
NCERT Solutions for Class 11 Physics Chapter 4 Motion in A 
Plane 

Q-1: State whether the following physical quantities are scalar or vector.

(i) Mass

(ii) Volume

(iii) Speed

(iv) Acceleration

(v) Density

(vi) Number of moles

(vii) Velocity

(viii) Angular frequency

(ix) Displacement

(x) Angular velocity

Ans: 

Scalar: Density, mass. speed, volume, angular frequency, number of moles. 

Vector: Velocity, acceleration, angular velocity, displacement. 

A scalar quantity depends only on the magnitude and it is independent of the direction. Density, mass, 

speed, volume, angular frequency and number of moles are scalar quantities. 

A vector quantity depends on the magnitude as well as the direction. Velocity, acceleration, angular 

velocity, displacement comes under this. 

Q-2: From the following pick any two scalar quantities:

Force, angular momentum, work, current, linear momentum, electric field, average velocity, magnetic 

momentum, relative velocity. 

Ans: 

The dot product of force and displacement is the work done. Work is a scalar quantity since dot 

product of two quantity is always scalar. 

Current is a scalar quantity as it is described only by its magnitude and it is independent of direction. 

Q-3: From the following identify the vector quantities:

Pressure, temperature, energy, time, gravitational potential, power, total path length, charge, 

coefficient of friction, impulse. 

Ans: 

Impulse is the product of force and time. Since force is a vector quantity, its product with time which 

is a scalar quantity gives a vector quantity. 

Q-4: State with reasons, whether the following algebraic operations with scalar and vector physical

quantities are meaningful

(a) Addition of any two scalars

(b) Adding a scalar to a vector which has the same dimensions

(c) Multiplying a vector by any scalar

(d) Multiplying any two scalars

(e) Adding any two vectors

(f) Addition of a vector component to the same vector.

Ans: 

(a) Meaningful:

The addition of two scalar quantities is meaningful only if they both represent the same physical 

quantity. 

(b) Not Meaningful:

The addition of a vector quantity with a scalar quantity is not meaningful 
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(c) Meaningful:

A scalar can be multiplied with a vector. For example, force is multiplied with time to give impulse. 
(d) Meaningful:

A scalar, irrespective of the physical quantity it represents, can be multiplied by another scalar having 
the same or different dimensions. 

(e) Meaningful:

The addition of two vector quantities is meaningful only if they both represent the same physical 
quantity. 

(f) Meaningful:

A component of a vector can be added to the same vector as they both have the same dimensions. 

Q-5: Read each statement below carefully and state with reasons, if it is true or false:

(a) The magnitude of a vector is always a scalar

(b) Each component of a vector is always a scalar

(c) The total path length is always equal to the magnitude of the displacement vector of a particle

(d) The average speed of a particle (defined as total path length divided by the time taken to cover

the path) is either greater or equal to the magnitude of the average velocity of the particle over the

same interval of time

(e) Three vectors not lying in a plane can never add up to give a null vector.

Ans: 

(a) True:

The magnitude of a vector is a number. So, it is a scalar. 

(b) False:

Each component of a vector is also a vector. 

(c) False:

The total path length is a scalar quantity, whereas displacement is a vector quantity. Hence, the total 
path length is always greater than the magnitude of displacement. It becomes equal to the magnitude 
of displacement only when a particle is moving in a straight line. 

(d) True:

It is because of the fact that the total path length is always greater than or equal to the magnitude of 
displacement of a particle. 

(e) True:

Three vectors, which do not lie in a plane, cannot be represented by the sides of a triangle taken in the 
same order. 

Q-6: Establish the following vector inequalities geometrically or otherwise:

(a) la+ bl � lal + lbl

(b)la- bl 2:: llal- lbll 

(d) la-bl � I lal-lbl I

When does the equality sign above apply? 

Ans: 

(a) Let two vectors a and b be represented by the adjacent sides of a parallelogram PQRS, as given in 
the figure  



s ...•................. R 

Q 

Here, 

IQRI = 1a1 --(i)

I Rs I = IQPI = lbl --(ii)

IQsl = la:+ bl --(iii)

Each side in a triangle is smaller than the sum of the other two sides. 

Therefore, in 6.QRS, 

QS <(QR+ RS) 

la+ bl < 1a1 + lbl -- (iv)

If the two vectors a and b act along a straight line in the same direction, then: 

Combine equation (iv) and (v), 

(b) Let two vectors a and b be represented by the adjacent sides of a parallelogram PQRS, as given

in the figure. 

R 

Here, 

IQRI = 
1a1 --(i)

IRsl = IQPI = lbl --(ii)

IQsl = la+ bl --<m> 















Velocity of the wind = Vw = 72 km/h 

The flag is fluttering in the northeast direction. It shows that the wind is blowing toward the north-east 
direction. When the ship begins sailing toward the north, the flag will move along the direction of the 

relative velocity ( Vwb) of the wind with respect to the boat. 

.. 

.... 

The angle between Vw and (-vb) = 900 + 450 tan{]= 
51 si:n(90+45)

72+51 cos(90+45) 

51 sin45 

72+51(- cos 45) 

72-5lx �

51 

51 

72x 1.414-51 

frac5150.800 

tan- 1 (1.0038) =45.11° 

Angle with respect to the east direction = 45.11° - 45° = 0.11 • 

Hence, the flag will flutter almost due east. 

Q-15: The ceiling of a long hall Is 25 m high. What is the maximum horizontal distance that a ball is



thrown with a speed of 40 ms-1 can go without hitting the ceiling of the hall?

Ans: 

Speed of the ball. u = 40 ms·1

Maximum height, h = 25 m 

In projectile motion, the maximum height achieved by a body projected at an angle 0. is given as: 

h = 112 

�;1
2 

0 25 = (40J:���2 0 sin2 0 = 0.30625 sin 0 = 0.5534 0 = sin- 1 (0.5534) =

33.60° 

Horizontal range, R: 

= 
u

t sin20 
g 

= (40)2 sin 2x33.60 
9.8 

= 1600xsin 67.2 
9.8 

= 1600x0.922 
= 150_53 m 9.8 

Q-16: A cricketer can throw a ball to a maximum horizontal distance of 100 m. How much high above

the ground can the cricketer throw the same ball?

Ans: 

Maximum horizontal distance, R = 100 m

The cricketer will only be able to throw the ball to the maximum horizontal distance when the angle of 

projection is 45° i.e., 0 = 33.60
° 

The horizontal range for a projection velocity v, is given as: 

2 • l 2 
R= u sm 2o 100= '!!:..sin90° '!!:.. = 100--(i)

g g g 

The ball will achieve the max height when it is thrown vertically upward. For such motion, the final 
velocity v is O at the max height H. 

Acceleration, a = - g 

Using the 3rd equation of motion: 

= H = l x 100 = 50 m
2 

Q-17: A stone tied to the end of a string 80 cm long is whirled in a horizontal circle with a constant

speed. If the stone makes 14 revolutions in 25 s, what is the direction and magnitude of the 

acceleration of the stone? 

Ans: 

Length of the string, I = 80 cm = 0.8 m 

No. of revolutions = 14 
Time taken = 25s



Frequency, v = No. of revolution =
Time taken 

Angular frequency w,

= 27l"V 

Centripetal acceleration: 

14 H 
25 

Z 

The direction of centripetal acceleration is always directed along the string, toward the centre, at 

all points. 

Q-18: An aircraft executes a horizontal loop of radius 1 km with a steady speed of 900 km h-1.Compare its centripetal 
acceleration with the acceleration due to gravity.



18

Ans: 

Radius of the loop, r = 1 km = 1000 m 

Speed, v = 900 km h"1 = 900 x 5 
 

= 250 ms·1

v
2 

Centripetal acceleration: ac =
r 

= (25oJ2 
= 

62 5 ms·2
1000 

Acceleration due to gravity, g = 9.8 ms·2

� = 62.5 
= 6 38

g 9.8 
. 

ac = 6.38 g

Q-19: Read each statement below carefully and state, with reasons, if it is true or false:

(a) The net acceleration of a particle in a circular motion is always along the radius of the circle

towards the centre.

(b) The velocity vector of a particle at a point is always along the tangent to the path of the particle

at that point.

(c) The acceleration vector of a particle in uniform circular motion averaged over one cycle is a null

vector.

Ans: 

(a) False

The net acceleration of a particle in a circular motion is always directed along the radius of the circle 

toward the centre only in the case of uniform circular motion. 

(b) True

At a point on a circular path, a particle appears to move tangentially to the circular path. 

(c) True

In uniform circular motion (UCM), the direction of the acceleration vector points toward the centre of 

the circle. However, it constantly changes with time. The average of these vectors over one cycle is a 

null vector. 

Q-20: The position of a particle is given by

A 2 A 

• 

r = 3.0t i-2.0t j + 4.0k m 

Where t is in seconds and the coefficients have the proper units for r to be in meters. 

(a) Find the 'v' and 'a' of the particle?

(b) What is the magnitude and direction of the velocity of the particle at t = 2.0 s?

Ans: 

(a) The position of the particle is given by:

A 

2 A 

A 

r = 3.0t i-2.0t j + 4.0k 

Velocity v, of the particle is given as: 

v = �� = ft ( 3.0t i-2.ot2 3 + 4.0k) 



v = 3.0 i -4.0t j 

Acceleration a, of the particle is given as:

d- d ( A A) 
a = dy = dt 3.0 i-4.0t j 

a= -4.0] 

8.54 m/s, 69.45° below the x - axis

(b) we have velocity vector, v = 3.0 i-4.0t J

At t = 2.0 s: 

v = 3.0 i-8.0] 

The magnitude of velocity is given by:

lvl = ✓3.02 + -s.02 = ✓73 = 8.54 m/ s

Direction, 0 = tan -1 ( :: )

tan-1 c-/) = -tan-1 (2.667)

= 69.45° 

The negative sign indicates that the direction of velocity is below the x - axis.

Q-21: A particle starts from the origin at t = 0 s with the velocity of 10 J m s- 1 and moves in the x

-y plane with a constant acceleration of ( 8.0 i + 2.0 J) m s-
2

•

(a) At what time is the x-coordinate of the particle 16 m? What is the y-coordinate of the particle at
that time?

{b) What is the speed of the particle at the time?
Ans:

(a) Velocity of the particle= 10 J m s-1

Acceleration of the particle = ( 8.0 i + 2.0 J) m s-2

But, a = � = 8.0 i + 2.0 J d; = ( 8.0 i + 2.0 J) ; dt

Integrating both the sides:



Where, ii, = velocity vector of the particle at t = 0 

v = velocity vector of the particle at time t 

But, v = t lr = v dt

= ( 8.0t i + 2.0t 3 + u) dt

Integrating the equations with the conditions: 
At t = O; r = 0 and at t = t; r = r. 

r = ut + ½B.Ot2 i + ½ x 2.ot2 3 :;: = ut + 4.0t2 i + t2 3 r = ( 10.0 3) t +

Since the motion of the particle is confined to the x-y plane, on equating the coefficients of i and 3, 

we get 

X = 4t2

_ (X) 1 t - 4 

y = l0t + t
2

When x = 16 m: 

! 

t= (�6 )2 =2s 

Therefore, y = 10 x 2 + (2)2 = 24 m

(b) Velocity of the particle:

v(t) = s.ot l + 2.ot 3 + u

At t = 2 s: 

v(t) = s.o x 2 i + 2.0 x 2 3 + 20 3 v(t) = 16 i + 14 3 
Therefore, Speed of the particle: 

lvl = ✓ (16) 2 
+ (14)2 lvl = ✓256 + 196 lvl = v1452 lvl = 21.26 m s-l

Q-22: i and J are unit vectors along x- and y-axis respectively. What is the magnitude and direction



of the vectors i + j and i - j ? What are the components of a vector A = 2 i and 3 j along the 

directions of i + J and i - J? (You may use graphical method) 

Ans: 

Consider a vector P, given as below, 

P = i + ] Px i + P
y 

] = i + ] 

Comparing the components on both the sides, we get: 

Therefore, the magnitude of the vector i + J is v'2. 

Let 0 be the angle made by the vector P, with the x - axis as given in the figure below. 

,·.l7
--r-+-x 

tan0 = (*) 0 = tan- 1 (t) 0 = 45° --(ii)

Therefore, the vector i-J makes an angle of 45° with the x axis. 

Let Q = i-] Qa- i-Qy 1 = i-] Qx = Qy = l IQI = JQ� + Q� IQI = v'2 --

(iii) 

Therefore, the magnitude of the vector i-J is v'2. 

Let 0 be the angle by the vector Q, with the x - axis as given in the figure below, 

y 

I} 

' 
Q,, .•••.••• ' 

X 



Therefore, the vector i-j makes an angle of -45° with the x axis.

It is given that,

Comparing the components on both the sides, we get:

Let A
x 

make an angle 0 with the x- axis, as it is shown in the figure,

Angle between the vectors ( 2i + 3]) and ( i + J), 

0' = 56.31-45 = 11.31° 

Components of vector A. along the direction of f>, making an angle 0.

= (Acos0')? 

= (A cos 11.31) (i�p 

= 2-.. -- (v) 
v2 

Let 0' be the angle between the vectors (2i + 3]) and ( i-]) 0" = 45 + 56.31 = 

101.11 ° 



Component of vector A, along the direction of Q, making an angle 0.

= ( A cos 0" ) Q 

= (A cos 0") d.../2 

= v'13 cos (901.31 °) (�)

= -[ii sinll.30° (l-J) 

= -2.550 X 0.1961 (i-3) 

= -0.5 (i-])

=_...!...--(iv) 
../2 

Q-23: Which of the given relations are true for any arbitrary motion in space?

(c) v(t) = v (0) + at

(d) r·(t) = r(O) + v(0)t + (½) at2

Ans: 

(a) False

It is given that the motion of the particle is arbitrary. Therefore, the average velocity of the particle 

cannot be given by this equation. 

(b) True

The arbitrary motion of the particle can be represented by this equation. 

(c) False

The motion of the particle is arbitrary. The acceleration of the particle may also be non-uniform. 

Hence, this equation cannot represent the motion of the particle in space. 

{d) False 



The motion of the particle is arbitrary; acceleration of the particle may also be non-uniform. Hence, 
this equation cannot represent the motion of a particle in space.

(e) True

The arbitrary motion of the particle can be represented by this equation. 

Q-24: Read each statement below carefully and state, with reasons and examples, if it is true or false

A scalar quantity is one that 

(a) is conserved in a process

(b) can never take negative values

(c) must be dimensionless

(d) does not vary from one point to another in space

(e) has the same value for observers with different orientations of axes

Ans: 

(a) False

Despite being a scalar quantity, energy is not conserved in inelastic collisions. 

b) False

Despite being a scalar quantity, the temperature can take negative values. 

c) False

The total path length is a scalar quantity. Yet it has the dimension of length. 

d) False

A scalar quantity such as gravitational potential can vary from one point to another in space. 

e) True

The value of a scalar does not vary for observers with different orientations of axes. 

Q-25: A bird is flying 350 m high. A person is standing on the ground notices that the bird subtends 

30° w.r. t to the person in positions 12 s apart. Determine the speed of the bird. 

Ans: 

Figure shows the position of the kite with respect to person, 

A D B 

15•: JO:: 

0 

Height of the kite = OD = 350 m 

Angle subtended by bird = 30° 

Time = 12 s 

In .6AOB: 

Thus. 

tan 15
° 

= jg 

AD= OD tan 15
° 







sin A= .!!. 
tl 

11tr = o.388 

= 22.83°

Now, to avoid being hit by the shell, the pilot should fly the helicopter at altitude (H) higher than the 
maximum height that can be achieved by the shell. 

H 
= u

2 
sin

2 90-A 
2g 

(300)2 
cos

2 
A 

2g 

90000xcos
2 

2.83

2xl0 

: 4500 X 0.84922

= 3822.56 = approx 3.8 km 

Q-31: A biker is riding his bike at the speed of 54 km/h. As the rider approaches the circular turn on

the road having radius 70 m, he reduces the speed of bike at a constant rate of 0.70 m/s2, by

applying brakes. Find out the direction and magnitude of the net acceleration of the biker on this

turn.

Ans. 

Radius of turn = 70 m 

Speed of bike= 54 km/h = 15 m/s 

Now, centripetal acceleration: 

2 a -

'.!!.... 
C - 1' 

(��) = 3.2lm/ s2 

The problem is shown in the fig. 

Assuming that a biker starts its journey from point A and moves towards point B. Now, at point B he 
decelerates the speed of bike by 0.70 m/s2 applying breaks. 

So, this acceleration (ar)is in the opposite direction to the motion of the biker and along the tangent at 
B. 

Now.a= Ja�+a}= J(3.21)2+(0.7)2 = 3.28m/s2 tan8= :;;8is the 

direction of net acceleration 

Thus, 

 



=} e = tan-1 (4.58) 
= 77.69°

Q-32: Prove that for a projectile motion the angle between x- axis and velocity as a function of time

and is given by:

Also prove that the angl:e of projection when a projectile is launched from origin is given by: 

Ans: 

Assuming the Vx = initial velocity of component in x- direction and Vy= initial velocity of component in 
y- direction 

Assuming the Ux = velocity of component at point O in x- direction and Uy= velocity of component at 
point O in y- direction 

v.-•r�i116 

"'.,.-,.,,cOG6 X 

The projectile reaches point O in time, t. 

Applying the 1 st law of motion along vertical and horizontal direction, 

u = v + gt, here v = u

Therefore, tan 0 =

Now, maximum vertical height: 

ti2sin2 26 
h - o (a) max - Zg .......... . 

Horizontal Range: 

R = 

u�siih0 .............. (b) 
g 

Now, solving (a) and (b), we get: 

-h,.,0,. _ sin2 0 _ sin 0xsin 0 
-R- 2sin2 0 - 2x2sin0cos0 

sine 
4cose ¼ tan 0 tan 0 = 

411;.i"" 0 =
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