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4 MOTION IN A PLANE
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Single Correct Answer Type

A particle is projected at an angle of elevation a and after t second, it appears to have an angle of elevation
B as seen from point of projection. The initial velocity will be
gt gt cos B sin(a — ) 2sin(a — B)

a) 2sin(a — B) 2sin(a — B) 2 2gt d gt cos
A particle reaches its highest point when it has covered exactly one half of its horizontal range. The
corresponding point on the vertical displacement-time graph is characterised by
a) Zero slope and zero curvature b) Zero slope and non-zero curvature
c) Positive slope and zero curvature d) None of these
A car travelling at a constant speed of 20 ms ™! starts overtaking another car which is moving at constant
acceleration of 2 ms™~2 and it is initially at rest. Assume the length of each car to be 5 m. The total road
distance used in overtaking is
a) 394.74 m b) 15.26 m c) 200.00 m d) 186.04 m
A plane flying horizontally at 100 ms™? releases an object which reaches the ground in 10 s. At what angle
with horizontal it hits the ground?
a) 55° b) 45° c) 60° d) 75°
Ariver is flowing from west to east at a speed of 5 m/min. A man on the south bank of the river, capable of
swimming at 10 m/min in still water, wants to swim across the river in the shortest time. Finally he will
move in a direction
a) tan"1(2)E of N b) tan~1(2)N of E c) 30°Eof N d) 60° E of N
The trajectory of a projectile in a vertical plane is y = ax — bx?, where a and b are constants and x and y
are, respectively, horizontal and vertical distance of the projectile from the point of projection. The
maximum height attained by the particle and the angle of projection from the horizontal are

b2 2 2a2
a)

a? a a
Z,tan‘l(b) b) ?,tan‘l(Zb) c) 0 tan~1(a) d) T,tan‘l(a)
A particle is moving along the locus y = k — x(k > 0) with a constant speed v. At t = 0, it is at the origin

and about to 0, v, — vy,. At this moment, [ay - ax] =

a) v2/k? b) Zero c) —v?/k? d) None

A small body is dropped from a rising balloon. A person A stands on ground, while another person B is on
the balloon. Choose the correct statement: Immediately, after the body is released

a) Both A and B, feel that the body is coming (going) down

b) Both A and B, feel that the body is going up

c) A feels that the body is coming down, while B feels that the body is going up

d) A feels that the body is going up, while B feels that the body is going down

A particle is projected from the ground with an initial speed of v at an angle 8 with horizontal. The average
velocity of the particle between its point of projection and highest point of trajectory is

v 2 v 2 v 2
a)E\/1+2cos 0 b)§\/1+2cos 6 c) E\/1+3cos 6 d) v cos 6

A particle is projected from ground at some angle with the horizontal. Let P be the point at maximum
height H. At what height above the point P should the particle be aimed to have range equal to maximum
height?

a)H b) 2H c)H/2 d) 3H

The friction of air causes a vertical retardation equal to 10% of the acceleration due to gravity (take

g = 10 ms™2). The maximum height will be decreased by

a) 8% b) 9% c) 10% d) 11%

A small mass m is attached to a massless string whose other end is fixed at P as shown in the figure. The
mass is undergoing circular motion in the x — y plane with centre at O and constant angular speed w. If
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the angular momentum of the system, calculated about O and P are denoted by ZO and Zp respectively,
then

a) L, and Lp do not vary with time b) L, varies with time while L, remains constant

c) ZO remains constant while ZP varies with time d) ZO and Zp both vary with time

An object has velocity 7; w.r.t ground. An observer moving with constant velocity v, w.r.t ground
measures the velocity of the object as ¥,. The magnitudes of three velocities are related by

aA) vy = vy + vy b) v, < vy + vy C) vy = v+ d) All of the above

There are two values of time for which a projectile is at the same height. The sum of these two times is
equal to (T = time of flight of the projectile)

a)3T/2 b)4T/3 c)3T/4 dT

A number of bullets are fired in all possible directions with the same initial velocity u. The maximum area
of ground covered by bullets is

I A

A shell fired from the ground is just able to cross horizontally the top of a wall 90 m away and 45 m high.
The direction of projection of the shell will be:

a) 25° b) 30° c) 60° d) 45°

A hose lying on the ground shoots a stream of water upward at an angle of 60° to the horizontal with the
velocity of 16 ms™1. The height at which the water strikes the wall 8 m away is

a) 89m b) 10.9 m c) 129 m d) 6.9 m

A piece of wire is bent in the shape of a parabola y = kx? (y-axis vertical) with a bead of mass m on it. The
bead can side on the wire without friction. It stays at the lowest point of the parabola when the wire is at
rest. The wire is now accelerated parallel to the x-axis with a constant acceleration a. The distance of the
new equilibrium position of the bead, where the bead can stay at rest with respect to the wire, from the y-
axis is

N cosf

a) a/gk b) a/2gk c) 2a/gk d) a/4gk

A bob of mass M is suspended by a massless string of length L. The horizontal velocity V at position A is
just sufficient to make it reach the point B. The angle 6 at which the speed of the bob is half of that at 4,
satisfies

T T s 3n 3
b)Z<9<Z C)E<9<T d)T<9<T[
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Twelve persons are initially at the twelve corners of a regular polygon of twelve sides of side a. Each
person now moves with a uniform speed v in such a manner that 1 is always directed towards 2, 2

towards 3, 3 towards 4, and so on. The time after which they meet is
2a 2a

v 2a

- b) — — = d) 7=
7 ) v 2 v(2++/3) )v(Z—\/g)
The maximum height reached by projectile is 4 m. The horizontal range is 12 m. The velocity of projection
in ms~! is (g is acceleration due to gravity)

1 1
a) 5,/g/2 b)3,/g/2 c) 5@ d) g@

Two identical discs of same radius R are rotating about their axes in opposite directions with the same
constant angular speed w. The discs are in the same horizontal plane. At time t = 0, the points P and Q are
facing each other as shown in figure. The relative speed between the two points P and Q is V. as function of
times best represented by

ij«” i;

t

0 T
A digital watch A was showing 1:12:32 and an old clock 'B’, not having second hand, was showing 1:10. At
that moment, actual time was 1:10:15
a) A is more precise but less accurate than B b) A is less precise but more accurate than B
c) A is both more accurate and precise d) B is both more accurate and precise
A projectile has initially the same horizontal velocity as it would acquire if it had moved from rest with
uniform acceleration of 3 ms~2 for 0.5 min. If the maximum height reached by it is 80 m, then the angle of
projection is (g = 10 ms™2)
a)tan™13 b) tan"1(3/2) c) tan"1(4/9) d) sin~1(4/9)
Two bullets are fired horizontally with different velocities from the same height. Which will reach the
ground first?

a) Slower one b) Faster one

c) Both will reach simultaneously d) It cannot be predicted

If R is the maximum horizontal range of a projectile, then the greatest height attained by it is
a)R b) 2R c) R/2 d) R/4

The particle is moving along a circular path as shown in Fig. The instantaneous velocity of the particle is
?=({@ms )I— (3 ms™1)j
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Through which quadrants does the particle move when it travels clockwise and anticlockwise,
respectively, around the circle?

TY
s
a) First, first b) First, second c) First, third d) Third, first
A particle is moving along the x-axis whose acceleration is given by a = 3x — 4, where x is the location of

the particle. At t = 0, the particle is at restat x = % m. The distance travelled by the particle in 5 s is

a) Zero b) 42 m c) Infinite d) None of these
Two particles P and Q are projected simultaneously away from each other from a point A4 as shown in
figure. The velocity of P relative to Q in ms~! at the instant when the motion of P is horizontal is

o

20 ms™ 20 ms™!

45° 60°

a) 10\/4—7@ b) 20\/4—7@ c) 10\/r\/§ d) 20\/?\/5

Rain is falling vertically downwards with a speed of 4 kmh™!. A girl moves on a straight road with a
velocity of 3 kmh™1. The apparent velocity of rain with respect to the girl is

a) 3kmh™! b) 4 kmh™? c) 5kmh™? d) 7 kmh™!
The velocity of a body moving in a circle in the radical direction is
a)0 b) Speed of the body c) v?/R d) None of the above

Three boys are running on a equitriangular track with the same speed 5 ms™!. At start, they were at the
three corners with velocity along indicated directions. The velocity of approach of any one of them
towards another att = 10 s equals

a) 7.5ms™1! b) 10 ms™? c) 5ms~! d)Oms~?!
In Fig, the angle of inclination of the inclined plane is 30°. Find the horizontal velocity V, so that the
particle hits the inclined plane perpendicularly
Vo
\\\ 900

90°

2gH 2gH H H
v, = |25 by, = |- )V, = /g? v, = |

5 7 7
In fig, the time taken by the projectile to reach from A to Bis t. Then the distance AB is equal to
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a) % b) @ c) V3ut d) 2ut
A particle is projected with a velocity v so that its range on a horizontal plane is twice the greatest height
attained. If g is acceleration due to gravity, then its range is
o b) -8 s g
5g 5v2 5g2 5g?
A projectile is fired from level ground at an angle 6 above the horizontal. The elevation angle ¢ of the
highest point as seen from the launch point is related to 6 by the relation

1 1
a)tan¢ = 2tan 6 b)tan¢ = tan 6 c) tan(;l)=§tan9 d)tan(;b:ZtanG

A particle is moving along a circular path with uniform speed. Through what angle does its angular
velocity change when it completes half of the circular path?

a) 0° b) 45° c) 180° d) 360°

Velocity versus displacement graph of a particle moving in a straight line is shown in Fig. The

corresponding acceleration versus velocity graph will be
V(ms™)

A a(ms™>)
) b) [
10 me) 10 ymshy
A a(ms™) A a(ms 2)
10— 10
c) d)
v(msV' D) 10 v(m?l)

A particle is fired with velocity u making angle 8 with the horizontal. What is the change in velocity when
it is at the highest point?

a) ucosd b)u c) usin@ d) (ucos@ —u)

A ball is projected from a point A with some velocity at an angle 30° with the horizontal as shown in fig.
Consider a target atpoint B. The ball will hit the target if it is thrown with a velocity v, equal to

VO B o
) A30° IQ
e

V3/2m

a) 5ms™! b) 6 ms~! c) 7ms~t d) None of these

A ball is thrown at different angles with the same speed u and from the same point and it has the same

range in both the cases. If y; and y, are the heights attained in the two cases, then y; + y, is equal to

) u? b) 2u? 9 u? Q) u?
g g 28 4g

A particle moves in a circular path with decreasing speed. Choose the correct statement.

a) Angular momentum remains constant
b) Acceleration () is towards the center
c) Particle moves in a spiral path with decreasing radius
d) The direction of angular momentum remains constant
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Two balls A and B are thrown with speed uand u/2, respectively. Both the balls cover the same horizontal
distance before returning to the plane of projection. If the angle of projection of ball B is 15° with the
horizontal, then the angle of projection of A4 is

1 1 1 1 1 1 1
) sin”*(g) bz (5) 9 3sin” 5) 9757 5)
The acceleration-time graph of a particle moving in a straight line is shown in Fig. The velocity of the

particle at time t = 0 is 2 ms™. The velocity after 2 s will be

0] 1 7t
a) 6mst b) 4 ms~! c) 2ms~t d)8ms~?!
A particle is projected with a certain velocity at an angle a above the horizontal from the foot of an
inclined plane of inclination 30°. If the particle strikes the plane normally, then « is equal to

V3
a) 30° + tan~! <7> b) 45° c) 60° d) 30° + tan~1(2V3)

A projectile can have the same range R for two angles of projection. It t; and t, are the times of flight in the
two cases, then what is the product of two times of flight?

1 1
a) tyt, o« R? b) t;t; < R €) tyt; R d) t1t; « R

A particle moves in a circular path with decreasing speed. Choose the correct statement

a) Angular momentum remains constant

b) Acceleration (a) is towards the centre

c) Particle moves in a spiral path with decreasing radius

d) The direction of angular momentum remains constant

Figure shows the velocity-displacement curve for an object moving along a straight line. At which of the
points marked is the object speeding up?

a)l b) 2 c) 1and 3 d)1,2,and 3

Range of projectile is R, when the angle of projection is 30°. Then the value of the other angle of projection

for the same range is

a) 45° b) 60° c) 50° d) 40°

A river flows with a speed more than the maximum speed with which a person can swim in still water. He

intends to cross the river by the shortest possible path (i.e., he wants to reach the point on the opposite

bank which directly opposite to the starting point). Which of the following is correct?

a) He should start normal to the river bank

b) He should start in such a way that he moves normal to the bank, relative to the bank

c) He should start in a particular (calculated) direction making an obtuse angle with the direction of water
current

d) The man cannot cross the river in that way

A body is projected at 30° with the horizontal. The air offers resistance in proportion to the velocity of the

body. Which of the following statements is correct?

a) The trajectory is a symmetrical parabola

b) The time of rise to the maximum height is equal to the time of return to the ground

c) The velocity at the highest point is directed along the horizontal

d) The sum of the kinetic and potential energies remains constant
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A ball is projected from the ground at angle 6 with the horizontal. After 1 s it is moving at angle 45° with
the horizontal and after 2 s it is moving horizontally. What is the velocity of projection of the ball?

a) 10v/3ms™? b) 20v/3ms™?! ) 10V/5ms™1! d) 20v/2ms?!

A stone tied to a string of length L is whirled in a vertical circle with the other end of the string at the
centre. At a certain instant of time, the stone is at its lowest position and has speed u. The magnitude of the
change in its velocity as it reaches a position where the string is horizontal is

a) Ju? — 2gL b) \/2gL c) Ju? — gl d) /2(u? —gL)

A motor cyclist is trying to jump across a path as shown in fig by driving horizontally off a cliff A at a speed
of 5 ms™1. Ignore air resistance and take g = 10 ms~2. The speed with which he touches peak B is

a) 20 ms™1! b) 12 ms™?! c) 25ms™? d)15ms™?

A stone of mass m is tied to a string of length [ and rotated in a circle with a constant speed v. If the string
is released, the stone files

a) Radially outward

b) Radially inward

¢) Tangentially outward

d) With an acceleration mv?2/1

The acceleration of a particle starting from rest and travelling along a straight line is shown in the Fig. The
maximum speed of the particle is

2
a(ms
wshamsD
2 H : -
4 8 12 5 5 16 ¢ (s)
S N
a) 20 ms™1! b) 30 ms™?! c) 40 ms™?! d) 60 ms™?!

Two trains having constant speeds of 40 kmh™! and 60 kmh™~! respectively are heading towards each
other on the same straight track

40 kmh™! 60 kmh!

T, T,
30 kmh™!
— - -

fe———
60 km

A bird, when can fly with a constant speed of 30 kmh™! files off from one train when they are 60 km apart
and heads directly for the other train. On reaching the other train, it files back directly to the first and so
forth. What is the total distance travelled by the bird before the two trains crash?

a) 12 km b) 18 km c) 30 km d) 25 km

At what angle with the horizontal should a ball the thrown so that the range R is related to the time of
flight as R = 5T2? (Take g = 10 ms™?)

a) 30° b) 45° c) 60° d) 90°

Two balls are projected from point 4 and B in vertical plane as shown in Fig. AB is a straight vertical line.
The balls can collide in mid air if v4 /v, is equal to

Page|7



60.

61.

62.

63.

64.

65.

66.

67.

Z
V2
V1
4 K
sin 04 sin 6, cos 0, cos 0,
- - C
sin 6, sin 04 cos 0, cos 04

When a projectile is fired at an angle 8 with the horizontal with velocity u, then its vertical component

a) Remains the same

b) Goes on increasing with height

c) First decreases and then increases with the height

d) First increases then decreases with height

During a projectile motion if the maximum height equals the horizontal range, then the angle of projection
with the horizontal is

a) tan"1(1) b) tan~1(2) c) tan~1(3) d) tan~1(4)

For three particles 4, B and € moving along x-axis, x — t graph is as shown below: Mark out the correct
relationships between their average velocities between the points P and Q

.
a) Vav,Aa = Vav,p = Vav,c b) Vav,a = Vav,B = Vav,c
C) Vav,a = Vav,g = Vav,c d) Vav,a < Vayg < Vayc

A cannon fires a projectile as shown in Fig. The dashed line shows the trajectory in the absence of gravity.
The point M, N, O and P correspond to time att = 0,1 s, 2 s and 3 s, respectively. The lengths of X,Y, and Z
are, respectively,

a)5m,10m, 15m b) 10 m, 20 m, 90 m c) 5m,20m,45m d)10m, 20 m, 30 m
The path of one projectile as seen by an observer on another projectile is a/an:
a) Straight line b) Parabola c) Ellipse d) Circle

A projectile is fired with a velocity v at right angle to the slope inclined at an angle 8 with the horizontal.
The range of the projectile along the inclined plane is
%

i

)21}2 tan 0 b) v?secH | 2v?tan OsecH q v2sin O
Q) ——— ) —M
g g g g

A ball thrown by one player reaches the other in 2 s. The maximum height attained by the ball above the
point of projection will be about:

a)2.5m b) 5 m c) 7.5 m d) 10 m

The acceleration-velocity graph of a particle moving in a straight line is shown in Fig. Then, the slope of the
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velocity-displacement graph

a
v

a) Increases linearly b) Decreases linearly

c) Is constant d) Increases parabolically

i. A hiker stands on the edge of a cliff 490 m above the ground and throws a stone horizontally with a
speed of 15 ms™1, the speed with which stone hits the ground is

a) 89.14 ms™?! b) 79.14 ms~?! ) 99.14 ms™?! d) 109 ms~!

A car is moving towards east with a speed of 25 kmh™!, To the driver of the car, a bus appears to move
towards north with a speed of 25v3kmh~!. What is the actual velocity of the bus?

a) 50 kmh™1,30° E of N b) 50 kmh~1,30° N of E

c) 25 kmh™1,30°E of N d) 25 kmh~1,30° N of E

A particle P is sliding down a frictionless hemispherical bowl. It passes the point A at t = 0. At this instant
of time, the horizontal component of its velocity v. A bead Q of the same mass as P is ejected from A4 to

t = 0 along the horizontal string AB (see figure) with the speed v. Friction between the bead and the
string may be neglected. Let t,, and t, be the respective time taken by P and Q to reach the point B. Then

Q
A ~ B
(24
K\J
p
a) t, < t, b)t, = tg Q) t, > tg d) All of these

A policeman moving on a highway with a speed of 30 kmh™? fires a bullet at thief’s car speeding away in
the same direction with a speed of 192 kmh~1. If the muzzle speed of the bullet is 150 ms~1, with what
speed does the bullet hit the thief’s car?

a) 120 ms™?! b) 90 ms™? c) 125ms~! d) 105 ms™?!

A gun fires two bullets at 60° and 30° with the horizontal. The bullets strike at some horizontal distance.
The ratio of the maximum height for the two bullets is in the ratio:

a)2:1 b)3:1 c)4:1 d1:1

A boat is moving with a velocity 37 + 4 with respect to ground. The water in the river is moving with a
velocity —3i — 4j with respect to ground. The relative velocity of the boat with respect to water is

a) 8f b) —6i — 8] c) 6i+ 8f d) 5v2

The ceiling of a hall is 40 m high. For maximum horizontal distance, the angle at which the ball may be
thrown with a speed of 56 ms™! without hitting the ceiling of the hall is (Take g = 9.8 ms™2)

a) 25° b) 30° c) 45° d) 60°
In the first part of question 56, the time taken to reach the maximum height will be decreased by
a) 19% b) 5% c) 10% d) None of these

The acceleration of a particle which moves along the positive x-axis varies with its position as shown in
Fig. If the velocity of the particle is 0.8 ms™! at x = 0, then velocity of the particle at x = 1.4 m is (in ms™1)

A a(in ms'z)

0O 04 08 14 . (inm)
a) 1.6 b) 1.2 c) 14 d) None of these

For angles of projection of a projectile at angles (45 + ) and (45 — @), the horizontal ranges described by
the projectile are in the ratio of
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a) 2:1 b) 1:2 c) 1:1 d) 2:3

The height y and the distance x along the horizontal plane of a projectile on a certain planet (with no
surrounding atmosphere) are given by y = (8t — 5t?) m and x = 6t m, where t is in seconds. The velocity
with which the projectile is projected att = 0 is

a)8ms! b) 6 ms™?!

c) 10ms™1! d) Not obtainable from the data

A man swimming downstream overcomes a float at a point M. After travelling distance D he turned back
and passed the float at a distance of D /2 from the point M, then the ratio of speed of swimmer with respect
to still water to the speed of the river will be

a)l b) 2 c) 4 d) 3

A body is moving in a circular path with a constant speed. It has

a) A constant velocity

b) A constant acceleration

c) An acceleration of constant magnitude

d) An acceleration which varies with time in magnitude

A point moves such that its displacement as a function of time is given by x3 = t3

+ 1. Its acceleration as a

function of time t will be

2 2t 2t 2t2
a) p b) p ) prs d) —
The horizontal range and maximum height attained by a projectile are Rand H, respectively. If a constant
horizontal acceleration a = g/4 is imparted to the projectile due to wind, then its horizontal range and
maximum height will be

a) (R + H)g b) (R + g),ZH ¢) (R + 2H), H d) (R + H), H

Raindrops are hitting the back of a man walking at a speed of 5 kmh™!. If he now starts running in the
same direction with a constant acceleration, the magnitude of the velocity of the rain with respect to him
will

a) Gradually increase b) Gradually decrease

c) First decrease then increase d) First increase then decrease

A person takes an aim at a monkey sitting on a tree and fires a bullet. Seeing the smoke the monkey begins
to fall freely then the bullet will

a) Always hit the monkey

b) Go above the monkey

c) Go below the monkey

d) Hit the monkey if the initial velocity of the bullet is more than a certain velocity

Two stones are projected with the same speed but making different angles with the horizontal. Their
ranges are equal. If the angle of projection of one is /3 and its maximum height is h; then the maximum
height of the other will be

a) 3hy b) 2h, c) hy/2 d) h,/3
A projectile is projected with initial velocity (61 + 8f)ms~. If g = 10 ms~2, then horizontal range is
a) 4.8 m b) 9.6 m c) 19.2m d) 14.0 m

An object moves along the x-axis. Its x-coordinates is given as a function of time as x = 7t — 3t m, where

x is in metres and t is in seconds. Its average speed over the intervalt = 0tot = 4sis

169 169
5ms~! b) =5 ms~? " ms! d) —2 m/s—1
a) 5ms ) —5ms c) S 1S ) 7 m/s

Figure show that particle 4 is projected from point P with velocity u along the plane and simultaneously
another particle B with velocity v at an angle a with vertical. The particles collide at point Q on the plane.
Then
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P
Ao
fo
a) vsin(a—06y) = u b) vcos(a —0y) =u guv=u d) None of these

A ball is thrown upwards and it returns to ground describing a parabolic path. Which of the following
quantities remains constant throughout the motion?

a) Kinetic energy of the ball b) Speed of the ball

c) Horizontal component of velocity d) Vertical component of velocity

A ball rolls off the top of a stairway horizontally with a velocity of 4.5 ms™*. Each step is 0.2 m high and 0.3
m wide. If g is 10 ms™~2, and the ball strikes the edge of nth step, then n is eqaual to

a)9 b) 10 c) 11 d) 12

A person sitting in the rear end of a compartment throws a ball towards the front end. The ball follows a
parabolic path. The train is moving with uniform velocity of 20 ms™1. A person standing outside on the
ground also observes the ball. How will the maximum heights (h,,,) attained and the ranges (R) seen by
the thrower and the outside observer compare each other?

a) Same h,,, different R b) Same h,,, and R

c) Different h,,, same R d) Different h,,,, and R

A ball is thrown upwards at an angle of 60° to the horizontal. It falls on the ground at a distance of 90 m. If
the ball is thrown with the same initial velocity at an angle 30°, it will fall on the ground at a distance of
a) 120 m b) 90 m c) 60 m d) 30 m

A particle is moving in a circle of radius r centred at O with constant speed v. What is the change in
velocity in moving from Ato B (£AOB = 40°)?

a) 2vsin 20° b) 4v sin 40° c) 2vsin40° d) v sin 20°

Arifle shoots a bullet with a muzzle velocity of 400 ms~! at a small target 400 m away. The height above
the target at which the bullet must be aimed to hit the target is (g = 10 ms™~?2)

a)lm b)5m c) 10m d) 0.5 m

If position-time graph of a particle is sine curve as shown in Fig

I N

t

What will be its velocity-time graph?

VT %
a) - b)

t

~Y

i 1
C - d
B "
At a height 0.4 m from the ground, the velocity of a projectile in vector form is ¥ = (61 + 2j)ms™1. The
angle of projection is

a) 45° b) 60° c) 30° d) tan"1(3/4)

A ball of mass(m)0.5 kg is attached to the end of a string having length (L) 0.5 m. The ball is rotated on a

horizontal circular path about vertical axis. The maximum tension that the string can bear is 324 N. The
maximum possible value of angular velocity of ball (in rad/s) is
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98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

a)9 b) 18 c) 27 d) 36

A car is moving in a circular horizontal track of radius 10 m with a constant speed of 10 m/sec. A plumb
bob is suspended from the roof of the car by a light rigid rod of length 1.00 m. The angle made by the rod
with track is

a) Zero b) 30° c) 45° d) 60°

A man can swim in still water with a speed of 2 ms™?. If he wants to cross a river of water current speed
v3ms ™! along shortest possible path, then in which direction should he swim?

a) At an angle 120° to the water current b) At an angle 150° to the water current

c) At an angle 90° to the water current d) None of these

A train of 150 m length is going toward north direction at a speed of 10 ms™1. A parrot files at a speed of
5 ms~?! towards south direction parallel to the railway track. The time taken by the parrot to cross the
train is equal to

a)12s b)8s c) 15s d)10s

The maximum range of a projectile is 500 m. If the particle is thrown up a plane, which is inclined at an
angle of 30° with the same speed, the distance covered by it along the inclined plane will be

a) 250 m b) 500 m c) 750 m d) 1000 m

Rain is falling vertically with a velocity of 25 ms~. A woman rides a bicycle with a speed of 10 ms~! in the
north to south direction. What is the direction (angle with vertical) in which she should hold her umbrella
to safe herself from rain?

a) tan~1(0.4) b) tan~1(1) ¢) tan"1(v/3) d) tan~1(2.6)

A truck is moving with a constant velocity of 54 kmh™?1. In which direction (angle with the direction of
motion of truck) should a stone be projected up with a velocity of 20 ms™1, from the floor of the truck, so
as to appear at right angles to the truck, for a person standing on earth?

a) cos™! (— Z) b) cos™! (— %) c) cos™! (g) d) cos™* (Z)

The maximum height attained by a projectile is increased by 10%. Keeping the angle of projection
constant, what is the percentage increase in the time of flight?

a)5% b) 10 % c) 20% d) 40 %

An airplane moving horizontally with a speed of 180kmh ™! drops a food packet while flying at a height of
490 m. The horizontal range of the food packetis g = 9.8 ms™2

a) 180 m b) 980 m c) 500 m d) 670 m

A particle has been projected with a speed of 20 ms™? at an angle of 30° with the horizontal. The time
taken when the velocity vector becomes perpendicular to the initial velocity vector is

a)4s b)2s

c)3s d) Not possible in this case

A tube of length L is filled completely with an incompressible liquid of mass M and closed at both the
ends. The tube is then rotated in a horizontal plane about one of its ends with a uniform angular velocity
w. The force exerted by the liquid at the other end is

2) MLw? MLw? MIL?w?

b) MLw? C d
2 ) ) 4 ) 2
A body A is thrown vertically upwards with such a velocity that it reaches a maximum height of h.
Simultaneously, another body B is dropped from height h. It strikes the ground and does not rebound. The
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velocity of A relative to B versus time graph is best represented by (upward direction is positive)
A A

V4n Vap Vap|—,
a) b) 5 d) Vas A

r
! { N L
109. A projectile is thrown at an angle of 40° with the horizontal and its range is R;. Another projectile is
thrown at an angle 40° with the vertical and its range is R,. What is the relation between R;and R,?
a) R1:R2 b)R]_:ZRZ C)2R1=R2 d)R1=4’R2/5
110. The ceiling of a hall is 40 m high. For maximum horizontal distance, the angle at which the ball may be

thrown with a speed of 56 ms™~! without hitting the ceiling of the hall is, the maximum horizontal distance
will be
a) 160v3m
b) 140v3m
c) 120v3m
d) 100v/3m

111. A golfer standing on level ground hits a ball with a velocity of u = 52 ms~! at an angle a above the
horizontal. If tan ¢ = 5/12, then the time for which the ball is at least 15 m above the ground will be (take
g=10ms™?)
a)ls b)2s c)3s d)4s

112. A plank is moving on ground with a velocity v, and a block is moving on the plank with respect to it with a
velocity u w.r.t. plank as shown in fig. What is the velocity of block with respect to ground?

U Block

1 Plank

—>V
a) v — u towards right b) v — u towards left
) u towards right d) None of these

113. A particle undergoes uniform circular motion. About which point on the plane of the circle, will the angular
momentum of the particle remain conserved?
a) center of the circle b) on the circumference of the circle
c) inside the circle d) outside the circle

114. A particle is moving along a circular path. The angular velocity, linear velocity, angular acceleration, and
centripetal acceleration of the particle at any instant respectively are w, ¥, &, and d.. Which of the
following relations is not correct?
a)w lv b)w L a c)wlda, d)vLla,

115. Two trains, which are moving along different tracks in opposite directions, are put on the same track due
to a mistake. Their drivers, on noticing the mistake, start slowing down the trains when the trains are 300
m apart. Graphs given below show their velocities as function of time as the trains slow down. The
separation between the trains when both have stopped is

v(ms‘l)
40
20
| —t—1— 1!0 ; S=
Train I )
1v(ms‘l)
———A—1—=1(5)
-20 Train II
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116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

a) 120 m b) 280 m c) 60 m d) 20 m
A man swims from a point A on one bank of a river of width 100 m. When he swims perpendicular to the
water current, he reaches the other bank 50 m downstream. The angle to the bank at which he should

swim, to reach the directly opposite point B on the other bank is
B

100 m

I

A
a) 10° upstream b) 20° upstream c) 30° upstream d) 60° upstream
A particle of mass m is moving in a circular path of constant radius r such that its centripetal acceleration
a. is varying with time t as, a, = k?rt?, The power delivered to the particle by the forces acting on it is
mk*r?t® d) Zero
a) 2mrmk?r?t b) mk?r?t c) — )

The equation of motion of a projectile is y = 12x — %xz

The horizontal component of velocity is 3 ms™!. What is the range of the projectile?

a) 18 m b) 16 m c) 12m d) 21.6 m

In the second part of question 56, the time taken to return to the ground from the maximum height
a) Is almost same as in the absence of friction b) Decreases by 1%

c) Increases by 1% d) Increases by 11%

At the top of the trajectory of a projectile, the acceleration is
a) Maximum b) Minimum c) Zero dg
Two particles are projected simultaneously from the same point, with the same speed, in the same vertical
plane, and at different angles with the horizontal in a uniform gravitational field acting vertically
downwards. A frame of reference is fixed to one particle. The position vector of the other particle, as
observed from this frame, is 7. Which of the following statements is correct?
a) 7 is a constant vector
b) 7 changes in magnitude as well as direction with time
c) The magnitude of 7 increases linearly with time: its direction does not change
The direction of # changes with time: its magnitude may or may not change, depending on the angles of
projection
An aircraft executes a horizontal loop of radius 1 km with a steady speed of 900 kmh™!. Find its centripetal
acceleration
a) 62.5 ms 2 b) 30 ms™2 c) 32.5 ms™? d) 72.5 ms 2
A bob of mass M is suspended by a massless string of length L. The horizontal velocity v at position 4 is
just sufficient to make it reach the point B. The angle 6 at which the speed of the bob is half of that at 4,

satisfies
B
4 v
8 8 T T 3 3
0 =— —<0<= — — —
a) 2 b)4 > C)2<t9<4 d)4<9<n
At the uppermost point of a projectile, its velocity and acceleration are at an angle of
a) 0° b) 45° c) 90° d) 180°

A ball is thrown from a point with a speed v, at an angle of projection 6. From the same point and at the
same instant, a person starts running with a constant speed v, /2 to catch the ball. Will the person be able
to catch the ball? If yes, what should be the angle of projection?
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126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

a) Yes, 60° b) Yes, 30° c) No d) Yes, 45°

A particle is moving with velocity of 4 ms~?! along positive x-direction. An acceleration of 1 ms™2 is acted
on the particle along negative x-direction. Find the distance travelled by the particle in 10 s

a) 10 m b) 26 m c) 16 m d) 8 m

Rain, driven by the wind, falls on a railway compartment with a velocity of 20 ms™1, at an angle of 30° to
the vertical. The train moves, along the direction of wind flow, at a speed of 108 kmh~1. Determine the
apparent velocity of rain for a person sitting in the train

a) 20v/7ms™! b) 10V/7ms™? c) 15vV7ms™! d) 10v/7kmh™!

A projectile is thrown in the upward direction making an angle of 60° with the horizontal direction with a
velocity of 150 ms™~1. Then the time after which its inclination with the horizontal is 45° is

a) 15(v3—1)s b) 15(V3 + 1)s ) 7.5(vV3 - 1)s d) 7.5(v3 +1)s
Consider a disc rotating in the horizontal plane with a constant angular speed w about its centre O. The
disc has a shaded region on one side of the diameter and an unshanded region on the other side as shown
in the figure. When the disc is in the orientation as shown, two pebbles P and Q are simultaneously
projected at an angle towards R. The velocity of projection is in the y — z plane and is same for both
pebbles with respect to the disc. Assume that (i) they land back on the disc before the disc has completed

5 rotation. (ii) their range is less than half the disc radius, and (iii) w remains constant throughout. Then
y ‘\“’
(L*x

a) P lands in the shaded region and @ in the unshaded region

b) P lands in the unshaded region and Q in the shaded region

c) Both P and Q land in the unshaded region

d) Both P and Q land in the shaded region

A shot is fired from a point at a distance of 200 m from the foot of a tower 100 m high so that it just passes
over it horizontally. The direction of shot with horizontal is:

a) 30° b) 45° c) 60° d) 70°

Rain appears to fall vertically to a man walking at 3 kmh™?1, but when he changes his speed to double, the
rain appears to fall at 45° with vertical. Study the following statements and find which of them are correct

1. Velocity of rain is 2+/3 kmh™!

2. The angle of fall of rain (with vertical) is = tan™?! (%)

3. The angle of fall of rain (with vertical) is 8 = sin™! (\/—15)

4. Velocity of rain is 3v/2 kmh™?

a) Statements (i) and (ii) are correct b) Statements (i) and (iii) are correct
c) Statements (iii) and (iv) are correct d) Statements (ii) and (iv) are correct

A particle starts moving rectilinearly at time t = 0 such that its velocity v changes with time t according to
the equation v = t? — t, where t is in seconds and v is in ms~?. The time interval for which the particle
retards (i.e. magnitude of velocity decreases) is

a)t<1/2 b)1/2<t<1 at>1 dt<1/2andt>1
If the time of flight of a projectile is doubled, what happens to the maximum height attained?
a) Halved b) Remains unchanged c¢) Doubled d) Become four times

An object is subjected to the acceleration a = 4 + 3v. It is given that the displacement S = 0, when v = 0.
The value of displacement when v = 2 ms~ 1 is [In (0.4)= —0.9]

a) 0.52m b) 0.27 m c) 0.39m d) 0.65m

A body is projected up along a smooth inclined plane with velocity u from the point A as shown in Fig. The
angle of inclination is 45° and the top is connected to a well of diameter 40 m. If the body just manages to

cross the well, what is the value of u? Length of inclined plane is 20v/2 m
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136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

45°
4 40 m
a) 40 ms™1! b) 40v/2ms™?! c) 20 ms™1! d) 20v2ms ™1

A particle is thrown at time ¢t = 0 with a velocity of 10 ms~! at an angle 60° with the horizontal from a
point on an inclined plane, making an angle of 30° with the horizontal. The time when the velocity of the
projectile becomes parallel to the incline is

1

10 ms~
60°
30°
2 1 1
a) —=s b)—s c) V3 d)——=s

The maximum height attained by a projectile is increased by 5%. Keeping the angle of projection constant,
what is the percentage increase in horizontal range?

a)5% b) 10 % c) 15% d) 20 %

The figure shows the velocity and acceleration of a point line body at the initial moment of its motion. The
acceleration vector of the body remains constant. The minimum radius of curvature of trajectory of the
body is

L _ -1
D= 150° Vo =8 ms

a =2 ms?

a)2m b)3m c) 8m d) 16 m

A body is projected at an angle of 30° with the horizontal and with a speed of 30 ms~. What is the angle
with the horizontal after 1.5 s? (g = 10 ms™2)

a) 0° b) 30° c) 60° d) 90°
In the above problem, what is the angle of projection with horizontal?
a) tan"1(1/4) b) tan~1(4/3) c) tan"1(3/4) d) tan"1(1/2)

Two particles 4 and B are moving along straight line, whose position-time graph is shown in Fig.
Determine the instant (approx) when both are moving with the same velocity

X

S101520 1)
a)17s b)12s c) 6s d) No where
In first part of the problem 28, change in speed is
a) ucos@ b) u c) usiné d) (ucos@ —u)

i. A hiker stands on the edge of a cliff 490 m above the ground and throws a stone horizontally with a
speed of 15 ms™1, the vertical component of the velocity on hitting the ground is

a) 79 ms™! b) 89 ms™~?! c) 98 ms™?! d) 108 ms~!

A body of mass m is projected horizontally with a velocity v from the top of a tower of height h and it
reaches the ground at a distance x from the foot of the tower. If a second body of mass 2 m is projected
horizontally from the top of a tower of height 2 h, it reaches the ground at a distance 2x from the foot of
the tower. The horizontal velocity of the second body is

a)v b) 2v c) V2v d)v/2

The speed of a projectile at its highest point is v; and at the point half the maximum height is v,. If
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146.

147.

148.

149.

150.

151.

152,

153.

154.

155.

V2

a) 45° b) 30° c) 37° d) 60°

A platform is moving upwards with an acceleration of 5 ms~2. At the moment when its velocity is

u = 3ms™%, a ball is thrown from it with a speed of 30 ms™! w.r.t. platform ms~?! at an angle 8 = 30° with
horizontal. The time taken by the ball to return to the platform is

a)2s b)3s c)1s d)25s

A grasshopper can jump a maximum distance 1.6 m. It spends negligible time on the ground. How far can it
goin 10 s?

a) 5v2m b) 10v/2m c) 20v2m d) 40v2m

A body is projected with velocity v; from the point A as shown in fig. At the same time another body is
projected vertically upwards from B with velocity v,. The point B lies vertically below the highest point of
first particle. For both the bodies to collide, v, /v, should be

a) 2 ; c) 0.5 d)1
mj;

When a particle is thrown horizontally, the resultant velocity of the projectile at any time t is given by

1
a) gt b) Egtz C) /uZ + thZ d) u2 — thZ

A body is projected horizontally from the top of a tower with initial velocity 18 ms™?. It hits the ground at
angle 45°. What is the vertical component of velocity when strikes the ground?

e g \/E—, then find the angle of projection

a)9ms ! b) 9v/2 ms1 c) 18 ms™?! d) 18vV2 ms™?!
i. If air resistance is not considered in a projectile motion, the horizontal motion takes place with
a) Constant velocity b) Constant acceleration

c) Constant retardation d) Variable velocity

Two tall buildings are 30 m apart. The speed with which a ball must be thrown horizontally from a
window 150 m above the ground in one building so that it enters a window 27.5 m from the ground in the
other building is

a)2ms~ ! b) 6 ms~! c) 4ms~! d)8ms~?!

i. A hiker stands on the edge of a cliff 490 m above the ground and throws a stone horizontally with a
speed of 15 ms™1. The time taken by the stone to reach the ground is (g = 9.8 ms™2)

a)10s b)5s c) 12s d)15s

A motor boat is to reach at a point 30° upstream on the other side of a river flowing with velocity 5 ms™1.

The velocity of motor boat with respect to water is 5v/3 ms ™. The driver should steer the boat at an angle
5

2) 30? w.r.t. the line of destination from the starting b) 60°
point

c) 120° w.rt. stream direction d) None of these

Velocity versus displacement graph of a particle moving in a straight line as shown in Fig

w.r.t. normal to the bank
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The acceleration of the particle
a) Is constant b) Increases linearly with x
c) Increases parabolically with x d) None of these

156. Shots are fired simultaneously from the top and bottom of a vertical cliff with the elevation ¢ = 30°,f =
60°, respectively Fig. The shots strike an object simultaneously at the same point. If a = 30v/3 m is the
horizontal distance of the object from the cliff, then the height h of the cliff is

N &

-— S —

/5 N
a=30{3m

a) 30 m b) 45 m c) 60 m d) 90 m

157. Wind is blowing in the north direction at speed of 2 ms~1, which causes the rain to fall at some angle with
the vertical. With what velocity should a cyclist drive so that the rain appears vertical to him:
a) 2 ms~ ! south b) 2 ms~! north c) 4ms~! west d) 4 ms~! south

158. The angular velocity of a particle moving in a circle of radius 50 cm is increased in 5 min from 100
revolutions per minute to 400 revolutions per minute. Find the tangential acceleration of the particle
a) 60 ms™2 b) 7/30 ms? c) m/15 ms™? d) m/60 ms™2

159. A body moving in a circle with a speed of 1 ms™!. This speed increases at a constant rate of 2 ms™? every
second. Assume that the radius of the circle described is 25 m. The total acceleration of the body after 2 s
is
a) 2 ms™2 b) 25 ms—2 ) V5ms™2 d) V7ms—2

160. At a distance of 500 m from the traffic light, brakes are applied to an automobile moving at a velocity of
20 ms~1. The position of the automobile relative to traffic light 50 s after applying the brakes, if its
acceleration is —0.5 ms ™2 is
a) 125m b) 375 m c) 400 m d) 100 m

161. An object is moving in the x-y plane with the position as a function of time given by 7 = x(t){ + y(t)].
Point O is at x = 0, y = 0. The object is definitely moving towards O when,
a) vy >0,v, >0 b) vy <0,v, <0 c) xvy +0,yv, <0 d) xvy +yv, >0

162. A projectile has a time of flight T and range R. If the time of flight is doubled, keeping the angle of
projection same, what happens to the range?
a) R/4 b)R/2 c) 2R d) 4R

163. The range R of projectile is same when its maximum heights are h;and h,. What is the relation between
R, hy,and hy,?
a) R = \[hih, b) R = \/2hih, c) R = 2\/h1h, d) R = 4,/hsh,

164. The ratio of the distance carried away by the water current, downstream, in crossing a river, by a person,
making same angle with downstream and upstream is 2:1. The ratio of the speed of person to the water
current cannot be less than

a)1/3 b) 4/5 c) 2/5 d) 4/3
165. Two particles A and B are placed as shown in Fig. The particle 4, on the top of tower, is projected
horizontally
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166.

167.

168.

169.

170.

171.

172.

173.

174.

fl_
l

<—I/B

>
d

With a velocity u and particle B is projected along the surface towards the tower, simultaneously. If both
particles meet each other, then the speed of projection of particle B is [ignore any friction]

a)d\/%—u b)d\/% C)d\/%+u d)u

A swimmer wishes to cross a 500 m river flowing at 5 kmh™!. His speed with respect to water is 3 kmh™1.
The shortest possible time to cross the river is

a) 10 min b) 20 min c) 6 min d) 7.5 min

A car is moving horizontally along a straight line with a uniform velocity of 25 ms™!. A projectile is to be
fired from this car in such a way that it will return to it after ithas moved 100 m. The speed of the
projection must be

a) 10 ms™1! b) 20 ms™? c) 15ms™?! d) 25 ms™?!

A body has an initial velocity of 3 m/s and has an acceleration of 1 ms~2 normal to the direction of the
initial velocity. Then its velocity 4 s after the start is

a) 7 ms~! along the direction of initial velocity

b) 7 ms~1! along the normal to the direction of initial velocity

c) 7ms~!
d) 5 ms™?! at an angle tan~!(4/3) with the direction of initial velocity

Two boys P and Q are playing on a river bank. P plans to swim across the river directly and come back. Q
plans to swim downstream by a length equal to the width of the river and then come back. Both of them
bet each other, claiming that the boy succeeding in less time will win. Assuming the swimming rate of both
P and Q to the same, it can be concluded that

a) P wins b) 9@ wins

c) A draw takes place d) Nothing certain can be stated

A bird is flying towards north with a velocity 40 kmh™?! and a train is moving with velocity 40 kmh~?!
towards east. What is the velocity of the bird noted by a man in the train?

a) 40vV2kmh™'N — E b) 40v2kmh~'S — E

¢) 40v2kmh™IN — W d) 40v2kmh~'S — W

A ball thrown by one player reaches the other in 2 s. The maximum height attained by the ball above the
point of projection will be about

a)25m b)5m c) 7.5m d) 10 m

The acceleration of an object starting from rest and moving along a straight line is shown in Fig

midway between the two directions

Aa
5-___I l
‘: i\ 4 5

s N/ T
JN TN

Other than at t = 0, when is the velocity of the object equal to zero?

a)Att =35s b) During interval from 1 sto 3 s

c) Att=5s d) At no other time on this graph

A ball rolls off the top of a staircase with a horizontal velocity u ms™1. If the steps are h metre high and b
metre wide, the ball will hit the edge of the nth step, if

2hu 2hu? 2hu? hu?

g? b)n = o c)n=gb2 d)n=g?

Four persons K, L, M and N are initially at the corners of a square of side of length d. If every person starts

ajn=
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175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

moving, such that K is always headed towards L, L towards M, M is headed directly towards N and N
towards K, then the four persons will meet after

a) % sec b) @ sec ) % sec d) % sec

Ship A4 is travelling with a velocity of 5 kmh™! due east. A second ship is heading 30° east of north. What
should be north with respect to the first ship?

a) 10 kmh™? b) 9 kmh™! c) 8 kmh™! d) 7 kmh™!

The point from where a ball is projected is taken as the origin of the coordinate axes. The x and y
components of its displacement are given by x = 6tand y = 8t — 5t2. What is the velocity of projection?
a) 6ms ! b) 8 ms~! c) 10 ms™? d) 14 ms™?

A particle is moving along a straight line whose velocity displacement graph is shown in Fig

VA

et LR | — B\

160° 5
3m

»

What is the acceleration when displacement is 3 m?
a) 4V/3 ms~2 b) 3v3 ms~2 ) V3 ms2 d) 4/4/3 ms2
Two paper screens A and B are separated by 150 m. A bullet pierces Aand B. The hole in B is 15 cm below
the hole in A. If the bullet is travelling horizontally at the time of hitting 4, then the velocity of the bullet at
Ais (g =10 ms™?)
a) 100v3ms™! b) 200v/3ms ™! c) 300V/3ms™?! d) 500v3ms™!
Two particles are thrown horizontally in opposite directions with velocities u and 2u from the top of a
high tower. The time after which their radius of curvature will be mutually perpendicular is
) VZs b) 2= g 2 aaL
g g V28 2g
A ball is shown downwards from the edge of a very high cliff with an initial speed greater than terminal
speed. Mark the correct statement about its acceleration
a) It is always acting in the upward direction
b) It is always acting in the downward direction
c) Initially, it is acting in upward direction and then it becomes zero
d) Initially, it is acting in upward direction and then it attains a non-zero constant value in the downward
direction
The speed of a projectile at its maximum height is v/3/2 times its initial speed. If the range of the projectile
is P times the maximum height attained by it. P is equal to
a) 4/3 b) 2v/3 ) 43 d) 3/4
An elevator is moving upwards with constant acceleration. The broken curve shows the position y of the

ceiling of the elevator as a function of time t. A bolt breaks loose and drops from the ceiling
X

t
Which curve best represents the position of the bolt as a function of time?

a) A b) B c)C d)D
A projectile is given an initial velocity of { + 2j. The cartesian equation of its path is (g = 10 ms~2)
a) y = 2x — 5x? b)y = x — 5x2 ) 4y = 2x — 5x? d) y = 2x — 25x?

A man holds an umbrella at 30° with the vertical to keep himself dry. He, then, runs at a speed of 10 ms™1,

and find the rain drops to be hitting vertically. Study the following statements and find the correct options
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185.

186.

187.

188.

189.

190.

191.

192.

. Velocity of rain w.r.t. Earth is 20 ms ™!

II. Velocity of rain w.r.t. man is 10v/3 ms™!

I1I. Velocity of rain w.r.t. Earth is 30 ms™~?!

IV. Velocity of rain w.r.t. man is 10v2 ms™!

a) Statements (i) and (ii) are correct b) Statements (i) and (iii) are correct
c) Statements (iii) and (iv) are correct d) Statements (ii) and (iv) are correct
A projectile will cover same horizontal distance when the initial angles of projection are:

a) 20°,60° b) 20°,50° c) 20°,40° d) 20°,70°

If a stone is to hit at a point which is at a distance d away and at a height hfig above the point from where
the stone starts, then what is the value of initial speed u if the stone is launched at an angle 67

u

6

d d 2 i
28 b) 5 g |84 _ a |22
cos@ |2(dtanf —h) cos® |2(dtan6 —h) hcos? 6 (d—-h)

Multiple Correct Answers Type

h

Which of the following statements is/are correct

a) The magnitude of the vector 31 + 4jis 5

b) A force (31 + 4j)N acting on a particle causes a displacement 6j. The work done by the force is 30 N
IfAand B represent two adjacent sides of a parallelogram, then |K X §| give the area of that
parallelogram

d) A force has magnitude 20 N. Its component in a direction making an angle 60° with the force is 10v3 N

Two projectiles A and B are projected with same speed at angles 15° and 75° respectively to the horizontal

and have same horizontal range. If h be the maximum height and T total time of flight of a projectile, then

a) hy > hp b) hy < hp ) Ty <Tp d) Ty >Tp

If T is the total time of flight, h is the maximum height and R is the range for horizontal motion, the x and y

co-ordinates of projectile motion and time t are related as

= -0 ()0

ay=am(D)(-5) 0y =h ()(1-3)

A particle moves along a circle with a constant speed. If a is acceleration and E is kinetic energy of the
particle, then

a) a is constant b) E is constant ) a is variable d) E is variable

A ball is thrown upwards into air with a speed greater than its terminal speed. It lands at the same place
from where it was thrown. Mark the correct statement(s)

a) It acquires terminal speed before it gets to the highest point of the trajectory

b) Before reaching the highest point of trajectory, its speed is continuously decreasing

c) During the entire flight, the force of air resistance is greatest just after it is thrown

d) The magnitude of net force experienced by the ball is maximum just after it is thrown

All the particles thrown with same initial velocity would strike the ground

v

o
A%
\% \v
® Mo
%
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a) With same speed
b) Simultaneously
¢) Time would be least for the particle thrown with velocity v downward i.e., particle 1
d) Time would be maximum for the particle 2
193. A particle is moving in xy-plane with y = x/2and v, = 4 — 2t. Choose the correct options
a) Initial velocities in x and y directions are negative
b) Initial velocities in x and y directions are positive
c) Motion is first retarded, then accelerated
d) Motion is first accelerated, then retarded
194. A particle is acted upon by a force of constant magnitude which is always perpendicular to the velocity of
the particle. The motion of the particle takes place in a plane. It follows that
a) Velocity is constant b) Acceleration is constant
c) Kinetic energy is constant d) It moves in a circular path
195. A ball is rolled off the edge of a horizontal table at a speed of 4 m/second. It hits the ground after 0.4
second. Which statement given below is true
a) It hits the ground at a horizontal distance 1.6 m from the edge of the table
b) The speed with which it hits the ground is 4.0 m/second
c) Height of the table is 0.8 m
d) It hits the ground at an angle of 60° to the horizontal
196. Ship A4 is located 4 km north and 3 km east of ship B. Ship 4 has a velocity of 20 kmh~! towards the south
and ship B is moving at 40 kmh™! in a direction 37° north of east. Take x and y-axes along east and north
directions, respectively
a) Velocity of A relative to B is —32{ — 44j
Position of A relative to B as a function of time is given by
b) 7ap = (3 — 32t)i + (4 — 44¢t)j
where t = 0 when the ships are in position described above
c) Velocity of B relative to A is =32 — 44j
d) At some moment A will be west of B
197. A car moves on a circular road describing equal angles about the centre in equal intervals of time. Which of
the following statements about the velocity of car not true?
a) Velocity is constant
b) Magnitude of velocity is constant but the direction changes
c) Both magnitude and direction of velocity change
d) Velocity is directed towards the centre of circle

198. If the two vectors A = 21 + 3j + 4k and B=1+ 2j — nk are perpendicular then the value of n is
a) 1l b) 2 c)3 d) 4

199. A particle moves in a circle of radius 20 cm. Its linear speed is given by v = 2t where t is in seconds and
vin ms~1. Then
a) The radial accelerationatt = 2 sis 80 ms~
b) Tangential accelerationt = 2 s is 2 ms™2
c) Net acceleration at t = 2 s is greater than 80 ms™
d) Tangential acceleration remains constant in magnitude

200. A particle is moving eastwards with a velocity of 5 ms™2.In 10 s the velocity changes to 5 ms™
northwards. The average acceleration in this time is
a) Zero b) 1/+/2 ms~2 towards north-west
) 1/2 ms~2 towards north-west d) 1/2 ms~? towards north

201. Suppose two particles 1 and 2 are projected in vertical plane simultaneously

2

2

1
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160 ms™! 100 ms™!

.
Their angles of projection are 30° and 8 respectively, with the horizontal. Let they collide after a time t in
air. Then
a) @ = sin"1(4/5) and they will have same speed just before the collision
b) 8 = sin"1(4/5) and they will have different speed just before the collision
c) x < 1280v3 — 960 m
d) It is possible that the particle collide when both of them are at their highest point
202. If a,- and a; represent radial and tangential acceleration, the motion of a particle will be circular if

a)a,=0anda; =0 b)a, =0buta; #0
cJa,#0anda; =0 d)a, #0anda; # 0
203. An object moves with constant acceleration d. Which of the following expressions is/are also constant?
Y dv 2 7
2 47! b | == o &) 0 (F)
dt dt dt dt

204. In 1.0 s, a particle goes from point A to point B, moving in a semicircle of radius 1.0 m. The magnitude of

the average velocity is
A

a) 3.14ms™! b) 2.0 ms™?! ¢) 1.0ms™?! d) Zero
205. The coordinates of a particle moving in a plane are given by x(t) = a cos(pt) and y(t) = b sin(pt), where
a,b (< a), and p are positive constants of appropriate dimensions. Then
a) The path of the particle is an ellipse
b) The velocity and acceleration of the particle are normal to each other at t = w/2p
c) The acceleration of the particle is always directed towards a focus
d) The distance travelled by the particle in time interval t = 0tot =n/2pisa
206. If a body placed at the origin in acted upon by a force F = (i +j + v2Kk), then which of the following
statements are correct?
a) Magnitude of F is (2+v/2) b) Magnitude of F is 2
c) F makes an angle of 45° with the Z-axis d) F makes an angle of 30° with the Z-axis
207. A particle of mass m moved on the x-axis as follows: it starts from rest ¢ = 0 from the point x = 0, and
comes to restatt = 1 at the point x = 1. No other information is available about its motion at
intermediate times (0 < t < 1). If « denotes the instantaneous acceleration of the particle, then
a) a cannot remain positive for all ¢ in the interval 0 <t <1
b) |a| cannot exceed 2 at any point in its path
) |a| must be > 4 at some point or points in its path
d) ¢ must change sign during the motion, but no other assertion can be made with the information given
208. Mark the correct statement(s)
a) A particle can have zero displacement and non-zero average velocity
b) A particle can have zero displacement and non-zero velocity
c) A particle can have zero acceleration and non-zero velocity
d) A particle can have zero velocity and non-zero acceleration

209. If A = 5 units, B = 6 units and |K X §| = 15 units, then what is the angle between A and B?
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210.

211.

212.

213.

214.

215.

216.

217.

a) 30° b) 60° c) 90° d) 150°

An object may have

a) Varying speed without having varying velocity

b) Varying velocity without having varying speed

c) Non-zero acceleration without having varying velocity

d) Non-zero acceleration without having varying speed

A stationary person observes that rain is falling vertically down at 30 kmh™?. A cyclist is moving up on an
inclined plane making an angle 30° with horizontal at 10 kmh™1. In which direction should the cyclist hold
his umbrella to prevent himself from the rain?

a) Atan angle tan™! (?) with inclined plane b) At an angle tan™?! (?) with horizontal
c) Atan angle tan~! (@) with inclined plane d) At an angle tan™?! (\/;) with vertical

Ariver is flowing towards east with a velocity of 5 ms™?. The boat velocity is 10 ms~1. The boat crosses the
river by shortest path, hence,

. The direction of boat’s velocity is 30° west of b) The direction of boat’s velocity is north-west
north
¢) Resultant velocity is 5v/3ms ™! d) Resultant velocity of boat is 5v/2ms™?

At time t = 0, a car moving along a straight line has a velocity of 16 ms™1. It slows with an acceleration of
—0.5t ms™2, where t is in seconds. Mark the correct statement(s)

a) The direction of velocity changes att = 8 s

b) The distance travelled in 4 s is approximately 59 m

c) The distance travelled by the particle in 10 s is 94 m

d) The velocity att = 10 sis9 ms™!

A particle is dropped from a tower in a uniform gravitational field at t = 0. The particle is blown over by a
horizontal wind with constant velocity. Slop (m) of trajectory of the particle with horizontal and its kinetic
energy vary according to curves. Here, x is horizontal displacement and h is height of particle from ground
attime t

t i
a) rIz b) ™ N c) KTE d) th
9] [ —» ¢ 0 7 —> ol h— x

If vectors A and B are given by A =51+ 6] + 3k and B=6l— 2j — 6k. Which is/are of the following
correct?

a) Aand B are mutually perpendicular

b) Product of A X B is the same B x A

¢) The magnitude of Aand B are equal

d) The magnitude of A. B is zero

A heavy particle is projected with a velocity at an angle with the horizontal into a uniform gravitational
field. The slope of the trajectory of the particle varies not according to which of the following curves?

Slope Slope Slope Slope
a) o t b) o x A o t d o x

A train carriage move along the x-axis with a uniform acceleration a. An observer 4 in the train sets a ball
in motion on the frictionless floor of the carriage with the velocity u relative to the carriage. The direction
of U makes an angle 0 with the x-axis. Let B be an observer standing on the ground outside the train. The
subsequent path of the ball will be

a) A straight line with respect to observer A

b) A straight line with respect to observer B
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218.

219.

220.

221.

222.

223.

224.

225.

226.

c) A parabola with respect to observer A

d) A parabola with respect to observer B

From the top of a tower of height 200 m, a ball 4 is projected up with speed 10 ms~! and 2 s later, another

ball B is projected vertically down with the same speed. Then

a) Both A and B will reach the ground simultaneously

b) The ball A will hit the ground 2 s later than B hitting the ground

c) Both the balls will hit the ground with the same velocity

d) Both will rebound to the same height from the ground, if both have same coefficient of restitution

A ball is dropped from a height of 49 m, the wind blows horizontally and imparts a constant acceleration of

4.90 ms™~2 to the ball. Choose the correct statement(s)

a) Path of the ball is a straight line

b) Path of the ball is a curved one

c) The time taken by the ball to reach the ground is 3.16 s
The angle made by the line joining initial and final positions (on ground after 1st strike) of the ball with
horizontal is greater than 45°

A particle is projected at an angle 8 = 30° with the horizontal, with a velocity of 10 ms™1. Then

a) After 2 s the velocity of particle makes an angle of 60° with initial velocity vector

b) After 1 s the velocity of particle makes an angle of 60° with initial velocity vector

c¢) The magnitude of velocity of particle after 1 sis 10 ms™1

d) The magnitude of velocity of particle after 1 sis 5 ms™!

For a particle moving along the x-axis, x — t graph is as given in Fig. Mark the correct statement(s)

t

a) Initial velocity of the particle is zero

b) For BC, acceleration is positive and for DE, acceleration is negative

c) For EF, the acceleration is positive

d) Velocity becomes zero three times in the motion

A particle is projected from a point A with a velocity v at an angle of elevation 6. At a certain point B, the
particle moves at right angle to its initial direction. Then

a) Velocity of particle at B is v sin 0 b) Velocity of particle at B is v cot 6

c) Velocity of particle at B is v tan 0 d) Velocity of flight from A to B is

v

gsin®
An object is projected at an angle of 45° with the horizontal. The horizontal range and maximum height
reached will be in the ratio
a)l:2 b)2:1 c4:1 d)3:2
A body of mass m is moving in a circle of radius r with a constant speed v. The force on the body is m v2/r
and is directed towards the centre. What is the work done by this force in moving the body over half the
circumference of the circle

muv? c) Zero mr

2
a) ™y b) d)

r r? mv?
A body is projected with velocity u at an angle of projection 8 with the horizontal. The direction of velocity
of the body makes angle 30° with the horizontal at t = 2 s and then after 1 s it reaches the maximum
height. Then
a) u = 20v/3ms™! b) 6 = 60° ) 8 = 30° d) u = 10V/3ms™?
A boat which has a speed of 5 kmh™! in still water crosses a river of width 1 km along the shortest possible
path in 15 min. The velocity of the river water in kmh™! is

a) 1l b) 3 c) 4 d) V41
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227. Two particles A and B start simultaneously from the same point and move in the horizontal plane. 4 has
an initial velocity u; due east and acceleration a; due north. B has an initial velocity u, due north and
acceleration a, due east
a) They must collide at some point
b) They will collide only if a,uq = ayu,

c) Their paths must intersect at some point
d) If u; > u, and a4 < a,, the particles will have the same speed at some point

228. The speed of revolution of a particle moving round a circle is doubled and its angular speed is halved.
What happens to the centripetal acceleration?

a) Unchanged b) Halved c) Doubled d) 4 times

229. Two cities A and B are connected by a regular bus services with buses plying in either direction every T
seconds. The speed of each bus is uniform and equal to V},. A cyclist cycles from A to B with a uniform
speed of V.. A bus goes past the cyclist in T; second in the direction A to B and every T, second in the
direction Bto A. Then

VT VT VT VT

Vo V. R 7 Iy R 7

230. Ariver is flowing from west to east at a speed of 5 m per min. A man on the south bank of the river,
capable of swimming at 10 m per min in still water, wants to swim across the river in the shortest time. He
should swim in a direction

a) T1=

a) Due north b) 30° east of north c) 30° west of north d) 60° east of north
231. For a particle moving along the x-axis, a scaled x — t graph is shown in Fig. Mark the correct statement(s)
x (m)
10 <

JB p
101

a) Speed of the particle is greatest at C

b) Speed of the particle is greatest at B

c) Particle is speeding up in region marked CD

d) Particle is speeding up in the region marked AB

3
232. o particle moves along positive branch of the curve, y = g where x = %,x and y are measured in metres

and t in seconds, then

a) The velocity of particleatt = 1sis{ + %j
b) The velocity of particleatt = 1sis %i +7j

c) The acceleration of particleatt = 2sis 2{ + j
d) The acceleration of particle att = 2sis{ + 2f

233. A particle is thrown in vertically in upward direction and passes three equally speed windows of equal
heights then

Ground
a) The average speed of the particle while passing the windows satisfy the relation vy, > Vay, > Vay,

b) The time taken by the particle to cross the windows satisfies the relation t; < t, < t3
¢) The magnitude of the acceleration of the particle while crossing the windows, satisfies the relation
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234.

235.

236.

237.

a, =a, * az

The change in the speed of the particle, while crossing the windows, would satisfy the relation

Avy < Av, < Avg

For a particle of a rotating rigid body v = rw, so

a) wx (1/r) b)w x v vr d) w is independent of r
A ball is dropped vertically from a height d above the ground. It hits the ground and bounces up vertically
to a height d/2. Neglecting subsequent motion and air resistance, its velocity v varies with the height h
above the ground as

a) Eb . b)@)h 0) %—h d)b{—h
d

3
A particle is moving along the x-axis whose position is given by x = 4 — 9t + % Mark the correct

d)

statement (s) in relation to its motion

a) The direction of motion is not changing at any of the instants

b) The direction of motion is changingatt = 3 s

c) For 0 < t < 3 s, the particle is slowing down

d) For 0 < t < 3 s, the particle is speeding up

For a particle moving along the x-axis, mark the correct statement (s)

a) If x is positive and is increasing with the time, then average velocity of the particle is positive

b) If x is negative and becoming positive after some time, then the velocity of the particle is always
positive
If x is negative and becoming less negative as time passes, then the average velocity of the particle is

¢ positive

d) If x is positive and is increasing with time, then the velocity of the particle is always positive

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 238 to 237. Each question contains STATEMENT 1(Assertion)
and STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c¢) and (d) out of which ONLY ONE is
correct.

238

239

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Statement 1: Ariver is flowing from east to west at a speed of 5 m/min. A man on the south bank of
river, capable of swimming 10 m/min in still water, wants to swim across the river in
shortest time. He should swim due north

Statement 2: For the shortest time the man needs to swim perpendicular to the bank

Statement 1: During a turn, the value of centripetal force should be less than the limiting frictionless
force
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240

241

242

243

244

245

246

247

248

249

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

The centripetal force is provided by the frictional force between the tyres and the road

The projectile has only vertical component of velocity at the highest point of its trajectory

At the highest point only one component of velocity is present

angle between1 + jand1is 45°

i+ jis equally include to both fand jand the angel between 1and jis 90°

An iron ball and a wooden ball are both released from the same height. In the presence of
a medium both the balls reach the ground with different velocities and different times
Both the balls reach the ground simultaneously

Improper banking of roads causes wear and tear of tyres

The necessary centripetal force in that event is provided by the force of friction between
the tyres and the road

For uniformly accelerated motion started from rest, the displacement versus time graph
is a straight line

For uniformly accelerated motion, the velocity in equal intervals of time changes by same
amount

At the highest point of projectile motion given angular projection, the velocity is not zero

Only the vertical component of velocity is zero whereas horizontal component still exists

Improper banking of roads causes wear and tear of tyres

The necessary centripetal force is provided by the force of friction between the tyres and
the road

The pendulum of a clock is made of alloys and not a pure metals

Use of alloys makes the pendulum look good

A body with constant acceleration always moves along a straight line

A body with constant magnitude of acceleration may not speed up
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250

251

252

253

254

255

256

257

258

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

The direction of velocity vector is always along the tangent to the path; therefore, its
magnitude may be given by its slope
The slope of tangent to path only measures the direction of velocity at that point

If both the speed of a body and radius of its circular path are doubled, then centripetal
force also gets doubled

Centripetal force is directly proportional to both speed of a body and radius of circular
path

When a particle moves on a circular path with constant speed, it is called uniform circular
motion.

For a uniform circular motion, necessary a force is always acting parallel to the direction
of velocity

A physical quantity cannot be called as a vector if its magnitude is zero.
A vector has both, magnitude and direction.

Angular velocity of seconds hand of a watch is :—0 rads~!

The resultant of three vectors OA and OB and OC as shown in figure is R(1 + v2). R is the
radius of circle

0A + OC is along 0B and (O_A> + O—C>)+6§ is along OB.

The maximum horizontal range of projectile is proportional to square of velocity

The maximum horizontal range of projectile is equal to maximum height attained by
projectile

In a non-uniform circular motion, tangential acceleration arises due to change in
magnitude of velocity

In a non-uniform circular motion, centripetal acceleration is produced due to change in
direction of velocity

Least count of all screw-based instruments is same

Least count for all screw-based instruments is found using the ratio pitch per division of
circular scale

When an automobile is going too fast around curve overturns, its inner wheels leave the
ground first
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259

260

261

262

263

264

265

266

267

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

For a safe turn the velocity of automobile should be less than the value of safe limiting
velocity

Speed and velocity are different physical quantities

Both speed and velocity have same unit (ms™1)

1., 1,, 1¢. .
The vector R + 7 + \/§k is a unit vector.

Unit vector is one which has unit magnitude and a given direction.

The v — t graph perpendicular to the time axis is not possible in practice

Infinite acceleration can’t be realised in practice

If the string of an oscillating simple pendulum is cut, when the bob is at the mean
position, the bob falls along a parabolic path
The bob possesses horizontal velocity at the mean position

A coin is placed on phonogram turn table. The motor is started, coin moves along the
moving table
The rotating table is providing necessary centripetal force to the coin

A vector A points vertically upwards and B points towards North. The vector product
AxBis along East.
The direction of A x B is given by right hand rule.

Backlash error can be minimized by turning the screw in one direction only when fine
adjustment is done
Backlash error is because due to wear and tear or loose fittings of screws

As the frictional force increases, the safe velocity limit for taking a turn on an unbanked
road also increases
Banking of roads will increases the value of limiting velocity

In projectile motion, the angle between the instantaneous velocity and acceleration at the
highest point is 180°
At the highest point, velocity of projectile will be in horizontal direction only
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268

269

270

271

272

273

274

275

276

277

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

In circular motion, the centripetal and centrifugal force acting in opposite direction
balance each other
Centripetal and centrifugal forces don’t act at the same time

The trajectory of projectile is quadratic in y and linear in x

y component of trajectory is independent of x-component

V= XFandV#TIrX®

Cross product of vector is commutative

In a plane projectile motion, the angle between instantaneous velocity vector and
acceleration vector can be anything between 0 or m (excluding the limiting case)
In plane to plane projectile motion, acceleration vector is always pointing vertical
downwards. (neglect air friction)

When a vehicle takes a turn on the road, it travels along a nearly circular path

In circular motion, velocity of vehicle remains same

When the velocity of projection of a body is made n time, its time of flight becomes n
times
Range of projectile does not depend on the initial velocity of body

Two particles start from rest simultaneously and proceed with the same acceleration.
The relative velocity of these particles will be zero throughout the motion
At every moment the two particles will have the same velocity

A safe turn by a cyclist should neither be fast nor sharp

The bending angle from the vertical would decrease with increase in velocity

In order to hit a target, a man should point his rifle in the same direction as target

The horizontal range of the bullet is dependent on the angle of projectile with horizontal
direction

Two similar trains are moving along the equatorial line with the same speed but in
opposite direction. They will exert equal pressure on the rails
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278

279

280

281

282

283

284

285

286

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

In uniform circular motion the magnitude of acceleration remains constant but the
direction continuously changes

When an automobile while going too fast around a curve overturns, its inner wheels leave
the ground first

For a safe turn the velocity of automobiles should be less than the value of safe limit
velocity

In a uniform circular motion, the angle between velocity vector and acceleration vector is
always /2
For any type of motion, the angle between acceleration and velocity is always m /2

Two particles of different mass, projected with same velocity at same angles. The
maximum height attained by both the particle will be same
The maximum height of projectile is independent of particle mass

Plotting the acceleration-time graph from a given position-time graph of a particle
moving along a straight line is possible

From position-time graph, only the sign of acceleration can be determined but no
information can be concluded about the magnitude of acceleration

For looping a vertical loop of radius r, the minimum velocity at the lowest point should be
S5gr
In that event, velocity at the highest point would be zero

The path of a projectile is parabolic only when the acceleration of the projectile is
constant

Acceleration of projectile is constant, if projectile does not go to very large height, in
gravitational field

Rain is failing vertically downwards with velocity 6 kmh™1. A man walks with a velocity
of 8 kmh™!. Relative velocity of rain w.r.t. the man is 10 kmh™1!
Relative velocity is the ratio of two velocities

In case of angular projection of a projectile the maximum height occurs when the
projectile covers a horizontal distance equal to half of the horizontal range
Maximum height occurs when angle of projection is 90°

Screw gauge with a pitch of 0.5 mm is more accurate than 1 mm for same number of
circular scale divisions
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287

288

289

290

291

292

293

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Higher pitch can make an accurate device

When a body is dropped or thrown horizontally from the same height, it would reach the
ground at the same time
Horizontal velocity has no effect on the vertical direction

The time of flight of a body becomes n times the original value if its speed is made n times

This due to the range of the projectile which becomes n times

A safe turn by a cyclist should neither be fast nor sharp

As the bending of angle from the vertical would decrease

A football whether kicked at 30° or 60° will strike the ground at the same place, although
when kicked at 60°, it will remain longer in the air
Air resistance is more for larger angle

When range of a projectile is maximum, its angle of projection may be 45° or 135°

Whether 6 is 45° or 135°, value of range remains the same, only the sign changes

Two bombs of 5kg and 10kg are thrown from a cannon in the same direction with
different velocities, then both will reach the earth simultaneously
Time of fight does not depend upon mass

A body of mass 1 kg is making 1 rps in a circle of radius 1 m. centrifugal force acting on it
is 4m2N

2
Centrifugal force is given by F = %

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (4, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

294. A ball is projected from the ground with velocity v such that its range is maximum

(A) Velocity at half of the maximum height

Column-I Column- II

() V3v
2
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(B) Velocity at the maximum height (@ Y
V2

(C) Change in its velocity when it returns to the ) v/2
ground
(D) Average velocity when it reaches the (s) v |5
i height = |=
maximum heig > |3
CODES:
A B C D
a) b C d a
b) c b a d
c) a b c d
d) d a b C

295. The path of projectile is represented by y = Px — Qx?

Column-I Column- II
(A) Range (p) P/Q
(B) Maximum height (@ P
(C) Time of flight (r) P?/4Q
(D) Tangent of angle of projection is (s) 2
g

CODES:

A B C D
a) c d a b
b) a C b d
c) b d c a
d) a c d b

296. The trajectories of the motion of three particles are shown in Fig. Match the entries of Column I with the
entries of Column II

Column-I Column- II
(A) Time of flight is least for () 4

(B) Velocity is greatest for Horizontal component (q) B
of the velocity is greatest for
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(C) Horizontal component of the velocity is
greatest for
(D) Launch speed is least for

CODES:

A B C D
a) d d c a
b) d C a b
c) a c d b
d) b a c a

() €

(s) No appropriate match given

297. A body is projected with a velocity of 60 ms~* at 30° to horizontal

298.

Column-I
(A) Initial velocity vector
(B) Velocity after 3 s
(C) Displacement after 2's

(D) Velocity after 2s

CODES:

A B C D
a) d c b a
b) o d a b
c) a b d c
d) b a C d

Column- II
(p) 60V3i+ 40
(@ 30V3i+ 10§
(r) 30v3i+ 30§

(s) 3031

Study the following v — t graphs is Column I carefully and match appropriately with the statements given
in Column II. Assume that motion takes place from time O to T

Column-I
a)
3®) wh?
o
(C) Vo A4

Column- II

(p) Netdisplacement is positive, but not zero

(q) Netdisplacement is negative, but not zero

(r) Particle returns to its initial position again

Page]35



299.

300.

D) v (s) Acceleration is positive

Yo

© T t
CODES:

A B C D

a) B,d a,d c a
b) a C a,d b,d
c) a,d c a C
d) d a ad a,c

Match the entries of Column I with that of Column II
Column-I Column- II

(A) For a particle moving in a circle (p) The acceleration may be perpendicular to its
velocity
(B) For a particle moving in a straight line velocity (q) The acceleration may be in the direction of

(C) For a particle undergoing projectile motion (r) The acceleration may be at some angle
with angle of projection ;0 < a < g 0 (0 << g) with the velocity
(D) For a particle is moving in space (s) The acceleration may be opposite to its
velocity
CODES:
A B C D
a) B,d a,c c ab
b) a,Cc b,d a,c a,b,c,d
c) abcd a,c b,d a,d
d) b,c a,d a,c b,d

The velocity time graph of a particle moving along the x-axis is shown in Fig. Match the entries of Column I
with entries of Column II

v C
V\
D
A » !
\E

Column-I Column- II
(A) For AB, the particle is (p) Moving in positive x-direction with increasing
speed
(B) For BC, the particle is (@) Moving in positive x-direction with decreasing
speed
(C) For CD, the particle is (r) Moving in negative x-direction with increasing
speed
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301.

302.

(D) For DE, the particle is

CODES:

A B
a) a a
b) b a
c) c d
d) a c

b

d

a

b

(s)

Moving in negative x-direction with
decreasing speed

For a particle moving along the x-axis, if acceleration (constant) is acting along negative x-axis, then match

the entries of Column I with entries of Column II
Column-I

(A) Initial velocity > 0

(B) Initial velocity < 0

@© x>0
D) x<0
CODES:

A B
a) a b
b) b c
c) b,c b
d) c d

(p)
(a)
@)
(s)

Column- II

Particle may move in positive x-direction with
increasing speed
Particle may move in positive x-direction with
decreasing speed
Particle may move in negative x-direction with
increasing speed
Particle may move in negative x-direction with
decreasing speed

Figure shows the position-time graph of particle moving along a straight line. Match the entries of Column

[ with the entries of Column II

X

N

Column-I

(A) The particle A is
(B) The particle B is
(C) The particle C is
(D) The particle D is

CODES:

(p)
(@)
(1)
(s)

Column- II
Accelerating
Decelerating
Speeding up

Slowing down
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A B C D

a) A b,d a,d a,c
b) a d c b
c) b,d a,c a,c b,d
d) a,d b,d c b

303. If 7, = velocity of a man relative to water, 7, = velocity of water, 7,,, = velocity of man relative to
ground, match the following
Where 6 = angle between 7,,,, and the width of the river

Column-I Column- II
(A) Minimum distance for v, > v, (P g = gip-? (Vm_w)
(B) Minimum time for vy, > v, (@ Um Ll "’
(C) Minimum distance for v, < v, () Upw LDy
(D) Minimum time for v,,,, > v, (8) g = sin-1 Yw
Umw

CODES:

A B C D
a) B,d C a c
b) c a b d
c) b d a c
d) a b,d c a

Linked Comprehension Type

This section contain(s) 41 paragraph(s) and based upon each paragraph, multiple choice questions have to be

answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.
Paragraph for Question Nos. 304 to -304

When a stone tied to one end of a string is rotated in a vertical circle, its velocity goes on changing on account of

gravity. For looping the loop, velocity at lowest point is v; = ,/5gr; tension in the string, T, = 6 mg. The string
does not slacken at the highest point when vy > ,/gr and Ty = 0. The stone leaves the vertical circle when

tension in the string vahishes before its velocity becomes zero. For this, ,/2gr < v, < ,/5gr.Read the above

passage and answer the following questions when mass of stone is 100 g, length of stringis 1 m and g =9.8
-2
ms

304. If v, = 7 ms™1, velocity at highest point will be
a) 1ms™t b) Zero c) 3.13ms™?! d) Cannot say

Paragraph for Question Nos. 305 to - 305

When a vehicle rounds a curve, it requires some centripetal force = m v?2/r. If the road is unbanked, the
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necessary force is provided by the force of friction between the tyres and road. To avoid skidding, the speed of
vehicle must be < ,/u rg, and to avoid overturning, the speed must be < ’%, where 2x is the wheel base and

h is height of centre of gravity, above the road. The dependence on friction can be avoided if the road is suitably
banked. The safe speed then rises to /7 g tan 6. In no case, the speed limits depend upon mass of the vehicle

Read the above passage and answer the following questions, when mass of car is 800 kg, wheel base is 1.1 m,
height of centre of gravity is 50 cm, banking angle is 30° and radius of curve is 200 m (Take g = 9.8 ms~2, and
n=02)

305. The safe speed to avoid skidding on the unbanked curve is
a) 9.8 ms™?! b) 19.8 ms™1 c) 10 ms™?! d) 1.98 ms™?

Paragraph for Question Nos. 306 to - 306

A motor cyclist is riding North in still air at 36 kmh~!. The wind starts blowing West ward with a velocity
18 kmh™1,

306. The direction of apparent velocity is
a) tan"1(1/2) West of North b) tan~1(1/2) North of West
c) tan~1(1/2) East of North d) tan~1(1/2) North of East

Paragraph for Question Nos. 307 to - 307

A projectile is thrown from the ground with a speed of 2,/gh at an angle of 60° to the horizontal from a point on
the horizontal ground

307. The horizontal range of projectile is

a) V3h b) 2v/3h c) V3h/2 d) 3h/2
Paragraph for Question Nos. 308 to - 308
Two second after projection, a projectile is travelling in a direction inclined at 30° to the horizontal. After 1

more second, it is travelling horizontally (Use g = 10ms™2)

308. The initial velocity of its projection is
a) 10 ms™?! b) 10V/3 ms™1 c) 20 ms™? d) 20v/3 ms™?!

Paragraph for Question Nos. 309 to - 309

A man is walking due east at the speed of 3 kmh™?. Rain appears to fall down vertically at the rate of 3 kmh™!

309. The actual velocity of the rainfall is
a) 3V3 kmh™? b) 2v2 kmh™* c) 4V3 kmh™? d) 3v2 kmh™?
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Paragraph for Question Nos. 310 to - 310

A car is moving towards south with a speed of 20 ms™. A motorcyclist is moving towards east with a speed of
15 ms~1. At a certain instant, the motorcyclist is due south of the car and is at a distance of 50 m from the car

310. The shortest distance between the motorcyclist and the car is
a) 10 m b) 20 m c) 30 m d) 40 m

Paragraph for Question Nos. 311 to - 311

A man can swim at a speed of 3 kmh™? in still water. He wants to cross a 500 m wide river flowing at 2 kmh™!,
He keeps himself always at an angle to 120° with the river flow while swimming

311. The time taken to cross the river is
d) None

a) 5 h b) ! h ) Lh
2 6 3v3
Paragraph for Question Nos. 312 to - 312

To a stationary man, rain appears to be falling at his back at an angle 30° with the vertical. As he starts moving
forward with a speed of 0.5 ms™1, he finds that the rain is falling vertically

312. The speed of rain with respect to the stationary man is
a) 0.5 b) 1.0 ms~? ¢) 0.5vV3ms™! d) 0.43 ms~!

Paragraph for Question Nos. 313 to - 313

From a tower of height 40 m, two bodies are simultaneously projected horizontally in opposite directions, with
velocities 2 ms™! and 8 ms™?! respectively

313. The time taken for the velocity vectors of two bodies to become perpendicular to each other is
a)0.1s b)0.2s c) 04s d) 0.8s

Paragraph for Question Nos. 314 to - 314

A particle starts from origin at t = 0 with a velocity 5.0 ims~! and moves in the x — y plane under the action of

a force which produces a constant acceleration of 3.0 { + 2.0 fms™2,

314. The y-coordinate of the particle at the instant its x-coordinate is 84 m:
a) 84 m b) 56 m c) 48 m d) 36 m

Paragraph for Question Nos. 315 to - 315

A ball is thrown from a point in level with velocity u and at a horizontal distance r from the top of a tower of
height h
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315. How must the speed and angle of the projection of the ball be related to r in order that the ball may just go
grazing the top edge of the tower?
a) gr = u?sin20 b) gr = u?sin@ c) gr = u? cos 26 d) gr =u?cos@

Paragraph for Question Nos. 316 to - 316

A 0.098 kg block slides down a frictionless track as shown in Fig

3m§

47 B

__________ P
P o Im
P A30 C

J7777777777777777777777777777727

X

316. The vertical component of the velocity of block at A is

a) \/g b) 2,/g c) 3,/g d) 4,/g

Paragraph for Question Nos. 317 to - 317

A projectile is thrown with velocity v making an angle 8 with the horizontal. It just crosses the tops of two
poles, each of height h, after 1s and 3 s, respectively

317. The time of flight of the projectile is
a)ls b)3s c)4s d)7.8s

Paragraph for Question Nos. 318 to - 318

A projectile is thrown with velocity v at an angle 8 with the horizontal. When the projectile is at a height equal
to half of the maximum height,

318. The vertical component of the velocity of projectile is
vsinf d vsinf

V2

a) 3vsiné b) vsinf )

P

Paragraph for Question Nos. 319 to - 319

A block sides off a horizontal table top 1 m high with a speed of 3 ms™?

319. Find the horizontal distance from the edge of the table at which of the block strikes the floor

10 3 3

5
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Paragraph for Question Nos. 320 to - 320

A projectile shot at an angle of 45° above the horizontal, strikes a building 30 m away at a point 15 m above the
point of projection

320. Find the speed of projection
a) 8V5ms™! b) 6 V10 ms™! c) 5V6ms™! d) 10 V6 ms™?

Paragraph for Question Nos. 321 to - 321

A particle is projected horizontally with a speed v = 5 ms™! from the top of a plane inclined at an angle 8 = 37°
to the horizontal as shown in Fig

A g v

321. How far from the point of projection will the particle strike the plane?

a) 75m 65 75 85
b) — - d) =2
) Tgm ) gm )gm

Paragraph for Question Nos. 322 to - 322

A particle is projected with a speed u at an angle 6 to the horizontal. Find the radius of curvature

322. At the highest point of its trajectory
) u? cos? 0 b) V3 u?cos? 0 9 u? cos? 0 q V3 uZcos?0
2g 2g g g

Paragraph for Question Nos. 323 to - 323

An inquisitive student, determined to test the law of gravity for himself, walks to the top of a building of 150
floors, with every floor of height 4 m, having a stopwatch in his hand (the 1stfloor is at a height of 4 m from the
ground level). From there he jumps off with negligible speed and hence starts rolling freely. A rocketeer arrives
at the scene 5 s later and dives off from the top of the building to save the student. The racketeer leaves the roof
with an initial downward speed v,. In order to catch the student and to prevent injury to him, the racketeer
should catch the student at a sufficiently great height above ground so that with zero velocity. The upward
acceleration that accomplishes this is provided by rocketeer’s jet pack, which he turns on just as he catches the
student, before the racketeer is in free fall. To prevent any discomfort to the student, the magnitude of the
acceleration of the racketeer and the student as they move downward together should not exceed 5 g

323. Just as the student starts his free fall, he presses the button of the stopwatch. When he reaches at the top of
100t floor, he has observed the reading of stopwatch as 00:00: 0.6: 39 (hh: mm: ss: 100t part of the
second). Find the value of g. (Correct up to two decimal places)

a) 9.80 ms™2 b) 9.84 ms™2 c) 9.75 ms™2 d) 9.50 ms™2
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Paragraph for Question Nos. 324 to - 324

An elevator without a ceiling is ascending up with an acceleration of 5 ms~2. A boy on the elevator shoots a ball
in vertically upward direction from a height of 2 m above the floor of elevator. At this instant, the elevator is
moving up with a velocity of 10 ms~! and floor of the elevator is at a height of 50 m from the ground. The initial
speed of the ball is 15 ms~! w.r.t. the elevator. Consider the duration for which the ball strikes the floor of the
elevator in answering following questions:

324. The time in which the ball strikes the floor of elevator is given by
a)2.13s b) 4.26s c) 1.0s d)2.0s

Paragraph for Question Nos. 325 to - 325

A particle traverses along a circular are of radius 5 cm with constant of 2.5 cms™! as shown in Fig

325. The average velocity over the interval AB is

V50 V10

a) — cms~?! b) — cms ™1 ) V50  cms™1! d) V10 7 cms™1

Paragraph for Question Nos. 326 to - 326

Projectile motion is a combination of two one-dimensional motions: one in horizontal and other in vertical
direction. Motion in 2 D means in a plane. Necessary condition for 2 D motion is that the velocity vector is
coplanar to the acceleration vector. In case of projectile motion, the angle between velocity and acceleration
will be 0 < 8 < 180. During the projectile motion, the horizontal component of velocity remains unchanged but
vertical component of velocity is time dependent. Now answer the following questions

326. A particle is projected from the origin in the x — y plane. The acceleration of particle in negative y-
direction is a. If equation of path of the particle is y = ax = bx?, then initial velocity of the particle is

a a(l+ a?) a ab
2 J55 R T 9 = ) |

Paragraph for Question Nos. 327 to - 327

A point moves in x — y plane according to the law x = a sinwt and y = a — a cos wt, where a is a positive
constant and t is the time

327. The magnitude of velocity of the body at any instant of time ¢ is
a) aw cos wt b) aw €) aw sin wt d) None of these
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Paragraph for Question Nos. 328 to - 328

A helicopter is flying at 200 m and flying at 25 ms™! at an angle 37° above the horizontal when a package is
dropped from it

328. The distance of the point from point O where the package lands is
a) 80 m b) 100 m c) 200 m d) 160 m

Paragraph for Question Nos. 329 to - 329

d=4ms %+ 3 ms™?f

329. The velocity vectoratt = 2 s is
a)8i—3j b) 61 — 7f c) 20— 5] d) 107 — 3f

Paragraph for Question Nos. 330 to - 330

Two particles are thrown simultaneously from points A and B with velocities u; = 2 ms™! and u, = 14 ms™1,

respectively, as shown in Fig

i 1

u; =2ms

20m

27 m
fe———]

330. The relative velocity of B as seen from A in

a) —8v21 + 6/2] b) 421 + 3V3j ¢) 3vV5i + 2V3j d) 3v2i + 4V3j

Paragraph for Question Nos. 331 to - 331

Two inclined planes 04 and OB having inclination (with horizontal) 30° and 60°, respectively, intersect each
other at O as shown in Fig. A particle is projected from point P with velocity u = 10v/3 ms~! along a direction
perpendicular to plane OA. If the particle strikes plane OB perpendicular at Q, calculate
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331. The velocity with which particle strikes the plane OB
a) 15ms™1! b) 30 ms™? c) 20ms™? d) 10 ms™?

Paragraph for Question Nos. 332 to - 332

The x — t graph of a particle moving along a straight line is shown in Fig

Parabola

Paragraph for Question Nos. 333 to - 333

We know that when a boat travels in water, its net velocity w.r.t. ground is the vector sum of two velocities.
First is the velocity of boat itself in river and other is the velocity of water w.r.t. ground. Mathematically
1_7)boat = ﬁboat,water + ﬁwater

Now given that velocity of water w.r.t. ground in a river is u. Width of the river is d

A

f
d
!

X

A boat starting from rest aims perpendicular to the river with an acceleration of a = 5t, where t is time. The
boat starts from point (1, 0) of the coordinate system as shown in Fig. Assume SI units

333. Obtain the total time taken to cross the river
a) (3d/5)'/3 b) (6d/5)*/3 c) (6d/5)*/? d) (2d/3)'/3

Integer Answer Type

334. A bead is free to slide down on a smooth wire rightly stretched between points A and B on a vertical circle
of radius 10 m. Find the time taken by the bead to reach point B, if the bead slides from rest from the
highest point on the circle A
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335.

336.

337.

338.

339.

340.

341.

342.

343.

344,

345.

%

C
A golfer standing on level ground hits a ball with a velocity of 52 ms™? at an angle 6 above the horizontal. If

tan @ = %, then find the time for which the ball is atleast 15 m above the ground (taken g = 10 ms™2)

A particle is projected from the ground at an angle 30° with the horizontal with an initial speed 20 ms™1.

At what time after which velocity vector of projectile is perpendicular to the initial velocity? [in second]
Two particle P and Q@ move with constant velocities v; = 2 ms~! and v, = 4 ms™!along two mutually
perpendicular straight lines towards the intersection point 0. At moment t = 0, the particles were located
at distances ¥1 = 12 m and ¢, = 19 m from O, respectively. Find the time when they are nearest and also
this shortest distance (nearest integer)

A particle is moving in a circular path of radius 1 m. Under the action of a centripetal force, the speed

(v2)m m/s of the particle is constant. Find the average velocity (in m/s) between A and B
A

A particle is projected from a stationary trolley. After projection, the trolley moves with a velocity 2v/15
m/s. For an observer on the trolley, the direction of the particle is as shown in the figure while for the
observer on the ground, the ball rises vertically. The maximum height reached by the ball from the trolley
is h metre. The value of h will be

V
(W.r.t. Trolley)
60°

| |—>10 m/s
Q @

In a square cut, the speed of the cricket ball changes from 30 m/s to 40 m/s during the time of its contact
At = 0.01 s with the bat. If the ball is deflected by the bat through an angle of 8 = 90°, find the magnitude
of the average acceleration (in x 102m/s?) of the ball during the square cut

A staircase contains three steps each 10 cm high and 20 cm wide. What should be the minimum horizontal

velocity of the ball rolling off the uppermost plane so as to hit directly the lowest plane? (in ms™1)

A train is moving along a straight line with a constant acceleration ‘a’. A boy standing in the train throws a
ball forward with a speed of 10 m/s, at an angle of 60° to the horizontal. The boy has to move forward by
1.15 m inside the train to catch the ball back at the initial height. The acceleration of the train, in m/s?,is
A ball is projected from the origin. The x-and y-coordinates of its displacement are given by x = 3t and

y = 4t — 5t2. Find the velocity of projection (in m/sec)

A particle is moving in a circle of radius R with constant speed. The time period of the particleis T = 1. In
atime t = T/6, if the difference between average speed and average velocity of the particle is 2 ms™, find
the radius R of the circle (in metres)

A projectile is launched at time t = 0 from point A which is at height 1 m above the floor with speed v
m/sec and at an angle 8 = 45° with the floor. It passes through a hoop at B which is 1 m above A and B is
the highest point of the trajectory. The horizontal distance between A and B is d metres. The projectile
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346.

347.

348.

349.

350.

351.

352.

353.

then falls into a basket, hitting the floor at C a horizontal distance 3d metres from A. Find [ (in m)
B

3d
A particle moves rectilinearly possessing a parabolic s — t graph. Find the average velocity of the particle

over a time interval from t = %s tot=15s

A

A particle moves vertically with an upward initial speed vy = 10.5 m/s. If its acceleration varies with time
as shown in a — t graph in the figure, find the velocity of the particleatt = 4 s

a(m/s?)

0 1\%2'3 4
-104 v

From the top of tower of height 80 m, two stones are projected horizontally with 20 ms~! and 30 ms™
opposite directions. Find the distance between both the stones on reaching the ground (in 102 m)

A body standing on a long railroad car throws a ball straight upwards. The car is moving on the horizontal
road with an acceleration of 1 ms™2 and the projection velocity in the vertical direction is 9.8 ms™1. How
far behind the boy will the ball fall on the car? (inmetres)?

In the figure, find the horizontal velocity u (in m/s) of a projectile so that it hits the inclined plane
perpendicular. Given H = 6.25m

u

Lin

90°

30°

A grasshopper can jump maximum distance 0.8 m, while spending negligible time on the ground. How far
canitgoin3s (inm) (g = 10 m/ sec?)?

A body is thrown with the velocity v, at angle of 8 to the horizon. Determine v, in ms™~! if the maximum
height attained by the body is 5 m and at the highest point of its trajectory the radius of curvature is r = 3
m. Neglect air resistance. [Use v/80as 9]

Two bodies 1 and 2 are projected simultaneously with velocities v; = 2 m/s and v, = 4 m/s respectively.
The body 1 is projected vertically up from the top of a cliff of height h = 10 m and the body 2 is projected
vertically up from the bottom of the cliff. If the bodies meet, find the time (in s) of meeting of the bodies
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354. A particle is projected up an inclined plane of inclination f at an elevation « to the horizontal. Find the
ratio between tan «a and tan S, if the particle strikes the plane horizontally
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4 MOTION IN A PLANE

: ANSWERKEY :

1) b 2) b 3) b 4) b b,c 3) ab 4) b

5) b 6) c 7) c 8) d|5) b,c,d 6) acd 7) b,c 8)

9) c 10) a 11) b 12) ¢ cd

13) b 14) d 15) a 16) d|9) a,c 10) ab 11) acd 12) b
17) a 18) b 19) d 20) d|13) abcd14) b 15) b,d 16) d
21) a 22) a 23) a 24) «c|17) b 18) b 19) ab 20)

25) ¢ 26) d 27) ¢ 28) a b,c

29) b 30) c 31) a 32) d|21) ad 22) b,cd 23) ad 24)

33) a 34) a 35) a 36) ¢ b,d

37) a 38) a 39) ¢ 40) d|25) ad 26) a.c 27) ab,c 28)

41) ¢ 42) d 43) b 44) a b,c

45) a 46) b 47) d 48) al(29) d 30) becd 31) ad 32)

49) b 50) d 51) ¢ 52) ¢ a,c,d

53) d 54) d 55) ¢ 56) b|33) acd 34) Db, 35) acd 36)

57) b 58) b 59) d 60) c b,d

61) d 62) b 63) ¢ 64) a|37) ¢ 38) ¢ 39) ab 40) b
65) ¢ 66) b 67) ¢ 68) «¢c|41) b,cd 42) a 43) cd 44) a
69) a 70) a 71) d 72) b|45) Db,cd 46) ac 47) abd 48) d
73) ¢ 74) b 75) d 76) b|49) a 50) b, 51) acd 1) a
77) ¢ 78) ¢ 79) d 80) ¢ 2) a 3) d 4) a

81) b 82) d 83) c 84) d|5) c 6) a 7) d 8) a
85) d 86) b 87) d 88) a|9) a 10) c 11) d 12) d
89) ¢ 90) a 91) a 92) b(13) ¢ 14) c 15) d 16) a
93) a 94) b 95) ¢ 96) «c¢|17) a 18) ¢ 19) b 200 d
97) d 98) ¢ 99) b 100) d|21) a 22) b 23) a 24) a
101) b 102) a 103) a 104) a|25) b 26) d 27) d 28) a
105) c 106) d 107) a 108) c|29) b 30) e 31) d 32) d
109) a 110) a 111) b 112) a|33) c 34) b 35) ¢ 36) c
113) a 114) b 115) d 116) d|37) a 38) ¢ 39) e 40) e
117) b 118) b 119) a 120) d|41) b 42) c 43) a 44) ¢
121) c 122) a 123) d 124) c|45) d 46) a 47) ¢ 48) a
125) a 126) b 127) b 128) c|49) c 50) a 51) ¢ 52) ¢
129) a 130) b 131) c 132) b|53) c 54) a 55) d 56) a
133) d 134) b 135) d 136) b|1) c 2) d 3) a 4) b
137) a 138) c 139) a 140) b|5) a 6) b 7) a 8) b
141) b 142) d 143) ¢ 144) c|9) C 10) a 1) c 2) b
145) d 146) a 147) c 148) c 3) a 4) b

149) c 150) ¢ 151) a 152) b|5) d 6) d 7) C 8) c
153) a 154) c 155) b 156) ¢ |9) b 10) ¢ 11) d 12) ¢
157) b 158) d 159) c 160) d|13) a 14) ¢ 15) ¢ 16) ¢
161) c 162) d 163) d 164) a|17) d 18) ¢ 19) ¢ 20) a
165) a 166) a 167) b 168) d|21) a 22) a 23) b 24) b
169) a 170) c 171) b 172) d|25) d 26) d 27) a 28) d
173) ¢ 174) a 175) a 176) c|29) b 30) b 1) 2 2) 2
177) a 178) d 179) a 180) c 3) 4 4) 5

181) ¢ 182) b 183) a 184) a|5) 4 6) 9 7) 5 8) 2
185) d 186) b 1) a,c 2) 9) 5 10) 5 11) 7 12) 3
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13) 0 14) 3 15) 2 16) 2[21) 2
17) 5 18) 6 19) 9 20) 5
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4 MOTION IN A PLANE

: HINTS AND SOLUTIONS :

(b)
y usinoct—%gt2
—=tanf} > ——— =tanf
x ucosat
t
6 1Y
i X
X
. gt
:>usma—tan[3ucosa=7
gt cos
U= ————
2sin(a — B)

(b)
The vertical displacement vs time graph has the
same form as the trajectory of the particle

y

t

At the topmost point, the slope is zero, but the
curvature is non-zero
(b)
The situation is as shown in Fig
- 20¢ |

— »20 ms™ — »20ms’!

> 2ms2 __—»2ms
fe————

1

2

Att =0 Att=0
Overtaking starts Overtaking finishes
From the diagram, we get

2

% 2% 12

1
20t=10+§><2t2 =>t2410-20t=0

t =0.5135,19.487 s
Out of these two, t; = 0.513 s corresponds to the
situation when overtaking has been completed
and t, = 19.487 s corresponds to the same
situation as shown in Fig, but for t; <t < t, the
separation between two cars first increases and
then decreases. Finally B will overtake A
Total road distance used = 5 + 20t; = 15.26 m
(b)
Uy = Uy =100 ms™", v, = uy + ayt

=0+ 10 x 10

o By _ 100
Y= T 100
(b)

1

=1 = 0 =45°

v 10

Finally, he will swim along B.tan 8 = =T = 2
B
L e /4 /’/ —F
v 7’ —>u=>5
A
A
= 0 =tan"!(2) Nof E

(9
y = ax — bx?; for height or y to be maximum:
& _
dx
ora—2bx=0o0rx =—
2b

L= a () b () =55
ii. (Z—i)x=0 = a = tan 0,, where 8, = angle of

projection 8, = tan~!(a)

()

d
y=k\/§:>y2=k2x=>2yd—)t]=

,dx

i

or2y v, = k* v, ..(>I)

Also, v? = v 4+ vy ..(ii)

When vy, = vy, from Egs. (i) and (ii),
k2w

y= 7, Uy = Uy = ﬁ

Differentiating (i) again, 2(vZ + ya,) = k?a,

or 2 (g + k?z ay) = k%a, orv? + k%a, = k?a,

VZ

oray —ay =—:3

(d)

When the body is dropped from the balloon, it

also acquires the upward velocity of balloon. So

w.r.t. a person on the ground, the ball appears to

be going up. But a person in the balloon is also

going up. So w.r.t. him, velocity of body will be

zero and be will then see the body to be coming

down
(c)

Average velocity =

Displacement _ H?+R?/4

Time T/2

y

o)
<«<R/2—

Putting the required values, we get
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10

11

13

14

15

vy 2
va,,=5 1+ 3cos=0

(@)
AC=R/2,PC=H
We have to find h = MP

we know thatif H = R,
AM

AleR2+C B

then tan § = 4 Now tan g = 2= = MP*PC
AC AC
h/H (h+ H)2
a=t L, T
Rj2 ~ o
(b)

Retardation due to friction of air = 1%. Hence, in

upward motion
total retardation g, = g + = = =8
81=8T 1,71

u?sin®
H, = 2 and
u?sin® 10 wu?sin?6 10
> x 18 11 2g 11
10

. Hpm—Hn!
% decreases in H,,, = % x 100
m

=(1 10 100 = 9%
(119100
(b)

Uy = Uy — Vg, Uy + Vg = Uy
From the law of triangle, we can draw the velocity
vector diagram

-
V2

From triangle property, sum of two sides = third
side

Sovy < v+,

(d)

toa = tgc

To find tp4 + top

toa+top =tpc + (top) =T

A bullet fired at angle 45° will fall maximum away
and all other bullets will fall with this bullet fired

16

17

18

19

20

21

at 45°

u2

Rpax = —

Maximum area covered = m (Rpax)? =

(d)

u?sin? 0 u?sin 20
h = Z—and R =
h 45 tan 6
2= =205 =45°
R 180 4
(a)

u, = 16 cos 60° = 8 ms™?!

2

(%)

Time taken to reach thewall=8/8 = 1s

Now u,, = 165sin 60° = 8v3ms~?!

1
h=8\/§x1—§x10x1=13.86—5=8.9m

(b)
ma cos 8 = mg cos(90 — )
a a dy
>—=tanf > —=—
g dx
:>—(kx)2——:>x—i
d B "~ 2gk
(d)
V2 =U?—-2g(L— Lcos®)
5gL
= 5gL — 2gL(1 —cos 8)
B
{5gL
2
5L
5=20-8+8cosb
- 7
cosf = —g
" o<
) I
(d)
t =—=— Heren = 12
U—UCOSE
.,
'~ VL
< 2m/n
[ Y 2
; a 2a
= = =
v—vcosi—: v(2 —/3)
(a)
) 9_4H_4><4_4:> -
and =—-=—-—=g=sin@=c
_ u*sin®*0 _\/ZgH_\/ZXgXAL_S\/g
T 2g e RN )
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22

23

24

25

26

28

29

R @R cosh @R cosH
So, . = 2wR sin(wt)
Att=T/2,V, =0
So two half cycles will take place
(@)
A shows time in seconds also, whereas B shows
only up to minute. So A is more precise. But time
shown by B is more closer to accurate time,
hence, B is more accurate

()

2 cin2 2 cin2
u“sin“ 6 u“sin“ 6
H = or 80 =
2g 2Xx10

oru?sin?0 = 1600 or usin® = 40 ms~?!

Horizontal velocity = wcos® = 3 x 30 = 90 ms™~!

usin@ 40 4 _1 (4

=—ortan® =-or0 =tan~?! (—)
ucoso 90 9 9
(c)

The time taken to reach the ground depends on
the height from which the bullets are fired when
the bullets are fired horizontally. Here height is
same for both the bullets, and hence the bullets
will reach the ground simultaneously

(d)
2
R=%andH =
g

u?sin%0
2g
for the maximum range, 6 = 45°
u?sin®45° u? R

2g  4g 4
(a)
Att=0,v=0,x=4/3m
4x3
a= —4=0

As both the particle velocity and acceleration are
zero at t = 0, it will always remain at rest and
hence distance travelled at any time interval
would be zero

(b)

Initially : #ip = 20 cos 60°{ + 20 sin 60° j

=107 + 10V3j

il = 20V2[cos 45° (—f) + sin 45°j] = =201 + 20§
Initial relative velocity :

Up/g = tlp — Ug = 30i + (10V3 — 20)]

2
Upjg = J302 +(10v3 ~20)" = 20 /4 — V3 ms™?

This relative velocity will remain same till both

30

31

32

33

34

35

36

the particles are in air, because relative

acceleration is zero

()

By/g = By + (—Bg) By — By = —4f — 31

Vyg = /vrz +v¢ =v16 + 9kmh™! = 5kmh™?

(@)

Since velocity is in tangent direction, its
component along radial direction is zero

(d)
Att =10s,

B gm B smst ©

Along the line joining any two v, = 5 cos 60° —

5c0s60° =0

(@)

In a direction along the inclined
0="Vycos30°—gsin30° t >t

plane,

=\/§V0/g

In a direction perpendicular to incline,

1
—H cos30° = —Vsin30°t — 8 cos 30° t2

Putting the value of t and solving, we get

2gH
Vo = 284

5
(@)

Horizontal component of velocity, uy =

u
ucos 60° = >

AC=uth=u?tand

AB = AC sec30° (ut)( 2) ut
= sec ={=])l—=)=—
2/\W3/ 3
(a)
2 o3 2 cin2
Since R = 2H or 2 sin26 _ 2 x50 0
g 2g
or2sinf cos6 = sin?f ortanf = 2
v?sin26 v?2sinfcosf 2v% 2 1
= = = — X — X —
g g g 5 5
_4v2
= 52
(0)
From figure
u
B
ae |7
! X
O C
<« R—>» tarl(1)=L_uzsin26/2g_

R/2  u?sin20/2g
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37

38

39

40

41

42

43

44

45

in2
finzo = 3tan®
()
Angular velocity is always directed perpendicular
to the plane of the circular path. Hence, required

change in angle is 0°

()

From graphv = s

=>dv_ds oy
at a7

Acceleration versus velocity graph will be a
straight line passing through origin with slope
157t

(©

Velocity at the highest point,

v, = i(ucos 6)

Velocity at the starting point

vy = {(ucos 0) + j(usinB)

|A V| = |¥, — Us| = |—j(usin®)| = usinh
(d)
Applying equation of trajectory, we get
V3
V3 5(%)
0.5 = —tan30° — ——~22—— =y, = o
2 2v§ cos? 30°
(<)
_u®sin?6  u®sin®(90°—6) u®cos®6
Y1 = 2g Y2 = zg - Zg
=>yit+y= W
VitV = 2g
(d)

L=m(rxv)
Direction of (r x v), hence the direction of angular
momentum remains the same.

(b)
u®sin20  (u/2)*sin30°  u?
g g 8g
-~ sin20 ==or@ = ~sin~! (l)
8 2 8
(a)

Area under a — t graph gives the change in
velocity (dv = adt)

1 -1
vf—vi=§x2><4=4ms
vp=v;+4=2+4=6ms"!
(a)

t,p = time of flight of projectile = Zusin(@-309

gcos30°
Now component of velocity along the plane

becomes zero at point B

46

47

48

50

51

0 =ucos(a —30°) —gsin30°x T

or u cos(a — 30°) = gsin30° X Zusin(a-30%)

gcos 30°
or tan(a — 30°) =%300 = \/;’
ora =30°+tan?! (ﬁ)
2
(b)

The horizontal range is the same for the angles of
projection 6 and (90° — 6)

2usin 6 2usin(90°—0) 2ucosH
tl == , t2 = =

g g g

2usin® 2ucosB Z[uzsiHZG]_ZR
g g

t.t, = X =
1 g g g

u?sin206

where R =

Hence t;t, < R (as R is constant)

(d)

Angular momentum is an axial vector. It is
directed always in a fix direction (perpendicular
to the plane of rotation either outward or
inward), if the sense of rotation remain same

(a)

Froma =v %, we can find the sign of acceleration
at various points. v is positive for all three points
1, 2 and 3. % is positive for point 1, zero for point

2, negative for point 3

So, only for point 1, velocity and acceleration have
same sign, so the object is speeding up at point 1
only

(d)

We know that to cross the river by the shortest
path,

. u
sina = —
v
u
""" b |
V o

But u > v = sin @ > 1, which is not possible

()

The upward motion is with higher retardation,
while the downward motion is with lesser
acceleration. Further, the time of rise is less than
the time of return. A part of the kinetic energy is
used against friction
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52

53

54

55

56

57

()
Suppose the angle made by the instantaneous

velocity with the horizontal be a. Then
v, usin® —gt
tana = —=———
Uy ucos0
Given that ¢ = 45°, whent =1s; o = 0°, when
t=2s
This gives ucos 8 = usin 0 — g...(i)
andusin® —2g=0 ..(i0)
Solving Egs. (i) and (ii), we find u sin 8 = 2g and
ucos 8 = g. Squaring and adding

u = V5g = 10v/5ms™?

(d)
1 1
Emu2 - Emv2 = mgL

= v = u?—-2gL
|ﬁ—ﬂ|=Ju2+v2=\/u2+u2—2gL

=4/2(u?—glL)
(d)

Speed in horizontal direction remains constant
during whole journey because there is no
acceleration in this direction. So, v, = 5 ms™
In vertical direction, loss in gravitation potential
energy = gain in KE, i.e,,

1

1 2
mgh = Emvv

v = 2gh =2 x 10 x (70 — 60) = 200
Hence, the speed with which he touches the cliff B
is

v=_[v}+vi=+25+200=+225=15ms™?
)

After releasing the string, centripetal acceleration
will become zero, due to which the direction of
velocity cannot change now and stone flies

tangentially
(b)
Maximum speedisatt =8 s
a (ms?)
ws| A B

oy 8C 12|_1|6 1
-5

vatt = 8sis given by area under curve OABC
Maximum speed = %(AB + 0C) X BC

1
=§x(12)><5=30ms_1

(b)
The bird keeps on flying with a constant speed till
the time of crash. So let us first find the time of

58

59

60

61

62

63

64

crash. If the two trains crash each other after t
hours, then the total distance travelled by the two
trains in the same time of t hours should be 60 km

60
40t +60t =60 =>t———=0.6h
* 100

Now, the distance travelled by the bird in 0.6 h is
0.6 X 30 =18 km

(b)

R sin20 g

2= 8 1smZe -~ EcotG = 5cot0

Given % = 5; hence, 5 = 5cot0 or 6 = 45°

(d)

If the particles collide in mid air, they travel same
displacement in horizontal direction. So their
velocity components along horizontal should be
same, i.e., v; cos 0; = v, cos B,

()

The vertical component goes on decreasing and

eventually becomes zero
(d)

We find that H = R or
v?sin®6  v?2sin6 cos

2g g
or tanf = 4or 6 = tan"1(4)

(b)
Displacement
We have v,, = P
Time interval

= Slope of chord on x — t graph

Here, slope of chord between P and Q for all three
particles is same, so average velocity of all the
three particles would be the same

(9

In general h = %gt2

1 1
X = Eg(l)2 =5m,Y = §g(2)2 =20m,Z

1
= Eg(3)2 =45m
(a)
We know that
x = (ucos®)tandy = (usin0)t — %gtz
Let x, — x; = (U cos®; —u,cos0,)t =X
1
y2 —¥y1 = (uysin0;)t — Egtz — (uz sin0;)¢
1
+ - gt?
2 g
= (uysin0; —u,sinB,)t =Y
Y uysinB; —u,sinb,

== = constant, m(sa
X uycosB; —u,cosB, (say)
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65

66

67

68

69

Y =mX

[t is the equation of a straight line passing through
the origin

Alternatively: We can think in this way: Relative
acceleration of one projectile w.r.t. another
projectile will be zero. Hence, the relative velocity
of one projectile w.r.t. another will be constant. If
velocity is constant, it indicates straight line
motion

(©

a, = —gsinB;a, = —gcos O

uy =0u, =v

Along y-axis, Sy, = u,t + %ayt2
1

0=t —Egcoset2

_2v
" gcosH

Along x-axis, Sy = u,t + %axt2

R=0xt Losi 9( 2v )2
B ngm gcos 6

3 2v%tanOsecH
_ _T
(b)
= 2usin90r2 _ Zusmeorusinﬁ =g
pooWST0 g g o
2g 2g 2
()

Acceleration-velocity equation from the graph is
a = kv, where k is the slope of given line

This can also be written as

dv_k :dv_k
17ds_ v ds

i.e. slope of velocity-displacement graph is same
as slope of acceleration-velocity graph which is
constant

(9

Resultant velocity =
()

Ve = 258,V = 25V3]

uZ + gZTZ

70

71

72

73

74

75

76

77

25
tanH—E—ﬁ:G =30
(a)

For particle P, motion between A and C will be an
accelerated one while between C and B a retarded
one. But in any case horizontal component of it’s
velocity will be greater than or equal to v on the
other hand in case of particle Q, it is always equal
to v. Horizontal displacement of both the particles

are equal, so tp < t,
(d)
25 1

Velocity of police van = 30 X % = ms”

Muzzle speed of the bullet = 150 ms™?!
Speed of the bullet w.r.t ground = [150 +
25/3ms—1

Velocity of thief’s car is

5 32x5 160
192 x E = 3 = Tms
Relative velocity of bullet w.r.t. thief’s car is
25 160 135 1
150 +?—T— 150 —T— 105 ms
(b)

The bullets are fired at the same initial speed.
Hence

h  u?sin?60° 2g sin? 60° 3
—_—= X = = —
h' 2g u?sin?30° sin?230° 1
(9

Relative velocity of boat with respect to water is
Up — Uy =30+ 4] — (—31—4)) =61+ 8j
(b)

_u®sin®6 _ (56)sin®0

28 196
sin29=4(():61)92'6=iorsin6=%or9=30°
(d)

_usin® |, usin® wusin6 10
g = g 18 _Ht

10
% decrease in t = % x 100 = (1 - g) x 100 =
9%

(b)

dv v 1.4
a=v—:f vdv=f adx
dx u 0

v2—y2
= = area of a — x graph

=12 -(0.8)>?=2(04)=>v=12ms !
(c)
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78

79

80

81

82

83

84

Range will be same, because the sum of two
angles is 90°. Hence, the ratiois 1: 1

()
= 6t = x—6
Y= = T
dy
=8t — 5t%,v, =— =8—10t
Y Yy T e

Vy(t=0) = 8ms~!

u= [uz+uj=+624+82=10ms™*
(d)

Time taken for swimmer for (AC + CB) = time
taken to float for AB

je——D—
v+tu vV-u
— e > ¢ <« o
A B C
_u
M| D2
D D/2 d/2 v
LD D2 _d2_v_,
v+u v—u u u
(9
2
a. = UT —constant in magnitude if v is constant
(b)
3 _ 43 20 _ o.p _ dx _ t* .
x°=t>+1=3x dt—3t > = (1)

dx
2 2 _ ex .2
d?x 2tx 2xdtt

dt? x*

1 t2
= x—4_ 2tx?% — 2xt2x—2

2tx? t3]  2tx? x3—1 2t
= x4 — x—3 = x4 1 — x3 = F
(d)

3 u?sin%0 u?sin 20

2g g

Maximum height will be same because

acceleration a = g/4 is in horizontal direction
1g /2usin B2

24 ( g )

1
R’=ucoseT+§aT2:R+

=R+H
(9
The magnitude will decrease till the direction of
the velocity with respect to man becomes vertical.
It will increase thereafter
(d)
If there were no gravity, the bullet would reach
height H in time ¢t taken by it to travel the
horizontal distance X, i.e., H = usin0t and

x=ucosOtort =
ucos9

However, because of gravity the bullet has an
acceleration g vertically downwards, so in time t

85

86

87

the bullet will reach a height
1 1
y =usin® ><t—§gt2 =H —Egt2

This is lower than Hby % gt?, which is exactly the

amount the monkey falls in this time. So the bullet
will hit the monkey regardless of the initial
velocity of the bullet so long as it is great enough
to travel the horizontal distance to the tree before
hitting the ground. (For large u lesser will be the
time of motion; so the monkey is hit near its initial
position and for smaller u it is hit just before it
reaches the floor). Bullet will hit the monkey only
and only if

y>Oi.e.,H—%gt2 > 0

x2

142 1
or H >2gt orH > 2g.uzcosZe

X _oru> /i (x%2 + H?) = u,
cose\/% 2H

If u < ug, the bullet will hit the ground before
reaching the monkey

(d)

h, u?sin?0, 2g

hy - 2g u? sin? 0,

_sin®0, sin’m/6 1

" sin20, sin?w/3 3

h
:hzz_l

3
(b)
Here, uy = 6 and u,, = 8
2uyu, 2X6x8
g 10

oru >

=96m

(d)

dx
x=7t-3t!=2pv=—=7—-6t
dt

Let us find the time when the velocity becomes
Zero
Puttingv =0 =>7—-6t=0 =2t=7/6s
7 72 49

X(t=7/65)=7X€—3X§=Em

20m x=0
Att=0->x=0
Att=4s->x=7x4-3(4)?=-20m

49/12m

Page |57



88

89

90

91

92

93

. 9 49 69  _
Distance travelled = s = 22 + 22 4 20 = 12 51
12 12 6

169 _ 169
=—="ms
t 6X4 24

-1

Av. speed = 2
(@)

If the particles collide at @, it means they travel
same displacement along the plane in same time.
So their velocity components along the plane
should be same

veos(B+0p) =uandf=90°—«a

Solve to get vsin(a — 6y) = u

(9

Horizontal component of velocity remains
constant throughout the motion as it is not
affected by acceleration due to gravity, which is
directed vertically downwards

(@)

0.2 1 2oy 2X02n
. =— >t= |—
n 2g .
,2x0.2n
0.3n=ut=03n=4.5 T >n=9

1

U= 4.5 ms’

02n

(a)

The motion of the train will affect only the
horizontal component of the velocity of the ball.
Since, vertical component is same for both
observers, h,, will be same, but R will be different
(b)

Range will be same, because the sum of two
angles is 90°

(a)

Change in velocity = Uy — ¥;

Its magnitude is Vv2 + ¢2 — 2vv cos 40° =

94

95

96

97

98

2vsin 20°
(b)
Time taken by bullet to reach the target is
Di Di .
IStaI?ce = lStance, As@ is very small, cos 8 = 1
Velocity ucos6
. Di 4
Tlme — istance _ ﬂ — 1 S

400
Vertical deflection of bullet is

1 ,_1 2

Egt =§>< 10X (1)“=5m

(9]

We see that in x — ¢t graph, initially at t = 0, slope
is negative. Hence, velocity is negative

(9

vZ =u? —2ghoru? = v? + 2gh

oruz +us = vi + vy + 2gh, uy = v,

So,u$ = vy +2ghoru? = (2)2+2x10x 04 =
12

u, = V12 =2V3ms™ Y, u, = v, = 6ms~?
uyzﬁzi:ezw
V3

(d)

T cos 6 component will cancel mg.

mg l—— r—m|

T sin 8 Component will provide necessary
centripetal force the ball towards center C.
=~ T'sin® = mrw? = m(l sin 0)w?

orT =mlw? = w = \/%rad/s

Tnax 324
Of Omax = 17" = Jo.s <05 Jorad/s
(c)
\ v
g
2
tanf = —
rg
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99

100

101

102

103

" 0 = tan-1 v? . _1(1Ox10)
rER ) TR Tox 1o

~ 0 =tan"1(1) = 45°

(b)
_ u V3
sin@g =—=—
v 2
= a = 60°
= 0 =90°4+a = 150°
u
""" i |
Vv s
\6

(d)

Relative velocity of bird with respect to train is
VBT =VB+VT= 5+10= 15mS_1

[Because they are going in opposite directions]

time taken by the bird to cross the train is

130 _10s
5

(b)
For the maximum range 6 = 45°

u?sin280  u? . u? u?
R = =—sin90° = —or 500 = —
g g g g

The distance covered along the inclined plane can
be obtained using the equation
v? —u? = 2as

2
or0—u?=2(—gsin30°)sors = ug =500 m

(@

Here, vg = 25 ms™?!

,vy, = 10 ms™?!

Velocity of rain w.r.t. women: vg v = Vr — Uy
Let vg ;v make an angle 6 with vertical, then

v 10
tanf = %2 =—= 0.4
VR 2.5
Vw
N —>S
Verw /0 va
_vW

She should hold her umbrella at an angle of

6 = tan~1(0.4) with the vertical towards south
()

Let the stone be projected at an angle a to the
direction of motion of truck with a speed of

v = 20 ms~ 1. Since the resultant displacement
along horizontal is zero, the velocity along
horizontal is 0

104

105

106

107

108

15 ms’!

'_

3
15+ 20cosa =0 :>cosa=—Z

4f 3
= o = cos (— Z) = 138°35

(@)
h  u?sin®@ g8 g
T2 2g 4u?sin?0 8
Thus 22 = 2 A—Ti.e., ar _1in

h T T 2 h

AT 1 [Ah 10

or 100 x = = 2|3 x 100] = 22 = 5%
(o)

u =180 kmh™! =50 ms~!

Horizontal range = u \/Z_Eh =50 /224890 =500 m

(d)
U =20cos30%+20sin30j

X

Now, ¥ = 20 cos 30 + (20 sin 30 — gt)j

Let ¥ be perpendicular to i at time ¢, then
U-U =0=t=4sHere time of flight, T = 2s
So it is not possible at any instant

(a)
= (")
= I X
Force on'dM' mass is
dF = (dM)w?x

“«— X —>|

—i dx =

By integration we can get the force exerted by
whole liquid

Lm 1
=>F=f —w?xdx = =Mw?L
. L 2

(©

Initial relative velocity of Awrt. B=u—-0=u.lt
will remain constant till B reaches ground. B
stops on colliding with ground, and A comes down
with increasing velocity
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110

111

112

113

114

115

B Aov=0
u=0T
h ACL v=
: : ‘ =gt
oo A
AL B4 B
v=0
(@)

Ris same for both 6 and (90 — 0). If angle w.r.t.
vertical is 40°, then w.r.t. horizontal direction, it
will be 90° — 40° = 50°

(a)
R - u®sin 20 (56)% sin 60°
g 9.8
56 X 56 X V3
= T = 160\/§m
(b)

Let at any time ¢, the ball be at height of 15 m
1
Sy =uyt+ antz
1
= 15 = usinat —Egt2 =15

52 St 1 10t2
=52X—t—=X
13 2

>t2—4t+3=0=>{—-1)(t-3)=0
=t =1s,t = 3s.Required timeis3 —1=25s
()
Up = VL, Vpyp = —ul
Up = Up + Upp = (v — u)i = v — u towards right
()
In uniform circular motion the only force acting
on the particle is centripetal (towards centre).
Torque of this force about the centre is zero.
Hence angular momentum about centre remains
conserved.
(b)
Angular acceleration and angular velocity are
along the axis of circular path. So they can’t be
perpendicular to each other
(d)
Initial distance between trains is 300 m.
Displacements of trains can be calculated by area
under V — t graph

300m -

| I |

|
T 200m |

300-280
=20m

Displacement of train 1 = % X 10 X 40 = 200 m

Displacement of train 2 = % X 8 X (—20) = —-80m

Which means it moves towards left
Hence, distance between the two is 300 — 200 —
80 =20m

116

117

118

119

(d)
Refer to Fig (a)
v 50 1
tan9=a=ﬁ=§orvm =21,
50
100 P Vi
Vm 9 vm &
(a) (b)
Refer to Fig (b)
v v 1
sina = — = —— = —or 6 = 30°
Uy 21, 2
So, it is 60° upstream
(b)

Here the tangential acceleration also exists which

requires power
; 2,42 v? | v? 2,42
Given thata, = k“rt“ and a; = pall kert
Orv? = k?r?t?orv = krt
. . dv
Tangential acceleration a = e kr

Now force F = m X a = mkr
So power P = F X v = mkr X krt = mk?r?t

(b)

Giveny = 12x = sz,ux =3ms™!
dy dx 3 dx

T Ty

Atx =0,v, =u, =125 =12u, =12x3 =

36 ms™1!
_d (dy)_ ,4%x 3 (dx)2+ d?x
Y= \ae) T Caer " 2\\ae Xde?
d?x
Butﬁ = a, = 0, hence
_ 3(dx>2_ 32— 3 3y
=7\a) T2 T
27
= —7ms
Range R = —22 = 23X36 _ 16'm
ay 27/2

Alternatively: We have y = 12x — %xz. When

projectile again comes to ground, y = 0and x = R
3
0=12R—ZR2:>R=16m

(a)
Here H;,

_ u®sin?0 _ 10u®sin?0

- 1ig = 22
*To &

Using x = ut + latz, where x = Hy,, u = 0 and
2

, 7~ _ |200
we find t = /2H;,/a = o8 X

10’

g 9g
a = —_——_—= —
g 10
usin 0
g

[t is almost equal to the time of fall in the absence
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120

121

122

123

124

125

126

of friction

(d)

Acceleration remains constant, and equal to g

always

()

motion of B w.r.t. A

A is fixed and B moves in the direction as shown
in Fig. w.r.t. A with constant velocity

Direction of 7 remains same and magnitude
changes with time linearly

Here velocity of B w.r.t. A is constant because
relative acceleration is zero

()

r=1km = 1000 m,

v =900 kmh™ =900 x 5/18 = 250 ms™1!

v?  (250)?
-~ — — -2

a. = " 1000 62.5 ms
(d)
Velocity of the bob at the point 4
v =,/5gL ...(~i)

U 2 =
(E) =v2—2gh... (i)

h = L(1 —cos0) ... (iii)
Solving Egs. (i), (ii)and (iii), we get

p—

cos 5
7

or 6 =cos™! (— —) = 151°
8

()

We know that at the uppermost point of a
projectile, the vertical component of the velocity
becomes zero, while the horizontal component
remains constant. The acceleration due to gravity
is always vertically downwards. Therefore, at the
uppermost point of a projectile, its velocity and
acceleration are at an angle of 90°

()

For the person to be able to catch the ball, the
horizontal component of velocity of the ball
should be same as the speed of the person, i.e.,

Vg cos O =%orcose =%or9 = 60°

(b)

In this case, velocity and acceleration are acting in
opposite directions and velocity is getting zero at
t=4s

Distance travelled in 10 s =(Distance travelled in

127

128

129

130

0 — 4s)+(Distance travelled in 4 — 10 s)

1 1
= 4><4—§><1x(4)2]+[0x6+§x1x(6)2]

=26m

(b)
Speed of train = 108 x % =30ms!
Letl7R and VT represent the respective velocities of
rain and train
Now, the relative velocity of rain w.r.t. person
(train) is given by vgr = Vg — U = Ui + (—Vr)
Let OR and RT represent the vectors, respectively,
in magnitude and direction

Vertical
— . -> .
i vr Horizontal  -vp o  Horizontal
(] .
\ s
2\ T A NG
s o\ 2
—
VR/T M

OT? = OR* 4+ RT? + 2 OR - RT cos 120°
1
=202+302—2><20X30x5

=400 + 900 — 600 = 700 = v700ms ™!

= 10V7ms™!

(9

At the two points of the trajectory during
projectile motion, the horizontal component of

the velocity is same. Then

1 1 150 _
150 X>=VX=0rv=-—"ms 1

V2 V2
Initially: u), = usin 60° = 150V8 g1
; R o_ 10,1 150 -1
Finally: v), = vsin45° = 5 X =, ms
But vy, = u, +a,tor % = 152\/5 — 10t

150

10t =—(3-1)ort=75(3-1)
(@)

R sin4

To reach the unshaded portion particle P needs to
travel horizontal range greater than R sin 45° or

(0.7 R) but its range is less than g. So it will fall on
shaded portion

Q is near to origin, its velocity will be nearly along
QR so its will fall in unshaded portion

(b)
H=100m,R =2 x 200 = 400 m
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131

132

133

134

135

4 x100

4H
tan 0 =?=>tan9 =

400
o g =45 [ H _ tane]
N "R 4
(o)
P
0y T >R
0

Case I: Let OP = 31 be the velocity of man. 0—Q be
the velocity of rain

PQ is the velocity of rain relative to man

Case Il: OR = 6 is the new velocity of man

_R_Q = new velocity of rain relative to man

OP = PR =PQ =3

Now 0Q? = OP? + PQ?i.e, 0Q% = 3% + 32
ie,0Q =3v2kmh!

and tan 6 ke _3_ 1lie., 6 =45°
oP 3

(b)

) dv
v=t?—tsa=—=2t—1

dt

For retardation, av < 0
>?-0)R2t-1D)<0=>t(t-1)2t-1) <0
This is possible for% <t<l1
(d)
We know that H =

2usin @

and T = ——. From
g

u?sin% @

these two equations, we get

2
H = %. So if T doubled, H becomes four times

(b)
vdv
a=— —4+31J
de f vdv
4 + 3v
S —§—§loge(4+3v) +C

AtS=0,v=0,wegetC =;10ge4

v 4 4
= s =3+ 50 (753;)
Puttingv =2 ms~ 1, we get
2 4
S—§+§loge 0° =0.27m

(d)
Angle of projection from B is 45°. As the body is
able to cross the well of diameter 40 m, hence

2
R=%orv=,/gR=\/10x40=20ms_1

On the inclined plane, the retardation is
gsina = gsin45° = 10/v2 ms 2

136

137

138

139

140

141

142

Using v2 — u? = 2ax

(2002 —u?2 =2 x (—2) X 20v2

V2
u = 20V2ms™?
(b)
vy = vsin30° — gcos30°t
vsin30° v 1 1
- gcos 30° - gﬁ - \/_§S
X

(a)
If h is the maximum height attained by the
projectile, then

u? sin? 0 u? sin 26
=———0orR=———
2g g
R_Zsinecose_4 tG'AR—Ah
R~ (sin2@)/2 VTR T

Percentage increase in R = percentage increase in
h =5%

()

The acceleration vector shall change the
component of velocity u;| along the acceleration

vector

uy = 8 cos30

V2 5 u=8sin30
r=g a=2m/s* _4 e
n

Radius of curvature 7;,;, means v is minimum and
a, is maximum. This is at point P when the
component of velocity parallel to acceleration
vector becomes zero, that is uj; = 0

(a)

The time of flight is given by
_ 2u51n9 2x30x1/2 _ 3
I 10 >

Thus, after 1.5 s the body will be at the highest
point. So the direction of motion will be
horizontal after 1.5s, the angle with the horizontal
is 0°

(b)
tan@ =2 =2=2 org = tan~12
vy 6 3 3
(b)
At 12 s, slope of B is same as that of A
(d)

Speed at the highest point = u cos 6
Speed at the starting point = u
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143

144

145

146

147

148

149

150

Hence, change in speed = (v cos 8 — u)
(9

vy, =gl

(9

x:v\/%,Zx:v’ /% Solve to getv' =2 v
(d)

vy =vycosf3 =ucosH

0= (vysinB)? —2g(H/2) > vi=vi—gH
>V

fa~

H/2

v 2
Also—1=\/:
(%) 5

’2 H ,5 H

From above v; = gT,vz = %

u?sin? - 2gH cos? 0

=———— =sin?6=———F—

2g vy

2gH 2¢H X 3

:tanzezizztanze 8
121 2gH

=tanB =3 = 0 = 60°
(a)
Acceleration w.r.t. platformis g + a

2usin 6
g+a

So time taken T =

(©
Here angle of projection = 45°

u2

2
— _w_u — -1
Rmax—1.6—g—ﬁoru—4ms

Hence, the distance covered in 10 s is horizontal
speed X time = u cos 45° X time

1
=4Xx—x10 = 20v/2m

V2
(9
Vertical component of both should be same
%
v, = v, sin 30° 5-2=-=05
U1
(9

Uy =wUy, =0,y =uy=u
vy =u,+a,t=0+gt =gt

Resultant velocity v = [vZ + v2 = \/u® + gt2
(<)

vcos45° =u=18ms 1= v =18V2ms™?

151

152

153

154

155

156

° > 18 ms™!

:450
|

Vertical component v sin 45° = 18+/2 x % =
18 ms™!
(a)

In the absence of air resistance, the projectile
moves with constant horizontal velocity because
acceleration due to gravity is totally vertical

(b)

h=150—-275=1225m

. ’z ’2 122.
Time taken, T = Zh_ |x1225 5s
g 9.8

Now,s =uT or30 = 5uoru = 6ms~ !

(a)
Givenh = 490 m,u = 15 ms~*. Apply T = \/%h
()

The velocity of motor boat is given as

Um = U + Uy

5 5v3 _
Sn0  simizoe _ Sm8=1/28=30
(b)

From the graph, velocity-displacement equation
can be written as

v=vg+ax (i)

Here v, and a are positive constants

Differentiating (i) with respect to x, we get

d

Z¥ = @ = constant

dx

Acceleration of the particle can be written as

v

a=v—=
dx

The a — x equation is a linear equation. Thus

acceleration increases linearly with x

(vg + ax)a

(9
Uy COSaA = Uy Cosf

u3 sin 2 u3V3
s0v3 = 12528 55— Zzg

= u2 =600 = u, = 10V6
. Zupsin60° 2(10V6)v3/2 .

- t, =18
2 o 10 2
10v6 cos 60°
= =102
t cos 30° \/—

1 2
—h = 10v2sin 30°V18 — 5 10(V18)
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158

159

160

161

162

163

—h=30—-90 >h=60m

(b)

Since wind is blowing due north, rain velocity will
have a component of 2 ms™! due north. So the
velocity of cyclist should be 2 ms~?! due north so
that to him rain appears falling vertically. Because
due to this, cyclist will not be able to see the
horizontal component of rain’s velocity and he
will see only vertical component

(d)

a = (w, —wq)/t = (400 — 100)/5 = 60 revmin?

_e0xam _2m .
60)2 60 2¢°
_ _27TX50 n

G =0 =50 "100 60

()

a;=2ms 2 v=u+at=1+2%X2=5ms"!
v? 52
— = 1ms?

T
Net acceleration = /a2 + a? = V12 + 22 =
V5ms ™2

(d)

First find that time in which the vehicle stops
Fromv =1u+dt=>0=20—-05t=>t=40s

So the vehicle stops in less than 50 s. The distance
covered by the vehicle in 40 s would be

1
S=20X40—§X0.5X(40)2=800—400

=400 m
Required distance = 500 — 400 = 100 m
()
7 =xi+yj
, dr dx,_ dy, . .
v=E=El+E]=vxl+yy]

If 7 and ¥ are in opposite directions, then
definitely the particle will be moving towards
origin O, for this 7 - ¥ < 0 = xv, + yv, <0
(d)

R u?sin208/g g
== =—-cotb

T? 4u?sin?6/g? 2

ie,gT?=2Rtan®

If T is doubled, then R becomes 4 times

(d)

Range is same for angles of projection 6 and
90 — 9,

u? sin 26 u?sin? 0
= —’ 1 o ——
g 2g
u?sin%(90-6 u?cos?0
and h, = ( ) =
2g 2g
u?sinBcos® 1 [u?sin26 R
Hence \/h{h, = =_[ ]=_
1702 2g 4 g 4

164

165

166

167

168

(@)
Motion of the person making an angle (say «)
with the downstream

—»d/s —»d/s

A
Ii Y v d180°-a»
A o\

u u

The time taken to cross the river = —
vsina

The distance carried away downstream in the

same time = speed X time
d

vsina

M)
Motion of the person making a angle with
upstream

x1 = (u+vcosa)

The time taken to cross the river is equal to P

Distance carried away downstream in the same
time

X, = [u+ vcos(180° — a)]

vsina
d .
=X, =(Uu—vcosa L1
2= ( ) —— ..(iD)
d
Given (u+vcos a)m _ 2
(u—vcosa)L 1

vsina

(u+vcosa) 2
— —=->=3vcosa=1u
(u—vcosa) 1
v seca
" . ..(iii)
seca 1
3
From Eq. (iii),% = % So, v/u cannot be less than
1/3
(a)

Time taken by particles to collide

t = ﬁthenu ﬁ+V ﬁ=d
\]g \Ig \]g
_ /g. _ /g_
>u+V=d o ~v=d o u

seca=1 =

(a)
Shortest time = a_1z_ lh = 10 min
v 3 6

(b)
T 100 2u sin 6

= —= = =

25
= usin® =20 ms~?!

(d)

Letu, =3ms 1a, =0

— — — -1
vy—uy+ayt—0+1><4—4ms

v= [vi+v)=+432+42=5ms"!

Angle made by the resultant velocity w.r.t.
direction of initial velocity, i.e. x-axis, is
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170

171

172

173

v 4
B=tan 'L =tan"1=
Uy 3
(@)
Let d be the river width and u and v the speed of

water current. For P, time taken
2d

For Q, time taken t, = d [ﬁ + ﬁ] ..(ii)

Dividing (i) by (ii), we get

ty Uy 2
o= 1—(5) <1t <t,
(o)

To find the relative velocity of bird w.r.t. train,

superimpose velocity - I_/)T on both the object. Now
as a result of it, the train is at rest, while bird

— -
possesses two velocities, Vg towards north and Vy

along west
N
7= 40kmh’
_|900
W P
V7= 40kmh’
N
\\
Vo, |7
N — 90°T )
Vr Vr
o - 2 - 2
[Ver| = |Vs|” + |~Vr| [By formula, 6 = 90°]
= V402 + 402 = 402 km h™* north-west
) _
= 2usin® or2 = 2usin® = usin® = g
_u’sin®6  g? _8_«
m="72g 28 2 O
(d)

Weknowthata =2 = [dv = [adt
de

R.H.S of above expression represents area under
acceleration time graph

Area of acceleration graph is not getting zero over
the interval for which graph is given, hence
velocity is not getting zero again over the interval
(©

If the ball hits the nth step, then horizontal
distance transversed= nh. Here, velocity along
(1)

Initial velocity along vertical direction is 0

horizontal direction = u.n = ut

174

175

176

177

178

nh=0+-gt? ..(i)
Fromt = Z—b putting t in (ii)

1 nb\2
nh=3ex (%)
(a)

[t is obvious from considerations of symmetry
that at any moment of time all of time all of the
persons will be at the corners of square whose

side gradually decreases (see fig.) and so they will

finally meet at the centre of the square O
K_ K L

~oi <
ro
RS

1 ,'
N'f-
Iy 1S
.

i’

T
The speed of each person along the line joining his
initial position and O will be v cos 45 = v/+/2

As each person has displacement d cos 45 = d/+/2
to reach the centre, the four persons will meet at
the centre of the square O after time

42 _d

B v/\2 v
(a)
For B always to be north of 4, the velocity
components of both along east should be same

v,c0s60° =v; = v, = 10 kmh™?!

()

v == & _ g 10t
Putting t = 0 (Since we have to find initial

velocity)
v,=8-10x0=8

v= [vi+v)=+62+82=10ms!
(@)
dv
a=vo-= 4 x (—tan 60°) = —4v/3 ms 2
(d)

6 and vy =

Page |65



179

180

181

182

Range = 150 = ut and h = — = = x gt2
100 2
100xg _ 1000 10
150 150 x 10
u= = = 500v3ms ™!
t V3
(@)

The radius of curvatures will be mutually
perpendicular only when the velocity vectors will
be mutually perpendicular, i. e., after the time

t =22
g

(9

As the speed with which the ball has been thrown
in downward direction is greater than the
terminal speed

T F resistive

mg
S0, Fresistive > mg
and hence initially net force acting on the ball is in
upward direction and hence acceleration also is in
the same direction
But this acceleration is opposite to velocity, so
speed decreases and hence Fgjstive- At a
particular instant, the ball acquires the terminal
speed and at this instant Fp.qjstive = mg and hence
a = 0 and particle moves with constant speed, i.e.,
the terminal speed

()

Given % = u cos 0 = speed at maximum height
or
cosB = gor 0 =30° ..(i)
Given that PH 5 = R ...(i0)
We know Hpp 54 = Rt%ne
R 4 4
b= Hipax “tan® tan30° 3
(b)

At the instant, when bolt starts falling it acquires
the velocity of lift. Let it be v

So, displacement of bolt w.r.t. ground is given by
the equation,

1
Ypc =Vt — Egtz
Which is a parabolic equation but this is valid only
for the time interval which it takes to the floor
elevator
After that displacement-time graph of bolt and
elevator would be same under the assumption

183

184

185

186

187

188

that bolt sticks to the floor of elevator after

striking it
(a)
tan @ = usin® 2
MY = cose 1
The desired equation is
2
gx
=xtan® — ————
y=xian 2u? cos? 0
10x2
=xX2- WPRY
z112) (L
2(V2Z+12) ( \@)
ory = 2x — 5x?
(a)
¥y, = Velocity of man
Vi
L PN

rm

Ve = Velocity of rain w.r.t. earth
Ur-m = Velocity of rain w.r.t. man
Velocity of man |7,,| = 10 ms™!

_Vm

Using sin 30°

Vre

10 =20ms~?! 30°
172 =20 ms™, cos

20 X V3

Vpm = Upe COS 30 = — = 10v3 ms™
(d)

The sum of these two angles is 90°

(b)

1
h = (usin8)t —Egt2

vm
vy = —
"¢ " sin 30°

vre

1

d = (ucosB)tort =5

d 1 d?
ucos9 Zg u? cos?0

_d g
U= 0s0 [2(dtan6 — h)

(a)

(i)if A = 31+ 4], then |A| = V32 + 42 =5
GOW = (31 + 49). 6] = 24

(iii)|A x B| = Area of parallelogram whose two

h=usin®

adjacent sides are represented by two A and B.
(iv) component of force F in the direction making
20 = 10N

an angel 6 = FcosB = 20cos60°

(b,c)
For GA = 150 and 93 = 750, RA = RB
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190

191

h u% sin2 0 sin15°\2
U = Up, Buti = 242024 = (S22)7 <
B

T uZsinZ20p  \sin75°
or hA < hB
. Ta _ ugsin 64 _ sini1s®
Again, T  upsin Bg  sin75° <lorTy<Tg
(a,b)
_2usin®  u’sin®@ _ u”sin26
g 2g ' g
= usin 0t ! t? = 4hhht [u sin 0 gt]
y=ush 280 = 4h 8h
usin 0 gt
P SR S
4(u®sin?0/2g) 8(u?sin?0/2g)

—ah 1 t
- nt [(Zu sin6/g) (2usin G/g)z]

r7] = () (1-7)

Nowx =ucos® t,R=ucos0T

=7=gsoy =t () (1-3)

(b)

When a particle moves along a circle with
constant speed, it has centripetal acceleration
a = v?/r. Its direction is always towards the
centre of the circle, which goes on varying.

Therefore, a is variable. But KE of particle

1 . .
= Emvz, which remains constant

(b,c,d)
Initially, the FBD of ball would be as shown in
figure

VT kv

mg
Here, directions of velocity and acceleration are
opposite, so particle is slowing down and moving
in upward direction. At one instant its velocity
becomes zero, which would be the highest point
of trajectory. Then it starts falling down, for its
descent FBD would be as shown in figure

kv

)
mg

During its descent, the ball will acquire the

terminal speed (assuming ball is not striking

ground before acquiring the terminal speed)

As work has been done against the resistive force,

so speed of throwing is greater than speed with

which the particle lands

Hence, force of air friction is greatest (when speed

192

193

194

195

is greatest) just after it is thrown

(a,c,d)

(KE + PE) s = (KE + PE); in all situations
Hence, KE; is also equal as PE; = 0. Hence all the
particles collide with the same speed

—h =vt; — %gtf [for first particle] ...(i)

—h = —vt, — %gtz2 [for second particle] ...(ii)
From Eq. (i) and Eq. (ii) t; > t;

t, = maximum, t; = minimum

i.e., options (c) and (d) are correct

(b,c)

y = gimplies that the particle is moving in a

straight line passing through the origin

S

t \
Uy =4 —2t, 0, = uy +ayt,u, = 4,a, = -2

x dy 1dx
Now,y === = =-—=
Y =3 dt 2dt

vy=§vx=2—t,vy =uy +ayt
Uy = 2anday =-1
(c,d)

In the given condition, the particle undergoes
uniform circular motion and for uniform circular
motion the velocity and acceleration vector
changes continuously but kinetic energy is
constant for every point

(ac)

Vertical component of velocity of ball at point P
vy =0+gt=10%x04=4m/s

Horizontal component of velocity = initial

velocity
@2 ‘Z
Vi

Suvy=4m
v

4%

So the speed with which it hits the ground

v= /v§+v5=4\/§m/s

andtang =X =2=1=9 = 45°
vy 4

[t means the ball hits the ground at an angle of 45°
to the horizontal

Height of the table h = %gt2

=%>< 10 x (0.4)% =
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197

198

199

200

0.8m
Horizontal distance travelled by the ball from the
edgeoftable h =ut =4x04 =1.6m

(a,b)
Vaw = —20f

i VE}V V;WZZOkmh'1
i a0

L/ ;
B /VAB

N
1})AB = ﬁAW - ﬁBW = —322 - 4’4’j
= = —321 — 44j
dt VaB t ]

TAB t t
3i+4] a 0
#ap = (3 — 32 £)i + (4 — 44t)jf

Att = 1/11 h,j component of 745 is zero. At this
32
11

time, its f componentis 3 — 32t =3 ——== 11—1 km

[t meansatt = ﬁ h, A will be east of B. So at no
time, A will be west of B

(a,c,d)

Angular speed is constant. Hence, linear speed is
also constant, i.e., magnitude of velocity is
constant, but direction is changing

(b)

The vectors will be perpendicular, ifA-B=0

~ (21+3]+4k)-(1+2j—nk) =0

or 2+6—4n=0o0r n=2

(a,b,c,d)
2 2
v = 2t,a, :UT= (32 = 20t% = 20 x 22
= 80 ms™2
_dv_ -2
a; = i 2 ms
Net acceleration a = /a2 + a? > 80 ms™2
(b)
Average acceleration
. Ve =1 Up+(—Up) U
Aoy = = = -

t t t
To find the resultant of s and —v; , we draw the

following figure

-V

=52 +52=5/2ms!

-

|V

= [vf+vf

201

202

203

Since, |v¢| = ||
v is directed in between ¥ and —v;

Therefore, ¥ is directed towards N-W

L. 52 1
‘@ =0 TV
(b,c,d)

If they collide, their vertical component of
velocities should be same, i.e.

100 sin® = 160 sin 30° = sin® = 4/5

Their vertical components will always be same.
Horizontal components:

160 cos 30 = 80v3ms™?

and 100 cos® = 100 x 3/5 = 60 ms™!

They are not same, hence their velocities will not
be same at any time. So (b) is correct

fe— X —>e— Xy |
e X ——»

X =%, —X, =160cos30°t —100cos B t
= x = (80vV3 — 60)t

Time of flight; T = 2X2180xs1n30
both)

Now t < T, — to collide in air

<16 = x < 12803 — 960

= 16 s (same for

x
~ B0V3 — 60
Since their times of flight are same, they will
simultaneously reach their maximum height. So it
is possible to collide at the highest point for
certain values of x

(d)

In uniform circular motion, a,- = 0, but in non
uniform circular motion, a; # 0. In both cases,

a, #0

(b)

- N N "_deA dvy/\
Leta = axi+ a,j + azk =

Avx s Wy o dVs 7
dtl+dt]+ k

dt
As d is constant, so its magnitude as well as
direction is not changing, but v,, vy and v, all can
be varying (any combination of these if a,, a,, or
a, = 0, then corresponding velocity component

may be constant)

¥ =v = /v,?+v§+vz2
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205

206

dlv| 1

dt
2 ’v§+v§+v§

dv dv dv
xpw—l+z —l+2 —=
st st st
v-d
v
Which is a variable quantity
dv . .
d—: = |a|, which would be constant
2 d +vy+ > o . :
av? _ dwk vy "D _ 954 (a variable quantity)
d +UyJ+ . .
(v/ W) _ 4 |valtvylivsk (a variable quantity)
vi+vi+vs
|Displacement]|
|Average velocity| = e
_2r 1
=—=2Xx-=2ms"!
t 1
Vi

Displacement

17’],
(a,b)
x = acos(pt),y = bsin(pt)

Equation of path in x — y plane is [ﬂz + [X]Z =1

b
i.e., the path of the particle is an ellipse
(0,b)

bB A

e

Position vector of a point P is

7 =acospti+ bsinptj

= v = p(—asinpti+ bcosptj)

andd = —p?(—acospti+ bsinptj) = —p?#
Acceleration directed towards the centre
Also,V-d =0att =m/2p,

Att=0,7=al

Att =m/2p,7 = bj

Sointime t = 0to t = m/2p, particle goes from A4
to B travelling a distance more than a

(b,c)

iR 2
M=Juy+mhwﬁ)=
If 6 is the angle of F with z-axis, then

V2 _ 1 o
2 7"

F.k
cosf = — =
F

207

208

209

210

211

212

6 = 45°

(a,d)

a cannot remain positive for all t in the interval
0 <t < 1. This is because since the body starts
from rest, it will first accelerate, finally it stops
therefore a will become negative. Therefore, a
will changes its direction. Hence, (a) and (d) are
the correct options

(b,c,d)

Based on thought

(a,d)

|K ><§| =15 = ABsin® = 5 X 6sind

or sinf = g = %sin30° or sin150°

or 6 = 30°or 150°

(b,d)

A body moving on a circular path with uniform
speed must have varying velocity as well as

acceleration
(a,d)

Angle of v/, with inclined plane is 60 — 6 = 8
tan 60° — tan 0
1+ tan60° - tan 0

tanf = tan(60 — 0) =

_ V3-v3/7 33
14+3.W3/7 5

(33
= [ =tan 1<T>

(ac)
For angle 6 in west of north
N|

u
Vivr

9
—05 ie, 0 =30°

JA0Z = (5% =

» E

sin@ =
1

V; = resultant velocity =

5vV3ms!

So, options (a) and (c) are correct
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214

(a,b,c)
This is the example of non-uniform acceleration
dv
a= E =-05¢
v 0.5¢2
dv = —

16 2
Direction of velocity changes at the moment when

it becomes zero momentarily
2

t
J.O.Stdt:»v=16—
0

0=16 — =>t=8s
dx_ — 16 0.5t
ac 2

Let us consider thatatt = 0, particleisatx =0

de "ft 16 0.5t2 = 16t 0.5t
o x_o 2 ’x_ 6;

Distance travelled =|displacement| for t < 8s. So,
distance travelled in 4 s

0.5 x 43
x=16X4—T

~ 59m

Distance travelled in 10 s = |displacement in 8 s|
X 2 — Displacement in 10 s = 85.33 X 2 —

76.55 =94 m

v(t=10s) = —9ms~!

(b,c)

Initially, accelerations are opposite to velocities,
hence motion will be retarded. But after
sometimes velocity will be retarded. But after
sometimes velocity will become zero and then
velocity will in the direction of acceleration. Now
the motion will be acceleration. As the particle is
blown over by a wind with constant velocity along
horizontal direction, the particle has a horizontal
component of velocity. Let this component be v.
Then it may be assumed that the particle is
projected horizontally from the top of the tower
with velocity v,

Hence, for the particle, initial velocity u = v, and
angle of projection 8 = (°

We know equation of trajectory is
2

= xtan® &Y
y=xtan 2u? cos? 0
2
Here,y = —&z(puttinge = 0°)
208

The slope of the trajectory of the particle is

dy  2gx g

2w

Hence, the curve between slope and x will be a
straight line passing through the origin and will
have a negative slope. It means that option (b) is
correct

Since horizontal velocity of the particle remains

215

216

217

218

constant, x = vyt. We getZ—z = _1g}_(t)

So the graph between m and time t will have the
same shape as the graph between mand x. Hence,
option (a) is wrong

The vertical component of velocity of the particle
at time t is equal to gt. Hence, at time ¢t

KE = 5 mi(g0? + (v)?

[t means, the graph between KE and time t should
be a parabola having value % muvgatt = 0.
Therefore, option (c) is correct

As the particle falls, its height decreases and KE
increases

KE = %mvg + mg(H — h),whereH is the initial
height. The KE increases linearly with height of its
fall or the graph between KE and height of the
particle will be a straight line having negative
slope. Hence, option (d) is wrong

(d)

Here, A.B = (5i+ 6§ + 3Kk).(6i — 2j — 6k) = 0
SoAis perpendicular to Band A is not equal to

A X §, as cross product of two vectors in
anticommuicative. The magnitude of A is V70 and
of B is V/76.

(b,c,d)

If the particle is projected with velocity u at an

angle 6, then equation of its trajectory will be
2

tan @ — —2o
=xtanf ————
Y 2u? cos?0
We know slope is given by m = %
— s
Therefore, slope m = tan 6 PR

[t implies that the graph between slope and x will
be straight line having negative slope and a non-
zero positive intercept on y-axis

But x is directly proportional to the time ¢;
therefore, the shape of graph between slope and
time will be same as that of the graph between
slope and x. Hence, only option (a) is correct, i.e.,
options (b),(c) and (d) are incorrect

(a,d)

With respect to observer A on the train, the ball
has velocity U along one direction only. Hence the
motion of ball w.r.t. observer 4 is at straight line.
With respect to observer B, the ball has two
velocities which are inclined at angle 6. Due to
which the path followed by ball w.r.t. observer B
is parabolic.

(a,c,d)
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220

221

222

Total displacement ball Ain 2 s,
1 1
S=ut—5gt2 = 10x2—§><10><(2)2 =0

Hence, both A and B will reach the ground

simultaneously and strike with the same velocity

(a,c,d)

Uy =uy =0,ay =49 ms™
T X

49my

%,a, =9.8ms™?

0 Ground

_1_ 2 =1g 2
Sox—zaxt ,andy—zayt

x a 1

y
So path of the ball is a straight line

Let t be the time taken by the ball to reach
ground,

ayZ

a
tand = —= =2 = 6 = tan"1(2)

Ay
(b,c)
:'4
___________ A0
\{ 30°

2300

30N

2using  2x10%7

g 10
(a,c,d)
Velocity is given by the slope of the x — t graph.
Here the slope is zero at A and at peak of region
CD and bottom most point of EF
For AB and EF, acceleration is positive. For these
regions, graph is concave up
For BC and DE, acceleration is zero as here
velocity is constant
For CD, acceleration is negative as graph is
concave down for this region
(b,d)
At initial point vy = v cos 6 and v, = vsin 0. At

1s

second point, where particle moves at right angle
to its direction, let its velocity be v'. Then
vy =vsin® = v, = vcos0

,cose

=3 = to
5 v Co

sin

li

. Vy—V
Since v, — gt or t =22
Y g

vsin® =v'cos® wvsinb — v cotH.cosO

g g

223

224

225

226

227

228

229

(©)

Horizontal range R =

u?sin 20 _ u? sin 2x45° _ u?

g g
2 cin2
Maximum height= %{:e
_uzsin245° _uz( 1 )2 _u2
28 2g\W2)  4g
R:h=4:1
(9

Centripetal force always acts perpendicular to the
instantaneous displacement of the body on
circular path so, 8 = 90°and W = F s cos 90°

(ab)
Time ofascent=2+1=3s
usin®
= g =3 = usin6 =30
__usinf-gt o _ 30—10x2
Andtanf = ~eose = tan 30° = py——

= ucos0 =103

2
From here u = J(lO\/?) +102 = 20v/3ms!

30

andtan® = 10\/§=\/§=> 0 = 60°

(b)

Net velocity of boat in river = V52 — 2
Distance 1 1 1

b= Velocity :sz:u: 3 kmh

(b,c,d)

The two particles will collide after time t if the
distance moved along x-axis of A is equal to that
of B and the distance moved along y-axis of 4 is
equal to that of B

1
So, u t = Eaztz

1
and u,t = Ealtz

Uy az

' Uz - a_l
The particles will have the same speed at some
point after time ¢ if

JuZ + (ait)? = Ju? + (a,t)?

or u1a1 = uzaz

or u? —u? = (a3 — a?)t?

ort= |——t will be positive if u; > u, and
27 %1

a; > aq

(@)

Centripetal acceleration a, = v?/r = vw

When v is doubled, w is halved. (vw) shall remain
unchanged

(cd)

Distance between two buses on road is V,, T

For A to B direction
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231

232

233

234

235

distance = relative velocity X time,

vV, T
T =V =Wl = o=y
For B to A direction:

T
VT = W + VT = T = =

(@

. . d
Time taken to cross the river t =
vgcos 0
For time to be minimum, cos & = max =60 = 0°

_____ A c_(;sG - T

Hence, the swimmer should swim due north
(b,c,d)

Point of steepest slope corresponds to the
maximum speed. Particle will speed up when the
directions of acceleration and velocity are same.
For region AB, both the acceleration and velocity
are positive while for CD both are negative, so
particle is speeding up in these regions

(ac)

&2 =B 2
i’ ...(1),y—23 == .(ii)
t=1 1 1. “+1“
=Lv=1Lv,=-=2>0v=0+=
azx R .

F_Zt (i) Tzt (iv)

Att=1s,ay,=2anday,=1= d=2{+]
(a,b,d)

As the particle is going up, it is slowing down, i.e.,
speed is decreasing and hence we can say that
time taken by the particle to cover equal distance
is increasing as the particle is going up

Hence, t; < t, < t3

As v = Distance
AV " Time

SO, Vay, > Vay, > Vay,

we have v,,, x ——
’ av ™ Time

Acceleration throughout the motion remains
same from equation,

D=1+ at,Av « t So Av; < Av, < Avy

(d)

Asw = 27n = constant, therefore, v « r. Also, w

does not depend on r

()

Before hitting the ground, the velocity v is given
by v? = 2gd (quadratic equation and hence
parabolic path)

Downward direction means negative velocity.
After collision, the direction become positive and

236

237

238

239

240

241

242

243

velocity decreases
v

Further, v? = 2g x (g) = gd; (—) =

o
Orv=1v'v2

As the direction is reversed and speed is
decreased and hence graph (a) represents these
conditions correctly

(b,c)

dx
v=—=-94t>2=0=>t=3s
dt

The particle’s velocity is getting zero at t = 3 s,
where it changes its direction of motion

For 0 <t < 3s,v is negative, a is positive, so
particle is slowing down

For t > 3, both v and a are positive, so the
particle is speeding up

(a,c,d)

Self-explanatory

(a)

Time taken is shortest when one aims
perpendicular to the flow

V2

(@)

The body is able to move in a circular path due to
centripetal force. The centripetal force in case of
vehicle is provided by frictional force. Thus if the
value of frictional force umg is less than
centripetal force, then it is not possible for a
vehicle to take a turn and the body would
overturn

Thus condition for safe turning of vehicle is,

mv?

umg = "

(d)

At the highest point, only the horizontal
component of velocity is present and the vertical
component is zero

(a)

_Gpd _ 1 o
cos 0 = RETIRRG cos45
so, 0 =45°
(0)

Due to air resistance, the accelerations of both
balls will be different. Hence, they will reach at
different times and with different velocities

(a)
When roads are not properly banked force of
friction between tyres and road provides partially
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245

246

247

248

249

250

251

the necessary centripetal force. This causes wear
and tear

(d)

For uniformly accelerated motion started from
rest, the displacement versus time graph is
parabolic

And for uniformly accelerated motion the velocity
in equal intervals of time changes by same
amount

(@)

Horizontal range =

u?sin% 0

_ (2@)25;?2 X 60° — 2v3h

()

When roads are not properly banked, force of
friction between tyres and road provides partially
the necessary centripetal force. This cause wear
and tear of tyres

(©
Alloys have least variation in length with
temperature

(d)
Projectile motion is a motion with constant
acceleration but it is not a straight line motion

A body with constant magnitude of acceleration
may not speed up, this is possible in uniform
circular motion

(d)

The direction of velocity vector is always along
the tangent to the path but its slope will not give
the magnitude of velocity. Magnitude of velocity is
given by the slope of position-time graph

(9
Centripetal force is defined from formula
172 vZ

F = > F < —
T

If v and r both are doubled then F also gets
doubled

(9
Here assertion is correct but reason is wrong;
because in circular motion the direction of

252

253

254

255

256

257

258

centripetal force is perpendicular to the velocity

(d)

Here assertion is false and reason is true.

(@)

For second’s hand, T = 60 s

_2m 2mn mw ds-1
©ET T 60 30098
(@)
04 = 0C

0C + OCis along OB (bisector) and its magnitudes
is

2R cos 45° = R\V2
(6@ + FC) +OBis along OB and its magnitudes is

RV24+ R =R(1++2)

()
2 o 2

Rl s;nZB o Ry = u?when 0 = 45° - Rpax X
uZ

. u?sin?0 u?
Height H = — Hmax =75
When 6 = 90°

RmaX

It is clear that Hy,,x

(b)

In a non-uniform circular motion, due to change
in magnitude of velocity, tangential acceleration
arises and due to change in direction of velocity,
centripetal acceleration is produced

(d)

Least count depends upon the scale

(a)

Let u be the coefficient of static friction between
the tyres and the road, the magnitude of friction
force F will not exceed umg, so that F' < umg

2
mv
Hence, for a safe turn — < umg

2

or yzf—g or v<./urg

Hence, when speed of car (automobile) exceeds
the value of ,/urg then it overturns, as the inner

Page|73



259

260

261

262

263

264

265

266

wheels are moving in a circle of smaller radius,
the maximum possible velocity is less for it.
Therefore, the wheels leave the ground first and
car will overturn on the outside

(b)

Speed and velocity are different physical
quantities. Speed is a scalar quantity and velocity
is vector

(@)
K=Li+ij+if<
V3 V3 V3
2 2 2y 11/2
<[+ (@ @) -
(@

If v — t graph is perpendicular to time axis, its
slope will be infinite, which will indicate infinite
acceleration, which is not possible in practice

(b)
If we cut the string anywhere, the bob will follow
a parabolic path

(d)

Within a certain speed of the turn table the
frictional force between the coin and the turn
table supplies the necessary centripetal force
required for circular motion. On further increase
of speed, the frictional force cannot supply the
necessary centripetal force. Therefore the coin
files off tangentially

(d)

In assertion, the direction of (K X ﬁ) according to
Right Hand Rule is towards West. Thus assertion
is false and reason is true.

()

Backlash error is caused due to wear and tear or
loose fittings in screws and can be minimized by
turning the screw in one direction only

(b)

On an unbanked road, friction provides the

. muv?
necessary centripetal force ——=umg ~v=
JHUrg

Thus with increase in friction, safe velocity limit
also increases

267

268

269

270

271

272

273

When the road is banked with angle of 8 than its
limiting velocity is given by

_|rg(tan6 + )
V= 1—utané

Thus limiting velocity increase with banking of
road

(e)

At the highest point, vertical component of
velocity becomes zero so there will be only
horizontal velocity and it is perpendicular to the
acceleration due to gravity

(d)

While moving along a circle, the body has a
constant tendency to regain its natural straight
path

This tendency gives rise to a force called
centrifugal force. The centrifugal force does not
act on the body in motion, the only force acting on
the body in motion is centripetal force. The
centrifugal force acts on the source of centripetal
force to displace it radially outward from the
centre of the path

(d)
2
gx

=xtanf — ————
Y 2u? cos? 6
(©
Cross product of vectors is anticommutative.
Therefore, V= © X F = —F X ®. Choice (c) is
correct
(b)

Before attaining the maximum height, angle is
acute and after this the angle is obtuse. At the
highest point, it is perpendicular

(9

In circular motion the frictional force acting
towards the centre of the horizontal circular path
provides the centripetal force and avoid
overturning of vehicle. Due to the change in
direction of motion, velocity changes in circular
motion

(©)

T < uand R o u?
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275

276

277

278

279

280

When velocity of projection of a body is made n
times, then its time of flight becomes n times and
range becomes n? times

()

Since relative acceleration is zero and initial
relative velocity is also zero, relative velocity at
any moment will be zero

(9

For safe turn tan 6 > :—g

It is clear that for safe turn v should be small and
r should be large. Also blending angle from the
vertical would increase in velocity

(e)
The man should point his rifle at a point higher
than the target since the bullet suffers a vertically

downward deflection (y = % gtz) due to gravity

(e)
Due to earth’s axial rotation, the speed of the
trains relative to earth will be different and hence

the centripetal forces on them will be different.

2
Thus their effective weights mg — % and

2
mg + % will be different. So they exert different

pressure on the rails

(b)

When automobile moves in circular path then
reaction on inner wheel and outer wheel will be
different

M ’Uzh M Uzh

Rinner =5 |9 =2 and Roueer = 59 + 7
L L. ra
In critical condition vg,ge = g—h

If v is equal or more than the critical value then
reaction on inner wheel becomes zero. So it leaves
the ground first

()

In a uniform circular motion, velocity is along
tangential direction and acceleration is always
towards centre, so angle between velocity vector
and acceleration vector is always /2. But in
general, angle between velocity and the
acceleration can be cute or obtuse also

(@)

281

282

283

284

285

2sin%0 ., . . .
29 i.e.itis independent of mass of

projectile
(9

Slope of position-time graph will given the
velocity and from here we can find both direction

_u

H

and magnitude of acceleration

(d)

When velocity at the lowest point is /5gr,
velocity at highest point = \/5 #zero. That is
why, the vertical loop is completed

(a)

Let t be the time taken by the projectile while
going through height h. Taking vertical upward
motion of projectile, we have

Yo =0,y = h,u, = 2,/ghsin60°
=2/gh x+/3/2 = \/[3gh
ay, =—gt=?

As,y =y +uyt+ %ayt2
1
~h=0+,/3ght +E(—g)t2

or gt?—2./3ght+2h=0

On solving, we get two value of time,

o (825

, Here, the first time is to reach a

and (—@g_‘/g_h)

height h while going up and second time is to
come back at height h. Therefore, time of
projectile above the height h is

(=) - ()

_2gh _ |4h
g (s

()
v /m = / v+ vh
(@)
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287

288

289

290

291

2sin% 0

2g

Maximum height = z

sin® 60°  4gh x 3/4 3h
g 2 2

_ (e
2

(9

Least count= pitch/number of circular scale
divisions. Less is the pitch, less is least count so
more is the accuracy

(a)

Both bodies will take same time to reach the earth
because vertical downward component of the
velocity for both the bodies will be zero and time

of descent = /% . Horizontal velocity has no

effect on the vertical direction

()
2usin 0 u? sin 20
= T xu,R=——=R xu?

g

()
'!72

tan = —
rg

When v is large and r is small tan 0 increases.
Therefore 0 increases, chances of skidding
increase. Choice (c) is correct

(c)
Time of flight, T = Zu?y

gl _ 10x6

— & 1
or uy—z—

=30 ms™

Vertical velocity after 2s, v, = u,, — gt
=30—-10x2 = 10ms™ !

Horizontal velocity after 2 s, v, = u,

As per question, tan 30° = ’;_i - 111_2

Or Ux = tai030° = 10v3ms™*

ST \/“’ZCT“Y = \/(10\/5)2 +(30)2
=20vV3 ms™?

(@)

292

293

294

u? sin 20
)

Range, R =

2

2
When 6 = 45° Ry = u;sin 90°

2

2
When 6 = 135° Ry = u?sin 270°

Negative sign shows opposite direction

(d)
u 30
tan 6 =—y=—=\/§=tan60°
uy 10V3
0 = 60°
(a)
From relation
mv? mQw)?
F = = (rw) = mro?
T T

= mr(2nv)? = 4n’mrv?
Here, m=1kg,v=1rps,r=1m
~F=41%x1x1x 1% = 4n®N

()
i — a. Range is maximum, when the angle of
projection is 45°

2 2
H=Zsin245=2=..(i)
2g 4g
Velocity, at half of the maximum height is v
2 2 V3v
,12= 2.24 _2 _=1.7__v_$ ,I:_
v v°sin© 45 —2g 5= ) v >

ii = b. Velocity at the maximum height

v
!
v =vcosd5 =v' =—

V2
[Because vertical component of velocity is zero at
the highest point]

iii — c. Projection velocity

At projection point, v; = vcos 45 [+ vsin45]
At the point, when the body strikes the ground
U = vcos451 —vsin45j

Av = V¢ + (—=7;) = 2 vsin45 (—f)

|A %] = 2vsin45 = vV2

. . Total displacement
iv - d. Average velocity = P

Total time

R2H

H
R/2

2
Displacement = (g) + H?
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296

297

R? 2
. et JRETame

Vav = =

vsin® 2vsin®
g g
v2)? v?
., J (%) ++(5)
av \/EU
3
v 1
g I+2 w5 v 5
w2 2vV2 T 22
g
(d)
y = Px — Qx?
Equation of trajectory of projectile motion is
given by
_ gx’
y=xtanb - 2u? cos? 0
On comparing, tan® = P
Soiv—>b
8 8
2u? cos28 Qiucos® = \/%
2u? 2u? cos? 8
Range R = ?sin BcosO = Ttan 0
_28,_"F
g2 9
Soi—a

2
Maximum height H = Z—gsin2 0

1 gsin’® 1 p2 = p2

2g2Qcos?06 20 492
Soii.—c

: . 2usin6 2 2
Time of flight T = . =§\/%P=\/Q:gp
(a)

Here, maximum height for all the particles is same
u?sin?0  u?

T2g 2

So, all three particles have same u,,

2usin® 2u,,

2g g
So all three particles have the same time period
Range (R) is maximum for C
R = horizontal component of velocity X T
So, horizontal component of velocity is greater for
C

u= /u,zc+u32,

Uy is least for A and u,, are same for all, so u is
least for A

(b)

Initial velocity i = u cos 01 + u sin 8]

298

299

300

V3 1
7= 601+ 60 (§>j — 30v3i + 30]
Velocity after 3s
U=1ucos0i+ (usin® — gt)f
= 30+/31(30 — 10 x 3)j = 30/3i
Displacement after 2 s:

1
§=ucoseti+<usin6t—§gt2)j

1
=30\/§x22+(30x2—§x10x(2)2>j

= 60V3{ + 40§
Velocity after 2 s ¥ = u cos 67 + (usin 8 — gt)j
= 30V3i + (30 — 10 x 2)j = 303 + 10§
(a)
1. Area of v — t graph lies below time axis, so
displacement is negative, but slope is
positive, so acceleration is positive

2. Area of v — t graph lies above time axis, so
displacement is positive, and slope is
positive, so acceleration is also positive

3. Displacement is zero, because half area is
above time axis and half below. Slope is
negative, so acceleration is negative

4, Area of v — t lies above time axis, so
displacement is positive, and slope is
negative, so acceleration is also negative

(b)

5. In uniform circular motion, acceleration
and velocity are perpendicular to each
other, but in non-uniform circular motion,
angle between velocity and acceleration
lies between zero and i /2

6. In straight line motion, acceleration vector
and velocity vector are collinear to each
other, i.e., angle between them is either
zero or 180°

7. In projectile motion, angle 8 between
velocity and acceleration can vary from
0<b<m

8. In space, angle between velocity and
accelerationmaybe 0 <6 <m

(a)

Slope of velocity-time graph gives acceleration. If
the directions of acceleration and velocity are the
same, then particle is speeding up, otherwise

Page |77



301

302

303

304

305

306

slowing down

Particle moves in the direction of velocity

(b)

If initial velocity and acceleration are in opposite
directions, velocity reaches zero and then
increases in the opposite direction

In (ii), initial velocity and acceleration are in the
same direction, so velocity increases continuously
and particle moves along the direction of
acceleration

In (iii), x > 0 but velocity can be either along
positive or negative x-axis. Similarly in (iv)

)

Particle is accelerating when both velocity and
acceleration are having the same direction (sign),
and acceleration when velocity and acceleration
have opposite direction (sign)

()

Distance will be minimum because man will reach
from A to B directly

B
—
—> Va)
vma) \ ;r)n
6
A

. v - -
sin =—andv,, 1 v,
Umw

Hencei—b,d

Time taken is minimum if ¥,,,, is perpendicular to
Ve

Henceii — ¢, iv —c

If ¥y, < VU, then drift or distance is shortest if
sinf = lz"—w“’ Hence (iii) — a

(9
When v, = \/5gr,vy = \/gr =v9.8x 1 = 3.13
(b)

To avoid skidding on unbanked curve,
v = [urg =+0.2 X 200 x 9.8
=19.8ms™?!

()

From figure tan 8 = % = 15—0 = %

So =tan! G) West of North

307

308

309

310

10 ms™

(b)
Both 4 and R are true and R is the correct

explanation of A
y V,=0

Vertical component
vy, =0
Horizontal component y, = v cos©
(d)
Assertion is true but reason is false.
Horizontal range is same whether the body is
projected at® = 6, or 90 — 6,

But height b = X251°°

2g

Depends on sine of angle of projection, which is
more for large angle (60°) and less for smaller on
(30°)

[hy<M]

(d)

QA represents velocity of man due east
OQrepresents relative velocity of rain w.r.t. man.
Actual velocity of rain is represented by QR fig
OR =/0Q% + RQ? = /32 + 32 = 3v/2kmh™!
LR_1 5 0=45

09

The rain is falling at 45° east of vertical with a
velocity 3v2kmh™!

Also,tan 6 =

Vi = Vo + Vi
0 A
i
0 R
(c)

Taking N as +y-axis and E as +x Axis

Imagine yourself as an observer sitting inside the
car. You will regard the car as being at rest (at C).
Relative to you, the speed of the motorcyclist is
obtained by imposing the reversed velocity of the
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311

312

313

car on motorcyclist as shown in Fig. v,
15ms™ v, =20ms™?!
North

P

—

d Ay

530 B mc

A
53°

 u

Vi

East‘
X - axis

View form inside the car (at C)

Ve = V152 + 202 = 25 ms™?!

0 =tan~! (%) = 53° with x-axis

The motorcyclist appears to move along the line
MP with speed 25 ms™1
The shortest distance = perpendicular distance of
MP fromC =d =d =50c0s53°=>d =30m
Time taken to come closest = time taken by
motorcyclist to reach B

_ MB 50sin53°
T T

=>1=16s
Umce

(©)
d 0.5 km 1

t= = =
vsin® 3sin120°%kmh~1  34/3

h

1 1
x=(w+vcosO)t=(2+3cos120°) —=——
( )t =( )3\/§ o3
(b)
. vm
sin30°=—= v, =1ms™!
vT
30°
%
Vi/m d
\
v, = 0.5

V3
Vrm = Vp €0s 30° 1 X - = 0.5v3ms™?
(©
Velocity of first body at any instant ¢, v; = 2{ —
gtj

Vi/m

v,, = 0.5

Velocity of second body at any instant

Since 1_7)1 1 7._7)2, i.e., 1_7)1 - 1_7)2 =0

2t —gt).(-8i—gtH) =0=> —-16 + g?t2 =0

314

315

316

16 4
— >t=—=04s

>t =
g? 10

Sy =(2x04)i,S, = (8x0.4)(-0)
S, =08fand S, = —3.2%
Separation = §; — (=S,) = 0.8{ + (3.21) = 41

S1 =2t — - gt?}, S, = —8t { — = gt?j
2 2
As §1 1 §2 i.e., §1 '§2 =0

1 1
—16t+—x§g2t4:0:>g2t2=16x4

2
t=4X%x2 t 8 0.8
—1 = = = —=0.
& 10 >
(d)
S=iit+=at
=Uu Za

1
xt+yj = (Gt + > (3t + 2))t?

3 3
X =5t+—t%= 84 =5t 4 —t>
2 2
= 3t2 + 10t — 168 =0
= 3t2+4+28t—18t—168 =0
= [3t+28] —6[3t+28]=0 =2t=6s
y=t’=>y=62=36m

(@
Here r will become range

u? sin 20 .
r=—— =gr =u*sin20

8
h =usin® t+%gt2 fig

X =ucosot

_x
" ucosH
h=usin6 + ! X
S o5 " 25U cos? 0
gx? + 2u?sinBcos® x — 2 hu? cos?0 =0
30°
v
Vi/m "
Y
v, =0.5
ucos®
X = [\/u2 sin? 6 +2gh—usine]
(a)

%mv2 =mg(3—1) =2mg [from conservation
of energy]

0rv=\/4_g=2\/é

Vertical component at A is 2\/§ sin 30°
Time of flight

NG
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317

318

2v sin ©

2Jg 2
g g g

Using S = ut +%at2,we get
1 1
-1 :\/ét—zgtz orzgtz—\/gt—l =0

1
JeE Jgt4xie 113

t = =
g
2% Js
Neglecting negative time, t = 1;\_5
x=2 gcos30°[£\/§]orx=(\/§+3)m
NE
(9
h=vsinet—%gtzor%gtz—vsin9t+h=6
—vsin® 2vsin6
t1+t2=— 1 = =
28 8
orT=(1+3)s=4s
v?sin? @
hmax=2—g
g?T? 1 1
= =—gT?=—-gx4x4
gg 85 ~8b

T
=2g [ vsin® = g7]

1
h=vsin6t—§gt2

Whent = 1s,thenh=vsin6—%g

orh—&él—g—Zg—gorh=2
2 2 2 2
Allter—gt2 —vsin@t+h=0
h h 3g
tit, =T—orlx3=—orh==
102 %g /2 >
(o)
) g 1v2%sin% 0
v2v2 —v?sin?0 = — _
yry g 2 Zg
2 cin2 2 cin2
Orv;=v25in29—v sin 9=v sin© 0
2 2
rv __vsin®
orvy, ==
v sin 02
v'"* = (v cos 0)? + ( )
V2
)
v“sin“ 0
=v?2c0s?0 + ——
2
)
sin“ 0
=v2<c0529+ )
2
; sin2 0
v =v [cos?2 0+
2
2 sin? 0
v2c0526=§v2 cos?0 + ]

or5cos?0 = 2cos?0 + sin?0 or3cos?0 = sinZ 0
ortan?0 = 3ortan® = V3 or 6 = 60°

Angle of projection with vertical is 90° — 60° =

30°

319 (c)

320

321

2x1
10

2h
R=ut=u |—=
g

Vy =U, =3ms!
vi=u5+2gh=02+2x10x1=20
v= |vi+ui=+v29ms™!

(d)

y=xtan0 —

gx?

2u? cos? 0

15 = 30 tan 45 10(30)2
= 15 = o L o
an 2u? cos? 45° U
= 10vV6ms™?

vy = Uy = 10V6 cos 45° = 10v/3ms ™!

v2 =12 + 2a,s, = (10V65in 45°)" + 2(~10)15
=0
So velocity is 10v/3ms ™! horizontally

()

30°

Vi/m

<

v, =0.5

=gsinf,a, = —gcosH
1 2

S, =0 :uyt+5ayt =0

:>vsm9t——gcoset2 =0

2X%X5
10

2vsin©
=St =

3
gcos0 tanG—Zs

1 1
R =u,t +§axt2 = v cos Ot +§gsin6t2

= 5cos 37 —3 + —1 10 X sin 37 (—3)2 = —75
= ° X X 10 X ° X =
cos 213 sin 2 e™

3
Uy = Uy + a,t = 5c0s37° 4+ gsin 37° XZ
17

:71’115

-1
_ 3
vy = Uy +a,t = 551n37°—gcos37°xZ

=—-3ms!

/vx+vy ’ +32— \/_msl

2 2
v v .
We know that a, = p >r= o where r is known

(4

322 (c)
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323

324

as radius of curvature. At the highest point
u?cos? 8

v=ucosf,a,=g=>r=

Similarly, find the velocity and a, at the given
point and then find r. a, will be component of g
perpendicular to velocity at that point fig

30°
\%
Vi/m d

=05

vcos(0/2) =ucos 0 = v =ucos0sec(6/2)
a. =gcos(0/2)

2
Now find r = =

ac

h=H/2,vcos¢p =ucosB

. : H
v2sin? ¢ = u®sin?0 — 287

(D)
..(ii)

u $

b
N |

Squaring (i) and adding in (ii), we get
u?sin? 0
2g

v? =u? — gH where H =

gu cos 0

a. = gcos =
c =gcos¢ "
2

v
Nowr = —
ac

T 150" Floor
200 m

------------------ ¢ 100™ Floor

400 m

Ground floor

1
200 = 8 x (6.39)?
= g =9.798 = 9.80 ms ™2
()
Initial velocity of ball w.r.t. ground
ﬁBG = ﬁBE + ‘l-}EG = 15 + 10 = 25 ms_1 T
“11,dge=10ms™2 |
aEG = 10 - (_5) = 15 ms_z »L

- . 1
Sger = 2m l.Usings = ut+5at2

1})BE = 15 ms

- -
apg = Apg —

325

326

327

328

329

330

w.r.t. elevator frame

1
—2=15t—z>< 152 =t =2.13s

i
10 ms’lT 47 T l
5 ms™ B mlfl -
50 m
Ground
(@)

.. _ Displ 2
Average velocity = 2isplacement _ 7v2
Time t
2mr /4
Where ¢ = 22/%
(b)

y = ax — bx?
or Y = g _opxdE = (a— 2bx)d—x
dt dt dt dt
[nitially x =
dzy d?x dx
Tz = (a — 2bx)— dt2 [ 2b

d dt
dcy (dx)
-2
dt? b dt
Mt=oil_—ax—od

0,vy = avy

d?
= (a— 2bx)—

t2=0
a'

= —a=-2b ( ) = —2b(vy)%or v, =

a(l + az)

vE+vi=vn/l+a?=
(b)

x =asinwt,y =a— acoswt

dx dy )
at = a w Ccos wt, vy = — =a wSsinwt

dt
Now v = ’v§+vy = aw

(d)

v, = 15m/s

Ve
200m[

1
Sy =vyt—zgt2 = —200 =15t -5t*=>t
=8secx =20x8=160m

Uy = =57

X

(d)
v=u+t+at=2i—-9))+ (4i+3j)x2=10{— 3]
(@)
Vea=Vs—Vy
= —14 cos45°1 + 14 sin 45°] — (2 cos 45°7)
— 2sin45j
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331

332

333

= —%i+%j = —8V2i + 6v2f

(d)

Two given planes are mutually perpendicular and
the particle is projected perpendicularly from
plane OA. It means u is parallel to plane OB

At the instant of collision of the particle with OB,
its velocity is perpendicular to OB or velocity
component parallel to OB is zero

First considering motion of particle parallel to
plane OB,u = 10v3 ms~?, acceleration

—gsin 60° = —5v/3 ms 2

v=0,t=?s=?

Usingv=u+at 20=10V3-5V3t =t =25

1 1
s=ut+§at2 = 0Q = 10\/§x2—§5\/§(2)2

= 0Q = 10V3m

Now considering motion of the particle normal to
plane OB. Initial, velocity =0, acceleration
=gcos60°=5ms %t =2s,v=?s=P0 =?
Using v = u + at,
We getv =10 ms™
s = it+%a1§2 orPO =10m

h =P0sin30° =10 X sin30°=5m

Inclination of velocity at point P with the vertical
is 30°, therefore its vertical component is,

u cos 30°

Considering vertically upward motion of the
1

1

15 ms~?! (upward)

particle from P, intial velocity = 15 ms~
Acceleration = —g = =10 ms%,v=0s=H=?
Usingv? = u?+ 2 as,wegetH = 11.25m
Maximum height reached by particle above O is
h+H =16.25m

Distance PQ = /(P0)? + (0Q)?

2
= J(10)2 +(10v3) =20m
(b)
Since the x — t graph is parabolic, its slope
(velocity) should change linearly. At t = 0, slope
is positive, so velocity should be positive. Att =T,

slope is zero, so velocity should be zero. Att = 0,
slope is negative, so velocity should be negative

(b)
a=5t =

d 5 5
:>—y=—t2zy=—t3

dt 2 6
: 5 6a\1/3
Puttingy = d, we getd = Et3 =>t= (?)

t2

2

dv, B

ot 5t=>vy=

334 (2)

335

336

337

AB =2 Rcos9

1 1
AB =§gcoset2 = 2Rcos0 =§gc059t2

2B s |,
— = = — =
g 10 s

(2)
) 1
y = usin 6t —Egt2

15 =52 % St 1><10t2
B 13~ 2

5t24+-20t+15=0

t2—4t+3=0
t?—3txt+3=0=2t(t—-3)—-1(t-3)=0
ty =1s =2t, =3s
Thus,t, —t; =3—-1=2s

(4)

Initial velocity u = ucos 67 + usin® j
Velocity after time t is
v=ucosBi+ (usind —gt)j

usinh

6

— ycosH

Since u and v are perpendicular to each other
u-v=_0
(ucosOi+usinbj) X [ucosOi+ (usin® — gt)j]

=0
u?cos?0 +u?sin?0 —usinOgt =0
. u 20 _4
~gsin®  1oxt >
2
(5)

At any instant t, the distance of the particles P and
Q from O are (1 — v,t) and (£; — vyt),
respectively

P Vi e)
~ -
2- Vot
\Vz
Q

s=PQ = \/({)1 —v1t)? + (£ — v,t)?
For minimum s

ds d?s

Ez-— 0 an(iE?;I> 0

ds _

2 =
St

2 (1 —vt)(—v1) + 2(£, — vt) (—vy)
=0
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338

339

340

341

342

. ‘917]1 +‘£2U2 .

v+ vi
Liv, + 4,10
Smin = m =2.237>2m
(4)
V2
Vav = T_/4-
V2 x4v  242v  2v2(\2m)
- 2nr - T - T =4m/s
9)
v, = v cos60° = 2V15 m/s
v =44/15m/s
~ vy, =vsin60° = 4@? = 2vV/45m/s
_— vi _ 4x45 9
max — E ~ 20 m
(5)

As the velocity of the ball changes from v; to 5,
the change in velocity Av is given by

|AD| = \/1712 + v2 — 2v,v, cos O

Where v; = 30 m/s,v, =40 m/s and 6 = 90°.
Then, |A¥| = 5m/s
aa,,=%=%=5><102m/s2
(2)
At minimum velocity, it will move just touching
point E reaching the ground A is origin of
reference co-ordinate
If u is the minimum speed, x = 40,y = 20,0 = 0°
x%sec? 0

2u?
Where g = 10 ms™2 = 1000 cm s™2

y=tanf —g

""""1:j __________ x
B
iV
- |
20cm |
_ 800000
- 2u?
u=200cms '=2ms™ !
(5)
2usin @ 2%x10 x+/3
T = >T=—————— =+/3sec
g 10 x 2

1
R =ucost9.T—§aT2

1 1 1
115 =10 xzx@—zx@—za(x@)z

343

344

345

346

3
Sa= 5v3 — 1.15

3a
> =865—115=75

2
a=7.5><§zm/sec2

a = 5m/ sec?

(5)

_ax _ W, =4
vx—dt—3andvy—dt—4 10t = 4
10(0) =4

v=[vE+ vﬁ]“z = [3%2 + 4%]Y2 = 5 m/sec

(7)
Att = T/6, particle will travel only 1/6 of the
circle

A gge

30°

Average speed = ArcdB _ (2mR)/6 _ ZmR

Time T/6 T
. Chord AB _ 2Rsin30° _ 6R
Average velocity = —; = =—
Time T/6 T

. R [44 22 1
Difference = p= [7 - 6] == 2 ms~! (given)
R=7T=7(1)=7m
(3)

The horizontal and vertical components of the

velocity are the same, let it be u = v cos 45°
B(d, 1+1)

@ 0) Gd. 0) X
2
From A to B: 1 :121—g=>u2 =2g

AtB:d =ut; =t; =d/u

_ o _8a_ 4 8d
1=uty 2t1 uu 272
2 d2
S1=d-2Z51=d->—
4g
>4=4d—-d*=>d*—4d+4=0
=>d=2m
3d
AtC:3d = ut, > t, ==
1 3d g9d? 9gd?
~l=uty,—=gt;=u-——2—=3d —
e T sh = U T2 4g
= 3d 9d2—3x2 9><4—6 9=-3
= = JX4= =
=[=3m
(0)
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As s — t graph is a parabola, it can be given as
s = kyt — k,t?, where k, and k, are constants.
Since it is symmetrical t = 1 s, we have equal

. 1 3
displacements att = S andt = > S that tells us

that line AB joining two coordinates is parallel to
the t-axis. Hence, slope of AB is zero. This implies
that the average velocity during the time interval
At = 1sis zero

s

T

172's s 15s2s

Al —»

o

347 (3)

348

The velocity of the particle at t = 4 s can be given
as
a(m/s?)

5

-10

1})4_ = 1_7)0 + A'l_]) ...(i)

Where AV = A(= are under a — t) graph during
first4s)

Referring to a — t graph (shown in the figure), we
have

A = Al + Az - A3 - A4 (11)

Where 4, =5%x1=5,4, =%><x><5

As =%><(1—x)><10andA4 =§x2x10= 10
We can find the value of x as follows:

Using properties of similar triangles, we have

X 1-x

5 10

This yields x = %

Substituting x = gin A, = % X x X 5and

1
3= )
A —2(1 x) X 10, we have
10

3
Then substituting A4, A,, A3 and A, in Eq. (ii), we
have A = —=7.5 = Av=—-7.5and ¥, = 10.5m/s
Hence, we have v, = vy + Av = 10.5 - 7.5 =
3m/s

(2)

80—1><10
2

AZ = zandA:g =

349

350

351

:‘]OII’IS_1 T ZOms'l
h
<—X2—><—x1—>
t2 80 t=14
= —= =
5

X1 =20x%x4 =120

X, =30%x4 =120

Separation x; +x, = 80 + 120 = 200 m

(2)

Let the velocity of car be u when the ball is
thrown. Initial velocity of car =Horizontal velocity
of ball

Distance travelled by ball B, S}, = ut (in horizontal
direction)

Car has travelled extra distance = S, = §) = %at2

I
x

| —
O O

Ball can be considered a projectile having 8 = 90°
_ 2usin© _ 2x9.8

- g 98

=2s

S.—S =lat2=1(1)22=2m
c b 2 2

Hence, the ball will drop 2 m behind the boy
(5)
Vy =U, +a,t >0 =ucos30°—gsin30°t

E

=t

\y

1 2
Sy =uyt+ ant

1
= —H cos 30° = —usin30°t — 8cos 30° t2

—uuv3 1 V3u?3

2 2 g
=>u=,/2gH/5=,/2x10 x 6.25/5 = 5m/s
(6)

Maximum range (6 = 45°) =

2
u;=0.8u=2\/§m
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Distance covered in 3 s = (u cos 45°)(3)

—(2\/_)( )(3)—6m

352 (9)
Radius of curvature at the highest point
v (vo cos 8)?
r=—r=——"
g g
Vo
v
h
b |
Vg cos 0 = \/a (1)
Maximum height h = % = vy sinb = ,/gh
.. (i)
By using (i) and (ii), we get
v¢sin?0+ vicos?0=gh+gr=gh+r)
= vy =+/gh+7) =,10(5+3) =9ms™?
353 (5)
Let the particle meet after at time t. First of all, we
choose the point of collision above the top of the
cliff
For the first particle, s = s, vy = v1,a = —g
Then, s; = vt — %gt2 (i)
For the second particle, s = s5,v9 = v,,a = —g
Then, s, = v,t — %gt2 ..(i)
Referring to the figure, s, —s; = h ...(iii)
Substituting s; from Eq. (i), s, from Eq. (ii) in Eq.
(iii),
Wehavet = —— =12 =55
V=11 4-2
354 (2)

Dynamic Classes

DCAM classes

2u sin(a—B)

(a) T= gcosf

(D)

Now we shall consider the motion of particle
along OA

(b) When the particle strikes the plane
horizontally
2usin(a—P3)
gcosf
and 0 = usina — gt
2usin(a — B)
gcos
2tanf =tana = tana:tanff = 2

In this case t =

usina =g[

for Academic Mastery

Page | 85



