Motion in a Straight Line and Plane

Questionl

Two cars A and B each of mass 103 kg are moving on parallel tracks separated by a
distance of 10 m, in same direction with speeds 72 km/h and 36 km/h. The magnitude
of angular momentum of car A with respect to car B is J-s.
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Options:
A.

3.6 x 10°
10°

3 x 10°
D.

2 x 10°

Answer: B

Solution:

Speed of car A,v4 = 72 x & =20m/s

Speed of car B, vg = 36 X 15—8 =10m/s

Since both cars are moving in the same direction, the relative velocity of car A with respect to car B (1’)’ A B) is:
VAB = Va — VB

= Vap =20—10=10m/s



Angular momentum of a point mass relative to an observer is defined as:

%
L :?x?

Where 1 is the position vector and?is the linear momentum ( m7).
The perpendicular distance (r; = d) between the two parallel tracks:
L=m-Vaive -T1L
Given values are,
e Massm = 10% kg
o Relative speed vag = 10 m/s
e Perpendicular distancer; = 10 m
Substituting the values into the formula :
L = (10%) x (10) x (10)
=L=10°J.s
Therefore, the angular momentum of the car A with respect to B is 10° J. s.

Hence, the correct option is (B).

Question2

A large drum having radius R is spinning around its axis with angular velocity w, as
shown in figure.

The minimum value of w so that a body of mass M remains stuck to the inner wall of
the drum, taking the coefficient of friction between the drum surface and mass M as u
, I8 ¢

~
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Solution:

When the drum rotates, the mass M experiences forces :
o 1. Weight (Mg) acts vertically downwards.
e 2. Normal reaction ( N ) acts horizontally toward the centre of the drum. This provides the necessary centripetal force.

¢ 3. Frictional force (f) acts vertically upwards, opposing the tendency of the mass to slide down due to gravity.

v—[—* mw?R
N

S~

For the body to remain rest with respect to the cylindrical surface, the vertical forces must be balanced :

f=Mg

The horizontal normal force provides the centripetal acceleration (a. = Rw? ) :

N = MRw*

The frictional force (f) is a self-adjusting force up to a maximum limit (limiting friction). For the body to stay at rest relative to the wall :
f < fmax

=f <uN



Substituting the values of f and N into this inequality :

Mg <pu (MRwZ)

Therefore, the minimum angular speed is Wy, = R

Hence, the correct option is (D).

Question3
In case of vertical circular motion of a particle by a thread of length r if the tension in

the thread is zero at an angle 30° shown in figure, the velocity at the bottom point (A)
of the circular path is (g = gravitational acceleration)
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Options:



D.
5gr

Answer: A

Solution:
Let the point where the tension becomes zero be P .

At any point in vertical circular motion, the net radial force provides the necessary centripetal force. The forces acting on the particle at
point P are :

e 1. Tension (T) is acting towards the centre.
o 2. Weight (mg) is acting vertically downwards.
The component of weight acting away along the radius is mgsin (30°). Thus, the equation of motion is :

2
mvp
T

T 4 mgsin (30°) =

The problem states that at this point, the tension T = 0. Substituting this :

0+ mgsin (30°) =

= mg (3) =

r

= VIQ) =5£...(9)

We need to find the vertical height of point P relative to the bottom point A .

From bottom A to the centre, the height is r . And from the centre to point P, the vertical displacement is r sin (30°).
Total height h fromAtoP =h =r+rsin(30°) =r+ - = &

Applying law of conservation of energy between points A and P,

Total Mechanical Energy at A = Total Mechanical Energy at P

Let v be the velocity at the bottom point. Taking point A as the reference for zero potential energy :



The velocity at the bottom point A is \/ %gr.

Hence, the correct option is (A).

Question4

A particle is rotating in a circular path and at any instant its motion can be described
as

0 — 5¢4 3

— 40 = 3°

The angular acceleration of the particle after 10 seconds is rad/s2.
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Options:
A.

150
120

130

D.
170

Answer: C

Solution:

The angular velocity is the first derivative of angular displacement () with respect to time (2).

_d9 _ d (5t 3
"J*E*E(TO*T>

w= & x (4%) — + x (3t?)

2088 2 _ 18 2
w= g —tT=5 -1

The angular acceleration () is the rate of change of angular velocity (w) with respect to time.

So, angular acceleration is the derivative of angular velocity with respect to time.
—dw _ d (£ 42
=g T a ( 7 1 )
1 2
a=5- (3t ) — 2t

a=15t2—2t

At t = 10 seconds:



a = 1.5(10)% — 2(10)
a = 1.5(100) — 20
a = 150 — 20 = 130 rad/s®

Therefore, the angular acceleration of the particle after 10 seconds is 130 rad/s2. Thus, the correct option is (C).

Questions

A 0.5 kg mass is in contact against the inner wall of a cylindrical drum of radius 4 m
rotating about its vertical axis. The minimum rotational speed of the drum to enable
the mass to remain stuck to the wall (without falling) is 5 rad/s. The coefficient of
friction between the drum’s inner wall surface and mass is . (Take

g = 10 m/s?)
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Options:

A.

0.1

B.

0.5

C.

0.7

D.
0.3

Answer: A
Solution:

When the cylinder rotates with an angular velocity o, the mass experiences a normal force N exerted by the wall. In the rotating frame,
this normal force provides the necessary centripetal force to keep the mass moving in a circle.




N = mw?

r

The weight of the mass pulling it downwards: W = mg

The static frictional force f5 acting upwards, preventing the mass from sliding down.

For the mass to remain stuck to the wall without falling, the upward frictional force must balance the downward weight :
fy = mg

The maximum possible value of static friction is given by fs,max = uN, where p is the coefficient of static friction.

To find the minimum speed (or the specific @ at a given speed), we use the limiting case where friction is at its maximum :
pN = mg

Substituting the expression for the normal force N into the equilibrium equation :

7 (mw2r) = mg

The mass m cancels out from both sides :
szr =g

_ 8
= b= o

The acceleration due to gravity is g = 10m/ s2, the angular speed of rotation is w = brad/s and the radius of cylinder (distance of
mass from the axis of rotation) is 7 = 4m

Putting the values in expression for coefficient of friction, we get

10
K= By2xd

_ 10 _ 10
= KL= 252 = 100

=u=0.1
Therefore, the coefficient of friction between the drum's inner wall surface and mass is 0.1.

Hence, the correct option is (A).

Question6

A smooth inclined plane ends in a vertical circular loop, as shown in the figure. A small
body is released from height / as shown. If the body exerts a force of three times its
weight on the plane at the highest point of circle then the height h = aR. The value of
a is
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Options:

D.
6

Answer: B

Solution:

The potential energy at height h converts into kinetic energy as the object slides down.

mu?

To move in a circle of radius R, the net force toward the center must be

U
R *

Let the bottom of the loop be the reference level (Potential Energy = 0 ).

At release point, the gravitational potential energy is PE; = mgh, and the kinetic energy is KE; = 0.
So, total energy of the body at releasing point is E; = PE; + KE; = mgh + 0 = mgh

At the highest point of circle the height is 2 R (the diameter).

So, the gravitational potential energy is PEs = mg(2R).

Let velocity at the top be v,. So, the kinetic energy of body at top is KE, = %mvg.

So, the total energy of the body at top of the circle is Es = 2mgR + %mv%.
Using law of conservation of energy :

mgh = 2mgR + %mvg
gh = 2gR+ % = v} = 2g(h — 2R)... (i)
At the top of the loop, normal force ( N ) acts on the body from the track.

It is given that the body exerts a force of 3 mg on the plane, so by Newton's 3rd Law, the track exerts N = 3mg on the body.

<
v to

So, total centripetal force is N + mg = mR

Substituting N = 3mg:

2 2
mv, mv,

3mg + mg = % = 4mg = |




v3=4gR... (ii)

From both the equations,
2g(h—2R) =4gR
=h—-2R=2R
=>h=4R=aR=a=4

Therefore, the value of « is 4 . Thus, the correct option is (B).

Question7

A car moving with a speed of 54 km /h takes a turn of radius 20 m . A simple
pendulum is suspended from the ceiling of the car. Determine the angle made by the
string of the pendulum with the vertical during the turning. (Take g = 10 m/s?)
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Options:

A.

tan—1(0.5)

B.

tan~1(0.75)

C.

tan—1(1.125)

D.

tan—1(0.25)

Answer: C

Solution:

The speed of the car is given in km /h. We must convert it to m/s to match the units of gravity and radius.
_ 5 __ —
v=54x 55 =3x5=15m/s

When the car takes a turn, from the perspective of an observer inside the car, the pendulum bob experiences gravity ( mg ) which is acting
vertically downwards and centrifugal force ( F ) a pseudo-force acting horizontally outwards due to the circular motion.



2
__ mv
F.==

Where m is mass, v is velocity, and r is radius.

Let the string make an angle 6 with the vertical. The tension T in the string can be resolved into two components:
The vertical component is T cos 6

The horizontal component is T sin 8

In equilibrium (relative to the car) :

Tsinf = 2 (47)

Dividing equation (ii) by the equation (i) :

Tsinf mv2/r
Tcos® ~  mg
2

- ¥

= tanf = g

Substituting the given values, where speed of car is v = 15 m//s, radius of turn is r = 20 m and the acceleration due to gravity is
2
g=10m/s

152
tanf = 55755
=tanf = § =1.125
= 6 = tan"'(1.125)

Therefore, the angle made by the string with the vertical is tan71(1.125).

Hence, the correct option is (C).

Question8
A gun mounted on the ground fires bullets in all directions with same speed. The

farthest distance the bullets could reach is 6.4 m . The speed of the bullets from the
gunis ___ m/s.

(take g = 10 m/s?)
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Answer: 8



Solution:

A bullet fired with an initial velocity u at an angle 6 with the horizontal. On resolving the initial velocity of bullet.

Horizontal component: Uy = u cos 6

Vertical component: Uy = usin @

The time of flight (7") is the time taken for the bullet to return to the ground (y = 0).
Using the equation y = uyt — %th :

0= (usinf)T — 1gT? = T = %—gnf’

The horizontal range (R) is the distance covered during this time :

R =1u, x T = (ucosb) (2“5—2;‘19)

_ u’sin(20)
=R = —

The range is maximum when sin(26) is maximum. The maximum value of the sine function is 1 (which occurs when
20 =90° = 6 = 45°).
So, the maximum horizontal range is
2

Rmax =
The maximum horizontal range is given as 6.4 m

2 2
64=1 =>u°=64=u=8m/s
Therefore, the speed of the bullets from the gun is 8 m/s.

Hence, the correct answer is 8 .

Question9

A river of width 200 m is flowing from west to east with a speed of 18 km/h. A boat,
moving with speed of 36 km/h in still water, is made to travel one-round trip (bank to
bank of the river). Minimum time taken by the boat for this journey and also the
displacement along the river bank are and respectively.
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Options:

A.



20 s and 100 m
B.
40 s and 100 m

C.

40 s and 200 m
D.

40 s and 0 m

Answer: C
Solution:
The speed of river is v, = 18 X % =5m/s

The speed of boat in still water is v, = 36 X 1—58 =10m/s

The width of river is w = 200 m

4
1
. —— -_vr
_ 0
Vi
W
B
' Jr

X2

The time taken to cross a river is determined solely by the component of the boat's velocity perpendicular to the river banks.

t=-—%

vy sin 6

Where theta is the angle with the bank. Time is minimum when the boat heads straight across (6 = 90° ), so sin§ = 1.

w 200

tnin1s2 = % 10 20s

Also, while returning to initial bank in minimum time,

tmin2—1 = vlb = 21000 =20

Total time of journey is,

Tiotal = tmin152 + tminz1 =2 x20=40s

When the boat heads straight across to minimize time, the river flow carries it downstream. This horizontal distance is,

Drift (one way) = v, X tin 150 = 5 X 20 s = 100 m east

The boat again heads straight across to minimize time. The river still flows from west to east, so the boat drifts another 100 m east.
Total Displacement along the bank:

Ax = 100 m (east) + 100 m (east) = 200 m

Therefore, the minimum time is 40 s and the displacement along the bank is 200 m . Hence, the correct option is (C).

Question10



A projectile is thrown upward at an angle 60° with the horizontal. The speed of the
projectile is 20 m /s when its direction of motion is 45° with the horizontal. The initial
speed of the projectile is m/s.
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Options:

A.

20V/3

20v/2
C.
40
D.

40V/2

Answer: B

Solution:

When a projectile is launched into the air, it moves in two dimensions: horizontally ( x— axis ) and vertically ( y - axis).

Along vertical direction gravity constantly pulls the projectile downward. Therefore, there is a constant downward acceleration

(ay = —g).

Along horizontal direction there are no horizontal forces (assuming no air resistance). According to Newton's First Law, an object in
motion stays in motion with the same speed and in the same direction unless acted upon by an unbalanced force. Therefore, the horizontal

acceleration is zero (a, = 0).

Because a, = 0, the horizontal component of the projectile's velocity remains perfectly constant throughout its entire journey.

Vy

If a projectile is launched with an initial speed u at an angle 0, its horizontal component is

ux =ucosf

At any later point in time, if the projectile has a new speed v and is moving at a new angle ¢, its horizontal component is :
Vx =vVcosa

Since the horizontal velocity never changes, these two expressions must be equal :

Uy = Vg



= ucosf = vcosa
Substituting the given values :

u cos (60°) = 20 cos (45°)
=u(3)=20x (=%
2 V2

_ 2
:>u_20><E

Therefore, the initial speed of projectile is 20v/2 m /s.

Hence, the correct option is (B).

Questionl1

A boy throws a ball into air at 45° from the horizontal to land it on a roof of a building
of height H. If the ball attains maximum height in 2 s and lands on the building in 3 s
after launch, then value of H is m.

(g =10 m/s?)
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Options:
A.
20
B.
25

C.
10
D.
15

Answer: D

Solution:

Let u be the initial velocity and @ = 45° be the angle of projection.



Hings

=10

The initial vertical velocity is u, = usin 6
The ball attains maximum height in t ., = 2.
At the maximum height, the vertical component of the velocity becomes zero (vy = 0).
Using the first equation of motion (v = u + at) :
vy =uy — gt
=0=uy — (10)(2) = uy = 20m/s
So, the initial vertical velocity is 20 m/s.
The ball lands on the roof of the building at t = 3 s.
This means at t = 3, the vertical displacement () of the ball is equal to the height of the building (H).
Using the second equation of motion (s =ut + %atz) :
y = uyt — Sgt?
Substituting the given values :
o 1.y = H (Height of the building)
 2.uy = 20m/s (Calculated in Step 2)
e 3.t = 3 s (Given time of landing)
H = (20)(3) — $(10)(3)> = 15m

Therefore, the height of the building is 15 m. Hence, the correct option is (D).

Question12

The two projectiles are projected with the same initial velocities at the 15° and 30°
with respect to the horizontal. The ratio of their ranges is 1 : . The value of x is
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Options:
A.
V2



Answer: B

Solution:

When a projectile launched with initial velocity u at an angle 6 to the horizontal.

HII).L‘{

/
/
&
A0y
L

Horizontal component of velocity: uy = ucos 6
Vertical component of velocity: uy = usin@
The time of flight ( T ) is the time taken for the vertical displacement to become zero.
Using s = ut + %at2 for the vertical direction:
0= (usind)T — gT?
= T = 2usind
g
The horizontal range ( R ) is the horizontal distance covered during this time :

R=u,- T = (ucosb) (2“5—;9)

Using the trigonometric identity 2 sin 6 cos § = sin 6 :

_ u’sin20
R= g

Since the initial velocities (u ) are the same for both projectiles :
R  sin 26

For the first projectile (6; = 15°) :

R; o sin (2 x 15°) =sin30° =

For the second projectile (§2 = 30°) :

R; x sin (2 x 30°) =sin60° = @

Taking the ratio :

Ry _ 12 _ 1

R~ V32 V3



1 _ 1 _ 9
:>ﬁ_z:>a:—\/3

Therefore, the correct option is (B).

Question13

If  and y coordinates of a projectile as a function of time (¢) are given as 24¢ and
43.6t — 4.9t2, respectively, then the angle (in degrees) made by the projectile with
horizontal whent = 2 s is .
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Options:
A.
60
B.
45
C.
30
D.
75

Answer: B
Solution:

Horizontal position of projectile is given as x = 24t
Vertical position of projectile is given as y = 43.6t — 4.9t>

. . o . . - dF
Velocity is the rate of change of position with respect to time (V = E)'

For the velocity component along horizontal, (v) :
vy = % = 4(24t) = 24 m/s

The horizontal velocity remains constant throughout the motion.



For the velocity component along vertical, (vy) :

vy = % = 4 (43.6t — 4.9t%)

=v, =43.6 — (2 x4.9)t

= v, = 43.6 — 9.8t

So, the velocities att = 2 s is,

vy =24m/s

= vy, =43.6 —9.8(2) =43.6 — 19.6 = 24 m/s

The angle 6 that the velocity vector makes with the horizontal is given by
tanf = Z—i

Substituting the values calculated fort = 2's:

tand = %

=tanf =1

=6 =45°

Therefore, the angle made by the projectile with the horizontal at t = 2 s is 45°.

Thus, the correct option is (B).

Question14

Att = 0, a body of mass 100 g starts moving under the influence of a force
(51 + 10j)N- After 2 s its position is (221 + 5yj)m. The ratio z : y is .
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Options:

A.

Answer: D
Solution:

The mass of the body, m = 100 g = 0.1 kg



The constant force acting on the body, F = (5% + 103)N

The time interval of motion, t = 2 s

As the body started from rest, so the initial velocity at t = 0,7 0

The position att = 25,1 = (2xi + 5y)j)m

According to Newton's Second Law of Motion :

= _ =
F =ma
R g
=a=2L1
m

Substituting the values :

—_ 5i+10j
a 01

= = (507 + 100j)m /s
From the second equation of motion for constant acceleration:

O
s:ut—f—%at2

Substituting the acceleration and time :

S= (503 + 1007)(2)>2

=75 = 1 (500 + 1007)(4)

= § = 2(50% + 100%)
=8 = (100 + 200j)m
On comparing the calculated displacement with the given position (23:% + 5y3') :
For the x -component: 2x = 100 = x = 50
For the y-component: 5y = 200 = y = 40
So, the required ratio is,
_ 50 _ .
% =5 =5:4
Therefore, the ratiox : y is 5 : 4.

Thus, the correct option is (D).

Question15

Two identical bodies, projected with the same speed at two different angles cover the
same horizontal range R. If the time of flight of these bodies are Ssand 10 s,
respectively, then the value of R is

m. (Take g = 10 m/s?)
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Options:
A.

250

25

500
D.
125

Answer: A

Solution:

For two projectiles launched with the same initial speed u to have the same horizontal range R, their angles of projection must be
complementary.

uy -«
'f;f u N S
/
“
v
f.;‘r (900_ 8) W
174 \\Q
/’ 8 | .
JL.'.. _ .'I »
- »

Let the first angle be 6. Then the second angle must be (90° —6) .
The time taken for the projectile to return to the same horizontal level.

T = 2l ()

And the total horizontal distance covered is the range of projectile, R .

R— u’sin(20) _ 2u2sinfcos b

g g

=R = fwsnfosh (i1)

For the first body (T; = 5) :

i . T
r:[\1 _ 2usinf = sinf = gl
g 2u

For the second body ( Ty = 10 s ):

_ 2usin(90°—6) _gTy
Ty = B E— = cosf = “Su



= r:[\1 % T2 — <2usgin9> % (2ucgos9)

=TTy = % ( 2uzsingt9c050)

Using the relation (ii)
_ 2R
T, T, = =

T, T
=R=%2—=2

Here, the time of flight of first projectile is T1 = 5 s and that of second projectile is it T2 = 10 s Putting the values in the formula of
horizontal range,

__ 10x5x10
R — ><2><
=R =250m
Therefore, the value of the horizontal range R is 250 m.

Hence, the correct option is (A).

Question16

A physical quantity C is related to four other quantities p, q, r and s as follows

2
— _Ppg
=130

The percentage errors in the measurement of p, , r and s are 1%, 2%, 3% and 2%,
respectively. The percentage error in the measurement of C' will be %
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Answer: 15

Solution:

To determine the percentage error in the measurement of C, which is related to p, g, r, and s as:

_ rd

/s

we first express it in terms of powers:

C = plg?r3s1/2

The percentage error in C can be calculated using the formula for the propagation of error, which is:

AC _ Ap Ag Ar 1| As
() e = 2|+ 2[ 53[50+ 3[4
Given the percentage errors for p, q, 7, and s are 1%, 2%, 3%, and 2% respectively, we substitute these values into the formula:

(M

) e = 1% +2x2% 4+ 3% 3%+ 5 x 2%

Calculating each part:

Contribution from p: 1%



Contribution from q: 4% (since 2 x 2% = 4%)
Contribution from 7: 9% (since 3 x 3% = 9%)
Contribution from s: 1% (since 1 x 2% = 1%)
Adding these contributions together:

1% + 4% + 9% + 1% = 15%

Thus, the maximum percentage error in the measurement of C' is 15%.

Question17
Match List - I with List - II.
List - | List - 1l
A.| Meter (L) l. he
G
B.| Second (S) | II. Gh
C. | Kilogram (M) | Il K223
Gh
D.| Kelvin(K) |IV. Gh

where h (Planck's constant), G (gravitational constant) and c¢ (speed of light in
vacuum) as fundamental units.

Choose the correct answer from the options given below :
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Options:

A.

A-IL, B-1V, C-I, D-III

B.

A-1V, B-IL, C-1, D-I1I

C.

A-1V, B-1, C-II, D-I1I

D.

A-I11, B-1, C-II, D-IV

Answer: B

Solution:



. . dist
The speed of light (c) is -
So, the dimensions of speed of light is [c] = [LT ]
From E = hv, where E is energy [ML2 T72} and v is frequency [T'].

So, the dimensions of Planck's constant is,

_m o ] e 7]
[b] = O ML*T
From Newton's law of gravitation, F = Gmrlz =2 where F is gravitational force [F] = [MLT’Z} , G is the universal gravitational constant,

m is the mass [m] = [Ml L’ TO} and r is the distance [r] = [M°LT"]
So, the dimensions of G is,

6] = S = Mgt = o]

Let a physical quantity Q be proportional to h*GYc”. Using principle of dimensional homogeneity

= [Q] = [ML*T'|*[M'L*T?)![LT']|*
= [Q} — szyL2z+3y+zT7z72y7z
For Kilogram (mass), dimensions are [Ml LY TO} .

On comparing the powers of dimensions,
z—y=1l=z=14y... (1)
20+ 3y+2=0...(%)
—x—2y—2z2=0=2z=—x — 2y....>11))
Substituting z into equation (i):
2 +3y+(—z—-2y)=0=>z+y=0=>2=—y
From equation (i),
—y=14+y=2y=—-1=y=-1/2
Thenx = 1/2.
Andz=-(}) -2(-f) =4 +1-4
~ - he
kilogram = h'/2G~1/2¢1/2 = \/70
So. Mo /2 = (C) (1)
For meter (length), the dimensions are [MO L! TO] = [MXYL2ry e x-2y ]
On comparing the powers of dimensions,
r—y=0=2=y..(0)
2¢+3y+z=1...(i1)
—x—2y—2z=0= z=—x — 2y.....(ii1)
Substituting z into equation (ii):
2r+3y—z—2y=1=>ax+y=1
Sincex =y, then2x=1=x= 4,y = 1.

Thenz:—%—2(%):—

oo



Thus, Meter (L) = [h]/2[G]"/2[c] ~3/2
So,Loc 4/ S = (A) — (IV)
For Second (time), the dimensions are [MO L° Tl} )

On comparing the powers of dimensions,
z—y=0=>zxz=y..0)

2x+3y+z2=0=2x+3x+z2=0=2z= —b5x... (i)
—x—-2y-z=1=-—x—-2x—z=1=-3x—z=1..... (231)

Substituting z :
—3:1:—(—5x)=1:>2x=1:>m:%,y:%
Thenz = -5 (%) = —%.

Thus, Second (S) = [h]/2[G]"/?[c] %/
So,S o 4/ 2 = (B) — (II)

Let a physical quantity 6 represent the Kelvin be proportional to h*GYc”K"Y. Using principle of dimensional homogeneity

x y
= (0] = [ML2 T’l] {M*l L? Tﬂ LT [K]"

= [9} = M2z-y[2z+3yt+z—a-2y—zKw

The dimensions of temperature is [0] = [MO L’ T° Kl} = [MX VL2 =T —x"2y 2K V| On comparing the powers,

z—y=0=>z=y...(i)
2+ 3y+2=0=>22+3z+2=0= 2= —bz... (i)
—z—2y—2z=0... (i)

. (iv)

On simplifying / =5 LQCS \/ ” fZTL LTMLZ - H = v K? = K which is kelvin. Thus, Kelvin (K) = K2GI;;C$ = (D) — (III)

A-1V,B-1,C-1,D-1II

Therefore, the correct option is (B).

Question18

The potential energy of a particle changes with distance = from a fixed origin as

V = fT‘/g, where A and B are constant with appropriate dimensions. The dimensions
of AB are
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Options:

A.



M! L2 T*Z]
B.

M3/2 12 T*ﬂ
C.

[Ml L2 Tﬂ
D.

[Ml L7/ T*Q]
Answer: D

Solution:

According to the principle of homogeneity, dimensions of each term on both sides of a equation must be the same. Also, only physical
quantities of the same dimensions can be added or subtracted.

Az

—+5» Where A and B are constant.

The potential energy of the particle is given as V =

In the denominator of the expression x + B, the constant B is added to distance x . Therefore, the dimensions of B must be the same as
the dimensions of x.

B] = [x] = [L']
The potential energy V has the same dimensions as work or energy.
V] = [F x x] = [Ml L'T % x Ll] - [Ml L2 T‘ﬂ

On rearranging the formula of potential energy for A :

_ V(z+B)
A= 7

Substituting the dimensions:

Ml LZ T72 [Ll]
[A} = [ [L1/2]}
N [A] _ [Ml L3 T—Z}

T
S[A] = ML T = (M T

To find the dimensions of the product AB :

[AB] = [A] x [B]
= [AB] = [M'L¥2 1% x [L1]
= [AB] = [M! LY 777

= [AB] = [Ml L7/? T’Z}

Therefore, the dimensions of AB is [M*L"/*T~2].

Thus, the correct option is (D).




Question19

The density p of a uniform cylinder is determined by measuring its mass m, length [
and diameter d. The measured values of m, [ and d are 97.42 + 0.02 g, 8.35 + 0.05 mm
and 20.20 £ 0.02 mm, respectively. Calculated percentage fractional error in p is
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Options:
A.

0.63%
0.82%

0.72%
D.
0.25%

Answer: B

Solution:

The density (p) of a body is defined as the ratio of its mass (m) to its volume (V).
=
For a uniform cylinder of length 1 and diameter D , the volume is,
2 D2 xD?
V=mnr lIﬂ'(T) = =z

Substituting the volume into the density formula:

4 m

_m _
P="v = 1

To find the fractional error, we take the natural logarithm (In) on both sides:
In(p) = In(4) + In(m) — In(r) — 2In(D) — In(l)

Differentiating both sides to find the relative change

The maximum possible fractional error is the sum of the absolute values of the individual relative errors:

Ap
P

_ Am | 2AD |, Al
=t 7T
For the percentage fractional error,

% Error in p = (AT“‘+2ATD+%) x 100

The measured value of mass is 97.42 + 0.02 g = m = 97.42 g and the absolute error is Am = 0.02 g So, relative error in mass is,



Am 0.02
Am _ 002 0.000205

The measured value of length is 8.35 £+ 0.05 mm =- 1 = 8.35 mm and the absolute error is Al = 0.05 mm

So, relative error in length is,

Al 005

T = 532 ~ 0.005988

The measured value of diameter is 20.20 = 0.02 mm = D = 20.20 mm and the absolute error is AD = 0.02 mm

So, relative error in diameter is,

2AD _ 2x0.02 _ 004
"D = 23 — 2020 ~ 0.001980
Putting the values in the expression for the percentage error in density,

% x 100% = (0.000205 + 0.005988 + 0.001980) x 100% = 0.008173 x 100%

= £2 % 100% = 0.8173% ~ 0.82%
Therefore, the calculated percentage fraction error in density is approximately 0.82%.

Hence, the correct option is (B).

Question20

Match List - [ with List - II.

List - | List- Il
A.| Boltzmann constant | I. [M*l L3 sz}
B.| Stefan's constant | Il. [M 1,2 T71:|
C.| Planck's constant |l {ML2 T2 K_l}
D. | Gravitational constant | IV. [M LOT3 K%}

Choose the correct answer from the options given below :
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Options:

A.

A-l, B-11, C-111, D-IV
B.

A-IV, B-II, C-I1, D-I
C.

A-III, B-1V, C-11, D-1



D.
A-II, B-1, C-1V, D-1II

Answer: C

Solution:

For the dimensional equation of Boltzmann Constant (kp)

The average kinetic energy (E) of a gas molecule is related to temperature (T) by the equation :
E=3kgT

To find the dimensions of kg :

[kg] = [E][T]

Using the formula Work = Force x Distance, dimensions of energy is [E] = [ML2 T_2}

The dimensions of temperature is [T] = [K]

So,
feg] = [ML2 7] (K] = [ML2 T K]

Thus, (A) Boltzmann constant — (I1T) [ ML? T2 K ]

For the dimensions of Stefan's Constant ( o)

According to Stefan-Boltzmann law, the energy radiated per unit area per unit time (P) is:
P=0oT*

_ Energy
Where P = Areax Time

Dimensions of

Pl — [ML2 T’Z] v

[P] = [L2][T]
Dimensions of T4 is [K*]
So, the dimensions of Stefan's constant is

-3
0] = 1o = St = T2 = ML T

Thus, (B) Stefan's constant — (IV)[ ML T3K™ ]

For the dimensions of Planck's Constant (h):

The energy (E) of a photon is given by E = hv, where v is frequency (Time ~1).

So, the dimension of Planck's constant is

CE® [ML2 Tﬂ
I~ [T

=[] = [ML2 T’l}
Thus, (C) Planck's constant — (IN[ ML2 T ! ]

For the dimensions of Gravitational Constant (G):

. . 2
From Newton's law of gravitation F' = Gmumy = £t
T mimy

The dimensions of Force is [F] = [MLT 2]

The dimensions of Distance squared is [r?] = [L?]



The dimensions of mass squared is [m; m,] = [M?]
So, the dimensions of Gravitational constant is
[MLT %] [L?]

[G] = i = ML T

Thus (D) Gravitational constant — (I) [M’l L? sz}

A—-TI,B—-IV,C—-1I,D—>1

Therefore, the correct option is (C).

Question21

The percentage error in the calculated volume of a sphere, if there is 2% error in its
diameter measurement, is .
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Options:
A.

1

D.
8

Answer: C
Solution:

The volume V of a sphere is given by the formula V = %71'7“3, where r is the radius of the sphere.

Since the error is given in terms of diameter (D), we express the radius as r = %.
Substituting this into the volume formula:

V= 4n(B)°

=>V= %T&'D3
To find the relative error, we take the natural logarithm (In) on both sides of the equation :
In(V) =In (%) +1n (D?)

=In(V)=In(%) + 3In(D)



Now, on differentiating both sides.

¥ =054

To express this as a percentage error, we multiply both sides by 100 :
(4 100) =3 x (£ x 100)

It is given that the percentage error in the diameter is 2%.

4L % 100 = 2%

So, percentage error in Volume = 3 x 2%

Percentage error in Volume = 6%

Therefore, the correct option is (C).

Question22

. . Pcd BT
Consider the equation H = %

Where H = magnetic field; £ = electric field, ¢ = permittivity, x = distance, t = time
The values of p, g, 7 and s respectively are :
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Options:
A.

1,1,1,1
~1,1,2,1

1,-1,-2,1
D.
~1,-2,-2,1

Answer: A

Solution:

To find the values of the exponents p, g, 7, and s, we will use dimensional analysis. Both sides of the equation must have the same
fundamental dimensions.

The dimension of distance (x) is the dimension of length
x| =L

The dimension is time [t] = T



The dimension of electric field ( E ) can be derived from the formula for force on a charge, F = qE. Therefore, E = F/q.
The dimensions of force is [F] = [MLT 2]
Charge (q) = Current x Time

So, the dimensions of charge is, [q] = [AT]

[MLT?]
[AT]

So, the dimensions of electric field is, [E] = = [MLT’3 Afl}

Using relationship between electric field (E) and and magnetic field (H) in electromagnetic waves. In a vacuum, the ratio of the
magnitudes of the electric field to the magnetic field (B) is the speed of light (c),

E/B=c

Using the formula of magnetic force on a current-carrying conductor:

F = BIL

Where, F = force B = magnetic field (flux density), I = current and L = length
Bk

Substituting the dimensions,

[MLT-?]
[LA]

[B] =
= [B] = [M T’21*1}
The relation between B and His B = pH = % = H. Where p = permeability.

pi
2mr

Using the formula of magnetic field, B = = {%} = [ﬂ , here r is distance from straight conductor carrying current i.

(2] =m = =Ly

Putting the dimensions of electric field and speed of light, the dimensions of magnetic field is,

MLT-3 A~
jo oriar] [MT2 A
(LT
We can derive the dimensions of permittivity ( € ) from Coulomb's Law, F = ﬁ %.

- (£

Substituting the dimensions into the given equation,

x|P[e][E]"

[H] = %
_ LML TA?) [ MLT A
= [L14] = 22 il }

[L—IA} _ [M—q+er—3q+TT4q—37‘—sA2q—7']
On comparing the powers of M, L, T, and A on both sides,
ForM,—q+r=0...()

For A,2q —r=1.Sincer =q,then2q —q=1,soq=1andr = 1.

ForL,p—3q+r=—1...(i).



p—31)+1=-1
p—2=-1=p=1

ForT, 4g — 3r — s = 0... (iii)

4(1)-3(1)—s=0
1-s=0=s=1

Therefore, the valuesarep =1,q=1,r=1, s = 1.

Hence, the correct option is (A).

Question23

A new unit ( a ) of length is chosen such that it is equal to the speed of light in vacuum.
What is the distance between Venus and Earth in terms of o units if light takes 6 min.
40 s to cover this distance?
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Options:
A.

200«
400«

300«
D.
500

Answer: B

Solution:

To find the distance between two points when an object moves at a constant speed, we use formula,
Distance = Speed x Time
a is a new unit of length such that 1 unit () = speed of light in vacuum (c).

The speed of light c is the distance light travels per unit of time (usually meters per second).

la = ¢ x (1 second )



The time taken for light to travel from Venus to Earth is 6 minutes and 40 seconds.

1 minute = 60 seconds

6 minutes = 6 x 60 = 360 seconds

Total time t = 360 s 4+ 40 s = 400 seconds

Using distance formula:

Distance = Speed of light x Time

Distance = ¢ x 400 seconds

Since la is the distance light travels in 1 second (¢ X 1 s), we can substitute ¢ with our new unit,
Distance = 400 X (¢ x 1s)

Distance = 400«

Therefore, the distance between Venus and Earth is 400«. Hence, the correct option is (B).

Question24

A tube of length 1 m is filled completely with an ideal liquid of mass 2 M , and closed
at both ends. The tube is rotated uniformly in horizontal plane about one of its ends. If
the force exerted by the liquid at the other end is F then angular velocity of the tube is

L in SI unit. The value of s ____ .
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Answer: 1

Solution:

7 77/




Question25

A string of length L is fixed at one end and carries a mass of M at the other end. The
mass makes ( S ) rotations per second about the vertical axis passing through end of

™

the string as shown. The tension in the string is ML.
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Answer: 36

Solution:

T cosf = mg
Tsinf = Mw?R
Using equation (2)
Tsin § = Mw?( Lsin 6)
2
T:l\/{w2L=M<E ><27r) L
T
T = 36ML




Question26

A particle of charge 1.6.C and mass 164 g is present in a strong magnetic field of 6.28
T . The particle is then fired perpendicular to magnetic field. The time required for the
particle to return to original location for the first time is s. (m = 3.14)
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Answer: 0

Solution:

To solve this problem, note that when a charged particle with mass m and charge q is fired perpendicular to a magnetic field of strength B
, it undergoes uniform circular motion. The period (time to complete one full circle) is given by:

Here's how to calculate it step by step:
Convert the given quantities to SI units:
Charge: ¢ = 1.6 uC = 1.6 x 10°¢C
Mass: m = 16 ug = 16 x 10 kg
Magnetic field: B = 6.28 T

Write down the period formula:

__ 2mm
T= B

Substitute the values:

27x (16x10~° kg )

T= (1.6x107°C )(6.28T )

Notice that 27 =~ 6.28, which cancels with the given magnetic field value, simplifying the expression:

_ 6.28x16x10™° _ 16x10~°
1.6x106x6.28 1.6x10°°
Simplify the fraction:

T=4% x 85 =10 x107° = 0.01s

Thus, the time required for the particle to return to its original location is:

Question27



A bob of mass m is suspended at a point O by a light string of length [ and left to
perform vertical motion (circular) as shown in figure. Initially, by applying horizontal
velocity v, at the point ' A ', the string becomes slack when, the bob reaches at the
point ' D '. The ratio of the kinetic energy of the bob at the points B and C is
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Options:
A. 4
B. 1
C.2
D.3

Answer: C

Solution:




As the string becomes slack when the bob reaches at the point D so tension is zero at this point. And the bob just completes the circle.
We know, to complete a vertical loop of radius R, the minimum velocity required at the bottom of loop is \/ﬁ

So, Vy = \/5_gl:VA (asR=1)

So, using energy conservation,

%mvi = %vaB + mgh

= +m(5gl) = $mv% +mg (%)

= KEp = "(5-1) = 2mgl

For point C,

%mvi = %mvg +mg (l + %)

3mgl
= Smgl = KEc + 5%

KEq = "(5 - 3) = mgl

KEp _ 2mgl _
SO’ KEcs = mgl =2

Question28

A body of mass 100 g is moving in circular path of radius 2 m on vertical plane as
shown in figure. The velocity of the body at point A is 10 m/s. The ratio of its Kinetic
energies at point B and C is :

(Take acceleration due to gravity as 10 m/s?)
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Options:

32
A ===
B. 2+4/3

C. 2+/2

D. 3+\/§

Answer: D

Solution:

10m/s

2

R\/§>

1 1
5m><100+0—§mV]23+mg(R—

100 = V2 + 2R (1 - ?]

V2 =100 — 20(2 — V3)
V3 =60+ 20V3)
1
KgEp = SmVh = %(60 +20V/3)

1 1, 3R



100 = V&3 = 60

V§ = 40
1, 1
K.B,_ 90F20V3 3 V3 _ 3+V3
40 2 2 2
Question29

A car of mass ' m ' moves on a banked road having radius ' r ' and banking angle 6. To
avoid slipping from banked road, the maximum permissible speed of the car is v,. The
coefficient of friction u between the wheels of the car and the banked road is
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Options:
A . v3+rgtand
H= rg+v? tan 6

2

__ v;—rgtan6
B. K= rg—v2tan6
v2—rgtanf
C. ll/ fr— 0—

rg+vi tan 6

2
__ vitrgtand
D. K rg—v2 tan

Answer: C
Solution:

Ncosf — uNsinf = mg

v

Nsinf + uN cosf =

r

Dividing the second equation by the first gives

v2 _ g(sinf+pucosb)
r — cosf—psinf °

Multiplying both sides by cos § — psin 6 leads to

’;—ﬁ(cose — pusind) = g(sin @ + pcosh).



Expanding and grouping the terms with y:
% cos — gsin = u (“Lsin 6 0
—-cosf — gsinf = pu (751n + gcos )
Thus, solving for p:

02
o= —Lcosf—gsind

isin 0+gcos @ '
Multiplying the numerator and the denominator by r gives

_ vg cos §—rgsin 0
H= v2sinf+rgcos *

Dividing both the numerator and denominator by cos @ (assuming cos 8 # 0):

_ vi—rgtand
T vitanf+rg

This result matches the expression

o v3—rg tanf
" rg+v} tanf

Thus, the correct answer is:

Option C

Question30

A body of mass ‘m’ connected to a massless and unstretchable string goes in vertical
circle of radius ‘R’ under gravity g. The other end of the string is fixed at the center of

circle. If velocity at top of circular path is n/gR , where, n > 1, then ratio of Kinetic
energy of the body at bottom to that at top of the circle is :
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Options:

A.

nzj:4

B.

n+4



_n_
n+4

Answer: A

Solution:

VTop =V n2gR
VBotom =V n2gR + 4gR
n2+4

Ratio = 5

n

Question31

A sportsman runs around a circular track of radius r such that he traverses the path
ABAB. The distance travelled and displacement, respectively, are
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Options:

A. wr,3r
B. 2r, 37r
C. 3mr, 2r

D. 3nr, r



Answer: C

Solution:

To determine the distance traveled and displacement of a sportsman running around a circular track, we begin by analyzing the path
describedas A - B —+ A — B.

Displacement:

The displacement is the straight line distance from the initial point to the final point. In this case, the sportsman completes one full circle
(from A back to A) and then continues to point B (which is opposite point A on the circle). Therefore, the displacement is the diameter of
the circle:

Displacement = 27
Distance:

The distance is the total path length traveled by the sportsman. Starting at A, he completes one full circle back to A, which has a
circumference of:

27r

He then runs half the circle from A to B, which is another:

1 —
3 X 2w =77
Thus, the total distance is the circumference of the full circle plus half of another circle:

Distance = 2nr + wr = 37r

In summary, the distance traveled by the sportsman is 37r and the displacement is 2r.

Question32

A wheel is rolling on a plane surface. The speed of a particle on the highest point of the
rim is 8 m/s. The speed of the particle on the rim of the wheel at the same level as the
centre of wheel, will be :
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Options:
A.4v2m/s
B.8m/s
C.4m/s
D.8v/2m/s
Answer: A

Solution:



IfVp =2V
Point A is instantaneous center of rotation
Given Vg = 8 m/s

V=4m/s
Vp=V2v=V, =4V2m/s

correct(1)

Question33

A particle is projected at an angle of 30° from horizontal at a speed of 60 m/s. The
height traversed by the particle in the first second is hy and height traversed in the last
second, before it reaches the maximum height, is /1. The ratio hg : h; is

[Take, g = 10 m/s? |
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Answer: 5

Solution:

ty = 60 sin 307 Z%U =30 mis

A

300
3 .
U, = 60 cos 307 = 60 % % = 30\@ m:s.

Time to reach max. height,



vy = Uy — gt

O0=30-10t >t =3s

We know, S, =u+ 5(2n — 1)
So,hg=81=30—1(2x1-1)=30-5=25m
andhy = Sws =30- 2 (2x3-1)=30-25=5

h
Hence, ﬁ = % =5

Question34

The maximum speed of a boat in still water is 27 km/h. Now this boat is moving
downstream in a river flowing at 9 km/h. A man in the boat throws a ball vertically
upwards with speed of 10 m/s. Range of the ball as observed by an observer at rest on

the bank is cm. (Take g = 10 m/sz)
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Answer: 2000

Solution:

The first step is to determine the horizontal velocity of the ball as seen by an observer on the bank.

The velocity of the boat in still water is 27 km/h. Since the boat is moving downstream and the river flows at 9 km/h, the actual speed of
the boat relative to the bank becomes:

Vpout = 27 + 9 = 36 km/h

Convert this speed from km/h to m/s by using the conversion factor 1 km/h = % m/s:

Vpoat = 36 X £ = 10m/s

This is also the horizontal velocity of the ball as seen by the observer on the bank.

Next, calculate the time the ball spends in the air. The initial vertical velocity of the ball is 10 m/s. The time to reach the maximum height
ty, is given by:

initial 10 _ 4 S

tup = g — 10

The total time of flight ¢y, is twice the time to reach the maximum height:

total =2 X1=2s

The horizontal range R of the ball is the horizontal velocity multiplied by the total time of flight:
R = horizontal X ttotal = 10 X 2 =20m

Finally, convert this range into centimeters:

R =20 x 100 = 2000 cm

Thus, the range of the ball as observed by an observer at rest on the bank is 2000 cm.




Question35

A ball of mass 100 g is projected with velocity 20 m /s at 60° with horizontal. The
decrease in Kinetic energy of the ball during the motion from point of projection to
highest point is
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Options:
A.201J
B.51J
C.151]
D. zero

Answer: C

Solution:

20 m/s

1
ki = Emv2

1 1
ke = 3 m(v cos 60°)% = g
3 2

Ak:ki—kfzgmv :%X0.1X400:15J

2

Question36

An object of mass ' m ' is projected from origin in a vertical xy plane at an angle 45°
with the x— axis with an initial velocity v,. The magnitude and direction of the
angular momentum of the object with respect to origin, when it reaches at the
maximum height, will be [ g is acceleration due to gravity]
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Options:

3
mu, : .
A. 2739 along negative z-axis

3

B. 2= along positive z-axis
" 202g gp

3

C. ™ along positive z-axis
1/32g gp

3

D. 7 along negative z-axis
4\/§g

Answer: D
Solution:

— vy 3

— Yo o U_O “~
vy = 7 1+ 7 J-
At maximum height, the vertical component of the velocity becomes zero. Setting the vertical velocity to zero:

v_O_: :Uo
7 gt=0 — t i

The coordinates at this time are:

2
KU i i
:Ij:—ot:—n.—o = -

V2 V2 ogV2 29’

Writing out the cross product:
Y & I A vo &
TXU= (2—gz+@j) X WA

Since the cross product of 7 with itself is zero and:

ixi=—k,
we have

2 3 ~
5 o ) v v
rTXv=p>—£t(—-k)=—

g \/2( ) 4\/59

Thus, the angular momentum is:

3 A
mvo

L:—4\/§g .

This means the magnitude is:



3
m vy

4\/§g ’

and its direction is along the negative k (or negative z-axis).

Question37

The position vector of a moving body at any instant of time is given as
T= <5t22 — 5t3’) m. The magnitude and direction of velocity at ¢t = 2s is,
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Options:

A. 5v/17 m/s, making an angle of tan ! 4 with - ve Y axis

B. 5V/15 m /s, making an angle of tan~! 4 with + ve X axis

C. 517 m /s, making an angle of tan—! 4 with + ve X axis

D. 54/15 m/s, making an angle of tan—! 4 with — ve Y axis

Answer: A
Solution:
T=5t% — 5
V=10ti — 5
V=20i - 55 att = 2sec
A
J
vy =20 %
T 1
I
0 |
|
|
|
LV ) SR ——

tanG:E:4
5

6 =tan 4
From-veY-axis

Question38



Two projectiles are fired with same initial speed from same point on ground at angles
of (45° — a) and (45° + «), respectively, with the horizontal direction. The ratio of

their maximum heights attained is :
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Options:
A.

l4sina

l-sina

B.

1+4sin2a

1—sin 2«

C.

l-tana

1+tana

D.

1—sin2a

1+sin 2a
Answer: D
Solution:

(usinf)?
HMa.x =
2g

(Hmax)l o 112 sin2(45 — a)
(Hmax),  u2sin?(45 + o)
2
1 R P
B (ﬁcosa \/Esma)
- 2
1 R
( ﬁcosa -+ ﬁsma)
11— sin 2«
" 1+sin2a

Question39

A river is flowing from west to east direction with speed of 9 km h™'. If a boat capable
of moving at a maximum speed of 27 km h~! in still water, crosses the river in half a
minute, while moving with maximum speed at an angle of 150° to direction of river
flow, then the width of the river is :
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Options:
A.112.5m

B.75m



C.300 m

D.112.5 x v/3m

Answer: A

Solution:

27 kmf?’u‘ —> 9 kiv/hr

27
.V = river flow = 27 X cos60° = = km /hr

Time taken = 30sec.

S S=Vt= 22—7 X % X30m=112.5m
Question40

The angle of projection of a particle is measured from the vertical axis as ¢ and the
maximum height reached by the particle is h,,. Here hy, as function of ¢ can be
presented as
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Options:
A. T AN
h

1




B. T /N
hm
O ¢ 900 4
C. A
hm [
l
i
:
[
O ¢ 90°”
D. T A
hm
O N
¢ 90°
Answer: D
Solution:
Hma.x _ u?cos? ¢

2g




Question41

A particle is projected with velocity u so that its horizontal range is three times the

maximum height attained by it. The horizontal range of the projectile is given as .

25g °
where value of n is: (Given, ' g ' is the acceleration due to gravity.)
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Options:
A.6

B. 12
C. 18
D. 24

Answer: D

Solution:

Given that the horizontal range of a projectile is three times its maximum height, we need to determine the value of n in the expression
2
for the range %.

Let's start by setting up the equations for the range and maximum height of a projectile.

The formula for the range R is:

R= u? sin 26
g

The formula for the maximum height H,,,, is:

u?sin® 0
Hmax = 2g

According to the problem, the range R is three times the maximum height H ,,:
R =3H .

Substituting the formulas for R and Hp,ax into this condition gives:

u?sin2f _ 3. u?sin® 6
g 29

Simplifying this equation, we get:
2sinfcosf = %sin2 0
Using the identity sin 20 = 2 sin § cos §, we can rewrite:

2sin 0 cos 0 = sin 20



This gives us:

sin 20 = %sin2 0

Dividing both sides by sin 6, assuming sin § # 0, we have:
2cosf = %sin 0

Rearranging the terms to solve for tan 8, we get:

tan = ¢

Thus, the angle 6 where tan 6 = % corresponds to 8 = 53°.

Now, substituting back into the range formula:

29.3.4
u2-¢ ¢

R=

The calculation yields:

242
R= 25g

Therefore, the value of n in the expression QLT“; isn = 24.

Question42

Two projectiles are fired from ground with same initial speeds from same point at
angles (45°+ «) and (45° — «) with horizontal direction. The ratio of their times of
flights is
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Options:

1+tana
A. l1—tana

1+sin 2a
B. 1—sin 2a

l—tana
C. 1+tan o

D.1

Answer: A

Solution:

To find the ratio of the times of flight for two projectiles fired from the ground with the same initial speed but at different angles, we
follow these steps:



Projectile Angles:

The first projectile is launched at an angle 6; = 45° + a.
The second projectile is launched at an angle 8; = 45° — a.
Time of Flight Formula:

The time of flight T" for a projectile is given by:

_ 2usinf
T= 9

where v is the initial speed and g is the acceleration due to gravity.
Ratio of Times of Flight:

The ratio of the times of flights % can be determined as follows:

T sin(45°+a)

T, — sin(45°—a)
Applying Trigonometric Identities:

Use the sine addition and subtraction formulas:

1

sin(45° 4+ a) = ﬁ(cosa + sin a)

sin(45° — a) = cosa — sin @)

1
-5 (
Simplifying the Ratio:

Substitute the expressions for sin(45° + «) and sin(45° — «) into the ratio:

T cos a-+sin a)

1
=L V2 ¢ __ cosatsina
Ty %2 (cos a—sin a) cos a—sin o

Factor out the trigonometric functions to express in terms of tangent:

Ty _ l4tana
Ty, = l1—tana

litana
l1-tana *

Therefore, the ratio of the times of flights for the two projectiles is

Question43

A helicopter flying horizontally with a speed of 360 km/h at an altitude of 2 km, drops
an object at an instant. The object hits the ground at a point O, 20 s after it is dropped.
Displacement of 'O' from the position of helicopter where the object was released is :

(use acceleration due to gravity g =10 m/s? and neglect air resistance)
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Options:
A.

7.2 km

24/5 km



24/2 km
D.
4 km

Answer: C

Solution:

5
u = 360 x i =100 m/s

x=uxt=2x10°m

t= E =H= t2_g
g 2

_ 400; 10

H = 2000 m

D= /x?+ H?

D =2v2km

Questiond44

Two balls with same mass and initial velocity, are projected at different angles in such
a way that maximum height reached by first ball is 8 times higher than that of the
second ball. 7} and T, are the total flying times of first and second ball, respectively,
then the ratio of 7 and T} is
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Options:

A.

2:1

B.



V2:1

C.

2v2:1

D.

4:1
Answer: C

Solution:

Given that the maximum height reached by the first ball is 8 times that of the second ball:
(Hmax); = 8 X (Hmax),
We can relate this to the initial velocities and angles using the formula for maximum height:

u?sin?6; u?sin? 6,
29 =8x 29

Simplifying, we find:
sinf; = 2v/2sin 0,

Now, the ratio of the total flying times 77 and 7% is given by:

T, _ 2usin®y/g _ sinf;
T, — 2usinf/g — sinf, 2\/5

Thus, the ratio of T} to T is 2v/2 : 1.

Questiond45

Two cars P and Q are moving on a road in the same direction. Acceleration of car P
increases linearly with time whereas car Q moves with a constant acceleration. Both
cars cross each other at time t = 0, for the first time. The maximum possible number of
crossing(s) (including the crossing at t = 0) is .
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Answer: 3
Solution:

Here, we will use the concept of relative motion.

Let initial (at ¢t = 0) position of both cars is x = 0 (As they cross each other at t = 0 for Ist time)
given : For P

ap xt

For Q,

ag = a’ (Let) (constant)



= a0 = kt where, k = constant

dvb ( )
dt

= =kt(asa = ;’)

N fo vy (t) dvy(t) = f ktdt [let p and Q both starts from rest]

= vy(t) = 4
dz,(t
= S = lAso = )

= [0 deyyy = [t

= z,(t) = 2 (1)

Now, for Q,

zg(t) = 2a't? ... (2) [using Newton's 2nd equation of motion]
So, relative position of P w.r.t. Q,

zpw = zp(t) — zo(t)

= zpow = 2 — 1a1¢2 (From (1) and (2))

When both cars cross each other, Xpg = O

As X pg(t) is a cubic polynomial, so it has maximum 3 roots.

Hence, the maximum number of crossing = 3

Question46

A person travelling on a straight line moves with a uniform velocity v; for a distance x
and with a unlform velocity v, for the next :c distance. The average velocity in this

motion is 2> m/s. If v1 is 5 m/s then v, = m/s.
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Answer: 10

Solution:

To find the average velocity given the motion of a person traveling along a straight line with two different velocities, we start by
calculating the average velocity (vayg ) using the total distance traveled divided by the total time taken.

The distances and velocities are given as follows:

Distance z at velocity v1 = 5 m/s

Distance %a: at velocity vy

The formula for average velocity is:

v __ Total Distance
avg "  Total Time

Given:

Vavg = % m/s



The total distance traveled is:
3z _ bz
T+ =5
The time taken to cover each segment is given by:
: . —_ z __
Time for z: t1 = v T

3z
. 3¢,y _ 3 _ 3
Time for %: 2 = — = B

Now, using the formula for average velocity:

Cross-multiplying gives:

1 3 _ 7
5T 2, — 20

Solving for 2%2:

3 — 3
2vy, 20
ve = 10m/s

Thus, the value of va is 10 m/s.

Questiond47

The motion of an airplane is represented by velocity-time graph as shown below. The
distance covered by airplane in the first 30.5 second is km .

V{misec)

400 -

200

el

10 20 30 40 e
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Options:
A. 12

B.6



C.3
D.9

Answer: A

Solution:

The distance covered by the airplane in the first 30.5 seconds can be determined by calculating the area under the velocity-time graph.
The formula for distance in this scenario is:

Distance = Area under the graph

Calculating the individual areas:

300m/s x 2s = 600 m

400m/s x 28.5s = 11400 m

Adding these values gives the total distance:

Total distance = 600 m + 11400 m = 12000 m

Thus, the distance covered by the airplane in the first 30.5 seconds is 12000 m, which is equivalent to 12 km.

Question48

The velocity-time graph of an object moving along a straight line is shown in the
figure. What is the distance covered by the object betweent = 0 to t = 4s?

B

[ ]
b
=y
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Options:

A.

11 m

30 m

13m

10 m

Answer: B



Solution:

Distance = Area under vv/s t graph

1
Distance :5x2><10+2><10:30m

Question49

Which of the following curves possibly represent one-dimensional motion of a particle?

Phase

(A) / >

Velocity

L

QJ dlsplacement

Velocity
A

1N
NI

ATotal distance

A 2

(D) ——

Time




Choose the correct answer from the options given below :
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Options:

A. A, B and C only
B. A, C and D only
C. A, B and D only
D. A and B only

Answer: C

Solution:

For option (A)

¢ = kt + C it can be 1 D motion
eg — x = A sin $(SHM)

For option (B)

v2 4+ x? = constant yes 1D

For option (C)

time can't be negative Not possible
For option (D)

Possible

A, B & D only

QuestionS0

A particle moves along the z-axis and has its displacement x varying with time t
according to the equation:

T =co (t2 —2) +c(t —2)?



where cj and ¢ are constants of appropriate dimensions.

Then, which of the following statements is correct?
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Options:

A. the acceleration of the particle is 2 (¢ + ¢o)
B. the acceleration of the particle is 2¢q

C. the acceleration of the particle is 2 ¢

D. the initial velocity of the particle is 4c

Answer: A

Solution:

To determine the acceleration of the particle, we start by differentiating the displacement function with respect to time .
The displacement of the particle is given by:

z=co(t? —2) +c(t —2)2

First, compute the velocity v by differentiating  with respect to ¢:

o= = Lieo(t? ~2) +c(t — 2)’]

This gives:

v = 2cot + 2¢(t — 2)

Next, determine the acceleration a by differentiating the velocity function with respect to time ¢:
a=49 = 4ot + 2(t — 2)]

Calculating this gives:

a=2cy+ 2c

Hence, the acceleration of the particle is 2¢o + 2c¢.

Questions1

The displacement x versus time graph is shown below.

placement {m)

time (s}

dis



(A) The average velocity during 0 to 3 s is 10 m/s
(B) The average velocity during 3 to 5sis 0 m/s
(C) The instantaneous velocity att = 2 sis 5 m/s

(D) The average velocity during 5 to 7 s and instantaneous velocity at t = 6.5 s are
equal

(E) The average velocity from¢t = 0tot =9 s is zero

Choose the correct answer from the options given below :
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Options:
A. (B), (C), (D) only
B. (B), (D), (E) only
C. (A), (D), (E) only
D. (B), (C), (E) only
Answer: D

Solution:

Average Velocity (v): Calculated using the formula

N As Sr—Si
() = ar = t;—ti

where Sy and S; are the final and initial displacements, respectively, and ¢ and ¢; are the final and initial times.

Instantaneous Velocity?: Given by the slope of the displacement vs. time graph at any specific time:

= % = slope at that point

Analysis of Each Time Interval:

(A) From 0 to 3 sec:

@) =32 =2mss

The statement that the average velocity is 10 m/s is incorrect based on our calculation.
(B) From 3 to 5 sec:

W) = 22 =0mJs

The average velocity is indeed 0 m/s.

(C)Att = 2sec:

The slope of the tangent line at ¢ = 2 indicates that v’ = 5m/s. Therefore, this statement is correct.

(D) From 5 to 7 sec:



W) = &2 = —2.5m/s

Att = 6.5 sec, the graph's slope shows that v’ = 10 m/s, hence the statement is incorrect as the values are not equal.
(E) Fromt =0tot = 9sec:

= 0-0 _

<’U> =79 = 0m/s

This statement is verified correct as the average velocity is zero over the entire period.

Based on the analysis, statements (B), (C), and (E) are correct.

Question52

A particle starts from origin at 7= 0 with a velocity STmX s and moves in x -y plane under action of a force which produces a

constant acceleration of (3’; + 2})m/ s*. I the x-coordinate of the particle at that instant is 84m, then the speed of the particle
at this time is Vgm/ s. The value of a is [27-Jan-2024 Shift 1]

Answer: 673

Solution:

2
u = Sm/ s a, = Im/ 55 x=84m

L2 2_
v, Tu, =2ax

v, —25=2(3)(84)
Vx =23m/ s
v, Tu = axt

72 —
t= 23 5='5.S'
3

v,=0+at=0+2x(6)=12m/ s
vVi=vl+ 1':‘__2 =232+ 12 =673

v=vV673m/ s

QuestionS3

A bullet is fired into a fixed target looses one third of its velocity after travelling 4cm.
It penetrates further D x 10~3m before coming to rest. The value of D is :

[27-Jan-2024 Shift 2]
Options:

A.



3
D.
None of above

Answer: D

Solution:

vz—u2=2a3
: 2 A
( ‘3_“) = 1> +2(~a)(4 x 107

% — 12— 2a(4 % 107

SH'Z -2
- - =—2a(4 =10 7)...(1)

3

2
- 4?“=—2ax.. (2)
(1) 1(2)
5_4x10°
4 x
x= 10107

g

x=3-2%x10""m
x=32x10"m

Note : Since no option is matching, Question should be bonus.

Question54

A body falling under gravity covers two points A and B separated by 80m in 2 s. The
distance of upper point A from the starting point is m (. use g = 10ms_2)

[27-Jan-2024 Shift 2]



Answer: 45
Solution:

start
0 uzo

A vV,

80m

B

Fromd4 —B

~80=—vt- Lx10f
2

—80=—2v,— %xmxf

—80=—2v,—20
-60=—2v,
v, =30m/ s
FromOto A
V=ul+2 ]
30°=0+2x (—-10)(-S)
900 =208

S=45m

Questions5

A body starts moving from rest with constant acceleration covers displacement S1 in
first (p — 1) seconds and S2 in first p seconds. The displacement S; + S, will be made

in time :
[29-Jan-2024 Shift 1]
Options:

A.

2p+1)s

\/( —2p+1)s



2p—1)s
D.
(2p2 —2p+1)s

Answer: B

Solution:
S, infirst (p— 1) sec

S, in first p sec

1 2
S, = Ea(p— 1)

Question36

A particle is moving in a straight line. The variation of position ' x ' as a function of
time ' t'is given as

X = (t3 — 6% + 20t + 15)m. The velocity of the body when its acceleration becomes zero
is :

[29-Jan-2024 Shift 2]

Options:
A.

4nv's

8nv's



10nv's

6nv's

Answer: B

Solution:

x=t —6t°+20t+15

dx o =32-12t+20
dt

dv
— =a=06t—12
T

When a=0
6t—12=0;t=2 sec
At t=23sec
v=3(2)"—12(2)+20

v=8m/ s

QuestionsS7

A particle is moving in a circle of radius S0cm in such a way that at any instant the
normal and tangential components of its acceleration are equal. If its speed at t =0 is

4nv's, the time taken to complete the first revolution will be é[l ~e s, where a =

[29-Jan-2024 Shift 2]

Answer: 8

Solution:



(r=0.5m
s=2mr=m)

. [In(1 - 81)],'
-8

=T

In(1—8t)=—2x
1-8t=c

-2z, 1
t=(1-¢ ) =
(1-e )83

S0,6=8

QuestionS8

The displacement and the increase in the velocity of a moving particle in the time
interval of t to (t + 1) s are 125m and 50m/'s, respectively. The distance travelled by the

particle in (t + 2)t g s m.

[30-Jan-2024 Shift 1]

Answer: 175

Solution:



Considering acceleration is constant
v=u-tat

u+sSd=u+a=a=50m/s 5'2
125 =ut+ 1af
2

125=u+ 2
2

= u=100m/ s
a
25 =u+ Zn-
.5‘"u u+ 2[.?1 1]

=175m

Questions9

A small steel ball is dropped into a long cylinder containing glycerine. Which one of
the following is the correct representation of the velocity time graph for the transit of
the ball?

[31-Jan-2024 Shift 1]
Options:
A.

Va

Va




A 4
ki

Vi

N\

Answer: B

v
—

Solution:

MF

mg—Fp—F_ =ma

\.r'mg

{P%mS}g—l[pLg?rri]lg—ﬁmgn'=m%

4 .3 _ Sanr _
3m elp JﬂL) 1 KQ

dv _ )
a = Kl _Kz‘-

Todv
= |tdt
£ K, —Kyv g

- Kiq [, ~K,v] =t

‘ K,-K,w %
H —_— | =Kt
( K, ) 2

-E t
Ki—Kwv=Kpe -

V= E[1 —e_K"tl

Question60



The relation between time ' t ' and distance ' x ' is t = ax® + px, where a and B are
constants. The relation between acceleration (a) and velocity (v) is:

[31-Jan-2024 Shift 1]

Options:

A.
a=—2a"
B.
a=—50"
C.
a=—3om?’
D.
a=—4av"
Answer: A
Solution:

t=ox" + fx (differentiating wrt time)
de _ 2ox+f

1o 2ox+f3
v

(differentiating wrt time)
W odt dt

3

dv — oy

dt

Question61

If the radius of curvature of the path of two particles of same mass are in the ratio 3:4,
then in order to have constant centripetal force, their velocities will be in the ratio of:

[29-Jan-2024 Shift 1]
Options:

A.



V3:2
B.
1:43
C.
V301
D.
2:13

Answer: A

Solution:

. rn 3
Givenm; =m,and —= =
r 4

2
2
™
=

As centripetal force F =

In order to have constant (same in this question) centripetal force

Question62

A ball rolls off the top of a stairway with horizontal velocity u. The steps are 0.1m high
and 0.1m wide. The minimum velocity u with which that ball just hits the step 5 of the

stairway will be Vxms ™! where x = [use g =10m/ s2].

[29-Jan-2024 Shift 1]

Answer: 2

Solution:



Just miss
(for minimum speed)

L
b1

5]

The ball needs to just cross 4 steps to just hit 5 o step

Therefore, horizontal range (R) =0.4m
R= ut

Similarly, in vertical direction
1 2

h= —gt’

1 th

1 2
04= —gt
zg

0.4= %g( 0—1':1)2

-

u =2

u=v2m/ s

Therefore, x=2

Question63

A particle of mass m projected with a velocity ' u ' making an angle of 300 with the
horizontal. The magnitude of angular momentum of the projectile about the point of
projection when the particle is at its maximum height h is :

[30-Jan-2024 Shift 1]
Options:

A.

1]3_ }HH3

16 g

B.

V3 i
2 g

]

C.

3
it

V2g




D.

Z€ro

Answer: A

Solution:

L=mucos8H

w’sin 20
2g

= mu cos B=

mu3 V3o 142 3mu3
= — ¥ — ( —_ ) =
2g 2 2

Question64

Projectiles A and B are thrown at angles of 45¢ and 60c with vertical respectively from
top of a 400m high tower. If their ranges and times of flight are same, the ratio of their
speeds of projection v, : vgis :

[30-Jan-2024 Shift 2]

Options:
A.

1:13

B.

V201

C.

1:2

D.

None of above

Answer: D

Solution:



For us & up time of flight and range can not be same. So above options are incorrect.

Question65

A body starts falling freely from height H hits an inclined plane in its path at height h.
As a result of this perfectly elastic impact, the direction of the velocity of the body
becomes horizontal. The value of H/h for which the body will take the maximum time
to reach the ground is

[31-Jan-2024 Shift 1]

Answer: 2

Solution:

Total time of flight =T

T \/ 2h ‘/ 2(H-h)
g g

For max. time = T _ 0

dh

V(s ) =0

vVE-h=+vh
h= E=) E=2
2 h

Question66



A particle is moving in one dimension (along x axis) under the action of a variable
force. It's initial position was 16m right of origin. The variation of its position (x) with

time (t) is given as x = —3t3 + 18t + 16t, where x is in m and t is in s. The velocity of
the particle when its acceleration becomes zero is nv's.

[1-Feb-2024 Shift 1]

Answer: 52

Solution:

x=3f +18¢ + 16t
v=—0f +36+16
a=—18t+36

a=10 att =2z
v=—9(2)*+36x2+16

v=352m/ s

Question67

Train A is moving along two parallel rail tracks towards north with speed 72kmvh and
train B is moving towards south with speed 108kmh. Velocity of train B with respect

to A and velocity of ground with respect to B are (in ms_l) :

[1-Feb-2024 Shift 2]
Options:

A.

-30 and 50

B.

-50 and -30

C.
-50 and 30
D.
50 and -30

Answer: C

Solution:



Bl 30 mss
T 20m/s
A
<V, = 20m/ s
Vg = —30m. s
Velocity of B w.r.t. A

Vv —50m./ s

B/A

Velocity of ground w.r.t. B

Vg, g = 30m/ sbr>

Question68

A particle initially at rest starts moving from reference point. x = (0 along x-axis, with
velocity v that varies as v = 4\xnv's. The acceleration of the particle is ms 2.

[1-Feb-2024 Shift 2]

Answer: 8

Solution:

V=4vx

L dv
a=V &

-
<

= 4Vx % 4x %x_l';z =8m/ 5§

Question69

A particle moving in a circle of radius R with uniform speed takes time T to complete
one revolution. If this particle is projected with the same speed at an angle 0 to the
horizontal, the maximum height attained by it is equal to 4R. The angle of projection 0
is then given by :

[1-Feb-2024 Shift 1]



Options:

2gT?
C.
T 20T
cos 1[ “%T ] 2
TR
D.

1
cos [ —rRz 2
2gT

Answer: A

Solution:

2R _

v
T

2.2
vsin @

Maximum height H=
2g

P | b=

Question70



The velocity time graph of a body moving in a straight line is shown in figure.

8
. 6
4
2—
vims ) 0
2
4
_6_

—_— time (§) —

The ratio of displacement to distance travelled by the body in time 0 to 10 s is
[24-Jan-2023 Shift 2]

Options:
A.l:1
B.1:4
C.1:2
D.1:3
Answer: D

Solution:

Displacement =area =16—-8+16—8 = 16m
Distance =X| area | =48m

displacement _ 1
Distance 3
Question71

A car travels a distance of ' x ' with speed V , and then same distance ' x ' with speed
V , in the same direction. The average speed of the car is:
[25-Jan-2023 Shift 1]

Options:

iy
2(v,+v,)

A.

V1+V2
2

C. %X
v1+v2

D. 2v1v2

V1+V2

Answer: D



Solution:

< X 2 oL X S
A* * .
v, B v 2 C
Total displacement

Average velocity =

Total time

x+x 2v,v,

X X V1+V2

Question72

The distance travelled by a particle is related to time t as x = 4t*. The velocity of the

particle at t= Ssis.
[25-Jan-2023 Shift 2]

Options:

A. 40ms '
B.25ms |
C.20ms '
D. 8ms ™'
Answer: A
Solution:

x = 4t
dx
= = =8t
AT
Att=5sec

v=8x5=40m/ s

Question73

A tennis ball is dropped on to the floor from a height of 9.8m. It rebounds to a height
5.0m. Ball comes in contact with the floor for 0.2 s. The average acceleration during

. -2
contact 1s ms .

[Given g = 10ms > ]
[29-Jan-2023 Shift 1]

Answer: 120



Solution:

v, = \'Zghi
=V2x10x9.8]
=14m/ s}
\ \/2ghf
=\2x10x5%
=10m/ s?
N 24
@ |7 Axr| = 55 = 120m/
Question74
Column-1 Column-IT
(x-t graphs) (v-t graphs)
A A
X .
A
1 1 3
A
x| x, v
B. IE I0.
t t
VA
x 1
C. Im. —i—)
v t
I_
t
_“v
X v
{
D. V.
-\
t Yo




Choose the correct answer from the options given below:
[30-Jan-2023 Shift 1]

Options:

A. A-1I B-1V, C-I11, D-I
B. A- 1. B-11, C-III, D-IV
C. A-1I B-111, C-1V, D-I
D. A- 1, B-1II. C-1V, D-lI

Answer: A

Solution:

% = slope >0 always increasing
(A-11)

dx . dx

a<O, and att — o i —0
B-1V)

dx > ( for first half dx < 0 for second half.
dt dt

(C -1

dx _

I constant

(D-1)

Question75

A horse rider covers half the distance with Sm/ s speed. The remaining part of the
distance was travelled with speed 10m/ s for half the time and with speed 15m/ s for
other half of the time. The mean speed of the rider averaged over the whole time of

motion is x/7m/ s. The value of x is
[30-Jan-2023 Shift 1]

Answer: 50

Solution:

. xaeters . x meters

A B C




— X
AB Sm/ s
In motion BC
X = d1 + d2

where d,&d, we the distance travelled with 10 m/ s and 15m/ s respectively in equal time intervals VZL each

10t 15t
d=F.d,= =

! 2
d+dy=x= 2(10+15) = 2

2x _ 2x25_ 50

<V>:x+2x: 512 7m/S
5 25

Ans. : 50

Question76

An object is allowed to fall from a height R above the earth, where R is the radius of

earth. Its velocity when it strikes the earth's surface, ignoring air resistance, will be :
[30-Jan-2023 Shift 2]

Options:

A.2VgR
B. VgR

oQ

C.

=
ol

;

D. gR
Answer: B

Solution:

Loss in PE = Gain in KE

( GMm) ( GMm)_l 2

- |- |- == —mv
2R R 2

=y2= GM _

= V=R

gR

Question77

A vehicle travels 4 km with speed of 3 km/h and another 4 km with speed of S km/h,

then its average speed is:
[30-Jan-2023 Shift 2]

Options:



A.425km/h
B.3.50km/h
C.4.00km/h
D.3.75km/h

Answer: D

Solution:

2 _1,1_ 38
\% 3 5 15
av

=

—_

V= 2=375km/h

Question78

A body is moving with constant speed, in a circle of radius 10m. The body completes
one revolution in 4 s. At the end of 3 rd second, the displacement of body (in m ) from

its starting point is:
[31-Jan-2023 Shift 2]

Options:
A. 30
B. 15=#
C.5n
D. 102

Answer: D

Solution:

) T ) 2md/s
0=t
= 2x3

D>
I
S



r=10m
T = 4_sec
d =\2(10)m

Question79

The maximum vertical height to which a man can throw a ball is 136m. The maximum
horizontal distance upto which he can throw the same ball is
[24-Jan-2023 Shift 1]

Options:
A.192m
B.272m
C. 136m
D. 68m

Answer: B

Solution:

Question80

Two objects are projected with same velocity 'u' however at different angles a and 8
with the horizontal. If a + p = 90°, the ratio of horizontal range of the first object to the

2" object will be :
[25-Jan-2023 Shift 2]

Options:
A.4:1
B.2:1
C.1:2
D.1:1

Answer: D

Solution:



w’sin 20
g
Range for projection angle " a. "

2.
u’sin 2o
R = —=

Range =

Range for projection angle " "

2.
R, = u’sin 2
g
a+pB=90" (Given)
=>B=90"—a
2. o
R, = u’sin 2(g90 o)
*sin (180°—2
R, = u'sin a)
g
*sin 2a
R, = usm-co
g
( u’sin 2(1)
R, ( u’sin 20 ) !
g
Question81

A stone is projected at angle 30° to the horizontal. The ratio of kinetic energy of the
stone at point of projection to its kinetic energy at the highest point of flight will be :
[29-Jan-2023 Shift 1]

Options:
A l1:2
B.1:4
C.4:1
D.4:3

Answer: D

Solution:

KE

POP _
KE %M (ucos 30°)

%M (u)?

4
3

Question82

A particle of mass 100g is projected at time t = (0 with a speed 20ms ' at an angle 45° to
the horizontal as given in the figure. The magnitude of the angular momentum of the

particle about the starting point at time t = 2s is found to be VK kg m’/ s. The value of



Kis .
(. Take g = 10ms )
y

450 \
0 v
[29-Jan-2023 Shift 2]

Answer: 800

Solution:

t
Use AL=]tdt
0

X
L= | t)dt
Ozmg(v

= mgv. £ =(0.1)(10)(10N2) 2
x72 2

=20\2
= \/gookgmz/ S

Question83

The initial speed of a projectile fired from ground is u. At the highest point during its
motion, the speed of projectile is V73u. The time of flight of the projectile is:
[31-Jan-2023 Shift 1]

Options:

A 2
2g

B.



Answer: B

Solution:
ucos= @ = cos0O= \/2—5
=0=30
T - 2usin 30°_u
g g
Option 2.
Question84

The speed of a swimmer is 4 km h™' in still water. If the swimmer makes his strokes
normal to the flow of river of width 1 km, he reaches a point 750m down the stream on
the opposite bank.

The speed of the river water is kmh".
[31-Jan-2023 Shift 1]

Answer: 3
Solution:
4— X = unit = 750m
1 km=1000m
Ymg__
\Y —> Vmg

time to cross the River width © = 1000m
_ 1lkm
4km/h
Drift x=Vm/gxt
Where Vm/g is velocity of River w.r. to ground.

1 3
=V = =750m= =k
X rn/gX4 m ) m

Vm/g=3km/hr
Ans is 3 km/hr.

Question85

Two bodies are projected from ground with same speeds 40ms ' at two different
angles with respect to horizontal. The bodies were found to have same range. If one of

the body was projected at an angle of 60°, with horizontal then sum of the maximum



heights, attained by the two projectiles, is m. (Given g = 10ms > )
[31-Jan-2023 Shift 2]

Answer: 80

Solution:

Since range is same.

=0,+60,=90
=0,=30°
o (H | B u’sin 291 N u’sin 262
( max)l ( max)Z 2g 2g
40°( 1, 3
=Y [ 14+ 2)=
20 ( 4 4) 80m
Question86

An object moves with speed v,, v,, and v, along a line segment AB, BC and CD

respectively as shown in figure. Where AB = BC and AD = 3 AB, then average speed of
the object will be :

A B C D

[1-Feb-2023 Shift 1]

Options:

A (v, TV, +vy)
) 3

MAAE

3(vv, vVt vv))

3V]V2V3

ViV, TV V3t Vay,

Answer: C
Solution:

AB=x
BC=x
2x+CD =3x
CD=x
3v,v,v

<V>= X =vv +V1VzJ3rVV
XL X4 X V3T VIV3 T ViV,
Vi 2 V3




Question87

For a train engine moving with speed of 20ms . the driver must apply brakes at a
distance of 500m before the station for the train to come to rest at the station. If the
brakes were applied at half of this distance, the train engine would cross the station
with speed Vxms . The value of x is

(Assuming same retardation is produced by brakes)
[1-Feb-2023 Shift 2]

Answer: 200

Solution:

u=20m/ s, S, =500m,v=0
By third equation of mation
0= (20)*—2a.500 = a = l“—om/ &2
u=20m/s,S,=250m, v=7
v2 = (20)*—2a.250
=v=1v\200m/ s
x =200

Question88

A child stands on the edge of the cliff 10m above the ground and throws a stone
horizontally with an initial speed of Sms . Neglecting the air resistance, the speed
with which the stone hits the ground will be ms ' (given, g = 10ms >).

[1-Feb-2023 Shift 1]
Options:

A. 20

B. 15

C. 30

D. 25

Answer: B

Solution:



Sm/s

Sm/s
I!

~\2gh =300
=\25+200 = 15m/ s

Vv
y
v

net

Question89

A particle of mass 10g¢ moves in a straight line with retardation 2x, where x is the

-n
displacement in SI units. Its loss of kinetic energy for above displacement is ( %) J.
The value of n will be
[6-Apr-2023 shift 1]

Answer: 2

Solution:

Given, a=—2x
vdv

= —=-2
dx X

= vdv=-2xdx

> Iv2vdv=—2Txdx

v, 0
v.2 v.? 2
> 2 N X
2 2 2
2
my,-  mv,” 5 10 2_ 22_(10)‘2
2 o= 9 20
) 2 1000
n=2.
Question90

A particle starts with an initial velocity of 10.0ms " along x-direction and accelerates
uniformly at the rate of 2.0ms 2. The time taken by the particle to reach the velocity of

60.0ms ! is
[6-Apr-2023 shift 2]



Options:
A.3s
B.6s
C.25s

D.30s

Answer: C

Solution:

Using I*' equation of motion

t= v;u
t= 60;10: %:2559,0
Question91

As shown in the figure, a particle is moving with constant speed 7m/ s. Considering
its motion from A to B, the magnitude of the average velocity is :

B

[6-Apr-2023 shift 2]

Options:
A.tm/ s
B.2V3m/ s
C.\3m/ s

D. 1.5\3m/ s

Answer: D

Solution:

Given speed v=mm/ s
orRo=mn



T
orm= =rad/
0 R S

angular displacement 6 = 120° or 23—7[
uising 0 = ot
(= 8 _2m/3_ 2R
o n/R 3
linear displacement d = 2Rsin (6/2)
d =2Rsin ( @)
2 [—
=2R xsin 60 = 2R x \/73
=R\3

average velocity =

Question92

A particle is moving with constant speed in a circular path. When the particle turns by

an angle 90°, the ratio of instantaneous velocity to its average velocity is 7 : xV2. The
value of x will be -
[6-Apr-2023 shift 1]

Options:
A.7
B.2
C. 1
D.5

Answer: B
Solution:

"

VA:V]
A
AndVB=—vi

2R

Time to reach from A to B = 1_ nR
v 2v

Displacement from A to B = R\2

Displacement _ R\2 _ 2\2v
Time nR n

2v

Now, Average velocity from A to B =

AN
Instantaneous velocity at B is —vi



instantaneous velocity I

According to question,

average velocity 2
v =T
22v  x\2
T
T _ T
T n x%
=>x=2
.
Bl
]
|A
Question93

Given below are two statements : one is labelled as Assertion A and the other is
labelled as Reason R.

Assertion A : When a body is projected at an angle 45°, it's range is maximum.
Reason R : For maximum range, the value of sin 20 should be equal to one.

In the light of the above statements, choose the correct answer from the options given
below :

[6-Apr-2023 shift 1]
Options:

A. Both A and R are correct but R is NOT the correct explanation of A
B. A is false but R is true

C. Both A and R are correct and R is the correct explanation of A

D. A is true but R is false

Answer: C



Solution:

max’

2.
For a ground to ground projectile, Horizontal range is given by R = I'sin 20 And for R, sin 20 must be maximum.
g

Question94

A child of mass 5 kg is going round a merry-go-round that makes 1 rotation in 3.14 s.
The radius of the merrygo-round is 2m. The centrifugal force on the child will be

[6-Apr-2023 shift 2]
Options:

A. 40N

B. 100N

C. 80N

D. 50N

Answer: A

Solution:

Given, m=5kg, R=2m
time t for 1 rev = 3.14 sec or & sec
0 for 1 rev=2nrad

Therefore o = % = 2n_ 2rad/ s
T

centrifugal force F = mR o’
or F=5x2x2"=40N

Question95

Two projectiles A and B are thrown with initial velocities of 40m/ s and 60m/ s at
angles 30° and 60° with the horizontal respectively. The ratio of their ranges

respectively is (g = 10m/ sz)
[8-Apr-2023 shift 1]

Options:
A.2:\3

B.\/§:2



C.4:9
D.1:1

Answer: C

Solution:

R= u’sin 260

g
{u,=40m/ s, 0, =30°,u,=60m/ s, 6, =60}
R, ( u, )2 sin 26,
u, / sin 20,

R
R_:(@)ZX sin 60° _ 4
60

Rl
sin120° R, 9

8]

Question96

The trajectory of projectile, projected from the ground is given by y = x — g. Where x

and y are measured in meter. The maximum height attained by the projectile will be.
[8-Apr-2023 shift 2]

Options:
A. 10m
B. 200m
C.10\2m

D. 5m

Answer: D

Solution:

2

y:X_z_o

Q): _ X cdy _
(dx 1= 16 P Ymad g5 =0
x=10

0 100

ymax 20 Sm

Question97

The range of the projectile projected at an angle of 15° with horizontal is S0m. If the

projectile is projected with same velocity at an angle of 45° with horizontal, then its
range will be

[10-Apr-2023 shift 1]



Options:
A. 100V2m
B. 50m

C. 100m
D. 50\2m
Answer: C

Solution:

u’sin (2x15) _ o’
g 2g

2
=100m

2
So R= = So :uE:lOO

u’sin (2 45) _

R = w
g g

Question98

Two projectiles are projected at 30° and 60° with the horizontal the same speed. The
ratio of the maximum height attained by the two projectiles respectively is:
[10-Apr-2023 shift 2]

Options:
A.2:\3
B.1:\3
C.\N3:1
D.1:3
Answer: D
Solution:
2.2
In projectile motion, H — usin’0
many 2g
2. 2 o
ato=30°, H = 4sin 30
2g
.2
-60°. H u’sin “60
ato=60", H, 5
1
H, sin?30° _ (E) _1
3

?2 sin 260° ( \/5)2

Question99



A projectile fired at 30° to the ground is observed to be at same height at time 3 s and
5 s after projection, during its flight. The speed of projection of the projectile is
-1

ms .
( Given g = 10ms )
[11-Apr-2023 shift 1]

Answer: 80

Solution:

Time of flight =5+3 =8 sec.

N
]
t=3 '
_________ i . t=5sec
1
]
I
1
]
I
30° :
1
t=0
Now, T = 2usin 0
g
_ 2u-sin 30°

8
10

= u=80m/ sec
Ans.

Question100

A projectile is projected at 30° from horizontal with initial velocity 40ms”". The
velocity of the projectile at t = 2 s from the start will be :

(Given g = 10m/ s°)
[11-Apr-2023 shift 2]

Options:
A. Zero

B.203ms |



C. 40\3ms !

D. 20ms |

Answer: B
Solution:

U, =40co0s 30 =20V3

U, =40sin 30 =20

Vx =20\3
V,=u,~gt=20-10x2=0
V= \/vxz-i-vyz =20V3 =ms '

u=40ms"

30°

Question101

A disc is rolling without slipping on a surface. The radius of the disc is R. At t =0, the
top most point on the disc is A as shown in figure. When the disc completes half of its
rotation, the displacement of point A from its initial position is

A

~
4,:{ P *'-‘““

N g
F. |
R J

Nl

[13-Apr-2023 shift 1]

Options:

A. 2RV (1 +4r)

B. R\ (2 + 4)

C.2R

D.R\/(n2+1)

Answer: B



Solution:

nR

Displacement = AA
AA= @R+ (2R)?
AA=R{r*+4

Question102

A vehicle of mass 200 kg is moving along a levelled curved road of radius 70m with
angular velocity of 0.2 rad/ s. The centripetal force acting on the vehicle is:
[13-Apr-2023 shift 2]

Options:

A. 2800N

B. 560N

C. 2240N

D. 14N

Answer: B

Solution:

F_=mo’r =200 x (0.2)> x 70
= 560N

Question103

The position of a particle related to time is given by x = (St2 — 4t +5)m. The magnitude
of velocity of the particle at t =2 s will be :
[15-Apr-2023 shift 1]

Options:



A. 10ms |
B. 06ms '
C.16ms '

D. 14ms |
Answer: C

Solution:

Given, x:(5t2—4t+5)m
v =S2-10t-4

=

t=2,V=20—-4
V =16m/s

Question104

Give below are two statements

Statement I : Area under velocity- time graph gives the distance travelled by the body
in a given time.

Statement II : Area under acceleration- time graph is equal to the change in velocity-
in the given time.

In the light of given statement, choose the correct answer from the options given
below.

[8-Apr-2023 shift 2]

Options:

A. Both Statement I and Statement II are true.

B. Statement I is correct but Statement II is false.
C. Both Statement I and and Statement II are false.
D. Statement I is incorrect but Statement 11 is true.

Answer: A

Solution:

d—)
N
v = d—f=>fds =]V dt

Area of v vs time gives displacement
—
7= sV -Ta

Area of 2’ vs t graph gives change in velocity

Question105



The position-time graphs for two students A and B returning from the school to their

homes are shown in figure.
B
f

f‘f.f A
X
/7
/
() {

(A) A lives closer to the school

(B) B lives closer to the school

(C) A takes lesser time to reach home
(D) A travels faster than B

(E) B travels faster than A

Choose the correct answer from the options given below :
[10-Apr-2023 shift 1]

Options:
A. (A) and (E) only

B. (A), (C) and (E) only
C. (B) and (E) only

D. (A), (C) and (D) only
Answer: A

Solution:

(A) and (E) only
Slope of A=V ,

Slope of B=V
(slope )z > ( slope ),
Vo>V,

.'.tB < tA

Question106

A person travels x distance with velocity v, and then x distance with velocity v, in the
same direction. The average velocity of the person is v, then the relation between v, v,

and v, will be.
[10-Apr-2023 shift 2]

Options:

A.V:V1+V2

=141
\% v,

B.

<|=



c.2=14+1
v

Vi %
_ ity
D.v ——
Answer: C
Solution:
V 1 VZ |
S S
$—> > |
<€ X > <€ X >
Time taken b/wA&B = t, = X
A%
1
Time between b/w B&C=t,= =
V.
2
Average velocity (v) = Total dlsplgcement _ X*tx_ 2x
Total time t+t,  x L X
A% Vv

_ 11

(v) = L2

2v.v 2
or =
v

vity, Vi %
Question107
From the v —t graph shown, the ratio of distance to displacement in 25 s of motion is:
Voo e 1\
» N 3 - \20 25
i § 10 15 ©

[11-Apr-2023 shift 1]
Options:

3
A. 3

1
B. 3

5
C. 3
D.1

Answer: C

Solution:



Displacement = Area of graph with sign

1

Displacement :( 1x 10x5) +(10 % 5)+ ( %xsxzo) +( xsxzo) - %(5)(20)

N —

=25+50+75+50-50
=150m
Distance — Area of graph with positive value
Distance =25+50+75+50=250
Distance _ 250 _ 5

__Jistance _ 2oV D ti 3
Displacement 150 3 option = (3)

Question108
A ball is thrown vertically upward with an initial velocity of 150m/ s. The ratio of
velocity after 3 s and 5 s is X; L. The value of x is .

{take, g = 10m/ sz}
[12-Apr-2023 shift 1]

Options:
A. 6
B.5
C.-5

D. 10

Answer: B

Solution:

ToF = —= =30 sec

ToA =1

V, utat

V, utat,

Vi _ 150-10x3 _ 120
V, 150-10x5 100
Vi_o

vV, 5

x+1=6

x=35




Question109

Given below are two statements:

Statements I : A truck and a car moving with same Kinetic energy are brought to rest
by applying breaks which provide equal retarding forces. Both come to rest in equal
distance.

Statements II : A car moving towards east takes a turn and moves towards north, the
speed remains unchanged. The acceleration of the car is zero.

In the light of given statements, choose the most appropriate answer from the options

given below
[12-Apr-2023 shift 1]

Options:

A. Statements I is correct but Statements II is incorrect.
B. Statements I is incorrect but Statements II is correct.
C. Both Statements I and Statements II are correct.

D. Both Statements I and Statements II are incorrect.

Answer: A

Solution:

Statement-1 true
Stament-2 false

Question110

Two trains 'A' and 'B' of length '1 ' and ' 41 ' are travelling into a tunnel of length ' LL
' in parallel tracks from opposite directions with velocities 108 km/h and 72 km/h,
respectively. If train 'A' takes 35 s less time than train 'B' to cross the tunnel then,
length ' L ' of tunnel is:

(Given L =601)

[13-Apr-2023 shift 1]

Options:
A. 2700m
B. 1800m
C. 1200m
D. 900m

Answer: B

Solution:



4f L
B

- 5 _
Vv, =108x Ef30m/ S

- 5 _
V=72 55 =20m/ s

C+L 40+L
=50~ 3o
T, =T, 35
C+L_ 40+L _
30 20
Given, L=60¢
610 _ 640
1920 - 1220
60 B
700 = 60 x 35
€=30m
L =60 = 1800m

35

35

Questionl11

The distance travelled by an object in time t is given by s = (2.5)t2. The instantaneous

speed of the object at t = 5 s will be :
[13-Apr-2023 shift 2]

Options:
A.25ms

B.12.5ms |

C.5ms |

D. 62.5ms

Answer: A

Solution:

S=2.5¢
At, t = 5sec.
v=5%x5=25ms |

Question112



A passenger sitting in a train A moving at 90 km/h observes another train B moving in
the opposite direction for 8 s. if the velocity of the train B is 54 km /h, then length of
train B is :

[13-Apr-2023 shift 2]

Options:
A. 120m
B. 200m
C.320m
D. 80m
Answer: C

Solution:

— - — 1
=V~ VA =40ms

Length of train
Re lative velocity

Time of crossing =
-t
8= 1
{=8x40=320 meter

Question113

From the top of a tower, a ball is thrown vertically upward which reaches the ground
in 6s. A second ball thrown vertically downward from the same position with the same
speed reaches the ground in 1.5s. A third ball released, from the rest from the same

location, will reach the ground in s.
[24-Jun-2022-Shift-1]

Answer: 3

Solution:

Based on the situation

h=—ut, + %gtl2 — throwing up ...... 6))]

h=ut,+ %gtzz — throwing up ...... (ii)
h= %gt2—> dropping ......... (iif)

1 .
and 0 =u(t;~t) = 7e(t, —t,) e (V)



solving above equations
=\t
>t=V6x1.5=3s

Question114

An object of mass 5 kg is thrown vertically upwards from the ground. The air
resistance produces a constant retarding force of 10N throughout the motion. The

ratio of time of ascent to the time of descent will be equal to : [Use g = 10ms > ]
[24-Jun-2022-Shift-2]

Options:
A l:1
B.V2:V3
C.N3:\p
D.2:3
Answer: B
Solution:

Let time taken to ascent is t, and that to descent is t,. Height will be same so

_ 1 2_ 1 2
H= §><12‘[1 = §><8t2

t, 2
= t_l = \/_§
Question115

Two buses P and Q start from a point at the same time and move in a straight line and
their positions are represented by X ,(t) = at + Bt2 and X Q(t) = ft—t*> At what time,
both the buses have same velocity?

[25-Jun-2022-Shift-2]

Options:

—

A

1+

=

o+f
B. 2B-1D

o+f
C. 2(1+PB)

f—a
D. 2(1+B)

Answer: D



Solution:

2
Xp=ot+pt

e 2
Xfot t

=Sa+2pt=1f -2t
T Sl
2(1+P)

Question116

A person is standing in an elevator. In which situation, he experiences weight loss?
[26-Jun-2022-Shift-1]

Options:

A. When the elevator moves upward with constant acceleration

B. When the elevator moves downward with constant acceleration
C. When the elevator moves upward with uniform velocity

D. When the elevator moves downward with uniform velocity

Answer: B

Solution:

at rest

—»o
- ——
W
—>
[
c

|
N]_ Nz | N]."' ma N..q. N5
A A A ¥ |
|
|

Question117



An object is thrown vertically upwards. At its maximum height, which of the following
quantity becomes zero?
[26-Jun-2022-Shift-1]

Options:

A. Momentum

B. Potential Energy
C. Acceleration

D. Force

Answer: A

Solution:

At maximum height it's velocity is zero. So momentum (mv) will be zero.

Question118

A ball of mass 0.5 kg is dropped from the height of 10m. The height, at which the
magnitude of velocity becomes equal to the magnitude of acceleration due to gravity, is

m. [ Use g =10 .m/sz]
[26-Jun-2022-Shift-1]
Answer: 5

Solution:



10 m

h 4

Let at h height its velocity becomes 10m/s (as given in question)
=v'—u’ =2(-10) x (—h)

=v>=20h

=100 =20h

=>h=5m

h'=10-5=5m

Question119

A ball is projected vertically upward with an initial velocity of 50ms 'att=0s. At
t = 2s, another ball is projected vertically upward with same velocity. At t = S,

second ball will meet the first ball (g = 10ms ).
[26-Jun-2022-Shift-2]

Answer: 6

Solution:

Let they meetatt=t
So first ball gets t sec.

&2 M gets (t—2) sec. \& they will meet at same
height

_ 1 2
hy =50t Let
h,=50(t—2)— Le(t—2)
2 2g
h, =h,

50t — %gt2:50(t—2)— %g(t—Z)z

100 = %g[tz —(t-2)]

100 = 12—0[4tf 4]

5=t—1
t=6sec.




Question120

A man of 60 kg is running on the road and suddenly jumps into a stationary trolly car
of mass 120 kg. Then, the trolly car starts moving with velocity 2ms ™. The velocity of

the running man was ms_l, when he jumps into the car.
[28-Jun-2022-Shift-1]

Answer: 6

Solution:

Taking the system as man and trolley and using conservation of linear momentum.
60 x v =(60+120) x 2
=>v=6m/s

Question121

Velocity (v) and acceleration (a) in two systems of units 1 and 2 are related as v, = Zv,

m
a . . .
and a, = . respectively. Here m and n are constants. The relations for distance and

time in two systems respectively are:
[28-Jun-2022-Shift-2]

Options:

Il3 _ Il2 _
A. =L, —Lzand BTl_Tz

m

4 2
_n . n
B.Ll— ngandTl— =T

m- 2

2 4

_n
LzandTl— ET2

C.L ="
m
1’12 _ I'l4 _

D. ELl —Lzand ETI_TZ

Answer: A

Solution:




Similarly,

|
[T] [a]
2

So, [T,] = HE[T N

Question122

A car covers AB distance with first one-third at velocity Vlms_l, second one-third at

Vzms_1 and last one-third at v, ms r v;=3v,v,=2v and v, = 11ms ' then the
-1

average velocity of the car is ms
A (el Uy [ B

[28-Jun-2022-Shift-2]

Answer: 18

Solution:

v _ 3v1v2v3
TV vy TV v vy,
3x11x22x33
11 x22+22x33+33x11

=18m/ sec

Question123

Two balls A and B are placed at the top of 180m tall tower. Ball A is released from the
top at t = 0s. Ball B is thrown vertically down with an initial velocity 'u' at t = 2s. After
a certain time, both balls meet 100m above the ground. Find the value of ' u ' in

-1 _ -2
ms -[.use.g=10ms “]:
[29-Jun-2022-Shift-1]

Options:
A. 10
B. 15
C.20

D. 30



Answer: D

Solution:

Let us assume that they meet att=t,

1 2 .
A:80= Egt0 ...... 6)]

.0 = 1 2
B:80=u(t,—2)+ 5g(tO— 2)
From (i), t,= 4

=80 =2u+5Q2)°
u=30m/ s

Question124

A small toy starts moving from the position of rest under a constant acceleration. If it
travels a distance of 10m in ts, the distance travelled by the toy in the next ts will be :
[29-Jun-2022-Shift-2]

Options:
A. 10m
B. 20m
C.30m

D. 40m
Answer: C

Solution:

u=0, Say accelerationis a
Forts 10= %atz

For2ts

10+x = %a(2t)2

10+x _ 4
10 1
x =30m

Question125

A projectile is projected with velocity of 25m /s at an angle 0 with the horizontal. After
t seconds its inclination with horizontal becomes zero. If R represents horizontal range
of the projectile, the value of 0 will be :

[use g = 10m/s> ]

[24-Jun-2022-Shift-1]

Options:



1 4
C. tan (S_R)

D. cot | ( Lz)
20t
Answer: D

Solution:

25 mfs,.~"

prd

_ 25sinb
g

and, R = (25)2(2 sin 0 cos 0)

-
L)
L]

t

g
SR = szg_t

. chose
=R =50tcos O
50t
~tan0 = gt 20t
M= 35" R
_ 20
R

=0=cot | ( %)
20t

Question126

A body is projected from the ground at an angle of 45° with the horizontal. Its velocity
after 2 s is 20 ms . The maximum height reached by the body during its motion

. _ -2
is m. (use g =10ms )
[24-Jun-2022-Shift-2]

Answer: 20

Solution:



=Svcosa=ucos45"..... )
&vsina=usin45’ —gt.... (ii)
Solve for u we get

u= 20\/2m/s

2.2, .0
S| = Usin45 =20

20 m

Question127

Given below are two statements. One is labelled as Assertion A and the other is
labelled as Reason R.

Assertion A: Two identical balls A and B thrown with same velocity 'u' at two different
angles with horizontal attained the same range R. IF A and B reached the maximum

height h; and h, respectively, then R =4Vh h,
Reason R : Product of said heights.

2.2 2.2
h.h. = usin@ |} | u“cos 0
1772 2g 2¢g

Choose the correct answer :
[25-Jun-2022-Shift-2]

Options:

A. Both A and R are true and R is the correct explanation of A.

B. Both A and R are true but R is NOT the correct explanation of A.
C. A is true but R is false.

D. A is false but R is true.

Answer: A

Solution:

_ u’sin’0
2g
h. = u’cos’0
2 2g
2 .
L _ u sinOcos0
R h, = =g




Question128

A fighter jet is flying horizontally at a certain altitude with a speed of 200ms '. When
it passes directly overhead an anti-aircraft gun, a bullet is fired from the gun, at an
angle 0 with the horizontal, to hit the jet. If the bullet speed is 400m /s, the value of 0
will be °

[26-Jun-2022-Shift-1]

Answer: 60

Solution:

200 m/s

il

400 m/s

()

To hit the jet both should have same horizontal component of velocity.
To hit the jet

400 cos 8 =200

1

=cos0= =

2

=0=60°

Question129

A projectile is launched at an angle ' o ' with the horizontal with a velocity 20ms .
After 10s, its inclination with horizontal is ' § '. The value of tan p will be :

(g = 10ms ).
[27-Jun-2022-Shift-1]

Options:
A.tana+5seca
B.tana—5seca
C.2tana—Sseca
D.2tana+ Sseca

Answer: B



Solution:

Vy=20Xsin0L*10X 10
vX:20cosa

20sina— 100

v
stanf= X =
B \4 20cosa

X
=tano—S5seca

Question130

A girl standing on road holds her umbrella at 45° with the vertical to keep the rain

away. If she starts running without umbrella with a speed of IS\Ekmh_l, the rain
drops hit her head vertically. The speed of rain drops with respect to the moving girl is

[27-Jun-2022-Shift-1]
Options:
A.30kmh '

B. j—gkmh‘l

C. j_gkmh*l

D. 25kmh™
Answer: C

Solution:

152

From graph,
Ve = 15V2 tan 45°
=15\
_ 30
2

Question131



Motion of a particle in x-y plane is described by a set of following equations

x=4 sin( 5~ mt) m and y = 4 sin(®t) m. The path of the particle will be :
[28-Jun-2022-Shift-1]

Options:

A. circular

B. helical

C. parabolic

D. elliptical

Answer: A

Solution:

=4sin [ T- q
X sm(2 ®

=4 cos(mt)

y = 4sin (wt)

=% +y2 —4

= The particle is moving in a circular motion with radius of 4m.

Question132

A ball is spun with angular acceleration o = 6t> — 2t where t is in second and « is in

rads —2. At t = 0, the ball has angular velocity of 10 rads “and angular position of 4
rad. The most appropriate expression for the angular position of the ball is
[28-Jun-2022-Shift-2]

Options:

A. %t4—t2+ 10t

4 3

S S+10t+4
ot

C. 3 €+10t+12

3
D.2t*— %+5t+4

Answer: B

Solution:

t
Tdm:I(6t2—2t)dt
0 0



sow=2t-£+10
and 49-2¢ ¢+ 10
dt

0 t 3 5
so[do=]Qt -t +10)dt
4 0

4 3
ot
= — Z+10t+4
0 77 3 0

Question133

A person can throw a ball upto a maximum range of 100m. How high above the

ground he can throw the same ball?
[29-Jun-2022-Shift-2]

Options:
A.25m
B. 50m
C. 100m
D. 200m

Answer: B

Solution:

Question134

A ball is thrown vertically upwards with a velocity of 19.6ms ' from the top of a tower.
The ball strikes the ground after 6 s. The height from the ground up to which the ball

can rise will be ( lsi)m The value of k is (use .g = 9.8m/ sz)
[28-Jul-2022-Shift-2]

Answer: 392

Solution:



u_ 19.6
g =4-196_,
@ g 98 O

t _6_2 — \/ 2h1T13X
a- ST T
g

L - 16x98 3%
max 2 5

Question135

A car is moving with speed of 150km/h and after applying the break it will move 27m
before it stops. If the same car is moving with a speed of one third the reported speed
then it will stop after travelling m distance.

[25-Jul-2022-Shift-1]

Answer: 3

Solution:

Question136

A person moved from A to B on a circular path as shown in figure. If the distance
travelled by him is 60m, then the magnitude of displacement would be:

(Given cos 185°——0.7)

[25-Jul-2022-Shift-1]
Options:
A.42m

B. 47m



C.19m
D. 40m

Answer: B

Solution:

Distance travelled = 60m
= Angle covered =135°
Displacement :2Rsin( %)
-2 L0 @)[ l—cos(135")]”2
135 T 2
=2( 2085
T

~47m

Question137

A particle is moving in a straight line such that its velocity is increasing at Sms ' per
meter. The acceleration of the particle is ms Zata point where its velocity is

20ms .
[25-Jul-2022-Shift-2]

Answer: 100

Solution:

%: 5ms '/m

Acceleration of particle when v=20m/s

a=v g_v = 20(5)m/s2 =100m/s>
X

Question138

Two projectiles thrown at 30° and 45° with the horizontal respectively, reach the

maximum height in same time. The ratio of their initial velocities is :
[26-Jul-2022-Shift-1]

Options:



A.1:\2

B.2:1
C.\2:1
D.1:2
Answer: C
Solution:
vt = usin®
? g
W sin(30°%) _y sin(45°)
g g
1
W 22
u, l 1
2
Question139

Two projectiles are thrown with same initial velocity making an angle of 45° and 30°

with the horizontal respectively. The ratio of their respective ranges will be :
[26-Jul-2022-Shift-2]

Options:
Al :\E
B.\2:1
C.2:\3
D. \/5 12
Answer: C

Solution:

Let projection speed is u
u? Sin(90°). R — u? sin(60°)
)

Ri= g g
Ri_2

R, 3
Question140

A ball is thrown up vertically with a certain velocity so that, it reaches a maximum
height h. Find the ratio of the times in which it is at height 1% while going up and



coming down respectively.
[29-Jul-2022-Shift-1]

Options:
V2 -1
V2 +1
3-\2
SRR

A.

V3 -1
C B

1
D.g

Answer: B

Solution:

Max. Height =h= L
_ 28
>u= \/2 gh

1.2
S=ut+ —aat
w3

3= \oght+ Lo

w

2

%—\/@+ %=0 (. Roots are t,&t,)
h 4gh
+\/2 h—4x&x2 +q 288
t_2: 2 gh g ><2><3: 2 gh 3 :\EJM/E
t —
IR R
Question141

dt
[29-Jul-2022-Shift-1]

If t = \x +4, then ( d—) is :
t=4



Options:
A. 4

B. zero
C.8

D. 16

Answer: B

Solution:

t="x +4
Sx=(t-4)>=£-8t+16
dx
= —=2t—8
dt
N dx

| _pi4-g-0
dt )

t=4

Question142

A juggler throws balls vertically upwards with same initial velocity in air. When the
first ball reaches its highest position, he throws the next ball. Assuming the juggler
throws n balls per second, the maximum height the balls can reach is
[29-Jul-2022-Shift-2]

Options:

A.g/2n

B.g/n

C.2gn

D.g/2n°

Answer: D

Solution:

The juggler throws n balls per second.
-~ Interval between balls = % seconds



AN [ 15t ball
v=0

HWEX

pd
~

2" ball

At maximum height velocity of first ball v=0
Juggler throws all balls with same initial velocity =u
For 1 st ball,

u,=u,v,=0,a=-g S=H
Using formula,

v2=u’+2as
0=u2—2gH

ax

max

And using formula,
v=u-+tat
=0=u—gt

o>t= 4

g
=~ Time taken by ball 1 to reach maximum height (H

_u

max)

According to the question,
1

t= =
n

g n
su=2....0)

n
Putting value of u in equation (1), we get

Question143

A ball is released from a height h. If t, and t, be the time required to complete first

half and second half of the distance respectively. Then, choose the correct relation
between t, and t,.

[29-Jul-2022-Shift-2]



Options:

At = (),
B.t,=(V2- 1),
C.t,=(\2+ 1),
D.t,=(\2 - ),
Answer: D

Solution:

|

N
7\

I
o

N> —

— N |

For first l% distance,

l_l: ltz
2 2%
:'h=gt12

For total distance h,

1
h= et + t,)’

1

:gtlz = Eg(tl + tz)z
=2t = (t,+t,)’
=\t =t +t,
=>(\2-Dt, =t,




Question144

A ball is projected from the ground with a speed 15ms ' at an angle 0 with horizontal
so that its range and maximum height are equal, then 'tan 0 will be equal to:

[25-Jul-2022-Shift-2]
Options:

1
A7

1
B'E

C.2

D.4

Answer: D

Solution:
4H

wtan 0= —
R

=>tan0 =4 x 1
=>tan0 =4

Question145

If the initial velocity in horizontal direction of a projectile is unit vector i and the
equation of trajectory is y = 5x(1 — x). The y component vector of the initial velocity is

3. Take .g = 10m/s2)
[26-Jul-2022-Shift-1]

Answer: 5

Solution:

y:5x—5x2

2
£X
2
\%

N | —

y=xtan0—

u
tan0=5= X
uX
=>u =5
y




Question146

A ball of mass m is thrown vertically upward. Another ball of mass 2m is thrown at an
angle 0 with the vertical. Both the balls stay in air for the same period of time. The

ratio of the heights attained by the two balls respectively is i The value of x is

[27-Jul-2022-Shift-1]

Answer: 1
Solution:
Uy uz
m 8
2m
o2 2u, sin @
1 g T,
g
suy = uzsin 0
2
Y
H, 2
H, 2 sin 20
2 2g

2
(i)
uzsine

Question147

A body of mass 10 kg is projected at an angle of 45° with the horizontal. The trajectory
of the body is observed to pass through a point (20, 10). If T is the time of flight, then

its momentum vector, at time t = 5 is [Take .g = 10m/ sz]
[27-Jul-2022-Shift-2]




Options:
A. 100i + (100\2 — 200);

A A
B. 100V2i + (100 — 200\2);
C. 100i + (100 — 200\2);

D. 100V2i + (100V2 — 200)]

Answer: D

Solution:
m=10kg

6 =45
y:xtane(lf

)
)

S Rl

:10:20(17

=>R =40
2

40= L = yu=20
T

20x20x\/% )
T= — =« % =
=S 0 \Es:t 2s
— A —
att=2,7v =<10\/§i)+(10\/2—2X10)
AN A
:>?=10[10\5i+(10\5—20)j]

A _ A
=100\2 + (100V2 —200);

Question148

A NCC parade is going at a uniform speed of 9 km/h under a mango tree on which a
monkey is sitting at a height of 19.6m. At any particular instant, the monkey drops a
mango. A cadet will receive the mango whose distance from the tree at time of drop is:

(Given g —9.8m/s%)
[28-Jul-2022-Shift-1]



Options:
A.5m
B. 10m
C. 19.8m
D. 24.5m

Answer: A

Solution:

1 2
H = —gt
58
19.6 = 4.9¢*
t=2sec

5
D=9x 2 x2=5
13 m

Question149

At time t = 0 a particle starts travelling from a height 7zem in a plane keeping z
coordinate constant. At any instant of time it's position along the x and vy directions are
defined as 3t and 5¢° respectively. At t =1 s acceleration of the particle will be

[28-Jul-2022-Shift-2]
Options:

A. 30y

B. 30y

C.3%+15y

D. 3%+ 15y +72
Answer: B

Solution:

x=3t>a =0



y=5t3:~ay=30t
Z(t=1)=30y

Question150

A ball is projected with Kinetic energy E , at an angle of 60° to the horizontal. The
kinetic energy of this ball at the highest point of its flight will become :
[29-Jul-2022-Shift-1]

Options:
A. Zero

E
B. =

E
C 7

D.E

Answer: C

Solution:

-
-
,

E= %mu2

At Highest point, Velocity V =ucos 60° = 151
: int = Lm( )’ E
~ K.E at topmost point 2m( 2)

Question151

An object is projected in the air with initial velocity u at an angle 0. The projectile
motion is such that the horizontal range R, is maximum. Another object is projected in
the air with a horizontal range half of the range of first object. The initial velocity
remains same in both the case. The value of the angle of projection, at which the
second object is projected, will be degree.

[29-Jul-2022-Shift-1]



Answer: 15

Solution:

0=45°
_ R
R, = 3
2 .
u” sin20, _ w2 $in(90°)
g 2g
=20, =30

0,=15°

Question152

If the velocity-time graph has the shape AMB, what would be the shape of the
corresponding acceleration-time graph?

&
V

A'\ """""""""""" B
\ Iit;le (1)

[24feb2021shift1]

Options:

A.




. -P‘\
- -
a
C.
M
_)
a
>t
D.
Answer: B
Solution:
@) vy

From the graph for first line, the slope is negative and intercept is positive.
So, equation of line is

v =—mt+c¢
a =3V
1 dt

Similarly, for second line, the slope is positive and intercept is negative, so equation of line is
vV =mt—c

_dv_
a2 = a =m
=~ The corresponding acceleration-time graph as shown below
13 A

> |

Hence, option (a) is correct.

Question153



A scooter accelerates from rest for time t1 at constant rate a, and then retards at

constant rate a, for time t, and comes to rest. The correct value of I—‘ will be
2
[26 Feb 2021 Shift 2]

Options:

A a1+a2

a,

D a ta,

a;

Answer: B
Solution:

According to given data;
Initial speed of scooter, u, = oms "

and final speed, v, = Oms '
By using first equation of motion,
v, =utat

= v, =at...()
and for second case,
V) TViTah,
0 =v,—at,
L =gty .. (i)
On dividing Eq. (i) by Eq. (ii), we get

v

v/v, =1= 11
17 V1 at
212

= a2t2 = alt]

= ‘[1/‘[2 = az/al

Question154

A stone is dropped from the top of a building. When it crosses a point Sm below the
top, another stone starts to fall from a point 25m below the top. Both stones reach the
bottom of building simultaneously. The height of the building is

[25 Feb 2021 Shift 2]

Options:
A.45m
B.25m

C.35m



D. 50m

Answer: A

Solution:

Let the total height of building be x.

ISm Ist particle
R—Y )

’q._ -
25m
X 20m
2nd particle
G (ground)
TA =5m
TB =25m

~ AG=x—-5and BC=x-25

For initial conditions, from second equation of motion under gravity,
s=ut+1/2gt’

where, g = 10ms 2

» 5=0+1/2x10 > t=1s

Now, by first equation of motion under gravity,

v, =utgt

=0+10=10ms '
From second equation of motion,
x—=5=v,t+1/2g" ... ()

Similarly, x —25 = 1/2gt’

Put the above value in Eq. (i), we get
x—=5 =10t+x—-25

20 =10t=>t=2s

Put the value of tin Eq. (i), we get
x—5 =10x2+1/2x10%x4

x—5 =20+20

x =45m

Question155

An engine of a train moving with uniform acceleration, passes the signal-post with
velocity u and the last compartment with velocity v. The velocity with which middle
point of the train passes the signal post is

[25 Feb 2021 Shift 1]

Options:




‘\/ V2_U2
D. 7

Answer: A

Solution:

Given, initial speed of engine =u
Speed of engine last compartment =v
Let the length of train be I and the speed of mid-point of train be V.
Using third equation of motion,
2_.2
v =u"+2as
= vi=u’+2al /2
> vi-u’=al ... (i)
2 2
vV —u
21
Substituting the value of a in Eq. (i), we get

R e e
= 1=

Also, VV-u'=2al > a=

Question156

The trajectory of a projectile in a vertical plane is y = ax — BXZ, where a and J are
constants and x and y are respectively the horizontal and vertical distances of the
projectile from the point of projection. The angle of projection 0 and the maximum
height attained H are respectively given by

[26 Feb 2021 Shift 2]

Options:

A.tan o, &
B.tan 'B, &

C.tan 'a, 2-

2

D. tanfl( E), L

a)’ B
Answer: A
Solution:

Given, equation of trajectory of projectile,
y:ax—Bx2 (i)
The standard equation of trajectory of projectile,
2
y=xtan0— égx > - - (ii)
2u”cos 0
Now, from Egs. (i) and (ii), we get




o=tan® and B= g

2u’cos’0
. 26
> o= sm2
cos 0
ﬁ = g = g X g
2 ) 220 2
o 2ucos20x sm26 2u”sin“0
cos 0
P2 _ 1 _y =o' /4B

2 2.2
o u’sin®0  H

0=tan 'oa and H = o’/4p

Question157

The velocity of a particleis v=v,+gt+F t2. Its position is x = 0 at t = 0, then its

displacement after time (t =1) is
[17 Mar 2021 Shift 2]

Options:

A.vytg+F

D.v,+2g+3F
Answer: B

Solution:

Given, equation of velocity,
v =v,tgt+F t

Att =0,x=0
Att =1sx=7?

We know that, v= %

dx=vdt

Integrating the above equation with proper limits, we get
X t—1

[dx= | vdt

0 0

t

-1
0= [ (vy+gt+FtHdt
0

>

Question158

The position, velocity and acceleration of a particle moving with a constant
acceleration can be represented by



[18 Mar 2021 Shift 1]

Options:
A.
=
o
5 x(t) = v = a
2 P o
g 2
=
— f — t —
B.
c
o]
S| = 2| v ol at
2 8 2
& 2 3
<
— ! — ! — I
C.
[
o
& | = vt S| am
= 5] <
, <
& © 8
— I — —
D.
j =
=}
c = ‘@
g x(t) & v(t) ,i_) aft)
‘@ o ©
o 3] 3
o > £
— — —

Answer: B

Solution:

Since, the particle is moving with constant acceleration. Acceleration = Constant, (the acceleration-time graph is parallel to
the time axis, and acceleration is positive)

aft)

Acceleration

dv

dt
As we know,

dv

—=C>=/|dv=Cldt

qrC=ldv=cl
= v=Ct+C,
The velocity-time graph is straight line with positive slope
v - dx

dt

a=



vit)

Velocity

—
As we know,
dx
—=Ct+C
dt 0

2
> Jax=lctrcpat=x= Secpec,

This equation shows that the distance-time graph is upward concave parabola.

x(t)

Position

— 1
Hence, the correct option is (b).

Question159
The velocity-displacement graph of a particle is shown in the figure.
VA
Yo
O > X
X0

The acceleration-displacement graph of the same particle is represented by
[18 Mar 2021 Shift 2]
Options:

A.




O T X
D.
adh
@) X
Answer: C
Solution:

For the given velocity-displacement graph,

L

Vo

[ X
X

Intercept, ¢ = Vo

Slope, m=— Yo

X0

dv__ Y g
" 0....(|)

For given diagram, the equation of line,

=~ Slope, m =

y=mx-+c

A\
=— Ox+v, .. (il
VS Yy i)
Acceleration, a = dv, dx

dx dt

a=y

dx

A (_ EX_I_VO) (— ;ﬁ) [From Egs. (i) and (ii)]

X 0

2
vV Vv
= a= _0 X_i
X

Hence, the intercept is negative and the slope is positive, so the correct graph is given in option (c).

Question160

A car accelerates from rest at a constant rate a for some time after which it decelerates
at a constant rate P to come to rest. If the total time elapsed is t seconds, the total

distance travelled is
[17 Mar 2021 Shift 1]

Options:



A 4(XB t2

" (a+P)
208 .2
B'GTBt
af |2
C. 2(a+B)t
af ;2
D. 4((l+|3)t
Answer: C
Solution:

Consider 1st case,

A car starts from rest at a constant acceleration a. It means
Acceleration, a, = a

initial velocity, u=0

v=u+a1t=>vo=0+(xtl

= v, = at,...(i)

Consider 2nd case,

The same car decelerates after some time at a constant acceleration p and comes to rest. It means
Acceleration, a, = f

Final velocity =0

= v, = PBt,...(ii)

According to question,

t+t, =t
N VO( é %) =t [from Egs. (i) & (ii)]
N _ oft

Vo= i

If we draw the velocity-time graph for the given situation, it will be as follows

Time

-~ Distance travelled = Area of v—t graph

= Ly, = %xtx (a“ftﬁ) [from Eq. (iii)]
aBt2 _ aﬁtz
(@+p)  2(atp)

[\

N =

Question161

The velocity-displacement graph describing the motion of a bicycle is shown in the
following figure.



I.-'{ms"}

50 sarssssaas

10

0 200 400 x(m)

The acceleration-displacement graph of the bicycle's motion is best described by
[16 Mar 2021 Shift 1]

Options:
A.

a(ms'?) -

184
2/5

0300300 xn)
B.
a(ms™)¢

gl

0 200 400 x(m)
C.
a(ms™)

18-

0200 400 xim)
D.
a{ms'2]

07200 400 xim)



Answer: A

Solution:

From the given velocity-displacement graph, for 0 < x <200, the graph is a straight line i.e., varying linearly.
As, the equation of straight line is

y=mx+c
Here, it can be given as
v=mx-+c
_ _(50—-10) _ 1 _
where, m = slope 000 5andc 10
X
==+10
= v 5
As, acceleration, a = dv_ vdv
dt dx
= ’_‘+1)i(§+1) sing Eq. (i
a (5 0) s 5+10) [using Eq. (]

=(§+10)(1) —24 X
5 5 25
Forx=0,a=2+ 2—05=2ms7

and for x =200,a=2+ % =10ms

2
2

Therefore, the graph will have straight line till x =200 and for x > 200; v= constantand a=0
So, from the graphs given in the options, the above conditions are satisfied in option (a) only.

Question162

The projectile motion of a particle of mass 5g is shown in the figure.

45{- 45:-
A B

The initial velocity of the particle is 5\V2ms " and the air resistance is assumed to be
negligible. The magnitude of the change in momentum between the points A and B is

x x 10 kg — ms_". The value of x to the nearest integer, is
[18 Mar 2021 Shift 2]

Answer: 5

Solution:

The given situation is shown below

450 45° V cos 45°




Initial velocity of the projectile,
A A

u=ucos45’ j+usin45"j
Final velocity of the projectile,

O/\ 0/\
v=vcos45 i—vsind5S j
At point B, vcos45° = ucos 45°

and vsin45° =usin45°

o/\ . o/\
v=ucos45 i—usin45 j
The magnitude of change in the momentum between the points A and B
|Ap| = | m(v —u)|
= Ap=2musin45°

1

= Ap=2x0.005x5V2x 5
= Ap=5x10kg—m/s
Hence, the value of the xis 5.

Question163

A mosquito is moving with a velocity v = (O.Stz? + 3t§ + 912) m/'s and accelerating in
uniform conditions. What will be the direction of mosquito after 2s?
[16 Mar 2021 Shift 2]

Options:

A. tan | ( from X -axis

W[

wWIN

1

from Y -axis

B.tan | (
C.tan (

) from y-axis

N

D.tan | ( %) from X -axis

E. None of the above

Answer: E

Solution:

Given, velocity of mosquito,
2/\ A A
V= (O.St i+3tj +9k) m/s

A A A
Att=2s, v=0.52)% +3(2)j + 9
A A A
=2i+6j+9%
~ Angle along X -axis,
cosa = 2 = 2 i
V2 +et+or V21 11

-1( 2
oro= =
o = cos ( T )

Similarly, angle along Y -axis, cosp =

—_
—_



= B=cos_1( %)

Angle along Z -axis, cosy = %
(9
= YT eos ( i)
~ Angle made by the direction of motion of mosquito will be

cos’l( i) from X -axis = tan~' 17

11 2
-1{ 6 ) f .., -1VN85
2 Y - =t 202
cos ( 1 rom Y -axis = tan 3
cosfl( 1%) from Z -axis :tanfl( \/%_0)

Question164

A person is swimming with a speed of 10m/s at an angle of 120° with the flow and
reaches to a point directly opposite on the other side of the river. The speed of the flow
is xm/s. The value of x to the nearest integer is .........

[18 Mar 2021 Shift 1]

Answer: 5

Solution:

Given,
A person's swimming speed with respect to the river, v = 10m/s

As shown in the figure,

Ve, =10 mM/s
- ~120°
Let's determine the speed of the river flow, \A
In X-direction,

v, =v,_ sin30’

v, =10 xsin 30°

v, = 5m/s

Hence, the speed of the river flow is 5m/s. So, the value of the x to the nearest integeris 5 .

Question165

A swimmer can swim with velocity of 12km/h in still water. Water flowing in a river
has velocity 6km/h. The direction with respect to the direction of flow of river water he
should swim in order to reach the point on the other bank just opposite to his starting
point is ........ (in degree).



(Round off to the nearest integer)
[16 Mar 2021 Shift 2]

Answer: 120

Solution:

The situation is depicted in the following figure.

D
VIR Vs COS O
CEINC
Vigg SIN 8 C VR

where, V. = velocity of man = 12km/h

and v, = velocity of water flow in river = 6km/h
As, v, should be along CD.

> Vv

R*VMRsm()ZO

= 6-12sin0=0=sin6 = 5

12
= sinb= 1
2
> e=sin*1( l) = sin \(sin30°) [~sin30°= 1
2 2
= 0=30°
& @=90"+0=90"+30"= 120"
= a=120°
Question166

The instantaneous velocity of a particle moving in a straight line is given as

v=ot+ ﬁtz, where alpha and beta are constants. The distance travelled by the particle

between 1s and 2s is :
[25 Jul 2021 Shift 2]

Options:
A.3a+7B

B. 3o+ ZB
C.
D. 2o+ ZB

Answer: B

Solution:



2
[ds=](at+p)dt
S

1
1

2 372
_[at™, Bt ]

— = - + i
5,75 [ 2 315
As particle is not changing direction
So distance = displacement.

i —[o4-1] B8]
Distance [ 3 3 ]

3

;
=2aq+L
3¢7 3P

Question167

The relation between time t and distance x for a moving body is given as t = mx’ + nx,
where m and n are constants. The retardation of the motion is: (When v stands for

velocity)
[25 Jul 2021 Shift 2]

Options:
A.2mv’
B. 2mnv’
C.2nv’
D. 2n’v’
Answer: A

Solution:

Question168

A boy reaches the airport and finds that the escalator is not working. He walks up the
stationary escalator in time t,. If he remains stationary on a moving escalator then the

escalator takes him up in time t,. The time taken by him to walk up on the moving

escalator will be:
[20 Jul 2021 Shift 2]



Options:

A 12

B.

C. 12

D.t, —t
Answer: C

Solution:

L = Length of escalator

_L
M b/esc E
When only escalator is moving.
V €sc = L
g
when both are moving
Vb/gzvb/csc+vcsc
L, L L t;t
\ =—+—:>[t= = 12]
b L5 Vb/g Ul
Question169

A ball is thrown up with a certain velocity so that it reaches a height ' h '. Find the
ratio of the two different times of the ball reaching 2—‘ in both the directions.

[27 Jul 2021 Shift 1]

Options:

ST

-1
+1

A.

ST

w
W=

&
S

Q
&
S

V3-1
D’\/§+1

Answer: C

Solution:



| )
S =ut+ -at
u 2a

151 =\Dght+ %(—g)t2

2(8) —\aant+ =
t(z) 2ght*3=0

From quadratic equation

@i\/Zgh*%%
5=
| \Veh- i
e -
e
2 \/2gh+\jT
_\3-\2
3+12
Question170

A balloon was moving upwards with a uniform velocity of 10 m/s. An object of finite
mass is dropped from the balloon when it was at a height of 75 m from the ground
level. The height of the balloon from the ground when object strikes the ground was
around :

(takes the value of g as 10 m/sz)
[25 Jul 2021 Shift 2]

Options:

A.300 m
B. 200 m
C.125m
D. 250 m

Answer: C

Solution:

u= ]011‘1-;5_4

T

75m

- —

——

Object is projected as shown so as per motion under gravity
S=ut+ -at
~75 = +10t + %(—IO)tZ =t =S5sec

Object takes t = 5s to fall on ground
Height of balloon from ground



H =75+ut
=75+10x5=125m

Question171

Water droplets are coming from an open tap at a particular rate. The spacing between
a droplet observed at 4™ second after its fall to the next droplet is 34.3m. At what rate
the droplets are coming from the tap ? (Take g =9.8m/ % )

[25 Jul 2021 Shift 1]

Options:

A. 3 drops / 2 seconds

B. 2 drops / second

C. 1 drop / second

D. 1 drop / 7 seconds

Answer: C

Solution:

In 4 sec. 1* drop will travel
:% X (9.8) % (4)° = 78.4m

~2" drop would have travelled
=78.4—-343=44.1m.

Time for 2™ drop
1 2
~(9.8)t"=44.1
2038)

t = 3sec

=~ each drop have time gap of 1sec
~1 drop per sec

Question172

Assertion A: If A, B, C, D are four points on a semi-circular arc with centre at 'O’
such that |AB‘ = |BC|=|CD’, then AB + AC 4+ AD = 4A0 + OB + OC

Reason R : Polygon law of vector addition yields AB + BC + CD + AD = 240
0]

A D
EOZ

In the light of the above statements, choose the most appropriate answer from the
options given below :
[27 Jul 2021 Shift 1]

Options:



A. Ais correct but R is not correct.

B. A is not correct but R is correct.

C. Both A and R are correct and R is the correct explanation of A.

D. Both A and R are correct but R is not the correct explanation of A.

Answer: D

Solution:

Polygon law is applicable in both but the equation given in the reason is not useful in explaining the assertion.

Question173

Two vectors X and ¥ have equal magnitude. The magnitude of (; - 7) is n times the

magnitude of (§ + ?). The angle betweenX and Y is :
[25 Jul 2021 Shift 2]

Options:

2
A.cos | !
n —1

Solution:

GivenX =Y
\1X2+Y2—2><Y cos 0
:n\/X2+Y2+2XY cos 0
Square both sides
2X (1 —cos0) =n’.2X (1 +cos0)
1-cos®=n’+n’cos0
1-n’
1 +n’

2
9200571[ n -1 ]

—n2—1

cos 0 =




Question174

Match List I with List II.
Choose the correct answer from the options given below :
[25 Jul 2021 Shift 1]

Options:

A. (@) = (iv), (0) = () , (¢) — (iii), (d) — (ii)
B. () = (iv), (b) — (iii) , (¢) — (1), (d) — (i)
C. () — (iii), (b) — (iD) , (¢) = (iv), (d) — (i)
D. (a) = (), (b) = (i) , (¢) — (i), (d) — (iii)

Answer: B

Solution:

- - —
(@Cc=A+B
Option (iv)

- > > - —
(b)) A=B+C=C+B
Option (iii)

- - —

(c) B=A+C
Option (i)

_ - —
(dA+B+C=0
Option (ii)

Question175

A A A
i i+j?

What will be the projection of vector A =1+]+kon vector B =

[22 Jul 2021 Shift 2]

Options:
A a1+ 4k)
B.2(5+7+k)
c.V2(i+5)

D. (? + JA)
Answer: D

Solution:



Question176

Two vectors P and Q have equal magnitudes. If the magnitude of P + Q is n times the

magnitude of P 6, then angle between ¥ and Q is :
[20 Jul 2021 Shift 2]

Options:

I1{n—1
A.sin m)
B. cos | n—l)

n+1

(=)
C. sin
D. cos = )
Answer: D
Solution:

P =13 =x o)

N
P+gl-nr-q

P?+Q%+2PQ cose =n’(P? + Q*—2PQ cos 0)
Using (i) in above equation

n’-1

1+n’

2
_ -1{n"—1

0 =cos (2 )
n +1

cos 0=

Question177

If A and B are two vectors satisfying the relationA . B = |_A> X §| . Then the value of

| X — B will be
[20 Jul 2021 Shift 1]

Options:

A A2+ B?



B. {A2+B>+\2AB

C. VA2+ B2+ 2AB

D. {A2+ B>~ \2AB
Answer: D

Solution:

- — - —
A.B =‘A>< B
ABcos0=ABsin0 = 0 =45°

A~ B|=1A2+B2—2AB cos 45°
= {A’+B’-\2AB
Hence option (4).

Question178

A swimmer wants to cross a river from point A to point B. Line AB makes an angle of

30° with the flow of river. Magnitude of velocity of the swimmer is same as that of the

river. The angle 0 with the line AB should be °, so that the swimmer reaches point
B.

B
—>
—>
0
30° —_—

A
[27 Jul 2021 Shift 2]

Answer: 30

Solution:

Both velocity vectors are of same magnitude therefore resultant would pass exactly midway through them
6=30°




Question179

Three particles P, Q and R are moving along thevectors A=i+] ) B=j+kand
C=—i+ ﬁrespectively. They strike on a point and start tomove in different directions.
Now particle P ismoving normal to the plane which contains vectorA and B. Similarly
particle Q is moving normalto the plane which contains vector A and C. Theangle

between the direction of motion of P and Qis cos ! (i) . Then the value of x is

=
[22 Jul 2021 Shift 2]

Answer: 3

Solution:
— — /\ /\ A

Direction of P \A/l:i iXE :il_\/]jk
'AxB 3
AxC 2%k

. . A A X A

Directionof Q v, = ‘_) — = H5 Ttk
AXC

Angle between hatv, and hatv,

Vi-¥s =i1/\/§=iL

ARG ORRRE

=>x=3

Question180

A butterfly is flying with a velocity 4\2m/s in North-East direction. Wind is slowly

blowing at 1Im /s from North to South. The resultant displacement of the butterfly in 3
seconds is :
[20 Jul 2021 Shift 1]

Options:
A.3m
B.20m

C. 12\2m
D. 15m
Answer: D

Solution:



N \4 Bw =Velocity of butterfly
/ in frame of wind

Vw| v
S

— —
V gy = 4V2 0845 1 + 4\ sin45

AN AN
=4i+4j
> A
V,=7J
N — — A A
V=V gy +V =40 +3]
— — AA AA
S, =V xt=[4i+3]) x3 =121 +9]

'S, = {127+ 97 = 15m

Question181

If the velocity of a body related to displacement x is given by v = V5000 + 24x m /s,

then the acceleration of the body is ........... m/ s%.
[27 Aug 2021 Shift 1]

Answer: 12

Solution:

Velocity of body is
v =1N5000+24xm/s

Acceleration of body can be calculated as
_dv_dv, dx
dt dx dt

_,dv .
=>a de...(l)

dv _ d 5000 + 24%)
dx dx
!

x4
2(N5000 + 24x)
12

V5000 + 24x
Substituting the value of % in Eq. (i), we get

PPV a—— 12
a=15000 + 24x X —o—
" 5000+ 24x
=12m/s’
Thus, the acceleration of body is 12m/s%.

dv_
dx




Question182

A particle is moving with constant acceleration a. Following graph shows v? versus x

(displacement) plot. The acceleration of the particle is ........ m/s’
80 + -C
G G0t o
E 1B
oy 40 _—-:I:-’:.@A
204"

0 10 20 30
X (m)

[31 Aug 2021 Shift 2]

Answer: 1

Solution:

AV’ versus x graph is shown below.

20

- X (mj)
0 30

Using equation of motion,

vi=u?+2ax .. ()

We know that, the equation of straight line.
y =mx + ¢ ...(ii)

Comparing Egs. (i) and (ii),

80—20 _ 60 _

30-0 30

Now, the acceleration, a = % = Im/s>

Slope,m =2a=

Question183

Water drops are falling from a nozzle of a shower onto the floor, from a height of 9.8m.
The drops fall at a regular interval of time. When the first drop strikes the floor, at
that instant, the third drop begins to fall. Locate the position of second drop from the
floor when the first drop strikes the floor.

[27 Aug 2021 Shift 2]

Options:



A.4.18m
B.2.94m
C.245m
D.735m

Answer: D

Solution:

Given, height of nozzle from floor,
H =9.8m
Let, t, = time taken by first drop to reach the ground

and t, = time taken by 2 nd drop.

—

_ 1
t= 3

AO

[

W O v r1

g = acceleration due to gravity (9.8ms’2)
u= initial speed =0

Since, H = ut+ %gtf ...... - (i)
oo
g
2x98
ﬁtf\/ 9.8 =2
21
W= e Lo
A N

Again from Eq. (i)
Distance covered by 2 nd drop, x = %gtz2

1
— X X
3 9.8
and position of second drop from ground,
H,=H, -x=9.8-245=735m

Question184

Two spherical balls having equal masses with radius of 5 cm each are thrown upwards
along the same vertical direction at an interval of 3s with the same initial velocity of
35m/'s, then these balls collide at a height

of .......... m. (Take, g =10m/ sz)
[26 Aug 2021 Shift 1]



Answer: 50

Solution:

Given, m, =m,=m

r1:r2:r:50m:5X1072m

u=u,= 35m/s
t,=0
and t, = 3s
ball 1 kall 2

When both ball will collide,
(Sl)venical = (SZ)venical
Let after time t both ball will collide.

_ 1 2
(Sl)vertical - ult - Egt

1
(SZ)vertical = uz(t - 3) - Eg(t - 3)2
From Eq. (i), we have
=ut— %gt2 = uz(t -3)- %g(tf 3)2

=>35t—%>< 10 x ¢ :35(t—3)—%>< 10t —3)?

=35t 35(t—3) = 5t — 5(t— 3)
=35(t—t+3)= 5[t (t—3)*]
35x3=5t+t—3)(t—t+3)
:12_5 ~ 2t-3)(3)
21
2 -2t-3
73
=7=2t-3
=2t=10
=>t=15s
So, the height at which ball will collide is

_ 1 2
(Sl)vertical - ult - Egt
=35x5—%x10x(5)2

=175-125
=50m

Question185

Statement I Two forces (P + Q) and (P — Q) where P L Q, when act at an angle 0, to

each other, the magnitude of their resultant is \/3(P2 + QZ), when they act at an angle
0,, the magnitude of their resultant becomes \/2(P2 +Q?). This is possible only when
0, <0,.

Statement II In the situation given above. 6, = 60° and 0, = 90°.

In the light of the above statements, choose the most appropriate answer from the



options given below.
[31 Aug 2021 Shift 2]

Options:

A. Statement I is false but statement II is true.
B. Both statement I and statement II are true.
C. Statement I is true but statement II is false.
D. Both statement I and statement II are false.

Answer: B

Solution:

Given, force vectors P L Q, i.e. 6 =90°
Let resultant of P + Q = x
and resultantof P-Q =y

2x>=P*+Q*+2PQcos90° = P>+ Q° (i)
y*=P*+Q’~2PQcos 90° = P>+ Q" ...(ii)

When 6, is the angle between (P + Q) and (P - Q),
then, their resultant is given by

x+yl= 1302 +Q)

\ij + y2 +2xycos0, = \j3P2 +3Q7 ...(iii)

Substituting the values of x* and y2 in Eq. (iii), we get

P2+ Q2+ P2+ Q2+ 2P+ Q2 VP + Q7 cos B, = 3% +3Q°
2 2 2 2 2 2

2P7+2Q7+(2P" +2Q%) cos 0, = 3P"+3Q

P+Q* 1

=cosb, =

-0, =60°

When 0, is the angle between (P + Q) and (P - Q), then the magnitude of their resultant is given by
x+yl = 12+ Q)

x*+y’ +2xy cos 0, = 2P* +2Q” ...(iv)

Substituting the values, we get

P?+ Q>+ P’ + Q%+ 2(P* + Q%) cos 0, =2P°+2Q°

cos 6,=0

=0, = 90°

So, 0, =60° and 0, =90° and 0, <0,

Hence, both statement | and statement Il are true.

Question186

The resultant of these forces OP, OQ, OR, OS and OT is approximately ...... N.
[Take, \3 = 1.7, V2 = 1.4 and given i and j unit vectors along X, Y axis



[27 Aug 2021 Shift 1]

Options:
A.9.25i+5)
B.3%+15]
C.25i—145]

D.—-1.5i-15.5]
Answer: A

Solution:

From given figure, we can write all the forces in vector notation as
Y

T 15 cos 60°

20 cos 30°

10 sin 30°
15N

20 sip 30°

15 cos 45° 15sin60° 43,

15N

A

oP = (20sin30° i +20c0s30° )N
= (107 +17.32) )N

A A
0Q = (10¢0s30° 5 + 10sin30°} )N
— (8.661+5j)N

A A
OR = (20 cos 45° 1 — 20 5in45° N
= (14.147 - 14,14} )N

A A
08 = (~15cos45°F — 15sin45°} N
= (~10.607 - 10.60j )N

A A
OT = (~155in60° 7 + 15 cos 60°  IN

15 sin 457

20N

20 sin 45°

45" 10 cos 30°

A

15 cos 45° X



— (-12.997 +7.5} )N
The resultant of these forces is given as
F=0OP+0Q+OR+0S+0OT

F=[(107+17.327) + (8.661 +57) + (14.147 — 14.147) + (~10.605 — 10.607 ) + (~12.997 +7.5]) ]
F=9217 +5.08]N

A A
F~=~9.25i+5jN
Thus, the resultant force is

A A
F=9.25i+5jN

Question187

The angle between vector A and (A - B) is

[26 Aug 2021 Shift 2]

Options:

|

A.tan '

>
I
s}

1

|

>

B.tan | (

)

-1 3B
C. tan (2A—B)

0.

=
vs)

-1 Bcos6
D. tan (A*Bsine)
Answer: C

Solution:

Given, angle between A and B, 6 = 120°
The angle between A and — B, a = 180° - 6 = 180° - 120° = 60°
Now, from diagram the resultant vector of A and —B willbe A- B



and the angle between A — B and A is denoted by (.

So, angle between A and -B is calculated as,

¢ =180°- a = 180°- 60° = 120°

Now, from parallelogram law of vector addition angle B can becalculated as follows
—Bsin¢

tanp = —A+(—Bcos¢)

_ _—Bsinl120° _
—A—Bcos 120°

N3
2
—A+%
_ 3B
2A-B

-1 \EB)
=t
p=tan (ZA—B

V3B )

Hence, the angle between vector A and (A - B) is tan ' ( A-B/

Question188

The magnitude of vectors OA, OB, and OC in the given figure are equal. The direction
of OA + OB - OC with X - axis will be

[26 Aug 2021 Shift 1]
Options:

~1(1-V3-\2)
A. tan T %)
-1(V3-1+12)
B.tan m
“1(V3 - 1+2)

(1-3+1\2)

~-1(1+V3-2)
D. tan —(1_\5_\5)

C. tan



Answer: A

Solution:

In the given figure, the magnitude of vectors OA, OB and OC are equal. Let it be m.
From figure, we can write
i lF‘

N o 3 1%

OA=m(cos30°1+sm3O°J) =m(—1+53)
- ( AT 04) (1
OB =m\cos 60°i—sin60°j/ =m >

A AN

: ;

oC =m(cos45°(— )+Si1’1450_]) =m { —i+

. . (3 1n
According to the question,OA+OB-0OC=m|—i + +m

S 4)onl -5

i—

R

Question189

A player Kkicks a football with an initial speed of 25ms ' at an angle of 45° from the
ground. What are the maximum height and the time taken by the football to reach at
the highest point during motion ?

(Take, g = 10ms %)

[27 Aug 2021 Shift 2]

Options:

Ah_ =10m,T=2.5s

B.h = 15.625m, T =3.54s

m



C.h  =15.625m,T=177s

m:

D. hmax =3.54m, T =0.125s
Answer: C
Solution:

Given, initial speed, u=25ms '
Angle of projection, 6 = 45°

u,=usin@ u

¥

U,=u COS B

Let, the maximum height =H
Time taken toreach, H =t

Acceleration due to gravity g = 10ms 2

Velocity at maximum height along Y -axis,
1

P Oms
As we know that, for motion along
Y -axis,

2 2
YV =2gH

= 0% —(25sin45°) =-2x 10 xH
=-312.5=-20H
+ H =15.625m

1 2

“H= gt
58

Lo 2H _ \/ 2% 15.625
g 10
=1.767=1.77s

Question190

A helicopter is flying horizontally with a speed v at an altitude h has to drop a food
packet for a man on the ground. What is the distance of helicopter from the man when
the food packet is dropped?

[31 Aug 2021 Shift 1]

Options:

A \/Zhv2+1
) —Lhz

B. {2ghv?+ b’



Answer: C

Solution:

Given, horizontal velocity of helicopter, u_=v

Height of the helicopter from ground = h
The given condition can be drawn in the figure given below

Here, M is the position of man.
Let, time taken by food packet to reach ground from helicopter = t

Acceleration due to gravity, g = 10ms >
Initial velocity of food packet along Y-axis, u = 0

. _ 1 2
Since, h= ut+ Egt

i \/@
g

and distance travelled by helicopter in time t along horizontal direction
=>x=ut

o

g

Hence, distance of helicopter from man,

il - e (W E)

_ \/hz+v22h
g

Question191

A bomb is dropped by fighter plane flying horizontally. To an observer sitting in the
plane, the trajectory of the bomb is a
[26 Aug 2021 Shift 2]

Options:

A. hyperbola

B. parabola in the direction of motion of plane

C. straight line vertically down the plane

D. parabola in a direction opposite to the motion of plane

Answer: C
Solution:
The bomb is dropped from a fighter plane flying in horizontaldirection only.

Let us assume the velocity of fighter plane, v, = VX/i\. As fighter plane is moving in horizontal direction only. Hence, it has only
one component.



When fighter plane drops the bomb, the bomb will free fall from the fighter plane and have a horizontal velocity in the
direction of plane and vertical velocity due to gravity.
A

Velocity of bomb can be given as, v, =v,i— vyf. Velocity in vertical direction will be negative as bomb is moving downwards.
Now, for the person sitting inside the plane, hence the relative velocity of bomb with respect to plane can be calculated as
A

A A A
Via = Vp TV, TV, i _Vyj —vi= —vyj
The velocity of bomb with respect to person sitting in plane is only in vertical direction. Thus, the trajectory of bomb with
respect to the person will be a straight line vertically down to the plane.

Question192

A huge circular arc of length 4.4 ly subtends an angle 4s at the centre of the circle.
How long it would take for a body to complete 4 rev if its speed is 8 AU per sec?

[Given, 11y =9.46 x 10" m, 1AU =1.5x10"m]
[27 Aug 2021 Shift 1]

Options:

A. 4.1 x10%
B.4.5x 10"
C.3.5%10%

D. 7.2 x 10%

Answer: B

Solution:

Length of arc, | =4.41y = 4.4 x 9.46 x 10"

=4.1624 % 10"°m [+ 11y = 9.46 x 10"°m]

Angle subtended by arc, 8 =4 s

Number of revolution, n = 4

Speed of body,

v=8AUs '=1.5x10"x8=1.2x10"ms '[“1AU=1.5x10""m]
We know that, length of arc subtended by an angle,

I=R6

Here, R = radius of arc.

Substituting the values in above expression, we get

41624 % 10" =R x 4 (1_) (L)(l
x x 4 x X TR0° S

3600 degree)

_ 1

3600
R=2.146x10"'m
We know that, time = distance/speed
(=X 2nR

v
(- Distance = n x length of circular path )
Substituting the values in above expression, we get
_ 4x2mx2.146 x 10°!
1.2x10"

=45%x10"%
Thus, the time required is 4.5 x 10'%.

t

Question193



The ranges and heights for two projectiles projected with the same initial velocity at
angles 42° and 48° with the horizontal are R, R, and H,, H,, respectively. Choose the

correct option.
[1 Sep 2021 Shift 2]

Options:
A.R,>R,and H =H,
B.R,=R,andH, <H,
C.R,<R,and H, <H,
D.R,=R,and H, = H,
Answer: B

Solution:

Here, two projectiles are projected at angles 42° and 48° withsame initial velocity.
As we know the expression of range of projectile,

Range = u’sin26
At 6, =42°

2 o 2
Range, R, = u s1ng2(42) _ 0.9g9u

At 6, = 48°

Range, R, = u’sin 2(48)° _ 0.99u”

g
The range of the projectile is same for the two projectiles.
Therefore, R, =R,

Now, as we know the expression of height of the projectile,

2 .
_u'sin6
Hmmgr 2

At 42°,
2 . 2
u”sin42° _ 0.669u
Hmwzzle =
2g 2g

At 48°,
H —p - Wsin4se 0743’
ax 2 2g 2g

Higher the value of g higher the value of maximum height.Therefore, H, < H,,.

Question194

A particle starts from the origin at t = (0 with an initial velocity of 3.0im/s and moves

in the x —y plane with a constant acceleration (6.0? + 4.0?)m/ s*. The x— coordinate of
the particle at the instant when its y coordinate is 32m is D meters. The value of D is:
[9 Jan. 2020 II]

Options:

A. 32



B. 50
C. 60
D. 40

Answer: C

Solution:

Using S = ut+ %at2

_ | ) ;
y=uft+ ant (along y Axis)
=>32=0><t+%(4)t2

1 2
Sox4xtr=32

2
>t=4s

S, = u,t+2a,¢ (Along x Axis)

:>x=3X4+%X6X42=60

Question195

A particle is moving along the x -axis with its coordinate with time ' t ' given by
x(t)=10+8t— 3t%. Another particle is moving along the y -axis with its coordinate as a

function of time given by y(t) =5 — 8. Att= 1s, the speed of the second particle as

measured in the frame of the first particle is given as \y. Then v(in m/s) is
[NA 8 Jan. 2020 I]

Answer: 580

Solution:

For pariticle "' A"
X , =3t +8t+10
— A
vV, = (8- 6D)i
A
@, =—6i
For particle'B'
_ 3
Y, =5-8t
g 2N
V=24t
Ty =48t
Att= lIsec
N N — N
A= (8—6t)i=2iand v =-24j

<l

e AN A
AV g A =TV AT V=21 —24j

- Speed of Bw.rt. A, Vy = {22+ 242



=N4+576 =N580
~v=>580(m/s)

Question196

A particle moves such that its position vector 7' (t) = cos oti +sin ot where o is a
constant and t is time. Then which of the following statements is true for the velocity v
(t) and acceleration @' (t) of the particle:

[8 Jan. 2020 II]

Options:

A. ¥V is perpendicular to T and @ is directed away from the origin
B. V and @ both are perpendicular to T

C. V and @ both are parallel to T

D. Vv is perpendicular to T and @ is directed towards the origin

Answer: D

Solution:

Given, Position vector,
— A . A

r =cosoti+sinmtj

. d7 A A
Velocity, Y= d—{ = m(—smmt itcosmtj )
Acceleration,
- A A

2= dd—‘t/ :*mz(cosmt i +sin(otj)
— 2—
a=—""r

— . . —
~ a is antiparallel to r
AsovV.T=0svL1lT
Thus, the particle is performing uniform circular motion.

Question197

A particle of mass m is projected with a speed u from the ground at an angle 6 = 3

w.r.t. horizontal (x-axis). When it has reached its maximum height, it collides
completely inelastically with another particle of the same mass and velocity ui. The
horizontal distance covered by the combined mass before reaching the ground is:
[9 Jan. 2020 II]

Options:

ENERy
8 g

32 u?
4 g

A.



Answer: A

Solution:

Apply momentum conservation
=>P.=P

i f
=mu +mucosd =2mv

SV = u(1+cos0)
2

1
0 + =
_ u(l+c0s60%) _ “(1 z)
2 2
Sy = %u ............ (1)
So, horizontal range after collision =vt.......... .(2)

. 1 2 2H max :
Along vertical, H = Egt >t = o putin (2)

2H
m
g

ax

Horizontal range =v x \/

3 \/ 2u%sin260
34| 2u’sin’60

2.2
H = u“sin’0
4 2 2 * % max
g

2g

Al

Question198

The distance x covered by a particle in one dimensional motion varies with time t as
x* = at’ + 2bt + ¢ . If the acceleration of the particle depends on x as x © , where n is an
integer, the value of n is .

[NA 9 Jan 2020 1]

Answer: 3

Solution:

Distance X varies with time t as x> = at> + 2bt + ¢
=2x94X — 240+ 20
dt

zxd—X:at+b ~dx _(attb)
dt dt X



_ ax’ — (at + b)’ _ac—b
3 3

3

Sax X
Hence, n=3

Question199

A ball is dropped from the top of a 100 m high tower on a planet. In the last %s before

hitting the ground, it covers a distance of 19 m. Acceleration due to gravity (in ms_z)
near the surface on that planet is
[NA 8 Jan. 2020 II]

Answer: 8

Solution:

Let the ball takes time t to reach the ground

Using, S=ut+ %gt2

=>S=O><t+%gt2

=200 = gt* [+*2S = 100m]

St= \/2_20 ()

In last % s, body travels a distance of 19 m, so in (t—%) distance travelled = 81

Now, lg(t—l)2:81
2 2

1) _g1x2
soft—2) =81x
g( 2)

1\ _ 4 81x2
~(t3) = \/ g
++ = L (200 - V81 x2) using (i)

2 Ve
=g =2(10\2 - 9\2)
=g =2\2
ng= 8m/s”
Question200
The sum of two forces P and Q is R such that ’E‘ = |? ’ . The angle 0 (in degrees) that

the resultant of 2? and Q will make with Q is
[NA 7 Jan. 2020 II]



Answer: 90

Solution:

2P+0

- [T
P>+ Q*+2PQ.cos 0 = P?
=Q+2Pcos0=0

scos0=-2
cos 2P

2Psin6
=_=>"" = +0=
tan o 2P cos 0 o (2P cos0+Q =0)

=>a=90°

Question201

—

Let ‘K:‘ =3,|A,| =S and ‘X:+X;
[8 April 2020 II]

Options:
A.-106.5
B.-99.5
C.—-1125
D.-118.5
Answer: D
Solution:
Using,

R%= A12 +A22 +2A,A,cos0

52=324+524+2x3x5c0s0
orcos0=-0.3

= 5. The value of (2/?:+3K;) . (31?:—21?;) is :

2A,+3A,) - [3A,-2A,) =2A, % 3A,+(3A,)(3A,) cos 0 —(2A )(2A,) cos O — 3A, x 2A,

_ 2 _ _ 2
=6A,"+9A A, cos0—4A A, cos0—6A,
= 6A,’6A,”+5A, A, cos 0

=6x3%—6x5%+5x3x5(-0.3)
=-118.5



Question202

A clock has a continuously moving second's hand of 0.1 m length. The average
acceleration of the tip of the hand (in units of ms ) is of the order of :
Sep. 06, 2020 (I)

Options:

D. 10!

Answer: A

Solution:

Here, R=0.1m

=21 _ 2T _ 105 ad/s

Acceleration of the tip of the clock second's hand,
a= "R =(0.105)%(0.1)= 0.0011 =1.1x10 ’m/s"
Hence, average acceleration is of the order of 1073,

Question203

The velocity (v) and time (t) graph of a body in a straight line motion is shown in the
figure. The point S is at 4.333 seconds. The total distance covered by the body in 6 s is:

A__B
v (m/s) 4:[/_\
2 .
I 0 S D — t(1ns)

_21'1]2%21\%

C

[05 Sep. 2020 (I)]
Options:
37

B.12m



Answer: A

Solution:

A B
v (m/s) 4V\
2 :
I 0 S D — ((ins)

C
1_13
=4+-_===
(O 3°3
1_5
D=2--=2
S 3 3
Distance covered by the body = area of v-t graph = ar (OABS) + ar (SCD)
1 1.5 32 .5 _37
=_ + +ox2 =224+2=21
2(133 1) x4 2><3><2 313 3m
Question204

The speed verses time graph for a particle is shown in the figure. The distance
travelled (in m) by the particle during the time interval t =0 to t =5 s will be

107
8 L
u )
—1 -
ms
(ms ) ]
2 =
1 23 45
time —>
(5)
[NA 4 Sep. 2020 (ID)]

Answer: 20



Solution:

0,

Distance travelled = Area of speed-time graph = % x5x8=20m

Question205

Train A and train B are running on parallel tracks in the opposite directions with
speeds of 36 km/hour and 72 km/hour, respectively. A person is walking in train A in

the direction opposite to its motion with a speed of 1.8 km/hour. Speed (in ms_l) of this
person as observed from train B will be close to : (take the distance between the tracks
as negligible)

[2 Sep. 2020 (I)]

Options:

A.29.5ms '
B.28.5ms '
C.31.5ms"

D. 30.5 ms |

Answer: A

Solution:

According to question, train A and B are running on parallel tracks in the opposite direction.



36 km/h

1.8 km/h y N

O O O O

V, =36 km/h =10 m/s

“—— B

72 km/h
@ O

V,=-72km/h=-20m/s
Vya="1.8km/h=-0.5m/s
Vlnan,B:Vman,A+VA,B

=V oAtV =V =—05+10-(-20)

=-0.5+30=29.5m/s

Question206

A helicopter rises from rest on the ground vertically upwards with a constant
acceleration g. A food packet is dropped from the helicopter when it is at a height h.
The time taken by the packet to reach the ground is close to [g is the acceleration due
to gravity] :

[S Sep. 2020 (D]

>z

Answer: C



Solution:

For upward motion of helicopter,

v’ =’ +2gh =v’ = 0+2gh v =2gh

Now, packet will start moving under gravity.

Let 't' be the time taken by the food packet to reach the ground.

| )
s =ut + —at
2

=-h= @t* %gt2
=>%gt2 —\2ght—h=0

Cyen g

+ +4x8
\/Zgh \/Zgh 4 % 5 xh
or,t=

2><5
. 2
or, t= \/@(Hx@
' 8
St= \/2—h(1+@
g

or,t:3.4\/l3
g

Question207

A Tennis ball is released from a height h and after freely falling on a wooden floor it
rebounds and reaches height 151 The velocity versus height of the ball during its motion

may be represented graphically by:(graph are drawn schematically and on not to
scale)

[4 Sep. 2020 (I)]
Options:
A.
VA
N2
h(v)
h




VA

h/2
h

i
-\. h > h(V)

hi2

1!

Answer: C

Solution:

For uniformly accelerated/ deaccelerated motion :
2_ .2
v =u"+£2gh

As equation is quadratic, so, v—h graph will be a parabola



VA

atr=0, h=d
2 ,
d 1 = 2:V increases downwards
»h 2  velocity changes its direction
2 — 3:V decreases upwards
collision

takes |2
place

Initially velocity is downwards (—ve) and then after collision it reverses its direction with lesser magnitude, i.e. velocity is
upwards (+ve).

Note that time t = 0 corresponds to the point on the graph

where h =d.

Next time collision takes place at 3.

Question208

A force F = (? +2i + 3ﬁ)N acts at a point (4? +3§— 1A<) m Then the magnitude of torque

about the point (i + 2} +&)m will be VxN-m. The value of x is
[NA Sep. 05, 2020 (I)]

Answer: 13.96

Solution:

Given : ?= (?+2§+312)N
And, 7 = (4537 &) ~(F42) +0)] =354] -2k

— A A A A A A
Torque, 1= T % = (3i+j—2k) x (1 +2]+3k)
A /\ A
1 ~] k A A A
T= 31 =2 =7i—11j+5k
12 3

— _
Magnitude of torque, | 7 | =195 = 13.96




Question209

A balloon is moving up in air vertically above a point A on the ground. When it is at a
height h,, a girl standing at a distance d (point B) from A (see figure) sees it at an angle

45° with respect to the vertical. When the balloon climbs up a further height h,, it is

seen at an angle 60° with respect to the vertical if the girl moves further by a distance
2.464 d (point C). Then the height h, is (given tan 30° = 0.5774):

LN N

A4— d—>B<+2 464d»C
[Sep. 05, 2020 (D)]

Options:
A.1464d
B.0.732d
C.0.464d
D.d

Answer: D

Solution:

From figure/ trigonometry,

hl_ o . —
Eftan45 :..hlfd

I~
s‘~
A,
h .
2 ‘\
A
b .,
- “a

h| “‘s‘ .ﬁ‘n.'.

Yl 45%  30%.
ATg TB24a6ad ©
h, +h,

And, —L—2__
"% T 2464d
=(h, +h,) x V3 =3.46d

= tan 30°

3.46d
:>(h1 + h2) = —\/5
3.46d
=d +h, ==+
SRE

~h,=d



Question210

Starting from the origin at time t = 0, with initial velocity 5 ms_l, a particle moves in

the x —y plane with a constant acceleration of (10? +4j )ms_z. At time t, its co-
ordiantesare (20m, y m). The values of t and y, are, respectively:

[Sep. 04, 2020 ()]
Options:

A.2sand 18 m
B.4sand 52 m
C.2sand 24 m
D.5sand25m

Answer: A

Solution:

A
Given: U =5jm/s

. — N N
Acceleration, a° =10i +4j and
final coordinate (20, y,) in time t.

S, =ut+frac12a t’ [vu =0]
:>20=0+%XIOXt2:>t=ZS
S =u xt+iaf

y oy 2%

y0:5X2+%X4X22:18m

Question211

When a carsit at rest, its driver sees raindrops falling on it vertically. When driving
the car with speed v, he sees that raindrops are coming at an angle 60° from the
horizontal. On furter increasing the speed of the car to (1 + B)v, this angle changes to
45°. The value of B is close to:

[Sep. 06, 2020 (I1)]

Options:
A.0.50
B. 0.41
C.0.37
D. 0.73

Answer: D



Solution:

The given situation is shown in the diagram. Here v, be the velocity of rain drop.

¥

.
- r .'-“ r
t"' J"'
. .
. .
Y 60° ) 45°
- -
=

L,-_UI—’ =Y Ve = (B + 1V
y

When car is moving with speed v

\4 .
tan 60° = L ........ (i)
\%
When car is moving with speed (1 + B)v,
A\
45° = L .. ii
tan 45 I (i)

Dividing (i) by (i) we get,
Zv=PB+1)v=>p=v3-1=0.732.

Question212

A particle starts from the origin at time t = 0 and moves along the positive x-axis. The
graph of velocity with respect to time is shown in figure. What is the position of the

particle at time t = 5s?
VoA

(m/s)

| |
1 1
1 1
1 1
e
|
I
1
|

2.-__
11-#-

|
0 |

[10 Jan. 2019 II]
Options:

A.10m

B.6m

C.3m

D.9m

Answer: D
Solution:

Position of the particle,
S = area under graph (time t = 0 to 5s)



X2x2+2x2+3x1=9m

N —

Question213

In a car race on straight road, car A takes a time t less than car B at the finish and
passes finishing point with a speed ' v ' more than of car B. Both the cars start from
rest and travel with constant acceleration a, and a, respectively. Then 'v' is equal to:

[9 Jan. 2019 11]
Options:

A 2a1a2

a1+a2
B. \l2a1a2t
C. Valazt

a, +a2t

D. —

Answer: C
Solution:

Let time taken by A to reach finishing point is t,
= Time taken by B to reach finishing point =t,+t
X

< >
I I
| |
u=0 VaTat,
Vg = ay(ty + t)
VA_VB=V

Sv=at,—a(t,+t) =(a, —a)t —at....(i)
1

2 _ 1 2
=X, = 4t :Eaz(toﬂ)

X A~ %

B
=a,t = Va, (t, + 1)

=(Va, ~Vay)ty =a,t

Va,t
=t = T z _
° Va - \/az
Putting this value of t in equation (i)
Va,t
v=(a, —ay —ayt

\/a_

£



= (\/a+\/a—2)\la2t —at =Vaa ttat—ayt
or,v= \Ialazt

Question214

A passenger train of length 60 m travels at a speed of 80 km/hr. Another freight train
of length 120 m travels at a speed of 30 km/h. The ratio of times taken by the
passenger train to completely cross the freight train when: (i) they are moving in same
direction, and (ii) in the opposite directions is:

[12 Jan. 2019 II]

Options:
11
A. =5

B.

N

C.

\SJ V8

D. 2

Answer: A

Question215

A person standing on an open ground hears the sound of a jet aeroplane, coming from
north at an angle 60° with ground level. But he finds the aeroplane right vertically
above his position. If v is the speed of sound, speed of the plane is:

[12 Jan. 2019 II]

Options:

3
A. TV

2v
B. B



C.v

D.

NI<

Answer: D
Solution:
v
Q <P P

o7
60

Vv

R (Observer)

Distance, PQ = v, % t (Distance = speed x time)
Distance, QR = V.t

Question216

In the cube of side ‘a’ shown in the figure, the vector from the central point of the face
ABOD to the central point of the face BEFO will be:

Z
BT E
i
Tt |
JULS N Ly
/”H, a
b a

[10 Jan. 2019 I]



Options:
A. %a(ﬁ - ?)

B. %a(?—ﬁ)

A A

C.%a(j—i)

D. %a(? - 12)
Answer: C

Solution:

From Figure,

— A A

a’. a
r.=—i+=k
G 2 2

— _at, al
=2:4 2
Ty 2J 2k
— T _a(hh
‘.‘rH_rGZE(J _1)

Question217

Two forces P and Q, of magnitude 2F and 3F, respectively, are at an angle q with each
other. If the force Q is doubled, then their resultant also gets doubled. Then, the angle
q is:

[10 Jan. 2019 II]

Options:

A. 120°

B. 60°

C. 90°

D. 30°

Answer: A



Solution:

Using, R’= P2+Q2+2PQ cos 0

4F*+9F 2+ 12F cos 0 =R*

When forces Q is doubled,

4F %+ 36F 2+ 24F 2 cos 0 = 4R?

4F % +36F 2 +24F *cos 0

= 4(13F %+ 12F 2 cos 0) = 52F 2+ 48F * cos 0

_12F*_ 1
24F% 2

=0=120°

~cosf=

Question218

Two vectors A and B have equal magnitudes. The magnitude of (X + 3) is 'n' times the

magnitude of (X — E) The angle between A and B is:
[10 Jan. 2019 II]

Options:

n’+1

p— 27
A. cos 1[“ 1]

B.cos_l[n;l]

n+1

C.sin ! [nz ! ]
n +1

. —1|n—1
D. sin [m
Answer: A

Solution:
— —
Let magnitude of two vectors A and B =a

- — _
‘A+ B| = {a?+a+ 24’ cos 0 and

N
‘ A *B‘ = \ja2+a2—2a2[cos(180° -0)] = \/az+a2—2a2 cos 0
and according to question,

- — - —
‘A+B :n‘A*B



a’+a’+2a’cos0 _ 2
2, .2 2 -n
a“+a” —2a"cos0
(1+cosB) _ 2
(1—cos0)
using componendo and dividendo theorem, we get

6=cos_1[n2_l]
2

n +1

or,

Question219

A particle moves from the point (2.0? + 4.0?)m, at t = 0, with an initial velocity
(5.0? +4.0i ) ms . It is acted upon by a constant force which produces a constant

acceleration (4.0? + 4.0?) ms . What is the distance of the particle from the origin at
time 2s?
[11 Jan. 2019 II]

Options:
A.15m
B.20\2 m
C.5m

D.10V2 m

Answer: B

Solution:

N
AsS =Tut+ %?tz

— A A 1/ A N
S :(5i+4j)2+§(4i+4j)4
A A A A

=10i+8j +8i + 8]
- —

T T =180 16

[as S = change in position :T’f—_r’i]
A

T, =20 +20]

|7 [ =202




Question220

A particle is moving with a velocity v = K (y? + XJA) where K is a constant. The general
equation for its path is:
[9 Jan. 2019 1]

Options:
Ay= x>+ constant
B. y2 = X+ constant

C. y2 = x>+ constant
D. xy = constant

Answer: C

Solution:

From given equation,

—_— A A
V =K (yi+xj)

dx dy
—=k d=Z=k
y an T

dt
dy
dt _x_dy -
Now E y X =ydy=xdx
dt
Integrating both side
2 2
y =X +tc
Question221

A body is projected at t = 0 with a velocity 10ms ' at an angle of 60° with the
horizontal. The radius of curvature of its trajectory at t = 1s is R. Neglecting air

resistance and taking acceleration due to gravity g = 10ms_2, the value of R is:
[11 Jan. 2019 I]

Options:
A. 103 m
B.2.8m

C.25m



D.5.1m

Answer: B

Solution:

10 m/s

il

60 gcosf

g
(10-53)

Horizontal component of velocity
v, = 10¢c0s 60°=5m/s
vertical component of velocity
v, =10c0s30°=5V3m/s
After t = Isec
Horizontal component of velocity v_ = 5m/s
Vertical component of velocity
v,= |(53\3-10)[m/s =10-53
2

Centripetal, acceleration a_= Vﬁ

vV 254100+75— 1003
=>R= Y =

a, 10cos 6

From figure (using (i))

tan § = 10_55@:245:9:150

_ 1002 -3) _
"~ 10cos 15 2.8m

Question222

Two guns A and B can fire bullets at speeds 1 km/s and 2 km/s respectively. From a
point on a horizontal ground, they are fired in all possible directions. The ratio of
maximum areas covered by the bullets fired by the two guns, on the ground is:

[10 Jan. 2019 I]

Options:
A.1:16
B.1:2
C.1:4
D.1:8
Answer: A
Solution:

wsin20

As we know, range R =

and, area A = nR?



~AxR%or, Aocu’

4
...ﬁ:u_lz[z]zi
A, ot L2l e

Question223

Two particles A, B are moving on two concentric circles of radii R, and R, with equal

angular speed omega. At t = ( their positions and direction of motion are shown in the
figure :

AY

The relative velocity v, — v,

[12 Jan. 2019 11]

and t = 7= is given by:

Options:

A. o(R, +R,)i
B. (R, +R,)i
C. o(R, ~Ry)i
D.-o(R,-R,)i
Answer: B

Solution:

From, 0 =ot=n-+ =X
om, B ot 03 2
So, both have completed quater circle

L

N

OR, | B

Relative velocity,

AN
V,~ Vg = 0R, (—i) —oR,(-1) =o(R,—R)i




Question224

A particle is moving with speed v = b\x along positive x-axis. Calculate the speed of

the particle at time t = T (assume that the particle is at origin at t = 0).
[12 Apr. 2019 II]

Options:
bt

A. e
b’

B. -

C.bx

b b

Answer: B

Solution:

Given, v =bVx

—

X = t
or|x 2dx=]bdt
0 0

1

~ 2.2
or X2 —gtorx =21
1 4

2
Differentiating w. r. t. time, we get
dx _ b’ x2t
dt 4

2
orv= % (t=1)

Question225

A bullet of mass 20g has an initial speed of 1 ms , just before it starts penetrating a

mud wall of thickness 20 cm. If the wall offers a mean resistance of 2.5 x 10~ N, the
speed of the bullet after emerging from the other side of the wall is close to :
[10 Apr. 2019 II]

Options:

A.0.1ms"’
B.0.7 ms '
C.03ms"

D.0.4ms



Answer: B

Solution:

From the third equation of motion
2 2 _
v —u"=2aS

But,a= 1
m

-'-v2=u2—2(£)s
m
) 0 25x10%7 20
=>v=>1)y-Q) | =— | =
W ()[20x10’3 100

>vi=1-

N —

>v= Lm/s =0.7m/s

2

Question226

The position of a particle as a function of time t, is given by x(t) = at+ bt* —ct’
where, a, b and c are constants. When the particle attains zero acceleration, then its

velocity will be:
[9 Apr. 2019 II]

Options:

bZ
+
A. a ic

b’
B.a+2
.a 3c

2
C.a+b—
C

b2
+
D.a %

Answer: B

Solution:

x=at-|rbt2—ct3

. dx _d 2 3
=—Z=_(at+ +
VeIOCIty, A a dt(at bt” +ct”)

=a+2bt—3ct?
Acceleration,

| (=N

\'%
t
or0=2b—3cx2t

o

andv:a+2b(;¥c) —3c(£)2 = (a+b—2)

| a

(a+2bt—3ct?)

o
o

t




Question227

A particle starts from origin O from rest and moves with a uniform acceleration along
the positive x-axis. Identify all figures that correctly represents the motion
qualitatively (a = acceleration, v = velocity, x = displacement, t = time)

(A) a B) v
O t 0O t
-‘/7 ¥
X X
(©) (D)
O t 0O t
[8 Apr. 2019 II]
Options:
A. (B), (C)
B. (A)

C. (A), (B), (C)
D. (A), (B), (D)
Answer: D

Solution:

For constant acceleration, there is straight line
parallel to t-axis on a2 —t.
Inclined straight line on v —t, and parabola on X —t

Question228



The position vector of a particle changes with time according to the relation

T(t) = 15¢% + 4- 20t2)}. What is the magnitude of the acceleration at t =1?
[9 April 2019 I1]

Options:
A. 40
B. 25

C. 100
D. 50

Answer: D

Solution:

®

— 1587 + (4—200)]
N
dd—r:30t?—4o?

—
T

—
A\

Acceleration, & = dd_\t/ =307 - 40]

na=130%+40° = 50m /s>

Question229

The trajectory of a projectile near the surface of the earth is given asy = 2x — 9x’. If it
were launched at an angle 0, with speed v, then (g = 10ms_2)

[12 April 2019 1]
Options:
A.0,=sin 1L5 and v, = gms !

B. 60=cos 1(\%_5) andv = ms -
C. Go=cos 1(%) andv ——ms =
D.60=sin 1(%) andv ——ms =
Answer: C
Solution:

Given, y = 2x — 9x
On comparing with,



gx’

y=xtanf——

2u cosze’

We have,

tan6 =2 or cosG=L_
Vs

and —& _-90 10 =9

= r =
2u’cos’0 20°(1/V5)

5
su=m/
u 3m s

Question230

A shell is fired from a fixed artillery gun with an initial speed u such that it hits the
target on the ground at a distance R from it. If t, and t, are the values of the time

taken by it to hit the target in two possible ways, the product t t, is :
[12 April 2019 1]

Options:
A.R/4g
B.R/g

C.R/2g
D.2R/g

Answer: D

Solution:

R will be same for theta and 90° — 0.
Time of flights:

t = 2usin @ and

_2u sgin(90°—9) _ 2ucosf
g g
2usin6) (2ucos€)
g g
:g(uzsinZG) _2R
g

g g

b

Now, tt, = (

Question231

Two particles are projected from the same point with the same speed u such that they
have the same range R, but different maximum heights, h, and h,. Which of the

following is correct?
[12 April 2019 II]

Options:

2_
A.R*=4hh,



B.R”=16h,h,
2_

C.R*=2h/,
2 _

D.R*=hh,

Answer: B

Solution:

For same range, the angle of projections are : 6 and 90° - 6. So,
2.2

_u’sin’®
h, T3¢ and
_ u’sin®(90° — 0) _ u’cos’0

2g 2g
u’sin2 0

h

)
Also, R =
hh = u’sin’0 « u’cos’d

172 2g 2g
u? u2(2 sin 0 cos 9)2

16 2
g

—

WI\)

—_
(@)}

o
]
=
(3]
I

16h;h,

Question232

A plane is inclined at an angle o = 30° with respect to the horizontal. A particle is

projected with a speed u = 2ms_1, from the base of the plane, as shown in figure. The
distance from the base, at which the particle hits the plane is close to: (Take

g = 10ms ?)

[10 April 2019 1]
Options:
A. 20 cm
B. 18 cm
C.26 cm
D. 14 cm

Answer: A

Solution:



On an inclined plane, time of flight (T) is given by
T — 2usin®
gcosa
Substituting the values, we get
T - (QQsin15°) _ 4sin15°
gcos30° 10 cos 30°

Distance, S = (2 cos 15°)T — %g sin 30°(T )2

4 sinl5° 1 : 16sin°15°
= (2cos 159 O*(—X1051n30°)7
77101005 30° 12 100c0s*30°
_16V3 16 _ 1 195om ~20cm
60
Question233

The stream of a river is flowing with a speed of 2 km/h. A swimmer can swim at a
speed of 4 km/h. What should be the direction of the swimmer with respect to the flow
of the river to cross the river straight?

[9 April 2019 1]

Options:
A.90°
B. 150°
C. 120°
D. 60°

Answer: C

Solution:

or 6 =30°
with respect to flow,
=90°+30°=120°

Question234

Ship A is sailing towards north-east with velocity km/hr where points east and , north.
Ship B is at a distance of 80 km east and 150 km north of Ship A and is sailing towards



west at 10 km/hr. A will be at minimum distance from B in:
[8 April 2019 1]

Options:

A. 4.2 hrs.
B. 2.6 hrs.
C. 3.2 hrs.
D. 2.2 hrs

Answer: B

Solution:

j(North)

>1 (East)

A A
0i +50jkm /hr

N
Va=3

V5 = (<101 )km/hr
ra = (807 + 1507 Jkm

— -

AN A A N AN
Via= Ve~ Va=—10i—30i —50i =40i—50j

_(Faa) - (Vs

minimum — 2
‘( VBA)|
(803 + 1507 ) (~407 — 507 )|
(10V41)?

L0700 _ _ 107y g

R
10V41 x 10Va1 41

Question235

All the graphs below are intended to represent the same motion. One of them does it
incorrectly. Pick it up.
[2018]

Options:

A.
velocity

position



distance

time

0

position

time

T

velocity

time

T

Answer: B

Solution:

Graphs in option (c) position-time and option (a) velocity-position are corresponding to velocity-time graph option (d) and its
distance-time graph is as given below.
Hence distance-time graph option (b) is incorrect.

distance

time

=

Question236

An automobile, travelling at 40 km/h, can be stopped at a distance of 40 m by applying
brakes. If the same automobile is travelling at 80 km/h, the minimum stopping
distance, in metres, is (assume no skidding)

[Online April 15, 2018]

Options:
A.75m
B. 160 m
C. 100 m
D. 150 m

Answer: B



Solution:

According to question,

u, =40km/h,v, =0 and s, =40m

using v> —u’ = 2as; 0% — 40% = 2a x 40 ....(i)
Again, 0> — 807 = 2as ...(ii)

From eqn. (i) and (ii)

Stopping distance, s = 160m

Question237

The velocity-time graphs of a car and a scooter are shown in the figure. (i) the
difference between the distance travelled by the car and the scooter in 15 s and (ii) the
time at which the car will catch up with the scooter are, respectively

B
45 T _
L
T30 4E LG
2154 E
2 E
0 + iD
0 25

Time in (5) —
[Online April 15, 2018]
Options:
A.337.5m and 25s
B. 225.5m and 10s
C. 112.5m and 22.5s
D. 11.2.5m and 15s

Answer: C

Solution:

Using equation, a = V;—u and S =ut+ %at2

Distance travelled by car in 15 sec = %%(15)2 = 62£m

Distance travelled by scooter in 15 seconds = 30 x 15 = 450

(~ distance = speed x time)

Difference between distance travelled by car and scooter in 15 sec, 450 — 337.5=112.5m
Let car catches scooter in time t;

62ﬂ +45(t— 15) = 30t

=337.5+45t—675 =30t

=15t=337.5

=t=22.5sec



Question238

A man in a car at location Q on a straight highway is moving with speed v. He decides
to reach a point P in a field at a distance d from highway (point M) as shown in the
figure. Speed of the car in the field is half to that on the highway. What should be the
distance RM, so that the time taken to reach P is minimum?

A
TR Ml

[Online April 15, 2018]

Options:

A.

S

3

B.

[S]f=N

C.

Sl

D.d

Answer: A

Solution:

Let the car turn of the highway at a distance 'x' from the point M. So, RM = x
And if speed of car in field is v, then time taken by the car to cover the distance QR = QM - x on the highway,
¢ = QM —x 0
| v
Time taken to travel the distance 'RP' in the field

_dated -..(ii)

t =
2
Total time elapsed to move the car from Q to P
_QM —x | a2+
A% v

For 't to be minimum dt_ 0
dx

t=t +t,

Question239



+ JA) and B = (? - JA) . The magnitude of a coplanar vector € such that
A.B

. is given by
[Online April 16,2018]

Options:
5
A \/5
10
B. 9
20
C. 5
9
D. 13
Answer: A
Solution:

— A A - 5 5 —
If C=ai+bjthen A.C=A B
a+b=1...()
- 5 5 -

B.C=A.B
2a—b=1 ....(ii)
Solving equation (i) and (ii) we get
a=lp=2
3773

. g 4
-~ Magnitude of coplanar vector, | C ‘ = + 5=

Question240

Which graph corresponds to an object moving with a constant negative acceleration
and a positive velocity ?
[Online April 8, 2017]

Options:

A.

Velocity

k4

Time



Velocity

v

Time
C.
F Y
Velocity
Distance
D.
F 3
Velocity
Distance
Answer: C
Solution:

According to question, object is moving with constant negative acceleration i.e., a = — constant (C)
vdv_

dx
vdv=-Cdx

2
V? =-Cx+tk

2

x=-Y 4k

Hence, graph (3) represents correctly

Question241

A car is standing 200 m behind a bus, which is also at rest. The two start moving at the
same instant but with different forward accelerations. The bus has acceleration 2 m/s>

and the car has acceleration 4 m/s. The car will catch up with the bus after a time of :
[Online April 9, 2017]

Options:



A.N110 s

B. V120 s

C.10V2 s

D.15s

Answer: C

Solution:

—> 4 m/sec’ —> 2 m/sec’

200 m
H _ _ _ 2 _ 2
Given, u, =uy=0,a _=4m/s", a; =2m/s
hence relative acceleration, a., =2m/ sec’
Now, we know, s = ut+ %at2
200:%X2t2 wu=0

Hence, the car will catch up with the bus after time
t=10\2 second

Question242

A body is thrown vertically upwards. Which one of the following graphs correctly
represent the velocity vs time?
[2017]

Options:

A.

:!:\ >
\

WV

>

<>




TN\
'

S

<>

\\
/1-)

Answer: A

Solution:

For a body thrown vertically upwards acceleration remains constant (a = — g) and velocity at anytime t is given by V = u — gt
During rise velocity decreases linearly and during fall velocity increases linearly and direction is opposite to each other.
Hence graph (a) correctly depicts velocity versus time.

Question243

Two stones are thrown up simultaneously from the edge of a cliff 240 m high with
initial speed of 10 m/s and 40 m/s respectively. Which of the following graph best
represents the time variation of relative position of the second stone with respect to the
first ?

(Assume stones do not rebound after hitting the ground and neglect air resistance,
take g =10 m/ sz)

[2015]

(The figures are schematic and not drawn to scale)
Options:

A.

M

(y2-y)m
240

>1(s)



p ||| e

é 3 >1(s)

»1(s)

> 1(s)

Answer: B

Solution:

y, = 10t—5t% y, = 40t - 5¢°
fory, = —240m, t = 8s
~y,—y, =30t for t<8s
for t>8s

_ | )
¥, "y, = 24040t Egt

Question244

A vector A is rotated by a small angle Delta theta radian (AO< < 1) to get a new vector

B. In that case ’E - X‘ is :
[Online April 11, 2015]

Options:
A. A n0
B. |B|A0-|A|

C. X\(1—A792)



D.0

Answer: A

Solution:

Arc length = radius x angle

- — —
SO,‘B—A =’A‘A6

>|

Question245

A particle is moving along a circular path with a constant speed of 10 ms™'. What is
the magnitude of the change in velocity of the particle, when it moves through an
angle of 60° around the centre of the circle?

[Online April 10, 2015]

Options:
A.10V3 m/s
B. zero
C.10\2 m/s

D. 10 m/s

Answer: D

Solution:

Change in velocity,

o 2. 2 _
|Av| = yv,"+Vv,"+2v, v, cos(n—0)

:2vsin§('-‘|71\:\7z\) -V



= (2% 10) ¥ sin(30°) = 2 x 10x%
=10m/s

Question246

If a body moving in circular path maintains constant speed of 10 ms_l, then which of
the following correctly describes relation between acceleration and radius?
[Online April 10, 2015]

Options:
A.
a
—
B.
a
-
C.
a
t
—+r
D.
a
-
Answer: C
Solution:

Speed, V = constant (from question)
Centripetal acceleration,



2
_V
a=—

r

ra= constant Hence graph (c) correctly describes relation between acceleration and radius.

Question247

A person climbs up a stalled escalator in 60 s. If standing on the same but escalator
running with constant velocity he takes 40 s. How much time is taken by the person to
walk up the moving escalator?

[Online April 12, 2014]

Options:
A.37s
B.27s
C.24s
D.45s

Answer: C

Solution:

, . . 1 escalator
Person’s speed walking only is —
P 9 y 60 second

Standing the escalator without walking the speed is — Sscalator

40 second
Walking with the escalator going, the speed add.
1 , 1 _ 15 escalator

60 40 120 second

So, the time to go up the escalator t = % = 24 second

So, the person’s speed is

Question248

From a tower of height H, a particle is thrown vertically upwards with a speed u. The
time taken by the particle, to hit the ground, is n times that taken by it to reach the
highest point of its path. The relation between H, u and n is:

[2014]

Options:

A.2gH = n’u’
B.gH =(n—2)"u’d
C.2gH =nu’(n—-2)
D.gH =(n—-2)u’

Answer: C



Solution:

Speed on reaching ground
V= \/u2 +2gh

Now, v=u+at

= w2+ 2gh = —u+gt

Time taken to reach highest point is t = 4

g
Lot o2 +2gH _nu
g g
(from question)
=2¢H = n(n—2)u2
Question249

The initial speed of a bullet fired from a rifle is 630 m/s. The rifle is fired at the centre
of a target 700 m away at the same level as the target. How far above the centre of the
target ?

[Online April 11, 2014]

Options:
A.1.0m
B.42m
C.6.1lm
D.9.8 m

Answer: C

Solution:

Let't' be the time taken by the bullet to hit the target.
~700m = 630ms 't
700m _ 10
— = o SecC
630ms 9
For vertical motion,
Here,u=0

1 2
~h= gt
28

=>t=

><1()><(10)2

9

ST



Therefore, the rifle must be aimed 6.1m above the centre of the target to hit the target.

Question250

The position of a projectile launched from the origin at t = 0 is given by

T = (40? + 503) m at t = 2s. If the projectile was launched at an angle theta from the

horizontal, then 0 is (take g = 10ms_2)
[Online April 9, 2014]

Options:

-12
A. tan 3

-13
B. tan 5

-17
C. tan 7y

~14
D. tan 3

Answer: C

Solution:

From question,
Horizontal velocity (initial),

ux=%=20m/s
1

Vertical velocity (initial), 50 = ut+ Egt2
1

>u, % 2+§(—10) x4

or, 50 =2u, —20

or,u =E=35m/s
y 2

Question251

A projectile is given an initial velocity of (? + Zf)m/ swhere i is along the ground and i

is along the vertical. If g =10m/ s2, the equation of its trajectory is:
[2013]

Options:

A.y=x—5x2



B.y=2x—- 5%
C.4y=2x— 5x°
D. 4y = 2x — 25x°
Answer: B
Solution:

. e ANIA
From equation, v =i +2j
SX=t....... (i)

P | 2 .
y=2t E(IOt) ....... (i)

From (i) and (i), y = 2x — 5x°

Question252

The maximum range of a bullet fired from a toy pistol mounted on a car at rest is
R, =40 m. What will be the acute angle of inclination of the pistol for maximum range

when the car is moving in the direction of firing with uniform velocity v =20 m/s, on a

horizontal surface ? (g =10 m/sz)
[Online April 25, 2013]

Options:
A.30°
B. 60°
C.75°
D. 45°

Answer: B

Solution:

Question253

A ball projected from ground at an angle of 45° just clears a wall in front. If point of
projection is 4 m from the foot of wall and ball strikes the ground at a distance of 6 m
on the other side of the wall, the height of the wall is :

[Online April 22, 2013]

Options:

A.44m



B.24m
C.3.6m
D.1.6 m

Answer: B

Solution:

wall

0 4m A 6m

As ball is projected at an angle 45° to the horizontal therefore Range =4H

or10=4H = H :17?:2.5111

(~+ Range =4m+6m = 10m)
2.2

Maximum height, H = usin’0

o Hx2g_2.5x2x10

100
sin’0 ( 1 )2

2
or, u=100 = 10ms "'
Height of wall PA

2
=0OAtan0— l%
2u”cos 0

:4_lx& =2.4m

10><10><le

2 2

Question254

A car covers the first half of the distance between two places at 40 km/h and other half
at 60 km/h. The average speed of the car is
[Online May 7, 2012]

Options:

A. 40 km/h
B. 45 km/h
C. 48 km/h
D. 60 km/h

Answer: C

Solution:



Total distance travelled X
A d = ==
verage spee Total time taken T

= X  =48km/h
X

X _+
2x40 2x60

Question255

The distance travelled by a body moving along a line in time t is proportional to t>
The acceleration-time (a, t) graph for the motion of the body will be
[Online May 12, 2012]

Options:
A.
TA
a
>
[ —»
B.
&
a
>
[ —>
C.
A&
a
>
—>



S —p

I —»
Answer: B

Solution:

Distance along a line i.e., displacement (s) = £ (v s £ given)
By double differentiation of displacement, we get acceleration.

a=6toracxt
Hence graph (b) is correct.

Question256

The graph of an object's motion (along the x-axis) is shown in the figure. The
instantaneous velocity of the object at points A and B are v, and v, respectively. Then

x(m)

Tis

10:_
— B
5 [—
[ e
— Ax=4m
— SAr=8 |
[ 11 | L 11111
0 10 20 1(s)
[Online May 7, 2012]
Options:

A. V= Vg =0.5m/s
B. VA=0.5m/s<VB

C. VA:0.51’1’1/8>VB

D.v =VB=2m/s

A



Answer: A

Solution:

Instantaneous velocity v = %

AX, _4m
From graph, v, = —2="0=0.5m/s
A At 8s

Ax
and v, = —B=8M _ ¢ 5/
B 16s

ie,v,= vy =0.5m/s

A

Question257

A goods train accelerating uniformly on a straight railway track, approaches an
electric pole standing on the side of track. Its engine passes the pole with velocity u
and the guard’s room passes with velocity v. The middle wagon of the train passes the
pole with a velocity.

[Online May 19, 2012]

Options:

utv
A. 3

B.%\juz—i-vz

C.Vuv

o 5]

Answer: D

Solution:

Let 'S' be the distance between two ends 'a' be the constant acceleration

As we know v —u’ = 2aS
V2 - u2
or,aS =

Let v be velocity at mid point

Therefore, VC2 S Za%
ch =u’+aS
2 2 V-
v o=u+
C
_ u2+V2
Vc = 2

Question258



A boy can throw a stone up to a maximum height of 10 m.
The maximum horizontal distance that the boy can throw the same stone up to will be
[2012]

Options:
A.20\2 m
B. 10 m
C.10\2 m

D.20m

Answer: D

Solution:

Question259

An object, moving with a speed of 6.25m /s, is decelerated at a rate given by
% = —2.5\lv where v is the instantaneous speed. The time taken by the object, to come

to rest, would be:
[2011]

Options:
A.2s
B.4s
C.8s
D.1s

Answer: A

Solution:



Given, dv_ -2.5Vy

dt

dv
=>-—==-2.5dt

o
Integrating

1

0 - ¢

| v2dv=-25]dt
6.25 0

A 0
= [ v12 ] =-2.5[t],'
(E) 62

5
1
=-2(6.25)2 =-2.5t
=-2x25=-2.5t
=>t=2s

Question260

A water fountain on the ground sprinkles water all around it. If the speed of water
coming out of the fountain is v, the total area around the fountain that gets wet is:
[2011]

Options:

A%
LT

Answer: A
Solution:

Let, total area around fountain
A=nR__*...(0)

X

Where R = v’sin2 0 _ v% sin 90° _ v_2 (il
max g g g
From equation (i) and (ii)
4
A=1¥

2
g

Question261

A particle is moving with velocity v = k(y? + XJA) , where K is a constant. The general

equation for its path is
[2010]



Options:

Ay= x’+ constant
B. y2 = x+ constant
C. xy = constant

D. y2 = x>+ constant
Answer: D
Solution:

v=k(yi+xj)
v = kyi + kxj

ydy=xdx ....... (i)
Integrating equation (i)
fydy=fx.dx

2_.2

y =x"+c¢

Question262

Consider a rubber ball freely falling from a height h = 4.9 m onto a horizontal elastic
plate. Assume that the duration of collision is negligible and the collision with the plate
is totally elastic.

Then the velocity as a function of time and the height as a function of time will be :
[2009]

Options:

A.

VN ¥

N )




v

oK zsw 4:\’
e IR FE TR I :.‘“i
C.
A i \
/\ / 0
0O
] 21\ S !
= [
D.
v VA
1.| = =
0 = >
Answer: B
Solution:

For downward motion v = —gt
The velocity of the rubber ball increases in downward direction and we get a straight line between v and t with a negative
slope.

Also applying y -y, =ut+ %at2

We gety—h= f%gtz =y=h- %gt2

The graph between y and t is a parabola withy =h att= 0.
As time increases y decreases.
For upward motion.
The ball suffer elastic collision with the horizontal elastic plate therefore the direction of velocity is reversed and the
magnitude remains the same.
Here v = u — gt where u is the velocity just after collision.
As tincreases, v decreases. We get a straight line between v and t with negative slope.
1 2
y=ut 2gt

All these characteristics are represented by graph (b).



Question263

A particle has an initial velocity of 3i+4j and an acceleration of 0.4i +0.3]. Its speed

after 10 s is:
[2009]

Options:

A. 72 units
B. 7 units
C. 8.5 units
D. 10 units

Answer: A

Solution:

A
Given W =31 +4], @ =041 +0.3], t=10s
From 1 st equatoin of motion.

~V = attu
N A A A
=v=1(041+03]) x 10+ (37 +4])
A A A N
=43 +3]+3] +4]
A A
Sv=71+7]
=[] = 7+7> =7V2 unit.

Question264

The velocity of a particleis v=v,+gt+f t*. If its position is x = 0 at t = 0, then its

displacement after unit time (t = 1) is
[2007]

Options:

g
A.V0+2+f

B.v,+2g+3f

D.v,+g+f
Answer: C

Solution:



We know that, v = i—’t‘

=>dx=vdt
X t
Integrating, |dx =] vdt
0 0

34t
L

¢ 2 gt?
orx= +gt+ft)dt =[ t+ S
i fg et v B |

3
L0
3

Att=1,x=v,+E+

gt
or,x=v,t+2-
0 2

\8}
W[

Question265

A body is at rest at x = 0. At t = 0, it starts moving in the positive x - direction with a
constant acceleration. At the same instant another body passes through x = 0 moving
in the positive x -direction with a constant speed. The position of the first body is given
by x,(t) after time 't'; and that of the second body by x,(t) after the same time interval.

Which of the following graphs correctly describes (x; —x,) as a function of time t'?
2008

Options:

A.

{.1‘| - .'r:)

(0]




(x, — .\': )

|
| {
{JI \

(x; —x,)

0O

Answer: B

Solution:

For the body starting from rest, distance travelled (x,) is given by

_ 1 2
X, = 0+ Eat
N )
=X, = Eat
-rl .‘C:
M
v/a
t

For the body moving with constant speed

X, = VEX =X, = %a‘t2 —vt
att=0,x,—-x,=0
This equation is of parabola.

For t < Y; the slope is negative
a

For t="; the slope is zero
a

For t> g; the slope is positive

These characteristics are represented by graph (b).




Question266

A particle located at x = 0 at time t = 0, starts moving along with the positive x-
direction with a velocity ' v ' that varies as v = ax . The displacement of the particle

varies with time as
[2006]

Options:
At

B.t
C /2

D. ¢t

Answer: A

Solution:

v=ax
dx _ dx _
:a ax = N adt
Integrating both sides,
¥ ¢ 2Vx
19X —gfag [ 22 ]
0 \/x 0 1
2

=2Vx =at 2x = %t

X t
=gt
, = olty

2

Question267

A car, starting from rest, accelerates at the rate f through a distance S, then continues
at constant speed for time t and then decelerates at the rate g to come to rest. If the

total distance traversed is 15S, then
[2005]

Options:
_1g.2

A. S—gft

B.S=ft

_1e.2
C.S—th



Solution:

Let car starts from A from rest and moves up to point B with acceleration f.
Distance, AB=S = %’ftl2
Distance, BC = (ft))t

2 (ft,)
Distance, CD =% = @ _ ft,2=2S

1
o]
2

A B C D
L L2
[ 4 <1

< >
15§

Total distance, AD = AB + BC + CD = 15S
AD=S+BC+2S
=S+t t+2S=158 ... 0]

=>ftt=128

Dividing (i) by (ii), we get t, =

N+

1t ff
=s=3(5) =%

Question268

A particle is moving eastwards with a velocity of 5ms . In 10 seconds the velocity

changes to 5ms ™' northwards. The average acceleration in this time is
[2005]

Options:

A. %msﬁ2 towards north

B. -Lms 2 towards north - east

2

ms > towards north - west

S



D. zero

Answer: C
Solution:
Vo
N
— —_— —_— ‘.
Av =vy +(-v))
90°
W —— — >E
—V Vi
v
e A
Initial velocity, v, = 5i,
— A
Final velocity, v, = 5j,
Change in velocity AV = (72—71) = \/v12+v22+2v1v2 cos90° = \jSZ +5%+0=5V2m/s
[As|v,|=]|v,| =5m/s]
. _ AV 52 2
Avg. acceleration = T V?m/s
5
tan 0 = = =—1
an 0 =

which means 6 is in the second quadrant. (towards north-west)

Question269

The relation between time t and distance x is t = ax’ + bx where a and b are constants.

The acceleration is
[2005]



Options:
A.2bv’
B. —2abv’
C.2av’

D. —2aV3
Answer: D

Solution:

Given, t= ax’ + bx;
Diff. with respect to time (t)

d d, 2 dx dx
=(t) =a—(x)+b== =a.2x=—=+b.v.
dt(t) adt(x) bdt a2xdt b.v
=1 =2axv+bv=v(2ax+b) (v= velocity)
2ax+b=l
v
Again differentiating, we get
dx 1dv
2288 10=—_2V
Tdt vidt
dv 3 (..dx
=4v__» LAX
=a= =2 (v =v)
Question270

A parachutist after bailing out falls 50 m without friction. When parachute opens, it

decelerates at 2 m/s>. He reaches the ground with a speed of 3 m/s. At what height, did
he bail out ?
[2005]

Options:
A. 182 m
B.91m

C.111m
D. 293 m

Answer: D

Solution:



3m/s

@drrrimnaimn

Initial velocity of parachute after bailing out,
u="\2gh
u="2x98x50=14V5

The velocity at ground, v=3m/s

22 2
_v -u _3"-930 _
1 243m

Initially he has fallen 50m.
=~ Total height from where he bailed out =243 +50=293m

Question271

An automobile travelling with a speed of 60 km/h, can brake to stop within a distance
of 20m. If the car is going twice as fast i.e., 120 km/h, the stopping distance will be
[2004]

Options:
A.60m
B.40 m
C.20m
D. 80 m

Answer: D

Solution:

In first case speed, u =60 x ligm/s = 5—Om/s

3
d =20m
Let retardation be a then
0y’ —u®=—2ad
oru’=2ad ....(1)
5 _ 100

In second case speed, u' =120 x 8 Tm/s
and (0)* —u” =—2ad’

or u”? =2ad’ (i)

(i) divided by (i) gives,
4:%:d':4X20:80m



Question272

A ball is released from the top of a tower of height h meters. It takes T seconds to
reach the ground. What is the position of the ball at % second

[2004]
Options:

A. %h meters from the ground

B. %1 meters from the ground
C. 1—91 meters from the ground

D. 11—7; meters from the ground

Answer: A

Solution:

We have s:ut-i-%gtz,
Sh=0xT +%gT2
1 2
h=+
= ng

Vertical distance moved in time % is

= Position of ball from ground =h-—

ol=
gE

Question273

—

IfAxB=58x X, then the angle between A and B is
[2004]

Options:

A.

SIR ]

B.

wla

&3



Angle between them is 0, &, or 2n
from the given options, 6 ==

Question274

A projectile can have the same range ' R ' for two angles of projection. If ' T, ' and '
T, ' to be time of flights in the two cases, then the product of the two time of flights is
directly proportional to.

[2004]

Options:

A.R

1
B'ﬁ

1
C. e
D.R?

Answer: A

Solution:

A projectile have same range for two angle
Let one angle be 0, then other is 90° -0
T, = 2usin9’ T,-= 2ucos 6
g ) g
then, T T, = 4u”sinfcosO _ Hp
g
( VR = u’sin’0 )

g
Thus, it is proportional to R. (Range)

Question275

A ball is thrown from a point with a speed ' v, ' at an elevation angle of 6. From the

same point and at the same instant, a person starts running with a constant speed %
to catch the ball. Will the person be able to catch the ball? If yes, what should be the
angle of projection 0?

[2004]



Options:
A. No

B. Yes, 30°
C. Yes, 60°
D. Yes, 45°

Answer: C

Solution:

Yes, Man will catch the ball, if the horizontal component of velocity becomes equal to the constant speed of man.
v
2 =v cos0

or 6 =60°

Question276

A car, moving with a speed of 50 km/hr, can be stopped by brakes after at least 6 m. If
the same car is moving at a speed of 100 km/hr, the minimum stopping distance is
[2003]

Options:
A.12m
B. 18 m
C.24m
D.6m

Answer: C

Solution:

Fir first case : Initial velocity,
—50x >
u—50><18m/s
v=0,s=6m,a=a
Using, v —u® =2as
:'027(5oxi)2:2XaX6
18

s0x 3
=— X —_ ) =2x%xgx

( 18) 2xax6

ao_250X250 | _ o -
324%x2%6

Case-2 : Initial velocity, u = 100 km/hr = 100 x 15—8m/sec

2

v=0,s=s,a=a
2 2
As v"—u” =2as

5 2
:>02—(100X—) =
13 2as



2
ﬁ_(looxf_g) =2x(~16)x 5

_ 500 % 500
324 %32

=24m

Question277

The co-ordinates of a moving particle at any time ' t 'are given by x = at’ and y= Bt3.
The speed of the particle at time ' t ' is given by
[2003]

Options:
A.3tVo2 + B2
B. 3\ o2 + 2
C. a2+ p2
D. Vo2 +
Answer: B

Solution:

Coordinates of moving particle at time 't ' are x = at’ and y = pt’

v =d—x=3’0Lt2andvy=d—y=3’Bt2

* o dt dt

Ly = Vx2+Vy2 _ \j9a2t4+952t4
= 3t2\/ofTB2
Question278

A boy playing on the roof of a 10 m high building throws a ball with a speed of 10m/s
at an angle of 30° with the horizontal. How far from the throwing point will the ball be
at the height of 10 m from the ground ?

’g = 10m/sz, sin 30° = %, cos 30° = 2—5
[2003]

Options:

A.5.20m

B.4.33m

C.2.60m

D. 8.66m



Answer: D

Solution:

Horizontal range is required
u’sin26 _ (10)*sin(2 x 30°)

=5v3 =8.66
g 10 3 m

R=

Question279

If a body looses half of its velocity on penetrating 3 cm in a wooden block, then how
much will it penetrate more before coming to rest?
[2002]

Options:
A.1lcm
B.2cm
C.3cm
D.4 cm

Answer: A

Solution:

In first case

u, =u; v =?

_u _
| l—z,sl—3cm,a

1

. 2 2_
Using, v,"—u," =2as,

2
(%) —u’=2xax3
2

o= TW
8

In second case: Assuming the same retardation
2

Question280

Speeds of two identical cars are u and 4u at the specific instant. The ratio of the
respective distances in which the two cars are stopped from that instant is
[2002]

Options:



A l1:1
B.1:4
C.1:8
D.1:16

Answer: D

Solution:

For first car
u,=u,v,=0,a =-a,s =s,
2 2_
Asv,“—u“=2as,
:>—u2=—2as1

=>u2:2asl
o
=5, =— ..
e (i)
For second car
u,=4u,v,=0,a,=~a,s

2
2

=>—(4u)’ =2(-a)s,
>16u° = 2as,
_ 8u’

2 a

Dividing (i) and (i),

278

. a2
v u, —2a252

=S

Question281

From a building two balls A and B are thrown such that A is thrown upwards and B
downwards (both vertically). If v, and v are their respective velocities on reaching

the ground, then
[2002]
Options:

A.VB>VA

C.VA>VB

D. their velocities depend on their masses.

Answer: B



Solution:

u, :
»‘4T;' | 1
T

B[I

LTIy

4

Ball A is thrown upwards with velocity u from the building. During its downward journey when it comes back to the point of
throw, its speed is equal to the speed of throw (u).

So, for the journey of both the balls from point A to B.

We can apply v —u® = 2gh.

As u, g, h are same for both the balls, v, = v,




