Rotational Motion Al-l.=-®

Rotational Motion

SOLUTIONS
EXERCISE - O

1. Ans. (A)

2. Ans. (A)
x

cos O
= vcosO-xsinbw=0

vecosO=xsin0

v
w = —=cotf
x

2,2
a=-2 cosec?6w + cot @ (xa Zv ) 0
X X
3. Ans. (D)

P _a,
B
)
_—
M
mxm'

2 4 4
Also for pulley : T = 2x(—j =2x—x(g—a) soa=—(g—a) =>a=—
pulley )90 =25 (9—a) 3(9 ) -9

T

T
2T=Ma =2T=2a=a=T

4. Ans. (C)
For motion of block 2g - T = 2a a
For motion of pulley, t = TR = la. /

a=oR T=I—a:> g—I—a:2a:>a: g
R? R? I T
1+—
2R
10 10 10 T
= a= 032 :1 2 ?: ms-2
b 08214 k;
2x0.2x0.2
5. Ans. (A)
MVoa = gM(Za)Zco
_3h
8 a
11032 —Mgz—a—Mga—\/zMga—Mga
2 V2

Vo= 1/1?6(\/5—1)961
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6. Ans. (A)

JEE (Main + Advanced) : Physics

Moment of force = F. / sin 0

As 0 increases sin 0 increases = Moment of force increases.
7. Ans. (A)

1scm—I:::::

T

1000N

P x30=1000x 153
8. Ans. (B)
N=(M+m)g
fr = (M + m)g o .
Condition for sliding /
F>p(M+m)g
2t> p(M + m)g

oo B(M+m)g f

KE = 1102 LmR [“(Mm)g]
2 2 2 4m’R?
KE l{p(Mer)g}
m 2
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9.

10.

11.

12.

13.

Ans. (A)

For small m

mg - T=ma
MR* a

and Tx R =

mg—-—=ma

2mg

C2m+M

Velocity at any time v=

D a

I =Ymr? =myr? + mgrg + mer2 + mprs + mgrE + mpr# + mgré + myra

= m[O +0+a+(V2a) + (VZa)' + (@? +a? + a2]

C

= m[8a?] = 8ma?

Ans. (D)

IgB _ mA{’Z

Iaa mB{’Z B

ma = 3mb
Ans. (C)

a
—

Icc’ =2m a2

XE (No slipping)

2mgt
(2m+M)

www.allen.in
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14. Ans. (C)
=4 mH? + 4m (H? + R?)
15. Ans. (D)
Ic = min
= 4x-12=0
x=3
16. Ans. (B)

By parallel axis theorem

Io=Ic+m(§)

?
At points at distance ofE from C

2

17. Ans. (A)
ML
Lh=—0r
12
ML?> ML?
R MR =— =——=1,

T 10

18. Ans. (D)

19. Ans. (D)
~mR?; 2nR=L
_3pl’
=52

20. Ans. (C)

Ia < Ip, Q mass of A is closer is axis.

21. Ans. (B)

MR? MR? 2,
=——;B=——; C==MR
2 6 5
22. Ans. (D)
2a
ma? m(4a?) l
@ ——;byma; (——;(d)

4x<

.

m4a’
4 12

2\ ma?
m) ——— +mad’
4 3
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23.

24.

25.

26.

27.

Ans. (C)
Moment of Inertia PQRS about axis passing through centre L to plane P<—g—>q
m
Iem = I (b2 + 12)
MI of PQRS about axis passing through P, 1 to plane b
2
m,, V4% +p2
ICMP=_(b + ¢ ) +m|——
12 2 S R‘
=32+ =1
MI of inertia of APQR about axis L to the plane passing through centroid of APQR is
I -(b2+£21'h =T
cMT = )6 (erem—z)
) . . _ f é < ¥4 >
If p(—f,O),Q(0,0),R(O, b) then coordinates of centroids are ( 3 3) p Q

Distance of centroid from point P is d then

O b

MI of PQR about axis passing through P Lto plane v

= Iemrp = lour + m'd?

m ., 2 m 2 2
=— B+ ) +— (4 +b

- ( )+ 5 ( )
m (11€2+5b2)

) 18

Since? > b
2,2 2,12
I _ m1l¢ +5b m6a-+6b
CMTp 2 18 2 18
Ans. (B)

I
2

M

2Ma?

6
Ans. (A)
4MR? MR?
- 2 2
Ans. (B)
Mass should be nearer to axis of rotation.
Ans. (D)

2] =

4]

For the semicircular lamina of mass m, the moment of inertia about an axis through Cis IC = Emr2

Let !, = moment of inertia about an axis through its centre of mass.

1 4r (1 16 2
[ =1 _+md:=-mr*-m|—|=|-—— [mr
¢ o 2 (37:) (2 9n2j

www.allen.in [165]



ALLEN JEE (Main + Advanced) : Physics
28. Ans. (C)

(e X o 2M M
T 4 2

Moment of inertia due to first semicircle

I = Iem+ mx2 But I, = mr2

In1 = Iem + m (X2 + 12) = mr2 — mx2 + m(x2+v2) = 2mr?
Similarly

Inz =mr2 + m(3r)2 = 10mr2

Inz =mr2 + m(5r)2 = 26mr?

Ina =mr2 + m(7r)2 =50 mr2

Ian=2mr? + 10mr? + 26mr? + 50mr2 = 88 mr? = 44Mr?

29. Ans. (D)
RZ
Lhet = 2MmR2 + + M(3R)?
5
Inet = E mR2 + 9mR2
Inet = 22—3 mR2=11.5 mR2
30. Ans. (C)
mx* 5
e | )
T2 2
_m R? _X_4
2 R?
_m R*—x*
2 R?

31. Ans. (D)
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32. Ans. (B)
N only T because no other Horizontal component
mg2¢ 'N 1T

go---1-

=0=>N/(=

mg
33.

34. Ans. (B)
Forces will be balanced if they are equal in magnitude and opposite in direction.
In equilibrium net force on body = 0
The net body in vertical direction =0 T
Since weight of the body is supported by the hinge A. So, A will be
having equal force in upward direction.
So, there is a torque generated due to these two forces.
To oppose this torque normal force balances this and creates — B w
torque in opposite direction. So option B is correct.
35. Ans. (C)

Mg

Mg v v

v

In C, mg will also help in toppling.

36. Ans. (A)
Since forces will balance out each other. There will be no pressure
difference due to them.
Since friction is not acting on COM of brick, it will generate torque on
the brick, to balance this torque normal force will shift towards left side
and will generate torque in opposite direction. So due to this shift in
point of action of normal force, forces in left part will be more, so left
half will apply greater pressure on the plane.

37. Ans. (C)
FL=mg% B IN
_-mng
F = > I L
t=Io ;mgf
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38.

39.

40.

41.

42.

Ans. (C)
T=FxF
Ans. (C)

TICR = FR = I]CROL =; mR2o.

_5F b5at
" 7m 7m
F-f=ma :f:%
Slips = 7usmg/2a
Once it slips
F - umg = may
at - pmg = man
at
a,=—-Hug
m
Ans. (C)

Ans. (D)
Wrt COM of hemisphere
Torque = Icom.t

R

F ST Icoma
2

2
FR_Zur _m R |a
2 |3 2

On solving
6F
o=—-
S5MR
Ans. (A)
(%net )C = 0
F3¢

——m £sinoc—O
4 g4

F:gsina
3

UN = f=mg cosa
N + F = mg sina
u(mg sina - F) = mg cosa.

_ mgcosa
mgsino—F
_ mgcoso 1
= mgsino.  2tano.
mgsino —
3 3
_2
" 8
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43.

44,

45.

46.

47.

48.

49,

50.

Ans. (D)

AM=mix ¥ =2(+i+ ) x 2Q)(+i—j + k)
= —8k — 4j + 4i
About z axis = -8

Ans. (B)

Li=mrvsin (90 - 0)

= mdv cos 0 V\O\ \

Lf=-mdv cos 6
AL =2 mdvcos 6 A
Ans. (C)
Lw? = Lw3
(,012 = 4-(,022
o1 =20
Lap Lwy
Lp Lo
Ans. (D)
Angular momentum of particle remains constant as it moves along the line BC.
Ans. (B)
L=#xmi

=2

N | =

4
==X
1

=m [(vo cos O t)i + (vo sinft— %gtz)j]x [vy cosT + (vy sin 6 — gt)j]

. [tz 9] i)

2
Ans. (A)
olt1/2gt’
y -i- -------- ® —> 1
X ut |
gt

Ly = mu%gt2 —m(gt)ut = %mugt2 — mugt? = —%mugtzl?
Ans. (B)
Since no external torque is acting on the system 7,,; = 0 = % = (0 here L is angular momentum.

L = Ie = constant.
So, total angular momentum is constant.
Since system is not having any energy exchange. Total energy is also conserved.
Because Beads are going down, distance from axis of rotation increasing, there I is increasing. Since
Io is constant, and [ us increasing o has to decrease.
So, Total angular momentum and total energy is constant.
Ans. (B)
Angular momentum will be conserved about O
I® = constant
Hr
o

I =m|d - vt]? + laisk
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51.

52.

53.

54.

55.

56.

57.

58.

59.

Ans. (C)
Let o is the angular speed of disk A after person jumps from it.
1. 2
EMR w + m(u + Ra))R
1

= ZMRZ(UO + mwyR?
1. 2
m(u+ Ro)R = > MR w,
Ans. (A)

Moment of inertia decreases therefore angular velocity increases. KE also increases and therefore
work done is positive.
Ans. (D) T v
Li = Lf
= moR?+Io=mvR + o'
(mR%+I)w—mvR

Qo=

I
Ans. (B)
2 2 2 2
/ + 3wgR
Conservation of angular momentum L; = Ly = wg X % =w [% + %] w = %
3R"+2¢
Ans. (D)

By conservation of angular momentum
1, 52 2 1
(E MR? + mR )wo = MR
Ans. (C)
11(1)1 = 12(1)2
I mr® /2
- w1 = / 2 0)1
I, m(2r)
12

= (02:—1/2 x24= 1/2

1/2+1/3 5/6
Ans. (A)

= 2=
mr® [ 2+

x 2.4 =1.44 rev/sec.

A
Ais ICOR
Ans. (A)
ai=Ra-a?
3=ax3-6
= a=3rad/s?
Ans. (B)

B
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60.

61.

62.

63.

64.

65.

Ans. (B)

When the plank is pulled in right direction, the cylinder tents to move in the left direction and thus
the frictional force between the cylinder & plank surface towards right direction along with the
force on the plank.

Hence, Option B is correct.

Ans. (A)
Rolling
F=ma (1) f
1o =FR =da (2) o
for rolling
a=ra -(3) Smooth

From (3) and (2)

a
FR=I.E but F=ma

a 2
maR:IE:>I= mR

Object is thin pipe.
Ans. (C)
Liquid has translation only,

1, 12 o5 1, 4,
KE = > MV + 23mR w* +57mv® =zmv
2 8

AM = mvR + va+§mR w = Eva

Ans. (D)
1 12 5, , 7

2 2
mgl=—mv. +——mR"w” = —mv
9 2 cm 25 10 cm

2 2
Lp=mveml - E mR"w Vem

=mveml - = mRv,,,

= MVem (JZ — %R)

Lo=M | gl [l - ZR]

Ans. (C)

L always conserved about O. Initial = 0 O
Final =0

Ans. (D)

KEyo = mg2h

and KQpp = mgh
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66.

67.

68.

69.

Ans. (B)
Using cons of energy from A to B

mg (hR-R)= =. —MR2. — + %mv2

+
5 2 10

e flOg(n—l)R
7

Ans. (A)
AMC,
MViR =iw ..(1)
|74
= E Vo
MOI = MR2 +MR2 = 2MR?
I=2MR?
. mVoR=Iw

%4
mVoR = 2mR? XE

Ans. (A)
Angular momentum can be conserved about lowest point
2 Vo 2 L

2
mvor+—mr°-—=mvr+—mr- —
5 2r 5 T Vo/2r

10mvgr+2Mvgr 7mv'r
10 5 Vo
6170

Ans. (C)
Li:Lf

2 , 3V 2 2 Vo
mvR+-mR".— = mvyR + - mR" —
3 R 3 R

2
v+ 2v= vy + 30

5
9v
’UO:T
ov
?= v+ug Xt
9v
pgt =5 —v
9v
ugt = =
9v
t=—"
S5ug

Vo

Velocity of point of contact is along positive x-axis so friction will be along negative x-axis.
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70. Ans. (A)
Li=0

LiZO

71. Ans. (C)
mgsinf — f; = ma
fsR=3=la

IzémRzandazRa = fszw

72. Ans. (D)

=mg sinb - ma
fs=mg ma

K?2 £,

k2
fs=ma<1 +—2> —ma
r mgcos0O .
mgsin®

r
For solid uniform disc k =— mg

X

73. Ans. (B)

mgh=%mv2+zl 5
1 1
mgh=§m%+fl%

14 14R?
6m 81
14  14R2
_3 2
1 —ZmR
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74. Ans. (B)

JEE (Main + Advanced) : Physics

mglsinf = %mvz +%Icu2

s op= 4glsin@
N
MR v 3MuR

Izlcmw+va=T§+MvR= >

= %mR 4gl§m9 = ,/3m?R?glsin6

/
“~ f
/
o~
f
76. Ans. (D)
/az
mgsin® /\ e mgsin® f
mgcos6
e mgcosO
f=mg sin 6 = ma; (1) mg sin 0 - f=ma; (2)
2 2 2 )
f= Emra =3 ma (a; — a,) ...(5) fR= (ng )a -(3)
a, — Ra =a, ..(4)

For rolling

Now putting values of a; and a; from (1) and (2) into (5)

5 5
f=0
77. Ans. (C)
1 Ft
Vem=— = — same
M M
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78. Ans. (B)

m1 be mass of particle A
1 1

El(uz =Em1v2

Li= Ly 1/3I
[ )

f
I(,l):ml'l?§ v

Get my

79. Ans. (B)
d_, wdd 6md’
mvy=mo5-o+T 93 @
2v

80. Ans. (A)

v Ml

81. Ans. (D

82. Ans. (B)

N, = f; = uN;

Ny + f, =mg fZT

f1 1

—+uN, =mg =3f, +-f, =mg

l’l‘ 3 —
—

fi
f

3mg
' 10
N2=0
. f=0
mg
. ﬁ:uleumng
3 9

T =
= 1
10><3 0

f,

1

83. Ans. (C)

As the fi is acting to the right direction, so when f; is applied the centre of mass will move to the
right.
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84. Ans. (C)
2v

2MVen=m 2v-mv
v

Vem =

2

b b wb\ b wb
2vm§+mv§—m(vcm+7)§—m(vcm—7

vb _ b
3m7 = mwbi
3v
®w=—
b

85. Ans. (AC)
Before hinge breaks

Fit +F>

L/2 | | L/4
+ 4N
20

F1+F2=24
1,=0=F,=13N
= F1:11N

F’lu

After breaking hinge = A <L/—2>

20

2
T, :>20£=2><L—.oc:>oc=1—5
2 3 L

20-F =2x a.%

86. Ans. (AC)
mgR cosO = 2 mR?a.
o= gcos 0
2R

mg R sin 0 = %meRzm2

g sin 0 = Ro?

o? = gsin®
R

mg

[176]
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0
mg c056+Ry= mR (&j - mgcosd

2R 2

_ —mgcos6
A
R - mgsin 0 =mR x gsin®
R =2mgsin0

2
R} +R; =mg €S0 4sin?0
= %Jc0526+16sin29

= %\/1+1551n2 0

87. Ans. (ABC)
o 1] 8\? 31?1 ,
2mg () —z[m(z) +m (%) ]‘”
89
2 _2d
- @ =5y
3¢
- 2 (2t
FnetonB—mw (4)
_ 8g . (3¢
=mx£gx(F)
6
Fret = gmg
In the given position a = 0 since 2t =0
88. Ans. (AC)
2
£ 1({méf
mg§+mg{’ = §<T+m€2>w2
3 2mi? « </
mgt = —— o’ W
2 3 3
_3 19
©=72 \/;
Angular acceleration of disc at horizontal initial
position is zero and it is zero at all time since it can’t .
rotate it is performing translational motion only.
89. Ans. (ABCD)
11=12=13=I4al’1dl=l1+13
90. Ans. (AD)
h a N
Iff—=N-—
f2 2 h
uNh = Na mg sin 6
a
Hmin = 7~
91. Ans. (ACD)
L=mvl Im
Asvi L LT =0 — ) —
T same 0
www.allen.in [177]
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92.  Ans. (BCD)

(A) Angular momentum about 0 = Pxv= ZO , Since direction of

angular momentum is changing at every point, Zois not constant.

JEE (Main + Advanced) : Physics

o

(B) Since direction of 7 and v both are changing, but, direction of ZC is
always upwards and magnitude of 7 and v is always constant.
L. = # x ¥. So, angular momentum about C is constant.
(C) Since magnitude onO is not changing, because |?| and |v| both are m

constant. So vertical component of angular momentum about O is
constant.

o

o

S~ -

(D) As we have already discussed above, magnitude of Lis constant.

93.  Ans. (ABD)
N

s

mg| h

A f v

AM not conserved
Torque not 0

mg and N form Force couple
94, Ans. (BD)

I® = constant
1

®oC—

95. Ans. (BD)

Asteroid

Q

Asteroid provides angular momentum about x-axis. Hence resultant angular Momentum.
L,=L +L,
ZR is in x-z plane and due to gravitational force of real earth, model rotates about z-axis.

Since there in no external torque about z-axis

L, =1, ®;, — I, not same

[178]
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96.

97.

98.

99.

100.

Ans. (ABCD)
(A) For point B
o V=TT Rl
(B) For point C
- |4
- Ro=Vc=V+Ro
(C) For point A
* ®?R

_’ a
Ro——

a, = +/(a — Ra)? + (w?R)?
(D)
IR(I
—a
— »?/R

=  ap=+(a+Rw?)?+ (Ra)?
Ans. (AC)

va=oR-vo=vV

woR-vo=v -(1) A
ve=wo R+ vo=3v ..(ii)
From equation (i) and (ii)

200R =4V

— 3V

= woR=2v

0o =—"—
7R

From (1) vo=v

Ans. (BD)

In case of liquid motion is translational
= I=m/¢2

In case of solid motion is CRTM

= [ = %mR2 + mf?
Ans. (ACD)

KE = lsze+ lIC(;)2
2 2

w= v (For rod and disc since rigid body)

4a

Ans. (BD)

T about point of contact on the ground = 0 = Lapout point of contact iS conserved

Initially slipping occurs, thus friction acts in forward (right) direction.

www.allen.in
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101.

102.

103.

104.

105.

Ans. (AD)
I=mvy

F+f=10a (1)
(F-f) R:EmRza -(2)
a=Rua -(3)

F=28N

2
F—f=g Xx10a=4a ..(4)
From eq. (1) and (4)

F+f=10a (1)
F-f=4a ..(4)
2f=14a
F=7a

F 28 )
a=—=—"=4m/s

7 7

© f=10a-7a=3a=12
Maximum friction available = 10

2 2
28xR=E mR «a

Rux =
28410 38 ) o S
a= o 10" 3.8 m/s” and the direction of friction is forward.
Ans. (AC)
Depends on friction.
Ans. (ABC)

Total work done by friction is 0.

It does not depend on frame of plank or sphere.

Ans. (ABC)
2
£ _ mft
Mvy=—>3-0
_3v
—2¢
If rod has to complete the circle,
1, 2Mg?x3
Elwmin =M@l = w,, = Tz
1, 1 M2z,
AKE=—Mvy ——.—/.w
2 2 3
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106. Ans. (A)

A
3N2 DIh =£cos30°= ﬁf
2 4

mg

Initially the rod was at position AD. Let us assume AD as reference position, position of COM h =0

At position AB, position of COM is h = — g%

From energy conservation

1,2 V3
0 —71(1) +mg(—T€)

V3 1 (Zm{’z 2)
= —mgl = > W

2 3
= o=[(3)d
107. Ans. (B)

Let the force applied by the hinge on the rod along the rod is N then

N - mg cos0 = moﬂ%

= N :m<%§g)§+m9(§)
= N=mg [%g]
108. Ans. (C)

v'cos 60° = v cos 30°

2
(v v\ _v 3 30
Vem = (E, 7) —E, 7 X v

109. Ans. (A)

www.allen.in [181]
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110. Ans. (C)

Only v change and ® remains same

KRot:E—mR w" =

mv. ———mR"w Ve

100 Vo

7 7

111. Ans. (B)

112. Ans. (C)

113. Ans. (C)
114. Ans.(A)
115. Ans. (C)
116. Ans. (C)
Solution for Question No. 113 to 116

me?

I about y axis =——
24
/T,

£
-M mf
22 2xdx x% =

fO €2

2
8

4

12=1X+1y=(%+%)m22 =%mf2
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117.

118.

119.

Ans. (D)
—
f " ) f
Ans. (A)
N2 4 P N1
mg
f f
f2-fi=ma (1)
N1—N2:mg (2)
(N2 - Ny) %+ (-foh=0 -(3)

mah mg
w 2
N, = mg mah
2 w
o (Nz - Nl) =ma
2mah
w
v
M on
Ans. (B)
N, :@_mah
2 w
o="g _mah
2 w
_gw
2h

www.allen.in
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120. Ans. (A)

o= s=Lgp
2

a

R
1

6.28 = Ex ax(2)?2

a=3.14
3.14

1.5

3.14

oF = x 1.5
/ 5

Wf = T
121. Ans. (B)
S=ut
6.28=ux?2
u 3.14

0=— j—

r 1.5
o ngz—n
1.5 3
122. Ans. (A)
L=lo, +Io,
_ 4x(0.6) ( 2n 2 J _ 144n _ 144n
3 0.7 0.7 0.7 7
123. Ans. (D)
L+AL=0
14.4n

+18Aw=0

144n _ 4n ,
7x180 35
124. Ans. (A)

—> a
Q’F

f

ad/s

125. Ans. (A)
Force is acting below the point of percussion
Friction is backwards.
126. Ans. (D)
It is not clear if force is below or above the point of percussion.

Friction direction can not be determined.
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127.

128.

129,

130.

131.

132.

133.

134.

135.

Ans. (C)

?_
F ¢ a'
f a

F-f=mad' ; a-aR=a
mR?
R=—""a

f=ma

Ra'=2a Soa-2a=a s a' =3a
F=m(a'+a)=4ma Soa=—
i4m
Ans. (B)
F
/=3
Ans. (C)

. . 1%
By conservation of linear momentum mvy = 4mv. = v, = TO
Ans. (A)

2
. L 4m)L 3v
By conservation of angular momentum mv, (7) = T% w=>w=252

2L
Ans. (D)
Time taken by rod in completing one revolution =— = —

nL
3

. 4L 14 4L
Distance travelled by centre =(v,) (3—1]0) = (TO) <3—v0>
Ans. (ABC)

Theoretical
Ans. (C)

Theoretical
Ans. (BCD)

mvoer = mvr + mr2e = 2mvr

Ans. (ACD)

0 2 g 2ug 2 g4ug

1 ., 1 59
(B)AKE=—mv" + —mR"w" — —mV
2 2 20

vg

1 2 2 1 1 2
(D)EmR W =Em =gmv0

www.allen.in
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136.

137.

Ans. (A-R), (B-P), (C-T), (D-Q,S)
C is ICOR and speed of point at a distance r from Cis wr = %
Ans. (A-ST), (B-R), (C-PRT), (D-PQ)

For (A) : Hinge will apply external impulse hence momentum will not be conserved.

So (P) is not correct.
Mechanical energy reduce hence (S).
o decreases by conservation of angular momentum hence (T).

For (B) : Hinge will apply external impulse hence momentum will not be conserved.

So (P) is not correct.

Mechanical energy will increase hence (R).

o does not change by conservation of angular momentum hence (No 'T").
For (C) : No external horizontal impulse so momentum is conserved (P).
Mechanical energy will increase hence (R).

V will change so (T).

For (D) : There is no external impulse and no change in momentum as velocity of joker w.r.t. car is

still same so P Not 'T "

Mechanical energy remains same immediately after joker drops as he has no vertical velocity so (Q).

EXERCISE - S

L
Distance from B = g
9 i4m
Ans. (a)y 7‘9 O Tg

About hinge mg % =la
MLZ  ML*  TML?

I =
12 + 16 48
MgL 7ML«
4 48
12g
o=
7L
3L _12g3L _9g
NowaT— 5T 4 =7 l
al 3g
Gem = =7

[186]
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3. Ans.(@o=|% m)r =10

1me’w?
Tmgt=-37g

Ratio=2:1
mi?

5. Ans.——
12

Mz
Iy =——cos” 45° J’
12

T 12 T2
L=

Me?2 1
— — X — ,,l

4
[ dmx? = f(f)ldxxz = %

f:ldxx 2¢

[fadx 3
at?*

ICM= Io—mdz =T - md

Now CM =d =

2

2

m= [ Adx =%
at® _(al®\4, _at®
4 2 /]9 — 36
www.allen.in [187]
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7. Ans. 57/140MR?

S1+52=S
151+ISZZIS
3
4 R° M
M:=pzng =7
Wherep=ﬁ
3R —31(3)
_ 6M
7R3
Now,
2 2
2M (R M (R
s, =57(z) +7(3)
_7MR:_ MR’
57 4 20
2 M\ , 16M
Is==\M+— R =——
5 7 35
Io = I — I =2 MR MR®
S1 — IS S~ 5 20
64—7)MR? 57
( ) = MR?
140 140
8. Ans. 8 kg
16€1=m€2
m€1:4€2
16_m
m 4
m=8kg
9. Ans. 150(+7)

-d(i) x 100(j) + (-aj) x F() =0
-100d k +aFk=0
100d 300
a 2
F =150
10. Ans. 30°
fr=75sin6
tabout0=0
Tx5=frx6
45x5=75x6xsin 0
= 0=30°

T=1a

F= = 150

)

30

FBD of bobbin

[188]
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11.  Ans.(a) 2.00 N-m, (b) k

F=20+43j;#=4i+5]
i j ok
4 5 0
2 30

12. Ans. 10-3 rad/s? clockwise

ZT=7xF = =k(12-10) =2k

t=Io
T=(-9%x30-10x30+12 x5) x 10-2
=(-570+60) x 10-2=-510 x 10-2

510x1072 3 )
=———— =10 °“rad/s
5100
13. Ans. 4
fxR+fxR-100=0 ..(Q)
f=uN (i)
N = Force applied by brakes

w
14. Ans.—
3

Lot = Lo

mR? mR? 5
> +0|w= > + mR* |w,

15.  Ans.6 mv}

1 2 1 2
KEringzzl(JJ + EMVCM
1 1
=—MR*w® + —mvé = mv(z)
2 2
1 2 2 2
= E 2mw (\/ER) = m2vy, — KEy
KEsys = KEring"’ KEA + KEg+ KE¢

= %mou2 (ZR)2 = va(z)—> KEp

= %mw(\/ER) = mvé — KE¢

KEsys = 6muv?

2m

www.allen.in
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16. Ans. (a) 6.68 m/s (b)2.27 m

1 2 2 2
(a) mg(lS)——mv +2><5mw T

vA—1—70><10><15

1 .1 5,5 (1 5 1 5,
Nowmg(l.Z):EmvC+Emrw - Eva+Emra)

L 24=v?—v:
= v2= (24+@)( 98)
Ve=(6.67) m/s

(b)f A_J2x12 \/10x1.75x9.8:2_27m

17.  Ans. (a) 0c= cos-1 (4/7), (b) v = /; gR, () % -6
R

2

mv

mg cos B¢ =

1mR? ,
ng(l—coch)-—mVC+E > @

3
mg R(1 - cos 0) = ZmV%

1—cos 0 3
cos® 4

4r

— =cosf,

(b)Jﬁ - 3

1 mR?w?
(© ng—Emv +— >

18 A ; TTRM b TR
. ns.(a)t= 1 ;(b)s= >

4R _ 2 2
(a) IT_SMR W

21 I

_R =
m h’
ot=m7 e ERCEEEEE e EEr e EEEEE
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3 200
19. Ans. (a) 4 i m/s, (b) — N

2
mr
Tir = ——

2
Tzr—Tlrzﬂaz =% ou'/
2 2
our=az+oar=2a;
le
mg-Ti- Tz, =ma; T,
az = or //
T1=ma o2
ma
T:-Ti= > a,
mg-Ti-T,=ma
5
mg Ti=—ma
2
20. Ans. a5, = é—‘z
mr? ma
Fr-fr=——a =—
2 2
f=ma
2F a
F=—ma — =
3mr r
2g
Now Fpax = mg 37 = %max
2Vo v
21.  Ans.(i)—, (i)t =52
=5 (=55
mR? 3
mvoR=mv'R + w = Emv'
2y -
V' :_0 YoV =t = &
3 Kg 3ug
a=ug
V=vo-pugt
mR?
momgR = a
2109 209
o= o= t
R R
KEf- KEi = W
1 , 1mR? ,
—m\vy, —ugt)  + - w
> ( 0 Hg) 5 9
2 41,2 4242
1 1mR” 4ugg“t
= >m(vg + u?g*t? — 2uvegt) +QT(;?—2

1
After t = to, wi = constant = — =muvj

M

2
6

s

1 1
W=213 W mg2t2 - 2pumg tvo] (t < to), W= - mue? (¢ > to)

www.allen.in
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22. Ans. 1
dL dm
dt dt

23. Ans. 1/2 ma

(v, —v,)R =200 x (5-2.5) x 2=1000]

a=ar
2 1
fr=—mr‘a = —ma
2 2

24. Ans. 5

1 , 1mRr? ,
mgh=—mv" + — w
2 2 2

h 3
m =—mv
9 4

1 , 1mR? ,
2mgh=-mvy + = W
2 2 2

2 mgh==mv? + mgh — = mv*
mgh == mvy + mgh — —mv

1 1

mgh =—mv 2 —mv?
2 2
1 , D B
> mvs” = 3mg
lmv2 Emgh
.2 °f 3
Ratio = 2 — 1.4 =5
) ngmgh
25. Ans. 15
For a body

mg sin® - f=ma and fr=Ia,a=ar

] Ia
mgsme—T = ma

- Ia
mgsino=—7 4+ ma
g 2

mg sin 6

a=71 _§ = 0 =
(_2+m) sc
T

wIlN

gsinf

1
and ap. = Eg sin 8

2 1 1
Relative acceleration = 39 sin @ — 59 sinf = PR sing =

Gap after time t =6

t=6,§x£x(6)2

1 10
—X— X 36=15m
12 2 12

12

[192]
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12

26. Ans.—
12x

V =
M m
(O]

12 f/c

/TI

o ] 5]
27. Ans. (i) " (ii) zero (iii) o (iv) >m
2
£ mft
J3=T12
_3] ya

= a)——mg,vcm=m

vszcm—ngo

v 1_J
ch_§w|_%

£ |_5]
von + 30| =33

Vupper

Vlower
mv
28. Ans. T

Angular momentum conservation about O.

2
' me
mVi— O+T(JJ
3
Q)f—VE

wtf 3V

Now Veyofrod = 7 = T o

Lion(1)=mv

3v
L - Nimp = mT

3mv
mV— Nlm: -

mv

Im =

2mvg?

29. Ans.

l
(Vemof rod =0 as P; = Py) l
Li = Lf

e/
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m 1 2L o
30. Ans.[a)ﬁzz;(b)x=?;(c)ﬁ

wL
(a) e = L2=V1 _ 7 F Vem ML
V1=, 2 || Vewm

s livs}
£

2
muv L m4L _
Vey = _MO and mvy 5 = —112 W E; A e=1

() Vem-x=0 Vo

(c) ol = Evo

31. Ans.75]
J=10x1=Ilw-0

1
[=—mf?

o=15
2 1m

1 1 1
KE=EIa)2=Ex2x?x152=75] 10 Ns —

32. Ans. 48
Let V be the linear velocity of centre of rod which is struck by a horizontal force

For translational motion, P =MV_

For rotational motion, P x=I ®

. Px 3Px
Angular velocity ofrod o=——=—>
ML ML
3

Initial speed of centre of mass of the rod oL = 3Fx
2 2ML

Impulse delivered by the pivotis I=mV_ -m ® é

Impulse is zero when V= coé; |74 :& :?)P—"X:>x 2L
2 M 2ML 3
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33. Ans. 8

w=2"% (D)

v, =—2 .(ii)

vp=vc-0x=0
v, 5(

C

o 12
Distance of Pfrom A is xo = x + %

8¢

X, =—=80cm
18

%%:8
34. Ans.(3/8)F,
Ni+P+fr,=F, -(1)
N = fri = uN1
fr1=pN; and fr, = uN;
tabout0=0
—Pr+ frir + fror=0
P=fri+fro=p(N1+ N2) -(2)
From (1) N1+ P+ uN2=F, -(3)
Ny (1+p2)=F,-P
_ Fg—P
(1+u?)
Putting in P = u(N; + uN,)
= UN1(1 + )

_ . (Fg—P)(+p)
B .

Ny

P

N1

N fI'z
Q

N

fI'1

www.allen.in
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F
35- AnS. (a) \/§ mI(DZ, (b) (Fnet)x = - Z, (Fnet)y = \/§ ml(DZ

(a) 3mw? (g#%) =3 mw/
(b) Fy =3 miw?

But for Fy
V3
F—1 = 2mt’a
2
F
And F-Fr=—3m
im

36. Ans. (a) ac= ap = 2ac

3my+8my’
(b) Friction at the top of the cylinder = 3m1F(3 m1 + 8 m;) towards right;
friction at the bottom = m1F/(3 m1 + 8 m;) towards right.
F - fi= My(a + ar) = my(2a)

fi-fa=ma
Gisf) mqr? mia
+ r= a =
1 2 2 2
fi =7 ma

3
F=2ma+—-—mya
4
4F
a=——""——
8m,+3mq

37.  Ans.6N,-0.6] + 0.6k

(@) 18-f=2a
2(.1)? 2x9
fx0.1= > o
- f=6N t
(b) # = (=0.1j — 0.1k) ; f= 68
. —0.6( x 1) — 0.6(k x j) = 0.6k — 0.6]
38. Ans. (a) 0.1 m, (b) 1 rad/s, (c) laminar plate will never come to rest.
For Laminar sheet
Inp = Iey + my2=1.2 +30y2
Also impulse = AP
6=m(Vf—Vi) =6 =30 (Wry —w;y)
= 6=30y(wf—wi) =1 =5y (wf —w) (1)
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Also angular impulse = change in angular momentum
= 6x0.5=1Ii(w; —w;) [AboutAB]
3

= wr=——1 [Given w;=1rad/s]

IaB

3

=1

1.2+30yz

From (1) and (2)

= Wr

— 3 2 _ —

y=0.1lor04
wr=1rad/sfory=0.1

=-0.5rad/s for y = 0.4 (Not possible as laminar plate turns back)

location of COM =0.1m

wr=1rad/s = Laminar plate will never stop.

Ans.(a)0.1m (b)1lrad/s (c)laminar plate will never come to rest.

EXERCISE - JEE (Main) PYQ

1. Ans. (4)
mg -T=ma

TxR= mR*xZ
R

= a=4

2

2. Ans. (3)
L=#xPor L=rpsinf
or L= r (P)i
ForDto A

R ~

ﬁmv(—k)

For Ato B

L

www.allen.in
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3. Ans. (3)
m(> mR®

I= +
12 4

2
or =2 €—+R2
4\ 3

Also, m = tR2(p

- g
nlp

Put in equation (1)

m((* m
= ey
NERET

For maxima and minima

dar_mf2t__m \_,
dc 4\ 3 nlp

2
%: m :>2_€:nR lp
3 nlp 3 nlp
xR
3 7
> 3
= ==
R 2
or  L_ ﬁ
R 2
4. Ans. (1)
Force F
Area nR?

=

or

F

Force on small area element = e

(a4)
Frictional torque on the element is dt
F
= dA)r
| e ()

On integrating

3
T= MF; (ZR)(R—J = 2uFR
R 3 3

5. Ans. (4)
From dimension analysis

I, =Kma* (a=side of triangle)
For small triangle.
I,ZK_m(ajz _kmd® I,

4 2) 16 16
So moment of inertia of remaining part
157
[-1'= o,
16

(1)

[198]
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6. Ans. (3)
Angular impulse = change in angular momentum
TAt=AL

4 me?
mg—x.01= ®
gZ 3

o= 3gx0.01
20

_ 3x10x.01
2x0.3

1
—=0.5 =rad/s
5 /

Time taken by rod to hit the ground

2h 2x5
t= —=1/—=1 sec.
g 10

In this time angle rotate by rod
0 =wt=0.5x1=0.5radian

7. Ans. (4)

Kinetic energy, KE = % Iw? = k62

2
- 2 = 2kO
1
— ® = % 0 (1)

I

Differentiate (1) wrt time —

do Jﬁ(dej
do_ _ [*k(d®
dt I ldt
_ |2k 2k
N a-\/;.\/;e{by(l)}
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8.

Ans. (4)

R

2
F=mg 1_(R—aj

= Minimum value of force to pull.
Ans. (2)

Angular momentum conservation,
2

mvl = o+ml’o
1x6x1 18
—+1
3

Now using energy conservation,

2

ml+£l

= (m+M) 2 g(1—cos0)
m+M

2
EX(EJ =20(1-cos0)
6 5
= 1—cosG:E><i
5 20
cose:l—z
50
cosO=—
50
= 0~63°

1 lz 2 1 2 2
= Mg +E(ml Jo® = (m+M)r,, (1-cos0)

[200]
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10. Ans. (11)
Let side of triangle is a and mass is m

MOI of plate ABC about centroid

2 2
m a ma
I:— _— 3 =
0 3{(2@) g } 12

Triangle ADE is also an equilateral triangle of side a/2.

Let moment of inertia of triangular plate ADE about it's
centroid (G') is I and mass is m
o ifaf
302 4 4
4
I_ﬂgz_ m a* _ma’
T 1202) Tax124 192

2

1

a a a
Distance GG'= =———==—+~
B 2B 2B

So MOI of part ADE about centroid G is

a Y ma® m &
12:I1+m1 — | = +—.—
243) 192 4°12
_ 5ma’
192

Now MOI of remaining part

ma® 5ma’ _11ma* 111,
12 192 12x16 16

= N=11
11. Ans. (1)
F =4i-3j

# =5+ 5v3j and #, = =50+ 5V3j
Torque about '0'

7, =7 x F = (=15 — 20V3)k = (15 + 20vV3)(-k)
Torque about 'Q'

o =7y X F = (=154 20V3)k = (15 — 20v3)(-k)
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12.

13.

Ans. (3)
Let's take solid cylinder is in equilibrium
T + f=mg sin 60 (i)
TR-fR=0 . (ii)
Solving we get,
mgsin6
T = f;*eq = T
But limiting friction < Required friction
umg cos60° < mgsin60°
Hence cylinder will not remain in equilibrium
f=Kinetic
= wN
mg

= pmg cos 60° = =
Ans. (4)
m
u

| M,L rest

Just before collision

I'EStO

Just after collision
From momentum conservation, R.0 = Pf
mu = Mv (1)
From angular momentum conservation about O,
L M

u =0
2 12

0= ...(ii)

"

60°

[202]
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3mu

14. Ans. (9)

L 9
L, 1
15. Ans. (3)

From conservation of angular momentum we get

Lo, +Lw,=(I,+1,)o
o Lo, +1,o0,

I +1,

1 1

1

1
k,==(I,+1,)®
2
B 2
1 Lo, +Lo
k,—k,=— IlooerIz(o;——(l L2 2)
2 I +1,

Solving above we get

1( LI 2
k-k == 2 |(0, —®
) 11+12j( 1)

16. Ans. (1)
dl = dmr?
dl = o2nr drr?

dl=2n(A+ Br) r3dr dr

J.dI = an:(Ar3 +Br*)dr

I=2na* (é+&j
4 5
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17. Ans. (75)

F(b+%)=mg% (1)

F=mgn -(2) F

a a
mg | b+—=|=mgx- b
H g( 2) g ) v

08b+0.4a=a
08b=0.6a
b _3
— =

4

= 100><§:75
4

18. Ans. (4)
Parallel axis theorem
1= I(;M + Md?

2 2
=M oyl
2 2

2 2
27=-m82, (28
2 2

2.7:M{i+£}
100 100
M =15kg
M 15
P L 7027 %038
=0.1492 x 103
=1.49 x 102 kg/m3
19. Ans. (52)

Al |

I I I

(13/2)r

=[G om0

M(36r2) M(25r2) Mr?  169Mr?
_ N i = 52 Mr2

12 4
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20. Ans. (6)
Let mass of meter scale be m.
40 cm

v

10cm  30cm ~ 10cm

20gm
0.02kg

ﬁoﬁll

0.02kg knife

Balancing torque about knife edge,

mg

(0.02g) x (30 x 10-2) = mg x (10 x 10-2)

m=0.06kg=6x10-2kg
21. Ans. (5)
For ring I =mR? =mK:
Radius of gyration K, =R,

For solid sphere

I':gm’RZ2 =m'K}

Its radius of gyration =K, = \/ng

K, =

.. R, =,|-R

22. Ans. (2)

x 2
=>—=—= =x=2
5 5
23. Ans. (32)
mlR2 m, (R/Z)Z
I, = I,=
2 2

\(D=V/R

\
R R/2
0t | 0"
1 l/2

www.allen.in
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EXERCISE - JEE (Advanced) PYQ

1. Ans. (2)
Angular impulse = change in angular momentum
TAt =l
3xFxRsin30°xAt=Iw

3><0.5><O.5><%><1=%><1.5><0.5><0.5><u)

o=2rad/s
2. Ans. (6)
Consider a shell of radius r and thickness dr

dl = %(dm)r2

dl = zﬁﬁjllnrzdr}rz
3I\R
J'dl =(%Ejjr5dr
3R

we (%)

8nk ) .
Ia=|—|R -
! ( 18 ) %
Similarly,
Ip= 8k7:er9dr
3R> 7o
8nk .
Is= —R (11
20 (ii)
L _6
I, 10
So n=6
3. Ans. (D)
Force equation in x-direction,
Nicos30°-f=0 (i) y
Force equation in y-direction,
N1sin30°+N;-mg=0 -.(ii) X
Torque equation about O, ..(1ii)
Also, given N1 = N, .(iv)
mg£c0560°—N1 _h =0
2 cos30°

[Note taking reaction from floor as normal reaction only]
Solving (i), (ii), (iii) and (iv) we have
h =—3\/§ and f= 163

16 3
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4. Ans. (ABD)

= at3i + pt?f
*—d?—B t21 + 2Pt}
V=g et aby
*—d27—6 tt + 2B}
=g = outi+ 2
Att=1
10
(A) 3><?><11+2><5><1] 107 + 10§
(B) Z:Fxﬁ
(1— 11 +5x 1)><01(101+10)——E
3 J J 3
€) (6><—><11+2><5])—(21+])N
- - _’ 10 20,\
0 7=7xF=(Rr+5))x@+p)=+2k+10(-k)=-3 %
5. Ans. (D)
d
Force on block along slot = mw?2r = ma = m(‘;—vj
r
jvdv= o’rdr
0 R/2
v (92(2 sz
_—— r —_—
2 2 4
2 R* dr
= V=, |r —=—
4 dt
r t
= J‘Li[mdt
/ R* %
R/4 rz_i
4
2 2 2
r+4/r2—RZ R/2+ IZ RZ
n R n R )
2 2
2 RZ R ot
= r+«/r -——=—c¢
4 2
2 2
= : B} +r°—2r—e
4
2 2
RieZwt_'_Ri
= r="1 . 4 _Z(eot pet)
Re”
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6. Ans. (C)
ﬁl = mgl’(\
- e wR . Ny
Ny =2m(V'por X @)j = 2m [T (e®t — e Y| wj t
I
1 N
= —mw?R(e®t — e~ ®t)j d
2 /|
Total reaction on block = 171 + 172 R

1 ~
= Ema)zR(e“’t — e Yj +mgk
7. Ans. (ABC)

When the bar makes an angle 6; the height of its COM (mid point) is gcose

Displacement = % - %cos 0= g(l —cos9)

Since force on COM is only along the vertical direction, hence COM is falling vertically downward.

Instantaneous torque about point of contact is

r:ngésinO

S
Now, x = E sin 0
: y| Mg 0
y=LcosH !
x>yt —
(L/2)2+7_ L/2sin©

Path of A is an ellipse.

8. Ans. (BCor (C)
If we assume that magnitude of force remain constant then option (C) would be correct and if we
assume that force vector remain constant then option (BC) would be correct.

9. Ans. (BC)

ypkr
2
dv
F = - kr (towards centre) {F = ——}
dr
At r=R {
2 \
kR="" [Centripetal force] 5\

R
2
v= kR :\/ER
V m m
k 2 2
Lzm\/:R =4/mkR
m
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10. Ans. (A)

\P)

For Omax, the football is about to roll, then N; = 0 and all the forces (Mg and N1) must pass through
contact point

o _r
€0s (90° - Bmax) = 7
= sinOmw= —
R
11. Ans. (B)
For no slipping at the ground,
Veentre = ®R (R is radius of roller)
Velocity of scale = (Veenter + @F) [ris radius of axle]

leen, Vcenter . t = 50 cm
Distance moved by scale = (Veenter + @)t

V. .r 3V
- (I/center + _center t= center , ¢

R 2
=75cm
12. Ans. (25.60)
Initially
NN, =Mg |n =49 NG Rx N:
(t,=0) 9 50 cm le— 40 cm —
abo]L\{t centre < ®
N, (50)=N,(40) fi< — .,
5M +——90 cm > N
5N, =4N, |N,=>-9 | 10cm
9 Mg
fig = pxlNa fi, = psNa
fle 032 N1 f1L=0.4N1
f24,=0.32 N, f,=04N,

Suppose x; = distance of left finger from centre when right finger starts moving
(Tn = 0)ab0ut centre
=  Nixy = N2(40)
Jiy = fi,
= 0.32N:=0.40N;
4N, =5N;
Nix = % (40)

XL=32
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Now xz = distance when right finger stops and left finger starts moving

(Tn = O)about centre
=  Nixy = Nz(xr)
Ju1 =S,
= 04N;=032N;
5Ni=4N;

415V 2(32)=N,x,

XR= %=25.6 cm

13. Ans. (BD)
F—f=ma,
fR=1,0 a

a.—aR=0

ac
F

Thin walled hollow cylinder,

I.=mR’
S
© 2m
l.a
fR=1.0= CRC
I.a
f %Sumg
acs”";gR

RZ
For solid cylinder I, = mr

a, <2ug
(A )y =219
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14. Ans. (AB(C)
Ta=—j
1 2 y1
S = Eat =20m

e ~

iz():TXF_); Fleoi_]
F=md=02x10=2i

7o = (107 — ) x (20) 0 «
7o = 2k a=10m/s?
bo = 7o X =To Xm0 (10-1) A PUOTD
v=at =10 x 2 = 201
L, = (0.2)[(10f —J) x 20i] = 4k
At point A(0, -1)
fOZFAXﬁz(_j)X2i=2E
15. Ans. (49)
2
oo M2

L= a Q+M >4 Qfy ———

3 4 2
L= mar

48
n=49
16. Ans. (ABD)

T .

R +—==W+aW (1)
v ﬁ IRY T
45

T 3 Ry« p

R =— ..(ii)
G ol
Taking torque about '0' w aW
0 T
W—-—+aWl=—7</¢
2 V2
T=ﬁ(%+awj .. (iii)
T w
R =——=| —+aW
N [ 2 ¢ j
Taking torque about P
1
Ryg = WE
w

Ry :7

When T = Tmax

Zx/EW:\/E[%+OLWj

3
We get a=—
8 2
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17. Ans. (0.52)

At
At

t=0,0=0

t=A/r, cozatz%ﬁmzmr:g

e:laﬁ
2

1 2

B=-xZxn="1
3

6 =60°
3

Vy =vsin60=7V

3,
T
h=—y _4
29 29

29

3n b

:9x2g_gg

Maximum height from plane,

H:B+h
2

1 T
_+—
2 6x10
T

;x=0.52

X =

18. Ans. (2.85 to 2.86)
Solid sphere 1kg, 1m

5+1-1-f=1a
5-f=a

About COM

F1-2(1(0.5)) = %Mrza

a=— =2.86 m/s?

30°

[212]
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19. Ans. (3)
Torque about origin is zero

So angular momentum about origin remains conserved.

A A E ~
i J i j k|
— 2 0 x 0.5
\/E - Y 2

2 —
—~Z V2 - Ve Yy g

i[ﬁx%]—j[§]+k[1+2]

e A ] e T B ]
{ Svy| = [ 50, XUy — YUy

Xy =Y =3
20. Ans. (B)
v=o (2R)
v =woR ; no slipping

(,00=2(D

- - - :
L=mr X v, + Il.wq : revolution

1 mo: rotation
2 A
= M2Rv + EMR Wy

1
= 4MR*w + 5 MR*(20) = SMR*w

n=>5
21. Ans. (A)

M,L coi

s
fn

Applying angular momentum conservation about hinge

2
L L ML .
mv§+0——mv§+Tw (1)

Also, from equation of restitution

w%+V L N
= =>u=a)z+V ..(ii)

e=1
Solving (i) and (ii)
®~6.98 rad/secand v=4.30 m/s

Hence option (A)
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22. Ans. (10)

2n I
T = 3 =27n E
c 2L/
Sw= |—
“= 17
- L e
Where I = moment of inertia
I1=(30) (4)2+ (20) (6)2 4cm 6cm
—r—
=1200 gm-cm? o —0

=1.2 x 10-* kg-m?

1.2 x 10-8
= = —_—
®= T2x10-%

=>w=v10~*

o =(10-2)

nx103=102=>n=10
23.  Ans. (ABCD)

Jo=my (1) ]
0
]0hm:Ic(D (2)
v=oR (3) ¢
= hy =-S5
m " mRr

N &

(A)Ifa=0,I, = smb?andR=b .. hy =
(B)Ifa=b,Ic=mb2andR=b .. hn=b

v _Jo

Jo
(Qv="2=100 = p =75

(D) Force is acting on COM ... No rotation.

24. Ans. (30)

J=mv (1)
Jr=Ilo -(2)
](; = imRz (3)
t _ -(4)
9
0=2nN=ot ~(5) -~ N=30
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SECTION-A
1. Ans. (3)

3cos& 3 8 24
= =—x—=——rad /s
17 17 17 289

15 3
0
8o 17
2. Ans. (2)
N \Y%
\% \%
+7
AN
W= =
J2R R
3. Ans. (3)

7o = 0, mg should pass through 0
N

fr

4. Ans. (4)

ml*o

4
mg—cos0=
gZ
mg
ol = 3g(:2059 0

5. Ans. (4)
Depends on v and o.

6. Ans. (2)

2
Lwv: iupeer = tyy (L MR e
2 2 2 2
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7. Ans. (3)

1 MR* ,

— ()]

22 1
2

1Mv2
2

8. Ans. (3)
N,d=w(d—x) ey

9. Ans. (2)

Angular momentum same

10. Ans. (2)

| | |

mp mg

m.gl, +mx=m,gl, and mag%l+m5

. mygt,

X
2

11. Ans. (2)
P=t0= rzt
I

Pt

12. Ans. (3)

1 2
—my, —my,

KB = 2 = 2 :§
K. %Ioaz 1><ng2co2 2

13. Ans. (4)
Different
N \m
z V
m
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14. Ans. (4)

1x1(cos601’ +sin60}')+3§
6 1kg

-

3.5f+—
Y
6

rC:

2kg 3kg
I=Ic+mrc2=1x12+3x12

6x(?+ij
Ic=4- ————=

6’
—4-22
24
= %kg—m2 = 3.5 kg-m?2
15. Ans. (2)
—
a
F
f
16. Ans. (3)

As the fi is acting to the right direction, so when f; is applied the centre of mass will move to the

right.
17. Ans. (3)
V=ro
ma T mi

V=Irom

L=myr+myr+Ion

=(m, +m)r’*o+Ilo
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18.

19.

20.

Ans. (2)
2
Fo-fi= -4
2
= ma
F= "ma 2_F = g F
3mr r
Now F_ =mg 29 _ o, M
max 3r
Ans. (1)
Let mass and side of cube be M"and «/§ a=2R
' M 3

M= ——a PPN

4 3 7’

—nR S

R
1 2 ,I,
Moment of Inertia of cube = Ma <R
6 N__
(M a’ _|4MR’
4 nR? 6 9\/§n
3

Ans. (2)

<l

Say the distance of central line from instantaneous axis of rotation is r.
Then r from the point on left becomes lesser than that for right.
S0, Vieft point = or'< or= Vright point-

So, the roller will turn to left.

SECTION-B
Ans. (3)

M (? 2 M, (? 2

( 1 +2m, (0.1) jwlz( 1 +2m, (0.2) |,

(0'75?2“0'4+ZX1X(O'1)ZJ3O _ [

0.75x0.4x0.4

= ,=10rad /s
KE: = KE;

= lllcof:imgnlevz
2 2 2

v=3m/s

+2><1><(0.2)2](02

[218]
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2. Ans. (14)
Wfr = 0

z)
ng-Eﬂ:lE 2+14 2 2

ngR:mv2 l+— =mv’—
8 8

16 16
14
v=,]—gR
3 g
3. Ans. (60)
gl _1m
gZ 2 3
m2:3—gatbott0m
Wy = AKE
m [ 1(m)? 1
= ——g—(1—-cosO) = 0-=| = |—x=?
2g4( )=o z(zjzxxg(”
m_‘gﬁ(l_cose):m_g[
8
cos 0 = l
2
0 =60°
4. Ans. (15)
macosex£=1a= lmﬁz o
2 3
_3acos6
20

odo _3acosh = Imwdw = 3—a[sin 0]
do 20 0 20

0=,[—

v=wl=/ 37a=\/3a£

V=15 ft/s
5. Ans. (2)
ux2mg x £ =2mé2a

)

ng

= o=
0
ug
Wy =
: (g
t= o

®
= =2

ng

v 2\ m/4
4 2 24 2 2 &
1 , 3
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6. Ans. (5)

T

5R
KE——I ; KE; = OW =m +mag2x| —
= g(4j g (4)

2 2 2
I=m5—R + MR +MR = MR* 25 l+1
4 4 16 16 4 16

W, = KE;- KE;

Get v:w% =5m/s

7. Ans. (4)
2mvR = L 04=> K—ﬁmd
2 R 2
®, 3
w0, 2
_ 50,
m/D 2
®m/pt = 27
opt =47n/5
8. Ans. (16)
T-f=ma
TR + f3R =mR20 ; a=0o3R
o

f

Answeris a + oR
9. Ans. (13)

KE :%mv2 +%1mZ ; get I by subtraction. (Iouter = finner)-

14
2R

10. Ans. (2)

Now for (2) fx 2R = Lo

2x 4R?

I, = =4R*

Now 022R = 2 (a is same)

1
R=4R? —
F R

~f=2 2m/s?
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1. Ans. (B)

mv*

N=mg +

and 1mv2 Jrlzmv2 =mgR
2 25

N=mg + Em —1—7m
g - g - g
2. Ans. (B)
X= £—d cosO and y=dsin0 ,
2 i y
2 2 i
y
— —+Z=1 ]
L 2 d2 d i X
(_dj : (0,0)
2 (0,0)

For circle é—d:dzdzﬁ
2 4

3. Ans. (ACD)
A ring is rolling on the horizontal surface.

0) —_— —

R

Point of contact of ring with ground surface is instantaneous
centre of rotation. So we can say that body is performing fixed
axis rotation about point A at that instant

V = o(2R) = u/R (2R) = 2u

o(V2R) = (vV2u)

Line CP. Makes an angle. Of 30° with horizontal.

4. Ans. (BCD)

F-f=ma

From A to B 2n = %aTZ and o=aT
T

B to ahead 21 = ot t= >

o will be constant.
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5. Ans. (BCD)

If 2 lines of action pass through the centre of mass of the body and the force have different

magnitude so the resultant not zero.
If 3 lines of action are not parallel, the body is in equilibrium. One line of action must be the result
of other two lines of action, similarly if 3 lines of action are parallel.
If 4 lines of action are parallel and all the force have the same magnitude the body is in equilibrium
the resultant must be zero.

6. Ans. (A)
All student use the which for 10 sec and lift same amount.

Work by each is same.
W.D=F.S
=70
Statement-1: Now if W.D is same so if —x T—F 4 F, xx, =F, xx,.

So statement-1 is correct.

7. Ans. (D)
Statement 2 : is incorrect because W.D is same for all.
Statement3: P = d—w
dt

W.D. is same and time is same.
Power = Same
So incorrect.

8. Ans. (D)
W.D=F.S
So basically it is —» x.y = constant

So, graph will be rectangular hyperbola.

9. Ans. (B)
MTery X Vg down at 20°
10. Ans. (B)

Yes of mg and also direction of L is changing
Horizontal
Both 7 and myg is in vertical plane.
11. Ans. (C)

rzO:%zO:L:constant

12. Ans. (C)

At /max, component of velocity along the length of spring is zero.
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13. Ans. (B)

According to momentum conservation before elongation and after the elongation momentum will

be equal so student A is right.
At maximum elongation %k(Aﬁ)z :%mv'2 so.

Student B is wrong.

According to energy conservation before elongation and after the elongation the total energy of the

system will be equal i.e.

1mvg I T IV
2 2 2

So Student C is correct.
14. Ans. (B)

mv’' (Lo + Al) = mvoly (1)
%mvo2 = %mv’2 + %kA(Z...(Z)

By solving both equation we get k=210 N/m.

15. Ans. (5)
40 - Ty = 4a ()
Ts-20=2qa (i)
\
2
M(0.1 T

(Ta-Ts) x 0.1 (—)oc ..(iii) A} To

2 | Y
Tu- Tz =20 (Vi) ta

a
=oR=>ag= — (i

a=a a T (iv)

Now (1) + (2) = Tg-Ta+ 20 = 6a

-200+ 20 =6a
J20+20= 8% - 90 28
10 10
_ 200
26
_ 100
13
a=£:ﬂm/s2
10 13
1 , 1 100 100 5000
Zott==x X = rly
2 2 13 2=m 267
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16.

17.

18.

Ans. (3)

F=ma=a=5m/s?

F(h-0.9)=mgx0.3
100(h—0.9)=200x%0.3
h=1.5

and 100(0.9-h)=200x3

— h=03

- 0.3<h<15

Ans. (3)

mR® Co:[mRZ

+mR2]a)'
2

®

0 =—
3

Ans. (A-R), (B-S), (C-P), (D-Q)

(A) Vim=landoR=1

(B) Vre] 1/3¢ 0 .

© v,=i,v,=0

Not a rigid body

i.e. rotating at same position only (p).

S

(D) V=—i—j
V,=0

(Lowest point) so (Q).
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