck —— a=9m/s’
e\ e\
@) ©) x
S S S S S S S S

y
Frictional force on the should be in forward direction. @l IR g9 g1 I BT 3R FET @MY |

3,

f
P

Let ao be the acceleration of COM of disc o the angular acceleration about its COM. Then —
AT f6 COM &1 @RI a0 & g $9®T COM & TUeT BV @R o B | dd Fdhall & —
f

Q

— > a=9m/¢

O—=0©

S S S S S S S S S S

£ .

ar= — = — ...

0 m 2 @)

a=3=1f'—R=2—f= 2 4ot . 2)
| EmR2 mR 2x0.1

/\
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Rigid Body Dynamics ﬂ—

Since there is no slipping between disc and truk therfore. gf% I&8f g&d 9 ¢F & 7ed e 81 B |
Acceleration of point P = Acceleration of point Q

P fIg &1 @Rl = Q fag &1 @R

ao + Ra =a

or Il [%j+ (0.1)(10f) =

or i gf =a f=— =
2

o f=6N

Since this force is acting in positive x-direction. Ff% I8 I gD x-faem § HRRT B |

Therefore, in vector form e afesr wu §

f =(6i)N Ans. 3 (i)

Here f = (61) N ( for both the discs
gl I =(67) N (S gt & forg
_>

' =M -01]-0.1k andsixk

> o
o _'2 - 01]-0.1k andaiR
5 20cm=0.2m

Y|
= i

2

b Q

Therefore, frictional torque on disk 1 about O (centre of mass )
I FhAl 1 R O T 5 & AMUel =Y gl T —

- e d e d . . .
T =1 xf =(-01]-01k)x(6i)N-m

=(0.6k —0.6])
N

or T " ~06(k -])N-m=06(k - ])
-

and @I " | =(0.6)2 +(0.6)2 =0.85N-m

- AN
Similarly, 39 T®R o ot 2(01]-01Kk)x(61)N-m

%
" -06(-]j-k)06=(k - ])

- -
and 3R 2| =" | =0.85N-m Ans. 3 (ii)
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Rigid Body Dynamics ﬂ—

30.

Ans.

Sol.

A rectangular rigid fixed block has a long horizontal edge. A solid homogeneous cylinder of radius r is
placed horizontally at rest with its length parallel to the edge such that the axis of the cylinder and the
edge of the block are in the same vertical plane. There is sufficient friction present at the edge so that a
very small displacement causes the cylinder to roll off the edge without slipping. Determine :

(a) The angle 6. through which the cylinder rotates before it leaves contact with the edge.

(b) The speed of the centre of mass of the cylinder before leaving contact with the edge.

(c) The ratio of translational to rotational kinetic energies of the cylinder when its centre of mass is in
horizontal line with the edge.

U6 IMRIAPR §¢ ReR i Udh ol &fdsl fh-RT 3@ 281 U o |Ari doq ot B ro g,
farrTaRen # &fst W T B 5 59 J99 @Y AW, fFR @ AR 39 YRR B B 9 &1 et qen
e b1 PRI TH & SR ad | B | FBl e & fhIR R gIia gyl fqeee 8 afe ue el a1
faRermos, 9o @1 R W 97 el et awar B | 9| AW |

BT 0 A I, fFIR B BIed & Uzl THAM |

fFIR 1 BIST ¥ 3P Ul I & SIHAH D= DI ardd 81 |

I DI RAFIRIY R YOI A Holisll BT JJUM, T4 d I GAH b5 (AR & A1
aforst Y # @)

_cos'd _ fﬂ ke _
(a)e_cos17(b)v_ 7gr (c) e =6

(a) The cylinder rotates about the point of contact. Hence, the machanical energy of the cylinder will be
conserved i.e.,

(a) 99 TS g & |UeT gold BR @1 8 3 do1 DI Hol ATHD Holl Axfiera B

=

Cx

—
(2]
N

(PE+KE)1 =(PE+KE)2

mgr + 0 = mgr cos6 + %Ico2 + % mv 2

/\
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Rigid Body Dynamics

but ® = v/ R ( No slipping at point of contact. )
AP o =v/R (I8 g R o1E fhae 78l T )
1

and iR | = > mv 2
Therefore, 31
2
mgR = mgR cos6 + L LIEC R DU I E
212 R2 2
ordl
ordl
ordl

At the time of leaving contact, normal reaction N = 0 and 6 = 6 ¢ hence,

TS Blied F9T AfHer Ufdfshar N = 0 3R 0 = 0 ¢ 37
mv?
mg cosf = ——
R

2
\'
or a1 " =g cos6
From Egs. (1) and (2) ITHH (1) &R (2) A
%g(1—cosec) =gcosOc
or J1 %cosec =1
or Il cosbc =4/7
or a1 Oc=cos~' (4/7)

(b) V= %QRU—COSB) [From Eq. (1)] [@@R0 (1) ¥ ]

/\
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Rigid Body Dynamics

At the time of losing contact TH BIe & THT TR
cosO =cosbc =4/7

4 4
v= |=gRr[1-Z
sg( 7j

{4
v=|-gR
-9

Therefore, speed of COM of cylinder just before losing contact is };QR

A I B GIAN D D TP BIST b IR U ATA f;gR

Therefore, rotational kinetic energy 3a: g9 it &1l Kr = % lo?2

2
or T KR=1 1mRzV—
212 R?
=lmv2
4
1 4
=—m|=¢gR
i (307
or i KR=m—R
7

Now, once the cylinder losses its contact, N = 0, i.e., the frictional force , which is responsible for its
rotation, also vanishes. Hence, its rotational kinetic energy now becomes constant, while its

translational kinetic energy increases.

39 979 Th IR FHD Biedl & a9 N = 0, 3 940 9o S $H GO BRI &, W T 8 SR |

A SHD! O RIS FHofl a0 81 SIRA T1 ARG TSt Holl aei |

Applying conservation Joll FReUT |
decrease in gravitational PE = Gain in rotational KE + translational KE

Tea RAfdS ot § &1 = goiF Il Sl A I + IR Tt Sl

. Translational KE (K1) = Decrease in gravitational PE — Kr

<. IERIRG RIS Sott (K1) = T Rafds So1f § &1 — Kr

or a1 Kr = (mgR) — moR = g mgR
From Egs. (3) and (4) <#I&xv (3) iR (4) |
6
Ky 7mgF{
Kye ~ mgR
7
or i K =6
Kr

/\
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Rigid Body Dynamics H‘
31. A wedge of mass ‘m’ and triangular cross section (AB = BC = CA = 2R) is moving with a constant

velocity-v i towards a sphere of radius R fixed on a smooth horizontal table as shown in the figure. The
wedge makes an elastic collision with the fixed sphere and returns along the same path without any
rotation. Neglect all friction and suppose that the wedge remains in contact with the sphere for a very

short time At, during which the sphere exerts a constant force F on the wedge. The sphere is always

fixed.
z C
y Ve—
A /\
X A B

(a) Find the force F and also the normal force N exerted by the table on the wedge during the time At.
(b) Let ‘h’ denote the perpendicular distance between the centre of mass of the wedge and the line of

action of force F. Find the magnitude of the torque due to the normal force N about the centre of the
wedge, during the time At.

‘m EIAM g BAIHR AURT FTE BT TH Iof (AB = BC = CA = 2R) fad 971 -vi & R = & Rer
el B % RErgaR R &fds <o w faefid 81 99 ReR et & |1 PUf gARY TFpR HRAT B
qer a1 goiF {5y gU |9 U | 9199 1 I © | 9 UBR B "Yo Avg A der a8 Al A &

IS T B T Igd A GHI At D AU §US H @ B 59 SRE Mel 99 R 9 99 F amifia
FAT 2| TIHR B a1 Al e Rer & 2

z C
y V&E—
A /\
X A B

(@) AtTHT & SR I91 R IRIMNAT 9 F 7 9 gRT a0 W ARINT Af¥er= g N S Py |

(b) w1 fF ‘W IS & TEANE B 9 I F DI 51 Y@ & AeF Faq O 2| AT 9 N & RO
<P B D= B URG: AtFAT B SR IOl BT ARATT ST DI |

= 2mV.: 2mV . - 2mV S 4mVh )
Ans. (a) F=——i———k; N=| =——=—+mg Kk, b) T=- '
(@) At J3At («/gAt g] (®) [\/:?AJJ
Sol. (a)
i
+— -
—» V|

z 2y / :\
’ Fixed F
X Fsin30°

(i) Since the collision is elastic, the wedge will return with velocity v .
Now -
Linear impulse in x-direction = change in momentum in x - direction.
: (Fcos302)At =mv—(mv)=2mv

. 2mv. 4mv

© Atcos30°  f3At

o 4dmyv
J3At
F =Fcos 302 —(Fsin309 k
or F = (Zm_vj P2V g Ans. 3a (i)
At J3at
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Rigid Body Dynamics H‘
(i) Taking the equilibrium of wedge in vertical
(2) direction during collision
N =mg + F sin 30°
2mv

J3At

N =mg +
N

«—0

mg
Fsin 30¢
or in vector form
~ 2mv | ~
N = | mg+ k Ans. 3a (ii)
( J§Atj

(b) For rotational equilibrium of wedge ( about COM )
anticlockwise torque of F
= clockwise torque due to N

N

C
h
mg
F
.. magnitude of torque of N about COM = magnitude of torque of F about COM
=F.h
dmv \»
N = - j Ans. 3 (b)
a (J?Tm]
Sol. (a)
-vi
— Vi
z 7Y i (98"
,/ Fixed { F
X Fsin30°

(i) IfF cTFHR TR &, I v I | q99 @A |
arq
x-faem § YR maT = x—feem # Haw § Rads

(Fcos30°)At =mv—(mv)=2mv

2mv 4dmv
F = =
Atcos30°  [3At
dmv

F =
J3At

F =Fcos 302 i —(F sin309 k
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Rigid Body Dynamics ﬂ—

= 2my ) - 2my | » .
g7 F = [th | — (ﬁAtj k Ans. 3a (l)

(i) SeafeR | 99 BT ARITGRAT A W
(z) feen # cgR & IRM
N =mg + F sin 30°

2mv
N =mg + \/§At
N

1’

mg
Fsin 302
I7 Afeer w9y |
~ 2mv | ~
N =|mg+ k Ans. 3a (ii
[ g @J (i)

(b) 51 & FUIF AFATERAT (COM & &Uer ) & forg
F &7 amHTad 9 SATeet
=N & SR Sfyomad o et

N c

h
mg

A\

F
.. COM® umug N & 9 Aol &1 uRATeT = F &1 COM & TUel a9 30! Bl GRHATT
=F.h

| % = (jg“A"JR Ans. 3 (b)

32. The surface mass density (mass/area) of a circular disc of radius 'R' depends on the distance from the

centre x given as, o(x) = a + px. Where o and B are positive constant find its moment of inertia about
the line perpendicular to the plane of the disc through its centre.

R 3o & aadl & IS 9@ (STHF/SF%d) dddl & s ¥ g9 x W gaR iR @R g
o(X) = o + Px ST&l o AAT P IATHS MR & | Thahl & b= A UMRA 9 T & ofgad 31& & A Sed

Ol ST BN |
Ans. Zn(a—R‘LJrEJ

4 5
Sol.

AN
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Rigid Body Dynamics

dm = (2nxdx)oc

I= Jdm - x2 = T(andx)c.x
(0]
R

I= 2TEJ. x3odx

0
R

0

4 5
122 @R BRY
4 5

2

R R
I= 2nJ.x3-(a+[3x)dx =2n | '[oc x3dx+JB x*dx
o o
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33. Calculate the moment of inertia of a uniform solid cone relative to its symmetry axis, if the mass of the
cone is equal to m and the radius of its base to R.
U |HF O/ W@ BTSB! AHANG AT B AU STecd ATl Bl VAT PRI, Al TH BT SIAE m
AR o = RE
Ans. 1=3/10 mR?
Sol.
A
y
dy h
r
R
B
h_y
R r
By
h
dm = p (nr2dy)
dlag = — (dm) r?
2
"1
_r1 2 2
Ine = I 2(pm‘ dy) r
y=0
_pn R*|R°
T2 ht|5
- “R¢h. AL p= m
10 1 R%n 1 R%n
3 3
-3 mR?2
10
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Rigid Body Dynamics ﬂ—

- ~ a
34. Aforce F = Ai + Bj is applied to a point whose radius vector relative to the origin of coordinates O is
-
r

equalto r =ai +Dbj,wherea, b&, A, Bare constants, and i, | are the unit vectors of the x and y

5
axes. Find the moment N ( torque of F ) and the arm ¢ of the force relative to the point O.
[Ans: N =(aB-bA) k, where k is the unit vector of the z axis ¢ = |aB —-bA|/ ,[a2 . g2 ]

3. o firg R Aoty wRe 90 g 0P @mie r —al +b] 2, W W TE aa F = Al +B] amift
fopar ST 81 ot a,bT A, BIRR B @1 i, | $AMxd y & & 3518 Ay 2| g O & AMer 9

cﬂTEglﬁN(E BT JATT! ) TAT FATHOT Yol £ ST BT |

[Ans : N = (aB — bA)k, S&f k, Z - 3i&7 &1 312 A% £ £ = [aB —bA|/ VA® +B? ]
Sol. N=rxF = (ai +bj) x(Ai +Bj)

=(AB = DbA) k
Also, N = |F | r,
~ N ol
I 1 B RV N3
"IN | | (@aB-bA)

Ans. N =(aB - DbA)k, where k is the unit vector of the z axis = |aB —bA|/\fA2 +B?
N = (aB - bA)k, STel k z 31&1 & S U | & = [aB —bA|/ VA® +B?

35. A uniform cylinder of radius R and mass M can rotate freely about a stationary horizontal axis O Fig. A

thin cord of length ¢ and mass m is wound on the cylinder in a single layer. Find the angular
acceleration of the cylinder as a function of the length x of the hanging part of the cord. The wound part
of the cord is supposed to have its centre of gravity on the cylinder axis.

X

RETgAR R 31 ik M s &1 T Uhad dod, U ReR afdst sig O & wika: Waayad goi
PR FHAT 2| ( AHIg R m TIAF P UH Udell SRI Bl Uh Udhd URd H dad & dRI AR el T
21 99 BT DI RO, SN B ACH gU AT D TS X D B & ©U H A DI | S B dAUC Y
R &1 T B doid & 3fe] W A 77 8 |

Ans : § = 2mgx/R¢(M + 2m)

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 218
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

Sol.

36.

Sol.

l
(a=aR)
mg-T=ma (i)
M 2
TR=[ Ja+(m—m1)(R2)a ............ (ii)

T=%a+ (m-mi)Ra

_Ma
2

T +(m-mi)a
Ma
m1g—?—(m—m1)a=m1a

Ma
mig — ? —Mma+ mia =ma

mig = %+ma
2

. 2ma
~ (M+2m)
mx
2 ——
(6)9 2mgx
o= ———— > |o0=——"—
(M+2m)R (M+2m)(R

A vertically oriented uniform rod of mass M and length ¢ can rotate about a fixed horizontal smooth axis
passing through its upper end. A horizontally flying bullet of mass m strikes the lower end of the rod and
gets stuck in it; as a result, the rod swings through an angle a(a < 902). Assuming that m << M, find :

(a) the velocity of the flying bullet ;

(b) the momentum increment in the system "bullet + rod" during the impact; what causes the
change of that momentum ;
(c) at what distance x : from the upper end of the rod the bullet must strike for the momentum of

the system "bullet-rod" to remain constant during the impact.

M SIAH @ £ TR B HHEER Th FAM B S9d S0 R I oA arell &fast ayo7 f2d e a1e
T S g9 Tl 2| Ub SRS Al g8 m SEE B el B & e R ¥ TaRndl AR Rue
STt B | 59D IRV WHY B, ao < 90°) BV A FA AT g | AT fF m << M, ST $IfTTirodov_1.275
(a) SENIICIRISIRC IR

(b) 9 TIR B ARM "Mel+Bs” MeR & §99 9 gig | a9 H I8 yRaa e HRoT 80 |

(c) Mefl, B & S0 AR I A9 fHa & x R oY fF Mefl—8s” AR &1 §a47 cqm &
IR fgd B

[Ans : (a) v = (M/m) ,/2/394 sin(a/2); (b) Ap=M 1/1/69£ sin(a/2);  (c) x =~ 2/3/]

(a) About the axis of rotation of rod, the angular momentum of the system is conserved velocity of the
flying bullet is V

(a) BS B gUF 3@ & A BRI BT B FIT G I8 8 AT el BT 971 V8 al

2
mv/ = {méz +MT€j [0

® = mp =[?$J (M<<<M) ) (0)
(m+3j€

conservation of mechanical energy of the system (rod + bullet)
Fer (g + 7iell) @ @ S ol AT 4
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Rigid Body Dynamics ﬂ—

37.

1
2

— ( 02 +MT€ZJ o? = (M+m)g é (1—cos a ) —(ii)

From (i) and (ii) /=™ (i) 3R (i) &

M [2g¢ .
= sm%

3

(b) AP = {m (00)+M (mgﬂ—mv From v and w vk wd

AP =

mv = [M\/%sin%j

{M(Z 2} ,
mvx = | —+MmMxX O]

3
., 3mvx
w =
Me¢2
final momentum Sffeq® GaT

,
pr=mx o + J.yco' % dy=— 0’/ = gmv5
0

M

2 4

Ap = pr— pi = mv (S—X—q -0 = [x:%(j

2¢

A small spherical ball of mass m is rolling without slipping down the loop track as shown in the figure.
The ball is released from rest on the linear portion at a vertical height h from the lowest point. The
circular part as shown in figure has a radius r. [g = 10 ms?]

(@)

(b)
()

Find the kinetic energy of the ball when it is at a point A where the radius make an angle 6
with the horizontal
Find the radial and the tangential accelerations of the centre when the ball isat A.
Find the normal force and the frictional force acting on the ball if h = 50 cm,
r=10cm,06=0and m=70g.
m
I A

r

RETER m S2MH 3 TH—TNPR I qU AER & U | = @ R A frae ges & 2| W&
[T ¥, 9§ B e 9 9. h 918 I 8ISl AT 8 | USRI 6 T gRIeR 91 & B |

(@)
(b)
()

(¢

Ans.

9 i 39 fdg AW B, S8l f3ron, &fdst 90 3191 g9l 8, 79 15 $1 s Heil Fd B |
T9 ITAT 2| 79 39D D= @ (AT e el W& @Rl Fd B |

ARTh=50F M, r=109H,0 =0T M =70 UM 8 @ I W o dl  AfWe=aq a1 el
YU g 1 DI |

h A

l :

(a) mg(h-r-r sina), (b) gg[h—bsinaj , —gg cosa (c) 4N, 0.2N upward TR @1 3R
r
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Rigid Body Dynamics A\

38.

Ans :

Ans :

Sol.

A point A is located on the rim of a wheel of radius R = 0.50 m which rolls without slipping along a
horizontal surface with velocity v = 1.00 m/s as shown in figure. Find:

(a) the modulus and the direction of the acceleration vector of the point A

(b) the total distance s traversed by the point A between the two successive moments at which it
touches the surface.

A

AR RARR RN
e ufed @ 5 R= 050 m 21 39& uR ) v fag A Rerd 2| I8 ufean e vl o &t

{qE B Ff I v =1.00 m/s. A JebI & | AT DIFY -
(a) o5 A& @Ror |feer &1 aRRkHmr g faem |
(b) I 31 HANTT &l & Hed, Sq I8 FIg W W BT o, g AGRI T B Tz {A 54

R v
A
TR
2
(a) oa = Vﬁ = 2.0 m/s?, the vector wa is permanently directed to the centre of the wheel ;
(b) s = 8R =4.0m
2
(a>mA=Vﬁ=2.o m/s?, TROT AR on N T F URA B I B AR PSR §
(b) s=8R =4.0m
(o))
1 m/s
ALV
R =0.5m

V = @R = (For pure rolling) (g€ dre T & ford)
(linear acceleration = 0) (X @RI = 0)

rolls with out slipping so I8 &1 el Feam ara:

acc. only centripetal acc. TR Bad JNBET TR BT |

V=0R,Va=(V-Vcos0) i +Vsin0]j
Va = \/(v —vcose)2 +(vsinB)j , Va = (2V sin 6/2) 0 = ot

95 _ovsinoe=2vsin [
at 2

S 2n/ o t 8v
ds= [ 2v sin |2 ]dt =2 = (8R)
0 5 2 ®

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 221
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics ﬂ—

39.

Ans .
Sol.

40.

A uniform sphere of mass m and radius r rolls without sliding over a horizontal plane, rotating about a
horizontal axle OA . In the process, the centre of the sphere moves with velocity along a circle of radius
R Find the kinetic energy of the sphere.

m S qeMT r oA $1 g |qHE el AfaST 31 OA & URd: goUIF BRIl ga AfIS 9 W gg e
TR PR BT 2| 9 UHA A Ml BT b= R & g9 & ogfew 90 4 Q1 F=al 2 | Ml @ It HaAi
S BN |

T =7/10 mv2 (1 + 2/7r?/R?)]
We know K.E. from fixed axis relation is given by :

1, 2 1 - 1. 5
K= EIXXO‘)X +§Iyy(x)y +§IZZ(DZ
Ya
< R >
o) [ xY , X
N
A
®y V, (oy—l & o,=0

1 1
Then K = Elxxmi +§1yym§ +0

2 2
202 Y) L M 2meeemR2 || Y
2\ 5 r 2|5 R

2
K= Lm2[1+2
10 7R?

A uniform plate of mass 'm' is suspended in each of the ways shown. For each case determine
immediately after the connection at B has been released ;

L.

Spring g,
| Mﬁw/wires\m‘ﬁaw ‘/ \Mgﬂw
n <

ﬁ/ftﬁw/ : A B A B
(1/2){ (1/2){ (1/2){
; ‘ e
(i) (i) (iii)
(a) The angular acceleration of the plate.
(b) The acceleration of its center of mass.

/\

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 222
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics

/\g

40. 'm' g B Tb GHHRY @i WU MU aiild 9 dearil ol 2 | e Rufy & fov B9 ¥ey geq &

AP U5 ST PRI

Pin Supports
A B

L

(1/2){[
)

(a) T Bl ﬁvﬁé RO
(b) IS GIAM I B @RI
1.2¢
A
(ii) (a) 24 g/17 ¢ (cw) (b) 129/174
(iii) 2.4 g/¢ (cw) (b) 0.5 g4

Ans. (i) (a)

L.

(1/2)4JL

(i)

(cw) (b) —0.3(i +2j) g

. c? c? 5M C?
Sol- (i) (@) Tou = M {Euxm} T T12x4

A B
= B

R_e T y

. c2
e ] [ .

< C >

Ia = Icm + Mx2

o5 MC® 5 MG _ 20 MC?
T 12x4 16 48
In—> mgx9 =laa = oc—6—
2 5 C
6 g 5C _6 g
b m = = = X
(b) @m=ox==5""0 5 ¢
ax=—acmcose=—6 gx. C =—M=—O.3g
5C 4. x 20
. 6 C/2
ag=—acmsm9=—ﬁx . —=-06¢g
a=-03 g i-06 g |

Spring

d

N

(1/2)1{

(iii)

ﬂ*["
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Rigid Body Dynamics H‘

(i) (@ Mg—T =M acm e (1)
Iem —
B %]
Mo-g 7 %
B

[
Cf —————— élcﬁl\g-

acm
< C >
2
Tx9=5 MG o :T:5 MCa . (2)
48 24
Asanr=0

(we know : acc. along the string is zero) (89 T4 8 fh IR0 & e @RI A )
acm—oxcos(90-0)=0

. C
Aem =X SN0 =ax. —

2X
acm=% (3)
T_5MC2 am _5Mam
24 C 12
5 M a
Mg =M acm + ———
g=Mém+ —7
17 M a., 12 g
=—— M gm=—21
12 "7
@ o= 2 %m _ 240
C 17C
(iii)
Fa
A B
C/2
lmg
| € C >
(a)Tcm =?g><% —IcmOL
mg C 5 MC? w2129
4 48 5 C
Mg
b) Fa= —
(b) Fa 5

Mg—-Fa=maem = am= % =0.5g74
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Rigid Body Dynamics ﬂ—
41. Figure (1) shows a mechanical system free of any dissipation. The two spheres (A and B) are each of

equal mass m, and a uniform connecting rod AB of length 2r has mass 4m. The collar is massless. Right
above the position of sphere A in Fig. (1) is a tunnel

Collar |OI\A
Ball

}

Sphere

B
from which balls each of mass m fall vertically at suitable intervals. The falling balls cause the rods and attached
spheres to rotate. Sphere B when reaches the position now occupied by sphere A, suffers a collision from another
falling ball and so on. Just before striking, the falling ball has velocity v. All collision are elastic and the spheres as well
as the falling balls can be considered to be point masses. [Marks : 12]

(a) Find the angular velocity o,

i+1

of the assembly in terms of {®,, v, and r } after the it" ball has struck it. [4]

@,

i+1

(b) The rotating assembly eventually assumes constant angular speed »*. Obtain »* in terms of v and r by solving the
equation obtained in part (a). Argue how a constant ®* does not violate energy conservation. [2]

o =
Argument
(c) Solve the expression obtained in part (a) to obtain o, in terms of {i,v, and r} .

, =

(d) If instead of a pair of spheres, we have two pairs of spheres as shown in figure below. What would be the new
constant angular speed o* of the assembly (i.e. the answer corresponding to part (b). [2]

Collar m O

Ball

Sphere

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029

ADVRB - 225



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics H‘
fm (1) el it UR & &9 | gad Iife e 21 Q1 Mt (A T B) YRS &1 SIAH m B, 2r T8 G 4m
MM P TH G B8 AB A RIATHER IS 8U B | PRk semmed gl o (1) § T A 3 Rafd & @

FR JA 5— [Olympiad_2011]
Collar |O
A l Ball
A Sphere

ﬁmﬁmWﬂ%ﬁ@éﬂﬁ&%ﬂﬁﬁWWﬁ?ﬁﬂﬁﬁf%lﬁ??ﬁgs‘ﬁ‘q’?f?wﬁwaquﬁ:{

P B, od e B 99 R W ug=dl &, S8l W ugel Wil A o, 319 59 el B &1 g3 I ARA arell o/

Mol | TFBR Bl © AT I§ UlhAT AR Al &l 2 | SFPR A P Ugel YRU A R drell g &1 a7

LB, T TIHR YIRY T qA1 el 9 AR arell -1 & g semE 99 9 B |

(@) GX0 A Mo drell i di 1] & e ¥ I B UvEn 59 e & goiF 9 BT {oi, v, 91 1} B
I o, , T B |

Wi+1
(b) 39 FHTa & GO 9 & BT A o DI 797 AR | 91T (a) 7 UTd FHIGION DI T BB o* BT AN
LTAT r P YT H T BRI | W I 6 9 o* {5 IeR Sol A& &1 Sooiod T8l dRal ¥ |

o* =

(€) {i,o, T r & TRT H} o U< B 9T (a) § U< AsTd Ga= DI |

0 =
(d) I &n el & TS g @ AfaRad Mel & & W R FEAGER ffar &=a 21 7@ gofft e a1 0
DIV ATA o* TG B (@A 91T b & Fa IR QISR)

Collar m |O\
2 Ball

Sphere

o* =
6 v v . -
Ans (@) o, = O +— — (b) o* = — after this no further collision occurs
13 13 r r
% 7 . . .
€ o,=—|1- E (d) o* will remain same as in case b.
r
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Rigid

Body Dynamics

Sol.

42,

Ans.

To+mvr=Io, , +mvVv'r

i+1

o= | D r-v' -1
; r—v

o= V=Vv-or
vV'=(0,+0)r—v

i+1

Lo+ mvr = lo,, + mr [((Dm +a) r—v:|

Lo+ mvr =lo,, + mr o, , +mr2o,— mvr

(I-mr3) o+ 2mvr = (I +mr?) o,

1

7mr? 13mr?
O, +2mvr = ——— o,
7
mr o, = — MPo+ — mvr
13
7 6 v
0= 75 O+
13 13 r
® = % after this no further collision occurs
6v
W, = —
13r
7 ( 6v 6v
Oy= — | — | + —
13 \ 13r 13r
7 2 6v 6v 7 6v
O, = ——=| —/— + ——x——— + ——
13) 13r 13r 13 13r

o* will remain same as in case

b.

A rod of length L forming an angle § with the vertical strikes a frictionless floor at A with a vertical
velocity vi and no angular velocity. Assuming that the impact at A is perfectly elasticc derive an

expression for the angular velocity of the rod immediately after the impact.

B

BNV,

A

L TR & U6 B§ HHEER A B IV W g0 AT B3 R A IR SHEER I v A THIA 8 qA1 profig
I TE 2| Y fF et A @ A1y TeaR ol TR B, TER @ R 9% 8BS @ DIV 9 & fag

ASTh AT BRI |

ooVt 12 sinp (cw)
L 3 sin?p + 1

(correction by SR Sir 3-9-09)

/\
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Rigid Body Dynamics
Sol.

(VZ + w;—’sinﬁ)

/,m

p

Before collision After collision
Coefficient of restitution GcaTIRATT 0TH

V2+€Bsin[3
2

1= _—
v,

e =

(Vi=Va+ %@ sin B)

angular momentum about point A

g Ao ama 3o |Jaw
Li=mV1ésin[3

Li=Low+Lla = (ICMm—mV_?ésinBj

Li=Ls
m¢2

mVi L sinf=—o- sz£ sinfp ... (i)

2 12 2

Put equation (i) in (i) equation &R (i) § (i) BT @A WR

2
mVi g sinp = %m—m[w

(o . (.
——sinB | = sin
> Bj 5 sinp

2

12
mVi L sin B
2
2
= %m—mw 4 sinf + me” ® sin? B
12 2 4
2 2
mV1€sinB=%+%(osin2
12 4

V1sin[3=%+§msin2[3

)

{(D: V, (12sin[3)}
3sin?B+1

43. Consider a bicyle in vertical position accelerating forward without slipping on a straight horizontal road.
The combined mass of the bicycle and the rider is M and the magnitude of the accelerating torque applied

on the rear wheel by the pedal
is R and | (with respect to axis)

and gear system is t. The radius and the moment of inertia of each wheel
respectively. The accelaration due to gravity is g.

(a) Draw the free diagram of the system (bicycle and rider ).

Wheel 2 Wheel 1

(b) Obtains the accelaration a in terms of the above mentioned quantities.

a=

AN Resonance®

Educating for better tomorrow

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRB - 228
Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 )



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Rigid Body Dynamics H‘
(¢) For simplicity assume that the centre of mass of the system is at height R from the gruond and
equidistant at 2 R from the center of each of the wheels. Let u be the coefficient of friction (both static

and dynamic) between the wheels and the ground. Consider M >> I/R2 and no slipping. Obtain the
conditions for the maximum acceleration a,, of the bike.

a, =
(d) For p=1.0 calculate a,,.
am =
Sol.  (a) Here f, f, are frictional forces and N,, N, are normal reactions

Wheel 2 f, f, Wheel 1
T

/2
bja=—— R c)as<- 9= d)a_ =2g/3
) MR? + 2| © (1-n/4) @ °

43. HaieR Rerfad & e Arsferd W faar a=va 8 o DN afdw s R 971 o om & stk @afRa afa

PR B T | AEfhd AT Aigfhel FIR BT GIa S M2 J21 Tsa 9 R el gr1 e ufdd )
IR @RI FATgol 1 URATT 2 | YD U2y B FHodn qo1 STs@ Mgl (31& & ATve) oSt R 7o |

2| THET @RI g R
(a) FrTa(ATSidha qe AEfhe FaR) &1 Jaa 9% & 914 |

Wheel 2 Wheel 1
(b) SWIFT s TS NIRRT & ual & @R a 1 B9 |
a=
(©) I 9 H Jg AT 6 61 1 g9 7 aRIAd § R S8 IR & a1 TA$ el & o=

H I 2R IR B | AT Uy Il eRTad & wey "6l une (e e fde Q) p B | 98
AT 6 M >> /Re ol fheed 81 & | |igfhd & JIftdad @R a, & foly o U1 HIRY |

a, =
(d) n=1.0® foga & T B |
a,=
Sol. (a) Here f, f, are frictional forces and N,, N, are normal reactions

£ f, Wheel 1

/2
ba=—— R c)a< M9Z d)a_ =2g/3
A V=T © (1-n/4) @ °
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