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Subject: Physics Class: Standard XIlI

1. The acceleration-time graph of a particle is shown in figure. The respective
v—t graph of the particle is
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As per given graph, from 0 to ¢;, acceleration is increasing linearly with time

i.e.,a ot
d
Sa=kt= 2t
dt
kt?
D= B
2

Hence, v — t graph should be parabolic upwards.
Similarly, from ¢, to t, acceleration is decreasing linearly with time.
Hence, v — t graph should be parabolic downwards.

Hence, option (A) is the correct answer.

Copyright © Think and Learn Pvt. Ltd.



[BYJu's

The Learning App

JEE Main Part Test 1

2. A particle is projected at an angle with the horizontal such that it follows a
trajectory given by the equation y = 6z—2z2. Find the maximum height
attained by it.

X A. 2.5m
X B. 5.2m
v) C 45m

X D.

6m
Trajectory of a projectile is given by the egn
T
=xtanf |1 — —
y = xtan < R
If y = ax — bz?, then tanf = a
andb = taneiR:%
For maximum height H, we have
. . u?sin? 0 u? sin 26
maximum height, H = and Range R = ——
g
u?sin? 0
. H 2
So, we have the ratio —= _
R u? sin 20
g
4H
= ——=tan¥
R
Since, y = 62— 22>
2 2
S H=1Rtano="= % _4s5m
4 4b 4x2
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3. Two stones are thrown up simultaneously with initial speeds u; and
uz2(u2 > u1). They hit the ground after 6 s and 10 s respectively. Which graph
correctly represents the time variation of, Az = (z2 — z1), the relative
position of the second stone with respect to the first upto ¢ = 10 s?
Assume that the stones do not rebound after hitting the ground.

A AX
v) A |
ol T 1T T T1 1T >t
2 4 6 8 10
A AX
x) B.
>t
A AX
x) C.
of T 1T 1T 1 1 >t
2 4 6 8 10
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A AX

Upto 6 s

Urel] = U2 — UL

Qrel =9 — 9= 0

Using second equation of motion, we get
1

Srel = Upgt + Earelt2

Az = (ug —u1) Xt

Initially relative acceleration between them is zero, so distance between
them will increase linearly.

Hence, Az increases linearly with ¢ upto 6 s.

Fromt=6stot=10s,

First stone is at rest just after 6 s

Now after that
Qrel = g

1
Az = (ug —u)t — Egtz (in the downward journey Az decreases

parabolically)
Hence, the correct answer is option (a)
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4. In a lift moving up with an acceleration of 5 ms2, a ball is dropped from a
height of 1.25 m. The time taken by the ball to reach the floor of the lift is
approximately (g = 10 ms™?)

x) A. 0.3second
x) B. (.2second
x) C. 0.16 second

v) D. (.4second

Taking upward y-axis as positive

Relative velocity of the lift with respect to ball uj = 0 m/s
Distance travelled by the lift w.r.t ball = S = 1.25 m
Acceleration of the lift = a = 5 m/s”

Acceleration due to gravity = g = —10 m/s2 (because a and g are in
opposite direction)

Acceleration of the lift w.r.t ball = a;, = a— (—g) = 5- (—10) = 15 m/s’
Using second equation of motion, we get

1
Sip = up.t+ antz

1 2
:>1'25:5X15Xt
2x1.2
t = x125m o4
(5+ 10) ms—2
Hence, the ball will take nearly 0.4 seconds to touch the floor of the lift.
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5. A man wants to reach point B on the opposite bank of a river flowing at a
speed u as shown. What minimum velocity relative to water should the man
have so that he can reach directly to point B?

v) A % in the upstream at an angle 45° with the vertical
2

X B. v2u, in the upstream at an angle 45° with the vertical

x) C. - inthe downstream atan angle 45° with the vertical
V2

x ) D.

v/2u, in the downstream at an angle 45° with the vertical
Let v be the velocity of man w.r.t flow in a direction at an angle 6 with the

direction perpendicular to flow.
u coy
45°
B > U

v cos(6+45°)

For the man to go
u sin45°

v sin(68+45°) 450

along AB,
Along y-axis, vsin (6 + 45°) = u sin 45°
for him to go along AB, then

u sin 45°
sin (6 + 45°)
For v to be minimum, sin (6 + 45°) should be maximum
= 0+ 45° =90°
= 6 = 45°

= Viin = % in the upstream at an angle 45° to the vertical.
2
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6. The system shown is in equilibrium. Find the accelerations of the blocks A,
B and C just after the spring between B and C is cut. All blocks are of equal
masses ‘m’ each and springs are of equal stiffness. (Assume springs to be
ideal and take downward acceleration to be positive).

2
x) C _9
+g’ 27
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Since A and B are connected by inextensible string, therefore both will
experience same acceleration. Hence they will be considered as single
system.

Let the extension in the string between ceiling and block A be z; and that for
spring between B and C be z3

Before cutting

Block C Block A+B
KXZT TKXI
C A+B
! i
mg sz 2mg
For block C,
Kz =mg

For block A and B,
Kz, = kxy + 2mg
Since Kz, = mg
= Kz; = 3mg

After Cutting, spring force kxz, = 0
Block A+B Block C

Kx,
. 1
T A+B c l
l =

2mg mg

Let a be the acceleration of block A and B.
For block A and B,
Kz — 2mg = 2ma

Since Kx; = 3mg
= 3mg — 2mg = 2ma

a= %(Upwards) = agp=a¢c = —%

Let the acceleration for block C be a., then from the free body diagram,
mg = ma,

a. = g (Downwards)
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7. In the arrangement shown in the figure, the mass 'm' is going upward with
an acceleration of 1 m/s%. The length of the rod is 100 cm. Pulley is
frictionless and threads are massless . If the mass is set at the level of the
lower end of the rod and released, how much time it will take for ball to
reach the level of the upper end?

1 m/s"-T 1100 cm

3

u=0
x) A. \/18
3
v) B \/25
3
x) C. %S
x) D. %S
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Let acceleration of the mass be a; and for the rod be a»
Given thata; = 1 m/s?

d

Since pulley 1 is fixed,

1 [

ag — ap = ax

Considering pulley 2,
ac +ap
2
Since D end is fixed, ap = 0 and a¢ = as
(05} + 0 . a,_2
2 2
= a9 = 201 = 2m/32

= a1 =

Now for the rod w.r.t the mass m, we know

Relative initial velocity u,,; = 0

Relative acceleration a,.,; = a3 — a1

=2 — (—1) = 3m/s? (.- in opposite directions)

Relative displacement S,.; = 100 cm = 1 m (length of the rod)

Using 2™¢ equation of motion,
1
Srel = Upeit + Earelt2

1

:,tf
=4/ =S
3
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8. The system starts from rest and block A attains a velocity of 5 m/s after it
has moved 5 m towards the right. Assuming the arrangement to be
frictionless everywhere and pulley & strings to be light, find the value of the
constant force F applied on block A. (Take g = 10 m/s?)

N
)
N
N
3
S A6kg—>»F
:: FEFPTFTTEFLITT TS,
) )
\‘
by
by
N
J| B |2ke
X A. 50 N
v B. 75 N
x) C. 100N
X D. 96 N
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The given system can be reframed as shown
aa
LT o1 A
L, .6kg —>F

sy

WIS LTI L I IITI I 77777774

T
T, L,
] 1.,
B

From the constrained condition, using method of intercept we get

L1+L2+L3:0
= ag+ag+0—ap=0

= aB =20 g.ccunnne (1)
Since A starts from rest, using 3rd equation of motion, we get
v? 52 9
= —= =2.5
U= 5T gy Ao
= ap = 5m/s?
N T
E I
e
aBI
2T«+—6kg —F 2kg

| |

69 29

From the FBDs of the masses 6 kg and 2 kg, we have
T—-29=2ap= T=29+2ap=20+2x5=30N
F—-2T =6ay,= F=2T+6a,=2x30+6x25=T7T5N
Thus, the value of F'is 75 N
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9. Inthe figure shown, if a ball of mass m is at rest relative to the wedge
moving to the left with an acceleration a = g+/3, find the force exerted by the
vertical face of the wedge on mass m.

Ch 30

Vil

x) A 2™
V3
X) B. g3
v) c
V3
x) D. V3mg
4

Using_pseudo force concept
In the frame of reference of the wedge, the mass m has no acceleration.
The force exerted by verticle face on m is the normal force N;

From FBD of the sphere we have

. N1 =ma -+ Nycos60°
and, N,sin60° = mg

2

= Ny = mg——

V3
— 2mg/ 1 4m
:>N1—mg\/3+—_g<—>=—_g
v3\2/ /3

Copyright © Think and Learn Pvt. Ltd.



[BYJu's

The Learning App

JEE Main Part Test 1

10. A block of mass 2 kg is attached to a spring of force constant £ = 10 N/m as
shown in the figure. Find the range in which the block can be kept without
slipping when the block is pulled or pushed towards the spring (spring is
elongated or compressed). Take g = 10 m/s2.

k=10N/m u=0.8

I
HHrrrrrrrrry
(0, 0)

| (%, 0)

v A. 3.2m

x) B. 16m
X C. 2.4 m

X) D 48m
When the spring is compressed:
By say z1, from FBD we get (here, R is the normal force)

R
A

f - » kx Where z; is compression

Ki
-«

L]

1

[ 1

1 1

1 |
o0 O AP
I ' 1 0 0

1 I

L] L]

x,0) (%.0)
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M F,=0
= fs:ka:l
and, > F, =0
= R=2g
v fe=puR=08x2x10=16N
k 10

When the spring is elongated:
By say z,, from FBD we get

R
A
kx, €—
» f Where z; is elongation
Y
mg
. XE u
i
| ! Ty = |z — o
1 |
(x,.0) (%, 0)
At equilibrium,
S F, =0
= k:I?z = fs
and, > F, =0
= R=mg
o fs=psR=08x29g=16 N
s 1
k 10

Range in which block can be kept without slipping is
1 +23=16+16=32m
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11. In the figure shown below, a horizontal force F' is applied on 4 kg block
towards left. If the coefficient of friction between the surfaces are 0.5 and 0.4
as shown in the figure. The value of Tension in the rope and force required
just to slide the 4 kg block under 2 kg block is
(rope is massless and inextensible)

VL Ll
u =04

X) A T_909Nand F=29N
x) B. 7_909Nand F=145N
v) C 7_909Nand F=29N

x) D. 7—_909Nand F=145N
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The FBDs of the blocks are as shown below
R; and R, are the normal forces acting on the respective blocks.

Ri R1 RZ

e B

2kg ——>»Tcos37°Fe&——— 4kg

> f
, l

2g 4g

» f

f1 <

The condition is just to slide, it means in the question it is talking about
limiting condition.

So, from FBD of 2 kg we have,

R+ Tsin37° =29 =20

T
R; =20 — 3? .. (1)
fi =T cos37°
4T
vofi=pR
3T 3T
= =05({20— —) =10— —... (3
=05 (2-2) —10- . 0
From (3) and (2) we get
AT _ 3T
5 10
A
151T 0 00
= 10=>T="—- 4
10 11 4)
From (4) in (1) we get
3 x 100
=920 —
B=20- 7
=20 — 5.454
R; = 14.546 N
Now, from the FBD of 4 kg we get,
At equilibrium,
Ry = Ry + 4g = 14.546 + 40 = 54.546 N
F=fi+f

‘o fo = poRy = 0.4 x 54.546 = 21.8 N

and from equation (3)

3 x 100
fi=10—- 10 % 11—7.27
= F=21.8473=291N
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3
by y = % If the coefficient of friction is 0.5, the maximum height above the

ground at which the block can be placed without slipping is

v) A %m
x) B. %m
x) C. %m
x) D. %m

At equilibrium for limiting value of friction, u = tan 6

From the question,

oz
Y= %
d x?
=tanf = —= —
€T 2
. _$2
= 5
m
g |Y
P
Given © = 0.5
05— %
=05=—
2
sz=1

3
Therefore, maximum vertical height for no slipping y = %:

Qii'_l

12. A block of mass m is placed on a surface with a vertical cross section given
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13. At certain place on railway track, the radius of curvature of railway track is
200 m. If the distance between the rails is 1.6 m, and the outer rail is raised
by 0.08 m above the inner rail, find the speed of train for which there is no
side pressure of the rails.

(Take g = 10 m/s°)

X A. 5m/s
v) B. 10m/s
x) C. 15m/s

x) D. 20m/s

mg
Inner rail
= For equilibrium in vertical direction,

mu
Nsinf =

Also,
Distance between rails is AB = 1.6 m and height between inner and outer
rails, h = 0.08 m

h 008 1

‘sinf = — = -
ST =TT 06 T 20

As '¢ is small; sin 6 ~ tan 6
Now putting value of tan @ in equation (2):

1 200 x 10
—_— — P —:1
= 20 rg:>v A/ 50 0m/s
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14. A small ring P is threaded on a smooth wire bent in the form of a circle of
radius a and center O. The wire is rotating with constant angular speed w
about a vertical diameter zy, while the ring remains at rest relative to the

wire at a distance %from zy. Then w? is equal to

(1]
L
X1
[ ]
1
—|
y'afz
x) A 29
a
x) B. 9
2a
v) c. ¥
av3
x) D. 9V3
2a
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y
N
X
a
aj2
(b)
From FBD:
> F,=0= Ncosf =mg... (i)
2
S F, = 0= Nsing = ——2 (i)
2
2
Dividing Eq. (ii) = (i), tan8 = <% o2 — 29%an0
2g a
a/2 1
Now, sinf = — = —or 8 = 30°
. a 2
= tanf = —
V3
(" sinf = PP from the triangle)
hyp
L, 2g
e w? =
V3a
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-1
A force F acting on a body depends on its displacement z as F < z 3 . The
power delivered by F' will depend on displacement as

15.

x ) A. a;%
x ) B. mg
x C. w%
v) D. o0

Copyright © Think and Learn Pvt. Ltd.
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Given that force F' acting on a body depends on its displacement = as
-1
Fxz 3
—1

= F=kx 3 ...(i) (as F =ma)

[
=a=—=x3
m

We know that acceleration (a) as a function of (z) is

k
= vdv = E{L‘ 3 dx
Integrating on both sides,
—1
Y o — kE .z 34
va vdv = Efwo x x
v — v} 3k

2
= 3
2 2m

2
= '1)2 X T 3
1
svxz3
L
= v =czx3...(ii), here let c be the constant term.

We also know that power (P) = F.v, by (i) and (i)
-1 1

P:kwa c:1f;g
= Pz’

Hence option D is the correct answer.
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16. A block of mass m starts moving with an initial velocity v, at a distance L
towards a stationary spring of stiffness K attached to the wall as shown in
the figure.

—»V,

m

L < 5 th ——
«— Rough Surface—l-;‘_ moo

Find the distance travelled by block on smooth surface before coming to
rest.
Given that surface is rough only for distance L and friction coefficient u is

1
such that <§mvg > ,umgL).

X B —muvy — pmL
\ "%
lmv — pmL
x) C. o o —
\ 2K

K

Let block covers distance(L + X) before coming to rest.
Work done by all forces = AKE
(W)friction + (W)spring = AKE

v) D. \/mvg — 2umglL

1
—pumgL — EK:CS = ——mvg

Hence option D is the correct answer
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10
7. A stone of mass 1 kg tied to a light string of length S o is whirled in a

vertical circle. If the ratio of the maximum tension to minimum tension is 4
and g =10 m/sz, then the speed of the stone at the highest point of the
circle is

x) A 0m/s
x) B. 20m/s
v) C. 10m/s

X D. 5m/s

muvg

e m————
-
="

AY
\\ T A ,I

~ 4
sh-'—T—“'

mg v
mvg

T
Let v, & v; be the velocities at the bottom and top of the circle.

Tension will be maximum at the bottom of the circle.

mu?

:>Tma:t: r + mg ------ (1)

Tension will be minimum at the top of the circle.

2
mu;

= Tmm - —mg -—-—--= (2)
Tmaa: .
=4 (given
T (given)
mu?
; + mg
= 5 =4 (3)
muv;

r

Applying conservation of energy at points A & B, taking A as a reference
point

KE,+ PEy = PEg+ KFEp

2

L 5
MY + 0 =mg(2r) + 5,
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G NPV
s
From equation (3)
mu, 4m’v%
+mg = — 4mg
r

4m’U? mvg

= dmg = -
T T

407 — v} = Bgr ——————mm- (5)
From equation (4)
vs— v =4gr—— — — — — — — (6)
By solving Equation (5) & (6)
3'0? = 9gr
vt2 = 3gr
Uy = 4/ 39T

10
vt:’/3><10><?: 10 m/s
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18. As shown in figure, a particle of mass 2 kg is attached to a bead. The bead
can slide on a smooth straight wire. Length of the string which connect the
particle and the bead is [. Initially, the particle is held in contact with the wire
with the string taut as shown in figure, and then it is let to fall. If the bead
has a mass 4 kg, then, when the string makes an angle 8 = 60° with the
wire, find the distance it slides upto this instant.

3 4 kg
N N
§ ‘i l EZk

x) A étowards left

l
v) B. Etowards right
x) C. étowards left

x) D. %towards right
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When string make an angle 60° with the wire:

y
L) X
- 4 ke [ >
- :_‘} £\
3 - 60° 12 kg s
‘ < ' e = =

—
-

Let the bead travel z distance as shown above.

Then, the distance covered by the 2 kg particle in z direction is
=[—(—1lcosb) + z]

and the distance covered by the bead = = (towards right)

As we know, there is no external force acting on the system. So, z.om will

not change. It will be zero.

_ MiT1 +maeTy 0

B e—

(Assuming motion towards right to be positive.)

4% (x) +2(lcos60° — I+ z)

wcom

xcom: 4+2
=4z — 2l + 2lcos60° + 2z =0
=6z—-1=0
l
=>z=—
7%

+ve sigh means the bead will move towards right.
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19. Two boys A and B of mass 60 kg and 40 kg are standing on a platform. Both
start walking towards each other with the same velocity 5 m/s. Find the
velocity of the platform if mass of the platform is 100 kg.

v) A 05m/s
X B. 2m/s

X C. 1m/s

x) D. 5m/s
5m/s
A%—DEmfs <—2B
V —t—

Given, mass of A, m; = 60 kg
mass of B, my = 40 kg
and mass of platform, m; = 100 kg

Let velocity of platform w.r.t ground be v towards left, then velocity of boy A
w.r.t ground is (5 — v) towards right.

Similarly, velocity of boy B w.r.t ground will is (5 + v) towards left.
ievi=5—v,v2=—(5+v)and vy = —v

Using momentum conservation, (treating rightwards direction as +ve)
myv1 + Mmovy + mgvg =0

60(5 — v) —40(5 4+ v) —100v =0

60 X 5 —60v —40 x 5 — 40v — 100v =0

300 — 200 = 200v

100
= v = ——= 0.5 m/s (towards left)
200

Copyright © Think and Learn Pvt. Ltd.
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20. A solid cylinder is released from rest from the top of an inclined plane of

inclination 6 and length 'I’. If the cylinder rolls without slipping, then find it's
speed when it reaches the bottom of inclined plane.

v) A [ 4glsin 6
3

x) B. 3glsin 6

2
x) c. [ 4
3sinf
x) D. 4gsin 6
3l
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In case of pure rolling, total mechanical energy remains conserved i.e
W; =0,

vem = rw for pure rolling

Since solid cyliinder is starting from rest, w; =0, v; =0

1
KETrans - E"nvéM
1 2
KERo = EICMW

= Total mechanical energy at initial position:

El = PFE + KETmns + KERot

.. By =mgh + 040 = mgh

Taking reference of PE = 0 at final position i.e at bottom of inclined plane

=-Total mechanical energy at final position:
E>; = PE + KETrans + KERot

1 1
E, =0+ EmvéM + EICsz
2

v mr
: CM:wand Iy =
r 2
2
1, 1/ mr?\ [ Vem
~ B =it o 77 (Tz
3
S By = va%M
From conservation of total mechanical energy,
= F1 = Ey
mgh = vaéM
4
VoM = h
CM 59

h = Isin®

Copyright © Think and Learn Pvt. Ltd.
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21. Consider a bicycle tyre rolling without slipping on a smooth horizontal
surface with a linear velocity vg as shown in figure. Then, which of the
following statement is incorrect?

X ) A. Speed of point A is zero
v) B. Speed of point B, C and D are equal to v
x ) C. 3peed of point B > speed of point O

x ) D. Speed of point C = 2

Copyright © Think and Learn Pvt. Ltd.
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Let the radius of bicycle wheel be r
For rolling without slipping vp = rw
= Net velocity of any point on the bicycle wheel will be a vector sum of

translational velocity and tangential velocity due to rotational motion, at that
point.

We can see that at point B and D, = 73, 71) will be greater in magnitude

compared to 70, since taking resultant of velocities, 8 < 90°, cosfis + ve
hence component vectors will add up together at points B and D to yield a

higher velocity than ?0

=-At point C net speed is :
%

| v | = vy + Tw = 2v;
=-At point A net speed is :

_>
IUA|:UO_rw:'UO—'U():O'_'UOZT‘w

.. Option (b) is incorrect

Copyright © Think and Learn Pvt. Ltd.
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22. A prticle of mass m moves with velocity vg = 20 m/s towards a large wall
that is moving with velocity v = 5 m/s towards the particle as shown. If the
particle collides with the wall elastically, then find the speed of the particle
just after collision. (Assume collision with the wall is elastic)

o—

v) A 30m/s
x) B. 20m/s
x) C. 25m/s

x) D. 22m/s

As we know
Va2f — Vif

€ = F
V1; — V24

(Take positive motion towards right)

Here, vy, Speed of particle before collision = v,
vo; = Speed of wall before collision = —V
v25 = Speed of wall after collision = -V
v15 = Speed of particle after collision = —v'

Assume after the collision, particle will move in leftward direction.
—v — (=7

vo — (—v)
Vo+v=—v+7
v =2v+ vy
vV =2x5+20
v =30m/s

Hence, 1 =

Therefore, speed of the particle after collision is v = 30 m/s towards left.
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23. A ball of mass m strikes the fixed inclined plane after falling through a height

h. If it rebounds elastically, the impulse imparted on the ball is
L ]

Fixed

@ A om 2gh cos 6
@ B. om gh cos
@ C. om 2ghsin 6

@ D. 2m~/2gh
Speed of ball just before the collision v = /2gh

Collision is elastic hence, e =1
( Velocity of seperation
e =

VGIOCIty of a‘pproa‘Ch ) along line of impact

N v
e:
u cos @
= v=-ceucosd =ucosf -e=1

Here, v is the velocity component of ball just after collision along line of
impact.

Impulse J = AP = mv — (—m ucos 6)

= AP = mucosf + mucosf

= J=AP =2mcosf,/2gh
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24. Arod of mass 1 kg and length 2 m is performing combined translational and
rotational motion as shown in figure. Find the magnitude of total angular
momentum about the origin.

YA M=1kg

0(0, 0)

X) A 10kgm?/s
x) B. 1kgm?/s
v) C. 11kgm?/s

x) D. 20kgm?/s

For combined rotation and translation motion,
- = —
Total angU|aI’ momentum L = Ltranslational + L rotational

— - — —
L =M(rox vo)+ Lcom
Both angular momentum due to translation and rotation, have clockwise

sense of rotation about origin. Hence both will add up
. L = M(rvgsin6) + Icom. w
2

: L ,

i.e L = Muvor, + T w...(7)

Here r, is the perpendicular distance of velocity vector from origin.
[ 2

Putting in Eq (¢), the magnitude of total angular momentum is,

1 x 22
L=(1x10x1)+ 17 x 3

- L =11kgm?/s
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25. A uniform disc of mass M and radius R is attached to a block of mass m by
means of a light string and a light pulley fixed at the top of an inclined plane
of inclination 6. The string is wrapped around the disc. The disc rolls down
the incline. If M = 6 m and # = 30°, the acceleration of the centre of mass of
the disc is: (Assume no slipping at any contact point)

x) A 9
6
v) B. 9
13
x) C. 9
16
x) D. ¢4
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Figure (a) and (b) shows the free body diagrams of the disc and the block.

mg

(b)

Disc is rolling without sliding. Hence, a., = aR

Here, T' = tension in the string

and f = frictional force between the disc and the incline

From ) F, = Ma (along the inclined plane),
For the disc: Mgsinf — T — f = Macy, ...(1)
For block: T — mg=ma ...(2)

Acceleration of the point on the periphery of the disc where string is
attached = acn + aR = 2acm

[-.- for pure rolling acm = aR]

From the string constraint, a = 2a.,,. Therefore

T —mg=2mac, -...(3)

Net torque on the disc is
fR—TR = I«

MR?®  aem
= fR—-TR= x 2

: R
= f=T+ Macm ...(4)

Putting (4) in (1) we get

Mgsinf — 2T = %Macm ..... (5)
Using (3) and (5) we get

Mgsin 0 — 2(mg + 2macy) = %Macm

(M sin6 — 2m)
= Qem = 3 g...(6)
Putting M = 6m and 6 = 30° in (6),
we get acp, = EEl

So the correct choice is (b).
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26. Atsomeinstant v = 4i — 3jm/sand @ = 2i + j m/s. Find the radius of
curvature at that instant.

v) A 125m

X B. 25 m
X C. 15 m
X D. 20 m

Given, v =4i —3jand d = 2i +
We have, ]7] = /4 4+ (-3)2=5m/s

and, ]7] =22 +12=,5m/s’

Also, we know that the component of acceleration parallel to the velocity is

given as o A )
d-v  (2+5)-(41-3)) 8-3 2
CLH = = = =1 m/s
|7| 5 5
Let us say that the component of acceleration perpendicular to the velocity
be ag
So, we have

— 2 2
a | :at—i—aﬁ

= (V5)?2=a2+1= a =2m/s’
Thus, radius of curvature at that instant is given by

—
V[P 52

R, = = =125m
a/t 2
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27. An object at rest at point A slides down on a smooth surface ending at point
B at a fixed hemisphere as shown in the figure. Determine the angle 6 at
which the object will leave the hemisphere.
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When the block leaves the surface then the normal force between the block
and the surface becomes zero.

N=0
At point C,
2

mu

= 0= + N
mg cos 7

mv?
= mg cos § =
[asN=0at(C]
= v?> = Rgcosf ............... (1)

By using law of conservation of mechanical energy,

Loss in Potential energy = Gain in Kinetic energy

2
me2 m’UO

mg(R + h) — mgR cosf =

2 22
R 0 v
= g(R+h) —gRcosf = g(;os ?O
[ from (1) ]
3ch059
———=g(R+h) +—
= cos 6 2 g(R+h)+
cos = —
3gR

02
= 1 441
= cosf = % 10 4<0><( +1) + 2)

5
= cosf = —
COos 6

= 0 = cos™! (E)
6

Hence option (b) is correct.
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28. Find the instantaneous axis of rotation of a rod of length [ from the end A

when it moves with a velocity ﬂ — vz and the rod rotates with an angular

velocity W = —2%1%, shown in the figure.
A -l
w
~ Y
4
» X
x) A !
2
X B. l
v) C g

Let us choose the point P as instantaneous center of rotation in the
extended rod at a distance r from point A as shown below.

A
T >V
1
1
1
|
1
: Y
! r We can say ICR is point of zero velocity.
1
1
1
H X
1
|
—»
1 —»
UPA < *—— 1,
1p
So, we can write
—  — =
Up = UPA + V4
— — s — 4
Here, vp = 0,vpy = —wri, vy = v
= —wri+wvi=0
v v
=>r=—=—=2I
w v
21

Hence, ICR will be located at a distance 2! from A.
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29. A physical quantity 'y’ is represented by the formula y = m?r—4¢g*1=%/2. If the
relative errors found in y,m,r,l and g are 18,1, 0.5,4 and p respectively, then
which of the following combination satisfy value of z and p

X A. 5and 2

X) B. 4ands3

16
c. = and E
3 2

v

X D. 8 and 2

Given,

y = m2r—4gml—3/2

As we know that, relative errors can be written as

A JAN
y:2Am+4Ar+m g+3Al
Y m r g 2 1

On multiplying each term by 100, each term will represent percentage error.
So, putting the given values in the above equation we get,

18 =2(1) +4(0.5) + zp + %(4)

= 18=10+xp
= 8 =uxp

By trial and error, only option (C) is valid for this scenario. Thus,
16 3
r= —p=

3 9

I
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30. Student A and Student B used two screw gauges of equal pitch and 100
circular divisions each, to measure the radius of a given wire. The actual
value of the radius of the wire is 0.322 cm. The absolute value of the
difference between the final circular scale readings observed by the
students A and B is.
[Figure shows position of reference 'O’ when jaws of screw gauge are
closed]
Given pitch = 0.1 cm.

-

10

<,

0
5
Screw gauge
(A)
X A. 31
IV 4 B. 13
X Ce 21
X D. 15

e

90 92 95

Screw gauge

(B)
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The least count of each screw gauge is,

itch
LC — P

total divisions on circular scale

N
. LC = 0—: 0.001 cm
100

For A, the error is on the positive side, so,
Actual value = Reading — Error
= Reading = Actual value + Error

MSR+ CSR =0.322 + 5 x 0.001

0.300 + CSR = 0.327

CSR = 0.027 cm

For B the error is on the negative side, so,
Actual value = Reading + Error

= Reading = Actual value — Error

0.300 + CSR = 0.322 — 0.008
CSR =0.014 cm

Difference in CSR = 0.027 — 0.014 = 0.013 cm

0.013
Division on circular scale = —— =13
0.001
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