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SECTION-A

Straight Objective Type
This section contains multiple choice questions. Each
question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONLY ONE is correct.

1. Acar of mass m = 1000 kg is moving with constant
speed v =10 m/s on a parabolic shaped bridge AFOE
of span ¢/ =40 m and height h = 20 m as shown in
the figure. Then the net force applied by the bridge
on the car when the car is at point F, is
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2. A uniform circular disc of mass 2m and radius R
placed freely on a horizontal smooth surface as
shown in the figure. A particle of mass m is con-
nected to the circumference of the disc with a mass-
less string. Now an impulse J is applied on the par-
ticle in the directions shown by dotted line. The ac-
celeration of centre of mass of the disc just after

application of impulse is (if J = 10 N-sec., m = 10 kg

and R=25cm.)

2R
(A) 1m/s? (B) 2m/s?
(C) 3 m/s? (D) 4 m/s?

(1)

Two particles of masses m and 2m has initial veloc-
ity G, =2i+3jm/s and 0, =—4i+3j m/s respec-
tively. These particles have constant acceleration
a, = 4i+3] (m/s?) and 3, = —4i—2j (m/s?) respec-
tively. Path of the centre of mass of these two par-
ticle system will be:

(A) Straightline (B) Circular

(C) Parabolic (D) Helical

A uniform rod of mass M and length / is moving on
a smooth horizontal plane, such that its one end
is moving with a velocity v, and other end is
moving with a velocity 2v, in the same direction as
shown. Then the kinetic energy of the rod is

Vo
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M, ¢
o
2v,
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In the given situation disc and ring are connected
with a string as shown in the figure. Both are placed
on the rough surface of coefficient of friction p. A
force F is applied at the centre of disc horizontally.
Then frictional force acting on the ring will be (as-
sume pure rolling for both)

Ring Disc
R
F
u H
A x B l
A 3 ®) 3
(C) Zero (D) None of these



A solid cylinder lies on a rough horizontal surface
sufficiently rough to prevent slipping. A string is
attached to cylinder, which passes through two pulley
and is pulled by a man as shown in the figure. Tension
in the string is less than weight of cylinder when
person pulls the string. Immediately after pulling the
string which of the following is not true?
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(A) Acceleration of centre C is towards right

(B) Acceleration of P is upward

(C) Friction by surface on cylinder is towards right
(D) Acceleration of P is inclined to horizontal.

Figure shows the variation of the moment of inertia
of a uniform rod, about an axis passing thorough its
centre and inclined at an angle 6 to the length. The
moment of inertia of the rod about an axis passing

through one of its ends and making an 6 =§ with

the length will be
A

0’6 ................
I(kg-m®)

f

> 6(rad)
(A) 0.45kgm? (B) 1.8 kgm?
(C) 2.4kgm? (D) 1.5kgm?

A uniform rod of length L and mass m is hinged at
one end and free to rotate in horizontal plane. All the
surfaces are smooth. A particle of mass m collides
with the rod perpendicular to the length of rod with a
speed v,. If hinge reaction during the collision is
zero then the value of x is
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10.

1.

(A) No such value of x is possible

L
(B) X = E

2L
(C) X = ?
(D) x=L

Line PQ is parallel to y-axis at a distance x from
the y-axis and moment of inertia of a rigid body
about PQ line is given by | = 2x2 — 12x + 27,
where x is in meter and | is in kg-m?2. The minimum
value of | is (in Kg m?)

y P

° )
(A) 27 ° B) 17
©) 11 D) 9

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

m
v v
A 25 ® 35
2v 3v
©) 3R D) 1R

In the given figure a ring of mass m is kept on a
horizontal surface while a body of equal mass ‘m’
attached through a string which is wounded on the
ring. When the system is released the ring rolls
without slipping. Consider the following statements
and choose the correct option (Pulley is ideal)




12.

13.

(@) Acceleration of the centre of mass of ring is

29
3

4
(b) Acceleration of the hanging particle is ?g

(c) Frictional force (on the ring) acts along forward
direction

(d) Frictional force (on the ring) acts along
backward direction

(A) Statement (a) and (b) only
(B) Statement (b) and (c) only
(C) Statement (a) and (d) only
(D) None of these

In the figure shown, the end A of the rod of length
L is being pushed towards left parallel to the
surface AC with a velocity = v and B moves up
vertically. Let the velocity of end B = u and the
angular velocity of the rod = ®. Then,

(A) u=vcota , upwards

(B) u=v, downwards

vsina
C) o= oL

(D) w=vsina/L

In the figure shown, the instantaneous speed of
end A of the rod AB is v to the left. The angular
velocity of the rod of length L, must be

B

(A) vl

© W34

B) vlL

(D) None

14.

15.

16.

Two identical bricks of length L are piled on top of
the other on a table as shown in the figure. The
maximum distance S the top brick can overhang
the table with the system still balanced is

: L

 S—

Ii

S :
1 2

A L ® 3FL
3 7

© L © gL

Figure shows the overhead view of two small identical
balls connected with each other by a massless rigid
rod. The balls and rod combination is kept on a
smooth horizontal surface. A force F is applied
horizontally on ball Ain a direction perpendicular to
the rod. The immediate acceleration of the ball A
and B are respectively.
F

— A

B
(A) F/m, F/m (B) F/2m, F/2m
(C) Fim,0 (D) F/2m,0

A sphere of mass m and radius r is released from a
block of mass 2m as shown. ABC is hemispherical
position of radius R. Find the impulse imparted to
the system consisting of wedge and sphere by the
vertical wall w,w, till the time sphere reaches at the
bottom most position of spherical portion for the first
time. Friction between wedge and horizontal surface
is absent and between sphere and wedge friction is
sufficient to avoid slipping between them.




17. A ring of radius R is rolling without slipping on the
outer surface of a pipe of radius 4R, with constant
speed v. Then, the acceleration of the point on the
ring which is in contact with the surface of the pipe

is
4v? 3v?
(A) R (B) R
V2
© 1= (D) Zero

18. The locus of all the points on the x-y plane where
the moment of inertia of the uniform rod shown in
figure about an axis perpendicular to xy-plane and
passing through that point is same as that about
axis perpendicular to rod and passing through point
‘O is

AY

: Thin uniform rod
QA_»(

(A) Circle
(C) Straight line

(B) Parabola
(D) Ellipse

SECTION -B
Multiple Correct Answer Type

This section contains multiple choice questions. Each
question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONE OR MORE is/are correct.

19. Auniform rod AB of mass M and length L lies on a
smooth horizontal table. An impulse J is applied to
end A as shown in the figure. Then immediately
after imparting the impulse :

A

7

B

(A) the radius of curvature of trajectory of Aas

§L
9

the radius of curvature of trajectory of B as

seen from the ground is

(B)
2
St

the instantaneous axis of rotation is at a
distance of L/6 from the mid point of the rod.

seen from the ground is

©)

D)

the mid point of the rod will move along a
straight line.

@

20. A coordinate axis system taking x-axis as
horizontal smooth floor is shown in figure. Two
small balls of masses m and 3m attached with a
string are released from some heights on y-axis
as shown in figure. The balls may collide head on
or obliquely. After a certain time mass m is at (9
cm, 20 cm) while mass 3m is 25 cm above the x
axis and the string is taut. The balls always
remain in x-y plane. The length of string is

m
3m
X
(0, 0)
(A) 15cm (B) 12cm
(C) 13 cm (D) None of these

SECTION-C
Linked Comprehension Type

This section contains paragraphs. Based upon these
paragraphs, some multiple choice questions have to be
answered. Each question has 4 choices (A), (B), (C) and
(D) for its answer, out of which ONLY ONE OR MORE is/
are correct.

Paragraph for Question Nos. 21 to 23

Two small identical blocks A and B are kept on smooth
horizontal surface and tied with an inextensible string of

length /2 L. At time t = 0, the block A is at rest at x = 0
and the block B is at x = L moving with speed v in +y

direction.
y
v Tv
A B
= X

Ix=0 x=L

[}
21. The coordinates of centre of mass of the system at

. L .
time t=—is
v

L
@ (59)



L
22. Velocity of block B just after time t=; is

vy 3va
__I__
(A) 2 2 J
Vs 3va
——i+ =
(B) AR
vy 3va
(©) AR

(D) None of these

L
23. Velocity of block A just after time t:V is

Vy Va2 Vy V~

—i+— ——i+—
A Zi+g) B) —5'+7)
© —%?—%j (D) None of these

Paragraph for Question Nos. 24 to 26

A man of mass m walks from end A to the other end B of
a boat of mass M and length /. The coefficient of friction
between man and boat is p and the friction between boat
and water is negligible.

Y

24. The minimum time in which the man meets the other
end is

2m? M7
A \Mrmig B y(Mrm)ug

2/ 2(M+m)/
©) g D) T g

(5

25. The position of end Awhen the man reaches the end

26.

Bis
m/
X_
) ° M+m
m/
Xo +
®) " M+m
M/
X_
© ° M+m
m/
D) Xo—-——
@) o~

The displacement of man is

M? -~ m/ -
) M+mI ®) M+mI
mi 2 m/d -
© MmO

Paragraph for Question Nos. 27 to 29

A uniform rod of mass m and length ¢, is supported at its
ends by two vertical strings of unequal length as shown in
diagram. Now the right string is burnt. Immediately after
burning the string

27.

28.

The acceleration of centre of the rod is
(A) g/2 B) g
(C) 29/5 (D) 3g/5

The tension in the left string is

(A) gmg (B) Emg
5 5
©) mg ) mgi2



29. The acceleration of lowest point of left string is

2 3

A) 39 B) 39
2
© 5 o Lo

Paragraph for Question Nos. 30 to 32

A uniform rod of mass m and length L lying in vertical
plane is in equilibrium as shown in diagram. The rod is
making an angle of 60° with the horizontal and the
string is perpendicular to the length of the rod at

equilibrium.
'\I;/4

90°

30. The tension in the string is
mg mg
A ®) 5
3mg
©) 4 (D) None of these
31. The friction force acting on the rod is
mg mg
A ®)
3
©) gmg (D) Zero
32. Just after the string is cut, the normal reaction on

the rod is (Assume that rod does not slip or leave
contact with corner just when the string is cut)

(A) 2mg ® 2mg

2
© ¢

(D) None of these

SECTION-D
Matrix-Match Type

This Section D have “match the following” type question.
Question contains two columns, Col-l and Col-Il. Match
the entries in Col-l with the entries in Col-ll. One or more
entries in Col-l may match with one or more entries in
Col-Il.

33. A rod of mass 6m and length 6a is kept at
horizontal smooth surface. Two point masses of
masses 2m and m respectively moving
perpendicular to the rod, collide with the rod and

6)

stick to the rod after collision as shown in the
column - II. Point C represent centre of mass of
the rod. AC = 2a and CB = a. v is the linear speed
of the centre of mass of the system just after
collision and o is the angular speed of the system
just after collision

Column | Column i

m, Vg

<—a—->B

(A v=0

A 2a-F

2m, v,

B) ®=0

C v=0

D) o % 0

() | - -
2a 3

34. Two men of mass 60 kg and 80 kg stand on plank
of mass 20 kg. Both of them can jump with a
velocity of 1 m/s relative to the plank. In each event
shown in Column-l, match the velocity of plank
after the event, given in Column Il



60 kg 80 kg 36. A uniform rod AB of mass M and length 2 Ris

moving in a vertical plane inside a hollow sphere of
radius R. The sphere is rolling on a fixed horizontal
surface without slipping with velocity of its centre of

—+ mass 2v. When the end B is at the lowest position,
Ram Shyam its speed is found to be v as shown in the figure. If
4
the kinetic energy of the rod at this instant is RMVZ .
Smooth level ground Find K.
Column | Column I
(A) Ram alone jumps Hollow sphere
-17
to the left (P) 4—Om/s
. 1
(B) Shyam alone jumps (9) D) m/s
to the right 37. Two uniform rods of equal lengths but different
' 3 masses are rigidly joined to form an L-shaped body,
(C) Ram jumps to left (") 8 m/s which is then pivoted as shown. In equilibrium, the
and shyam jumps to M
right simultaneously body is in the shown configuration and m =x"*.
1 .
(D) Ram jumps to leftand  (s) “g ™® Find x

after that shyam jumps
to right

NN NN N NN N N

SECTION-E
Integer Answer Type

This section contains Integer type questions. The answer
to each of the questions is an integer.

35. A 10 kg solid sphere of radius r = 0.8 m is rolling

without slipping on a horizontal rough surface with8 38 A uniform solid spherical ball of mass M and radius
m/s. The force applied by the right half of the sphere R is given an angular velocity o, in clockwise
on the left half is 30x Newton. Find the value of x. direction and placed gently on a thin plank of
same mass M. The friction coefficient between
plank and ground is zero and between plank and
ball is sufficient for pure rolling in steady state .
The kinetic energy of the ball in joule after long time
is 13 K. Then find the value of K [ Assume plank
is sufficiently long and M = 4.05 kg, R=1m, o, =
10 rad/s]

N

(O

Plank




39. A man of mass 50 kg is standing on one end of 50 kg
a stationary wooden plank resting on a frictionless
surface. The mass of the plank is 100 kg, its
length is 75 m and the coefficient of friction n=02
between the man and the plank is 0.2. The least 75m ()

possible time (in sec) is 5x in which the man can

reach the other end starting from rest and stopping 100 kg

at the other end. Find x ITITTTTTTTTTTTTTITnnznzny
a a a

®



Level-2

SECTION -A
Straight Objective Type
This section contains multiple choice questions. Each

question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONLY ONE is correct.

1. Figure shows a particle P moving with constant
velocity v along the positive x axis and four points
a, b, c and d with their x and y coordinates. If L,,
L,, L; and L, are the magnitudes of angular
momentum of the particle about the points a, b, ¢
and d respectively, then which of the following is

incorrect
AY
a
c (8.2)
(21) X
d v d
[N, [ Y.
-2-2)| p (3-2)
(A) L, > L, B)L,=L,
©) L, =L, DL, >L,

2. The two identical rectangular steel frames with the
dimensions shown are fabricated from a bar of the
same material and are hinged at the midpoints A
and B of their sides (3m x 1m). If the frame is resting
in the position shown on a horizontal surface with
negligible friction, determine the velocity v with which
each of the upper ends of the frame hits the horizon-
tal surface if the cord D is cut. (Take the value of
dimensions shown in figurec=1m, b=3/2mand 6

=74°] no=3 d 9.4 dg=10m/s?
= Le.,sin 5 = andcos 5, = andg= m/s<)

side view

(A)5 mis T (B)8mis

(C) 3 m/s (D) 4 m/s

©)

Asmooth glass tumbler lies on rough ground. A small
particle of mass m lies on the bottom surface touch-
ing circumference as shown in the figure. Find the
minimum value of V (along the circumference) such
that particle just reaches at the top of glass. As-
sume no sliding between tumbler and ground.

nil

—

Vo r=R/2

2
(A) \J2gh B) 5v290

©) Jgn D) z,/%

From a solid hemisphere of radius ‘R’ a cone of base
radius ‘R’ and height ‘R’ is removed as shown in the
figure. The moment of inertia of the remaining body
about an axis BB’ in the plane of the base and pass-
ing through the centre ‘O’ is | . I, is the moment of
inertia about AA” which is parallel to BB’ and |, is
moment of inertia about an axis perpendicular to BB’
passing through O, then

A1, =1, ®) 1, =2,

©C) 1, =1/2 ©) 1, =3I,



A uniform rod of mass M is hinged about hinge O
and its other end is tied with a string.The string is
horizontal and whole system is in equilibrium. The
rod makes an angle of 45° with horizontal.

(A) The horizontal and the vertical component of
the hinge reaction are equal to N, = Mg/2; N, =
Mg/2

(B) The horizontal and the vertical component of the
hinge reaction are equal to N, = Mg; N, = Mg

(C) If the string is cut, then the value of N, and N,
immediately after cutting the string is equal to
N,=3Mg/8; N,=5Mg/8

(D) If the string is cut, then the value of N, and N,
immediately after cutting the string is equal to
N,=3Mg/8; N, =Mg

A uniform smooth rod of mass m =1 kg and length L

is balanced in the vertical position when a horizontal

force F is applied at end A. Then the acceleration of
top point B is

(A) 2 m/s? to right (B)1 m/s? to left
(C) 1 m/s? to right (D)0.5 m/s? to left

A thin uniform equilateral triangular plate rests in a
vertical plane with one of its ends (A) on a rough
horizontal floor and the other end (C) on a smooth
vertical wall. The least angle its base (AC) can make
with horizontal will be

(10)

10.

A uniform rod AB of length | and mass m hangs
from point a in a car moving with velocity v, on an
inclined plane as shown in Figure. The rod can
rotate in vertical plane about the axis at point A. If
the car suddenly stops, the angular speed with
which the rod starts rotating is

No
(A) %VTocose

Vg cosf

® 5

3VO .
© 27 sin 6

5VO .
(D) 2 sin 6

Two particles approach each other with different
velocities. After collision, one of them is found to

have momentum p in their centre of mass frame.
In the same reference frame, the other particle
must have momentum

(A)

(B)
©)

D)

A rod of mass M is dropped on a horizontal smooth
surface from the position shown (the centre of
mass C is at height H above the surface). It
collides elastically with surface. After collision with
the surface the centre of mass of rod rises to a
maximum height H,. Then:

c
H
T777777777777777
(A) Hy=H
(B) H, > H
(C) Hy<H

(D) None of these



1.

12.

One end of a chain attached to ceiling and
released from rest from the position given in the
figure. In subsequent motion the shape of chain
can be best represented by (assume no friction
anywhere)

(A)

©)

2l Ll

D)

A solid sphere of radius 2m rolls without slipping
on horizontal surface under the action of some
external force. Centre of mass has velocity v, = 4
m/s and acceleration 10 m/s? as shown in figure.
Then acceleration of point P is

y
X

(A) 5i-4j (B) -5i+4]j

(C) 10i +4j (D) 10i-4j

(11)

13.

14.

A uniform beam of mass m is inclined at angle 6
to the horizontal. Its upper end produces a ninety
degree bend in a very rough massless rope tied to
a wall and its lower end rests on a rough floor. If
coefficient of static friction between beam and floor
is pg, determine the maximum value of M that can
be suspended from the top before the beam slips

ANNNNNNNNNNNNNNNNNY

m (ngsin®)
A 2 (cosB—pgsind)

(2ngsin6—coso)
(cosB—pgsind)

m
B) 5

3

(“s sin 9)
© 7 (2cos6 —pgsinG)

m (;,LS sin 9)
©) 2 (2cos6 - pgcos6)

Five identical balls each of mass m and radius r
are placed like beads at random and at rest along
a smooth, rigid, horizontal, thin rod of length L,
mounted between immovable supports. Assume
10r < L and that the collision between balls or
between balls and supports are elastic. If one ball
is struck horizontally so as to acquire a speed v,
the average force felt by the support is

(A)

®) L-10r

5mv?

© Tor

mv
L-5r

D)



15.

16.

17.

A block of mass M is tied to one end of a 18.

massless rope. The other end of the rope is in the
hands of a man of mass 2M as shown in the
figure. The block and the man are resting on a
rough plank of mass M as shown in the figure. The
whole system is resting on a smooth horizontal
surface. The man pulls the rope. Pulley is
massless and frictionless. What is the
displacement of the plank when the block meets
the pulley? (Man does not leave his position on

plank during the pull)

A) 0.5 2M

(A) m m

(B) 1m ~2m 7 M

(C) Zero 777777777777777777777777777777777777777
2m

D -

© 3

In the figure shown the cart of mass 6 m is initially ~ 19.

at rest. A particle of mass m is attached to the
end of the light rod of length | which can rotate
freely about A. If the rod is released from rest in a
horizontal position shown, determine the velocity
v, Of the particle with respect to the cart when the
rod is vertical. Assume frictionless surface.

® L9
6m A
wTom
© |5
8
D) y39

Three masses are connected with a springanda  2q.

string (both ideal) as shown. They are initially at
rest, with spring at its natural length and string with
zero slack and zero tension. Find the maximum
extension in the spring after the forces start acting
as shown (friction is absent)

£
(i () ——(2n) =
A B

(A) FIK (B) 2F/K
(C) FI2K (D)4F/K

(12)

Uniform rod AB is hinged at end A in horizontal
position as shown in the figure. The other end is
connected to a block through a massless string m
as shown. The pulley is smooth and massless.
Masses of block and rod is same and is equal to
m. Then acceleration of block just after release
from this position is

69

A) 13

(B)

N

3 A
© =2

D) =

Consider a uniform disc of mass ‘m’ performing
pure rolling with velocity ‘v’ on a fixed rough surface

/\T upper half

V. J<—lower half

Voo V4 Va4

3
(A) Kinetic energy of upper half will be 8 mv?2

(B) Kinetic energy of upper half will be less than

3
2 M2
g mv

(C) Kinetic energy of upper half will be more than

3 3
3 mv? but not more than 1 mv2

(D) Kinetic energy of upper half will be more than

3 2

2 my’
A thin uniform hollow sphere of mass m is
completely filled with an ideal non viscous liquid of
mass m. When the sphere rolls without slipping
with a velocity v, then kinetic energy of the system
is equal to

1
(A) > mv?2
(B) mv2

4
© gmv2

(D) % mv?



SECTION -B
Multiple Correct Answer Type

This section contains multiple choice questions. Each
question has 4 choices (A), (B), (C) and (D) for its answer,
out of which ONE OR MORE is/are correct.

21.

22.

Consider a rope of mass 4m and length 4nR on a
fixed rough pulley of radius R as shown in the
figure. The rope is in equilibrium as the pulley is
held at rest. Length of vertical hanging parts is
shown in the figure

(A) Torque of normal force between rope and pulley
on pulley about O is zero

2nR

(B) Torque of tension force about O on pulley is
4mgR

(C) Torque of friction force between rope and pulley
on pulley about O is mgR

(D) Torque of friction force between rope and pulley
on pulley about O is zero

A solid sphere of mass m is released on the plank
of mass M which lies on an inclined plane of
inclination 6 as shown in figure. There is sufficient
frictional force between sphere and plank and let
the minimum value of co-efficient of friction between
plank and surfaces be p to keep the plank at rest.
Then

(A) Frictional force between sphere and plank is

7 mg sin 6, when plank is at rest

™M +2m

7(M+m)

(C) If there is no friction between the plank and
inclined plane, then acceleration of plank is
less than g sin 6

(D) If there is no friction between plank and
inclined plane, then friction force on the sphere
is zero

(B) The value of u is tan 0

(13)

23.

24.

A particle of mass m moving in XY horizontal plane
strikes the end of the vertical thin rod at an angle
37° with Y-axis. Rod has mass m and length £ and
it is free to rotate about hinge along Y-axis. If
particle strikes rod with speed u and sticks to it,
find the correct choices

(A) Velocity of particle just after impact will be
4ui 9uj
__+_
5 5
(B) Velocity of particle just after impact will be
i
20
(C) Minimum speed of particle so that rod

5
completes full rotation about hinge is E\/Zgl

(D) Angular momentum of system during collision
is conserved about Y-axis

Two identical uniform rods P and Q move with the
same velocity v as shown in the figure. The second
rod has an angular velocity o (<6v/l) clockwise
along with linear velocity v.

®

®
~

‘ ] B A \f-/\ ] B

v v

(A) If the ends A and A’ are suddenly brought to
rest simultaneously, the rod Q will rotate with
lesser angular velocity

(B) If the ends A and A’ are suddenly brought to
rest simultaneously, the rod Q will rotate with
greater angular velocity

(C) If the ends B and B’ are suddenly brought to
rest simultaneously both rods will rotate with
same angular velocity

(D) If the ends B and B’ are suddenly brought to
rest simultaneously, the rod P will rotate with
greater angular velocity



25.

26.

A massless spool of inner radius r, outer radius R
is placed against vertical wall and tilted split floor
as shown. A light inextensible thread is tightly
wound around the spool through which a mass m
is hanging. There exists no friction at point A, while
the coefficient of friction between spool and point B
is . The angle between two surfaces is 6.

The system is in equilibrium. Then
(A) The magnitude of force on the spool at B is

2 2
R R) tan*0

(B) The magnitude of force on the spool at B is
R )tan®o

. coto
(C) The minimum value of u should be (R/r)—1

tan6
(D) The minimum value of u should be W
A particle of mass m is suspended from point O
which undergoes circular motion in horizontal plane
as conical pendulum as shown in figure

(A) Angular momentug of particle about point of
suspension does not remains constant

(B) Angular momentum of particle about centre of
circle remains constant

(C) Average force on the particle during half

2mgtan6

T
(D) Average torque about axis OC during half
rotation is zero

rotation is

SECTION-C
Linked Comprehension Type

This section contains paragraphs. Based upon these
paragraphs, some multiple choice questions have to be
answered. Each question has 4 choices (A), (B), (C) and
(D) for its answer, out of which ONLY ONE OR MORE is/
are correct.

Paragraph for Question Nos. 27 and 28

A simplified model of a bicycle of mass M has two tires
such that each comes into contact with the ground at a
point. The wheel base of this bicycle (the distance be-
tween the points of contact with the ground) is w, and the
centre of mass C of the bicycle is located midway be-
tween the tires and a height h above the ground. The bi-
cycle is moving to the right, but slowing down at a con-
stant rate. The acceleration has a magnitude a. Air resis-
tance may be ignored.

Assuming that the coefficient of sliding friction between
each tire and the ground is p and that both tires are skid-
ding (sliding without rotating). Express your answer in
terms of w, h, M and g.

27. What is the maximum value of a so that both tires
remain in contact with the ground ?

wg

A

w9

®) 5

hg
(©) "
hg

D) w

28. What is the maximum value of pu so that both tires
remain in contact with the ground ?

(A) wi2h
(B) h/2w
(©) 2hiw
(D) wh

(14)



Paragraph for Question Nos. 29 and 30

Two identical discs Aand B of mass m and radius R each
are placed on the rough horizontal surface. Their centres
are connected with a light spring of spring constant k.
Initially spring is in its natural length and discs are at rest.
Now centre of disc A is given velocity v, in the horizontal
direction as shown in the figure. There is suffiicient friction
between discs and ground to prevent the slipping at all
instants.

AmR B

v, k m.R
rough
29. Find the maximum compression of the spring.
® Zic ®) 33
T R

30. Find the angular velocity of disc A at the instant of

maximum compression in the spring.

Yo Yo
A > ®) &
2v, Vo
© 7 ©) 25

Paragraph for Question Nos. 31 and 32

The figure shows a uniform solid cylinder A of radius 4 m
rolling without slipping on the 8 kg smooth plank which in
turn is supported by a fixed smooth surface. Block B, is
known to accelerate down with 6 m/s? and block C is
going down with 2 m/s?.

B
l Zkg . C
6 m/s 2 ms_z
31. What is the angular acceleration of the cylinder ?
4 —2 6 2
A) —rads B) —rads
A 3 ®)
(C) 2rad s2 (D) 1rad s2
32. What is the ratio of the mass of the cylinder to the
mass of block B ?
(A) 1 (B) 2
©) 3 D) 4

(15)

Paragraph for Question Nos. 33 to 35

A solid non uniform sphere of mass M and radius R is
released on smooth horizontal surface from the situation
shown in the figure. In given situation centre of mass (C)
and geometric centre (O) are on same horizontal line. The

R
distance OC is o The moment of inertia about an axis

passing through C and perpendicular to the plane of the
2

paper is I, = . Acceleration of centre of mass is a

and angular acceleration of the sphere is a

33. Just after release relation between a and o is
(A) a=0oR
(B) a=20R
C)a=+5 %R
aR
(D) a= -
34. At the moment of release, the acceleration of
centre of mass is
(A) 93 (B) 29/3
(C) o/6 (D) 2g/4
35. At the moment when centre of mass is at the

lowest point, angular velocity of the sphere is

™ |

4
® |35
© ok

o (2



Paragraph for Question Nos. 36 to 38

In a gravity free space, a hollow cylinder of radius 4R and
mass M is being rotated with a constant angular velocity
o clockwise with respect to an inertial frame of reference.
Another hollow cylinder of radius R and mass m is rotating
inside this cylinder, such that it touches the inner surface
of larger cylinder without slipping and its centre of mass
appears stationary from inertial frame Dynamic friction
coefficient between cylinders is p. If the normal reaction
between cylinders is denoted by N, answer the following

questions.
(D)

€

36. What is the angular velocity of smaller cylinder ?
(A) o3 (B) 3w
€) 4o (D) 3w/4
37. Whatis the value of N ?
(A) M(@4R)e? (B) m(R) (4o)?
3 2
(C) m (3R) (ij (D) Zero
38. A small tangential velocity v is given to the smaller

cylinder towards right. What will be N, once the steady
state is achieved ?

2

\
T
2
B) mor
(3R(3w/4)+v)’
©rm 3R
(D) Zero

Paragraph for Question Nos. 39 to 41

Read the paragraph carefully and answer the following
questions :

fig(a) fig(b)
A spherical ball of mass M moving with initial velocity u
collides elastically with another ball of mass M which is
atan end of a L shaped rigid massless frame as shown in
the figure. The L shaped frame contains another mass M

connected at other end

39. The speed of striking mass after collision is
(A) u/7 backwards
(B) u/3 is same direction
(C) Zero
(D) u/2 backwards
40. Theangular speed of L frame immediately after col-
lision is
u 4u
A) 7 ®) 5
u 4u
©) 3 ®) 77
41. How soon will the frame come to the orientation shown
in the figure(b) after collision ?
7nL nL
) 4u B) 2u
7nL nL
C) — D) —
© 5 ©)

Paragraph for Question Nos. 42 to 44

Read the paragraph carefully and answer the following
questions :

u=20 m/s
0=rn/4
1k / ........
9 60m )
30m, 5 kg
A

A particle of mass 1 kg is projected at an angle of 6 = n/4
from horizontal with a muzzle velocity of 20 m/s. Along
slender rod of mass 5 kg and length 30 m is suspended
vertically from a point at the same horizontal level as that
of point of projection and at a distance of 60 m from the
projection point. The rod can rotate freely. When collision
occurs, the particle sticks to the rod. (g = 10 m/s?)

42. Angular velocity of rod after collision is

(A)

1 4
T rad/sec (B) E rad/sec

4y2

© 44/2 rad/sec (D) Zero

The particle strikes the rod at an angle o with the
horizontal where o is

(A) tan™"(2)
(C) tan~" (4)

43.

(B) tan~" (3)
(D) tan™" (5)

(16)



44. |If the rod tilts to an angle 6 after collision, then
(A) 6=0° (B) 6 = cos™1(40/42)
(C) 8 =cos™ (41/42) (D) 6 = cos™" (27/28)
Paragraph for Question Nos. 45 to 47

A spool of mass 500 kg has a radius of gyration 1.3 m. It
rests on the surface of a horizontal plank with coefficient
of static friction 0.5 and coefficient of kinetic friction 0.4
which is kept on a smooth floor. If the plank starts accel-
erating at a rate of 1 m/s?, (No slipping between the string
and spool.)

r,=0.8m
r,=1.6m

[ ——>a
(77777777777 777/7/77777777

45. The initial tension in the string is

(A) 0.32 kN (B) 2.32 kN
(C) 3.32 kN (D) 0.66 kN
46. The angular acceleration of spool is
(A) 2.25 rad/sec? (B) 4.25 rad/sec?
(C) 1.25 rad/sec? (D) 0.625 rad/sec?
47. The frictional force between the plank and spool is
(A) 1.82 kN (B) 2.45 kN
(C) 0.82 kN (D) 0.66 kN

Paragraph for Question Nos 48 and 49

A particle of mass m is connected to a block of same
mass by an ideal string of length I. The block is
free to slide on the smooth horizontal surface. Size
of the block is large enough so, that it doesn’t
topple and particle doesn’t hit on the ground. Now
the particle is released from the horizontal position
of the string as shown in the figure. Answer the
following two questions

m
o_¢

m

oot e s idddddddssard

48. Speed of the block as function of 6 (where 6 is the
angle made by the string with downward vertical)

will be
lcos© 2glcos6
(A) /9—2 /9—2
1+tan“0 1+tan“ 0
©)

(B)
glcoso D) f glcosO
1+ 2tan? 0 2+tan’@

49. Normal reaction exerted by ground on the wedge
as a function 0, (where 6 is the angle made by the
string with downward vertical) will be

5+sin?0

&) mocos? (1 + sin? 9)2

cos? 9(5 +sin? 9)

B) mg| 1+

®) (1+sin?0)°
(5+sin26)

C) mgcos6

© 1+5sin®0

cos? 6(3 +sin? e)

(D) mgcos6| 1+ PR
(1+S|n 9)

Paragraph for Question Nos. 50 to 52

Ram is preparing for IIT JEE. He sets on to tackle a
typical problem in mechanics. He sees that the wedge
is kept on a smooth ground and it's inclined surface is
also smooth. A block is projected on it as shown. Both
the block and wedge have equal mass. Can you help
him find the answer to following three questions?

QA0

%

A

50. He sets on to find the maximum height attained by
the block, assuming the block does not fall off to
the other side. Which of the following equations is
correct?

1
(A) m9h=§mV02 (by conservation of energy)
where h is maximum height of the block
(B) 02 = v?—-2gsinOxs where s is maximum
displacement along the inclined surface
(C) mvo=mv+mv (by conservation of

1 1 1
momentum) and Emvo2 = Emv2 + Emv2 +mgh

(D) None of these

(7



51. How does the path of block look like as seen from
ground ?

w /N e L\
© VARN ©) /

52. What is the radius of curvature of it's path at the
highest point as observed from ground ?

v cos’ 0

"~

vZcos?0
g(sin0cos 6 +sin®0)

(B)

v2cos’ 0
©) 29(1 +sin? 6)

v cos’ 0
49

Paragraph for Question Nos. 53 and 54

A horizontal frictionless rod is threaded through a bead
of mass m. The rod is fixed between two opposite
vertical sides of a cart of mass 2m. The length of the
rod is L and the size of the bead is very small in
comparison to L. Initially the bead is at the right end
of the cart. The cart is given an impulse which imparts
velocity V,, to it. Consider all collisions between the bead
and the cart walls as perfectly elastic

2m

 )—

» smooth
rod

j> smooth

53. Find the velocity of the centre of mass of the cart
and the bead system after first collision between
them

A -

(B) =~

© %

(D) None of these

54. The duration between the first and second collision
between the bead and the cart walls is

L

®) 2y

L
® v

L

© 3v

4L
O 3

Paragraph for Question Nos. 55 to 57

A ring A of mass 100 gm connecting freely two identical
thin loops of mass 200 gm each, starts sliding down
from point A at t = 0. The loops move apart over a
sufficiently rough horizontal surface so as to prevent
slipping. [Neglect the friction between the ring and the
loops and take g = 10 m/s?]

55. The normal force acting on the each loop, exerted
by horizontal surface att = 0 is

(A) 20/9 N
(B) 22/9 N

2

C) —N
© 5
9
56. The friction force acting on the second loop at
t=0is
(A) 10/9N
(B) 22/9N

© 22N

2
D) §N



57. The acceleration of ring att =0 is
(A) 10/9 m/s? (B) 20/9 m/s?
(C) 10/3 m/s? (D) 20/3 m/s?
Paragraph for Question Nos. 58 to 60

A rod of mass m and length £ is rotating about a fixed
point on the ceiling. Its angular velocity is o with respect
to vertical axis as shown in the figure. The rod maintains
a constant angle 6 with the vertical.

49
(A) cos 1(032()

2
(B) cos™! ( 30)% !ij

60. What angle will the rod make with the vertical ?

58. What will be the horizontal component of angular
momemtum of the rod about the point of suspension

interms of m, ®, #and 0 ?

3
(C) cos™ (20)92 gj

3g )
—1
(D) cos 40,20

SECTION-D
Matrix-Match Type

This Section D have “match the following” type question.
Question contains two columns, Col-l and Col-ll. Match
the entries in Col-l with the entries in Col-ll. One or more
entries in Col-I may match with one or more entries in
Col-Il.

61. A thin but very long plank of mass 2m is placed on
a horizontal smooth surface. A solid cylinder of
mass m and radius r is given only translation

2
(A) mol cosO velocity v, and gently placed on the plank as shown
in the figure. The coefficient of kinetic friction
2 between the plank and the cylinder is p.
B) 2= sino
i
! 2m |
mol? . Match the statements from List | with those in List
©) sin20 Il and select the correct answer.
2 List-I List-ll
mol® .
(D) sin® _ o 14mvg
(A) Final kinetic energy (P) 98
59. Whatis the rate of change of angular momentum of the plank
of the rod with respect to the point of suspension ? )
(B) Final kinetic energy @ ™o
mo?/2 sin® 49
A —% of the cylinder
24mv3
mw2/2 sin20 (C) Magnitude of work (r) me
® —% 98
done by kinetic friction
till the cylinder starts rollin
m®?/? sin 0 y 9
© s 2
. I 33mvg
(D) Final kinetic energy of (s) 98

m?/? cos? 0

0

the cylinder with respect to plank

(19)



62. A uniform disc rolls without slipping on a rough

horizontal surface with uniform angular velocity.
Point O is the centre of disc and P is a point on
disc as shown. Match the statements in Column-|
with the results in Column-II.

64.

A 12 kg disc with fixed centre has an angular veloc-
ity of = 20 rad/s and radius 200 mm rotating in a
frictionless horizontal plane. If the brake ABC is ap-
plied such that the magnitude of force P varies with
time as shown, determine the time (in sec) needed
to stop the disc. The coefficient of friction at Bis u=
0.4.

acts parallel to the plane and the coefficients of fric-
tion at contacting surfaces are as p, = 0.3 between
cylinder Aand ground, p, =0.25 between cylinder
B and ground and p, = 0, between two cylinders.
The cylinder A can rotate about its axis without fric-
tion. Find the value of x.

(20)

5
- t(s)
A) %?;u\:zlr;‘:ity of point (P) gh(::;gg ilr: 65. A_ ur_1iform cirCl_JIar disc of radius R is. plac_ed on a
P on disc magnitude with time fr|ct|c_)nles§ horizontal plang. Anpther identical disc
rotating with angular velocity o is gently placed on
(B) The acceleration (Q) Is always directed top of the first disc. If the time in which both the disc
of point P on disc from that point (the 3Rm
point on disc acquire the same angular velocity is g where
given in column-I) - - . Hg .
towards centre of coefficient of friction between the discs is p. Find
disc the value of n.
66. A solid ball of mass m and radius R spinning with
(C) The tangential acce- (R) is always zero angular velocity o falls on horizontal slab of mass M
leration of point P with rough upper surface (coefficient of friction ) and
(D) The acceleration of  (S) is non-zero and smooth lower surface. Immediately after collision
point on disc which remains constant in normal component of velocity of the ball remains half
is in contact with magnitude of its value just before collision and it stops spin-
rough horizontal ning. Find the velocity (in m/s) of the sphere in hori-
surface zontal direction immediately afterimpact (Given: Ro=
5 m/s)
SECTION-E N,
Integer Answer Type m
This section contains Integer type questions. The answer
to each of the questions is an integer. lv
63. A minimum force F needed to push the two 50 kg \\\\@&M\\\\\
cylinders up the incline is 200x Newton. The force ~ 67. A small particle is given an initial velocity v, =10 m/

s along the tangent to the brim of a fixed smooth

hemispherical bowl of radius r_ = 1542 m as shown
in the figure. The particle slides on the inner surface
and reaches point B, a vertical distance h =15 m
below Aand a distance r from the vertical centerline,
where its velocity v makes an angle 6 with the hori-
zontal tangent to the bowl through B. If 6° = (15° K)
find the value of K (take g = 10 m/s?)

: vertical centre line
i Vo




68.

69.

70.

L
A smooth disc of mass M and radius ﬁ is placed

at rest horizontally on a smooth horizontal surface.
A massless pin is fixed at point P at a distance L/2
from centre O of the disc as shown in the figure.
Now a thin uniform rod of mass M and length L is
placed horizontally on the surface of the disc paral-
lel to the line OP such that its mid point and centre
O of the disc just coincide as shown in figure. Now
rod has given angular velocity o =24 rad/secin
counter clockwise direction as shown. As a result,
the end of the rod strikes the pin P and sticks to it
rigidly. Calculate the angular velocity of disc in rad/
sec just after collision.

M, L/V3

A plank of mass m is placed on a smooth surface.
Now, a uniform solid sphere of equal mass m and
radius R is placed on the plank as shown in the fig-
ure. Aforce F is applied at topmost point of the sphere
at an angle of 45° to the horizontal. Surface between
the plank and the sphere is extremely rough so that
there is no slipping between the plank and the sphere.
The force of friction acting between the plank and

F
the sphere is k\/i' Find the value of k.

Smooth surface

Two particles of different masses projected from a
tower with same speed horizontally but in opposite
direction. One particle of mass 3 kg follows a path y

2

=20 and C.0.M. of the system also follows a path

5
y = Ixz in the same direction as 3 kg particle.

Then find the mass of the others particle (in kg).

71.

72.

73.

(1)

A uniform thin rod has mass m and length /. One
end of the rod lies over rough horizontal surface and
other end is connected to a vertical string, as shown
in the figure. When string is cut, there is no slipping
between rod and surface. Calculate the friction on
the rod immediately after the string is cut.

[given mg = 16
3

Ablock of mass M is placed on a smooth wedge of
mass 3M. The wedge is placed on a smooth hori-
zontal surface, and is free to move on that surface.
This arrangement is between two rigid walls sepa-
rated by 22m. The height of the wedge and other
distances at time t = 0 are as mentioned in the fig-
ure. Assume that the transition of block at the bot-
tom of the wedge is smooth, and all collisions are
perfectly elastic. If the block M is released from the
top of the wedge, find it's time period in seconds if
block takes 2 seconds to slide down completely on
the wedge.

15m

e
~

& N & AN
~ 7 N 7z

5.5m 2m

A uniform disc of mass 4m, and radius R, is free to
rotate about a horizontal axis passing through O as
shown in figure. A block of mass m initially moving
with speed v, = 24 m/s on a frictionless surface,
passes over the disc, making contact with the disc.
At the instant the block makes contact with the disc,
it slips. But, due to friction, the slipping stops, be-
fore the mass loses contact, with the disc. Find the
velocity v, (in m/s) of the mass(m), in the dotted
position. (The disc is initially at rest)

v

14.5m




74.

75.

76.

77.

A uniform thin rod AB of length L and mass m is
undergoing rotation about its fixed end A as shown
in figure.The kinetic energy of section AP of rod is
equal to kinetic energy to section BP of rod at an

3
instant.Then the value of [%) is (AB and AP are

lengths of respective parts of rod)

m, L )
n P B

A uniform slender bar AB of mass m and length L
supported by a frictionless pivot at A is released from
rest at its vertical position as shown in the figure. If
the reaction at the pivot acts at an angle

a =tan™ (1j (with horizontal), when the rod just
X

becomes horizontal, find x

B/\

A block is placed over another identical block as
shown. If a particle of mass m strikes the lower block
along the line of their centre of mass elastically while
moving horizontally then find minimum value of v(in
m/s)such that upper block will topple over lower block.
Initially spring is in its natural length and there is no
friction anywhere. (d=0.8 meter, k=50N/meter, m=250

gm)

A uniform rod of length 2/ and mass m is suspended
from one end by inextensible string and other end
lies on a smooth ground. The angle made by rod

with vertical is 8 = sin™’ (1 / \/5) .1fN, and N, repre-

sents the contact force from ground on rod just be-
fore and just after cutting string, then find the ratio of
N,/N,,.

78.

79.

80.

81.

A solid sphere of mass m and radius R initially
rotating about its centroidal axis with o, is gently
placed on rough inclined plane with its axis
horizontal as shown in figure. The angle of inclination
of plane is 6. The time after which sphere starts pure

(,OoR .
f .
g(7ucose—23in9)J’ ind x
(Coefficient of friction = p)]

Q

In the adjacent figure a light and thin string is wound
on a uniform disc of mass m and radius r very tightly.
The disc is kept at rest in vertical position on a rough
horizontal surface and string passes over a fixed
pulley. A light pan is attached to the free end of the
string. The maximum mass that can be placed on
the pan so that disc will not slip is equal to = mK/2.
Find K. Coefficient of friction between the surface
and the disc is 0.1 and there is no friction between
string and pulley
disc

rolling is tg=X

N
g

A cartof mass M has a pole on it from which a ball of
mass p hangs from a thin string attached at point P.
The cart and ball have initial velocity V. The cart
crashes onto another cart of mass m and sticks to
it. If the length of the string is R, the smallest initial
velocity (in m/s) for which the ball can go in a full
vertical circle around point P is 6x. Find x. (Neglect
friction and assume M, m>>u. Given m = 1kg,
M=2kg, R=2m)

Figure shows a Yatch of mass 400 kg with three
decks. When the engine of Yatch is off, four men
A, B, Cand D (m, =100 kg, mg = 120 kg. m =
80 kg and my = 100 kg) started running on
different decks with constant horizontal velocities
relative to Yatch which are marked in figure. All the
velocity vectors are collinear. Due to this, Yatch
also started moving. What is the speed in m/s with
which Yatch moves ?
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