Rigid Body Dynamics

HINT & SOLUTION OF RIGID BODY DYNAMICS
EXERCISE-1

PART - |

| -

A-1.

A-2.

B-1.

B-2.

wi=0 t=5sec 0 =50 (2n) rad.

szit+1a t2
2

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

(50) (2m) =0 + ZST(X
(50)(2m)(2)
25

o=o+at
or =0 + 4(5) = 20 rev/ se

When initial angular velocity equel to the final angular velocity then
9 UIR™® B 971, AfTH BV 97T & SRIER & 9

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

of = o + at

-20=20-2t

—-40=-2t

t =20 sec

=4 (2r) = 4 rev/ se?

M 1

2
I \\\\ ////

\3/
&
/ \
4 \

/
7 \\

N

/
<L
using perpendiculer theorem TF=aq 3181 U9 A (I3 = 2 + |1)
both diagonals divides square plate in symmatrical way so |1 = |2

1 fapol TieR wie & Fufd wu 3§ RfTg o=d & o/ =12

I3=2l2=2l1
_ (M2 _ (M2
ls= | — = | —
6 12

-[4

Assuming a square plate AéDE of mass 4M having centre B.
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Rigid Body Dynamics

AT qoi AR ©ic ACDE &1 o S 4M & | T $9& o= BWR @

_ (amye?

Is

Moment of inertia of plate ABC

< ABC &1 Sigcd ATel

(K:Er)

at point fag (1,1, 0) ®

at point a5 (0, 1, 2) ®

L =@i+]+0K)=(=i +0] + k)

S N 1Y Vi N V T
Ig" = —. I
4 6 6
B-3.
. mR?
° 2
IOZIcm+md2
mR2 4R Y
=Iem+m| —
2 3n
mR? (4Rj2
= Iem = -m| —
3
5 2
lem = {MR —M(BJ }
2 3
B-4.
I
I
I
L, I
I:Icm+md2
2
=" L= Emr2 =mK? =
2 2
— ~ ~ ~
C-1. F =2i-5]-6k
F2 :—i+2]—|2
rO(_lyoal)
5
— ~ ~ ~
"= (2i+7-K)
- - - A A A ~ - ~
T o= xF = (2i+j—k) x (2i—5j—6k)
R . . . A N .
T, =(-10k +12j -2k —6i —2j —5i)
- ~ ~ ~
T = (=111 +10] -12k)
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Rigid Body Dynamics

C-2.

C-3.

C-4.

WZ = r:sz = ('i\+’j+’\) x (—'i\+2'j\—|2)
- - -

Total gl L =hu+5

r_; - (2?+]_|2) x (2f_5]—6|2) + (f+]+|2) x (—f+2]—l2)

T = (147 +10] - k)

mgsin “mgcos 0
torque of mg about point of suspension is : e fa=g & A& mg &1 Tl
t = (mg sinb) (¥)
(When bob is at the lowest position t = 0) (39 g f=1qq Rfd R & 99 1= 0)
Torque is maximum when string is horizontal that is 6 = 90°

9 0 = 90° fid SRY &fdst EFfl J9 efrgol Sif¥eaH B |

mg
%
(03
O¢«—R2——
2 .
t0 = mg R/2 =mg (M]
29
v2sin2a (mv2 sin ZaJ
To0 = Mg =
29 2
10 = (Mv? sina. cosa)
(b)
v
(03
O¢—R ———X
mg
0 = mgR

= (2mvZ sino. cosay)

Net torque on the system about O

0 & uRd: &R R Fargol

w=F1.b+F2.b-Fsa
=(F1+F2) b-Fsa
=(11+9)0.2-10x0.1
=3N-m
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Rigid Body Dynamics

D-2.

D-3.

T1—100m— 2T,

—60cm —>

A \I/ I B
0.40g 0.1g

using force balance ¥ |ged & fog

T1+T2=049g+0.1g=059g=5

Torque about any point should be zero for rotation equilibrium.

Ui |rraRen & foy 5 g & |me gomgel 3w 819 @iy

=0

(T2 %100 cm) = (0.4 g) (50 cm) + (0.1 g) (60 cm)

T2=(0.4x10x%0.5) + (0.1 x 10 x 0.6) =2.6 N

T2=26N

T1=24N

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

B &1 FBD fRErgar 8

For rod to be in translational equilibrium
BE D WQIFNIING AFAERT & forg
Ni=P (1)

..(2)

1
For rod to be in rotational equilibrium, net torque on rod about any axis is zero.
TS & HUF AFIERR & oy 5l W 38 & AvE B BT G JoeiegYl T B |
Net torque on rod about B is zero

B® AU qA qoeel I ¥ |

ie., mggcose—szcose+P€sin6=0 ....... 3)

from equation (2) and (3) solving we get

JHHIOT (2) T (3) BT 8 B TR

p="19 cot 0
2
A
A
|
Bjm
|
v B
< - 8m ~— >
For translational equilibrium RIMAT=R_g ArRIaRen & fordy
SF=0 SFy=0
Ni = f N2 = 75g + 24g = 99g = 990 N

Rotational equilibrium t = 0 (about any point)
Hoiq dIEee 9 1= 0 (frdf Y fasg & @me)

w=0
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Rigid Body Dynamics

D-4.

E-1.

N1 x 6 = 249 (5cos 37°) + 75¢g (8cos 37°)
N1 x 6 = 249 (5 x %)+759(8x g)

N1 x 6 = (969 + 480 g)
N = 96g = 960 N

f=N:
pN2 = N1
N, _ 969 _ 32
"N, 99g 33

Ans. 990N, 960 N, 32
33

F.B.D. of Rod B8 &1

Tsin53°
A Fy T 1
A TcosS?:0 530 i
F, < —
‘ —12—H— 12—
v v
100N 150N _

As the system is in equilibrium. ST @1 f&HT Hgerd F B |
Z Fx=0
Fx+Tsin53°=0 ... (i)
Z Fx=0
Fy + Tsin 53° - 100 — 150 = 0
Fy+Tsin53°=250 ... (ii)
2Za=0

- Tsm53®—JDOX%—4BOX1:O

% =200 = T=250N
From eqn (i) Fx=—T cos 53
THIER (i) | Fx=—T cos 53
=— 250 x % =—-150 N
From eqn (ii) Fy =250 — T sin 53 =50 N
THHR (ii) A Fy =250 - T sin 53 =50 N

(@)

Tm . 1m

1€ »le »
€ Pi€ Pi

©

Ej,j [y ]

m.g

m.g
Torque about hinge  f@= (hinge) a1 Fa@ia fIg & AU FaTeo!

(m1g — m2Q) (gj =L a

(my —my)g(¢/2)

RERO)
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Rigid Body Dynamics

(b)

E-2.

o= 2(my —my)g

- (my+m,) ¢
o= M = E rad/sec?
26+3) 3

If mass of rod is 3 Kg Torque about hinge I B€ &1 §&@M 3 Kg & 1 SdAdd 95 & AME qarel

(m1g — m2g) g =I'a
(my-my)g | £
. 1 2)9 5
o« = 2 2
4 0" myr?
2 2 12
2(m; —m;,)g

m
lmy +m, + —2>
ey s

= w = 3 rad/s?

2[6+3+3}
3
TTz

m,

!

m,g
For mi block m: it & forw
mig — T1 = mia

Ti= {mlg - mlfaj

T1=60—- =42 N

6x2x3
2

For mzblock mz=ifd & forw
T2 —mzg = maa

T2 =mog + m2 %“ =30+ 3X2%8

A f
Torque about A & HTU&l Falreof

t=1a

m:g

T2=39N
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Rigid Body Dynamics

( _ me?
mgcosfB) — = —
(mg B)2 3
o= 3gcos60 _ 3g

2¢ 4¢

using Newton 2" law =<1 & fgaiig fom & IuaT 4

mg — N = (may)

N = (mg — may) ay : a(gcos[}j

N = [mg—magcos[}j

= cosGO:mg—ﬂ :[

6

13mg
16

Let o be the angular acceleration of the pulley system.

aﬁ?ﬁ_ﬁmmaﬁfﬁmw%‘—

For 6 kg block 6 kg if® & il

6g-T1=6Q2a) e 0
for 3 kg block

3 kg b &

T2=3g=3c (ii)
for pulley system R+ fA@ma & ford

~  2Ti-To=la=3c e (i)

From equation (i) and (ii) putting the values of T1 and To.

JHIEHRT (i) TAT (i) § TLAAT T2 & A9 WA R

= 2[6g — 120] — [39 + 30] = 3o
= 129 —-240 —3g—-3a =3a
= 30 o —9¢g

90
= o= —

0 =3 rad/s? Ans.
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Rigid Body Dynamics

F-2.

2
FX:M—goc
3
F
X
| x |
by
(
F-N=M —q
2
N:F_Mﬁ 3ﬂ
2\ me?
N=F [123X
2¢
A
m
m
B
mC
After rotating 90° 90° 9 HUIF & I
m C
A m
mB

Using Energy conservation %ol R&0 & SUANT |
Ui + Ki = Ur + Kt

2mgR+mgR+0+0)=mgR+O+mgR + % [w?

1 1
3mgR=2mgR + > [o? = (mgR = 2 Io?)
2mg = (M—2R+3ij ®?

W = 4mg
MR + 6mR

_J 4mg _\/ 4x0.1x10
o= = =

MR + 6mR

1x0.5+6x0.1x0.5

initial positial  gTR=® Rercht

2 final position 3~ Rerfa
Using Energy conservation Soll =&l &
Ki+ Ui = Kt + Ut

o= \/5 rad/s
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Rigid Body Dynamics

O+3mg£:11m2
2 2
I=(1+ 1)

2
1= % +me?]

(
3mg —
g2 2 3
0z,
3= | —+(° | ?
g 3
4¢
3g= — w?
g 3
o= |29
4¢

2
= 1£%+m€2j @ +0

F-3. Moment of inertia of the rod w.r.t. the axis through centre of the disc is : (by parallel axis theorem).

TS P SScd MY AHell b bvs A Joik+l dlell A& & AUE (FHR 318 T ¥)
(O]

2
- ML mR?
12

- p—

1

2
& K.E. of rod w.r.t. disc (@& & gRd B &I ST SHoit) = %Iwzz Emmz {RZ +|1'—2} Ans.

F-4. When the block is descended through x, let its velocity be V.

from energy conservation

ST AT X A T9 3D o1t V AN Al SHoll axevT & 9 3.

mgx = lI(92+ L mv?
2 2

= 2mgx = V? {Lz + m}
r

Putting all given values f&3 & #9 ¥@9 WV =2m/s
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Rigid Body Dynamics

- o> -
G-1. (L:rxp]

G-2. 3x+4y =5

3.5

4 4
) il NG oy > Vcos37°
1/4 (Vsin37°)

| N

L = (5/4) x mv cos 37°

P =mv
=2 x8=16 (kg —m/s)

L:5/4><2><8><%:16kgm2/s

G-3.

,
A

N JA
 — —

ri2 r/2
initial position UT&T® Rerc

S
No external torque so L = cont.

Li = Lt
(Tiwo = Trodo)
mr?  mr?

4

2
mr
T+

G-4. Text = —

(u—mzj(Fmo

(Tex —TIo) = (r F 1)

I(o — 9) = (0.5)(10)(0.20)
0.5x10x0.20

-

Final position 31f=as fRerch

I+—+TJmo: (I+mrZ2+mrd)w

, = 9 rad/sec
2kg : 2kg

{-

—1m —>

N

- > - - >

(rXFJ:d_L oL :(ijdt
dt

0w—9= =1 ®=10rad/s.

() 2(3)

ﬁémmﬁ%f:ﬁuﬁm
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Rigid Body Dynamics ﬂ_
G-5.

o
Angular momentum conservation about O 'O’ & Aer BV T HReor A

Io = mvR

2
MR ® = mVvR

MR®» = 2mv

MR®
V= | ——
)

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

S & Al AfdT BT FOF I v + oR B 37 Tdh O F 99 9T v + oR B 99 AR gR1 99 e w
DIV (21) BRI |

= 2nR
V +oR

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

oR+V

aﬁéwmﬂﬁﬂmﬁaﬁzwwﬁaﬁmmmwaﬁmzm.t:( e mR].

oR+V
2noR _[4m1)
MRo o (M+2m

2m

G-6.

~

m vy
*~—>

external torque about hinge is zero, so FadId g & AU IET AT I B 3N

N
L = constant fFad

Li = Lt
mv/=1w
_mve . mvl  _ 3mvl [3Vj
0= R - 2 "\ as
I m¢ ,  4m¢ 40
R
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Rigid Body Dynamics ﬂ_
H-1

0/ A

Vem

w = 5rad/sec

/= IOT T—> Vem = 5 rad/sec

[Vem + wo(¢4/2)]

B
Va = (ch -0 5/2)
=50-5x5=25m/s
4
VB = (ch "r(DEj

=50+ 25=75m/s

H-2
oR 4
0R < > \Vcm
ch—(DR :VP
Vem—3x1=1
Vem = 4 m/sec i
Va=Vem i + oR |
- Vaz=(4i +3]j)
H-3

> 4
oRE——>V,
Vem—oR =V
Vem =V + R
Vem=4+3 x 1=7m/s
H-4 (a) va sin 6 = vo cos 6
Va = Vo _ 4v,
tan® 3
. 3vg +4(4V0]
(b) o= Vo SiNB+Vv, CosO _ 3 ) _ 9vp+16vy _Svg
4 5¢ 15¢ 3¢
(  Vax +Vpy Vo
C)Vx= — = =
©ve= 3 ( ¢ 2
2v
vy (vAy+vBy) = _30
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Rigid Body Dynamics ﬂ_
H-5.x

/K\a

B >2.50 m/s’
a

a=aR (Pure rolling) Y& @re-r T

v=u+at = (v=at)
For pure rolling = (v = oR) gg @lel a0 & for
(a) After 2 sec (a) 2secdlq

()

g (v + 0R)

A
B V
Y oR

<

R O Vv
VA=V + 0R = 2V = 2at
Ve=Vi+oR (H) =(V2V)= V2 at
Vo=V—-0oR =0

2.4
aa= 2a 1+4:2t
ae=(a-w?R) i +(aR) (—])

4a2t2 2 N
as=|a- i +a(-
B ( R ] 1)

ac = o?R

v? a’t?
ac = — = —
R R
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Rigid Body Dynamics ﬂ—
I-1. (v=0R)
Using energy conservation Sofi =&l |

mgh = Lz Lo
2 2

2
mgh = 1 mv2 + EE mR2 v
2 2 2 R
mgh = L+ Lme
2 2
2
mgh = 3mv _ 4gh
3
I-2. Total KE Gl ISl Sl = % mv2 + %Iaﬁ
=1 mv2 + lngzmz 6
2 25
= mv?2 + 12 mv?2 = ’ mv?
2 25 10
1-3. For linear motion :
Y T @ forg
mg—-T=ma ... 0]
For angular motion :
goff 7Ify & forg
2
TR:[mR‘]a
2
mRa "
= 7 i ii
> (ii)

For no sliping :
BTS HHAT Tl B 3r:

a=Ra 4 (iii)
From equation (i), (ii) & (iii)
[HBERT (i), (i) qgT (i) A

3

mg

® Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVRE - 14
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: Ug0302RJ2007PLC024029 )



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

Rigid Body Dynamics

1-4.

1-5.3=

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

R TAT r HHI: AN TAT Thal &I AW 8 a1 SHoll axeror = |

mg(R-r) = %mv2 + %Imz

For pure rolling,

g a1 & fog

V=ro
1 1(1_ L) (vY

mg(R—r) = Emv2 + E(Emr j (?J
mg(R—r) = % mvZ 0)
From FBD of bottom :
/& o FBD ¥

2

N—mg = (:‘_’ 5 e (ii)
From equ. (i) & (i),
FHHI () 9 (i) |

N = %mg

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

AT v TAT V2 909 & Tl d1 Seadd fIg IR 9ag &1 a1 3 |

mz
mg
V’\

<0

At top of path
qIH FWR B fIg W
mv3
(R-1)
for minimum speed JAaH A1l & foli N=0
v2=g((R-1) . ()

N+ mg =

From energy conservation between bottom & top point of cylindrical part

TAMHR 91T & Izaa¥ 9 Feaq g & 7= Sorl a=eqo1 oM 4

1 mvi? + 1 I;? =2mg(R-r) + 1 mv2? + 1Icoz2
2 2 2 2

For pure rolling Y& e Tfd & ol o1 = Vilm=Y2
r r

V2

-1 mvi? + 1 (mr) L =2mg(R-1+ 1 mvz? + 1 (mr2) :
2 2 r2 2 2

V2
2
>mviZ=2mgR-r)+mv22 ... (i)

from equation (i) & (i) THYHROT (i) T (i) A
>mvi?=2mg(R-r)+mg(R-r)

= vi= [3g(R-r)
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Rigid Body Dynamics ﬂ_

1-6.

Vil
For linear motion,

F=ma ... 0]
For angular motion,

FR.= (ngzj a
5
- oF
2mR

0 = wot + 1c’;lt2
2

2n=0+1 S t2
2 \ 2mR

2= 8mtmR
5F

Distance covered by sphere during one full rotation

S=ut+ 1at2
2

1(F)(8mmR
=0+ — | —
2\m 5F

For linear motion

X TG @ forg

F+f=ma 0]
for angular motion
goff 7fy & forg

(F-f)R= [%mRZJa .............. (ii)
forpurerolingpa=Ra L (iii)

g dre 1 & fag
From equation (i) (ii) & (iii) Y@~ (i) (ii) @ (iii) &

F+f _3

F—f 2
= F = 5f

Fmax = 5fmax

Fmax=5umg =20 N
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Rigid Body Dynamics ﬂ_
J-1

4m

Torque about centre of mass of external force is zero. S &= & AUE I€T Il BT T A 2 |
Li = Ls

2
mv£:4m g_ . O
2 12

3v
= |o=—
(=%

J-2.
m, m, m, m,
o |L L, | ed4—— V., o (L L| e4—— Ve
m, m,
initial Final UR™H aifom
(@) Pi= mav

Pt = (m1+ m2) Vem
mzv = (M1 + m2) Vem

m,Vv
Vem = _ 2y
m; +m,

(b) Vl:(U—ch)
Vicy_ MU =[ myu J

ml + m2 ml + m2
(©) Vi = Ven = [ﬂj
ml + m2
L
my(0) +m, (j
(d) Xem = 2) - __mk
(mg+m,) 2(my +m,)

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

®
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow

ADVRB - 17

Toll Free : 1800 258 5555 | CIN: Ug0302RJ2007PLC024029



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

Rigid Body Dynamics ﬂ_

T
Xcm
¢ | e
p=b__mb lei[m_ltj
2 2(m;+m,) 2 {m+m,

momentum of particle BT &1 FHIT

2
= Pi= | MyU— V) =m 1 mb (u— MU H:L MM, U ]

22 2(my +m,) m; +m, 2(my +m,)

. mL m,u
Momentum for rod B$ & foI |71 = m;V,,, x Lo :—1;2
2 (myg+my)

(e) For particle : &1 & ford
m2“"12L2
4(m; +m,)>?

2 2
L= T m, A
12 2(my +m,)

I=Ihi+12
_ my(my +4m,)L?
- 12(m; +m,)
(f) Velocity of centre of mass &AM &= &1 I3

e
m, +m,

Using angular momentum conservation ®Ivi¥ Hd A& |
mzaV X Lem = Iem @

m,L
Zu—l
2(m +m,)

[1=mal2 =

=Iem .0

m,L ~my(m; +4m, )12

u
2(m; +m,) 12(m; +m,)

_m2

6m,Vv
= o= ————
(my +4m,)L
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Rigid Body Dynamics

J-3.

J-4.

V & o are linear and angular velocity after giving impulse 1.

VT @ HI: AT [ B 915 IRGT 3R S 97 B |
I
: ico/:

Applying impulse momentum equuation
AT AT FHIHROT H
I=mV
Applying angular momentum equation wrt centre —

T B AU DO HIT FAIGRI AR HA TR

Ix iR= gMRz(x)
5 5

21
0= —
MR

(@) Time taken S TR = angletranversed S g1 HIYT

angularvelocity @i au

{= T o_ mmR
® 21
(b) Displacement of COM during same time = v.t
THAE R BT AN FHI § AR = vt
_ I _ mmR
“m 2

Kinetic energy can become zero only for the case shown in figure ;

AR d9a =1 Rafa & forg 1t Sort g @i

Fi=umg
Torque equation :
ATl FHIHROT
2
(umQ).R = .o
= o= @
R
. ._ 0y _ ogR
Therefore 31d: | t= — = — ... D
o  2ug
For translational motion &m==ifRd Ifd & forg :
t=Yo @)
ng
From (1) & (2) ST (1) d (2) ¥ : OR _ Vo
2ug pg
= = zﬁ = @ = 100 rad/sec. Ans.
R 0
®
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Rigid Body Dynamics

K-1.
Force balance I d=Jferd &)+ W
N=mg cos 0
f=mgsin 6
Torque balance (about centre of mass)
T Bw b AMUE JATYY Ffrd DA U
Nx = f x a _ amgsin 0 and x = a mgsino _ atano
2 2 2mgcos6 2
Torque of normal force 3= g &1 aw*q\vf NX =mg sin 6 g
PART - 1|
HI - I
A-1. o = 3000 rad/min
wo = 3280 rad/sec = (50 rad/sec)
t =10 sec
or=0
of = mo + at
0 =50 - a (10)
o = 5 rad/sec2
O0=wot+ 1 o t2
2
0 = (50) (10) + % (~10) (10)2
0 =500 — 250 = 250 rad
A-2. V =oR
V=10x 0.2 =2m /sec.
B-1. ma=(c.nr.t)
me = o.7 (2r)2 (/2) = (c2np?t)
me > Ma
Rs > Ra
S0, Is >1a
B-2.
R
I= Idmrz
I:rzjdm =r>m =mr?
B-3. OB > OA Ig>1Ia

so, If the axes are parallel 3 afe 31e7 FATR & @ Ia<1Is

/\
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Rigid Body Dynamics ﬂ_

B-4.

B-5.

B-6.

B-7.

B-8.

B-9.

lo=11+Md2 Thendd 2> 11

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 & b GHM AT ATl I AD B oTecd MY A BH
811 2 | Hence (D)

Io=I1+12
% %
m/2)| — m/2)| —
m2)5] 5]
Io= + =
3 3 12
Ix+Iy:Iz ZIx:IZ

I =2 x 200 = 400 gm cm?
The given structure can be broken into 4 parts
& T TR B 4 9T H dred W)
o]
A

m¢2  5m
_+_

For AB & I=Icw+mxd2=
(3 M 12 4

02 Ing = i ml2
3

2
For BO & forw I:%

For composite frame :  (by symmetry)

ol e & fod @ (TR 9 )
4me2 mez} 10

= — ml?
3 3

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

Pearpendicular axis theorem  of=aq 31&1 YHI

2
mr
12:Ix+Iy: T

from symmetry FHART F k=1

2
mr

= Ix= —
4

Perallel axis theorem HHT<X 37& U
2

, mr 5
lIoo =Ik+mMr2= — +mr2= = mr?
4 4

/\
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Rigid Body Dynamics

B-10.

B-11.

C-1.

Taking mass of plate

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

m=

o|Z

a2

ic BT gIHE me dl =

o|Z

2 2

J&T B HUE 31 Wil BT STecd YT :mGa x2:m3a

M.I of 4 plates having

symmetrical position from the axis

Fafad Rercll & fo 4 wiel &1 31&1 |ue STscd Mg

2 2 2
:4xma+mg :4xma
12 2 3

Total MI ® STScd IATEUT =

+ =

4 m a2 ma’ 5 m a
3

2
using%zm?ﬁmﬁﬁ:w: 51I\ga

2 2
_ma a
IRaI__+m o

12 2
w2m
. X
— ma2(1+ 3) ma2
12 3
2 2 2
Ring — 5 2 T 2 n
_mm
2
_mma® 1111 1
2 4 2 4 2 =
7tma2 1 1
= — 4+ —
2 2 n
2
Inet. = -2 | 5> ma? l+E
2 n
>(a ma2{10+3n}
=ma §+n+2 SR

.
R = 2i+3j + 4k

F, =—2i—3j— 4k

Net force F., =F, +F, =0 the body is in translational equilibrium.

®A T Fogy = +F, =0 T I IR T B Argaeen § 89 |

- . - .
R, =3i+3)+4k r, =i
- - -
T =R XH
R ®
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Rigid Body Dynamics

= (3i+3]+4|2) X (2?+3]+4I2)
- ~ ~ ~ ~ ~ A
1, = 9K—12j—6]+12i +8j—12i
g -~ ~
1, = —4j+3k
- - - " N ” N
=3k +4]j
(rl+12=—4i+3|2—312+4]=0j
body in rotational equilibrium  a% goIH AFRIERR # T |
C-2. F=4i-10]j
r =(5i -3]j)
- -
t=r1r xF
=(-5i -3j)x(4i -10])
=50k +12k =62k

C-3.  torque of a couple is always remains constant about any point

5t aeg™ @1 qarer s B4l 1 g & |ve g <& B |

D-1.  Torque about O
O % HU&l qereoi
F x40+ F x 80— (F x 20 + F x 60)
In clockwise direction
gféromad @ faem |
=F x40

D'2. lelJ.NZI
pUN1+N2=mg,ta=0=

A kN,
N, A
N
2 o 4
uN, 3

3Nz—4N1—gmg=o

Hence 3[d: p = % Ans.
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Rigid Body Dynamics ﬂ_
Aliter

Using force balance & I<Jald & START A

fi = —uN1 N1+ f2=mg —1)
f2 = uN2 Nz = f1
N2 = uNa —2)

Using aq (1) SHI®Ro (1) |
N1 + pN2 = mg
N1 + pN1 = mg
N1 + mg2

1+
torque about point B = w8 = 0 For rotational equilibrium

fag B & Wmue SerEvl = e =0 Ui rRITERen & ford
fi x 4 + mg (5/2 cos 53°) = 3N

auNy + M9 gy,
39 _ (3 4u) Ny

2
3mg mg
MY - (3-4y)

2 : 1+ p?

3+3u2=6-8u
3u2+8u—-3=0
3u2+9u—pu-3=0
3up+3)-1(n+3) = (n=1/3)
D-3 As shown in FBD — Equation in verticle direction Na + Ns = mg

Taking moments about ‘A’
FBD # — $eafeR fdem # Na + Ng = mg
‘AP R et o W

mg.x = d.Ns

Ne = mg.x

d
Na =mg — Ns

Na =mg — % =mg. (d_TXj:W@—gj

A Ng
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Rigid Body Dynamics ﬂ_
D-4=u

W W,
1 1
=X A X
< , >
weight of object 9% 1 M = w
Wl =X)=WIX e 0]

If weight is kept in another pan then :

I ST TR UTF H A SR d9

W2(l = X) = WX e, (i)

By (i) & (ii) JHHI (i) T (i) &
W - W2 = W1 W2
W, w

W= \fW,W,

D-5. Balancing torque about the centre of the rod :

TS B Dw D AN IATHUN Bl Fgferd PR W

= Nz = Na.

ANEUTARALTRUULRUTR VTV RN N

ARURURURURURURURR R

E-1. t=la
TA = TB
Ia 0a =1 aB
Ia<lIs
OA > OB
®A > OB

E-2. Body is rotating uniformly so resultant force on particale is centripetal force which is horizontal and
intercecting the axis of rotation.
9] YHAAN ¥ U $HR I8l & 31 HU R I drell ROl 9 MBI 9o § ol b & 8 den
Ui 31e1 BT Bl B |
E-3.
COM”
N<1—=© e |
(2 /

N = [mmz ﬁj
2
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Rigid Body Dynamics ﬂ_

E-4. 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) = @a
= 39 = o = angular acceleration = o= g
3.2 16
f%OBm—i
o |
20g
TA: BS W UASD 45 P URMIS 97 I 2 Ao B BT HIvig I I &8 |
O & uRRd: ameof
t=1la
2 2
209 0.8)= M~ o = 209 (0.8) = 22 &6
3 3
= E—grza:HﬁﬁHEﬂW = (x:}i—g
2 16
é—QSm—%t
o
209

E-5. Beam is not at rotational equilibrium, so force exerted by the rod (beam) decreases
TS YU ARATERAT H el 2 3fch: BS §RI oW drell §af = |

F-1.
A

using energy conservation Sl R0 |

kf

N[k NP

mg —

~

me*
mg-==. —o
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Rigid Body Dynamics
F-2.= By energy conservation Sl R0 4 :

1)
[
1 +
C O )
O, :12/4
I
I
I
[
I
1y
2 2
14
mg£ = 1 lméz w? [about 0) = %+m =11
4 2 (48 12 4

Io= l m/2 = o= f@ Ans.
48 70

4

G-2.

> X

=L= (mvld) = constant becouse v = const. and d = const.
= L = (mvd) = fFaa Fa1fe v=gq g dem d =+ f9a & |
G-3.

Vo/g

mgvg mv3

5 !tdtzzﬁg

G-4.xa No external torque so L = constant;
PIg 92T gAY TE B 3M@: L = Fd @
lio1 = [2m2
(MR?20) = (MR?+2mR?) o?

= 0?2 = Mo
M+2m

=L=
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Rigid Body Dynamics ﬂ—
G-5.  external torque 91Ed FATHY 7, =0

Tiw1 = Tom2
when he stretches his arms I
9 g AU Yl Pl Bl &, Al [ 98 Sl 8 3,

sodfd: i<z
then 9 (w1 > 02)
so, (L = constant) ara: (L = faa <gwm)
H-1.
For pure rolling g& @re+l fd & o’ oR=u, v= fuz +u? —ZUU% =u
H-2.
B
2V
V
A

< S

When A point travels ¢ distance then B point 2/ so, 2¢ length of string passes through the hand of the
boy .
T9 g A /) T AT & a9 B 2/ T TF BN Ik 92 D B A 2/ TS Dl AT TORAT |

H-3.  Using Energy conservation, Soff H&vl |
(at maximum distance Jf&i&dH 1 &R V =0 Vo = 0)

A\

LELTLRLTRRRRRARRRRAN NN

[EEN

= Kx? = (mg x sin 0)

X:(ng sin 9]
K

N
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Rigid Body Dynamics ﬂ—
H-4. (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.

e T fHh N T Ida8 R ac= T8 8 o 9 9Tt 3R SR Tl 94 & fr=1d9 3R S=aaH
fag & forg 91 feEATrgER M

Angular velocity of upper cylinder =

HWR qTel 99 P forg Hrofr o

2V+V _ 3V
2R 2R

Angular velocity of lower cylinder = M = l
2R 2R
a1 g1l 9o & fog ®rofg g
The ratio is 3
1
3
o S g
' >V »2V
O O
V<_E 1
© O
H-5. 20 =Vcm+WR
20=10+® (ﬁj
2
(O]
10 = > (w=20rad/se)
I-1. Disc is in pure rolling and external forces are zero after smooth surface, so pure rolling continue.

T g Al A H & & qA I I Y B 37k AHN Hag & 9% Y alen arel 1A |
I-2.
f mg sin 0

0
mg sin6 — f = ma

a= [M} ....... 0

m
a is same for each body. (IS T B foY a @A B)
f.R =1Ia

R

 mk?

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

max at bottom.

aﬂﬁ$mk2=§quw%mzaa@WﬁWwH:TrﬁmwﬁﬁﬁamTha\?kﬁﬂaﬁw
Bl
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Rigid Body Dynamics

I-3.

I-4.

I-5.

I-6.=

I-7.

I-8.=

I-9.

gsin®
k2
R?

2
For solid sphere 31 it & foll = % :%

1+

For hollow sphere @@t et & ford = % mR2 = mk?2

k2
RZ
SO 3d: ks < kn
then 9 as > an
(so speed of solid sphere is greater then hollow sphere)

(37T 31 el Bl a7, Wikdel el | AT BI)

2
3

mg sin 6 —f = ma
mg sin 0—f
m

a=

a is equal for each body so all the object will reach at same time.

a ) IRl & oIy AN 2 o Wl A% |HE |qHd | uger |

a = (g tan 6) so net force along the indined plane is zero so it will continue in pure rolling with constant

angular velocity.

a = (g tan @) 3T TAqd B AJCY B I Y B 3T T Y§ Al T (AR HIUiF 97 ) HAT 27 |

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

motion of sphere and plank.

JEl el AR ©id & Aed Pl AUfED T Tal © 3Id: TN g I AT el AR WD B AT H DIy

gRdas &l 8 |

Due to linear velocity body will move forward before pure rolling.

R I B PRI aF g AleHl T H U8 AN B AR AT B |

f

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

T T @Y SR T, o R N AT B AR Y B |

2
From energy conservation Soft HRETOT A %mv2 [1+—2

R
K= —
2
~. Body is a disc a%] T B |

K- mgh = mg
r 49

/\
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Rigid Body Dynamics ﬂ_

J-1.

J-2.m

K-1.

K-2.

K-3.

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.

i 99 FAAA B 8 o Mell goil T 9 FRb I A B, 31 DIV FI FTq9dd S FARKR
Jern f&d f fag & uRa: w=féra < |

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

m SIAH 3R m TTHE B 9 P GIAE drg D ATUe] DI T GRE0 A

o2 o wen(5f] - o2]]

= V=3 R = (n:l Ans. (B)
3R
F
I 3al4
mg
xx'
For topling about edge xx’
XX® U] Uoled & forg
3
Fmin —a =mgg = me:@
2 3
N
A
a2 -
£
(LU
fb/2
v
mg

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

IS i T8l Udiedl & dl mg 9<d JAMER B T8 b A% 9 Yokl aley, 31

Ecose SE = €0s0< 9
2 2 a

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.

U @1 fog C & ufd o Ifd &= @1 Ugid 8| A9 9 & ol F &1 a5 C & uRka: ameel mg &1
C & 9Ra: Mol & TRER B =1

F [a?} =mg (gj =  F= % AnNs.

F A ']‘
a aag
B Ja C
mg

/\
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Rigid Body Dynamics

-

PART - Il
HIT - I
1. 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.
FfFH FHdl )R I 9 AT Fd8 ¥ 390 99U g ¥ TORd ©, dahdl & HE B 91 99 g @
gRa: B FI FRIET &1 & | G99 A5 A S arell X1 WR J SFAM B b I b FAER, (Sl
fag & uRa: vt Rafrat # &t &1 wrofra wa wxféa wzar 2|
¥t Rerfodl & a99 & gRT fH5d T & & SRU Il B TRael SHoll ge Sl 8 | Fddl W) <Aa9 a5
@ 9 H T W, ReIfy A, B den D # =¥ o9 fen it ok ® den Refd C # <R oIk B
ey & 18 Rafy # avfor 9a1 & e gqer 18 Fahelt 7|
2. (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) 5 P& a1a I9T & HI o 2 |
(B) 45 P &1 @R w?X (o = f$¥F P SV =1l A x = OP) & IRER &l a @xv P9 O &1 faum 4
BT |
(C) P& Rl (URATYT & ) deam P& o971 & &1 &1 dIvl 99T & W1 uRakia 8iar &, gaferd P &
TR @R I & A1 IG5l § |
(D) F=1aH favg &1 @R (disc) & d= &I Qe H 8T & d1 999 & |1 Rerd & & |
EXERCISE-2
PART - |
1. I=h+2+13

I1 =12 =3/2 mr?

Iz =mr?/2 I=T1+ 12+ 13 =7/2 mr?

00

Moment of inertia = 3mk?

where K is radius of gyration.

Te@ JMMEIT = 3mk?2 el k o e 2
7 7
3mkZ2= —mr2 = k —r
2 6
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Rigid Body Dynamics ﬂ_
2.

X--- ¥

A

[ """"""""""""""

Taking cylindrical element of radius r and thickness dr
r 591 @ dr /e &1 U6 JAEIER EId o H W)

M

dm= ———————— x (2nr £ dr)
n(R3 -R{) ¢
% oM 1
IaB = J.dIe/, = '[dm I’2 = J‘ﬁ.rs dr = =M (R%'FR]Z_)
' r, (R2—R1) 2

Using parallel axis theorem TR 31T UHT |

Ixy = %M (R3 +R?) + MR22 = %(3R§+Rf)

3. In equilibrium, torques of forces mg and Mg about an axis passing through O balance each other.

|G H, mg A Mg 9l &1 gargel O ¥ UIRG 31ef & |l U gax dI Agferd dx odl & 3N
mg. E00330°=Mg EcosGO" = M:\ﬁ
2 2 m

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

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

F o SR SR & A1 9911 797 B0 O = tan- [_iggj = 37°

also t = 500 R therefore point of application of the resultant force is at a distance R from the centre.
Hence (C).
T =500 R &, 31 98 fag W&l R WU 9 BT SUAN fHar 9 &= 9 R g W 28r |

Hence aa: (C) W& = |

5. 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 & I = &l @led & IR 918, B @ fdg A& Amel goia w1 &1 ugfiy arf .
A TORA dTell TAT SRS S T & w99 318 & AU B AB BT Tl

mez2 0 _3g
— o = mg— = o= —
3 2 20
Aliter : Applying Newton’s law on center of mass L
IHfoud &1 THAM B8 W <A b I | ,
mg-T =ma .. () |
Writing © = Io. about center of mass T4 |
1= lo THHAM = & AU A.L.. 5
2
TL-M, (i) Ve
2 12
Also @I a = goc ...(ii)
From (i) , (i) and (iii) =¥ (i), (i) 3N} (iii) &
wz3
20
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Rigid Body Dynamics ﬂ—
6. For the circular motion of com :

TIAM B B g T b forg
[0)

—

com

mgl}| 1
L/2

!

mg=m L o = 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 : e RR = ufifhar g 2 o To@ayv 90 g I e=g ao 3|

7. For rigid body separation between two point remains same.
%¢ 9%g @ fbel ol f[g3l & #e9 g |AM &l © |

V1 €0s60° = v2 cos30°

Vi _
2
Vo \/§V1
e = | V2SIN30°-VySiN60° | _ | 5 T 5 | |V, —Bx\Bv, | _2v, _ v,
d d 2d 2d ~ d
Mdisc = VFZ
8. (a, b) Let a be the angular acceleration of rod and a be acceleration of block just after its release.
AT B $T DIV TR o 8 T §HD Bl o1 & g I8 i HT @xT a B |
. mg-T=ma ... (2)
¢ _ me?
T/—mg— = — . (2
5 = —u @)
and dTa = /o e (3)
Solving we get & &R W, F U & &
T= 5 mg and Ter o= 2—3
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Rigid Body Dynamics

9.

10.=

N S

PERVERRRRRRRRRRRVRRVALAY

When ball at maximum height block and ball has equal velocity
9 g SHalg R § a9 @i AR TG BT 97T F9 BT | T
So Using momentum conservation

3d: I FRET A

Pi=mv

Pr = 2mvo (vo final velocity) (vo 31f<TH T ©)
Pi = Pt

mv = 2 mvo

()

Using energy conservation ol aRefol |

1

%I(o2 + lmvzz = Io? +% 2mvo? + mgh

(T=mR?

V=R

1 mv2 = B 2mvo? + 2mgh
2 2

2
v
vZ—2— =2gh
" g

4

As torque = change in angular momentum

TN FTEEr = ST FIT H IR

FAt = mv (Linear) R&™@) .. (1)
0 m¢?
and 3R F-E At = 0 (Angular), @rf) .. 2)
Dividing: (1) and (2) (1) 3R (2) H7 W
y- 12V -
Y4 (
Using &7 STIIT A S=ut:
Displacement of COM is S&HF &% &1 fdwem= g = ot = [%jt and 3R X = vt
Dividing 91T &9 ) x_L
i 6
= X = % = Coordinate of A willbe A& e o= 8 [%Jrg 0}

Hence (D). 3 (D) | '

/\
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Rigid Body Dynamics

11.

12.

13.»

14.

15.

Conserving the angular momentum : about the hinge

fred & R DIV FIT GRIET R W

_Im@*+4a?) 5, 3
mua=| —————+—ma 0 = 0= —
12 4 5

u
a

Ans.

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 fea 1 v 59 G W R T8 axal & o 59 g & ang 9o =l § | o &1d Sl

THg | e Sott fl 39 IR iR T8 axcdl | 3ra: (B) 98 R

For (rod + particle) system :

(B + B e & oy

1 (m ) (v2), 1 3 ¢
= — [+ =mv¢=2mg| —
2 3 (2 2 2

[Since, com will finally reach a height 2 (%j]

[iif, s 3 o 2 gjqu@m ~ v= Ji5 of

By conservation of angular momentum about hinge O.
fraaa fig O & uRa: S FaT AR

L=ITw

d_ | Md? dy mvd (md®> md?
mv —=|——+m |— o = = + ®
2 | 12 2 2 2 4

FBD for sphere & block Mot 3R =ifd & forv FBD
a, L :
-
r a‘_
2
al:f_r:_umg aZ:f_r:_ng
m m m m
& = pgi 8, = —ugi
ag =81 — 8y = 2ngi
arel = Zug

/\
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Rigid Body Dynamics

16.

17.

18.=

Decrease in PE = Increase in rotational K.E

Rerfost St § &= goiF it ol | gfg

2m
<T
2 2
/0
= ZmQ.%—mg.;:ll.m2 -1 mﬁ +2m—€ o
4 4 2 2 4 4
4
o= ﬂandvlz_w:lw dv :ﬁ :Eﬂ
19¢ 4 4\ 19 4\ 19

Just before collision Between two Balls

SFI &I B 7Y TIBR DGR 918

Potential energy lost by Ball A = kinetic energy gained by Ball A.
T AR Rt St § B = 3T A TR ot § gfy

1 2 1 1 1
=5 x ngz ( Cm) +Emv§m =5 mvZ, + > mvZ,
= gmgh = mvZ, = m7gh -1 mvzn,

After collision only translational kinetic energy is transfered to ball B

TIIR & 91 Dael RAFRIR] ISl SHoll A€ B DI RIFANIRG B |
So just after collision rotational kinetic energy of Ball A = é mv§m = ngh

aﬁzewzﬁwaﬁﬁaAaﬁwmwﬁ:%mvgm :ngh

Torque about COM &M &% & A&l JaTgol
fR=1-a (a=0oR)

2 2
fr= MR 2 :[mR -R] = (f:mj

2 R 2

2

/\
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Rigid Body Dynamics

19% f=4ma e (1)
(mg—fr=Bmr2+ mr?) o
mg—-f=4ma e (2)

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

~a=9 L =9
8 8r
H
/
m
f g
VO
20. (B) Here, u=Vo, = ——

2R
At pure rolling ; € Foffa 77 & forg)

\Y V, = | T |
& A — v T In pure rolling V = Ro) (F& FofF 710 & fIT V=Ro)(a = - =
R 2R (m.Rj (Inp S ) ( ¢ I mRZ)
= Vo—V=V+%
= 2V:ﬁ = V:V— Ans.
2 4

21.»  For maximum a, normal reaction will shift to left most position.
ANfFHTH @R & forg e ufafhan 9o 91 fHFAR R RE=IRd &1 SR

b
<> —2a

[I e L

© ©
for rotational equilibrium tp = = 0 [in frame of truck]

ol AT 3R & fol¥ tp == 0[P & fAaw a7 4 |

‘ _ b _gb
ma — =mg— = a= 2=
2 2 (
22.
\ B_>Fz

d |——Fr

A F Torque about point A a5 A& aTU& Fameo
Ta=Fr (%) + F2 (d)
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Rigid Body Dynamics

23._
24.

A LF

——>Fr

4
A & =Fr [%dj +F1 (d)
(F1+F2) g +Fd=(F1+F2) [3—dj + Fud
2 4
F+F S 3
% +F2= (ZF”ZFZ +F1J

R_3 Fi—F1= §F1+F2—F—2
4 4

2
T
4 4 2

Uro?
No dissipative forces so total mech energy is conserved
(3+ 1)gx—2gx = % (3+1+2)v?2
= 2gx = 32
dv
= 2gv = 6v—
=t
]
dt 3
PART -1l
wo =0 o = 2rad/se? t=20sec

20 40 60

o= mo + at

®=0+2x20=40

Area of graph is equal to total angular displacement 3% &1 &%hd Gl DI AT & T B |

0 = 1/2 (60 + 20) x 40 = 1600 rad

/\
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Rigid Body Dynamics

2. e=
2 gh

Vss , Vs = 06«}29"]

Vsh = 04 «ngh

o= Vs ~Ver — 0242 Xf-SXO-l = 0.2 x J1.96 =0.2 x 1.4 = 0.28 rad/sec.

4

3. MI of the system w.r.t an axis L to plane & passing through one corner

qd & oIraq a1 Mo & U f6AR 4 Ui Bkl gl ) 3fel & e ST ST |

_ ML
3
_2ML2 M2 3ML2 | 2ML2 10 ML® _ 3ML2 _ 18ML* _ 3
= + S8 = + = = = _MLZ
3 12 4 3 12 3 12 2
Now 31§ 3/2 ML2 = 3k2M
¢ 4
k= —[Ans. — ]
V2 V2
4. linear density Y¥&g & A = m//

/

LU

T, T,
A
T
. 3L/4 .
L} L 1
ww=0
T1x 3t -mg % =0

(1)
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Rigid Body Dynamics ﬂ_

Ti= _2mg
3
Ti+T2=mg .(2)
To = m
3
i = 2 Ans
T, 1
N, N
< ;Ti i€ ;Ti >
AT s
For rotational equilibrium o= am=Im@=en & for
N1 x ﬁ =Nz x £
4 3
N1:N2=4:3
7. For ring
/\W

o=
R
= mo— ot
0=wo—at
{= R
ng
For disc

For small ring friction force BIE I8 & ford g9 9o

dfr = W(2nrdro)g
Torque of the friction YT BT TATHIT

1 = (—rdfy) = — 2nuogradr
R
T =-2nu09 E[rzdl’ =— % nucgR3

For rotation about z-axisz-31&7 & ¥TU& oI & ol axis
(t=1a)

2
2 qogro= RN e

o= (—4u9j
3R

From equation of motion

Iy B AT A
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Rigid Body Dynamics

o=w+tat
O=owmo+ —419 t
3R

Ratio = 4:3
n=4

(= [3Rmo ]
4ug

¥ mg
mg —T = ma = mar
{a=ar}

Txr =T x 2r — % = mra

T'xr — % =mr? (2a)

Solivng T’ = % = 10N

Using energy conservation

(i)

.. (ii)
....(iii)

Foll aRefor |

mgh = 1kx2+ 1Im2 W 1mv2
2 2 2

String does not slip = el T8 ®

So (V= ar)

2
mg X = lkx2+ EI v + lmVZ
2 2 r2
x=0.1m I=01kg—m2 r=0.1m K =100 N/m

m =11 kg

11 x 10 x 0.1 =1/2 x 100 x (0.1)2+ 1/2 x 0.1 (V

22=1+10V2+11V?
21Vv2=21
V=1m/s

2
+1/2 x 11 x V2

0.1)?

/\
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Rigid Body Dynamics ﬂ_

10.=

11.

12.x

y
y = x-4
(0,0) .
AN (4,0) X
[N
I
I
I
N )
dt

from figure I3 | r=2y2m
Hence 3id@: vt = r F

a2 =22 - F=2N Ans.

Let velocity of c.m. of sphere be v. The velocity of the plank = 2v.
AT Mt & G D% BT 99 V& | TAT ©Iid BT 97 2V T |

Kinetic energy of plank = %x m x (2v)2 =2mv2
e B TS el = %x m x (2v)2 = 2mv2

o . 1 1 (15 5
Kinetic energy of cylinder = > myv?2 +§ + EmR ®

IoIT B TS Holl = %va +% +(%mR2m2)

Imvef141) =3 10
2 2 2 2
wWie B oS St

KE. of plank g o8 iftre wpf = 2MV° _8
KE. of sphere 3

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

ﬁ’q’ﬂ%W%Wwwﬁvﬂﬂmﬂwmawwzﬁmﬁzﬁazﬁwﬁamw[Jgj
B | AfS PN 9 o '

me?2 (¢ _(6J
— . o=|J= = o=|22
12 2 m/¢

2 2
Hence the force exerted by one half on the other half = m ac = LI [ (9N)
2 8 2m¢
m mo?/ 9J?
mzmﬁﬂmmqﬂiaﬂﬁﬂmwmwwzgm=7 =ﬂ=(9N)
m¢

/\
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Rigid Body Dynamics ﬂ_
13.

umg
Torque about point A a5 A& WTUeT qa—3Mmel
(umg)R = ngz.oc
w=|2H9
2 R
v=u+at
0 = vo — ugt

-

o= mo + at

0=cwo— K9 . Yo
2P ug
5v
0="—2
2R
14. Motion of rod is purely translational net torque about C.M of the rod should be equal to zero

TS Pl W Y WIFIRG A 8 TN B8 & A D= $ AU Fol Jollgal YA 8 30

Fa L =F2 ﬁ—a
2 2

For translational motion of rod B &1 YAMENRG Tfd P ford

F2—Fi1=ma’
| Ay
F2 F2
oar="2 o =2B )
F mal
15. 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

I . Vo -
rotate at the same initial angular velocity Uk Hence, after collision.

Fife A TR BT TIAH TR T AR M1 TE TARY TIPY B @, Y ITBT I A0F 4
ool WAl 2 | 31d: a1 o § gl Wl ? |

A TIPR @ SIH 915 ‘B’ , Vo' I W WY FRAT B TAT 'A' B AT B, W] Sl profig a (Vﬁojﬁq\vﬁ
PAT B | 3T: TIHR D dIQ

(K.E.)e = %mvé
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Rigid Body Dynamics ﬂ—
2
and 3R (K.E.)a = %Im2 = l(ngz) . (V—Oj

2\3 R
(K. Es 3
(K. E)y 2
Note : Sphere 'B' will not rotate, because there is no torque on 'B' during the collision as the collision is

head-on.

Are : e 'B' gui 8 BN, R 'B' W IR B SR I Y EI B, Fifh T ARG ¥

16. (F+N=mg) . —(i)

"
A
f lmg

3mR?

A =F.R=

—(ii)

For maximum o

FfHaH o b o
N=0

(F=mg)

mg.R:ngza

- 8]

17.

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

x 3R y feen 4 =gea & Ty w9

fr1 + fr2 = (mwe) —— x dir —(i)
Ni+N2—mg—-F=0 ———ydi
Ni+N2=mg +F —(ii)

Torque about axis of cylinder 9@ @1 31&T & AT TATHIT
mR? mR? (&j

FR—-(fri+frz)R= o=
2 R

pure rolling Y& wre= T (% = aj
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Rigid Body Dynamics

18.

19.

fr1 + fra < p (N1 + N2)
from eq?

< 3ugm
2-3K
Fmax = 3Hgm
2-3K

p(N; +N,)
m

|

j:1ON

We max =

=L (mg+Fmw)= £ (mg+
m m

or= 100 rad/sec
~~

/\) f

(al = az)
fR = Toux

o1 = o2

fR = Tow
=

o = 1007 — 2xnt ...(i)
For B cylinder 9e9 B @ forg

o = ot

o=2nt

2m = 100xn
o = 50n

—(i)
19

3umg 2ng | _ 20
2-3K 2-3u 3

= 2n rad/sec?

For A cylinder 9e9 A & forg :

o= mo— ot

® = mo — at wo =0

(i)
From (i) and (ii) 9= (i) 921 (i) &

o=100%t - ®»

From (i) equation FHIHRT (i) & 50 © = 2 7t

t =25 sec

Conserving angular moment

AE%HTE{HWWWW

um about A

q

©- 0

2 2
MvoR - MR wo = MR +MR2 = ® 2 (Yo % =12 rad/s
3R 2
[ Ans.: 2 V—O—& ]
3\R 2
®
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Rigid Body Dynamics
20. For toppling of block about A ; A @ aRRd: &ii® &I Tades & forw
F a

a

A

a mg
= =0 = F. JBa=mg. = = F=—2= =20N
nel > 2\/§

21.

22.

=
A4
5R
4
Inital Final

Decrease in potential energy of mass ‘m’ = mg {2x% = @

Decrease in potential energy of disc = mg {2>< %} = ngR

Therefore, total decrease in potential energy of system

_ 5mgR + mgR - 3mgR

2 2
Gain in kinetic energy of system = %I o2
Where I =moment of inertia of system ( disc + mass ) about axis PQ.

= moment of inertia of disc + moment of inertia of mass

2 2
mR? R 5R
= +m| — +m| —
4 4 4
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Rigid Body Dynamics ﬂ_

_ 15mR?
8

From conservation of mechanical energy -
Decrease in potential energy = Gain in kinetic energy

2
3 ng = 1 15mR 0)2 w = @
2 8 \J 5R
Therefore, linear speed of particle at its lowest point
5R 5R ?169
V = | =— —_—
4 4 \5R
or V= ,/5 gR Ans.

Sol. uRfye den i< Rerftrlt - <=y oIgaR 21

I

f?\\m______ﬁ_
| “ Ir
1 /[ 3 4
: a\o [ *
cé + 4 R
: 4
| R
‘ |
|
Inital Kinal
'm‘mﬁﬂ%ﬁﬂﬁﬁwﬁﬁﬁzmg{2x$}:%
R

aﬁﬁﬁaﬁawﬁﬁwzmg{zx%} - i
rd: e & g Rafos it aedt & —

:M+m_gR:3ng
2 2
nﬁamﬁqﬁgzélmz

T8 1= R (FHd + A ) PQ 3181 & HIUel SIS JMEY & |
= Il BT TS MYV + FTHA BT STged 3Megof

EROIRG]

_ 15mR?

I
8
D Holl & T 9 -
Rerfost ot § &8 = fast it # gfig
1[15mR2J , 169
— | W

3mgR =— = 0= ,|=
2 8 5R
s9fery, fovg &1 Fo1 @1 Y& T

V:[ﬁj(’):% f% 1 v:1/5 gR Ans.

4
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Rigid Body Dynamics ﬂ_
PART - Il

1*, 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.

I H gUF e B oA ad R 9 g Fowid g9l 9 9RYE F]d © | 99E e & g9 W Al
fagell &AM Ara (@ @R &1 W A alRkeAn) @ AfeE 9 @ fIwn (@R @ fewn ) e 2
safeR) fad T a1 9 <1 W a5 99a T8 © foHd 99 (T @Rl 1 99E) 99 8 |

FWR I§ IIR1 T © 6 T B @1 g9 R Igel @ 99 91 © |

e o1 W ag B BN A avg W Rerd ol g & amie aRvmar | q9H 81 2 |

2. Sphere is rotating about a diameter
Tell, T & WATUel Ui HR el & 3Tk
S0 3d:, a=aR
but, R is zero for particles on the diameter.

<fhe = W Rerd fdg3il & ol R 3= 8

3*.
¥ 1
A\\ I '/B
N 1 //
AY
\ | 4
\\ ] //
S ISR NS
VALEN
70N
/ N
// ! >
/ | N
I
'/D : 2\‘C

Using perpendicular theorem o=aq 31 994

Io=1a+13 I3=1Ia

Io=I1+12 =1
=1

So, (Io=T1 + I3)

4*,

0 m¢?
A)mg — sin60°= — a
(A) 97 3

_ 343g

Y
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Rigid Body Dynamics ﬂ_

(B) N2 — mg c0s60° = 0 = Np = %

mg sin 60 — Nl—m%g

mgﬁ_m L\lgg:N

2 2 4
Ny = MOV3
8
N= NN = \/[ ] _ 19mg
8
2
(C)mg—(l c0360)—— = ;m?f ©?

5*.
For pure rolling Y& die 7 & forg
V=o0R
Va =2V
Ve=V2v
(Vc=0)
6*.

22 42 42
RA=(‘Q =2 =g
or or \Y

(\F ;/) { \EJ
e
Rs = lefr = 2*%\5 = (242r)
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Rigid Body Dynamics ﬂ_
7.

mg sin 6 — f = ma —(i)
Torque about com T B b AT AT
fR=la

fR = % mR2. a For pure rolling g dre=i fd & ol a = aR

. 2
mg sin 6 — Ema:ma

. 2 7ma
mgsin®=— ma+ma= ——
5 5
a:[Eg sin ej
7
f:gm 59 sin 6 _ 2mg sin 0
5 7 7
f=uN

H:i: 2mg sin 6 _ ztan 0
N 7mg cos 6 7

(b) torque about com SEHTH &= & WY& TATgol
fR= 2 mR2 .a
5
2
uNR = = mR2. «
5
1 2
=tan6 | (mgcos 0) R= — mR? a
7 5
o= 5g sin 0

14R
mg sin 6 —f=ma

mgsine—%tane.mgcosezma

mgsine—%mgsinezma
6 :

a=|—g sin 6
(79 j

KE=|L1mv?+ lIcoz
2 2

V2 =Uu? + 2as
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Rigid Body Dynamics ﬂ_

9%,

10.*

11.*

v2:0+Zggsinelé

VZ:(%Q sin 6 €j

1
s=ut+ = at?
2

£:O+1 ><Egsinet2
2 7

Yo
{= 70
3gsin6

. 2
K.E. = lm Egsineg +l ngz 5gsin6 7.€
2 \7 2(5 14R ) | 3gsin®

K.E. = 6 mgsin6/ + S mgsino ¢
7 84

K.E. = Emgsineé .
12

v before collision \ After collision

/74

» (O]
P\ —

v TR ¥ @ v TIHR & dQ

/e
velocity of COM after collision is V friction will act such that ® = o at some intant after some time
(V=o0R)
TIPR B 918, SIAM D Pl 97 V 2 TUT FYY $H ORE Al § b Be AHI 918 Bl &0 W o = 0
Jrid (V= @R) 11 |
- -
T x L
then Td
- -
angle between T and L may be 0° or 180°

-

SO 37 [L] may increase or decrease &I HF 9¢ U1 ¥ AHAT 2 |

In absence of external force linear momentum and angular momentum remains const.

Y T PI JFURRI H YT G R PN Fa I @« 2

External force will act at hinge so linear momentum of system will not remain const. but torque of

N
external force is zero about hinge so L = const., collision is elastic so K.E = const.
qied 9 dadid (hinge) R R &Rl g 31d: e &1 Y& dav fFgd 981 =W ofes 9= 9a &1

Wﬁy@%aﬁ:f:ﬁua@mmmawwu%aﬁ:nﬁmmﬁuﬁﬁl

/\
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Rigid Body Dynamics ﬂ_

12.*

13*,

14* =

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.

9 I I @1 Al & 9 GG S 78 ANfEe 1 {0 @ SR avvl 99 o r ® 91 9 AL "yl
ARG I 2 A FHra &1 S Faw Faa = |

liw1 = lom2

2 2
mR mo:{mzR +mR2jm

By angular momentum conservation ;

PO G ARETOT

L:Im:mvg + mVR = 2mR2p

gva = 2mR2»

9™

"y
mg cosO

mg
Also at the time of contact ;

Th & THI U

2
mgcosd — N = mv_
R

mv?

.. N=mg cos6 —

when it ascends 0 decreases so cos0 increases and v decreases.
T4 I8 dodl § Al 0 B BIdl © I cos 0 97 AR v & |
2
. . mv< . .
mgcoso is increasing and = is decreasing

mv?
mg cos T iR = TS |

we can say N increases as wheel ascends.

S € ufgar e S N ge |

[\
&

-->v

A
If we take moment at A then external torque will be zero, initial angular momentem = final angular
momentum.

/\
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Rigid Body Dynamics

15*

Ife frd o1 A WR qred Jorgel Y B O RS BIefid waw = 1| Srofi Fam

MVR —Iom = MvoR

MR- 2 MR2 L = MvoR
3 R

()

(b) Again after some time pure rolling starts
U7 {O Y 916 YE Are T g 8 IR 8 |

’

MVR = 2MR2x VL + MVR
3 R

MYl R= 2MR2 +X MvR
3 R

)

[Hint : The light rod will exert a force on the particle B only along its lengths]

[Hint : B B ®Y B IR $Hdd SHD! oIS $ IIGfQ¥l del o Ig]

before collision angular momentum about COM :

TTIR ¥ Yd S D= D AUE DIUig F

Li:2mu£— muﬁ = m_u€
2 2 2

% oY
Li= 2m|— | ®+2m| = | ® = mfw»
2 2

u
L=L =o=—

20
Linear momentum TG FdT
Pi=3Mu
Pt = 4MV

Pi=P V= Sy
4

Va=V - (Dﬁ = 3_U_ iﬁ =] E
2 4 202 2
V=V + (Dﬁ =u
2
2M
oMy Be
ya
2
e = &> ----COM
(of& )
| £
2
A®——>U Ae
M M+M
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Rigid Body Dynamics ﬂ_

16*.  For no slipping e 7 89 & forg
pmg cosO > mg sine ... 1)
Fortoppling  qg@ & forg
mg sino gz mg coseg ......... (2)

(§]
for minimum p (by dividing) ]G u P g (W 9 W)
222
“a h
Mmin = % Ans. a/h

Sol.(2)

If af< f>mg sin 6

umg cos 6 > mg sin 6

(1> tan 0) block will topple before sliding 37d: fhae™ | Ugel &i® Tolc ST |
torque about point A ta =0 g A® A& T 1A =0

mg sin 6 (%) =mg coseg

tan 6 = (%)
4> (%)

If af& > tan O (block will slide) (sfd et )

17. %+@—M9=Ma
2 2
a=g7
T=1]oc
2
3MgR_@R:MR o
2 2 2
29
2M ===
g « =
dL
— =1=MgR
dt g
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Rigid Body Dynamics ﬂ_
PART = IV

1= Let the angular speed of disc when the balls reach the end be ®. From conservation of angular
momentum

W9 g Tl B [PIR IR UgH T @S9 GHY SHS] BV A o 8 | HIo HAT GReT0r |
oy
3

lmszozlmR2m+ mR2 o)+m R2 o or o=
2 2 2 2

2.5 The angular speed of the disc just after the balls leave the disc is
Yo
3

Let the speed of each ball just after they leave the disc be v.
From conservation of energy

l EmRZ (1)02:1 lmR2 0)2+1 m V2+1 m V2
22 2\2 2\ 2 2\ 2

solving we get
v 2Rwg
3

NOTE: v= {(oR)? +V? ; vr = radial velocity of the ball
B: mﬁaaﬁﬁﬁmﬁ@aﬁﬁ%wwaﬁaﬁﬁmamm:%%l
TAT TPl Bl BIST P SIb 91§ g DI ATA Ve d9 SHoll Gxev J

1 EmRz (,002:1 lmR2 0)2+1 m V2+1 m V2
2\2 2\2 2\2 2\ 2

w=

T B W, V= 2o
NOTE: v = \(@R)? +V? ; v = 9] BT B 9w
4to0 6. The free body diagram of plank and disc is e—q
Applying Newton's second law
F—f=Ma e ()
f = Maz e (2) a,
1
FR= =MR? a ... (3
2 ®) f
from equation 2 and 3 _
Ra f | <——>F
iy —a,
From constraint a1 = a2z + Ra
a1 = 3az e ()
Solving we get a1 = SF and o= _F
aMm 2MR
If sphere moves by x the plank moves by L + x. The from equation (4)

L+x=3x or x:E

2
T& 9 I B FBD e & fgda o\ |
F—f:%Mm o (1)

f= Maz o (2)
FR=MR2o ... (3)
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Rigid Body Dynamics ﬂ_

AR 29 39
TN
Ra
a = 7
gfafta 1 ¥ a1 = a2 + Ra a
coan = 3az e (4)
3F F f
A B W alzmandﬁ%ﬂ = o
IfE WA x Tl & A T&AT L+ X TeIdT & al TR0 (4) | il > —>F
L +x=3x a1 X = L
2
EXERCISE-3
PART — |
AT - |
1. 2/5 MR? = 1/2 Mr? + Mr?
2/5 MR? = 3/2 Mr?
=4 R2
15
= R
J15
2.*
f
necessary torque for rolling t = fr, (frictional force provides this torque)
as mg sin 6 — f =ma
but a=ra = mg sin 6 — f = mra
as t=fr=laa = o = fr/l
2
mg sin 6 — f = mrfr/I = 5f/2 [ = 2"; ]
mg sin 0 = %f
thus friction increases the torque in hence the angular velocity and decreases the linear
velocity.
If © decreases friction will decrease.
Sol.

7

Job & foy maegs gareof t=fr, (997 91 I8 ATgY! IS HaT B)
Fifh mg sin 6 — f=ma

TR a=ra = mgsin 0 —f=mra

Fifh t=fr=laa = o = fr/l

/\
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Rigid Body Dynamics

2
mg sin 6 — f = mrfr/1 = 56/2 {1 _am ]

mg sin 6 = %f

9 UHR TYU JATGY B GRT HIONY I BT 97T & I G 99 BT "l 2 |
Ife O gedr & gy we |

3*.  As total mechanical energy at points A,B and C will be constant
s EA= EB = £C
= mgha + Ka = Kg = mgh + Kc
Kg > Ka (mgha + Ka = Kg)
and Kg>Kc (mghc + Kc = Kg)
Also ha—hc= Ke=Ka  yhen mgha + Ka = mghc + Kc
if ha>hc = Kc>Ka (if LHS is positive then RHS have to be positive)
Sol. EF&#%WHT%W%@ABHC R I B |
EATEB=ec = mgha + Ka = Kg = mgh + Kc
S Kg > Ka (mgha + Ka = Kg)
qr Kg > Kc (mghc + K¢ = Kg)
aft  ha—hc= % w@  mgha + Ka = mghc + Kc
I ha > hc = Kec > Ka
(afe LHS g=ria & @ RHS 1 greias 81911 =nf2)
4, (As collision is elastic)
_ dP _2mvV _omV
a1
torque about hinge = 2mV x [ng%j x 100
=2mv 32 x 100 = Mg2
4 2
V =10 m/s
Sol. wIif% cawx TR B
dP nx(ax ij 2mVv
dt 2
PP B IRT: TATYE DI Ffeld I |,
aﬁwzﬁqﬁazmﬁ:nX(a x gj X(va)%b:ngg
39 A1 B URReTfid #RY R EF U B,
V =10 m/s
1 1
5. EXIX(Z(D)Z :Ekxf

%XZIX(DZ =%kxg = X =2

AN Resonance®
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Rigid Body Dynamics

6.

Sol.

9=

10.

Apply conservation of angular momentum
JET AT GRE0 fH de W)
4o

Ix20)+2Ixw)=0+2]) 0 = 03’2?
For Disc A =&t A & ford
2lo

Tt:IX(Z(D—(D’) = 1= ==
3t

RfRTE et St k1=%><IX(20))2+%><21><0)2

arfeas wifersT St kzZ%XIXm’2+%XZIm’2

T set g g =ki—ke = I(;

From the conservation of energy
loss in KE of body = Gain in potential energy

2
1mv2+£1 X :mgix
2 2 r

49
on solving
_ mr? _ L
I= - s The body is a disc
Soft H=efr | |

g o) et ot & T = Refier St # afs

2 2
lm\/2+11! :EXmg
2 2 r 4 g

2

=

e w  |=1 EEECE I

If torque external = 0, then angular momentum = constant = Iw
Ife qra gargel = 0, a1 drfi w9 = e = lo

The acceleration of centre of mass of either cylinder

_ gsin6
a= 2

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.

a = 9sind et K goia foar g |

3R WG 99 & B Bl @Y 39 9o b d=
P TR A BH B | I Aihel dod g’ o T AHY
Afe® 2 | saferd B -1 I = |

Ans. (D)

11.  (A) Since there in no resultant external force, linear momentum of the system remains
constant.
(B) Kinetic energy of the system may change.
(C) Angular momentum of the system may change as in case of couple, net force is zero but
torque is
not zero. Hence angular momentum of the system is not constant.
(D) Potential energy may also change.
Sol.  (A) gfe aRomd e a1 8l & Mo &1 W& |97 [ad =,
(B) fra @1 ftrs ot uRafia & e 2 |
(C) e @1 Hrofg Faw gRakia 81 waar & o b 90 3@ & Refd 3, ga 901 3 8 @ g 9a
Yl I AR Bl B | T BT @1 SN w9 A T8 8 ©
(D) Rerfost St i gRafia & |l 2|

12*.

Vo =V(i)+oR(=i); Vg =Vi ; Ve =Vi+oRi
VC—VA = 20Ri
2[ Ve~V |=2 [ V()-V()-eR()] = -20R(7)
Hence ara: Ve —Vy = =2(Vg - V¢)
S0 gfery | Ve =Val = [2(Ve - Vo)
Ve —Vg = oR(i)
Vg =V, = oR(i)
\7(:_\75 :\78_\7A
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Rigid Body Dynamics ﬂ—
Hence ara: Ve =V, = 20R(i)
\70 _\713 =\7|3 _\7A ;
4V =4V(i) =40R (i)
Hence ara: Ve =V, =2(Vg)

13.  Angle of repose 0o = tan "t = tan*/3 = 60°
o= > =2 g<45,
15/2 3

Block will topple before it starts slide down.

Il fgfma | Law = 2 -f=2[0.3]
= f=2-0.6

f-1.4 Nx (1)
a=Ra
= 0.3=0a [0.5]
-  a= %rad/s ...(ii)
Tc=Ilca
= fR—-2uR =mR? a
f —2u=mRa
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Rigid Body Dynamics

15.

16.

_2/(3
1a-2u=2(2)
14-0.6=2p
08=2u = p= 04—E
P=4 Ans.
O&

Q

4cm

O 4cm

I= (ZMRZJ 2+ [5MR2+MX j 2

( MRZJ + 2mx?

R? + 2mx?

Ul o
<

1

:Fw}xlo4
5

=9x10%=Nx10"*
So,N=9 Ans.

z
Jse
m
(o]
—_—>
vt
< / >

L = [m(vt)*]o

L = mv2ot?

So T= dac _ 2mvZot
dt

Toct

( MRZJ (%MRZJ 2 + (Mx?) 2
4

2
%x 0.5x (@J +2x(0.5)x (4 x 2)]104‘

= straight line passing through (0, 0)
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Rigid Body Dynamics ﬂ_
Sol.

z

A
J(D

AT

m
(o]

—>
vt

< 14 >
L = [m(vt)?]w

L = mv2et?

So T= % = 2mv2mt

Toct
= straight line passing through (0, 0)

18.

P _ P
0}
4m m
2
= 4m) (R? 3 o
2 2
3
=mR?2[8—- 2
8- 2]
:EmR2
2
P P

4m

Ip = g (4m) (2R)? - m§2 +m[(2R)? +R?]

=24 mR?— %mRz

=37 R2

2

37
b_2 -37 4
b 13 1

2
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Rigid Body Dynamics

19. =

20.=

21.

22.*

Sol.

/\g

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 o.

Since z- coordinate of any particle is not changing with time so axis must be parellel to z axis.
(e HN Fo1 F z Fee T & @ gRakia T8 B 8 N & Z-31e b FAIR B

lp>1lg
ap = g &ni
Il +mR
_ g sin®
lo +mMR?

ap<aQ:V:u+at:>tocl
a

tp>to
VZ=u?+2as=>vaea = Vp<Vo

Translational K.E. = %mv2 = TR KEp < TR KEq

ceriRa Tfre St K.E. = %mv2 — TR KEp < TR KEo

V =0R > oxV=opr<ng

Vo =30Ri
Vp (SmR§ — c0s60°) i + % sin 60 j

3R V = 3wR for pure rolling
Vo =3wRi
oR

Ve (30R — ? cos 60°) { + 2% sin 60]

30R V = 30R @ e
Ans. (A,B)
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Rigid Body Dynamics ﬂ_
23.

o, =10 rad/s [=2mr* = 0.5kgm’

I, = 1/2 % 50 x (0.4)"
=4 kgm®

1=5kgm’
I o1=12 o2
w2 = II—lml = g x 10 rad/s = 8 rad/s
2

24.*  Since rod is about to slip so both friction will be limiting
fi=p1 N1
f2=p2 N2
In option (A)(D) n1=0
Net torque about A should be zero
mg coso g = Nj sin6 /¢

mgcot 6
2

= Nitan0 = %

= N =

and  Nz2=mg
A f,
N1
< U
9 B
N, 4 mg
0‘
A [ E
(B) m=0

There is no force to balance N1 so rod can not remain in equilibrium
(C)  Ni=paN2
N2 + uN1=mg
N2 + pa1 p2 N2 =mg
N, = "9
1+ pp,
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Rigid Body Dynamics ﬂ_
Hindi I s e g o@: M1 ayo dFm= 8l
fi=p1 N1
f2=p2 N2
fadea (A)(D)# p1=0

Az
=

0

—>
A a‘»mwﬁza A ATl Y B A
mg cos6 g = Ngsind ¢
N, = mgcote

2
= Nitan6 = %

=

2 N2 = mg
B) =0
J8f N1 31 Ggferd a3 & o 313 9 781 © o B ARIE | 78l 38 qdhd o |
(C)  Ni=paN2

N2 + paN1 =mg

N2 + p1 p2 N2 = mg

Ny = M9

1+,

25.  Applying conservation of angular momentum. &g a7 EREAVT T W
\'

(4) (5x107?) (9)[1j
®= 4 = o =4 rad/s

45x107? ><i
4
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Rigid Body Dynamics ﬂ_

26.
Frko{

F

t
. I3Fsin30°R dt
m:jr . =3 (05 (05 085 @ _j s
n i 15(05)

2

27.=  Final kinetic energy of both discs is same
3|1 2 — 31 2
{E}Em(S) +mg (30) = 55Mv + mg(27)

3. 9+300= 32 +270
4 4

L 130= 2= E=0+40= V=T

28.w=. By conservation of angular momentum

DIV 7T HREOT |
X; X,
2 2
MR? o = [MR2+M£+&J 8o
825 8 |9
R2 = | 200R* +9R? +25d° | 8
8x25 9
225R?*-209 R? =25 d?
q= 16R?
25
d= ﬁ
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Rigid Body Dynamics

29.

30.

31.*

Consider a shell of radius r and thickness dr
dl = % (p.Anr2dr)r?

I:J'dl

I_B = — i
! T 10
A jgkL“' rzdr r2
3 R
[0}
dr
balancing torque about lowest point
Free fag & aRa: Feme Ager & g
h /
= mg—cos60° ... 1
sn6oc 02 (1)
N
N+—=m
+ 5 g
3N=mg=nN=2"9
3
2mg _ mg/
== 2h=—*=X
3V3 4
h_343
¢ 16
f =N sin 60° :ﬂﬁzmzlﬁxlo
2 3 J3
F = at’i +Bt?

V = a3t + p2tj
V=%x3x12?+5x2x1]
V=10 i+10 |

L =m(F x V)

[

=0.1 [ai+Bj]x [10i+10]]

i

= 0.110 xk —10BK]

i

~0.1 [le%—leS] k

X sin 60 = h

L=01 %-50} k
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Rigid Body Dynamics

32.*

=0.1 {‘_50}
3
a=obti +p2j
Ifzmé:[o.l][%x6 i+ 5x2 ]

F=0.120i +10j] = 2i+]

T=TxF=(oi +B))x(2i +])

(D) Velocity of point P : am = ¢Q then
g P& a7 :am = (Q

Q= 37‘” = Angular velocity of C.M. w.r.t point O.

Q:%:Wﬁamﬁg0$w<ﬂaﬁvﬁuéﬂ

Angular velocity of C.M. w.r.t z axis = Q cos 0
STAM B DI Z el & e BIefiig 97 = O €S O

a2 aw 24

OCM.-z=

¢ 5 J24a 5
2 2 2
ma’ 4m(2a) 17ma‘w
B)Lb-cm = + =
(B)Lo-em= o+ ———0=""7
9¢ _|19¢ 8Imr*Q2 8Im¢? aw
C)Lcm_o=(0BmM) | =qQ|== = X ——
(€) Lem—o=(5m) | 0|2 5 5 ¢
Lemo = 8Imlan _ 81W24a’mw
- 5 5
(A) Lz = Lcmo €0sO — Lp-cm Sind
_ 8124 24 17ma’e 1  _ 81x24mad’e 17ma’w
- —a monx — X = _
5 5 2 P4 25 224
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Rigid Body Dynamics

33.

34.

mre’ = ma
a=ro’

vdv 2
— =Tr®
dr

\% r
Ivdv = o’ Irdr
0 R/2

ASSUMEe |1 & F = %sece

dr = %secetanede

R
E:aecetanede t o o Nar?_R?2 | Rl ot | ot
I_:J‘@dt,ﬂ)t—fn—‘f‘— , F=—|&" +¢€
R? 2 R R \
Ttan 0 0

-

(k)

Fot = I—:in + Zm(Vroti) X Ole + m(mlz X I”I\) X wlZ
mm)z’i\ = l—:in + 2mvr0t0)(_’j\) + m(ozrf
Fo=2mviel . (1)

r= %[e“’t + e“”t]

dr

FriaiL :§[coe"’t —coe"*"] ; R, = mT[e"’t —e o

/\
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Rigid Body Dynamics ﬂ_

= ——mez [e“’t —e“”th

n 2

Also reaction is due to disc surface then
39 UPR dIhdl &I Adg g1 W ufafshar smRifig & ar

= mRw? ® _otF ~
reaction :T[e ‘-e t]]+mgk
35.
Y 1
/, !
, 1
7 1
m/n 1 R=Maximum
R | height
h 1
1
1
1
1
1
n R
A=R-h=_"1___y
cos[nj
n
= h ;
cos(nj—l
n
36.

T =0, it can never climb, so option (A) is incorrect.
(B)  Wheel can climb, so option (B) is incorrect.
(C) t = F(2Rcosb) — mgRcosO

T oc COSO
since when 0 increases, T decreases.
So its correct.
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Rigid Body Dynamics ﬂ_
(D)

T =Fr.—mgRcosO ; T increases with 6
ar.
y
xy)
0
90-60
> X
(0,0)
= —ﬁsine
2
y = (cos0
2 2
y oy
0?2

Path of Aisellipse A @1 v <id gd 7 |
, 2 2 2

mgisine = {%+m€—sin2 eJa: %(1+3sin2 e)a
2 12 4 12

6gsin@
¢(1+3sin® 0)

2
torque w.r.t. B @ \mu& g Areel = %a

_ méz( 6gsin® j
3 (1+3sin’6

(©) yem = %(1—003 0)

(D) midpoint will fall vertically downwards e favg Seaier A &1 iR R |
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Rigid Body Dynamics

38. Finger and ring will have same w.
Point C is instantanious axis of rotation

40*. m=1kg

>

|
ok

|r|:%attzlsec

|r|:%,t:13ecw

41, =902
K K
1+? 1+?
V39
2 3
M1+ 4
\/3g
2 g
aISC____
i 1+ = */5

)
X
[S—1
N
_I_
N |-
—~~
—
X
S
N—r
11
ol
>
|
N |-
)
Il
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Rigid Body Dynamics
2h

T
&
4

NN

h:

16h
39

E =0.75m
4

42.  (P) v =constant frad a=0 P — 1,2,3,4,5
(Q) a=-w?r path of the particle is elliptical @1 @1 g refqaaR 8 Q — 2, 5;
(R) a=-w?rf path of the particle is circular %o @1 99 ga»R 8 R — 2, 3,4, 5

M = constant firaa

(S) a =constant fId@ S — 5

PART - 11

HET- 1

1. Li=Ls

mMR%w» = (MR? + 2MR?) o’

,— [ mo
0) -—
(m+2Mj

2, | =2m (¢/N2)2 + m(~20)? = 3m¢?

1( M¢? M¢?
3. ac= S ME - ME
ne 2[6] 12

M¢?
Ier= —, Iac =1
EF 12 AC EF
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Rigid Body Dynamics

4.

5. m

mg sin® — f = macm =~ .......... (1)
fR=TIa (ii)
acm=Re (1ii)
On solving (i),(i1) & (iii)
oy = gsino
1+ 12
MR

Central force is directed towards a point, therefore torque of the central force is

zero.
Ian = lem + M izzm_a2+mazzgma2
o NA 6 i
c
~cm
! D
Ans. (3)
1 1w? = mgh
2
1 (_mg J o’ = mgh
2
h= w?0?
69
V,sin —gt
Vo + V,cos

V, sinot—1/2gt’ :

Hrofig Faw angular momentum = m {(vO sin® — gt)(V, cosot) — (V, cose)(vO sin et—%gtzj}

:—%mgvotzcoseok
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Rigid Body Dynamics

9.

10.

11.

-

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.

P W TR dTell HEER e B AUE DIV HIT HEU H Sd brel IR H B B 3R 3N BT B |
Secd Tl Ugel Hedl & ol fhR 931 & | 3 BIUNY 97 Usel q T qefl fhR T |

N

XF a/R

m
o R :
mg '
AT

a= 29 AnNS.

To reverse the direction jrde =0 (work done is zero)
foen & gopm & forg IrdE):O (fpam 71 &R g ©)

1= (20 t - 5t?) 2 = 40t — 10t?
_40t-10t7
- -

t 3
w:IadtZZIZ—L
0 3

4t —t?

R
— A

oiszeroat oy 8
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Rigid Body Dynamics ﬂ_

t3 = 6t
t=6sec. ®
0= J-oo dt

6 3
= | (2t - —)dt
Io( 3)

2t [ 2 1
[___} =216 [___} = 36 rad.
3 12 3 2

No of revolution 2—6 Less than 6
T

ﬂfﬁﬂﬁﬂ%ﬁw%,ﬁﬁﬂm%l

21

12.

vcoso
N

Lo =Pry

Lo =mv cos6 H

_ mgﬁ _ vZsin®30° _ NI
2 29 169

© v

\Y
mrlmo = Mvr + mr? x =2
.

13.

o<

14w

T
mg
mg-T=ma ... @
TR=mR2® . )

% =a Ans (2)
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Rigid Body Dynamics ﬂ_

15.

VvV
Angular momentum of the pendulum about the suspension point 'O’ is
L=m (FxV)
Then 7 can be resolved into two components, radial component rrg, and axial component
Faxial. DUE tO Irad, L Will be axial and due to raxiai, L will be radially outwards as shown.
So net angular momentum will be as shown in figure whoose value will be constant

(IL| = mv#). But its direction will change as shown in the figure.

fag 'O' & |Mer g 1 BIONY FIT

L=m (FxV)

r ® ] Hed A faafod fear s wdhdr 2 | S B SR lrad , & Taxial B9 | Frag & HROT L 317 &
I BN AP Faxial B HRYT L B f32m & qrex a1 &R 89 |

3 4 ueRia § o/ vl | &1 Bz gRAm (|L| = mv/d) Faa = fiwg s|a! faen gRkafda s |

Short Solution

16.

(@)

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.
fag 'O' & wmg e §aw &1 gRkAm = (L) = my (op) & <ffes g9 &z JmaR REgar
o |

AB =2R
av3=2R
2R
a= —
NE)

3

Mass of cube &9 &1 gegHE = M X(Z—Rj

gnRg‘ \/§

_ 3 8R® _ 2™
47R® 3\/§ \/575
Moment of inertia of cube about given axis is
& S g $ URA: T BT STecd ST
ma?
6

/\
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Rigid Body Dynamics

17.

18.

From Cto D
CaDd®

Eozmv[%ﬁa} K
fromBtoC
Ba Cas

EO:mv[%+a} k
fromDto A
Da Ads
Eo=%R(— K)
from AtoB
AJ Bds
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Rigid Body Dynamics ﬂ_
19.

| (¢12)sin®

[ ] mg
Initially S _
ey 3 1 atanytimet

t 9°HY R
. m¢?
mgsinf—=——

g 3
396n0-a
20

20. I, =lo+ 7TM(3R)?

_(MR* _(MR? ) , (NI
_L > +6L > +M(2R)U+7M(3R = 5 MR

v O

i 2R/3

21.
& + ®
[Using negative mass concept] i sead= Rigl<i &1 SUANT R+ R
9MR? M(Rj 2R
= = < +M(—j
2 2 3
=M Z[Q—i—f}zm\mz
2 18 9
HIGH LEVEL PROBLEMS (HLP)
1 0
A
dx
[ T 1
+— X —>
B
¢ 4
Ing = Jdmxz Ins = _([ax3dx = [%J
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Rigid Body Dynamics

(ii)

I —
NPT
B! g

2
Iag = Iem + m(gfj
3

4m/?

Iem = IaB —

For 2kg mass, 2 kg &A™ & forg

Ti—2gsin45°=2a ... 0]
For 4kg mass 4 kg segA™ & forg
4gsind5°—-T,=4a ... (i)

For pulley, foR= & forw
(To=T)=la=1k) . (i)

From eq. (),(ii) and (i) =& (i), (i) 7 (iii) ¥

_ (4-2)gsin®

I
442+
( rzj

o= (4-2)x10x1/52

a

4+2+ 05
0.01
a=0.248 =(0.25 m/s?)
®
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Rigid Body Dynamics ﬂ_

(b) ma = 4kg mz = 2kg
= 0.2 (between inclined plane and 2kg block) (2 kg <df® @ 9d dd @& SBIEN))
I1=0.5 kg-m? r=0.1m
migsin—T=ma ... 0]
T1—(m2gsin® + pmzgcosB) = mea ... (ii)
((T1—T2) = La = [1%} ......... (iii)

From eq. (i),(ii) and (iii) FH®Ro1 (i), (i) 9 (i) &
mag Sin® — (M2g Sind + pmzgsind) + I—j =mia + maa
r

Put values : A9 @1 T
49 sin45° — (2g sin45° + 0.2 29 sin45°) + (?—051 a=6a
= 27.80 — (13.69 + 6.95) = 56a

= a= = (0.125 m/s?).
56

Nz sin a = f ——(i)
N1 + N2 cos a = mg —(ii)

Torque about point A a5 A & HU&T qeTgYl

b ’
= a
(N2 cos a) (tanoc] + Nz sin o b = mg A CoSs o)

N, = (mgacosa sina)
2b
(mgacosza sina)
2b
From equn. FHI&RoT ... (i) &
mgacos? a sina
2b

N2 cos a =

N1 =mg—-Nzcos a = mg —

(2b—acos? asina)

N1 =mg 25

Nz sin o = pN1
_ N,sina
Nl
mg acosasin®a
-2
acosa - sin
M e[ o it

mg(2b —acos® asina) 2b—acos® asina
2b
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Rigid Body Dynamics

6 2 2 3
2
1= 2mb
3
mgb _ 2mb?

Hence 37ch: AW a:3—g
J2 3 22b
Acc” of corner C = b? +b? o= 3?9

Acceleration of O in horizontal direction is zero So Nx = 0

st faen # @R 3 2 S

C W &1 @R = \b? +b? o= 379
O fIg &1 97 T 8| SARIT Nx=0
mg—Ny=m i o
R
B b 39 3 mg
= m — ]
21242 b 4
mg
Ny = —
Ty
(a)
1 2
kxsin30° kxsin30°
A A
30° 309
A B
L
vimg
(i)
Tsin30°
A
30°  \o
) |
A ./
Tcos30° i
vmg
®
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Rigid Body Dynamics

Before cutting ®Tes @ Ugal 2k xsin30° = mg

kx =mg (T=kx=mqg)
After cutting ®Tes & 91

(i) Torque about COM COM & HTU&l Faf IATeol

(Tsin30°) x é =la
2
mg/ _ m/ o
4 12

o= (3—€gj (clockwise) (gfaroma)

(b) acceleration of point A A fdg &1 @RY

max = T cos30°

ax= —— = — —aac—>
2m
mg — T sin30° = may
mg—m-ma
2 y
g al _ g . 39 _
ay=|-=|+ =—==-=+ = =
B [ 2} 2 2t 7@
an= | i g
2
(c) an:ﬁg—)
2
g) ol _ !
apy=| = [+— =2
By [2]4‘2 g(v)

(i)

kxsin30° kxsin30°

<+ | /3> L/3—> ¢ | [3—>

Vmg

Before cutting ®Ted & Ugd
mg = 2kx sin30° = kx =T
T =mg.

After cutting ®Tes & 91

Tsin30°

(Tcos30°) 309
— | ]

< L/3=—><—L[3—><¢— L/3—>

Vmg

®
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Rigid Body Dynamics ﬂ—
(a) Torque about COM COM @& WTU&l 9l ireet

(T sin30°) (é] - Lo

2)\6 12

o= (%j (cw).
(b) (T cos30°) = max

3

mg 7: max

[t

- N3g, 3
2 )

AAx = ——

ma
mg — 7 = may

€  Ay=-—gi

2
6.
ALLAARRRRRRANRNNNS
Al®| _
1.2m
m2
®
m1 VS \\/;i
o0—>
uS
o0—
Angular momentum about point A
Li = mavs/ (us : Final velocity of ball after collision)
Afdg & |y i §av ¢
Li = mayvs/ (Us : TFHR B q1] ] BT AfH 97)
2
Lf= WL ® + MaUs/
Li= Ly
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Rigid Body Dynamics

2

(lesf: m2€ © + mlUsf)
2x5= wb+(2xus)
10=32 94000 0
Coefficient of restitution FITaRe oI
_ of—Ug
VS
08 = ol —Ug
VS
4 _ o (1.2)-ug
5 5
4 = 6—0) — Us
5
6w —20 .
............ i
i ( 5 J )
Put equation (ii) in equation (i)
JHHROT (i) DT FHNHRT () § @ R
10 = 320 +9 6w —20
10 5
10 = 32w + 120—-40
10 5
100 =32m + 24w — 80
_ 45
(D -_— —
14
Put o in equation (ii)
o B FHHOT (i) F§ W R
(ew—zoj
Us =
5
6 (%j—ZO
14
uS = -— C
5
_270-280 _ 10 _( 1
°T T 14x5 14x5 | 7

So direction is («-) us (%j

g R () us (ij

7
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Rigid Body Dynamics ﬂ_
7. (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 el & FEEE P(x,Y).
T9 P &I 9T C S AUeT I B |

= ®xCP+Vi=0
= bt(k)x [(Xx—v t) i+Yyj]+Vvi=0
= X =vt
and Pyt =V
from these eliminating t
AR pyt=V
IURIFT FHIHRY A t Bl BSM W

2
Ql:l or Xy = v
V v B
= locus of P is a Hyperbola.

= 3 P @1 fasguer sifduraerd grm
(b) Here coordinate at point C :(%Ntz, Oj
(b) Cfog & fdens = (%Ntz, oj
®xCP+Vi=0
S 1 2.7 2 o) l 2
= ok x (X—EW t)i+yj|+w ti=0 = x= EW t
oy =wt

from these eliminating t,

t® ECH W

L =Ly (o),
2

2w
Egn. of parabola.

THHOT Wiy B 2 |
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Rigid Body Dynamics

8.

Ans. (a) 1.633 N (b) 1.224 m

a=-aR
mgsin30°-T=ma ... (1)
or iR %—T:ma ......... 2)
a= Tt = TR

I EMRZ

2

2T
o= — e 3

VR 3)

Solving Equations (1), (2) and (3) for T, we get
T forg F®Rv1 (1), (2) T (3) BT 8 B W
_ 1 Mmg
2 M+2m
Substituting the value, we get
T= 1) ](2)(0.5)(9.8) | _ 163 N
2) | 2+(0.5)(2)
T=163N
(ii) From Eq. (3) , angular retardation of drum
_ 2T _ (2)(1.63)
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
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

HM TG WX EH U1 BNl
. (lj {(2)(0.5)(9.8)} P
2) | 2+(05)2)

T=1.63N
JHHI (ji)) § §H BT 1o Ae

MR  (2)(0.2)
<iid BT Y@ HET
a=Ra=(0.2) (8.15) = 1.63 m/s?
qg &0 od §H DI

oo = 10 rad/s
AT BT & qT

Vo= ooR =(10) (0.2) =2 m/s

T ifd gRT a9 40 o9 dF I faxE # =7E1 o 9

2

=Yoo [Using v?2 = vo? — 2as with v = 0]
2a
2
s=v2—O [V2 = vo?2 —2as & ITART &IA W v = 0]
a
_ @
2(1.63)
or a1 s=122m

[JEE - 1994]
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Rigid Body Dynamics

9. Minimum velocity required by block ‘m’ to complete the motion in JSgR

conserving mech. energy
1 R
=lo*=Mg. —
2 g 2

E P

(0]

RUL g B

& e= /@

Cons. angular momentum wrt P before & after collision.

Io=m.R /59R

I f@ =mR ,/5gR

MgRI = m?R?2 5gR

2
putting I = %

M_ s
m

Ans %:\/1=5

Sol. wf® ‘m’ B GRI (H A4 M B forg AqH I ([SgR B AT |
E-P
RUL g B

i3 Hal F=Ew |
SRRy S e

fg P& A& TIHR AT TIFPR B d1G DIV FdT ARET0T
Io=m.R {/59R
I@:mR 5gR

MgRI = m?R?2 5gR

2
I:%?Eﬁtl'\'

M

15
m
M_J5
m

Ans. :
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Rigid Body Dynamics

10. 0]
Fl_’; - — —(l12)-x — X

&

| Pe X

B

Mg

D

\4

L = Natural length of spring
L = et &1 91 @refl erawen | o=

(ii) _
T

P
L]

............... ®

AN e
D
€) By energy conservation from (i) to (ii)

(i) qT (i) § oI FRETT |

(@)
oy i, i A ¢ .
—lo +=kx* = =loj +m —=X || i
{2 N A (2 H .
(5
I=lem+ | ——X 0
2
2 2

L S I (ii)

12 2

(x [ y? —L) ............. (ii)
Put equation (ii) and (iii) in equation (i)
JHBRT (ii) TAT (iii) B (i) H @ W
2 2 1/2

1 %+m ﬁ—x o + 1K ( X2 +y? —L)
2 12 2 2

1 [me? ¢ Y, /
== | — ——X 0 +tmg| ——X

2 12 2 o
X =150 mm, y =20 mm, ¢ = 450 mm, K = 300 N/m
m = 3 kg, ® = 4 rad/sec

Put all the data FHI®HROT § A I@H W
01 = % 86 rad/sec
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Rigid Body Dynamics H—
(b) rotating to 180° condition is
(b) 180° AN W

& X

(02)=x —— 2 —
p o |

y KL‘

-

This is like a initial condition so w2 = ®
o2 =4 rad/ sec

Ig URMATS RAIfd & TR ®, 31d: ;e = o

w2 = 4 rad / sec.

11.
Ai
...................... N
M
0 bt’
Force moment relative to point O
O fdg & |mel 9o 3ol
K= 9M _ opt
dt
Let the angle between M and N
AT M T2l N & §1F Hior
oa=45%att=+to
L B
Then @g L o M . N (@+bt))2bt,
2 [ M| [N]| JaZ +0%td 2oty
| 2b%t3 _ bt
JaZ+02t* . 2bty (a2 40Pt
Solving & &1 WR, to = \/é (as to cannot be nagative) (to VTS &l B HhdI)
Therefore 3/@: N = 2bt, = ZBJé
12.

o,
f > O,
m, —>F
oc:ElﬁUﬁ?JEITUT
o = PIofi @R
a& B e
F—f=m1(l)l ....... (|)
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Rigid Body Dynamics ﬂ_

13.

14.

Ml & forg 9o el C fag & wme

fr = loa = %mzrza ....... (ii)
AT @2 Ml & GFAH B8 &1 BT @RoT A g R 2
(@r=w+ar) ... (iii)

BT (i), (i) T2 (i) §

Mg+T:1—-2T=Ma ... 0]
Torque about axis of rotation U 37&l & AU Tl AT

2TR + T1(2R) = Lo, = (1 . %j (i) (@=oR)

For weight A A¥R & forg
mg — T1 = maz
No slipping between pulleys and thread
o 7 S & AT BIE e w8l 2|
ai=a+ a(2R) = (3a) o (1))
From equation (i), (ii) and (iii)

B (i), (i) T (i) =

_ 3(M+3m) g
1T 1y
(M+9m+R2j

Velocity of end A at the moment it strikes ground = 1/29h . If velocity of COM of rod just after collision v’

and angular velocity acquired by the rod is o clockwise as shown then using equation for coefficient of
restitution velocity of approach = velocity of sep. (applied at point A).

1f29h =V + %co cosb6 L (1)

Angular momentum can be conserved about A just before collision & after collision as only impulsive
force will be acting at A only.

,/Zgh M % cosO = Iem @ — MV’ % COSO ..ocovennnen. (2)

Putting value of o = ,/2 -V
g ©=(y2g )Lcose

/\
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Rigid Body Dynamics
from (1)

L ML2 2 L
JZ h M. = cosf = — qyz h —v — MV’ — cos6
g 2 12 (V29 ) Lcos6 2

! Layz h «/2 h
L V,+Lcosev _ g g Lcoso

6cos0 2 6cosO 2
2 _ 2
y {1+Scos 9} _ (1-3cos?6) o

6cos0 6cos0
1-cos?0

V= | — 1/2 h
[ 1+3cos J g

COM will of at maximum height when its velocity becomes zero during upward
O=v2-2gH

2
v? (1-3cos?0
H= — = —— h.
29 1+3cos“ 0

]

2
[AnS_H=[1—3cosze] LY

1+ 3cos? 0 144
Sol. AW & &R W THIUA §AI I =,[2gh

motion.

I eI B NP 918 STFM Ds B 9T VB B §RT UK DI 9 o SfEonad fown § foErgar 2
JITIRRIT A0S DI FHIDGRYT BT SYAN HRA R U1 3 Bl 97 = T S BI 91 (A fI5 W)

‘fZQh =V + %m cosd Q)

Fife A fdg W JART 9 SRIRT g | sAfY A g & AUel caar & Usel
HIT ARETT

2gh M % cosO = Iem ® — MV/ % COSO ..occeeee (2

= (. 2an —v) 2 — e
©=(y2gh —v) Lcos6
A (1) W

L ML? 2 L
,;2 h M. = cos = — ,fz h —v — MV’ — cos0
g 2 12 (V29 )Lcose 2

" Ly2gh 2gh
L, Leosov' _ J2g «/zg Lo

6cos0 2 6cos0
2 _ 2
V,{1+3cos G:I _ (1-3cos” 0) ﬁ

6cos0 6cos0
1-cos?0

V=] — .}2 h
(1+3cos} g

MM B8 HU O G AfHTH S8 W RN 919 SADT I P 81 S |
O=v?2-2gH

2
2 _ 2
H = v {1 3cos ej h

29 1+3cos?0

]

2
[Ans. H= 1-3cos’0), ., _49m¢
N 1+3cos® 0 144

TAT SFHR & 91 DI

®
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Rigid Body Dynamics

15.

16.

Nc + Ng = 250
Ng—x=250x 3

«— {,

v <—f2

Ng = @
X
750

fl:_

fa= [@+25}
X

workdone against friction

Ty & fIeg & = o
4.5
W= [(f+f,) dx= | [

3
=450x041+75x%x15

3 mv? =400 x 1.5 — 195.75

v2 = (600 — 195.75) x 2—25 =161.7 x 2 =323.4

v = 18.52 m/sec.

0 is very small 6 98d ®IeT 2 |
06 ~0°

uN, .

[a N,
% .............. '’

w/2 ‘1'
Force balance in horizontal direction
&fors feen 9 91 dgfod a1 W)

N1 = N2
balancing torque about point P
P fag @& A& 9 SMECl Agford d1 W

For 0 to be very small we can directly write

T.b + uN2b — WTb —Na=0
Force in y direction if acceleration of windows is A
Ifs Rasa &1 @RI A- @ y fesn # 9«

W—pNi— N2 = T = % ... (ii)

@xosn.sj dx = 450 fng +75(45-3)
X
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Rigid Body Dynamics ﬂ_
For block =& & forg

_W_ WA
2 29

T= [ﬂ+MJ ... (i)
2 29

Put equation (iii) in equation (i)

JHIBRT (jii) BT FHHOT (i) H W W

ﬂb+ ﬂAb"'HNlb:Nla'}' W_b
2 2g 2
WAD _ N, (a- ub)
29
Ni = {W—Ab} ..... (iv)
2g (a-ub)

Put N1 and T in equation (ii)
Ni T T &1 A9 FHIHR0T (i) § @1 W)
_, [ WAD ) W WA _ WA
29 (a—pb)
W p WAb _ 3WA
2 g (a-pb) 29
2p Ab _ 3A
g (a-wb) g
g (a— pb) = (2ub + 3a — 3ub)A
A= (@-1D) g
(3a—pb)

Ans.

17. After collision, let COM move by velocity v’ and

system starts rotating by angular velocity » about COM.
Using cons. of linear momentum

TFPR S d15, AT COM, V 97 ¥ IfI HRal &, AR B~ COM & A& o DIvfiF 9 & gAMT RS IR
<l B | NI HAT GRE e WX

mvo = 3mv’ = V' =

conserving angular momentum about COM

COM & 9ruel HIofia G GReTo oI IR

2
=lo = {m: ><3j .0 = maw

mvo a
IZ«ﬁ

w=

Vo
2«/3? a
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Rigid Body Dynamics

18.

(@)
t= E =
®

(b)

shown.

Time to complete half revolution.
2\/5 an

Vo
Particle ‘B’ completes half cycle during this duration.

AT FFPR RT BRA H T A

I's position const.

/\g

COM in

9 3IRRTA H HUT ‘B’ ] FdBx G-I IRl © | 39! Reafd § COM g 18 Rerfa

Disp. of B in x-direction = Disp. due to linear motion of COM

+ Disp. due to Angular maotion.

x-feem § B &1 faRemgs = COM & Y& 1fd & SRl faRemus + d1vig 1fd & dRoT favemu=
0

xs= —2 .t+MN
3
_Vo 23
3 Vo

an

all3 :
60°

+§. cos30° = iarc+a

5 B

Disp. in Y-direction Y &= # fazemus

Ys = E c0s60°

NE

B

Total displacement & fazema= :,fxé +y32

)

\

f

f=umg
Torque about A
AT & |uE gt el

2

mR
R(nmg) = o
2ng _
R
2x0.25%x10
_— =
R

(3

at constant angular speed

g a1 =@ W
- (%)
0)_ —
R

2
(%J =2a (27n)

G| v® |_18x18
4onR? 4x5R.mn
®
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Rigid Body Dynamics

18x18

_ [ 6x18x10°
20xmtx20

B [18><18j _
20R.% 20x75x103 x 1t

. 18x18x10°
20x75xm
[6><18><4j
n=| ———

nmx2

o= 3616 _ 216

T T

: : . : 216
Number of revolutions executed by the disk before it comes at constant angular velocity n = (—j

)

WWWW%%WWWWWWH&@WMK

19.

f

T

Friction on plate due to ground f1 = 7.5 x 0.2 x 10 = 15
AAE & PRYUI ©Ic W 899 f1=7.5x0.2x10=15

25-15-f=15az
fo = 6az

10=15a + 6az ...(0)
fo.r=mr2.a

= f2 = maz . (i)

f2 = mai —maz

a tro=a = ar—az=az
= az=ai1—az

= a1 = 2az

10-3ai=15a:

100 20
= a=—=—
45 9
azzizg
2 1
vl=a1t=@x§=5(P|ate) (@)
9 4 3
20 3 5 .
V2=at= — x — = — (pipe).
2=ad= o X 6(pp)(trra’q)
v, _ 5 1000 _ .
W2 , _GX—@ =10.42 rad/s (pipe) (UTSY)
2

216

T

AN Resonance®
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Rigid Body Dynamics H—
20. 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

I - I - mR
For rolling (no slipping)
a=Ra org/2 —fiIm = 2f/lm
K =g/2 or f=mg/6
m

1) < e

Na

<umg cos 30037 pmg
(2) Other possibilities which are not feasible are as follows :

(a) Friction is downwards.
In this case a and a will be as shown and rolling is not possible.

@ 0 f

(b) Friction is upwards and the disc has linear acceleration in upward direction.
a

a9
2
«

In this case also rolling is not possible.

Sol. & T2 IA B T P e TT & fb TY HUR P AR 9 @R A P SR B ONGT A ST T
2
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Rigid Body Dynamics

21.

gofa (9= fieren) & fog
a=Ra org/l2 —fim =2f/m
3 =g/2 a1 f=mgl/6
m

(1) f < fmax

Ve

<umgcos 30°< 7umg
(2) 37 FHEEN S g T8 8 e g —

(a) TS I BT 3R B
9 R § a9 o TR gER 2|

a0 f

(b) TH TR TYY HUR I AR G YEF @R HUR BT 3R

O
o0
)

9 Rafy # ool wwg =& 7

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.

vV, v
f=fmax=“’mg fmax H f:0
t=0 t=t,
So, fortime t<to
f=umg
Linear retardation, o = Al =ug (f=umg)
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—pgte ... 1)
2ugt
and wo=oto= % ...... 2
For pure rolling to take place
V=Ro
®
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Rigid Body Dynamics H—
ie., Vo —2uto = 2uto
VO
3 ug
Substituting in Eq. (1), we have

V:Vo—p.g[ Vo j
3 pg

= to=

V= 3 Vo
3
Work done by friction

2ugt

For t < to, linear velocity of disc at any time tis V = Vo — pugt and angular velocity is o = at = . From

work-energy theorem, work done by friction upto time t = Kinetic energy of the disc at time t — Kinetic
energy of the disc at time t=0

W= 2 mv2+l lo?— 2 mve?
2 2 2

2
1 101, (2ugt)? 1
=-—m[Vo—pgtP+ = | =mR° || —— | — —=mV¢?
o M [Vo—nat 2[2 sz >

= [mVo? + mp?g2t? — 2mVopgt + 2mp?g2t? — mVo?]
or W= m%gt [Bugt — 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“TgtO [3ugto — 2Vo]
Substituting to = Vo/3ug, we get
W= mTVO [Vo — 2Vo]
- mVg
6
Sol. t=0Wt=to AT & e, Y= 3R B IR fhacl=T 1 &l 8 | SAfIY Y7 f I R ® U 31fdbad g |

It umg R 1t > to, AT & forg, wdvr f 31 8 | i g gola 1f UR™T &1 18 8 | *1rfq ast awus
fagell & weg o1 e (|mer ) =781 2 |

W =

V, \
f=f,,,=umg fr >0

t=0 t=t,
gfeTT t<to & forg

f=umg

f
Q@HW,OFH = ng (f = p mg)

f R
Gﬁ?ﬁmw,a=%=%m|¥2=%
g VIER 97 8 R o BV 97 8| T9 t=to TP Bl
V=Vo—ato=Vo—pgto .. (2)
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Rigid Body Dynamics ﬂ_

22.

SN o=ato= Z;tTgto ...... 2)
€ PoiE & oy
V=Ro
AAT Vo —2uto = 2uto
= to= Vo
3 ug

T (1), § W9 W, 8 U B ©

V:Vo—ug( Vo j

3 ng
V:EVO
3
Ty 91 gRT foam =1 ok

tstoa%i%m,WWtwaao—cﬁzmi@uaﬂV:Vo—ugt%aﬁ?ﬁvﬁuénm:at:%%lm

ol T 9, t 9T H Y gRT R T B = t 9T R gdhal B TS Sell — AT (t=0) W Fdha
P TS ot

W = & mVZ2 + 1I(oz—lmVo2
2 2 2

2
= Yvo—pge+ 2 Lmrz ][ 209 1oy
2 22 2 2
= % [mV02 + mu292t2 — 2mV0p.gt + 2mu292t2 _ mVoz]
a = m%gt [3ugt — 2Vo]

t>t W 4 U, B9 9 I 2 | "9l g R A1 T BRI Y © | 37 SHoll ARfed I8 |
MY, t 9T § "9 gRT fBA1 TR SR to 0 (BT -1 ol R ¢ | (Rifh $AD I8 °Y9T g gRI
frar T & T R )

W= m“TgtO [Bugto — 2Ve]
to = Vo/3pg, T8 TR BH YT $Rd &

w="o v, 2y
¥ mVZ
6

Let M be the mass of unwound carpet. Then,
AT a1 g1 <4 b1 g@HE M T4

ON

M

/\
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Rigid Body Dynamics ﬂ—
From conservation of mechanical energy :

gif3re ol GxeTor o |

2 4
2 2 2
or a1 MgR_ — 19 E:M_V+1 EXMXR_ L
2 8 22 4 4 R/2
2
or i ZMgR = 3Mv V= ﬂ
8 16 3
23. When F is maximum equation. of rotational equilibrium.
9 F IfOdad & T9 goid ArITaee)] Tl
FR=p(N1+N2)R . Q)

For equilibrium in horizontal direction
afos feem § AmamEaRen & fog
fi=N2= uNFl ............ 2

<«—N
A
f,

In vertical direction S feen & forg

2

F+Ni=mg
F=p[(mg—F)+p(mg - F)]
3 (mg—F)+l(mg—F) putting u—l p—lwﬁw
2 2 2 2
F 1+1+1 = §mg
2 2 4

3 3
F=—mg=—w

8 2 8
[ Ans.: 3w/8]

24, As fly moves to other end C.M must remains at same position so straw shifts left.
S B die (ABR) gAY R @I 3R 7T B SHE s 9wl Kol IR 2 a™ (straw) B aril
WH WFFART 8 |

Al
¥2m
: m, m,
ORI
/ + B

2m '
Torque about AB is balanced ~ AB & HTU& FATHUT F=Iferd 2 |

o3

4m=m + ma
ma = 3m
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Rigid Body Dynamics ﬂ—
25. 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 goie ox= & forg a1 @ ofed erifsaRa 1 & forg wa= =81 8 | ool famg (Bs A + B8
B+Ta¥M m) &1 fdg P& wmel gamgel I B |
Therefore, angular momentum of system before collision = Angular momentum of system just after
collision. ( About P ). Let ® be the angular velocity of system just after collision, then
3 TFPR W Y4 B B DI HIT = cFR D d1Q BRI B By Gau (fIg P & Ave ) A
TIPR B gl 918 B BT B 9 0 8 79
P

A

(el CECCERECE

Li =L+
- mv (2l) = {o
Here, /¢ = moment of inertia of system about P

gl , ( =Tag P& AN Me &1 Siea ATl

= 2 2 £ (ﬁ 2

=m2/)2+ma (/2 /3)+ms [12+ 2+€)} }
Givenf&ar & : £=0.6 m, m = 0.05 kg, ma =0.01 kg and 3iR mg = 0.02 kg
Substituting the values, we get
A BT IR &R U
| =0.09 kg—m 2
Therefore, from Eq. (1) 31 FHIHRT (1) |

A 2mve _ (2)(0.05)(v)(0.6)
| 0.09

o=067v L. 2
Now after collision, mechanical energy will be conserved.

39 TFPY B dIG TT~TD SHoll TRe0 |

—— _0

= o) I NNH)
Therefore, decrease in rotational KE = increase in gravitational PE

A gUiF TS ot d FH = o Rfas ol # fg

or I %Iw2 =mg (2¢) + ma g(é} +msg (ugj

02 = gl/(dm+my +3 mg)
I
_ (9.8)(0.6)(4 x0.05 +0.01+3 x0.02)

0.09
w=42radls ... 3)
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Rigid Body Dynamics ﬂ_

Equating Egs. (2) and (3) , we get FHIHROT (2) 3R (3) BT FoIl A W

4.2
v=——m/s
0.67
or i vV =6.3m/s
26. () 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 sraRen W, siferd ufifibar 'O' | Yol 8| 91 U9 O P ATUel e o A FH1 O &
1Y FATGYT mg & AT | AR B Al—

Hence 37 F (ﬁj >mg (Ej
4 2

N

0 a/2 3al/4

7

O
mg

v

orar  F> 2 mg
3
therefore, minimum value of F is % mg.

A F BT =[AqH A4 %mg%‘rml

(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 Rercll 3§ 1% I8 COM, R SR 78! % e & 3f: K 9% e go F= ol 2
[P g6 W ¥ el SR Hifd TgH| D D AIUE F BT A0l 9601 © | I pmin
=0,

(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.

(i)  fe a%g ucted ¥ ugd fhaerh & @1, O, LAR. & 8 | 71 9B AUl oo a T8
S | | qATHOT N COM & |riel el &1 |ahdll & |

Fx==Nx — .......ccoe.. Q)

NI o 1 To (2)

from (1) and (2) ¥ (1) 3R (2) &

F=2mg

(iv) F > %mg ................... (1) (from sol. (i)

N=mg .ooooeriiiiinnnnn. (2)

F=usN = psmg ........... (3) from(1)and (2) =t (1)3R (2) &
-2

M= 2
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Rigid Body Dynamics ﬂ—
27. (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?
. (
or F=(@m) | = |®?
(ﬁ J
or F= «ﬁ m/o? Ans.
(b) Angular acceleration of system about point A is
o= A
IA
3
F)| ¢
i ( ){ 5
2m/¢?
V3 F
am/

Now acceleration of COM along x-axis is

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= gF 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) Mo & &A™ $= & f[dg AQ 0 8 ¢
1

r= —

B
3T Pl §RT I IR ARG &frst a1 &1 A9i® 819 -
F = a1y 9a q F = (3m) re?

73
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Rigid Body Dynamics

28.

(b) o5 A & wma Fer &1 Srof @R -

_TA (F)[\IZQJ _\BF

Ia 2m¢? am/

o

COM BT X 3187 & QY R -

N EA A B

A X 361 B AR DleAd gRT 9 Fx & Al ¢
Fx + F = (3m) ax

1 Fx+F:(3m)[Lj | FX+F:§
4m 4
IS y 3eT & AR Dictd §RI Fy 9t 2 I :
Fy = @<= 91
a1 Fyzﬁmémz Ans.
(i)

® ()

f f

mg

€) mg-4f=ma ...
fR=1Ia= la
R
fR2=Ta
2
fR2 _MR
2

mg = [%+ma} =(2M + m)a

_ 99
a-?(i’)

F or Fx=——

M = 2kg, m =5 kg

Ans.

/\
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Rigid Body Dynamics ﬂ_

(b) If afe M=0 (c) m=20
f=0 mg=(2M + m) a
mg = ma O0=a
a=gH) a=0
(ii)
f f
Mg Mg
f f
Mg | Mg

mg
(@) (m + 4M)g — 4f = (m + 4M)a
Torgue about centre of disk (oo = a/R)

FHH B D% S AUE I AU (o= a/R)
_MR? a
- 2 'R
(%)

2
(m+4M)g-2Ma=(m +4M) a

(m +4M) g = (m + 6M) a
(5+8)g=(+12)a

f.R

139
a= | =|{
( = j )
(b) If afd M=0 Ifafs M=0
mg = ma 4Mg = 6Ma
2
a=g() a=2 ()
29. Given mass of disc m = 2Kg and radius R = 0.1 m
Fhdl B &A1 T SFHE m = 2Kg AR BFSAR=01m
(i) FBD of any one disc is f&¥l Y& adcl H1 FBD
z
Truck —1—— a=9m/s’
() ()
) ©O) x

S S S S S S S S S y
Frictional force on the should be in forward direction. Tl TR Y9 g A BT 3R BT a1RY |

a,

f
p
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Rigid Body Dynamics ﬂ—
Let ao be the acceleration of COM of disc o the angular acceleration about its COM. Then —
AT f COM &1 @RI a0 8 @ 39HT COM & A1ve HIvfi @RI o 8 | T9 Fahdl & —
f

Q

— 1 s a=9m/s

O—0©

S S S S S S S S S S
o=+ =1 ()
LI
0L_E:I'_R_Z_‘C_Z_leof ....... @)
| EmRZ mR 2x0.1

Since there is no slipping between disc and truk therfore. gf% I T  §F & 7&4 e T8l 2 |
Acceleration of point P = Acceleration of point Q

P fag &1 @Rl = Q fag &1 @RI

ao+ Ra =a
or a1 [%j + (0.1)(20f) =
or a1 Ef=a f= E = 2><9'ON
2 3 3

R f=6N
Since this force is acting in positive x-direction. Tf® I8 I gTHD x-fazm § HRIRA B |
Therefore, in vector form 3fd: Hf<e wY H

f =(6i)N Ans. 3 (i)
e
(ii) T =r xf
% ~
Here f = (61) N (for both the discs

N
gef T =(61) N (SF =l & forg

- -

" =N -01]-0 1k and 3R
-> >

' =2 = 01]-0.1k and iR

20cm =0.2 m

»|
= gl

Therefore, frictional torque on disk 1 about O (centre of mass )
I FHN 1T O TIAM S & ATUe gy g Mol —
- d e . . .
T =1 xf =(-01j-01k)x(6i)N-m

=(0.6k - 0.6])
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Rigid Body Dynamics ﬂ_

30.

_)
or T N =06k -j)N-m=06(k -])
%

and @1 1| =J0.6)2+(0.6)> =0.85N-m

- -

Similarly, 39 J®R =T xf =(01j-0.1k)x(67)N-m
% ~ ~ ~ ~
n =06(-j-k)0.6=(k - )
- -
andaiR |2 =|" | =0.85N-m Ans. 3 (i)

(a) The cylinder rotates about the point of contact. Hence, the machanical energy of the cylinder will be
conserved i.e.,

() 71 TS g & |Ue goid B 8T & 3 doi1 B Bl ATHD Hofl axfera e

T

(PE+KE)1 =(PE+KE):2

mgr + 0 = mgr cos6 + %Im2 + % mv 2

but ® = v/ R ( No slipping at point of contact. )
AP 0 =v/R (I9® g ) BIE fhaes 78 7)

and 3R | = % mv 2

Therefore, 31d:

2
mgR = mgR cos6 + %(%msz [V J + 1

RZ| 2
3
or i sz =gR (1-cos0)
4
or a1 vzzggR(l—cose)
or a1 ﬁ = igR(l—cose) (1)
= gOR(1-cos0)

/\
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Rigid Body Dynamics ﬂ_

At the time of leaving contact, normal reaction N =0 and 6 = 6 ¢ hence,
TG BISd AAY 3ffier gfiafhar N =0 3R 0= 0 31

mv?
mg cos6 = ——
R

2

or Il Vﬁ =gcos L (2)
From Egs. (1) and (2) THHIOT (1) 3R (2)
%g(l—cosec) =g cosHc
7
or J1 —cosfc =1
4
or J1 cosbc =4/7
or Il Oc=cos-! (4/7)

(b) V= Egmrcmm [From Eq. (1)] [(Hi&=o (1) 9 |

At the time of losing contact ~ T¥® BIsH & A T
cosO =cosbc =4/7

4 4
v= [2gr[1-2
39( 7)

y4
v=,/—0R
79

Therefore, speed of COM of cylinder just before losing contact is EgR

A I B SIAN D= DI D BleT b I Usdl AT ,;QR

Therefore, rotational kinetic energy 31<: ELUT?I Tferst il Kr = % lo?

2
or T KR:1 Emsz—
212 R?2
=1 mye
4
1 4
=—m|—=gR
i m(7o7)
or i KR=m—R
-

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.
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Rigid Body Dynamics

31.

/\g

T I TH IR TS Brsal & 99 N = 0, 3id °¥9 9o &I 59 goH Hrar &, W FA 8 AR |

I T G RS FHort a8 IR Jn mEiaRd afast Sl g il |
Applying conservation ol |l |
decrease in gravitational PE = Gain in rotational KE + translational KE

Tec RAfds Sotl § &1 = goiF Ifast o1l A i + IR TSt ol

.. Translational KE (K1) = Decrease in gravitational PE — Kr
<. JFRIRG RS Soft (K1) = T Rafdst o1 § &1 — Kr
mgR

or Il Kr =(mgR) - — = g mgR
From Egs. (3) and (4) &HI&RoT (3) 3R (4) &
6
—mgR
Ky _ 79
Kgr mgR
7
or I Kr _¢
KR
(a) A
-Vj
—»Vi
Fcos30°
4 Ay / Q 3\0:
/ 4
’ 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.
(Fcos30°)At =mv-—(mv)=2mv

_ 2mv _ 4mv
Atcos30°  \[3At
Fe 4mv
J3At

F =Fcos30°i —(Fsin30° k

(vaj : 2mv | o
At J3At
(ii) Taking the equilibrium of wedge in vertical

(2) direction during collision
N =mg + F sin 30°

T

or Ans. 3a (i)

N =mg+ 2mv
J3At
N

‘i

mg

|

Fsin 30°

/\
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Rigid Body Dynamics

or in vector form

Ans. 3a (ii)

(b) For rotational equilibrium of wedge ( about COM )

anticlockwise torque of F
= clockwise torque due to N

N C

h
mg

N\

=

.. magnitude of torque of N about COM = magnitude of torque of F about COM

=F.h

| :C.N| - _( 4mV\J/J\
J3at

Sol. €)
-Vi
4_
—» Vi
Fcos30°
z
7y _ ngj
,/ Fixed b F
X Fsin30°

(i) I[P TFPR TR &, I9 v I | 99 @le |
39
x-fa=mm 3 VR SR = x—{&=m § e H uRacT
‘ (Fcos30°)At =mv—(mv)=2mv
e 2mv _ 4mv
Atcos30°  \[3At
e 4mv

N

F =Fcos 30° i — (F sin30° Kk
=~ 2mv ) - 2my | -~
S =La K
I " (Atj' (ﬁmj
(i) S@ER H IF BT AR o W
() feen # cgR & IRM
N =mg + F sin 30°

2mv

J3at

N =mg+
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Rigid Body Dynamics ﬂ_

N
c
lmg
Fsin 30°
I7 Afeer w9y |
— 2mv | - ..
N =|mg+ k Ans. 3a (ii
[ g «EAJ (i)

(b) 951 & FUIF ARFATERAT (COM & HTUE ) & forg
F &1 aMmad 9o 3o
=N PR IfRroTad g AT

N /¢
h
mg
F
.. COM @& |u&g N & 9o 3mgol & GRATT = F &1 COM & HTUE I STl b1 TRATT
=F.h
amyv |~
| = | —— |k Ans. 3 (b
[ (ﬁAtJ ®
32.
dm = (2nxdx)o
R
1= jdm X2 = j (2nxdx)o.x2
(o)
R
1= 2nj.x3cdx
0
R R R
1= 2njx3-(a+[3x)dx =2n [ Ioc x3dx+JB x*dx
0 o] o]
4 5
I:Zn(oﬂ +£J
4 5
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Rigid Body Dynamics
33.

A
y
dy h
r
TR
B
h_y
R r
r—By
h

dm = p (rr2dy)
dlas = 1 (dm) r2
2

h

Ine= I%(pnrzdy) r?
y=0

_prR* IR
2 h*| 5

T
= —R*h.
10 1

3

m

nR%h

= imR2
10

34.  N=T7xF = (ai+bj)x(Ai +Bj)

=(AB — bA) k
Also, N = |F|x

N

3[|Fl][@

(aB-bA)

Ans. N = (aB - bA)k, where k is the unit vector of the z axis =|aB —bAll\fA2 +B?
N = (aB - bA)k, S8l k z 318 & 3TfI¥ Ydrd AT T = |aB —bA|/\iA2 +B?

=l
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Rigid Body Dynamics ﬂ_

36.

TR= [MSZJ a+M-m) (R oo (ii)

T:M—2Ra+ (m-mi) Ra

T:%ﬂm—ml)a

Ma
mlg—7—(m—m1)a:m1a

Ma
mig — 7 —Mma + mia =ma

_ (Ma _2ma
mig = | — +ma o= ———-:
2 (M+2m)

_Z(m_ﬁng j[a_ﬂ]

a = =
(M+2m)R (M+2m)(R

(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 @ HUIF 31& & AU BRI BT B FdT HRIE I8l & d21 el &I 91 V& al

2
mv/ = (m(z +MT€j )

® = dl = [3mVJ (m<<<M) 0]

( M) M¢
m+— |/
3

conservation of mechanical energy of the system (rod + bullet)

R (T$ + TiIell) & Gl ATD Holl A& |

% ( 02 +MT€2j ®? = (M+m)g g (1—cos o) —(ii)

From (i) and (ii) SHI&R0T (i) MR (i) &

_ M |29/ w
“mis %

(b) AP = {m (0f)+M [mgﬂ—mv From v and w V3R w

_1 _ gl .
AP = E mv = {M /Esm%J

{Mez ZJ ,
mvx = | —+mx O]

3
. _ 3mvx
© = 2
M¢
final momentum Ifeay o

4

3x 2
Ap=pi—pi=mv | —-=1|=0 X=—/
P=Pp (2€ j 2( 3)

pr=mx o + jym’ M dy = M o/l = Emv5
5 ( 2 2

/\
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Rigid Body Dynamics

38.

39.

/%

1 mls

R =0.5m
V = oR = (For pure rolling) (g el T & for)

(linear acceleration = 0) (X @RI = 0)
rolls with out slipping so I8 &= fhdTel Feam ara:
acc. only centripetal acc. @RVl ®ad MBI GRUT BT |

V=R
Va=(V=Vcos®) i +Vsinodj

Va = /(v =vcosB) +(vsin®);
Va = (2V sin 6/2) 6 = ot

% =2Vsinb\2=2Vsin w—t
dt 2

s 2nl®
Ids = I 2v sin [ﬂtjdt - S (8R)
5 3 2 o

We know K.E. from fixed axis relation is given by :

1 1 1
K= —Ixx(oi +EIW0))2’ +—IZZ(D§

2 2
YA
R >
o) [ =y X
L
z
\' \'
0, =—, O, =— & w,=0
X r Yy R 4
1 1
ThenK = EIXX(D§+EIW®§+O

/\
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Rigid Body Dynamics

2 2 2
0. @ lw=M |4+ & |=3MC
12 4x12 12x4
A B
D l
&_e T y
- C/2
Acm mg l X
€ C >
Ia = Icm + Mx?
= 3 M cz+5 MC2 _ 20 MC?
12x4 16 48
C 6
Ih=» mgx — =laa = a =—=
2 5 C
(b) am=ax= 29 5C 6 g,
5C 4 5C
ax:—acmcosez—6 gx. c :—6 9
5C 4. x 20
=-03g
ag:—acmsinez—6 9 C_/2
5C X
=-06g
a=-03 g i-06 g |
()@ Mg-T =M acm . (D)
Iem >
® ¥
Ao0.g 7
A B
T
Cr2fp===== QIC-M-
acmmg
¢ C >
2
Tx C o5 MC T=5MC o
2 48 24
Asaan=0

(we know : acc. along the string is zero)

acm— X cos(90-0) =0

. C
Acm=aXSin®=ax. —

2X
C
dcm = (XT .. (3)
r=5MC2 am _5Man .,
24 C
Mg :M acm + M
12
17 M a,, 12
-, dem = ———
12
@ o= 2 agy _24 9
C 17C

(B9 W4 2 f& =0 & gfaw RO I )
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Rigid Body Dynamics ﬂ_
(iii)

J 0,
FA
A B
C/2
lmg
| < C >
C
(@) tem = mg,> = lemat
2
2
mg C _5 MC :>0c:129
4 48 5 C
M
(0)  Fa= =3
Mg—Fa=mawm = acm= % =0.5g 4
41, lo+mvr=lo, +mvr t:%mrz

oo | @ T2V
@ =V

O, -V =V -—af

vV'= (0, 0)r—v
I o+ mvr = lo,, +mr [(mi+1+(o|) r —v}
I o+ mvr =lo,, + mr e, +mr?o,— mvr
(1-mr3) o+ 2mvr = (I +mr?) o,

7mr? 13mr?
o, +2mvr = 0,
3
7 6
mro, = — mMro+ — mvr
13 3
7 6 v
o, =— 0+t — —

v ] -
(b) ® = — after this no further collision occurs
r

6v
(¢ = —
© o, 13r
7 (6 6v
(,)3: —_— —_— + —
3 13r 13r

1
(7Y v 6v T  6v
N 13r  13r 13  13r

e8]

(d) ®* will remain same as in case b.
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Rigid Body Dynamics ﬂ_
42.

v, m
¢, m
w
(vz + 1’/%3“1[%) 5
Before collision After collision
Coefficient of restitution YITaRATT 0D
(Vz +02sin Bj
2
e=]l=- - 7
Vl
(Vi=Vz+ %oa sinp) .. (i)
angular momentum about point A
g A® amE S |Jdw
Li=mV1 L sin B
2
‘.
Li= Ly
. m¢? ‘. .
mVi — sinf= —o-mVza—sinf} ... il
15 sin iSESS 2 sin (ii)

Put equation (i) in (i) equation F¥H®HROT (i) H (i) B IWH TR
) 2
mVi é sinB = %m— m[vl—%msinBJ g sin

¢ .
mVi — sin
12 B

2 2
= %(D—mV1 L sinfp + 2 ® Sin? 8
12 2 4

2 2
{mvlesin[?) = % + %msin2 BJ

Visin B = % + gmsinzﬁ

[ Vv, (125in[3)}
o it (LZSWE)
3sin?p+1

43. (a) Here f, f, are frictional forces and N,, N, are normal reactions

Wheel 2 f, f, Wheel 1
ng/2
MR? + 2| (1-up/4)

(a=——R (c)a< (d)a, =2g/3

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005

®
/\ Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in

Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: U80302RJ2007PLC024029 ADVRB - 119



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

Rigid Body Dynamics ﬂ_

(a) Here f, f, are frictional forces and N,, N, are normal reactions

4
Wheel 2 f, f, Wheel 1
T ng/2
() a=—— R €)a<——2"2 (d)a_=2g/3
MR? + 2| (1-n/4)
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