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NCERT ONE-LINERS
(Important Points to Remember)

5.1 Introduction

¨ Energy  is  our  capacity  to  do  work.  In  Physics  too,  the
term ‘energy’ is related to work in this sense, but the term
‘work’ is defined much more precisely.

¨ Work is said to be done when a force applied on the body
displaces the body through a certain distance in the
direction of force.

The Scalar Product
¨ The scalar product or dot product of any two vectors A

and B, denoted as A.B is  defined as
A.B = A B cos q

where q is the angle between the two vectors.

B

(a)
Fig.: (a) The scalar product of two vectors A and B is a scalar: A.B
= AB cosq.

¨ The dot product of A and B is a scalar quantity. Each
vector, A and B, has a direction but their scalar product
does not have a direction.

Two vectors A
ur

and B
ur

are said to be orthogonal if A
ur

. B
ur

= 0

NEET  2015

¨ B cos q is the projection of B onto A and A cos q is the
projection of A onto B.

B

B cosq

B

A co
s q

(b) (c)
Fig.: (b) B cosq is the projection of B onto A. (c) A cosq is
the projection of A onto B.
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¨ The scalar product follows the commutative law:
A.B = B.A

¨ Scalar product obeys the distributive law:
A. (B + C) = A.B + A.C

¨ For unit vectors ˆ ˆ ˆi, j, k we have

ˆ ˆ ˆ ˆ ˆ ˆ 1
ˆ ˆ ˆ ˆˆ ˆ 0

× × = × =

× × = × =

i i = j j k k

i j = j k k i

5.2 Notions of Work and Kinetic
Energy: The Work-energy Theorem

¨ The change in kinetic energy of a particle is equal to the
work done on it by the net force.

Kf – Ki = w
2 21 1 =

2 2
- =mv mu ma.d F d×

This is known as work energy theorem. NEET  2015, 2017

5.3 Work

¨ The work done by the force is defined to be the product
of component of the force in the direction of the
displacement and the magnitude of this displacement.
Thus W = (F cos q)d = F.d

Fig.: An object undergoes a displacement d under the influence of
the force F.

No work is done if :
· the displacement is zero. A weightlifter holding a 150kg

mass steadily on his shoulder for 30 s does no work on
the load during this time.

· the force is zero. A block moving on a smooth horizontal
table is not acted upon by a horizontal force (since there
is no friction), but may undergo a large displacement.

· the force and displacement are mutually perpendicular.
This is so since, for q = p/2 rad (= 90°), cos(p/2) = 0.

¨ In many examples the frictional force opposes
displacement and q = 180°. Then the work done by friction
is negative (cos 180° = –1).

5.4 Kinetic Energy

¨ If an object of mass m has velocity v, its kinetic energy K is

21 1
2 2

K m mv= × =v v

Relation between kinetic energy (K) and momentum (p) is
given by

2 2 21 v 1
2 2

m pK
m m

= =

¨ Kinetic energy is a scalar quantity. The kinetic energy of
an object is a measure of the work an object can do by the
virtue of its motion.

¨ The kinetic energy of a fast flowing stream has been used
to grind corn. Sailing ships employ the kinetic energy of
the wind.

5.5 Work Done by a Variable Force

¨ For a varying force the work done can be expressed as a
definite integral of force over displacement.

¨ The work done by a variable force is

( )d= ò
f

i

x

x
W F x x                               NEET  2019

Fig.: The shaded rectangle represented the work done by
the varying force F(x), over the small displacement Dx,
DW = F(x) Dx.

5.6 The Work-Energy Theorem for a
Variable Force

¨ The time rate of change of kinetic energy is

21
2

dK d mv
dt dt

æ ö= ç ÷
è ø

 = dvm v
dt

= F v (from Newton’s Second Law) = 
dxF
dt

Thus dK = Fdx
Integrating from the initial position (xi) to final position
( xf ), we have

=ò ò
K x

K x

f f

i i

dK Fdx

where, Ki and Kf are the initial and final kinetic energies
corresponding to xi and xf .

or Kf – Ki = ò
x

x

f

i

Fdx = W

5.7 The Concept of Potential Energy

¨ Potential energy is the ‘stored energy’ by virtue of the
position or configuration of a body.

¨ Gravitational potential energy of an object, as a function
of the height h, is denoted by V(h) and it is the negative
of work done by the gravitational force in raising the object
to that height.

V (h) = mgh NEET  2021

¨ If h is taken as a variable, the gravitational force F equals
the negative of the derivative of V(h)  with  respect  to  h.

( )
d
dF V h m g
h

= - =
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The negative sign indicates that the gravitational force is
downward.

¨ Change in potential energy (Vf – Vi) = DV = Vf – Vi

( )d= ò
f

i

x

x
F x x = – Wconservative

¨ The work done by a conservative force such as gravity
depends on the initial and final positions only.

¨ If the work done or the kinetic energy did depend on
other factors such as the velocity or the particular path
taken by the object, the force would be called non-
conservative.

¨ When work is done upon a system by a conservative
force then its potential energy increases. NEET  20111

5.8 The Conservation of Mechanical Energy

¨ Suppose that a body undergoes displacement Dx under
the action of a conservative force F. Then from the WE
theorem we have,

DK = F(x) Dx
¨ If the force is conservative, the potential energy function

V(x) can be defined such that
DV = –F(x) Dx

The above equations imply that
DK + DV = 0
D(K + V ) = 0

¨ Individually the kinetic energy (K) and potential energy
V(x) may vary from point to point but the sum is a constant.

¨ The work done by the conservative force depends only
on the end points. This can be seen from the relation,
Work done W = Kf  – Ki = V(xi) – V(xf )
which depends on the end points.

¨ Work done by this force in a closed path is zero.
¨ The total mechanical energy of a system is conserved if

the forces, doing work on it, are conservative.
Vertical Circular Motion
¨ At the maximum height from the ground. The energy is

purely potential (E = mgH). It is partially converted to
kinetic at height h (E = mgh + ½ mv2) and is fully kinetic at
ground level (k = ½ mv2).

C

mg
Tc

B

L

TA
A

mg
v0

¨ The potential energy of the system to be zero at the lowest
point A. Thus, at A :

2
0

1
2

=E mv ; 
2
0- =A

mvT mg
L

[Newton's Second Law]
where TA is the tension in the string at A.

¨ At the highest point C, the string slackens, as the tension
in the string (TC) becomes zero.
Thus,  at  C

21 2
2

= +cE mv mgL ; 
2

= cmvmg
L

 [Newton's Second Law]

where vC is the speed at C. 
5
2

=E mgL

Equating this to the energy at A
2
0

5
2 2

=
mmgL v  or, 0 5=v gL

It is clear; =cv gL
At B,  the energy is

21
2

= +BE mv mgL

Equating this to the energy at A and employing the result
namely 2

0 5=v gL

2 2
0

1 1
2 2

+ =Bmc mgL mv  
5
2

= mgL  3\ =Bv gL

The ratio of the kinetic energies at B and C is :
2

2

1
32

1 1
2

= =
B

B

C
C

mvK
K mv

At point C, the string becomes slack and the velocity of
the bob is horizontal and to the left.

¨ When one end of a string of length l is  connected  to  a
particle  of  mass  m  and  the  other  end  to  a  small  peg  on  a
smooth horizontal surface. Centripetal force for circular motion
will be provided by the tension in string. NEET  2017

5.9 The Potential Energy of a Spring

¨ Force law for the spring is called Hooke’s law and is
mathematically stated as

Fs = –kx
The constant k is called the spring constant.

¨ The spring is said to be stiff if k is large and soft if k is
small.

¨ If the extension is xm, then work done by the spring force is

2

0 0
d d

2

m mx x
m

s s
k xW F x kx x= = - = -ò ò  NEET  2015

 
2

2
Þ - = - = m

f i
kxV V W

2

2
Þ = mkxV  [putting Vi = 0 & Vf = V]

21
2

= mV kx  is the potential energy stored in spring in
extension or compression xm.

¨ If the block is moved from an initial displacement xi to  a
final displacement xf ,  the work done by the spring force
Ws is

22
d

2 2

f

i

x
fi

s
x

k xk xW k x x= - = -ò       NEET  2023
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¨ If the block is pulled from xi and allowed to return to xi;
2 2

d 0
2 2

f

i

x
i i

s
x

k x k xW k x x= - = - =ò
The work done by the spring force in a cyclic process is
zero.

¨ Spring force (i) is position dependent only as first stated
by Hooke (Fs =  –kx); (ii) does work which only depends
on the initial and final positions.

¨ The spring force is a conservative force.
¨ The potential energy V(x) of the spring is zero when block

and spring system is in the equilibrium position.
Fs = 0
x = 0(a)

xx = 0

(b)

Fs is negative 
x is positive

x
x

Fs

(c)

Fs is positive 
x is negative

x x
x = 0

(d) O B

A

x

Fs

xm

F
kx

s  = – 
2

Area
2

= - mkx

Fig.: Illustration of the spring force with a block attached to
the free end of the spring. (a) The spring force Fs is zero
when the displacement x from the equilibrium position is
zero. (b) For the stretched spring x > 0 and Fs < 0 (c) For
the compressed spring x < 0 and Fs > 0.(d) The plot of Fsversus x. The area of the shaded triangle represents the work
done by the spring force. Due to the opposing signs of Fs and
x, this work done is negative, Ws = –kxm

2 / 2.
¨ The kinetic energy (K) of spring gets converted to

potential  energy  (V)  and  vice  versa,  however,  the  total
mechanical energy remains constant.

5.10 Power

¨ Power is defined as the time rate at which work is done or
energy is transferred.

¨ The average power of a force is defined as the ratio of the
work, W, to the total time t taken

av
WP
t

=  

¨ The instantaneous power is defined as the limiting value
of the average power as time interval approaches zero,

d
d
WP
t

=

¨ The work dW done by a force F for  a  displacement  dr is
dW = F.dr.

¨ The instantaneous power can also be expressed as

d
d

P F
t

= × = ×
r F v                                       NEET  2016, 2022, 2024

where v is the instantaneous velocity when the force is F.
¨ There is another unit of power, namely the horse-power

(hp)
1 hp = 746 W

This unit is still used to describe the output of
automobiles, motorbikes, etc.

¨ 1 kilowatt hour (kWh) of energy. = 3.6 × 106 J
Our electricity bills carry the energy consumption in units
of kWh.

Power on turbine, d(mgh)P
dt

=                          NEET  2021

The energy radiated by 100 kW transmitter in
1 hour = 100 kW × 1hr = 100 kWh

= 100 × 3.6 × 106J = 36×107J                                NEET  2022

5.11 Collisions

¨ In collision a strong force acts between two or more
bodies for a short time as a result of which the energy and
momentum of the interacting particles change.

Elastic and Inelastic Collisions
¨ In all collisions the total linear momentum is conserved;

the initial momentum of the system is equal to the final
momentum of the system.                                   NEET  2022

¨ The total kinetic energy of the system is not necessarily
conserved. The impact and deformation during collision
may generate heat and sound. Part of the initial kinetic
energy is transformed into other forms of energy.

¨ A useful way to visualise the deformation during collision
is in terms of a ‘compressed spring’. If the ‘spring’
connecting the two masses regains its original shape
without loss in energy, then the initial kinetic energy is
equal to the final kinetic energy but the kinetic energy
during the collision time Dt is not constant. Such a collision
is called an elastic collision.

¨ A collision in which the two particles move together after
the collision is called a completely inelastic collision.
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¨ The intermediate case where the deformation is partly
relieved and some of the initial kinetic energy is lost is
more common and is appropriately called an inelastic
collision.

Collisions in One Dimension

v1i

m1

y

m2

v1fm1

x

m2
v2f

q1

q2

Fig.: Collision of mass m1 with  a  stationary  mass  m2.
¨ A completely inelastic collision in one dimension.

q1 = q2 = 0
m1v1i = (m1 + m2)vf (momentum conservation)

1
1

1 2
=

+f i
mv v

m m
        NEET  2024

The loss in kinetic energy on collision is
2 2

1 1 1 2
1 1 ( )
2 2

D = - +i fK m v m m v

2
2 21

1 1 1
1 2

1 1
2 2

= -
+i i

mm v v
m m

21 2
1

1 2

1
2

=
+ i

m m v
m m

the momentum and kinetic energy conservation equations are
m1v1i = m1v1f  + m2v2f ...(i)
m1v1i

2 = m1v1f
2  + m1v2f

2  \ v2f = v1i + v1f
Substituting this in Eq. (i)

1 2
1 1

1 2

( )-
=

+f i
m mv v
m m  and 

1 1
2

1 2

2
=

+
i

f
m vv

m m

¨ Coefficient of restitution, velocityof seperation
velacityof approach

e =

NEET  2018

Case I: If the two masses are equal

v1f = 0

v2f = v1i

Case II: If one mass dominates, e.g. m2 >> m1

v1f  ;  – v1i  v2f ; 0

The heavier mass is undisturbed while the lighter mass
reverses its velocity.

¨ If the initial velocities and final velocities of both the
bodies are along the same straight line, then it is called a
one-dimensional collision, or head-on collision.

When a body of mass m, collides with a body of mass m2
in elastic and head on collision, energy lost by body of

mass m 1 2
2

1 2

4m m

(m m )
=

+
                                       NEET  2019

Collisions in Two Dimensions

¨ Linear momentum is conserved. The x- and y-component
equations are

m1v1i = m1v1f cos q1 + m2v2f cos q2

0 = m1v1f sin q1 – m2v2f sin q2

If, the collision is elastic, 2 2 2
1 1 1 1 2 2

1 1 1
2 2 2

= +i f fm v m v m v

¨ In collision particles may or may not come in real touch.

In scattering, the velocities and directions in which the
two particles go away depend on their initial velocities as
well as the type of interactions between them, their masses
shapes and sizes. 

Tips/Tricks/Techniques ONE-LINERS
(Exam Special)

¨ If work is done on a body, its kinetic or potential energy
increases. If work is done by the body, its potential or
kinetic energy decreases.

¨ In the elastic collisions, the kinetic or mechanical energy
is not converted into any other form of energy.

¨ The force involved in an inelastic collision is non-
conservative in nature.

¨ If collision is head on the colliding bodies move along
the same straight line before and after collision.

¨ If collision is oblique, the colliding bodies move at certain
angles before and/or after the collisions.

¨ In static and dynamic equilibrium, work done is zero.
¨ Work done by a man holding the weight at fixed position

is zero.
¨ Work done by a force depends on the frame of reference.
¨ Only tangential component of force is responsible for

power dissipation. Power dissipated by radial component
is zero. For example power dissipated by centripetal force

is zero.
¨ In a perfectly elastic collision, in one dimension, when

masses of the colliding particles are equal, their velocities
get exchanged after collision.

¨ If a body starts rotating after collision, then both linear
momentum and angular momentum are conserved.

¨ In the elastic collisions the forces involved are
conservative.

¨ If the speed of water flowing through a pipe is v, then
power is proportional to v3.

¨ If n bullets are fired from a machine gun, each having kinetic
energy k, then power of the machine gun will be nk.

¨ Work done by a body of mass m against friction on a
rough horizontal surface of coefficient of friction m is
mmgx. Here, x is the distance moved by the body.

¨ Let h1, h2 ....... hn be the heights of the body to which the
body rebounds again and again, then
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Exercise 1 : NCERT Based Topic-wise MCQs

e = 
31 2

1 2

hh h
h h h

= =

Clearly h1 = e2h; h2 = e4h and similarly, after nth rebound
hn = (e2n)h

¨ The velocity of an object depends on the choice of
reference frame. Thus, kinetic energy also depends on
the choice of the reference frame.

¨ Potential energy depends on the reference level. In case
of spring, it is advised to assume zero potential energy at
the natural length of the spring. In case of gravity any
convenient level can be chosen as reference frame.

¨ If a ball is dropped from a height h0 on a horizontal floor,
then time taken by the ball to stop bouncing is given by

02h1 eT
1 e g

+æ ö= ç ÷-è ø
 (Here, e = coefficient of restitution)

¨ An engine pulls a train of mass m with constant velocity.
If the rails are on a plane surface and there is no friction,
the power dissipated by the engine is zero.

¨ When the momentum of a body is made n times then
its kinetic energy is increased by factor n2.

¨ Slope of work time graph = power.
¨ Area under power time curve = work done by/on the body.
¨ If a chain of length L and mass M is held on a

frictionless table with (1/n)th of its length is hanging
over the edge, then work done in pulling the hanging
portion on the table is given by

2
MgLW
2n

=

¨ The phrase ‘calculate the work done’ is incomplete. We
should  refer  to  the  work  done  by  a  specific  force  or  a
group  of  forces  on  a  given  body  over  a  certain
displacement.

¨ Work done is a scalar quantity. It can be positive or
negative unlike mass and kinetic energy which are positive
scalar quantities. The work done by the friction or viscous
force on a moving body is negative.

¨ For two bodies, the sum of the mutual forces exerted
between them is zero from Newton’s Third Law,

F12 + F21 = 0
But the sum of the work done by the two forces need not
always cancel, i.e.

W12 + W21 ¹ 0
However, it may sometimes be true.

¨ The work done by a force can be calculated sometimes
even if the exact nature of the force is not known.

¨ The WE theorem is not independent of Newton’s Second
Law. The WE theorem may be viewed as a scalar form of
the Second Law. The principle of conservation of
mechanical energy may be viewed as a consequence of
the WE theorem for conservative forces.

¨ The WE theorem holds in all inertial frames. It can also be
extended to noninertial frames provided we include the
pseudoforces in the calculation of the net force acting on
the body under consideration.

¨ The potential energy of a body subjected to a
conservative force is always undetermined upto a
constant. For example, the point where the potential
energy is zero is a matter of choice. For the gravitational
potential energy mgh, the zero of the potential energy is
chosen to be the ground. For the spring potential energy
kx2/2, the zero of the potential energy is the equilibrium
position of the oscillating mass.

¨ Every force encountered in mechanics does not have an
associated potential energy. For example, work done by
friction over a closed path is not zero and no potential
energy can be associated with friction.

¨ During a collision : (a) the total linear momentum is
conserved at each instant of the collision ; (b) the kinetic
energy conservation (even if the collision is elastic)
applies after the collision is over and does not hold at
every instant of the collision. In fact the two colliding
objects are deformed and may be momentarily at rest with
respect to each other.

1. Let ˆ ˆA iA cos jA= q +  sin q be any vector. Another vector
B, which is normal to A can be expressed as

 Page-115 / N-72
(a) î  B cos q – ĵ  B sin q (b) î B cos q + ĵ B sin q
(c) î B sin q – ĵ  B cos q (d) î B sin q + ĵ B cos q

2. If ˆ ˆA 4i 3j= +
r

and ˆ ˆB 3i 4 j= +
r

then cosine of angle
between A

r

 and A B+
r r

is      Page-115 / N-72

(a)
9 2

5
(b)

7
5 2 (c)

5 2
49

(d)
5 2
28

3. A particle moves from position ˆˆ ˆ3 2 – 6i j k+  to
ˆˆ ˆ14 13 9i j k+ +  due to a uniform force of ˆˆ ˆ(4 3 )i j k+ + N. If

the displacement is in metre then work done will be
 Page-115 / N-72

(a) 300 J (b) 250 J (c) 100 J (d) 0

4. If a vector 2 3 8i j k
Ù Ù Ù

+ +  is perpendicular to the vector

4 4j i k
Ù Ù Ù

- +a , then the value of a is  Page-115 / N-72
(a) 1/2 (b) –1/2 (c) 1 (d) –1

5. According to work-energy theorem, the work done by the
net force on a particle is equal to the change in its

 Page-116 / N-73
(a) kinetic energy (b) potential energy
(c) linear momentum (d) angular momentum
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6. A body starts from rest and acquires a velocity V in time T.
The work done on the body in time t will be proportional to

 Page-116 / N-73

(a)
V t
T

(b)
2

2V t
T

(c)
2

2
V t
T

(d)
2

2
2

V t
T

7. When the force retards the motion of  body, the work done is
 Page-117 / N-74

(a) zero
(b) negative
(c) positive
(d) Positive or negative depending upon the magnitude

of force and displacement
8. A man pushes a wall and fails to displace it, he does

 Page-117 / N-74
(a) negative work
(b) positive but not maximum work
(c) no work at all
(d) maximum positive work

9. A boy carrying a box on his head is walking on a level road
from one place to another is doing no work. This statement is

 Page-117 / N-74
(a) correct (b) incorrect
(c) partly correct (d) cannot say

10. No work is done if  Page-117 / N-74
(a) displacement is zero
(b) force is zero
(c) force and displacement are mutually perpendicular
(d) All of these

11. A particle is taken round a circle by application of force.
The work done by the force is  Page-117 / N-74
(a) positive non–zero (b) negative non–zero
(c) Zero (d) None of these

12. A porter lifts a heavy suitcase of mass 80 kg and at the
destination lowers it down by a distance of 80 cm with a
constant velocity. Calculate the work done by the porter
in lowering the suitcase. (take g = 9.8 ms–2)

   Page-117 / N-74
(a) –62720.0 J (b) –627.2 J
(c) +627.2 J (d) 784.0 J

13. Consider a force ˆ ˆF xi yj= - +
r

.  The work done by this
force in moving a particle from point A(1, 0) to B(0, 1)
along the line segment is: (all quantities are in SI units)

 Page-117 / N-74

(a) 2J

(b)
1
2

J

(c) 1J

(d)
3
2

J

14. If W represents the work done, then match the two columns:
 Page-117 / N-74

Column I Column II
(A) Force is always along the velocity (1) W = 0
(B) Force is always perpendicular to (2) W < 0

velocity
(C) Force is always perpendicular to (3) W > 0

acceleration
(D) The object is stationary but the

point of application of the force
moves on the object

(a) (A)®(1); (B)®(2); C®(3); (D)®(2)
(b) (A)®(3); (B)®(1); C®(2,3); (D)®(1)
(c) (A)®(2); (B)®(3); C®(1); (D)®(2)
(d) (A)®(1); (B)®(2); C®(3); (D)®(1)

15. A particle moving in the xy plane undergoes a displacement

of ˆ ˆ(2 3 )s i j= +
r  while a constant force ˆ ˆ(5 2 )F i j= +

r
N

acts on the particle. The work done by the force F is
 Page-117 / N-74

(a) 17 joule (b) 18 joule (c) 16 joule (d) 15 joule
16. A particle describe a horizontal circle of radius 0.5 m with

uniform speed. The centripetal force acting is 10 N. The work
done in describing a semicircle is    Page-117 / N-74
(a) zero (b) 5 J (c) 5 p J (d) 10 p J

17. A force acts on a 30 g particle in such a way that the position
of the particle as a function of time is given by x = 3t – 4t2 +
t3, where x is in metres and t is in seconds. The work done
during the first 4 seconds is         Page-118 / N-74
(a) 576 mJ (b) 450 mJ (c) 490 mJ (d) 530 mJ

18. A cord is used to lower vertically a block of mass M,
a distance d at a constant downward acceleration of g/4.
The work done by the cord on the block is

 Page-117 / N-74

(a)
dMg
4

(b)
d3Mg
4

(c)
d3Mg
4

- (d) Mg  d

19. If a motorcyclist skids and stops after covering a distance
of 15 m. The stopping force acting on the motorcycle by
the road is 100 N, then the work done by the motorcycle on
the road is          Page-117 / N-74
(a) 1500 J (b) –1500 J (c) 750J (d) Zero

20. A ball moves in a frictionless inclined table without
slipping. The work done by the table surface on the ball is

 Page-117 / N-74
(a) positive (b) negative
(c) zero (d) None of these

21. A uniform force of ˆ ˆ(3 )i j+  newton  acts  on  a  particle  of
mass 2 kg. The particle is displaced from position $(2 )i k$ +
meter to position $ $(4 3 )i j k$ + -  meter. The work done by
the force on the particle is         Page-117 / N-74
(a) 6 J (b) 13 J (c) 15 J (d) 9 J

22. A boy pushes a toy box 2.0 m along the floor by means of a force
of 10 N directed downward at an angle of 60º to the horizontal.
The work done by the boy is  Page-117 / N-74
(a) 6 J (b) 8 J (c) 10 J (d) 12 J

23. A body moves a distance of 10 m along a straight line
under the action of a force of 5 newtons. If the work done
is 25 joules, the angle which the force makes with the
direction of motion of body is  Page-117 / N-74
(a) 0º (b) 30º (c) 60º (d) 90º
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24. A light and a heavy body have equal momentum. Which
one has greater K.E.?      Page-117 / N-74
(a) The lighter body (b) The heavier body
(c) Both have equal K.E. (d) Data given is incomplete

25. A particle of mass m has momentum p. Its kinetic energy
will b      Page-117 / N-74

(a) mp (b) p2m (c)
2p

m
(d)

2

2
p
m

26. Kinetic energy, with any reference, must be
 Page-117 / N-74

(a) zero (b) positive
(c) negative (d) both (b) and (c)

27. If the momentum of a body is increased by 50%, then the
percentage increase in its kinetic energy is

 Page-117 / N-74
(a) 50% (b) 100% (c) 125% (d) 200%

28. Four particles given, have same momentum. Which has
maximum kinetic energy      Page-117 / N-74
(a) Proton (b) Electron (c) Deutron (d) a-particles

29. The  K.E.  acquired  by  a  mass  m  in  travelling  a  certain
distance d, starting form rest, under the action of a constant
force is directly proportional to  Page-117 / N-74

(a) m (b) m
(c)

m
1

(d) independent of m
30. A running man has half the kinetic energy of that of a boy

of half of his mass. The man speeds up by 1m/s so as to
have same K.E. as that of the boy. The original speed of
the man will be                           Page-117 / N-74

(a) 2 m/s (b) ( )2 1 m/s-

(c) ( )
1

m/s
2 1-

(d)
1 m/s
2

31. In the given figure, the block of mass m is dropped from
the point 'A'. The expression for kinetic energy of block
when it reaches point 'B' is :      Page-117 / N-74

(a)
1
2

 mg 2
0y                     A

y

y0

B

Ground

(b)
1
2

 mg y2

(c) mg (y – y0)

(d) mg y0

32. Two bodies A and B having masses in the ratio of 3 : 1
possess the same kinetic energy. The ratio of linear
momentum of B to A is          Page-117 / N-74

(a) 1 : 3 (b) 3 : 1 (c) 1: 3 (d) 3 :1
33. A small body is projected in a direction inclined at 45º to

the horizontal with kinetic energy K. At the top of its flight,
its kinetic energy will be          Page-117 / N-74

(a) Zero (b) K/2 (c) K/4 (d) / 2K

34. A body accelerates uniformly from rest to a velocity of 1
ms–1 in 15 seconds. The kinetic energy of the body will be

9
2

J when 't' is equal to [Take mass of body as 1 kg]

 Page-117 / N-74
(a) 4s (b) 8s (c) 10s (d) 12s

35. A bomb of mass 9 kg explodes into the pieces of masses
3 kg and 6 kg. The velocity of mass 3 kg is 16 m/s. The
kinetic energy of mass 6 kg in joule is

 Page-117 / N-74
(a) 96 (b) 384 (c) 192 (d) 768

36. An athlete in the olympic games covers a distance of 100
m in 10 s. His kinetic energy can be estimated to be in the
range         Page-117 / N-74

(a) 200 J - 500 J (b) 2 × 105 J - 3 × 105 J
(c) 20, 000 J - 50,000 J (d) 2,000 J - 5, 000 J

37. A particle moves under the effect of a force F = cx from
x = 0 to x = x1, the work done in the process is

 Page-118 / N-75

(a) 2
1cx (b) 2

1
1 cx
2

(c) 2
12 cx (d) zero

38. Calculate the work done on the tool by F
r

 if this
displacement is along the straight line y = x that connects
these two points.                         Page-118 / N-75
(a) 2.50 J (b) 500 J (c) 50.6 J (d) 2 J

39. Calculate the work done on the tool by F
r

 if the tool is first
moved out along the x-axis to the point x = 3.00m, y = 0 and
then moved parallel to the y-axis to x = 3.00m, y = 3.00 m.

 Page-118 / N-75
(a) 67.5 J (b) 85 J (c) 102 J (d) 7.5 J

40. A force F acting on an object   

3
2
1

0
1   2   3   4   5   6   7

F(N)

x(m)

varies with distance x as
shown here. The force is in N
and x in m. The work done by
the force in moving the object
from x = 0 to x = 6 m is

 Page-119 / N-76
(a) 18.0 J (b) 13.5 J (c) 9.0 J (d) 4.5 J

41. A force Fx acts on a particle such
that its position x changes as
shown in the figure. The work
done by the particle as it moves
from x = 0 to 20 m is 0 5 15 20x(m)

F
 (N

)
x

3

 Page-119 / N-76

(a) 37.5 J (b) 10 J (c) 45 J (d) 22.5 J
42. A particle moves in one dimension from rest under the

influence of a force that varies with the distance travelled
by the particle as shown in the figure. The kinetic energy
of the particle after it has travelled 3 m is :

 Page-118 / N-75
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(a) 4 J (b) 2.5 J (c) 6.5 J (d) 5 J

43. A body of mass 0.5 kg travels on straight line path with
velocity v = (3x2 + 4) m/s. The net workdone by the force
during its displacement from x = 0 to x = 2 m is :

 Page-119 / N-76
(a) 64 J (b) 60 J (c) 120 J (d) 128 J

44. A body of mass 20kg, moving in x-direction with a constant
speed of 20 m/s, is subjected to a retarding force F = 0.2x J/m
during its travel from x = 20 m to 30 m. Its final kinetic
energy will be  Page-119 / N-76
(a) 50 J (b) 475 J
(c) 4000 J (d) 3250 J

45. Figure here shows the frictional force versus displacement
for a particle in motion. The loss of kinetic energy in travelling
over s = 0 to 20 m will be  Page-119 / N-76

(a) 225 J            15

10

5

0
0 5 10 20

x(m)

f(N)

(b) 200 J

(c) 250 J

(d) 750 J

46. Work done by a conservative force is positive if
(a) P.E. of the body increases  Page-121 / N-78
(b) P.E. of the body decreases
(c) K.E. of the body increases
(d) K.E. of the body decreases

47. For a conservative force in one dimension, potential energy
function V(x) is related to the force F(x) as

 Page-121 / N-78

(a)
dV(x)F(x) dx

-= (b)
dV(x)F(x) dx=

(c) F(x) = V(x) dx (d)
–dV(x)F(x)

dx
= ò

48. One man takes 1 min. to raise a box to a height of 1 metre
and another man takes 1/2 min. to do so. The energy of the

 Page-120 / N-77
(a) two is different (b) two is same
(c) first is more (d) second is more

49. A ball dropped from a height of 2m reaches to a height of
1.5m before hitting the ground. Then the percentage of
potential energy lost is           Page-120 / N-77
(a) 25 (b) 30 (c) 50 (d) 100

50. The potential energy of a system increases if work is done
 Page-121 / N-78

(a) upon the system by a non conservative force
(b) by the system against a conservative force
(c) by the system against a non conservative force
(d) upon the system by a conservative force

51. The figure gives the potential   
energy function U(x) for a
system in which a particle is in
one-dimensional motion. In
which region the magnitude of
the force on the particle is
greatest  :

 Page-121 / N-78

(a) OA (b) AB (c) BC (d) CD
52. A rod of mass m and length l is made to stand at an angle

of 60° with the vertical. Potential energy of the rod in this
position is  Page-120 / N-77

(a) mgl (b)
mg

2
l

(c)
mg

3
l

(d)
mg

4
l

53. The potential energy of a conservative system is given by
U = ay2 – by, where y represents the position of the particle
and a  as  well  as  b  are  constants.  What  is  the force acting
on the system?   Page-121 / N-78

(a) – ay (b) – by
(c) 2ay – b (d) b – 2ay

54. A body falls freely under gravity. Its velocity is v when it
has lost potential energy equal to U. What is the mass of
the body?            Page-120, 121 / N-77, 78

(a) U2/v2 (b) 2U2/v2 (c) 2U/v2 (d) U /v2

 Energy
The Conservation of Mechanical

55. Total ....X.... energy of a system is conserved, if the forces,
doing work on it, are .....Y..... .   Page-121 / N-79

Here, X and Y refer to
(a) conservative, mechanical
(b) mechanical, conservative
(c) mechanical, non-conservative
(d) kinetic, conservative

56. A metallic wire of length L metre extends by l metre when
stretched by suspending a weight Mg from it. The mechanical
energy stored in the wire is  Page-121 / N-79

(a) 2 Mg l (b) Mg l (c)
Mg

2
l

(b)
Mg

4
l

57. A steel ball of mass 5g is thrown downward with velocity
10 m/s from  height 19.5 m. It penetrates  sand by 50 cm.
The change in mechanical energy will be (g = 10 m/s2)

 Page-121 / N-79

(a) 1J (b) 1.25 J (c) 1.5 J (d) 1.75 J
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58. A ball is allowed to fall from a height of 10 m. If there is 40%
loss of energy due to air friction, then velocity of the ball
when it hit the ground is   Page-121 / N-79

(a) 190 m/s (b) 180 m/s

(c) 150 m/s (d) 120 m/s
59. Figure shows a bob of mass m             

C

B

A

TC

TA

VO

mg

mg

suspended from a string of
length L. The velocity is V0 at
A, then the potential energy of
the system is _______ at the
lowest point A.

 Page-122 / N-79

(a) 2
0

1 mv2
(b) mgh (c) 2

0
1mv2

- (d) zero

60. Calculate the K.E and P.E. of the ball half way up, when a
ball of mass 0.1 kg is thrown vertically upwards with an
initial speed of 20 ms–1.   Page-121, 122 / N-79
(a) 10 J, 20 J (b) 10 J, 10 J
(c) 15 J, 8 J (d) 8 J, 16 J

61. A spherical ball of mass 20 kg is stationary at the top of a
hill of height 100 m. It rolls down a smooth surface to the
ground, then climbs up another hill of height 30 m and
finally rolls down to a horizontal base at a height of 20 m
above the ground. The velocity attained by the ball is

 Page-121 / N-79

(a) 20 m/s (b) 40 m/s (c) 3010 m/s (d) 10 m/s
62. A particle is moving in a circle of radius r under the action

of  a  force  F  =  ar2 which is directed towards centre of the
circle. Total mechanical energy (kinetic energy + potential
energy) of the particle is (take potential energy = 0 for r = 0)

 Page-121 / N-79

(a)
1
2

3ra (b)
5
6

3ra (c)
34αr

3 (d) ar3

63. When a body is projected vertically up from the ground
with certain velocity, its potential energy and kinetic energy
at a point A are in the ratio 2 : 3. If the same body is projected
with double the previous velocity, then at the same point
A the ratio of its potential energy to kinetic energy is

 Page-121 / N-79
(a) 9 : 1 (b) 2 : 9 (c) 1 : 9 (d) 9 : 2

64. A mass m is revolving in a vertical circle at the end of a
string of length 20 cm. By how much does the tension of
the string at the lowest point exceed the tension at the
topmost point?                          Page-122 / N-79
(a) 2 m g (b) 4 m g (c) 6 m g (d) 8 m g

65. A particle tied to a string describes a vertical circular motion

of radius r continually. If it has a velocity 3 gr  at the
highest point, then the ratio of the respective tensions in
the string holding it at the highest and lowest points is

 Page-122 / N-79
(a) 4 : 3 (b) 5 : 4 (c) 1 : 4 (d) 3 : 2

66. A  particle  of  mass  ‘m’ tied to a string of length ‘l’ and
whirled in a horizontal circle. If the particles moves in circle
with  speed  ‘v’ then the net force on the particle will be
(T = tensaion in the string)           Page-122 / N-79

(a)
2mvT

l
+ (b)

2
– mvT

r

(c) T (d) zero

67. A body of mass 0.4 kg is whirled in a vertical circle making
2 rev/sec. If the radius of the circle is 1.2 m, then tension
in the string when the body is at the top of the circle, is

 Page-122 / N-79

(a) 41.56 N (b) 89.86 N (c) 109.86 N (d) 115.86 N

68. A bucket tied at the end of a 1.6 m long string is whirled in
a vertical circle with constant speed. What should be the
minimum speed so that the water from the bucket does not
spill when the bucket is at the highest position?

 Page-122 / N-79
(a) 4 m/sec (b) 6.25 m/sec
(c) 16 m/sec (d) None of these

69. The work done in stretching a spring of force constant k
from length l1 and l2 is          Page-124 / N-81

(a) )(k 2
1

2
2 ll - (b) )(k

2
1 2

1
2
2 ll -

(c) )(k 12 ll - (d) )(
2
k

12 ll +

70. A spring of spring constant 5 × 103 N/m is stretched initially
by 5 cm from the unstretched position. Then the work
required to stretch it further by another 5 cm is

 Page-124 / N-81

(a) 18.75 J (b) 25.00 J (c) 6.25 J (d) 12.50 J
71. A spring whose unstretched length is l has  a  force

constant k. The spring is cut into two pieces of unstretched
lengths 11 and l2 where, l1 = nl2 and n is an integer. The
ratio k1/k2 of the corresponding force constants, k1 and k2
will be:      Page-123 / N-80

(a) n (b) 2
1
n

(c)  
1
n

(d) n2

72. The ...X... energy V(x) of the spring is said to be zero when
block and spring system is in the ...Y... position.
Here, X and Y refer to        Page-124 / N-81
(a) potential, equilibrium (b) kinetic, equilibrium
(c) mechanical, equilibrium (d) vibrational, left

73. If stretch in a spring of force constant k is tripled then the
ratio of elastic potential energy in the two cases will be

 Page-124 / N-81

(a) 9 : 1 (b) 1 : 6 (c) 3 : 1 (d) 1 : 3
74. A particle is placed at the origin and a force F = kx is acting

on it (where k is positive constant). If U(0) = 0, the graph of
U(x) versus x will  be  (where  U is the potential energy
function) :         Page-124 / N-81
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(a) (b)

(c) (d)

75. A mass of m kg moving with a speed of
1.5 m/s on a horizontal smooth surface,
collides with a nearly weightless spring
of force constant k = 50 N/m. If the maximum compression of
the spring is 0.15 m, the value of mass m is

 Page-124 / N-81

(a) 0.5 kg (b) 0.15 kg (c) 0.12 kg (d) 1.5 kg

76. Two spring P and Q of force constant kp and 2
æ ö

=ç ÷
è ø

p
q q

k
k k

are stretched by applying forces of equal magnitude. If the
energy stored in Q is E, then the energy stored in P is

 Page-123 / N-80
(a) E (b) 2 E (c) E /8 (d) E /2

77. Two springs have their force constant as k1 and
k2 (k1 >  k2). When they are stretched by the same force

 Page-123 / N-80
(a) no work is done in case of both the springs.
(b) equal work is done in case of both the springs
(c) more work is done in case of second spring
(d) more work is done in case of first spring.

78. One end of a light spring of spring constant k is fixed to a
wall and the other end is tied to a block placed on a smooth
horizontal surface. In a displacement, the work done by
the spring is 1/2 k x2. The possible cases are

 Page-123 / N-80
(a) the spring was initially compressed by a distance x,

was finally in its natural length
(b) it was initially stretched by a distance x and was finally

in its natural length
(c) it was initially in its natural length and finally in a

compressed position
(d) it was initially in its natural length and finally in the

stretched position
79. If the extension in a spring is increased to 4 times then the

potential energy              Page-124 / N-81
(a) remains the same (b) becomes 4 times
(c) becomes one fourth (d) becomes 16 times

80. A long string is stretched by 2 cm and the potential energy
is V. If the spring is stretched by 10 cm, its potential energy
will be                                    Page-124 / N-81
(a) V / 25 (b) V/5 (c) 5 V (d) 25 V

Power

81. At time t = 0s particle starts moving along the x-axis. If its
kinetic energy increases uniformly with time t, the net force
acting on it must be proportional to

 Page-128 / N-83

(a) t (b) constant  (c) t (d)
1
t

82. If a force F is applied on a body and it moves with a velocity
V, the power will be  Page-128 / N-83

(a) F × v (b) F/v
(c) F/v2 (d) F × v2

83. Sand is being dropped from a stationary dropper at a rate
of 0.5 kgs–1 on a conveyor belt moving with a velocity of
5 ms–1. The power needed to keep belt moving with the
same velocity will be :             Page-128 / N-83

(a) 1.25 W (b) 2.5 W (c) 6.25 W (d) 12.5 W
84. A body of mass m is accelerated uniformly from rest to a

speed v in a time T. The instantaneous power delivered to
the body as a function of time is given by

 Page-128 / N-83

(a)
2

2
2 ×

mv t
T

 (b)  
2

2 ×
mv t
T

(c)
2

2
2

1
2

×
mv t
T

 (d)  
2

2
1
2

×
mv t
T

85. A car of mass m starts from rest and accelerates so that the
instantaneous power delivered to the car has a constant
magnitude po. The instantaneous velocity of this car is
proportiourl to:                           Page-128 / N-83

(a) t2po (b) t1/2 (c) –1 2t (d)
t

m
86. A vehicle is moving with a uniform velocity on a smooth

horizontal road, then power delivered by its engine must be
 Page-128 / N-83

(a) uniform (b) increasing
(c) decreasing (d) zero

87. How much water, a pump of 2 kW can raise in one minute to
a height of 10 m, take g = 10 m/s2?  Page-128 / N-83
(a) 1000 (b) 1200 (c) 100 (d) 2000

88. The engine of a vehicle delivers constant power. If the
vehicle is moving up the inclined plane then, its velocity,

 Page-128 / N-83

(a) must remain constant
(b) must increase
(c) must decrease
(d) may increase, decrease or remain same.

89. A body is moved  along a straight line by a machine
delivering a constant power.  The distance moved by the
body in time ‘t’ is proportional to   Page-128 / N-83

(a) t3/4 (b) t3/2 (c) t1/4 (d) t1/2

90. A body projected vertically from the earth reaches a height
equal to earth's radius before returning to the earth. The
power exerted by the gravitational force is greatest

 Page-128 / N-83

(a) at the highest position of the body
(b) at the instant just before the body hits the earth
(c) it remains constant all through
(d) at the instant just after the body is projected

91. A body of mass 10 kg moves with a velocity v of 2 m/s
along a circular path of radius 8 m. The power produced by
the body will be                           Page-128 / N-83
(a) 10 J/s (b) 98 J/s (c) 49 J/s (d) zero

92. Johnny and his sister Jane race up a hill. Johnny weighs
twice as much as jane and takes twice as long as jane to
reach the top . Compared to Jane   Page-128 / N-83
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(a) Johnny did more work and delivered more power.
(b) Johnny did more work and delivered the same amount

of power.
(c) Johnny did more work and delivered less power
(d) Johnny did less work and johnny delivered less power.

93. A constant power P is  applied  to  a  car  starting  from rest.
If v is the velocity of the car at time t, then

 Page-128 / N-83

(a) v tµ (b)
1

v
t

µ

(c) v tµ (d)
1

v
t

µ

94. If two persons A and B take 2 seconds and 4 seconds
respectively to lift an object to the same height h, then the
ratio of their powers is             Page-128 / N-83
(a) 1 : 2 (b) 1 : 1
(c) 2 : 1 (d) l : 3

95. A 10 H.P. motor pumps out water from a well of depth 20 m
and fills a water tank of volume 22380 litres at a height of 10
m from the ground. The running time of the motor to fill the
empty water tank is (g = 10ms–2)   Page-128 / N-83
(a) 5 minutes (b) 10 minutes
(c) 15 minutes (d) 20 minutes

96. If a machine gun fires n bullets per second each with kinetic
energy K, then the power of the machine gun is

 Page-128 / N-83

(a) nK2 (b)
K

n
(c) n2K (d) nK

97. A particle of mass 1 kg begins to move under the action of a

time dependent force ( )ˆ ˆ4 6F i j N= + +
r

 where î  and ĵ  are
unit vectors along x and y axis. What power will be developed
by the force at the time t?  Page-128 / N-83
(a) (4t2 + 6 + 4)W (b) (4t3 + 6 + 5)W
(c) (4t + 6t2)W (d) (4t3 + 6t4)W

98. A force applied by an engine of a train of mass 2.05 × 106 kg
changes its velocity from 5m/s to 25 m/s in 5 minutes. The
power of the engine is          Page-128 / N-83
(a) 1.025 MW (b) 2.05 MW(c) 5 MW (d) 6 MW

99. A  10  m  long  iron  chain  of  linear  mass  density  0.8  kg
m–1 is   hanging  freely  from  a  rigid  support.  If  g  =  10
ms–2, then  the power required to left the chain upto the
point of support in 10 second  Page-128 / N-83
(a) 10 W (b) 20W (c) 30 W (d) 40 W

100. Which one of the following statements is true?
 Page-129 / N-84

(a) Momentum is conserved in elastic collisions but not
in inelastic collisions

(b) Total kinetic energy is conserved in elastic collisions
but momentum is not conserved in elastic collisions

(c) Total kinetic energy is not conserved but momentum
is conserved in inelastic collisions

(d) Kinetic energy and momentum both are conserved in
all types of collisions

101. When after collision the deformation is not relived and the
two bodies move together after the collision, it is called
(a) elastic collision  Page-129 / N-84
(b) inelastic collision
(c) perfectly inelastic collision
(d) perfectly elastic collision

102. In an inelastic collision, which of the following does not
remain conserved?  Page-129 / N-84
(a) Momentum
(b) kinetic energy
(c) Total energy
(d) Neither momentum nor kinetic energy

103. In case of elastic collision, at the time of impact.
 Page-129 / N-84

(a) total K.E. of colliding bodies is conserved.
(b) total K.E. of colliding bodies increases
(c) total K.E. of colliding bodies decreases
(d) total momentum of colliding bodies decreases.

104. In elastic collision, 100% energy transfer takes place when
 Page-130 / N-84

(a) m1= m2 (b) m1 > m2 (c) m1 < m2 (d) m1 = 2m2
105. If  two  equal  masses  (m1 =  m2) collide elastically in one

dimension, where m2 is at rest and m1 moves with a velocity
u1, then the final velocities of two masses are

 Page-130 / N-84

(a) V1 = 0; V2 = u1 (b) V1 = V2 = 0
(c) V1 = 0 and V2 = –u1 (d) V1 = –u1; V2 = 0

106. A particle A suffers an oblique elastic collision with a
particle B that is at rest initially. If their masses are the
same, then after collision   Page-130, 131 / N-84, 85
(a) they will move in opposite directions
(b) A continues to move in the original direction while B

remains at rest
(c) they will move in mutually perpendicular directions
(d) A comes to rest and B starts moving in the direction

of the original motion of A
107. A metal ball of mass 2 kg moving with a velocity of

36 km/h has a head on collision with a stationary ball of
mass 3 kg. If after the collision, the two balls move together,
the loss in kinetic energy due to collision is

 Page-129, 130 / N-84, 85

(a) 140 J (b) 100 J (c) 60 J (d) 40 J
108. Two particles having the position 1

ˆ ˆr (3i 5j)= +
r m and

2
ˆ ˆr ( 5i 3j)= - -

r  m move with velocities 1
ˆ ˆV (4i 3j) m / s= +

r

and 2
ˆ ˆV (ai 7 j)m / s= +

r
. If the particles collide, then value

of a must be
(a) 8 (b) 6
(c) 4 (d) 2

109. A mass of 20 kg moving with a speed of 10m/s collides
with another stationary mass of 5 kg. As a result of the
collision, the two masses stick together. The kinetic energy
of the composite mass will be       Page-129 / N-84
(a) 600 (b) 800
(c) 1000 (d) 1200

110. A mass m moving horizontally (along the x-axis) with velocity
v collides and sticks to mass of 3m moving vertically upward
(along the y-axis) with velocity 2v. The final velocity of the
combination is             Page-131 / N-85
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(a)
1 3ˆ ˆvi v j
4 2

+ (b)
1 2ˆ ˆvi v j
3 3

+

(c)
2 1ˆ ˆvi v j
3 3

+ (d)
3 1ˆ ˆvi v j
2 4

+

111. A body of mass m moving with velocity v collides head on
with another body of mass 2m which is initially at rest. The
ratio of K. E. of colliding body before and after collision
will be                                   Page-130 / N-85
(a) 1 : 1 (b) 2 : 1
(c) 4 : 1 (d) 9 : 1

112. An object of mass 2.0 kg makes an elastic collision with
another object of mass M at rest and continues to move in
the original direction but with one-fourth of its original
speed. What is the value of M?    Page-131 / N-86
(a) 0.75 kg (b) 1.0 kg
(c) 1.2 kg (d) None of these

113. A bullet of mass 20g and moving with 600 m/s collides with
a block of mass 4 kg hanging with the string. What is velocity
of bullet when it comes out of block, if block rises to height
0.2 m after collision?           Page-129, 130 / N-84, 85
(a) 200 m/s (b) 150 m/s
(c) 400 m/s (d) 300 m/s

114. A block of mass 0.50 kg is moving with a speed of
2.00 ms–1 on a smooth surface. It strikes another mass of
1.00 kg and then they move together as a single body. The
energy loss during the collision is

 Page-129 / N-84
(a) 0.16 J (b) 1.00 J (c) 0.67 J (d) 0.34 J

115. If a shell fired from a cannon, explodes in mid air, then
 Page-129 / N-84

(a) its total kinetic energy increases
(b) its total momentum increases
(c) its total momentum decreases
(d) None of these

116. A ball of mass m hits the floor making  

v v
1

q
1

q
an angle q as shown in the figure. If
e is the coefficient of restitution, then
which relation is true, for the velocity
component before and after collision?

 Page-129, 130 / N-84, 85

(a) V1 sin q = V sin q (b) V1 sin q¢ = – sin q
(c) V1 cos q¢ = V cos q (d) V1 cos q¢ = –V cos q

117. Before a rubber ball bounces off from the floor, the ball is
in contact with the floor for a fraction of second. Which of
the following statements is correct?

 Page-129, 131 / N-84, 85
(a) Conservation of energy is not valid during this period
(b) Conservation of energy is valid during this period
(c) As ball is compressed, kinetic energy is converted to

compressed potential energy
(d) None of these

118. A bag of sand of mass 9.8 kg is suspended by a rope. A
bullet of 200 g travelling with speed 10 ms–1 gets embedded
in it, then loss of kinetic energy will be

 Page-129, 130 / N-84, 85
(a) 4.9 J (b) 9.8 J (c) 14.7 (d) 19.6 J

119. A object of mass m1 collides with another object of mass
m2, which is at rest. After the collision the objects move
with equal speeds in opposite direction. The ratio of the
masses m2 : m1 is:             Page-129, 130 / N-84, 85
(a) 2 : 1 (b) 3 : 1 (c) 1 : 2 (d) 1 : 1

120. Two billiard balls of mass 0.05 kg each moving in opposite
directions with 10 ms–1 collide and rebound with the same
speed. If the time duration of contact is t = 0.005 s, then
what is the force exerted on the ball due to each other?

 Page-129, 130 / N-84, 85
(a) 100 N (b) 200 N (c) 300 N (d) 4000 N

Exercise 2 : NCERT Exemplar & Past Years NEET 

1. An electron and a proton are moving under the influence
of mutual forces. In calculating the change in the kinetic
energy of the system during motion, one ignores the
magnetic force of one on another. This is, because

 Page-117 / N-74
(a) the two magnetic forces are equal and opposite, so

they produce no net effect
(b) the magnetic forces do not work on each particle
(c) the magnetic forces do equal and opposite (but non-

zero) work on each particle
(d) the magnetic forces are necessarily negligible

2. A proton is kept at rest. A positively charged particle is
released from rest at a distance d in its field. Consider two
experiments; one in which the charged particle is also a
proton and in another, a positron. In the same time t, the
work done on the two moving charged particles is

 Page-117 / N-74

(a) same  as  the  same  force  law  is  involved  in  the  two
experiments

(b) less  for  the case of  a  positron,  as  the positron moves
away more rapidly and the force on it weakens

(c) more for the case of a positron, as the positron moves
away a larger distance

(d) same as the work done by charged particle on the
stationary proton

3. A man squatting on the ground gets straight up and stand.
The force of reaction of ground on the man during the
process is                                   Page-117 / N-74
(a) constant and equal to mg in magnitude
(b) constant and greater than mg in magnitude
(c) variable but always greater than mg
(d) at first greater than mg and later becomes equal

to mg
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4. A bicyclist comes to a skidding stop in 10 m. During this
process, the force on the bicycle due to the road is 200N
and is directly opposed to the motion. The work done by
the cycle on the road is          Page-117 / N-74
(a) + 2000 J (b) – 200 J (c) zero (d) – 20,000 J

5. A body is falling freely under the action of gravity alone in
vaccum. Which of the following quantities remain constant
during the fall?                  Page-121 / N-78
(a) Kinetic energy
(b) Potential energy
(c) Total mechanical energy
(d) Total linear momentum

6. During inelastic collision between two bodies, which of
the following quantities always remain conserved?

 Page-129 / N-84
(a) Total kinetic energy (b)  Total mechanical energy
(c) Total linear momentum (d)  Speed of each body

7. Two inclined frictionless tracks, one gradual and the other
steep meet at A from where two stones are allowed to slide
down from rest, one on each track as shown in figure.
Which of the following statement is correct?

 Page-121 / N-78

h
I

A

B
q1 q2

II

(a) Both the stones reach the bottom at the same time
but not with the same speed

(b) Both the stones reach the bottom with the same speed
and stone I reaches the bottom earlier than stone II

(c) Both the stones reach the bottom with the same speed
and stone II reaches the bottom earlier than stone I

(d) Both the stones reach the bottom at different times
and with different speeds

8. The potential energy function for
a particle executing linear SHM is

given by 21( )
2

V x kx=  where x

V x( )

–xm xm

k is the force constant of the oscillator (Fig.). For k = 0.5 N/
m, the graph of V(x) versus x is shown in the figure. A
particle of total energy E turns back when it reaches
x = ±xm. If V and K indicate the PE and KE, respectively of
the particle at x =  +xm, then which of the following is
correct?                  Page-124 / N-81

(a) V = O,  K = E (b) V = E,  K = O
(c) V < E,  K = O (d) V = O,  K < E

9. Two identical ball bearings in contact
with each other and resting on a
frictionless table are hit head-

1 2 3

von by another ball bearing of the
same  mass  moving  initially  with  a  speed  v as shown in
figure.
If the collision is elastic, which of the following (figure) is
a possible result after collision?

 Page-129, 130 / N-84, 85

(a)
1

v = 0 v/2
(b)

1 2 3

vv = 0

(c)

1 2 3

v/3

(d)

1 2 3

v/1 v/2 v/3
10. A body of mass 0.5 kg travels in a straight line with velocity

v = a x3/2 where a = 5 m–1/2s–1. The work done by the net
force during its displacement from x = 0 to x = 2 m is

 Page-118 / N-75
(a) 15 J (b) 50 J (c) 10 J (d) 100 J

11. A body is moving unidirectionally under the influence of a
source of constant power supplying energy. Which of the
diagrams shown in figure correctly shown the displacement-
time curve for its motion?          Page-128 / N-83

(a)

t

d

(b)

t

d

(c)

t

d

(d)

t

d

12. Which of the diagrams shown in figure most closely shows
the variation in kinetic energy of the earth as it moves
once around the sun in its elliptical orbit?

 Page-117 / N-74

(a)

KE

t

(b)

KE

(c)

KE

 (d)

KE

13. Which of the diagrams shown in figure represents variation
of total mechanical energy of a pendulum oscillating in air
as function of time?          Page-121 / N-78

(a) 

E

t
(b)

t

E

(c) 
t

E

(d)
t

E
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14. A mass of 5 kg is moving along a circular path of radius 1
m. If the mass moves with 300 rev/min, its kinetic energy
would be                  Page-117 / N-74

(a) 250 p2 (b) 100 p2

(c) 5 p2 (d) 0
15. A raindrop falling from a height h above ground, attains a

near terminal velocity when it has fallen through a height
(3/4)h. Which of the diagrams shown in figure correctly
shows the change in kinetic and potential energy of the
drop during its fall up to the ground?

 Page-121 / N-78

(a)

PE

KE
t

h

(b)

PE

KE t

h/4

h

(c)
PE

KE
t

h x

O

(d) PE
KE

t

h

O
16. In a shotput event an athlete throws the shotput of mass

10 kg with an initial speed of 1 m s–1 at 45° from a height 1.5
m above ground. Assuming air resistance to be negligible
and acceleration due to gravity to be 10 m s–2, the kinetic
energy of the shotput when it just reaches the ground will
be                                                    Page-121 / N-78
(a) 2.5 J (b) 5.0 J (c) 52.5 J (d) 155.0 J

17. Which of the diagrams in figure correctly shows the change
in kinetic energy of an iron sphere falling freely in a lake
having sufficient depth to impart it a terminal velocity?

 Page-117 / N-74

(a)
KE

Depth tO

(b)
KE

Depth tO

(c)
KE

Depth tO

(d)
KE

Depth tO

18. A cricket ball of mass 150 g moving with a speed of 126 km/
h hits at the middle of the bat, held firmly at its position by
the batsman. The ball moves straight back to the bowler
after hitting the bat. Assuming that collision between ball
and bat is completely elastic and the two remain in contact
for 0.001s, the force that the batsman had to apply to hold
the bat firmly at its place would be  Page-129 / N-84
(a) 10.5 N (b) 21 N
(c) 1.05 × 104 N (d) 2.1 × 104 N 

19. The heart of man pumps 5 litres of blood through the
arteries per minute at a pressure of 150 mm of mercury. If
the density of mercury be 13.6 ×103 kg/m3 and g = 10m/s2

then the power of heart in watt is :
NCERT  Page-128 /  N-83  | AIPMT  2015  RS,  AA

(a) 2.35 (b) 3.0 (c) 1.50 (d) 1.70
20. A ball is thrown vertically downwards from a height of 20 m

with an initial velocity v0. It collides with the ground loses
50 percent of its energy in collision and rebounds to the
same height. The initial velocity v0 is :  (Take g = 10 ms–2)

 NCERT  Page-117 / N-74 | AIPMT  2015 RS, A
(a) 20 ms–1 (b) 28 ms–1 (c) 10 ms–1 (d) 14 ms–1

21. A particle of mass m is driven by a machine that delivers a
constant power of k watts. If the particle starts from rest
the force on the particle at time t is

NCERT  Page-128 /  N-83  | AIPMT  2015, C

(a) –1/2mk t (b) –1/22mk t

(c) –1/21 mk t
2

(d) –1/2mk t
2

22. Two similar springs P and Q have spring constants KP and
KQ, such that KP >  KQ. They are stretched, first by the
same amount (case a,) then by the same force (case b). The
work done by the springs WP and WQ are related as, in
case (a) and case (b), respectively

NCERT  Page-123 /  N-80  | AIPMT  2015, C
(a) WP = WQ; WP = WQ (b) WP > WQ; WQ > WP
(c) WP < WQ; WQ < WP (d) WP = WQ; WP > WQ

23. A block of mass 10 kg, moving in x direction with a constant
speed of 10 ms–1, is subject to a retarding force
F = 0.1x J/m during its travel from x = 20 m to 30 m. Its final
KE will be:            NCERT  Page-117 / N-74 | AIPMT  2015, S
(a) 450 J (b) 275 J (c) 250 J (d) 475 J

24. A body of mass 1 kg begins to move under the action of a
time dependent force 2ˆ ˆF (2ti 3t j)= +

r
N, where î  and ĵ  are

unit  vectors  alogn  x  and  y  axis.  What  power  will  be
developed by the force at the time t?

NCERT  Page-128 /  N-83  | NEET  2016,  A
(a) (2t2 + 3t3)W (b) (2t2 + 4t4)W
(c) (2t3 + 3t4) W (d) (2t3 + 3t5)W

25. A particle of  mass 10 g moves along a circle of radius 6.4
cm with a constant tangential acceleration. What is the
magnitude of this acceleration if the kinetic energy of the
particle becomes equal to 8 × 10–4 J by the end of the
second revolution after the beginning of the motion?

NCERT  Page-117 /  N-74  | NEET  2016, S
(a) 0.1 m/s2 (b) 0.15 m/s2

(c) 0.18 m/s2 (d) 0.2 m/s2

26. Consider a drop of rain water having mass 1 g falling from
a height of 1 km. It hits the ground with a speed of 50 m/s.
Take 'g' constant with a value 10 m/s2.
The work done by the (i) gravitational force and the (ii)
resistive force of air is

NCERT  Page-116, 117 /  N-73,  74  | NEET  2017,  A
(a) (i) 1.25 J (ii) –8.25 J
(b) (i) 100 J (ii) 8.75 J
(c) (i) 10 J (ii) – 8.75 J
(d) (i) – 10 J (ii) –8.25 J
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Exercise 3 : Matching, Statement & Assertion-Reason Type

27. A body initially at rest and
sliding along a frictionless
track from a height h (as
shown in the figure) just
completes a vertical circle

h

A

B

vL

of diameter AB = D. The height h is equal to
NCERT  Page-121 /  N-78  | NEET  2018, A

(a)
3
2

D (b) D (c)
5
4

D (d)
7
5

D

28. A moving block having mass m, collides with another
stationary block having mass 4m. The lighter block comes to
rest after collision. When the initial velocity of the lighter
block is v, then the value of coefficient of restitution (e) will
be                      NCERT  Page-129 / N-84 | NEET  2018, S
(a) 0.5 (b) 0.25 (c) 0.4 (d) 0.8

29. When a block of mass M is suspended by a long wire of
length L, the length of the wire becomes (L + l). The elastic
potential energy stored in the extended wire is :

NCERT  Page-123 /  N-80  | NEET  2019, S

(a) Mgl (b) MgL (c)
1
2 Mgl (d)

1
2 MgL

30. A force F = 20 + 10y acts on a particle in y-direction where
F is in newton and y in meter. Work done by this force to
move the particle from y = 0 to y = 1 m is :

NCERT  Page-118 / N-75 | NEET  2019, S
(a) 30 J (b) 5 J (c) 25 J (d) 20 J

31. A particle is released from height S from the surface of the
Earth. At a certain height its kinetic energy is three times its
potential energy. The height from the surface of earth and
the speed of the particle at that instant are respectively

NCERT  Page-117, 120 /  N-74,  77  | NEET  2021, AA

(a)
3,

4 2
S gS

(b)
3

,
4 2
S gS

(c)
3

,
4 2

gSS
(d)

3
,

2 2
gSS

32. Water falls from a height of 60 m at the rate of 15 kg/s to
operate a turbine. The losses due to frictional force are

10% of the input energy. How much power is generated
by the turbine? (g = 10 m/s2)

NCERT  Page-128 /  N-83  | NEET  2021, AA
(a) 7.0 kW (b) 10.2 kW (c) 8.1 kW (d) 12.3 kW

33. The energy that will be ideally rediated by a 100 kW transmitter
in 1 hour is:             NCERT  Page-128 / N-83 | NEET  2022, C
(a) 36 × 104 J (b) 36 × 105 J
(c) 1 × 105 J (d) 36 × 107 J

34. An electric lift with a maximum load of 2000 kg (lift +
passengers) is moving up with a constant speed of 1.5 ms–
1. The frictional force opposing the motion is 3000 N. The
minimum power delivered by the motor to the lift in watts is: (g
= 10 ms–2)  NCERT  Page-128, 129 / N-83, 84 | NEET  2022,  AA

(a) 20000 (b) 34500 (c) 23500 (d) 23000
35. A shell of mass m is at rest initially. It explodes into three

fragments having mass in the ratio 2 : 2 : 1. If the fragments
having equal mass fly off along mutually perpendicular
directions with speed v, the speed of the third (lighter)
fragment is           NCERT  Page-129 / N-84 | NEET  2022, AA

(a) 2 v (b) 2 2 v (c) 3 2 v (d) v
36. The potential energy of a long spring when stretched by

2 cm is U. If the spring is stretched by 8 cm, potential
energy stored in it will be

NCERT  Page-124 / N-82 | NEET  2023,A

(a) 2 U (b) 4 U (c) 8 U (d) 16 U
37. At any instant of time t, the displacement of any particle

is given by 2t – 1 (SI unit) under the influence of force of
5N. The value of instantaneous power is (in SI unit):

NCERT  Page-128 / N-83 | NEET  2024

(a) 10 (b) 5 (c) 7 (d) 6
38. Two  bodies  A  and  B  of  same  mass  undergo  completely

inelastic one dimensional collision. The body A moves
with velocity v1 while body B is at rest before collision.
The velocity of the system after collision is v2. The ratio
v1 : v2 is NCERT  Page-129 / N-84 | NEET  2024

(a) 1 : 2 (b) 2 : 1 (c) 4 : 1 (d) 1 : 4

1. A small block of mass 200g is kept at the top of a an incline
which is 10 m long and 3.2 m high. Match the columns

Column I Column II
(A) Work done, to lift the block from (1) 6.4 J

the ground and put it at the top
(B) Work done to slide the block (2) 7.2 J

up the incline
(C) the speed of the block at the (3) 4 m/s

ground when left from the top
of the incline to fall vertically

(D) The speed of the block at the (4) 8 m/s
ground when side along the incline

(a) (A)®(2); (B)®(3); C®(1); (D)®(4)
(b) (A)®(1); (B)®(1); C®(3); (D)®(3)
(c) (A)®(4); (B)®(3); C®(2); (D)®(2)
(d) (A)®(1); (B)®(3); C®(1); (D)®(2)

2. If W represents the work done, then match the two columns:
Column I Column II

(A) Force is always along the velocity (1) W = 0
(B) Force is always perpendicular to (2) W < 0

velocity
(C) Force is always opposite to velocity (3) W > 0
(D) The object is stationary but the point

of application of the force moves on
the object

(a) (A)®(1); (B)®(2); C®(3); (D)®(2)
(b) (A)®(3); (B)®(1); C®(2); (D)®(1)
(c) (A)®(2); (B)®(3); C®(1); (D)®(2)
(d) (A)®(1); (B)®(2); C®(3); (D)®(1)

3. Column I Column II
(A) Kinetic Energy (1) Stretched spring
(B) Potential Energy (2) Watt
(C) Collision (3) Elastic or inelastic
(D) Power (4) A boy running on the

roof
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(a) (A)®(2); (B)®(3); C®(1); (D)®(4)
(b) (A)®(1); (B)®(1); C®(3); (D)®(3)
(c) (A)®(4); (B)®(3); C®(2); (D)®(2)
(d) (A)®(4); (B)®(1); C®(3); (D)®(2)

 

Directions: Read the statements carefully and answer the
question on the basis of following options.
(a) Both statement I and II are correct.
(b) Both statement I and II are incorrect.
(c) Statement I is correct but statement II is incorrect.
(d) Statement II is correct but statement I is incorrect.
4. Statement I: The work done in moving a body over a closed

loop is zero for every force in nature.
Statement II : Work done depends on nature of force.

5. Statement I : If collision occurs between two elastic
bodies their kinetic energy decreases during the time of
collision.
Statement II : During collision intermolecular space
decreases and hence elastic potential energy increases.

6. Statement I : In an elastic collision of two billiard balls,
the total kinetic energy is conserved during the short
time  of  collision  of  the  balls  (i.e.,  when  they  are  in
contact).
Statement II : Energy spent against friction follow the
law of conservation of energy.

7. Which of the following statements are incorrect?
I. If there were no friction, work need to be done to

move a body up an inclined plane is zero.
II. Kinetic energy.  Ek = 

1
2

 mv2

III. As the angle of inclination is increased, the normal
reaction on the body placed on it increases.

IV. A duster weighing 0.5 kg is pressed against a vertical
board with a force of 11 N. If the coefficient of friction
is 0.5, the work done in rubbing it upward through a
distance of 10 cm is 0.55J.

(a) I and II (b) I, II and IV
(c) I, III and IV (d) I, II, III and IV

8. Which of the following statements are incorrect ?
I. If there were no friction, work need to be done to

move a body up an inclined plane is zero.
II. If there were no friction, moving vehicles could not

be stopped even by locking the brakes.
III. As the angle of inclination is increased, the normal

reaction on the body placed on it increases.
IV. A duster weighing 0.5 kg is pressed against a

vertical board with a force of 11 N. If the coefficient
of friction is 0.5, the work done in rubbing it upward
through a distance of 10 cm is 0.55J.

(a) I and II (b) I, II and IV
(c) I, III and IV (d) I, II, III and IV

9. A force F(x) is conservative, if
I. there is change in kinetic energy over a round trip.
II. it depends only on the end points.

III. work done by F(x) in a closed path is zero.
IV. it depends on the path taken.
Which of the following option is correct ?
(a) Only I (b) I and III
(c) II and IV (d) II and III

10. Consider the following statements and select the correct
statements.
I. Area under force- displacement curve with proper

algebraic sign represents work done by the force.
II. Conservation of mechanical energy is a consequence

of work energy theorem for conservative forces
III. Work energy theorem holds in all inertial frames
IV. Area under force-displacement gives kinetic energy.
(a) I and II (b) II  and III
(c) I and IV (d) I, II and III

11. In elastic collision,
I. initial kinetic energy is equal to the final kinetic

energy.
II. kinetic energy during the collision time Dt is

constant.
III. total momentum is conserved.
IV. kinetic energy during the collision time Dt is not constant.
Which  of  the  above  statements  is/are  correct  ?
(a) Only I (b) I,  III and IV
(c) Only III (d) Only II

Directions : These questions consist of two statements, each
printed as Assertion and Reason. While answering these
questions, you are required to choose any one of the following
four responses.
(a) If both Assertion and Reason are correct and the Reason

is a correct explanation of the Assertion.
(b) If both Assertion and Reason are correct but Reason is

not a correct explanation of the Assertion.
(c) If the Assertion is correct but Reason is incorrect.
(d) If the Assertion is incorrect and Reason is correct.

12. Assertion : A force applied on the body always does work
on the body.
Reason : If a force applied on a body displaces the body
along the direction of force work done will be minimum.

13. Assertion : The change in kinetic energy of a particle is
equal to the work done on it by the net force.
Reason :  Change in kinetic energy of particle is equal
to the work done only in case of a system of one
particle.

14. Assertion: A light body and heavy body have same
momentum. Then they have same kinetic energy.
Reason: Kinetic energy does not depend on mass of the
body.

15. Assertion : When a machine gun fires n bullets per second
each with kinetic energy K, the power of a gun is  P = nK
Reason : Power P =  work done  /  time also work done =
change in kinetic energy.
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16. Assertion : A point particle of mass m moving with speed
V collides with stationary point particle of mass M. If the

maximum energy loss possible is given as 21
mv

2
f æ ö

ç ÷è ø

Exercise 4 : Skill Enhancer MCQs
1. A block of mass 1 kg is pulled along the curve path ACB by

a tangential force as shown in figure. The work done by the
frictional force when the block moves from A to B is

x = 10 m
A B

C
m = 0.2

(a) 5 J (b) 10 J
(c) 20 J (d) None of these

2. A bullet looses 
th1

n
æ ö
ç ÷
è ø

 of its velocity passing through one

plank. The number of such planks that are required to stop
the bullet can be:

(a)
2n

2n 1-
(b)

22n
n 1-

(c) infinite (d) n

3. A mass of M kg is suspended by a weightless string. The
horizontal force that is required to displace it untill the string
makes an angle of 45° with the initial vertical direction is :
(a) Mg( 2  – 1) (b) Mg ( 2  + 1)

(c) Mg 2 (d) 2
Mg

4. A particle of mass m is moving in a circular path of constant
radius r such that its centripetal acceleration ac is varying
with time t as ac = k2rt2 where k is  a constant. The power
delivered to the particles by the force acting on it is

(a) 2p mk2r2t (b) mk2r2t

 (c)
4 2 5( )
3

mk r t
(d) zero

5. A man of mass m on an initially stationary boat gets off the
boat by jumping to the left in an exactly horizontal direction.
Immediately after the jump, the boat of mass M, is observed
to be moving to the right at speed v. How much work did
the man do during the jump (both on his own body and on
the boat)

(a)  21 ( )
2

+M m v (b)  
2

21
2

æ ö
+ç ÷

è ø

MM v
m

(c) 21
2

æ ö
ç ÷è ø+

Mm
v

M m
(d)  None  of  these

6. The potential energy of particle in a force field is

2
A BU

rr
= - , where A and B are positive constants and r

is the distance of particle from the centre of the field. For
stable equilibrium, the distance of the particle is
(a) B / 2A (b) 2A / B (c) A / B (d) B / A

7. An electric pump is used to fill an overhead tank of capacity
9m3 kept at a height of 10m above the ground. If the pump
takes 5 minutes to fill the tank by consuming 10 kW power
the efficiency of the pump should be (g = 10 ms–2)
(a) 60% (b) 40% (c) 20% (d) 30%

8. Consider a force F = ˆ ˆ– .xi yj+  The workdone by this
force in moving a particle from point P(1, 0) to Q(0, 1)
along the line segment is (all quantities are in SI units).

Q(0, 1)

P(1, 0)(0, 0)

(a)
1 J
2 (b) 1J (c)

3 J
2 (d) zero

9. A car of mass m starts from rest and accelerates so that the
instantaneous power delivered to the car has a constant
magnitude P0. The instantaneous velocity of this car is
proportional to :

(a) t2P0 (b) t1/2 (c) t–1/2 (d)
t
m

10. A body of mass 5 kg explodes at rest into three fragments
with masses in the ratio 1 : 1 : 3. The fragments with equal
masses fly in mutually perpendicular directions with speeds
of 21 m/s. The velocity of heaviest fragment in m/s will be

(a) 27 (b) 25 (c) 23 (d) 2
11. A stationary particle explodes into two particles of masses

m1 and m2 which move in opposite directions with
velocities v1 and v2. The ratio of their kinetic energies E1/
E2 is
(a) m1v2/m2v1 (b) m2/m1
(c) m1/m2 (d) 1

12. A bullet is fired and gets embedded in block kept on
table. If table is frictionless, then
(a) kinetic energy gets conserved
(b) potential energy gets conserved
(c) momentum gets conserved
(d) both (a) and (c)

13. The speed of an object of mass m dropped from an inclined plane
(frictionless), at the bottom of the plane, depends on:
(a) height of the plane above the ground
(b) angle of inclination of the plane
(c) mass of the object
(d) All of these

14. If two particles are brought near one another, the
potential energy of the system will
(a) increase (b) decrease
(c) remains the same (d) equal to the K.E

then f = M
M m

æ ö
ç ÷+è ø

.

Reason : Maximum energy loss occurs when the particles
get stuck together as a result of the collision.
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15. A crate is pushed horizontally with 100 N across a 5 m floor.
If the frictional force between the crate and the floor is 40 N,
then the kinetic energy gained by the crate is
(a) 200 J (b) 240 J (c) 250 J (d) 300 J

16. A 2 kg block slides on a horizontal floor with a speed of 4m/
s. It strikes a uncompressed spring, and compresses it till
the block is motionless. The kinetic friction force is 15N and
spring constant is 10,000 N/m. The spring compresses by
(a) 8.5 cm (b) 5.5 cm (c) 2.5 cm (d) 11.0 cm

17. The kinetic energy of particle moving along a circle of
radius R depends upon the distance covered S and is given
by K = aS where a is a constant. Then the force acting on
the particle is

(a)
R
aS

(b)
R

)aS(2 2
(c) 2

2

R
aS

(d)
R
aS2

18. A uniform chain of length 2 m and mass 0.1 kg overhangs
a smooth table with its two third part lying on the table.
Find the kinetic energy of the chain as it completely slips-
off the table.

(a)
8 J
9

(b)
12 J
5

(c)
3 J
7

(d)
11 J
3

19. The block of mass M moving on the frictionless horizontal
surface collides with the spring of spring constant k and
compresses it by length L. The maximum momentum of
the block after collision is

 M

(a)
2

2
kL
M

(b) Mk L

(c)
2ML

k
(d) zero

20. A block of mass m is moved
towards a movable wedge of
mass M = km and  height h with
velocity u (All the surface are
smooth).
If the block just reaches the top of the wedge, the value of
u is

(a) gh2 (b)
2ghK
1 K+

(c)
2gh(1 K)

K
+

(d)
1

2gh 1
K

æ ö-ç ÷è ø
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12 (b) 24 (a) 36 (d) 48 (b) 60 (b) 72 (a) 84 (b) 96 (d) 108 (a) 120 (b)
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EXERCISE - 1
1. (c) The dot product should be zero.
2. (b)

3. (c) S = 2 1–r rr r
 = ˆ ˆˆ ˆ ˆ ˆ(14 13 9 ) – (3 2 – 6 )i j k i j k+ + +

W = F S×
rr

 = ˆ ˆˆ ˆ ˆ ˆ(4 3 ) (11 11 15 )i j k i j k+ + × + +
    = 4 × 11 + 1 × 11 + 3 × 15 = 100J

4. (b) For two vectors to be perpendicular to each other

A B×
r r

 = 0
ˆ ˆˆ ˆ ˆ ˆ(2 3 8 ) (4 4 )i j k j i k+ + × + + a  = 0

–8 + 12 + 8a = 0 or a = - = -
4
8

1
2

5. (a) Work done by the net force = change in kinetic energy
of the particle.
This is according to work energy theorem.

6. (d) Work done on the body is gain in the kinetic energy.
Acceleration of the body is a = V/T.

Velocity acquired in time t  is v = at 
V t
T

=

K.E. acquired µ  v2. That is work done 
2 2

2
V t
T

µ

7. (b) When force retards motion i.e., F –(ve) so, work
done –(ve)

8. (c) When a man pushes a wall and fails to displace it,
then displacement of wall = 0
\ Work done by man = F ×  0  =  0
Therefore, man does no work at all.

9. (a) When a person carrying load on his head moves over
a horizontal road, work done against gravitational force is
zero.

10. (d) W = FS cos q
\ If F = 0; W = 0
If S = 0; W = 0
& if q = 90°; cos 90° = 0 \ W = 0.

11. (c) Displacement  of  the  particle  when  it  takes  a
complete round the circular path is zero.
\ Work done = force × displacement
W = F ×  0  =  0
Therefore, work done by the force is zero.

12. (b) From work-energy theorem,
WPorter + Wmg = DK.E. = 0 (Q velocity constant)
or, WPorter = –Wmg = –mgh

\ WPorter = 
8080 9.8 627.2J

100
- ´ ´ = -

13. (c) Work done, W F ds= ×ò
uurr ( ) ( )ˆ ˆxi yj d i dyj= - + × ´ +$ $

0 1

1 0
–W xdx ydyÞ = +ò ò  

1 1
0 1

2 2
Jæ ö= + + =ç ÷è ø

14. (b) (A)®(3); (B)®(1); C®(2,3); (D)®(1)
15. (c) )ĵ3î2).(ĵ2î5(s.FW ++==

rr

 = 10 + 6 = 16 J.
16. (a) W = F s cos 90º = zero

17. (a) x = 3t –4t2 + t3 2t3t83
dt
dx

+-=

Acceleration = t68
dt

xd
2

2
+-=

Acceleration after 4 sec = –8 + 6 × 4 = 16
Displacement in 4 sec  = 3 ×4 – 4 × 42 + 43 = 12 m
\ Work = Force × displacement
= Mass × acc. × disp. = 3 × 10–3 × 16 × 12 = 576 mJ

18. (c) As the cord is trying to hold the motion of the block,
work done by the cord is negative.

W = – M (g – a) d 
4

dgM3d
4
ggM -

=÷
ø
ö

ç
è
æ --=

19. (d) Though an equal and opposite force acts on the road
but since road does not undergo any displacement, hence
no work is done on the road.

20. (c) Motion without slipping implies pure rolling. During
pure rolling work done by friction force is zero.

21. (d) Given : F
r

 = 3i j+$ $

1r
ur

 = $( )2i k+$ , 2r
uur

 = ( )4i 3j k+ -
r

$ $

r
r  = 2 1r r-

uur ur
 = ( )4i 3j k+ -

r
$ $  – $( )2i k+$

or r
r

 = 2i 3j+$ $  – $2k
So work done by the given force w = f .r

r r

=  ( ) $( )3i j . 2i 3j 2k+ + -$ $ $ $  = 6 + 3 = 9J
22. (c) W = F s cos q = 10 × 2 cos 60º = 10 J.

23. (c) W = F s cos q, ,
2
1

105
25

sF
Wcos =

´
==q  q = 60º.

24. (a) Since momentum of both bodies are equal

So p1= p2 12
1

2

2

1 uu
u
u

M
M

>Þ=Þ (let M1>M2)

so 
1

2

2
2
2

1
2

1

k

k

M
M

M2/P
M2/P

E

E

2

1 == Þ
1 2k kE < E

It means that light body has greater kinetic energy, if they
have equal momentum.

25. (d) Let the velocity of the particle be v  m/s.
Momentum of the particle (p)  =  mv
Kinetic energy of the particle

(E) = 
2

21 1 ( ).
2 2

=
mvmv

m
Þ 

2

2
=

pE
m

Work, Energy and Power5
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26. (b) K. E = 21
2

mv It is always positive

27. (c) Initial momentum (p1) = p; Final momentum
(p2) = 1.5 p and initial kinetic energy (K1) = K.

Kinetic energy 
2

2( )
2
pK p
m

= µ

or,
2 2

1 1

2 2

1
1.5 2.25

K p p
K p p

æ ö æ ö
= = =ç ÷ ç ÷

è øè ø
 or,  K2 = 2.25 K.

Therefore, increase in kinetic energy is 2.25 K – K
= 1.25 K or 125%.

28. (b)
2 1

2
= \ µ

PE E
m m

[If P = constant]

i.e., the lightest particle will possess maximum kinetic
energy and in the given option mass of electron is
minimum.

29. (d) K.E. = 2mv
2
1

Further, ad2ad20as2uv 22 =+=+=  2(F / m)d=

Hence, K.E. = Fdd)m/F(2m
2
1

=´

or, K.E. acquired = Work done  = F × d = constant.
i.e., it is independent of mass m.

30. (c) Let m = mass of boy, M = mass of man
v = velocity of boy, V = velocity of man

2 21 1 1
2 2 2

é ù= ê úë û
MV mv ...(i)

( )2 21 11 1
2 2

é ù+ = ê úë û
M V mv ...(ii)

Putting  m = 
2
M

and solving V = 
1

2 1-
31. (d) By law of conservation of mechanical energy

D = -Dk U
Þ - = -f i i fk k U U

0[ ]Þ = - -fk mgy mg y y

[Qki = 0, Ui = mgy  and Uf = mg ( 0-y y )]
0Þ =fk mgy

32. (c) As 2 2
A A B B

1 1m v m v
2 2

=

A B

B A

mv
v m

= ;

B B B

A A A

P m v

P m v
=  

A

A A

B B

B

mm m 1
m m m 3

= = =

33. (b) At the top of flight, horizontal component of
velocity u cos 45º u / 2= =

21 uK.E. m
2 2

æ ö
\ = ç ÷è ø  

21 1 .
2 2 2

mu K
æ ö

= =ç ÷ç ÷
è ø

34. (c) The uniform acceleration is  21 0 1a ms
15 15

--
= =

Let v be the velocity at kinetic energy J
9
2

therefore  12 ms
3
2vor

9
2v1

2
1 -==´´

Using v = u + at
2 10 t t 10s
3 15

= + ´ Þ =

35. (c) 1 1
2

2

m v 3v 16 8m / s
m 6

- -
= = ´ = -

2 2
2 2 2

1 1E m v 6( 8) 192J
2 2

= = ´ - =

36. (d) The average speed of the athelete
100

v 10m / s
10

= =

21K.E. mv
2

\ =

If mass is 40 kg then, 21
K.E. 40 (10) 2000 J

2
= ´ ´ =

If mass is 100 kg then,
21

K.E. 100 (10) 5000 J
2

= ´ ´ =

37. (b) òò úû
ù

êë
é===

1 11 x

0

x

0

2
x

0

xc
2
1dxxcdxFW

2
1

2
1 xc

2
1)0x(c

2
1

=-=

38. (c)
39. (a)

40. (b)

3
2
1

0
1   2   3   4   5   6   7

A           B

C

F(N)

x(m)

Work done = area under F-x graph

= area of trapezium OABC = ( )( )1 3 6 3
2

+ = 13.5 J

41. (c) W =  area  of  F – x graph
=  area  of  D +  area  of  rectangle  +  area  of  D

= 
5 3 5 310 3

2 2
´ ´

+ ´ +  = 45 J

42. (c) We know area under F-x graph gives the work done
by the body

1 (3 2) (3 2) 2 2
2

W\ = ´ + ´ - + ´  = 2.5 + 4 = 6.5 J

Using work energy theorem,
D K.E = work done
\ D K.E = 6.5 J
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43. (b) By work-energy thorem
W = DK

Þ W = 2 2
f i

1 m (v v )
2

- 2 21W 0.5 (16 4 )
2

Þ = ´ ´ -

1W 240
4

Þ = ´ Þ W = 60 J

44. (d)
45. (a) Loss in K.E = Area under the curve F – x = work done
46. (b)
47. (a) Conservative force is negative gradient of potential

F(x) = 
–dV(x)

dx
48. (b) Energy required = mgh

In  both  cases,  h  is  the  same.  Hence  energy  both  is  the
same.

49. (a) U1 = mgh1 and U2 = mgh2

% energy lost = 1 2

1

U U
100

U
-

´

1 2 1 2

1 1

mgh mgh h h100 100
mgh h

æ ö- -
= ´ = ´ç ÷

è ø
2 1.5 100 25%

2
-

= ´ =

50. (d) When work is done upon a system by a conservative
force then its potential energy increases.

51. (d) | |F  = 
dU
dx , which is greatest in the reagion CD.

52. (d) For any uniform rod, the mass is supposed to be
concentrated at its centre.
\ height of the mass from ground is, h = (l/2) sin 30º
\ Potential  energy  of  the  rod

m g
2

= ´ ´
l

 sin 30º

1 mgm g
2 2 4

= ´ ´ ´ =
l l

30º
m

60ºl

30º

m

hl/2

53. (d) dUF b 2ay
dy

= - = -

54. (c) U = (1/2)Mv2

55. (b) The principle of conservation of total mechanical
energy can be stated as, the total mechanical energy of a
system is conserved if the forces, doing work on it, are
conservative.

56. (c) Weight Mg moves the centre of gravity of the spring

through a distance 2/
2

)0(
l

l
=

+

\ Mechanical energy stored = Work done = Mg l/2.

57. (b) v2 = u2 + 2gh  = 4905.19102)10( 2 =´´+
K.E. at the ground

= 40
49490

1000
5

2
1mv

2
1 2 =´´=  J

P.E. = mgh = 
40
1

100
5010

1000
5

-=÷
ø
ö

ç
è
æ -

´´  J

\  Change in energy = ÷
ø
ö

ç
è
æ--

40
1

40
49

 = J25.1
40
50

=

58. (d)
59. (d) At the lowest point, h = 0 \ P.E. = 0 (gravitational

P.E.). There is no work done on the bob by the tension as it
is perpendicular to the displacement.
\ Potential energy is associated only to the
gravitational force.

60. (b) Total energy at the time of projection

2 21 1m v 0.1(20) 20J
2 2

= = ´ =

Half way up, P.E. becomes half the P.E. at the top i.e.

J10
2

20.E.P == \    K.E. = 20 – 10 = 10J.

61. (b)

100 30 20

mgH mghmv
2
1 2 +

Using conservation of energy,

m (10 × 100) ÷
ø
ö

ç
è
æ ´+= 2010v

2
1m 2

or 800v
2
1 2 =   or   v = 1600  = 40 m/s

62. (b) As  we  know,  dU  =  F×dr
3

2

0
3

r arU r dr= a =ò ...(i)

As, 
2

2mv r
r

= a = m2v2 = mar3

or, 2m(KE) = 31
2

ra ...(ii)

Total energy = Potential energy + kinetic energy
Now, from eqn (i) and (ii)

Total energy = K.E. + P.E. = 
3 3

35
3 2 6
r r ra a

+ = a

63. (c) Let E be the total energy then
.
.

P E
K E  = 

mgh
E mgh-  = 

2
3  Þ E  =  

5
2

 mgh

When velocity is double then inital energy becomes 4E.

So, 4
mgh

E mgh- = NL = 10
mgh

mgh mgh-

On solving we get 
. 1
. 9

P E
K E

= .

64. (c) The  tension  T1 at the topmost point is given by

mg
20
vm

T
2
1

1 -=

Centrifugal force acting outward while weight acting
downward.
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The tension T2 at the lowest point gm
20
vmT

2
2

2 +=

Centrifugal force and weight (both) acting downward

gm2
20

vmvmTT
2
1

2
2

12 +
-

=-

hg2vv 2
2

2
1 -=  or g80)40(g2vv 2

1
2
2 ==-

\ gm6gm2
20

gm80TT 12 =+=-

65. (c) Tension at the highest point
2

top
mvT – mg 2mg

r
= =    (\ vtop = 3gr )

Tension at the lowest point
Tbottom = 2mg + 6mg = 8mg

\ 
top

bottom

T 2mg 1 .
T 8mg 4

= =

66. (c) Tension in the string, T = 
2mv
l

67. (a) Given : Mass (m) = 0.4 kg
Its frequency (n) = 2 rev/sec
Radius (r) =1.2 m. We know that linear velocity of the body
(v) = wr = (2pn)r
      = 2 × 3.14 × 1.2 × 2 = 15.08 m/s.
Therefore, tension in the string when the body is at the
top of the circle (T)

= mg
r

mv2
-  )8.94.0(

2
)08.15(4.0 2

´-
´

=

N56.4192.378.45 =-=

68. (a) Since water does not fall down, therefore the velocity
of revolution should be just sufficient to provide centripetal
acceleration at the top of vertical circle. So,

)16()}6.1(10{)rg(v =´==  = 4 m/sec.

69. (b) )(k
2
1k

2
1k

2
1W 2

1
2
2

2
1

2
2 llll -=-=

70. (a) 23
1 )05.0(105

2
1W ´´=  23

2 )10.0(105
2
1W ´´=Þ

.J75.1805.015.0105
2
1W 3 =´´´´=D\

71. (c) 1 2 1 2andl l l l nl+ = =

\ 1 2and
1 1

nl ll l
n n

= =
+ +

As k µ  
1
l

,   \  
1

2

/ ( 1) 1
( ) / ( 1)

k l n
k nl n n

+
= =

+

72. (a) We define the potential energy V(x) of the spring to
be zero when block and spring system is in the equilibrium
position.

73. (a) For a given spring, u = 21 kx2

\ 

2
22
21 1

1 Kxu 2
1u Kx
2

=  = 
( )2

2
3x

x
 = 9 : 1

74. (a) 2

0 0

1
2

x x
U Fdx kxdx kx= - = - = -ò ò .

It is correctly drawn in (a)

75. (a) 22 kx
2
1mv

2
1

=  Þ mv2 = kx2 or m × (1.5)2 = 50 × (0.15)2

\ m = 0.5 kg
76. (d)
77. (c) From Hooke’s law

F µ xÞ  F = kx., where k is spring constant
Since force is same in stretching for both spring so F=k1x1
= k2x2 Þ x1<x2 because k1>k2

so work done in case of first spring is  2
111 xk

2
1W =  and

work done in case of second spring is

2
222 xk

2
1W =  so 21

2

1

2

1 WW
x
x

W
W

<Þ=

It means that more work is done in case of second spring
(work done on spring is equal to stored elastic potential
energy of the spring)

78. (a) Stored elastic potential energy of spring =½kx2 where
x is compression or elongation of spring from its natural
length. In this position the spring can do work on the
block tied to it, which is equal to ½kx2, so both option (a)
& b are correct.

79. (d) P.E. = 1
2

 kx2

\ If x = 4x, then P.E = 1
2

 k(16x2) = 2116 kx
2

æ ö
è ø

80. (d) 22 )2(k
2
1)x(k

2
1V ==   or  

2
V

4
V2k ==

V25)10(
2
V

2
1)10(k

2
1V 22 =÷

ø
ö

ç
è
æ´==¢

81. (d) Given, constantdk
dt

=

Þ k µ t   Þ  v tµ

Also, constantdkP Fv
dt

= = =

Þ
1F
v

µ   Þ 
1F
t

µ

82. (a)

83. (d) Fthrust = Vrel
dm
dt

= 5 × 0.5 = 2.5 N

So, Power = Force × Velocity

= 2.5 × 5 = 12.5 watt.

84. (b) u = 0; v = u + aT; v = aT

Instantaneous power = F × v = m. a. at = m.a2.t

\  Instantaneous power = t
T
vm

2

2
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85. (b) Constant power of car P0 = F.V = ma.v

0 .=
dvP m v
dt

0 =P dt mvdv  Integrating
2

0 .
2

=
mvP t 02P tv

m
=

Q P0, m and 2 are constant \  µv t
86. (d)

87. (b)
WP
t

= . Here, P = 2kW = 2000 W..

W = Mgh = M × 10 × 10 = 100 M  and t = 60 s.
This gives, M = 1200 kg
Its volume = 1200 litre as 1 litre of water contains 1 kg of its
mass.

88. (a)
89. (b) We know that  F × v = Power

\ F × v = c   where c = constant
dv mdv

m v c F ma
dt dt

æ ö\ ´ = \ = =ç ÷è ø

0 0

v t
m vdv c dt\ =ò ò

21
2

mv ct\ =

1
22cv t

m
\ = ´

1
22 wheredx c dxt v

dt m dt
\ = ´ =

1
2

0 0

2x tcdx t dt
m

\ = ´ò ò
3

22 2
3

c tx
m

= ´   3
2x tÞ µ

90. (b) Power exerted by a force is given by
P = F.v
When the body is just above the earth’s surface, its velocity
is greatest. At this instant, gravitational force is also maximum.
Hence, the power exerted by the gravitational force is greatest
at the instant just before the body hits the earth.

91. (d) The power of body is given by = .F v
r r  as the body is

moving in circular path, centripetal force and velocity are
at 90°, or power = 0.

92. (b) The work is done against gravity so it is equal to the
change in potential energy. W = Ep = mgh
For a fixed height, work is proportional to weight lifted.
Since Johnny weighs twice as much as Jane he works
twice as hard to get up the hill.
Power is work done per unit time. For Johnny this is
W/Dt. Jane did half the work in half the time, (1/2 W)/
(1/2 Dt) = W/Dt which is the same power delivered by Johnny.

93. (a) Power, P = F.v = .dvm v
dt

As P is constant, constantv
dt

=

Þ v dtµ  Þ v tµ

94. (c) Power = 
workdone

time

Therefore power of A, PA = 
A

mgh
t

and power of B, PB = 
B

mgh
t

\ A B

B A

P t 4 2 :1
P t 2

= = =

95. (c) Volume of water to raise = 22380 l = 22380×10–3m3

r r
= = Þ =

mgh V gh V ghP t
t t P

3 322380 10 10 10 10 15 min
10 746

t
-´ ´ ´ ´

= =
´

96. (d) Power = total work done
time

= 
2

2

1 Mv 1 M2 (mv )n mn
t 2 t

æ ö= =ç ÷
è ø
Q

= kn 21K.E.K mv
2

é ù=ê úë û
Q

97. (b) F
r

 = 
mdv
dt

r

 = 2ˆ ˆ4 6ti t j+ (Q m = 1 kg)

0

v
dvò  = 

2

0

ˆ ˆ(4 6 )
t

ti t j dt+ò  Þ vr  = 2 3ˆ ˆt i t j+

Power, P = F v×
r r

= 2 2 3ˆ ˆ ˆ(4 6 ) ( )ti t j t i t j+ × +
= (4t3 + 6t5)W

98. (b)
( )2 21

Work done 2Power =
Time

-
=

m v u

t

( ) ( )26 22.05 10 25 51
2 5 60

P
é ù´ ´ -ë û= ´
´

P = 2.05 × 106 W = 2.05 MW

99. (d) kg8kg8.010m =´=

height  of iron chain = 5m
mgh 8 10 5P W 40W

t 10
´ ´

= = =

100. (c) The law of conservation of momentum is true in all
type of collisions, but kinetic energy is conserved only in
elastic collision. The kinetic energy is not conserved in
inelastic collision but the total energy is conserved in all
type of collisions.

101. (c) In a perfectly inelastic collision, the two bodies move
together as one body.

102. (b) In an inelastic collision, momentum remains
conserved, but K.E is changed.

103. (c)
104. (a) During elastic collision between two equal masses,

the velocities get exchanged. Hence energy transfer is
maximum when m1 = m2.
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105. (a) In an elastic collision

V1 = 1 2
1

1 2

(m m )
um m

-
+

; V2 = 1 1
1 2

2m u
m m+

\ if m1 = m2, then V1 = 0; and V2  = 1 1

1

2 m v
2m  = u1

106. (c)
107. (c) Apply conservation of momentum,

m1v1 = (m1 + m2)v; v = )mm(
vm

21

11
+

Here v1 = 36 km/hr = 10 m/s, m1 = 2 kg, m2 = 3 kg

s/m4
5

210v =
´

=

K.E. (initial) = J100)10(2
2
1 2 =´´

K.E. (Final) = J40)4()23(
2
1 2 =´+´

Loss in K.E. = 100 – 40 = 60 J
Alternatively use the formula

( ) ( )21 2
k 1 2

1 2

m m1E u u
2 m m

-D = -
+

108.  (a)

109. (b) ( )1 1 2 2 1 2 .sysm v m v m m v+ = +

( )20 10 5 0 20 5 8 /sys sysv v m s´ + ´ = + Þ =

K. E. of composite mass ( ) ( )21 20 5 8 800
2

J= + ´ =

110. (a) As the two masses stick together after collision, hence
it is inelastic collision. Therefore, only momentum is
conserved.

2v

3mv xm

ˆ ˆmvi 3m(2v) j (4m)v
r

\ + =

v 6ˆ ˆv i vj
4 4

= +
r

= 
v 3ˆ ˆi vj
4 2

+

111. (d) K. E. of colliding body before collision 21
2

mv=

After collision its velocity becomes
( )
( )

1 2'

1 2 3 3
m m m vv v v
m m m

-
= = =

+

\  K. E. after collision 
21

2 9
=

mv

Ratio of kinetic energy = 

2

2

1
. . 2 9 :1
. . 1

2 9

= =

´

before

after

mvK E
K E mv

112. (d) For the object of mass 2.0 kg.
k k – k / 4 3

k k 4
D

= =

Kinetic energy transferred
1 2

2
1 2

4m mk
k (m m )

D
=

+
Here, m1 = 2.0 kg, m2 = M

\ 2
3 4 2M
4 (2 M)

´
=

+
  Þ  2M kg or 6kg

3
=

113. (a) Initial, K.E.= 21 mv
2

1 20 600
2 1000

= ´ ´ × 600 = 3600 J

Change in K.E. = P.E.

mgh)'vv(m
2
1 22 =-

Þ  2
1v

1000
20

2
13600 ´´-  = 4 × 10 × 80

 1v 200m / sÞ =
114. (c) Initial  kinetic energy of the system

2 2
i

1 1 1K.E mu M(0) 0.5 2 2 0 1J
2 2 2

= + = ´ ´ ´ + =

For collision, applying conservation of linear momentum
m × u = (m + M) × v

0.5 2 (0.5 1) v\ ´ = + ´

2v m / s
3

Þ =

Final kinetic energy of the system is

2
f

1 1 2 2 1K.E (m M)v (0.5 1) J
2 2 3 3 3

= + = + ´ ´ =

\  Energy loss during collision 11 J 0.67J
3

æ ö= - =ç ÷
è ø

115. (a)
116. (a) As the floor exerts a force on the ball along the normal,

& no force parallel to the surface, therefore the velocity
component along the parallel to the floor remains constant.
Hence V sin q = V1 sin q1.

117. (b) The law of conservation of energy is valid at any
instant & in all circumstances.

118. (b) As no external force is acting on system so, Pi = Pf
0.2 ́  10 = 10 ́  v Þ v = 0.2 m/sec

Loss in K.E. = 2 21 1(0.2) 10 10(0.2)
2 2

´ ´ - ´

1 10 (0.2) [10 0.2] 9.8 J
2

= ´ ´ - =

119. (b)
120. (b)

Chnage in momentum of any one ball

| P| 2 0.05 10 1D = ´ ´ =
r

av
| P| 1 1000|F | 200 N

t 0.005 5
D

= = = =
D

r
r
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EXERCISE - 2
1. (b) When electron and proton are moving under influence

of their mutual forces, then according to the flemings left
hand rule, the direction of force acting on a charge particle
is perpendicular to the direction of motion.
In magnetic field, work-done = F. s. cosq

                        = F . s. cos 90° = 0.
So magnetic forces do not work on moving charge particle.

2. (c) Forces  between  two  protons  is  same  as  that  of
between proton and a positron.
As positron is much lighter than proton, it moves away
through much larger distance compared to proton.
Work done = Force × Distance
As forces are same in case of proton and positron but
distance moved by positron is larger, hence, work done on
positron will be more than proton.

3. (d) When the man squatting on the ground he is tilted
somewhat, hence he also has to apply frictional force
besides his weight.
R (reactional force) = friction force (f) + mg i.e.,  R > mg
When the man does not squat and gets straight up in that
case friction ( f ) » 0
R (Reactional force) » mg
Hence, the reaction force (R) is larger when squatting and
become equal to mg when no squatting.

4. (c) According to the question, work done by the
frictional force on the cycle is :
= 200 × 10 = –2000 J
As the road is not moving, hence work done by the cycle
on the road is  zero.

5. (c) As the body is falling freely under gravity and no
external force act on body in vaccum so law of
conservation, the potential energy decreases and kinetic
energy increases because total mechanical energy (PE +
KE) of the body and earth system will be remain constant.

6. (c) According to the question, consider the two bodies as
system, the total external force on the system will be zero.
Hence, in an inelastic collision KE does not conserved but
total linear momentum of the system remain conserved.

7. (c) As the (inclined surface) are frictionless, hence,
mechanical energy will be conserved. As both the tracks
having common height, h (and no external force acts on
system).
KE & PE of stone I at top = KE + PE at bottom of I.
From conservation of mechanical energy,

2
1

10 0
2

mv mgh+ = +  1 2v ghÞ =  similarly 2 2v gh=
Hence, speed is same for both stones.
For stone I, acceleration along inclined plane a1 = g sin q1
Similarly, for stone II a2 = g sin q2
sin q1 < sin q2 Thus, q2 > q1 hence a2 > a1.
a2 is greater than a1 and both length for track II is also less
hence, stone II reaches earlier than stone I.

8. (b) Total Mechanical energy is E = PE + KE at any instant.
When particle is at x = xm i.e., at extreme position, partical
returns back and its velocity become zero for an instant.
Hence, at x = xm; x = 0, K.E. = 0.

From Eq. (i), E = PE + 0 = PE = V(xm) = 21
2 mkx

but at mean position at origin V(xm) = 0.

9. (b) If two bodies of equal masses collides elastically, their
velocities are interchanged.
When ball 1 collides with ball-2, then velocity of ball-1, v1
becomes zero and velocity of ball-2, v2 becomes v, i.e.,
similarly then its own all momentum is mV.
So, v1 = 0 Þ v2 = v, P1 = 0, P2 = mV
Now ball 2 collides to ball 3 and its transfer it's momentum
is mV to ball 3 and itself comes in rest.
So, v2 = 0 Þ v3 = v, P2 = 0, P3 = mV
So, ball 1 and ball 2, become in rest and ball 3 move with
velocity v in forward direction.

10. (b) As we know that,

W.D. 
2 2

1 1

0

x x

x x

F dx ma dx= × = ×ò ò
uur uurr r

As given that, m = 0.5 kg, a = 5 m–1/2 s–1,
3/ 2v ax=

We also know that Acceleration,

 3/2 3/2
0 ( )= = × =

dv dv da v ax ax
dt dx dx

3/ 2 1/ 2 2 23 3
2 2

ax a x a x= ´ ´ ´ =

Now, force = 2 2
0

3
2

ma m a x=

From (i), work done 2

0

x

x
Fdx

=

=
= ò

2 2 2
0

3
2

ma x dxé ù= ê úë ûò
23

2

0

3
2 3

xma
æ ö

= ´ ç ÷ç ÷
è ø

21 8
2

ma= ´(0.5) (25) 8 50 J= ´ ´ ´ =

11. (b) As given that power = constant
As we know that power (P)

dW F dx F dxP
dt dt dt

×
= = =

uurr

As the body is moving unidirectionally.
Hence, cos 0F dx Fdx Fdx× = ° =

constantFdxP
dt

= = (Q P = constant by question)

2 3 3/ 2L T L Tµ Þ µ  Þ Displacement (d) µ t3/2
Verifies the graph (b).

12. (d) 13. (c)
14. (a) As given that, mass (m) = 5 kg, n = 300 revolution

Radius (R) = 1 m;  t = 60 sec
2 (300 2 ) rad / 60sn

t
pæ öw = = ´ ´pç ÷

è ø
rad/s = 10  rad/s= p

linear speed (v) = wR = (10p × 1) Þ v = 10p m/s

KE 21
2

mv= 21 5 (10 )
2

= ´ ´ p 2250 J= p

So, verifies the option (a).
15. (b) P.E. is maximum when drop start falling at

t = 0 as it fall is P.E. decrease gradually to zero. So, it rejects
the graph (a), (c) and (d).
K.E. at t =  0  is  zero  as  drop  falls  with  zero  velocity,  its
velocity increases (gradually), hence, first KE also
increases. After sometime speed (velocity) is constant this
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is called terminal velocity, so, KE also become constant. It

happens when it falls 
3
4

æ ö
ç ÷
è ø

 height or remains at 
4
4

æ ö
ç ÷
è ø

 from
ground, then PE decreases continuously as the drop is
falling continuously.
The variation in PE and KE is best represented by (b).

16. (d) As given that, h = 1.5m, v = 1m/s, m = 10kg, g = 10 ms–2

By  the  law  of  conservation  of  mechanical  energy  as  no
force acts on shotput after thrown.

(PE)i + (KE)i = (PE)f  + (KE)f
21 0 (KE)

2i i fmgh mv+ = +

(KE)f  = 21
2i imgh mv+

Total energy when it reaches ground, so

21(KE) 10 10 1.5 10 (1)
2f = ´ ´ + ´ ´

E = 150 + 5 = 155 J.
17. (b) First  velocity  of  the  iron  sphere

2V gh=  after sometime its velocity becomes constant,
called terminal velocity. Hence, according first KE increases
and then becomes constant due to resistance of sphere and
water which is represented by (b).

18. (c) As given that,
150150 g kg 0.15 kg
1000

m = = =

Dt = time of contact = 0.001 s
126×1000126 km/h = m/s

60 60
u =

´
35 m/s=

5126km/h 126 – ×
8

v = - = - = –35 m/s

So, final velocity is acc. to initial force applied by batsman.
So, change in momentum of the ball

3 21( ) ( 35 35) kg-m/s
20 2

D = - = - - =-p m v u
As we know that, force

421/ 2 N = –1.05 × 10 N
0.001

pF
t

D -
= =

D
Hence negative sign shown that direction of force will be
opposite to initial velocity which taken positive direction.
Hence verify the option (c).

19. (d)  Power F.V PAV ghAV= = r
r r r

 
FP and P gh
A

é ù= = rê úë û
Q

= 13.6 × 103 × 10 × 150 × 10–3 × 0.5 × 10–3/60

= 
102
60  = 1.70 watt

20. (a) When ball collides with the ground it loses its 50% of
energy

\ f

i

KE 1
KE 2

=  Þ 

2
f

2
i

1 mV 12
1 2mV
2

=

or f

i

V 1
V 2

=                                                 
M

M

or, 
2
0

2gh 1
2V 2gh

=
+

or, 4gh = 2
0V 2gh+   v       \ VV0 = 20ms–1

21. (d) As we know power P = 
dw
dt

Þ w = Pt = 
1
2  mV2 So,   v = 

2Pt
m

Hence, acceleration dV 2P 1a .
dt m 2 t

= =
Therefore, force on the particle at time ‘t’

= ma = 
2

–1/22Km 1 Km mK. t
m 2t 22 t

= =
22. (b) As we know work done in stretching spring

21
w kx

2
=

where k = spring constant
x = extension

Case (a) If extension (x) is same,
21W K x

2
= . So, WP > WQ (QKP > KQ)

Case (b) If spring force (F) is same 
2FW

2K
=

So, WQ > WP
23. (d) From, F = ma

a = 
F
m

 = 
0.1x dV0.01x V
10 dx

= =

So,
2

1

v 30

v 20

xvdV dx
100

=ò ò

– 
302 22

201

VV x 30 30 20 20–
2 200 200 200V

´ ´
= = = 4.5 – 2 = 2.5

( )2 2
2 1

1 m V – V 10 2.5 J – 25J
2

= ´ =

Final K.E.  = 2 2
2 1

1 1 1mv mv – 25 10 10 10 – 25
2 2 2

= = ´ ´ ´

= 500 – 25 = 475 J
24. (d) Given force 2ˆ ˆF 2ti 3t j= +

r

According to Newton's second law of motion,
2dv ˆ ˆm 2ti 3t j

dt
= +

r

(m = 1 kg)

Þ
v

0

dvò
r

r  = ( )
t

2

0

ˆ ˆ2ti 3t j dt+ò  Þ 2 3ˆ ˆv t i t j= +
r

Power P = 2 2 3ˆ ˆ ˆ ˆF·v (2t i 3t j) · (t i t j)+ +
r r  = (2t3 + 3t5)W

25. (a) Given: Mass of particle, M = 10g = 
10 kg

1000
radius of circle R = 6.4 cm
Kinetic energy E of particle = 8 × 10–4J
acceleration at =  ?

21 mv
2

 = E Þ
21 10 v

2 1000
æ ö
ç ÷
è ø

 = 8 × 10–4

Þ v2 = 16 × 10–2 Þ v = 4 × 10–1 = 0.4 m/s
Now, using
v2 = u2 + 2ats (s = 4pR)

(0.4)2 = 02 + 2at 
22 6.44
7 100

æ ö´ ´ç ÷
è ø

Þ at = (0.4)2 × 
7 100

8 22 6.4
´

´ ´  = 0.1 m/s2
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26. (c) From work-energy theorem,

Wg + Wa = DK.E or,   mgh + Wa = 21 mv 0
2

-

3 3 3 2
a

110 10 10 W 10 (50)
2

- -´ ´ + = ´ ´  Þ  WWa = –8.75 J

which is the work done due to air resistance
Work done due to gravity = mgh
= 10–3 × 10 × 103 = 10 J

27. (c) As track is frictionless, so total mechanical energy
will remain constant

h

A

B

vL

i.e., 0 + mgh = 21 0
2 Lmv +

Using v2 – u2 = 2gh, h = 
2

2
Lv
g  (Q u = 0)

For completing the vertical circle, vL ³ 5gR

or, h = 
5 5 5
2 2 4
gR R D
g

= =

28. (b)

v

m 4m

v = 0

Before Collision
     

v¢

m 4m

v = 0

After Collision
According to law of conservation of linear momentum,

mv + 4m × 0 = 4 mv¢ + 0 Þ v¢ = 
4
v

Coefficient of restitution,

e = 
Relative velocity of separation
Relative velocity of approach

= 

v
4
v  or, e = 

1
4

 = 0.25

29. (c) Here,
kx0 = Mg
where K = force constant

DE 2
0

1
2

Kx=

2
0

0

1
2

Mg x
x

= ´

0
1
2

Mgx=

Stored elastic potential energy in extended wire, 
1
2

Mg= l

[here x0 = l]
30. (c) Work done by variable force

Work done, 
1

0

f f

i

y y

y y

W Fdy F dy
=

=

= Þ ×ò ò

where, F = 20 + 10y

\ ( )
1

0
20 10W y dy= +ò  

12

0

1020 25
2
yy J

é ù
= + =ê ú

ê úë û

31. (a) Let the height from the surface of the earth be x.
When body from rest falls through height
(S – x)
Then from v2 = u2 + 2gs

S
x v

EARTH

v2 = 02 + 2g(S – x)

Þ ( )v 2g S x= - ...(i)
At this point,
U = mgx
From question, kinetic energy, K = 3U

( ) ( )21 m v 3 mg x
2

\ = ´

Þ ( )1
m 2g S x 3 mgx

2
´ ´ - = ´      (using (i))

Þ S – x = 3x
Sx
4

\ = ... (ii)

S 3gS
v 2 g S

4 2
æ ö\ = ´ - =ç ÷è ø

32. (c) Power on turbine
( )d mgh

P
dt

=

dmgh 10 60 15 9000W
dt

= = ´ ´ =

Due to frictional force, lossses are 10%
\ Power generated

10
1 9000 8.1 kW

100
æ ö= - ´ =ç ÷è ø

33. (d) Energy radiated = Power × time
= 100 kW × 1 hr = 100 kWh = 100 × 3.6 × 106 J = 3.6 × 108 J
= 36 × 107 J

34. (b) Power = F × V
= (2000 g + 3000) × 1.5 = 23000 × 1.5 = 34500 watt

35. (b) m¢

V

2m

V
m

2m
V¢

y

x
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0iP =
r

1ˆ ˆ2 2fP mvi mvj mv= + +
r r

 as, i fP P=
r r

1 ˆ ˆ0 2 2mv mvi mvj= + +
r

2 2ˆ ˆ2 ( ) 2 1 1 2 2v v i j v v v= - + Þ = + =
r r

36. (d) Potential energy stored in spring (U) is given by

U = 21
2

Kx

Initially

Ui = 21 (2)
2

K  where x = 2 cm

Þ Ui = 
1 .( ) (4) = 2
2

K K ...(i)

Finally

Uf =  21 1(8) = 64 = 32
2 2

´K K K ...(ii)

On dividing (i) by (ii)

2 1= =
32 16

i

f

U K
U K

  Þ Uf = 16 U

37. (a) Given, displacement x = 2t –1

\ velocity

1dxv 2ms
dt

-= =

Therefore power P = F. v = 2 × 5 = 10 W
38. (b)

By conservation of linear momentum,
Pi = Pf
Þ mv1 = mv2 + mv2 Þ mv1 = 2 mv2

1

2

v 2
v 1

\ =

EXERCISE - 3

1. (b) (A) ® (1); (B) ® (1); (C) ®  (3); (D) ® (3)
2. (b) (A)®(3); (B)®(1); C®(2); (D)®(1)
3. (d) (A)®(4); (B)®(1); C®(3); (D)®(2)
4. (b) In close loop, s = 0, and so W = Fs = 0.
5. (b)
6. (d) The billiard balls in  an elastic collision are in a

deformed state. Their total energy is partly kinetic and
partly potential. So K.E. is less than the total energy. The
energy spent against friction is dissipated as heat which
is not available for doing work.

7. (c) If there were no friction, moving vehicles could not
be stopped by looking the brakes. Vehicles are stopped by
air friction only. So, this statement is correct.

8. (c) If there were no friction, moving vehicles could not
be stopped by looking the brakes. Vehicles are stopped
by air friction only. So, this statement is correct.

9. (d) force depends only on the end points.
This can be seen from the relation,
W = Kf  – Ki = V(Xi) – V(Xf)
which depends on the end points.
A third definition states that the work done by this force
in a closed path is zero. This is once again apparent from
Eq. Ki + v(Xi) = Kf + v(Xf), since Xi = Xf

10. (d)
11. (b) In elastic collision, total momentum and kinetic

energy will remain conserved.
12. (d) Work done may be zero, even F is not zero.

also, W = Fs cos 0° = Fs (maximum). [when applied
force and displacement is in the same direction]

13. (c) Change in kinetic energy = work done by net force.
This relationship is valid for particle as well as system
of  particles.

14. (d) K.E. = 
2P 1E

2m m
Þ µ  when P constant

15. (a) Power = 1/
W K nK
t n

= =

16. (a) Maximum energy loss = 
2 2P P

2m 2(m M)
-

+

2
2P 1K.E. mv

2m 2

é ù
= =ê ú

ê úë û
Q

2
2P M 1 M

mv
2m (m M) 2 m M

é ù ì ü= = í ýê ú+ +î þë û
Reason is a case of perfectly inelastic collision.
By comparing the equation given in Assertion with above
equation,  we  get

M
f

m M
æ ö= ç ÷è ø+

EXERCISE - 4

1. (c) Work done by friction

0
µ g cos

cos

x dxF ds m= × = q
qò ò

ur uur

 = µmg x = 20 J

mg

q

q

N

f

q
dy

dx

ds
cos dx

ds
q =

2. (a)
3. (a) By using work-energy theorem, Wall = DK, we have

Work done by F + work done by Mg = 0
F (AB) – Mg (AC) =  0
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F = Mg
AC
AB

æ ö
ç ÷
è ø

 = 
2

2
l l

l

é ù-
ê ú
ë û

          

   =  Mg( 2  – 1).

4. (b) The centripetal acceleration

ac = k2 r t2  or  
2

2 2v k rt
r

= \ v = krt

So, tangential acceleration, t
dva kr
dt

= =

Work is done by tangential force.
Power = Ft×v×cos 0° = (mat)(krt) = (mkr)(krt) = mk2r2t

5. (b) The required work done by man = kinetic energy of
man + kinetic energy of boat

2 21 1
2 2

p p
M m

= +   (where p = Mv)

\  
2 2

21
2

M MW v
M m

æ ö
= +ç ÷ç ÷

è ø
 

2
21

2
MM v
m

æ ö
= +ç ÷ç ÷

è ø
6. (b)

7. (d) Pout = 9000 10 10 3000
5 60

mgh W
t

´ ´
= =

´
Pin =  10 × 103 W.

\ 
out

3
in

3000100 100 30%
10 10

P
P

h = ´ = ´ =
´

8. (b) Work done, W = F ds×ò
uurr

 = ( ) ( )ˆ ˆ ˆ ˆ–xi yj xi yj´ × +

Þ W = 
0 1

1 0
xdx ydy+ò ò  = 

1 10
2 2

æ ö+ +ç ÷
è ø

 = 1 J.

9. (b) Constant power of car P0 = F × V = ma × v

0
dvP m v
dt

= ×

 P0dt = mvdv. Integrating 
2

0 2
mvP t× =

02P t
v

m
=  Q  P0, m and 2 are constant \ v tµ

10. (a) Masses of the pieces are 1, 1, 3 kg. Hence
(1 × 21)2 + (1 × 21)2 = (3 × V)2

That is, 7 2V =  m/s
11. (b)
12. (c) Only momentum is conserved. Some kinetic energy

is lost when bullet penetrates the block.

13. (a) If an object of mass m is released from rest from top of
a smooth inclined plane, its speed at the bottom is 2gh ,
independent of angle q and  mass.

14. (a)
15. (d) Here, F = 100 N, d = 5 m,

frictional force fr = 40 N
\ F – fr = ma
100 – 40 = ma
Now kinetic energy gained is = ma × d
= 60 × 5 = 300 J

16. (b) Let the blow compress the spring by x before stopping.
Kinetic energy of the block = (P.E of compressed spring) +
work done against function.

2 21 1
2 (4) 10,000 x ( 15) x

2 2
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25000x 15x 16 0Þ + - =
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17. (d) Centripetal force
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2.0 Introduction

¨ Dalton’s atomic theory, regarded the atom as the ultimate
particle of matter. Dalton’s atomic theory was able to
explain the law of conservation of mass, law of constant
composition and law of multiple proportion.  NEET  2023

¨ It failed to explain the results of many experiments, for
example, it was known that substances like glass or ebonite
when rubbed with silk or fur get electrically charged.

2.1 Discovery of Sub-Atomic Particles

¨ Faraday studied electrical discharge in partially
evacuated tubes, known as cathode ray discharge tubes.

High voltage

anodecathode

To vacuum pump

Fig.: A cathode ray discharge tube
¨ The electrical discharge through the gases could be observed

only at very low pressures and at very high voltages.
¨ At high voltage, current starts flowing through a stream

of particles moving in the tube from the negative
electrode (cathode) to the positive electrode (anode).
These were called cathode rays or cathode ray particles.

¨ In the absence of electrical or magnetic field, these rays
travel in straight lines. But in its presence cathode rays get
deviated which confirms that they are composed of
negatively charged particles, called electrons. AIPMT  1994
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¨ The characteristics of cathode rays do not depend upon
the material of electrodes and the nature of the gas
present in the cathode ray tube.

¨ J.J. Thomson measured the ratio of electrical charge (e)
to the mass of electron (me) by using cathode ray tube
and applying electrical and magnetic field perpendicular
to each other as well as to the path of electrons.

¨ Thomson  argued  that  the  amount  of  deviation of the
particles from their path in the presence of electrical or
magnetic field depends upon:
v The magnitude of the negative charge on the

particle, greater the magnitude of the charge on the
particle, greater is the interaction with the electric
or magnetic field and thus greater is the deflection.

v The  mass  of  the  particle — lighter the particle,
greater the deflection.

v The strength of the electrical or magnetic field —
the deflection of electrons from its original path
increases with the increase in the voltage across
the electrodes, or the strength of the magnetic field.
Thomson determine the value of e/me as:

11 –11.758820 10 C kg= ´
e

e
m

Where me is the mass of the electron in kg. e is the
magnitude of the charge on the electron in coulomb
(C).

¨ R.A. Millikan (1868-1953) devised a method known as
oil drop experiment (1906-14), to determine the charge
on the electrons.

¨ Millikan concluded that the magnitude of electrical
charge, q, on the droplets is always an integral multiple
of the electrical charge, e, that is, q = n e, where n = 1, 2, 3...

¨ The charge on the electron was found to be – 1.6 × 10–19

C. The present accepted value of electrical charge is
– 1.602176 × 10–19 C.

¨ The mass of the electron (me) was determined by
combining these results with Thomson’s value of e/me
ratio.

–19

11 –1
1.602176 10 C

1.758820 10 C kg
´

= =
´

e
e

em
e / m

= 9.1094 × 10–31 kg NEET  2023
¨ Electrical discharge carried out in the modified cathode

ray tube led to the discovery of canal rays carrying
positively charged particles.

¨ The characteristics of these positively charged particles
are
v Unlike cathode rays, mass of positively charged

particles depends upon the nature of gas present
in the cathode ray tube. These are simply the
positively charged gaseous ions.

v The e/me of the particles depends on the gas from
which these originate.

v The behaviour of these particles in the magnetic or
electrical field is opposite to that observed for
electron or cathode rays.

¨ The smallest and lightest positive ion was obtained from
hydrogen and was called proton.

¨ The neutrons (electrically neutral particles) were
discovered by Chadwick (1932) by bombarding a thin
sheet of beryllium by a-particles.

¨ Neutrons are electrically neutrals particles having a mass
slightly greater than that of the protons.

Table : Properties of Fundamental Particles

Name Symbol Absolute charge/C Relative charge Mass/kg Mass/u Approx. mass/u
Electron e –1.602176 × 10–19 –1 9.109382×10–31 0.00054 0
Proton p +1.602176 × 10–19 +1 1.6726216×10–27 1.00727 1

Neutron n 0 0 1.674927×10–27 1.00867 1

2.2 Atomic Models

¨ J. J. Thomson model of an atom :  In atom possesses a
spherical shape (radius approximately 10–10 m) in which
the positive charge is uniformly distributed. The
electrons are embedded into it in such a manner as to
give the most stable electrostatic arrangement.

¨ The other name of this model is plum pudding, raisin
pudding or watermelon.

¨ An important feature of this model is that the mass of
the atom is assumed to be uniformly distributed over
the atom.

¨ Rutherford found that a-rays consist of high energy
particles carrying two units of positive charge and four
unit of atomic mass.

¨ a-rays are negatively charged particles similar to electrons.
¨ a-rays are high energy radiations like X-rays, are neutral

in nature and do not consist of particles.
¨ Penetrating power of rays are: g-rays  >  X  rays  >

b-rays > a-rays
¨ Rutherford’s Nuclear model of an atom : a-particle

scattering experiments.
¨ A stream of high energy a–particles from a radioactive

source was directed at a thin foil (thickness ~ 100 nm) of
gold metal.

¨ Observation :
v most of the a–particles passed through the gold

foil undeflected.
v a small fraction of the a–particles was deflected by

small angles.
v a very few a–particles (~1 in 20,000) bounced back,

that is, were deflected by nearly 180°.
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¨ Conclusions :
v Most  of  the space in  the atom is  empty as  most  of

the a–particles passed through the foil undeflected.
v A few positively charged a–particles were deflected.

The deflection must be due to enormous repulsive
force showing that the positive charge of the atom
is not spread throughout the atom as Thomson had
presumed. The positive charge has to be
concentrated in a very small volume that repelled
and deflected the positively charged a–particles.

v Calculations by Rutherford showed that the volume
occupied by the nucleus is negligibly small as
compared to the total volume of the atom. The
radius of the atom is about 10–10 m, while that of
nucleus is 10–15 m.

Deflected
-particlea

Beam of 
-particlea Thin gold foil

Deflected
-particleaDeflected -particlea

Fig. : Schematic molecular view of the gold foil

¨ On the basis of above observations and conclusions,
Rutherford proposed the nuclear model of atom.
According to this model:
v The  positive  charge  and  most  of  the  mass  of  the

atom was densely concentrated in extremely small
region. This very small portion of the atom was
called nucleus by Rutherford.

v The nucleus is surrounded by electrons that move
around the nucleus with a very high speed in circular
paths called orbits. Thus, Rutherford’s model of
atom resembles the solar system in which the
nucleus plays the role of sun and the electrons that
of revolving planets.

v Electrons and the nucleus are held together by
electrostatic forces of attraction.

¨ Wilhelm Röentgen discovered X-rays
¨ X rays are  not  deflected  by  the  electric  and  magnetic

fields and have a very high penetrating power through
the matter and that is the reason these rays are used to
study the interior of the objects.

¨ X rays are of very short wavelengths (~0.1 nm) and
possess electro-magnetic character.

¨ Henri Becqueral (1852-1908) observed that there are
certain elements which emit radiation on their own and
named this phenomenon as radioactivity and the elements
known as radioactive elements.

Atomic Number and Mass Number :
¨ Atomic number (Z) = number of protons in the nucleus

of an atom = number of electrons in a nuetral atom.
¨ Mass number (A) = number of protons (Z) + number of

neutrons (n)

For example : .175
71Lu

Atomic number = number of protons = number of electrons
   = 71

Number of neutrons = 175 – 71
    = 104.  AIPMT  2014, 2000, 1997

¨ Isobars are the atoms with same mass number but

different atomic number for example, 14 14
6 7C and N .

¨ Isotopes are the atoms with same atomic number but
different mass number for example, 1H1, 1H2 and 1H3.

Drawbacks of Rutherford Model :
¨ The coulomb force between electron and the nucleus is

mathematically similar to the gravitational force.
However, when a body is moving in an orbit, it undergoes
acceleration even if it is moving with a constant speed
in an orbit because of changing direction.

¨ According to the electromagnetic theory of Maxwell,
charged particles when accelerated should emit
electromagnetic radiation. Therefore, an electron in an
orbit will emit radiation, the energy carried by radiation
comes from electronic motion. The orbit will thus
continue to shrink.

¨ Calculations show that it should take an electron only
10–8 s to spiral into the nucleus. But this does not happen.
Thus, the Rutherford model cannot explain the stability
of an atom.

¨ Another drawback of the Rutherford model is that it
says nothing about distribution of the electrons around
the nucleus and the energies of these electrons.

2.3 Developments Leading to the 
Bohr’s Model of Atom

¨ Two developments played a major role in the formulation
of Bohr’s model of atom. These were:
v Dual character of the electromagnetic radiation

which means that radiations possess both wave like
and particle like properties.

v Experimental results regarding atomic spectra.
Wave Nature of Electromagnetic Radiation :
¨ James Maxwell suggested that when electrically charged

particle moves under accelaration, alternating electrical
and magnetic fields are produced and transmitted. These
fields are transmitted in the forms of waves called
electromagnetic waves or electromagnetic radiation.

¨ Electric and magnetic field components have the same
wavelength, frequency, speed and amplitude, but they
vibrate in two mutually perpendicular planes.

¨ Unlike sound waves or waves produced in water,
electromagnetic waves do not require medium and can
move in vacuum.

¨ There are many types of electromagnetic radiations, which
differ from one another in wavelength (or frequency).
These constitute what is called electromagnetic spectrum.
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Fig.: (a) The spectrum of electromagnetic radiation. (b) Visible spectrum. The visible region is only a small part of the entire spectrum.

¨ These radiations are characterised by the properties,
namely, frequency (n), wavelength (l), velocity (c) and
wave number ( )n .

¨ Frequency is defined as the number of waves that pass a
given point in one second. The SI unit of frequency is
hertz (Hz,  s–1).

¨ Wavelength is the distance between any two consecutive
crests or troughs. The SI unit of wavelength is meter but
is expressed in angstrom (10–10 m), picometer (10–12 m)
and nanometer(10–9 m).

¨ In vacuum all types of electromagnetic radiations,
regardless of wavelength, travel at the same speed, i.e.,
3.0 × 108 m s–1 (2.997925 × 108 m s–1, to be precise). This
is called speed of light (c). The frequency, wavelength
and velocity of light are related by the equation, c = nl.

NEET  2021, 2013
¨ The wave number is defined as the number of wavelengths

per unit length. Its SI unit is  m–1. However commonly
used unit is cm–1 (not SI unit). The relation between wave

number and wavelength is 1
n =

l
.

Particle Nature of Electromagnetic Radiation: Planck’s
Quantum Theory
¨ An ideal body, which emits and absorbs radiations of all

frequencies uniformly, is called a black body and the
radiation emitted by such a body is called black body
radiation.

¨ The energy (E) of a quantum of radiation is proportional
to its frequency (n) and is expressed by equation, E = hn
The proportionality constant, ‘h’ is known as Planck’s
constant and has the value 6.626×10–34 J  s.

= hcE h =n
l

 AIPMT  2014, 2003, 2000

¨ With this theory, Planck was able to explain the distribution
of intensity in the radiation from black body as a function
of frequency or wavelength at different temperatures.

¨ The energy can take any one of the values from the
following set, but cannot take on any values between
them. E = 0, hn, 2hn, 3hn....nhn.....

Photoelectric Effect:
¨ H. Hertz performed ax experiment in which electrons (or

electric current) were ejected when certain metals ( K, Rb,
Cs etc.) were exposed to a beam of light. The phenomenon
is called Photoelectric effect.

¨ The results observed in this experiment were:
v The electrons are ejected from the metal surface as

soon as the beam of light strikes the surface.
v The number of electrons ejected is proportional to

the intensity or brightness of light.
v For each metal, there is a characteristic minimum

frequency, n0 (threshold frequency) below which
photoelectric effect is not observed.

v At a frequency n > n0, the ejected electrons come out
with certain kinetic energy. The kinetic energies of
these electrons increase  with the increase  of
frequency of the light used. AIPMT  1994

¨ The kinetic energy of the ejected electron is given by the
following equation

2
0

1
2 eh h mn = n + n

where me = mass of the electron
n = velocity associated with the ejected electron.
hn = energy of the striking photons
hn0= minimum energy required to eject the electron (also
called work function, w0).

Dual Behaviour of Electromagnetic Radiation
¨ When radiation interacts with matter, it displays particle like

properties in contrast to the wavelike properties (interference
and diffraction), which it exhibits when it propagates.

¨ Ordinary white light consists of waves with all the
wavelengths in the visible range, a ray of white light is
spread out into a series of coloured bands called spectrum.

¨ The spectrum of white light, that we can see, ranges from
violet at 7.50 × 1014 Hz to red at 4×1014 Hz. Such a spectrum
is called continuous spectrum. Continuous because violet
merges into blue, blue into green and so on.
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¨ The spectrum of radiation emitted by a substance that
has absorbed energy is called an emission spectrum.

¨ The emission spectra of atoms, in the gas phase, do not
show a continuous spread of wavelength from red to violet,
rather they emit light only at specific wavelengths with
dark spaces between them. Such spectra are called line
spectra or atomic spectra because the emitted radiation
is identified by the appearance of bright lines in the
spectra.

¨ A continuum of radiation is passed through a sample which
absorbs radiation of certain wavelengths. The missing
wavelength which corresponds to the radiation absorbed
by the matter, leave dark spaces in the bright continuous
spectrum.

¨ The study of emission or absorption spectra is referred to
as spectroscopy.

¨ When an electric discharge is passed through gaseous
hydrogen, the H2 molecules dissociate and the
energetically excited hydrogen atoms produced emit
electromagnetic radiation of discrete frequencies.

¨ Balmer showed in 1885 on the basis of experimental
observations that if spectral lines are expressed in terms
of wave number ( )n , then the visible lines of the hydrogen

spectrum obey the following formula: NEET  2019

2
2 2

1 1109.677 cm
2 n

æ ö
n = -ç ÷

è ø
where n is  an  integer  equal  to  or  greater  than  3
(i.e., n = 3,4,5,....)
The series of lines described by this formula are called
the Balmer series.

¨ Johannes Rydberg, noted that all series of lines in the
hydrogen spectrum could be described by the following
expression :

1
2 2
1 2

1 1109.677 cm
n n

-æ ö
n = -ç ÷ç ÷

è ø
where n1 =1,2........  and n2 = n1 + 1, n1 + 2......

¨ The value 109,677 cm–1 is called the Rydberg constant for
hydrogen. The first five series of lines that correspond to
n1 = 1, 2, 3, 4, 5 are known as Lyman, Balmer, Paschen,
Bracket and Pfund series, respectively. Following table
shows these series of transitions in the hydrogen
spectrum. NEET  2019

Series Spectral Region

Lyman 1 2, 3….. Ultraviolet
Balmer 2 3, 4….. Visible
Paschen 3 4, 5….. Infrared
Brackett 4 5, 6….. Infrared
Pfund 5 6, 7….. Infrared

n1 n2

¨ Of all the elements, hydrogen atom has the simplest line
spectrum. Line spectrum becomes more and more complex
for heavier atom.

2.4 Bohr’s Model for Hydrogen Atom

¨ Neils Bohr (1913) was the first to explain quantitatively the
general features of the structure of hydrogen atom and its
spectrum. He used Planck’s concept of quantisation of energy.

¨ Bohr’s model for hydrogen atom is based on the following
postulates:
v The electron in the hydrogen atom can move around

the nucleus in a circular path of fixed radius and
energy. These paths are called orbits, stationary
states or allowed energy states.  These  orbits  are
arranged concentrically around the nucleus.

v The energy of an electron in the orbit does not
change with time. However, the electron will move
from a lower stationary state to a higher stationary
state when required amount of energy is absorbed
by the electron or energy is emitted when electron
moves from higher stationary state to lower stationary
state. The energy change does not take place in a
continuous manner.

v The frequency of radiation absorbed or emitted when
transition occurs between two stationary states that
differ in energy by DE, is given by:

2 1E EE
h h

-D
n = =

This expression is commonly known as Bohr’s
frequency rule.

v The angular momentum of an electron is quantised.
In a given stationary state it can be expressed as

1, 2,3.....
2e
hm r n nn = =
p

v An electron can move only in those orbits for which
its angular momentum is integral multiple of h/2p.
That means angular momentum is quantised.

v Radiation is emitted or absorbed only when transition
of electron takes place from one quantised value of
angular momentum to another. Therefore, Maxwell’s
electromagnetic theory does not apply here that is
why only certain fixed orbits are allowed.

¨ According to Bohr’s theory for hydrogen atom:
v The stationary states for electron are numbered

n = 1,2,3..........
These  integral  numbers  are  known  as  Principal
quantum numbers.

v The radii of the stationary states are expressed as:
2

0nr n a=
where a0 =  52.9  pm.  Thus  the  radius  of  the  first
stationary state, called the Bohr orbit, is 52.9 pm.

v The most important property associated with the
electron, is the energy of its stationary state. It is
given by the expression

2
1 1, 2,3.....n HE R n

n
æ ö

= - =ç ÷
è ø

where RH is called Rydberg constant and its value is
2.18×10–18 J.
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v When the electron is free from the influence of
nucleus, the energy is taken as zero. The electron in
this situation is associated with the stationary state
of Principal Quantum number n and is called as ionized
hydrogen atom.

v The energies of the stationary states associated with
hydrogen like species (He+, Li2+, Be3+)  are  given  by
the expression

2
18

22.18 10 Jn
ZE
n

- æ ö
= - ´ ç ÷ç ÷

è ø

and radii by the expression

252.9( ) pmn
nr

Z
=   NEET  2024

v Qualitatively the magnitude of velocity of electron
increases with increase of positive charge on the
nucleus and decreases with increase of principal
quantum number.

¨ The energy (DE)  ,  frequency  (u) and wavenumbers ( )n
associated with the absorption and emission of the photon
can be evaluated by using following equation

18
2 2 2 2

1 12.18 10 J-
æ ö æ öæ ö
ç ÷ ç ÷D = - - - = ´ -ç ÷ç ÷ ç ÷ ç ÷è ø è ø è ø

H H
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n n n n

15
2 2 2 2
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æ ö æ öD ç ÷ ç ÷n = = - = ´ -
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H

i f i f

RE
h h n n n n

7 1
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æ ö æ ön ç ÷ ç ÷n = = - = ´ -
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è ø è ø

H

i f i f
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c hc n n n n

(where ni and nf stand for initial orbit and final orbits)
¨ In case of absorption spectrum, nf > ni and the term in the

parenthesis is positive and energy is absorbed. On the
other hand in case of emission spectrum ni >  nf , DE is
negative and energy is released.

¨ In case of large number of hydrogen atoms, different
possible transitions can be observed and thus leading to
large number of spectral lines.

¨ The brightness or intensity of spectral lines depends
upon the number of photons of same wavelength or
frequency absorbed or emitted.

Limitations of Bohr’s Model :
¨ Bohr’s model was too simple to account for the following

points.
v This model fails to account for the finer details

(doublet, that is two closely spaced lines) of the
hydrogen atom  spectrum observed by using
sophisticated spectroscopic techniques.

v This model is unable to  explain  the  spectrum of
atoms other than hydrogen, for example, helium
atom which possesses only two electrons

v Bohr’s theory was also unable to explain the splitting
of spectral lines in the presence of magnetic field
(Zeeman effect) or an electric field (Stark effect).

v It could not explain the ability  of  atoms  to  form
molecules by chemical bonds.

2.5 Towards Quantum Mechanical
Model of the Atom

Dual Behaviour of Matter:
¨ De Broglie proposed that matter, like radiation, should

also exhibit dual behaviour i.e., both particle and wave
like properties.

¨ De  Broglie  gave the following relation between
wavelength (l) and momentum (p) of a material particle.

NEET  2017

h h
m p

l = =
n

          Where m is the mass of the particle, v its velocity and p its
momentum.

Heisenberg’s Uncertainty Principle:
¨ According to Heisenberg’s Uncertainty Principle “it is

impossible to determine simultaneously, the exact position
and exact momentum  (or velocity) of an electron”.
Mathematically, it can be given as

4x
hx pD ´ D ³
p

or (m )
4x
hx vD ´ D ³
p  NEET  2017

or
4x

hx v
m

D ´ D ³
p

where Dx is the uncertainty in position and Dpx (or Dvx) is
the uncertainty in momentum (or velocity) of the particle.

¨ Heisenberg Uncertainty Principle is significant only for
motion of microscopic objects and is negligible for that
of macroscopic objects.

¨ Bohr model of the hydrogen atom not only ignores dual
behaviour of matter but also contradicts Heisenberg
uncertainty principle.

2.6 Quantum Mechanical Model of Atom

¨ The branch of science that takes into account dual
behaviour of matter is called quantum mechanics.

¨ Quantum mechanics is a theoretical science that deals with
the study of the motions of the microscopic objects that
have both observable wave like and particle like properties.

¨ Quantum mechanics was developed independently in
1926 by Werner Heisenberg and Erwin Schrödinger.

¨ For a system (such as an atom or a molecule whose energy
does not change with time) the Schrödinger equation is

written as Ĥ Y = EY where Ĥ  is a mathematical operator
called Hamiltonian.
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¨ The total energy of the system takes into account the
kinetic energies of all the subatomic particles (electrons,
nuclei), attractive potential between the electrons and
nuclei and repulsive potential among the electrons and
nuclei individually.

¨ Solution of Schrödinger equation gives E and Y.
¨ When Schrödinger equation is solved for hydrogen atom,

the solution gives the possible energy levels the electron
can occupy and the corresponding wave function(s) (Y)
of the electron associated with each energy level.

¨ The quantized energy states and corresponding wave
functions which are characterized by a set of three
quantum numbers (principal quantum number n,
azimuthal quantum number l and magnetic quantum
number m) arise as a natural consequence in the solution
of the Schrödinger equation.

¨ The wave function is  a  mathematical function whose
value depends upon the coordinates of the electron in
the atom and does not carry any physical meaning.

¨ The wave functions of hydrogen or hydrogen like species
with one electron are called atomic orbitals.

¨ The probability of finding an electron at a point within an
atom is proportional to the square of the orbital wave function
|Y|2 is known as probability density and is always positive.

¨ The Schrödinger equation cannot be solved exactly for
a multi-electron atom. This difficulty can be overcome
by using approximate methods.

¨ Atomic orbitals are precisely distinguished by what are
known as quantum numbers. Each orbital is designated
by three quantum numbers labelled as n, l and ml .

¨ The principal quantum number ‘n’ is a positive integer
with value of n = 1,2,3....... The principal quantum number
determines the size and to large extent the energy of the
orbital. It also identifies the shell. NEET  2024, 2016

¨ With the increase in the value of ‘n’, the number of
allowed orbital increases and are given by ‘n2’

¨ All the orbitals of a given value of ‘n’ constitute a single
shell of atom and are represented by the following letters
n = 1, 2, 3, 4, ............. Shell = K, L, M, N, ............

¨ Azimuthal quantum number. ‘l’ is also known as orbital
angular momentum or subsidiary quantum number.

¨ “l” defines the three-dimensional shape of  the orbital.  For  a
given value of n, l can have n values ranging from 0 to n – 1

NEET  2024, 2016
¨ Each shell consists of one or more subshells or sub-levels.

The number of sub-shells in a principal shell is equal to
the value of n.

¨ Each sub-shell is assigned an azimuthal quantum
number  (l). Sub-shells corresponding to different values
of l are represented by the following symbols.
Value for l : 0 1 2 3 4 5 ............
notation for sub-shell: s p d f g h ............

¨ Magnetic  orbital  quantum  number.  ‘m l’ gives
information about the spatial orientation of the orbital
with respect to standard set of co-ordinate axis. For any
sub-shell (defined by ‘l’ value) 2l +  1 values of ml are
possible and these values are given by :
ml = – l, – (l –1), – (l–2)... 0,1... (l–2), (l –1), l

NEET 2024, 2023, 2016

¨ The following chart gives the relation between the
subshell and the number of orbitals associated with it.

Value of l 0 1 2 3 4 5
Subshell notation s p d f g h

Number of orbitals 1 3 5 7 9 11

¨ George Uhlenbeck and Samuel Goudsmit proposed the
presence of the fourth quantum number known  as  the
electron spin quantum number. NEET  2024, 2016

¨ Spin angular momentum of the electron, a vector quantity,
can have two orientations relative to the chosen axis.

¨ The two orientations are distinguished by the spin quantum
numbers ms which can take the values of +½ or –½.

¨ Two electrons that have different ms values (one +½ and
the other –½) are said to have opposite spins.

¨ An orbital cannot hold more than two electrons and these
two electrons should have opposite spins.

¨ According to the German physicist, Max Born, the square
of the wave function (i.e.,Y2) at a point gives the
probability density of the electron at that point. The
variation of Y2 as a function of r for 1s and 2s orbitals is
given as

v 
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Fig.: The plots of (a) the orbital wave function Y(r ); (b) the
variation of probability density Y2 (r) as a function of distance r of

the electron from the nucleus for 1s and 2s orbitals
¨ The probability density variation can be visualised in

terms of charge cloud diagrams.
¨ Boundary surface diagrams of constant probability

density for different orbitals give a fairly good
representation of the shapes of the orbitals.
v s-orbitals : Boundary surface diagram for an s orbital

is actually a sphere centred on the nucleus.

(a)

1s 2s

 
(b)

1s 2s
Fig.: (a) Probability density plots of 1s and 2s atomic orbitals. The
density of the dots represents the probability density of finding the

electron in that region. (b) Boundary surface diagram for 1s and 2s
orbitals.
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v s-orbitals,  increases in size and energy with increase
in the principal quantum number.

¨ p-Orbitals:
v Each p orbital consists of two sections called lobes

that are on either side of the plane that passes through
the nucleus.

v The probability density function is zero on the plane
where the two lobes touch each other.

v The size, shape and energy of the three orbitals are
identical. They differ however, in the way the lobes
are oriented.

v Since the lobes may be considered to lie along the x,
y or z axis, they are given the designations 2px ,  2py ,
and 2pz.

v Like s orbitals, p orbitals increase in size and energy
with increase in the principal quantum number

2pxz

y

x    x

y

2pyz

    

2pzz

x

y

Fig.: Boundary surface diagrams of the three 2p orbitals.
¨ d-Orbitals :

v There are five ml values (– 2, –1, 0, +1 and +2) for
l = 2 and thus there are five d orbitals.

v The boundary surface diagram of d orbitals are
shown in fig. The five d-orbitals are designated as
dxy , dyz , dxz , 2 2x yd -

 and 2zd .
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Fig.: Boundary surface diagrams of the five 3d orbitals

¨ The nodal plane are also called angular nodes and
number of angular nodes are given by ‘l’, i.e., one angular
node for p orbitals, two angular nodes for ‘d’ orbitals etc.

¨ The total number of nodes are given by (n–1), i.e., sum
of l angular nodes and (n – l –  1) radial nodes.

        NEET  Odisha 2019

¨ The energy of an electron in a hydrogen atom is determined
solely by the principal quantum number. Thus the energy
of the orbitals in hydrogen atom increases as follows :
1s < 2s = 2p < 3s = 3p = 3d <4s = 4p = 4d = 4f < NEET  2019

¨ The orbitals  having the same energy are called
degenerate.

¨ Within a given principal quantum number, the energy of
orbitals increases in the order s<p<d<f

¨ The only electrical interaction present in hydrogen atom
is the attraction between the negatively charged electron
and the positively charged nucleus.

¨ In multielectron atoms, besides the presence of attraction
between the electron and nucleus, there are repulsion
between every electron and other electrons present in
the atom. Thus the stability of an electron in a multi-
electron atom is because total attractive interactions are
more than the repulsive interactions.

¨ Due to the presence of electrons in the inner shells, the
electron in the outer shell will not experience the full
positive charge of the nucleus.

¨ The effect will be lowered due to the partial screening of
positive charge on the nucleus by the inner shell
electrons. This is known as the shielding of the outer
shell  electrons  from  the  nucleus  by  the  inner  shell
electrons, and the net positive charge experienced by the
outer electrons is known as effective nuclear charge (Zeff).

¨ If two orbitals have the same value of (n + l), the orbital
with lower value of n will have the lower energy.

¨ Aufbau Principle:In the ground state of the atoms, the
orbitals are filled in order of their increasing energies. 1s,
2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 4f, 5d, 6p, 7s...

¨ Pauli Exclusion Principle: No two electrons in an atom
can  have  the  same  set  of  four  quantum  numbers.  Pauli
exclusion principle can also be stated as : “Only two
electrons may exist in the same orbital and these electrons
must have opposite spin.” NEET  2016

¨ The maximum number of electrons in the shell with
principal quantum number n is equal to 2n2 .

¨ Hund’s Rule of Maximum Multiplicity: Pairing of
electrons in the orbitals belonging to the same subshell
(p, d or f) does not take place until each orbital belonging
to that subshell has got one electron each i.e., it is singly
occupied.

¨ The distribution of electrons into orbitals of an atom is
called its electronic configuration.
v sa pb dc ...... notation
v Orbital diagram

s p d
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¨ (n + l) rule
This rule states that electrons are filled in orbitals
according to their increasing values of n + l. When (n + l)
is same for sub energy levels, the electrons first occupy
the sublevels with lowest “n” value. Thus, order of filling
up of orbitals is as follows:

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s
< 4f < 5d

¨ Orbital angular momentum = ( 1)
2

+
p
l l

h

¨ Spin Angular Momentum s(s 1)
2

= +
p
h

¨ Relation Between Potential energy (P.E), Kinetic energy
(K.E) & Total energy

P.E.T.E. – K.E.
2

= =

2ZeP.E. – ,
r

=   
21 ZeK.E. ,

2 r
=   

21 ZeT.E. –
2 r

=

¨ Nodal Point : The nucleus of an atom is called nodal point.
¨ Isodiaphers : The elements which have same value of

(n – p) are called isodiaphers.
¨ Isomorphous : The two different types of compounds which

contain same crystalline structure are called isomorphous
and this property is called isomorphism.

¨ Substances which have same number of electrons and
atoms called isosters.

¨ Promotion : The transfer of electrons between subshells
in an orbit is called promotion, while the transfer of electrons
from one energy level to another is called transition. After
the completion of promotion, the transition process
occurrs.

Tips/Tricks/Techniques ONE-Liners
(Exam Special)

¨ The ground state electronic configuration of the atom
of an element always corresponds to the state of the lowest
total electronic energy.

¨ Symmetrical distribution of electrons: The completely
fil led or  half  fil led subshel ls  have symmetrical
distribution of electrons in them and are therefore more
stable.

¨ The stabilizing effect arises whenever two or more
electrons with the same spin are present in the degenerate
orbitals  of  a  subshell.

¨ The electrons tend to exchange their positions and the
energy released due to this exchange is called exchange
energy.

¨ The number of exchanges that can take place is maximum
when the subshell is either half filled or completely filled.

¨ Higher the exchange energy, higher will be the stability.
¨ The extra stability of half-filled and completely filled

subshell is also due to:
v relatively small shielding
v smaller coulombic repulsion energy
v larger exchange energy
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1. Dalton’s atomic theory failed to explain
NCERT Page-29 / N-29

(a) law of conservation of mass
(b) law of constant composition
(c) law of multiple proportion
(d) Electrical properties of matter

2*. What is the optimum conditions required to study the
conduction of electricity through gases.

NCERT Page-30 / N-30

(a) High pressure and low voltage
(b) High pressure and high voltage
(c) Low pressure and high voltage
(d) Low pressure and low voltage

3*. In discharge tube experiment stream of negatively charged
particles travel from NCERT Page-30 / N-30

(a) anode to cathode
(b) cathode to anode
(c) Both (a) and (b)
(d) Electrons does not travel

4*. Which one of the following can be used to predict the
flow of cathode rays? NCERT Page-30 / N-30

(a) ZnSO4 (b) ZnCl2
(c) NaCl (d) ZnS

5*. Which of the following statement is incorrect about
cathode rays? NCERT Page-30 / N-30

(a) Cathode rays are consists of electrons
(b) The characteristic of cathode rays do not depend

upon the material of electrodes and nature of the gas
present in the cathode ray tube.

(c) The deviation of the cathode rays from their path in
the presence of electrical or magnetic field depends
upon the magnitude of the negative charge on the
cathode rays.

(d) The deflection of electrons from its original path
increases with the decrease in the voltage across the
electrodes.

6*. Millikan performed an experiment method to determine
which of the following? NCERT Page-31 / N-31

(a) Mass of the electron
(b) Charge of the electron
(c) e/m ratio of electron
(d) Both (a) and (b)

7*. The number of electrons in any particle whose caries a
charge of 3.2044 × 10–16 C , is    NCERT Page N-31

(a) 0.02 × 104

 (b) 2 × 10–3

 (c) 2 × 103

(d) 200
8*. The mass of positively charged particles depends upon

(a) material of electrodes  NCERT Page N-32

(b) nature of gas
(c) nature of fluorescent materials
(d) nature of electric and magnetic field

9*. Which is correct statement about proton?
NCERT Page-32 / N-32

(a) Proton is nucleus of deuterium
(b) Proton is a-particle
(c) Proton is ionized hydrogen molecule
(d) Proton is ionized hydrogen atom

10*. Neutron is discovered by    NCERT Page-32 / N-32

(a) Chadwick
(b) Rutherford
(c) Yukawa
(d) Dalton

11*. When beryllium is bombarded with alpha particles
(Chadwick’s experiment), extremely penetrating radiations,
which cannot be deflected by electrical or magnetic field
are given out. These are :    NCERT Page N-32

(a) A beam of protons
(b) Alpha rays
(c) A beam of neutrons
(d) A beam of neutrons and protons

12*. What is the ratio of mass of an electron to the mass of a
proton?  NCERT Page N-33

(a) 1 : 2 (b) 1 : 1
(c) 1 : 1837 (d) 1 : 3

Exercise 1 : NCERT Based Topic-wise MCQs
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13*. After the discovery of subatomic particles, there are sum
hurdles were seen before scientist. Find the incorrect
statement regarding the major hurdles from the following

NCERT PageN-32

(a) How to compare the behaviour of elements in terms
of both physical and chemical properties

(b) How to explain the formation of different kinds of
molecules by the combination of different atoms

(c) How to understand the origin and nature of the
characteristics of electromagnetic radiation absorbed
or emitted by atoms.

(d) How to account for the stability of molecules
14*. What was the major focused of the J.J Thomson model?

(a) Stability of elements     NCERT Page-33 / N-33

(b) Spectra of the atom
(c) Properties of elements
(d) Uniformly distribution of the mass of the atom

15*. X rays are used to study the interior of the objects due to
NCERT Page-33 / N-33

(a) high energy and low penetration power
(b) high mass and low penetration power
(c) high penetration power
(d) low penetration power

16*. The correct order of the penetrating power of the different
rays is  NCERT Page-33 & 34 / N-33 & 34

(a) a-rays > X rays < b-rays > g-rays
(b) g-rays > X rays < a-rays > b-rays
(c) g-rays > X rays < b-rays > a-rays
(d) b-rays > X rays < g-rays > a-rays

17*. When atoms are bombarded with alpha particles, only a
few in million suffer deflection, others pass out
undeflected. NCERT Page N-34

This is because
(a) the force of repulsion on the moving alpha particle is small
(b) the force of attraction between alpha particle and

oppositely charged electrons is very small
(c) there is only one nucleus and large number of electrons
(d) the nucleus occupies much smaller volume compared

to the volume of the atom
18*. Rutherford’s a-particle dispersion experiment concludes

NCERT Page-34 / N-34

(a) all positive ions are deposited at small part
(b) all negative ions are deposited at small part
(c) proton moves around the electron
(d) neutrons are charged particles.

19*. Rutherford’s experiment on the scattering of a -particles
showed for the first time that the atom has :

NCERT Page-35 / N-35

(a) electrons (b) protons
(c) nucleus (d) neutrons'

20*. Number of protons, neutrons and electrons in the element
231

89 X  is NCERT Page-35 / N-35

(a) 89, 89, 242 (b) 89, 142, 89
(c) 89, 71, 89 (d) 89, 231, 89

21*. Which of the following does not contain number of

neutrons equal to that of Ar40
18 ? NCERT Page-35 / N-35

(a) K41
19 (b) 43

21Sc (c) Sc40
21 (d) Ca42

20

22*. Which of the following pairs will have same chemical
properties ? NCERT Page-35 / N-35

(a) 14
6 C  and 15

7 N (b) O2– and F–

(c) 40
18 Ar  and 40

19 K (d) 35
17 Cl  and 37

17 Cl

23*. Hydrogen has three isotopes : protium (1H), deuterium
(2H or D) and tritium (3H or T). They have nearly same
chemical properties but different physical properties. They
differ in NCERT Page N-35

(a) number of protons
(b) atomic number
(c) electronic configuration
(d) atomic mass

24. The number of electrons, neutrons and protons in a species
are equal to 10, 8 and 8 respectively. The proper symbol of
the species is NCERT Page N-35

(a) 16O8 (b) 18O8 (c) 18Ne10 (d) 16O8
2–

25. The electromagnetic theory of Maxwell does not exist for
planet because NCERT Page N-36

(a) they are charged
(b) they are uncharged
(c) they are larger in size
(d) they are charged and uncharged both.

26. Which of the following is a drawback of Rutherford model?
NCERT Page-36 / N-36

(a) The orbital revolution of the electron is not expected
to be stable

(b) The electrons will follow a spiral path and then fall
into the nucleus

(c) Both (a) and (b)
(d) None of the above
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27. Which of the following statements are not correct about
electromagnetic radiation ? NCERT Page-37 & 38 / N-37 & 38

(i) Electromagnetic waves require medium to travel.
(ii) Different electromagnetic radiations travel at same

speed in vaccum.
(iii) The oscillating electric and magnetic fields produced

by oscillating charged particles are perpendicular to
each other, but  not to the direction of propagation.

(iv) The oscillating electric field and magnetic field are
perpendicular to each other, and also to the direction
of propagation.

(a) (i), (ii) and (iii) (b) (ii) and (iii)
(c) (i) and (iii) (d) (i) and (iv)

28. The SI unit of frequency (n) , wavelength (l)  and wave

number ( )n  is NCERT Page-37 / N-38

(a) Hz, cm, cm–1 (b) m–1, m, Hz
(c) Hz, m, m–1 (d) Hz, m, m

29. What will be the difference between electromagnetic
radiation shown in A and B respectively? 

NCERT Page-37 / N-38

(A)

(B)

(i) Velocity (ii) Wavelength
(iii) Frequency (iv) Energy
(a) (ii) only (b) (ii) and (iv)
(c) (ii), (iii) and (iv) (d) (iv) only

30. Arrange the electromagnetic radiations a, b, c, d and e
in increasing order of energy. Frequencies of a, b and c
are 1015, 1014 and 1017 respectively whereas wavelength
of (d) and (e) are 350 nm and 100 nm respectively ?

NCERT Page N-38

(a) a,  b,  c,  d,  e (b) a,  b,  d,  e,  c
(c) a,  d,  b,  e,  c (d) b,  d,  a,  e,  c

31. The minimum energy that must be possessed by photons
in order to produce the photoelectric effect with platinum
metal is: NCERT Page N-41

[Given: The threshold frequency of platinum is
1.3 × 1015 s–1 and h = 6.6 × 10–34 J s.]  / N-38
(a) 3.21 × 10–14 J (b) 6.24 × 10–16 J
(c) 8.58 × 10–19 J (d) 9.76 × 10–20 J

32. Observe the given figure carefully      NCERT Page-40 / N-40

T2

T1

1000 2000 3000

¾
®

 In
te

ns
ity

Wavelength  (nm) l ¾®
Select the incorrect statement from the following.
(a) As the temperature increases, maxima of the curve

shift to short wavelength.
(b) The amount of light emitted (i.e., intensity of radiation)

from a black body and its spectral distribution depends
only on its temperature.

(c) For the given figure, T1 > T2.
(d) At a given temperature, intensity of radiation emitted

increases with the increase of wavelength, reaches a
maximum value at a given wavelength and then starts
decreasing with further increase of wavelength.

33. Which one of the following is not the characteristic of
Planck’s quantum theory of radiation ?

NCERT Page-40 & 41 / N-40 & 41

(a) The energy is not absorbed or emitted in whole number
or multiple of quantum

(b) Radiation is associated with energy
(c) Radiation energy is not emitted or absorbed

continuously but in the form of small packets called
quanta

(d) This magnitude of energy associated with a quantum
is proportional to the frequency.

34. The value of Planck's constant is 6.63 × 10–34 Js.  The
velocity of light is 3.0 × 108 m s–1. Which value is closest
to the wavelength in nanometers of a quantum of light
with frequency of 8 × 1015 s–1 ?   NCERT Page N-38 & 41

(a) 3 × 107 (b) 2 × 10–25

(c) 5 × 10–18 (d) 4 × 101

35. A 600 W mercury lamp emits monochromatic radiation of
wavelength 331.3 nm. How many photons are emitted from
the lamp per second ? (h = 6.626 × 10–34 Js; velocity of light
= 3 × 108 ms–1) NCERT Page N-38 & 41

(a) 1 × 1019 (b) 1 × 1020

(c) 1 × 1021 (d) 1 × 1023

36. In photoelectric effect, at which frequency, electron will
be ejected with certain kinetic energy (n0 = threshold
frequency). NCERT Page-41 / N-41

(a) n > n0 (b) n0 > n
(c) n0 ³ n (d) n ³ n0
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37. Calculate the velocity of ejected electron from the metal
surface when light of frequency 2 × 1015 Hz fall on the
metal surface and the threshold frequency is 7 × 1014 Hz
for metal ? NCERT Page-43 / N-42

(a) 1.37 × 106 (b) 1.26 × 106

(c) 1.45 × 107 (d) 1.37 × 107

38. In the photo-electron emission, the energy of the emitted
electron is  NCERT Page N-42

(a) greater than the incident photon
(b) same as than of the incident photon
(c) smaller than the incident photon
(d) proportional to the intensity of incident photon

39. Which of the following types of spectrum is best depicted
by the given figure? NCERT Page-45 / N-45

Excited
sample

Prism

Film or 
detector

(a) Atomic absorption spectra
(b) Atomic emission spectra
(c) Continuous spectra
(d) None of these

40. Given below are the spectral lines for an atom of hydrogen.
Mark the lines which are not correctly matched with the
values of n1 and n2. NCERT Page-45 / N-45

S eries n 1 n 2 Spectral Region

(i) Lyman 1 2, 3, ….. Ultraviolet
(ii) Balmer 2 3, 4, ….. Infrared
(iii) Paschen 3 4, 5, ….. Infrared
(iv) Pfund 4 5, 6, ….. Infrared

(a) (i) and (ii) (b) (i) and (iii)
(c) (ii) and (iv) (d) (i) and (iv)

41. The third line of the Balmer series, in the emission spectrum
of the hydrogen atom, is due to the transition from the

NCERT Page N-45

(a) fourth Bohr orbit to the first Bohr orbit
(b) fifth Bohr orbit to the second Bohr orbit
(c) sixth Bohr orbit to the third Bohr orbit
(d) seventh Bohr orbit to the third Bohr orbit

42. An electron from one Bohr stationary orbit can go to next
higher orbit NCERT Page-46 / N-46

(a) by emission of electromagnetic radiation
(b) by absorption of any electromagnetic radiation
(c) by absorption of electromagnetic radiation of

particular frequency
(d) without emission or absorption of electromagnetic

radiation
43. According to Bohr's theory, the angular momentum of an

electron in 5th orbit is  NCERT Page N-46

(a) 10 h/p (b) 2.5 h/p
(c) 25 h/p (d) 1.0 h/p

44. An electron, e1 is moving in the fifth stationary state, and
another electron e2 is moving in the fourth stationary state.
The radius of orbit of electron, e1 is five times the radius
of orbit of electron, e2 calculate the ratio of velocity of
electron e1 (v1) to the velocity of electron e2 (v2).

 NCERT Page N-46

(a) 5 : 1 (b) 4 : 1
(c) 1 : 5 (d) 1 : 4

45. If r is the radius of the first orbit, the radius of nth orbit of
H-atom is given by   NCERT Page N-47

(a) rn2 (b) rn
(c) r/n (d) r2 n2

46. The energy of second Bohr orbit of the hydrogen atom
is-328 kJ mol-1; hence the energy of fourth Bohr orbit
would be: NCERT Page-47 / N-47

(a) -41 kJ mol-1 (b) -82 kJ mol-1

(c) -164 kJ mol-1 (d) -1312 kJ mol-1

47. What does negative sign in the electronic energy for
hydrogen atom convey.  NCERT Page N-47

(a) Energy of electron when n = ¥
(b) The energy of electron in the atom is lower than the

energy of a free electron in motion
(c) The energy of electron in the atom is lower than the

energy of a free electron of rest
(d) The energy of electron decreases as it moves away

from nucleus
48. If the radius of the 3rd Bohr's orbit of hydrogen atom is r3

and the radius of 4th Bohr's orbit is r4. NCERT Page N-48

Then :

(a) 4 3
9

16r r= (b) 4 3
16
9r r=

(c) 4 3
3
4r r=  (d) 4 3

4
3r r=

49. Bohr’s theory can be applied to which of the following
ions. NCERT Page N-49

(a) Na+ (b) Be2+

(c) Li+ (d) Li2+
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50. Among species H, Li2+, He+, Be3+ and Al3+, Bohr’s model
was able to explain the spectra of NCERT Page-46 / N-49

(a) All of these
(b) None of these
(c) all other species except Be3+

(d) all other species except Al3+

51. The energy of an electron in second Bohr orbit of hydrogen
atom is :  NCERT Page N-48

(a) –5.44 × 10–19 eV (b) –5.44 × 10–19 cal
(c) –5.44 × 10–19 kJ (d) –5.44 × 10–19 J

52. According to Bohr’s theory the energy required for an
electron in the Li2+ ion to be emitted from n = 2 state is
(given that the ground state ionization energy of hydrogen
atom is 13.6 eV) NCERT Page N-48

(a) 61.2 eV (b) 13.6 eV
(c) 30.6 eV (d) 10.2 eV

53. The ionisation potential of a hydrogen atom is –13.6 eV.
What will be the energy of the atom corresponding to
n = 2. NCERT Page N-48

(a) – 3.4 eV (b) – 6.8 eV
(c) – 1.7 eV (d) –2.7 eV

54. The radius of hydrogen atom in the ground state is 0.53 Å.
The radius of Li2+ ion (atomic number = 3) in a similar state
is NCERT Page N-48

(a) 0.17 Å (b) 0.265 Å
(c) 0.53 Å (d) 1.06 Å

55. Bohr model can explain : NCERT Page-46 / N-46

(a) the solar spectrum
(b) the spectrum of hydrogen molecule
(c) spectrum of any atom or ion containing one electron only
(d) the spectrum of hydrogen atom only

56. The Bohr orbit radius for the hydrogen atom (n = 1) is
approximately 0.530 Å. The radius for the first excited state
(n = 2) orbit is (in Å)  NCERT Page N-48

(a) 0.13 (b) 1.06 (c) 4.77 (d) 2.12
57. What is the expression of frequency (n) associated with

absorption spectra of the photon. NCERT Page-48 / N-48

(a) i f2 2
i f

R 1 1
h

æ ö
n = - >ç ÷ç ÷

è ø

H n n
n n

(b) f i2 2
i f

R 1 1
h

æ ö
= - >ç ÷ç ÷

è ø

H n n
n n

n

(c) f i2 2
i f

R 1 1–
h

æ ö
n = - >ç ÷ç ÷

è ø

H n n
n n

(d) All the above are correct

58. For Balmer series in the spectrum of atomic hydrogen, the

wave number of each line is given by H 2 2
1 2

1 1R –v
n n

æ ö
= ç ÷ç ÷

è ø

where RH is a constant and n1 and n2 are integers. Which
of the following statement(s) is (are) correct?
(i) As wavelength decreases, the lines in the series

converge. NCERT Page N-48

(ii) The integer n1 is equal to 2.
(iii) The ionization energy of hydrogen can be calculated

from the wave number of these lines.
(iv) The line of longest wavelength corresponds to n2 = 3.
(a) (i), (ii) and (iii) (b) (ii), (iii) and (iv)
(c) (i), (ii) and (iv) (d) (ii) and (iv)

59. The wavelength of the radiation emitted, when in a
hydrogen atom electron falls from infinity to stationary
state 1, would be (Rydberg constant = 1.097×107 m–1)

NCERT Page N-48

(a) 406 nm (b) 192 nm
(c) 91 nm (d) 9.1×10–8 nm

60. The frequency of radiation emitted when the electron falls
from n = 4 to n = 1 in a hydrogen atom will be (Given :
ionization  energy  of   H  =  2.18  ×10–18J atom–1and
h = 6.625 × 10–34 J s ) NCERT Page N-48

(a) 1.54 × 1015 s–1 (b) 1.03 × 1015 s–1

(c) 3.08 × 1015 s–1 (d) 2.00 × 1015 s–1

61. The wavelength (in cm) of second line in the Lyman series of
hydrogen atomic spectrum is (Rydberg constant = R cm–1)

NCERT Page N-48

(a)
8R
9

æ ö
ç ÷
è ø

(b)
9

8R
æ ö
ç ÷
è ø

(c)
4

3R
æ ö
ç ÷
è ø

(d)
3R
4

æ ö
ç ÷
è ø

 

62. Which of the following transitions of electrons in the hydrogen
atom will emit maximum energy?                 NCERT Page N-48

(a) n5 ® n4 (b) n4 ® n3

(c) n3 ® n2 (d) all will emit same energy
63. The shortest wavelength in hydrogen spectrum of Lyman

series when RH = 109678 cm–1 is NCERT Page N-47

(a) 1002.7 Å (b) 1215.67 Å
(c) 1127.30 Å (d) 911.7 Å

64. Splitting of spectral lines under the influence of magnetic
field is called  NCERT Page N-49

(a) Stark effect (b) Zeeman effect
(c) photoelectric effect (d) screening effect
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65. If electron, hydrogen, helium and neon nuclei are all moving
with the velocity of light, then the wavelength associated
with these particles are in the order NCERT Page N-50

(a) Electron > hydrogen > helium > neon
(b) Electron > helium > hydrogen > neon
(c) Electron < hydrogen < helium < neon
(d) Neon < hydrogen < helium < electron

66. Arrange the following elements in the order of ease of
detection of wave properties, in the de Broglie experiment.

H, Li, Be, B, K  NCERT Page N-50

(a) H < Be, B < Li < K. (b) H > Li > K > Be > B
(c) H > Li > Be > B > K (d) H < Li < Be < B < K

67. The de Broglie wavelength of a tennis ball of mass 60 g
moving with a velocity of 10 metres per second is
approximately  NCERT Page N-50

(a) 10–31 metres (b) 10–16 metres
(c) 10–25 metres (d) 10–33 metres
Planck’s constant, h = 6.63 × 10–34 Js

68. If the energy difference between the ground state of an
atom and its excited state is 4.4 × 10–4 J, the wavelength of
photon required to produce the transition :
(a) 2.26 × 10–12 m (b) 1.13 × 10–22 m
(c) 4.52 × 10–16 m (d) 4.52 × 10–22 m

69. The mass of a photon with a wavelength equal to
1.54 × 10–8 cm is NCERT Page-50 / N-50

(a) 0.8268 × 10–34 kg (b) 1.2876 × 10–33 kg
(c) 1.4285 × 10–32 kg (d) 1.8884 × 10–32 kg

70. The de Broglie wavelength of a car of mass 1000 kg and
velocity 36 km/hr is : NCERT Page-50 / N-50

(a) 6.626 × l0–34 m (b) 6.626 × 10–38 m
(c) 6.626 × 10–31 m (d) 6.626 × 10– 30 m

71. The velocity of particle A is 0.1 ms–1 and that of particle B
is 0.05 ms–1. If the mass of particle B is five times that of
particle A, then the ratio of de-Broglie wavelengths
associated with the particles A and B is NCERT Page N-50

(a) 2 : 5 (b) 3 : 4 (c) 6 : 4 (d) 5 : 2
72. Heisenberg's uncertainity principle is applicable to

 NCERT Page N-51

(a) atoms only (b) electron only
(c) nucleus only (d) any moving object

73. The position of both, an electron and a helium atom is
known within 1.0 nm. Further the momentum of the electron
is known within 5.0 × 10–26 kg ms–1. The minimum
uncertainty in the measurement of the momentum of the
helium atom is  NCERT Page N-51

(a) 50 kg ms–1 (b) 80 kg ms–1

(c) 8.0 × 10–26 kg ms–1 (d) 5.0 × 10–26 kg ms–1

74. The Heisenberg uncertainity principle will be most
significant for which of the following object ?

NCERT Page-51 / N-51

(a) Object A of mass 9.11 × 10–30 kg
(b) Object B of mass 9.11 × 10–28 g
(c) Object C of mass 9.11 × 10–24 mg
(d) Object D of mass 9.11 × 10–28 kg

75. The measurement of the electron position is associated
with an uncertainty in momentum, which is equal to
 1×10–18 g cm s–1. The uncertainty in electron velocity is,
(mass of an electron is 9 × 10– 28 g) NCERT Page-51 / N-51

(a) 1 × 109 cm s–1 (b) 1 × 106 cm s–1

(c) 1 × 105 cm s–1 (d) 1 × 1011 cm s–1

76. In an atom, an electron is moving with a speed of 600 m/s
with an accuracy of 0.005%. Certainty with which the position
of the electron can be located is ( h = 6.6 × 10–34 kg m2s–1,
mass of electron, em = 9.1 × 10–31 kg)       NCERT Page N-51

(a) 5.10 × 10 –3 m (b) 1.92 × 10 –3 m
(c) 3.84 ×  10 –3 m (d) 1.52 × 10 –4 m

77. Uncertainty in position of an electron (mass = 9.1 × 10–28

g) moving with a velocity of 3 × 104 cm/s accurate upto
0.001% will be (use h/4p in uncertainty expression where
h  = 6.626 ×10–27 erg-second). NCERT Page-52 / N-52

(a) 1.93 cm (b) 3.84 cm (c) 5.76 cm (d) 7.68 cm

78. Identify the incorrect statement from the following.
NCERT Page N-53

(a) A circular path around the nucleus in which an
electron moves is proposed as Bohr’s orbit.

(b) An orbital is the one electron wave function (y) in an  atom.
(c) The existence of Bohr ’s orbits is supported by

hydrogen spectrum.
(d) Atomic orbital is characterised by the quantum

numbers n and l only
79. The quantum numbers determined by the Schrödinger

equation are NCERT Page N-55

(a) n, l, m, s (b) n, s, l (c) n, l, m (d) n, m, s
80. The probability of finding out an electron at a point within

an atom is proportional to the  NCERT Page N-54

(a) square of the orbital wave function i.e., Y2

(b) orbital wave function i.e., Y
(c) Hamiltonian operator i.e., H
(d) principal quantum number i.e., n
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81. What is the lowest value of n that allows g orbital to exist?
NCERT Page N-55

(a) 6 (b) 7 (c) 4 (d) 5
82. Which of the following is the correct plot for the probability

density 2 ( )ry  as a function of distance ‘r’ of the electron

form the nucleus for 2s orbital?  NCERT Page N-57

(a)

y ( )
2

r

r

(b)

y ( )
2

r

r

(c)

y ( )
2

r

r

(d)

y ( )
2

r

r
83. Maximum number of electrons in a subshell of an atom is

determined by the following:  NCERT Page N-56

(a) 2 l + 1 (b) 4 l – 2 (c) 2 n2 (d) 4 l + 2
84. The orientation of an atomic orbital is governed by

(a) Spin quantum number NCERT Page N-56

(b) Magnetic quantum number
(c) Principal quantum number
(d) Azimuthal quantum number

85. For which one of the following sets of four quantum
numbers, an electron will have the heighest energy?

n l m s NCERT Page N-61

(a) 3 2 1 1/2
(b) 4 2 –1 1/2
(c) 4 1 0 –1/2
(d) 5 0 0 –1/2

86. Which of the following sets of quantum numbers is correct
for an electron in 4f orbital ? NCERT Page-56 / N-56

(a) n = 4, l = 3, m = + 1, s = + ½
(b) n = 4, l = 4, m = – 4, s = – ½
(c) n = 4, l = 3, m = + 4, s = + ½
(d) n = 3, l = 2, m = – 2, s = + ½

87. What is the correct orbital designation of an electron with
the quantum number, n = 4, l = 3, m = – 2, s = 1/2 ?

 NCERT Page N-55

(a) 3s (b) 4 f (c) 5p (d) 6s
88. Which of the following represents correct set of the four

quantum numbers for an electron in a 4d subshell ?
NCERT Page N-56

(a) 4, 2, 1, 0 (b) 4, 2, 1, – 1/2
(c) 4, 3, 2, + 1/2 (d) 4, 3, – 2, – 1/2

89. The total number of electrons that can be accommodated
in all orbitals having principal quantum number 2 and
azimuthal quantum number 1 is NCERT Page N-62

(a) 2 (b) 4
(c) 6 (d) 8

90. Which of the following is not permissible arrangement of
electrons in an atom? NCERT Page N-56

(a) n = 5, l = 3, m = 0, s = + 1/2
(b) n = 3, l = 2, m = – 3, s = – 1/2
(c) n = 3, l = 2, m = – 2, s = – 1/2
(d) n = 4, l = 0, m = 0, s = – 1/2

91. Which set of quantum numbers are not possible?
NCERT Page-57 / N-56

n l m s
(a) 3 2 0 +1/2
(b) 2 2 1 +1/2
(c) 1 0 0 –1/2
(d) 3 2 –2 +1/2

92. What will be the sum of all possible values of  l and m for
n = 5 ? NCERT Page N-56

(a) 12 (b) 13
(c) 4 (d) 9

93. The number of orbitals present in the fifth shell will be
NCERT Page N-56

(a) 25 (b) 10
(c) 50 (d) 20

94. Which combinations of quantum numbers, n, l, m and s for
the electron in an atom does not provide a permissible
solution of the wave equation ?  NCERT Page N-56

(a)
2
1,1,2,3 (b)

2
1,1,1,3 -

(c)
2
1,1,3,3 - (d)

2
1,2,2,3 -

95. The following quantum numbers are possible for how many
orbital(s) n = 3, l = 2, m = +2 ?  NCERT Page N-56

(a) 1 (b) 3
(c) 2 (d) 4

96. Given NCERT Page N-56

(i) n = 5, ml = + 1
(ii) n = 2, l =1, ml = –1, ms = –l/2
The maximum number of electron(s) in an atom that can
have the quantum numbers as given in (a) and (b) are
respectively:
(a) 25 and 1 (b) 8 and 1
(c) 2 and 4 (d) 4 and 1
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97. Which of the following statements are correct ?
  NCERT Page N-59 & 62

(A) The electronic configuration of Cr is [Ar] 3d5 4s1.
(B) The magnetic quantum number may have a negative

value.
(C) In the ground state of an atom, the orbitals are filled

in order of their increasing energies.
(D) The total number of nodes are given by n – 2 .
Choose the most appropriate answer from the options
given below :
(a) (A), (C) and (D) only (b) (A) and (B) only
(c) (A) and (C) only (d) (A), (B) and (C) only

98. Which of the following graph correspond to one node
 NCERT Page-57 / N-57

(a)

a0

Y
(b)

a0

Y

(c)

a0

Y

(d)

a0

Y

99. The five d-orbitals are designated as 2 2, , ,xy yz xz x y
d d d d

-

and 2z
d . Choose the correct statement NCERT Page-59 / N-59

(a) The shapes of the first three orbitals are similar but
that of the fourth and fifth orbitals are different

(b) The shapes of all five d-orbitals are similar
(c) The shapes of the first four orbitals are similar but

that of the fifth orbital is different
(d) The shapes of all five d-orbitals are different

100. Observe the given boundary surface diagrams of two
orbitals I and II and choose the correct option.

NCERT Page-59 / N-59

I

y x

z

        

II

y
x

z

(a) 2 2I , II yzx yd d-- - (b) 2 2I , IIyz x yd d -- -

(c) 2I , IIxz zd d- - (d) I , IIxy xzd d- -

101. If there are five radial nodes, then what can be the correct
representation of the orbital for n = 8. NCERT Page N-59

(a) 8 d (b) 8 s
(c) 8 p (d) 8 f

102. What can be the representation of the orbital having 3
angular nodes and n = 5.  NCERT Page N-59

(a) 5 d (b) 5 f (c) 5 p (d) 5 s
103. The correct order of increasing energy of atomic orbitals is

NCERT Page-62 / N-62

(a) 5 p < 4 f < 6 s < 5 d (b) 5 p < 6 s < 4 f < 5 d
(c) 5 p < 5 d < 4 f < 6 s (d) None of these

104. Consider the following statements :  NCERT Page N-55

(A) The principal quantum number ‘n’ is a positive integer
with values of ‘n’ = 1, 2, 3, ….

(B) The azimuthal quantum number ‘l’ for a given ‘n’
(principal quantum number) can have values as
‘l’ = 0, 1, 2, …. n

(C) Magnetic orbital quantum number ‘ml’ for a particular
‘l’ (azimuthal quantum number) has (2l + 1) values.

(D) ±1/2 are the two possible orientations of electron spin.
(E) For l = 5, there will be a total of 9 orbital.
Which of the above statements correct?
(a) (A), (B) and (C) (b) (A), (C), (D) and (E)
(c) (A), (C) and (D) (d) (A), (B), (C) and (D)

105. An electron can enter into the orbital when
NCERT Page N-55

(a) value of n is minimum
(b) value of l is minimum
(c) value of (n + l) is minimum
(d) value of (n + m) is minimum.

106. The orbital diagram in which the Aufbau principle is
violated is : NCERT Page-62 / N-62

   2s          2p

(a) ­¯ ­­¯

(b) ­ ­­­¯

(c) ­¯ ­­­

(d) ­¯ ­­­¯

107. In a given atom, no two electrons can have the same values
for all the four quantum numbers. This is called

NCERT Page-62 / N-62

(a) Hund’s Rule
(b) Aufbau principle
(c) Uncertainty principle
(d) Pauli’s exclusion principle
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108. Which of the following electronic configuration of d-orbital
will have highest affinity for gaining an electron?

(a) NCERT Page N-64

(b)

(c)

(d)

109. The electronic configuration of Cu (atomic number 29) is
NCERT Page-63 / N-63

(a) 2 2 6 2 6 2 91 , 2 2 ,3 3 , 4 3s s p s p s d

(b) 2 2 6 2 6 10 11 ,2 2 ,3 3 3 ,4s s p s p d s

Exercise 2 : NCERT Exemplar & Past Years NEET

(c) 2 2 6 2 6 2 6 2 11 ,2 2 ,3 3 ,4 4 ,5 5s s p p p s p s p

(d) 2 2 6 2 6 2 6 31 ,2 2 ,3 3 ,4 4 3s s p p p s p d
110. Given below are the quantum numbers for 4 electrons.

 NCERT Page N-61

(A) n = 3, l = 2, m1 = 1, ms = +1/2
(B) n = 4, l = 1, m1 = 0, ms = +1/2
(C) n = 4, l = 2, m1 = –2, ms = –1/2
(D) n = 3, l = 1, m1 = –1, ms = +1/2
The correct order of increasing energy is :
(a) D < B < A < C
(b) D < A < B < C
(c) B < D < A < C
(d) B < D < C < A

1*. Which of the following conclusions could not be derived
from Rutherford's a-particle scattering experiment?

NCERT Page-34 / N-34

(a) Most of the space in the atom is empty.
(b) The radius of the atom is about 10–10 m while that of

nucleus is 10–15 m.
(c) Electrons move in a circular path of fixed energy

called orbits.
(d) Electrons and the nucleus are held together by

electrostatic forces of attraction.
2. Which of the following options does not represent ground

state electronic configuration of an atom?

NCERT Page-63 / N-63

(a) 1s22s22p63s23p63d 84s2

(b) 1s22s22p63s23p63d 94s2

(c) 1s22s22p63s23p63d104s1

(d) 1s22s22p63s23p63d 54s1

3*. Which of the following statement is not correct about the
characteristics of cathode rays? NCERT Page-30 / N-30

(a) They start from the cathode and move towards the
anode.

(b) They travel in straight line in the absence of an
external electrical or magnetic field.

(c) Characteristics of cathode rays do not depend upon
the material of electrodes in cathode ray tube.

(d) Characteristics of cathode rays depend upon the
nature of gas present in the cathode ray tube.

4*. Which of the following statements about the electron is
incorrect? NCERT Page-31 / N-31

(a) It is a negatively charged particle.
(b) The mass of electron is equal to the mass of neutron.
(c) It is a basic constituent of all the atoms.
(d) It is a constituent of cathode rays.

5*. Which of the following properties of atom could be
explained correctly by Thomson model of atom?

(a) Overall neutrality of atom NCERT Page-33 / N-33

(b) Spectra of hydrogen atom
(c) Position of electrons, protons and neutrons in atom
(d) Stability of atom

6*. Two atoms are said to be isobars if NCERT Page-35 / N-35

(a) they have same atomic number but different mass
number

(b) they have same number of electrons but different
number of neutrons

(c) they have same number of neutrons but different
number of electrons

(d) sum of the number of protons and neutrons is same
but the number of protons is different
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7. The number of radial nodes for 3p orbital is ......... .
NCERT Page-59 / N-59

(a) 3 (b) 4 (c) 2 (d) 1
8. Number of angular nodes for 4d orbital is ........... .

NCERT Page-59 / N-59

(a) 4 (b) 3 (c) 2 (d) 1
9. Which of the following is responsible to rule out the

existence of definite paths or trajectories of electrons?

(a) Pauli's exclusion principle NCERT Page N-51

(b) Heisenberg's uncertainty principle
(c) Hund's rule of maximum multiplicity
(d) Aufbau principle

10. Total number of orbitals associated with third shell will
be ............... . NCERT Page N-55

(a) 2 (b) 4 (c) 9 (d) 3
11. Orbital angular momentum depends on ............ .

NCERT Page-55 / N-55

(a) l (b) n and l
(c) n and m (d) m and s

12. Chlorine exists in two isotopic forms Cl-37 and Cl-35, but
its atomic mass is 35.5. This indicates the ratio of Cl-37
and Cl-35 is approximately
(a) 1 : 2 (b) 1 : 1 (c) 1 : 3 (d) 3 : 1

13*. If travelling at same speeds, which of the following matter
waves have the shortest wavelength? NCERT Page N-50

(a) Electron (b) Alpha particle (He2+)
(c) Neutron (d) Proton

14. The probability density plots of 1s and 2s orbitals are
given in figure. NCERT Page-58 / N-58

1s 2s

The density of dots in a region represents the
probability density of finding electrons in the region.
On the basis of above diagram which of the following
statements is incorrect?
(a) 1s and 2s orbitals are spherical in shape.
(b) The probability of finding the electron is maximum

near the nucleus.
(c) The probability  of  finding the  electron  at  a  given

distance is equal in all directions.
(d) The probability density of electrons for 2s orbital

decreases uniformly as distance from the nucleus
increases.

15. The pair of ions having same electronic configuration
is .............. . NCERT Page N-63

(a) Cr3+, Fe3+ (b) Fe3+, Mn2+

(c) Fe3+, Co3+ (d) Sc3+, Cr3+

16. For the electrons of oxygen atom, which of the following
statements is correct? NCERT Page N-56

(a) Zeff for an electron in a 2s orbital is the same as Zeff for
an electron in a 2p orbital.

(b) An electron in the 2s orbital has the same energy as
an electron in the 2p orbital.

(c) Zeff for an electron in 1s orbital is the same as Zeff for
an electron in a 2s orbital.

(d) The two electrons present in the 2s orbital have spin
quantum numbers ms but of opposite sign.

 

17. The  energy  of  an  electron  in  the  ground  state
(n = 1) for He+ ion is –x J, then that for an electron in n = 2
state for Be3+ ion in J is NCERT  Page-N-48 | NEET  2024

(a) –x (b)
x
9

-
(c) –4x (d)

4
x

9
-

18. Match List I with List II
List I List II
(Quantum Number) (Information

provided)
A. ml I. Shape of orbital
B. ms II. Size of orbital
C. l III. Orientation of

orbital
D. n IV. Orientation of

spin of electron
Choose the correct answer from the options given below :

NCERT  Page-N-55,  56  |  NEET  2024

(a) A-I, B-III, C-II, D-IV
(b) A-III, B-IV, C-I, D-II
(c) A-III, B-IV, C-II, D-I
(d) A-II, B-I, C-IV, D-III

19. Select the correct statements from the following
NCERT Page-35 /  N-35 | NEET  2023, C

A. Atoms of all elements are composed of two
fundamental particles.

B. The mass of the electron is 9.10939 × 10–31 kg.
C. All the isotopes of a given element show same

chemical properties.
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Exercise 3 : Matching, Statement & Assertion Reason Type

D. Protons and electrons are collectively known as
nucleons.

E. Dalton’s atomic theory, regarded the atom as an
ultimate particle of matter.

Choose the correct answer from the options given below
(a) A, B and C only
(b) C, D and E only
(c) A and E only
(d) B, C and E only

20. The relation between nm, (nm = the number of permissible
values of magnetic quantum number (m)) for a given value
of azimuthal quantum number (l), is

NCERT Page-55 / N-55 | NEET  2023, S

(a) mn 1
2

l
-

= (b) l = 2nm + 1

(c) nm = 2l2 + 1 (d) nm = l + 2
21. If radius of second Bohr orbit of the He+ ion is 105.8 pm,

what is the radius of third Bohr orbit of Li2+ ion?
NCERT  Page-48 / N-48 | NEET  2022, A

(a) 15.87 pm (b) 1.587 pm
(c) 158.7 Å (d) 158.7 pm

22. Which of the following series of transitions in the spectrum
of hydrogen atom falls in visible region ?

NCERT  Page-45 / N-45 | NEET  2019, C

(a) Lyman series (b) Balmer series
(c) Paschen series (d) Brackett series

23. 4d,  5p,  5f and  6p orbitals  are  arranged in  the  order  of
decreasing energy. The correct option is:

NCERT  Page-62 / N-68 | NEET  2019, C

(a) 5f  > 6p > 5p > 4d
(b) 6p > 5f > 5p > 4d
(c) 6p > 5f  > 4d > 5p
(d) 5f > 6p > 4d > 5p

24. The angular speed of  the electron in nth orbit of Bohr
hydrogen atom is NCERT Page-47 / N-47 | NEET  2018, C

(a) Directly proportional to n
(b) Inversely proportional of n

(c) Inversely proportional to n2

(d) Inversely proportional to n3

25. Which one is the wrong statement ?
 NCERT Page-61 / N-61 | NEET  2017, C

(a) The uncertainty principle is E t h / 4D ´ D ³ p

(b) Half filled and fully filled orbitals have greater stability
due to greater exchange energy, greater symmetry and
more balanced arrangement.

(c) The energy of 2s orbital is less than the energy of
2p orbital in case of Hydrogen like atoms

(d) de-Broglies's wavelength is given by h
m

l =
n

, where
m = mass of the particle, n = group velocity of the
particle

26. Two electrons occupying the same orbital are distinguished
by NCERT Page-56 /  N-56 | NEET  2016, C

(a) Principal quantum number
(b) Magnetic quantum number
(c) Azimuthal quantum number
(d) Spin quantum number

1. Match List-I with List-II
List-I List-II

(A) YMO = YA– YB (p) Dipole moment
(B) m = Q × r (q) Bonding molecular orbital

(C) b a–
2

N N
(r) Anti-bonding molecualr

orbital
(D) YMO = YA+ YB (s) Bond order
(a) A – (q), B – (p), C – (s), D – (r)
(b) A – (r), B – (s), C – (p), D – (q)

(c) A – (r), B – (p), C – (s), D – (q)
(d) A – (r), B – (s), C – (q), D – (p)

2. Match Column-I with Column-II.
Column-I Column-II

(A) X-rays (p) v = 100 – 104 Hz
(B) UV (q) v = 1010 Hz
(C) Long radio waves (r) v = 1016 Hz
(D) Microwave (s) v = 1018 Hz
(a) A – (s), B – (r), C – (p), D – (q)
(b) A – (r), B – (s), C – (p), D – (q)
(c) A – (s), B – (p), C – (r), D – (q)
(d) A – (s), B – (r), C – (q), D – (p)
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3. Match Column-I with Column-II.
Column-I Column-II

(A) 2Y (p) Energy can be emitted
or absorbed in packets

(B) de Broglie (q) Significant only for
motion of microscopic
objects.

(C) Heisenberg (r) The probability of
finding an electron at a
point within an atom

(D) Planck (s) Every object in motion
has a wave character.

(a) A – (q), B – (s), C – (r), D – (p)
(b) A – (r), B – (p), C – (q), D – (s)
(c) A – (r), B – (s), C – (q), D – (p)
(d) A – (s), B – (p), C – (r), D – (q)

4. Match Column-I with Column-II.
        Column-I           Column-II
(Quantum number) (Information provided)

(A) Principal (p) orientation of the orbital
quantum number

(B) Azimuthal (q) energy and size of
orbital quantum number

(C) Magnetic (r) spin of electron
quantum number

(D) Spin quantum (s) shape of the orbital
number

(a) A – (q), B – (s), C – (p), D – (r)
(b) A – (s), B – (q), C – (p), D – (r)
(c) A – (q), B – (p), C – (s), D – (r)
(d) A – (q), B – (s), C – (r), D – (p)

5. Match Column-I with Column-II.
Column-I   Column-II
   (Rules) (Statements)

(A) Hund’s Rule (p) No two electrons in an atom
can have the same set of
four  quantum numbers.

(B) Aufbau Principle (q) In the ground state of atoms,
orbitals are filled in the order
of their increasing energies.

(C) Pauli Exclusion (r) Pairing of electrons in the
Principle orbitals belonging to the

same subshell does not take
place until each orbital is
singly occupied.

(D) Heisenberg’s (s) It is impossible to determine
Uncertainty the exact position and exact
Principle momentum of a subatomic

particle simultaneously.

(a) A – (r), B – (p), C – (q), D – (s)
(b) A – (r), B – (q), C – (s), D – (p)
(c) A – (r), B – (q), C – (p), D – (s)
(d) A – (q), B – (r), C – (p), D – (s)

 

DIRECTIONS: Read the statements carefully and answer the
question on the basis of following options.
(a) Both statement I and II are correct.
(b) Both statement I and II are incorrect.
(c) Statement I is correct but statement II is incorrect.
(d) Statement II is correct but statement I is incorrect.
6. Statement I: Angular quantum number determines the

three dimensional shape of the orbital.
Statement II:  The principal quantum number determines
the orientation and energy of the orbital.

7. Statement I : Magnetic quantum number determines the
size of the orbital.
Statement II: Spin quantum number of an electron
determines the orientation of the spin of electron relative
to the chosen axis.

8*. Statement I : Chemical properties of atoms are controlled
by the number of protons, which are determined by the
number of electrons in the valance shell.
Statement II : The number of proton is equal to the number
of electron in an electrically neutral atom.

9. Statement I : The amount of light emitted (intensity of
radiation) from a black body and its spectral distribution
depends only on its temperature.
Statement II : When a ray of white light is passed through
a prism, the wave with shorter wavelength bends more
than the one with a longer wavelength.

 

10*. On the basis of figure given below which of the following
statement(s) is/are correct ?

Magnet

AnodeCathode

– Fluorescent screen

+

Electron strikes:
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(i) At point B, when only electric field is applied.
(ii) At point C, when both electric and magnetic field is

applied.
(iii) At point B, when both electric and magnetic fields

are balanced.
(iv) At point C, when only magnetic field is applied.
(a) (i) and (ii) (b) only (iii)
(c) (iii) and (iv) (d) (i) and (iii)

11. Which of the following statements are not correct about
electromagnetic radiation ?
(i) Electromagnetic waves require medium to travel.
(ii) Different electromagnetic radiations travel at same

speed in vaccum.
(iii) The oscillating electric and magnetic fields produced

by oscillating charged particles are perpendicular to
each other, but  not to the direction of propagation.

(iv) The oscillating electric field and magnetic field are
perpendicular to each other, and also to the direction
of propagation.

(a) (i), (ii) and (iii) (b) (ii) and (iii)
(c) (i) and (iii) (d) (i) and (iv)

12. Which of the following statement(s) is/are incorrect
regarding photoelectric effect?
(i) The number of electrons ejected is proportional to

the intensity of light.
(ii) There is some time lag between the striking of light

beam on the metal surface and the ejection of
electrons.

(iii) The kinetic energy of ejected electrons depends upon
the brightness of light.

(iv) The kinetic energy of the ejected electron is
proportional to the frequency of the incident
radiation.

(a) (i) and (ii) (b) (ii) and (iii)
(c) (ii) only (d) (ii) and (iv)

13. Which of the following statements concerning the quantum
numbers are correct ?
(i) Angular quantum number determines the three-

dimensional shape of the orbital.
(ii) The principal quantum number determines the

orientation and energy of the orbital.
(iii) Magnetic quantum number determines the size of the

orbital.
(iv) Spin quantum number of an electron determines the

orientation of the spin of electron relative to the
chosen axis.

The correct set of option is
(a) (i) and (ii) (b) (i) and (iv)
(c) (iii) and (iv) (d) (ii), (iii) and (iv)

DIRECTIONS : These questions consist of two statements,
each printed as Assertion and Reason. While answering these
questions, you are required to choose any one of the following
four responses.
(a) If both Assertion and Reason are correct and the Reason

is a correct explanation of the Assertion.
(b) If both Assertion and Reason are correct but Reason is

not a correct explanation of the Assertion.
(c) If the Assertion is correct but Reason is incorrect.
(d) If the Assertion is incorrect but Reason is correct.

14. Assertion : Black body is an ideal body that emits and
absorbs radiations of all frequencies.
Reason : The frequency of radiation emitted by a body
goes from a lower frequency to higher frequency with an
increase in temperature.

15*. Assertion : An atom is electrically neutral
Reason : Atom contains equal number of protons and
neutrons.

16. Assertion : All  photons  possess  the  same  amount  of
energy.
Reason : Energy of photon depend upon wavelength of
light used.

17. Assertion : For Balmer series of hydrogen spectrum, the
value n1 = 2 and n2 = 3, 4, 5.
Reason : The value of  n for a line in Balmer series of
hydrogen spectrum having the highest wavelength is 4
and 6.

18. Assertion : Absorption spectrum consists of some bright
lines separated by dark spaces.
Reason : Emission spectrum consists of bright lines.

19. Assertion : Threshold frequency is the maximum frequency
required for the ejection of electron from the metal surface.
Reason : Threshold frequency is characteristic of a metal.

20. Assertion : The kinetic energy of photoelectron ejected
increases with the frequency of incident light.
Reason : Increase in intensity of incident light increases
the photoelectric current.
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Exercise 4 : Skill Enhancer MCQs

1. Assume that 2 × 10–17 J of light energy is needed by the
interior of the human eye to see an object. How many
photons of yellow light with l = 595.2 nm are needed to
generate this minimum energy?
(a) 6 (b) 30
(c) 45 (d) 60

2. In a multi-electron atom, which of the following orbitals
described by the three quantum members will have the
same energy in the absence of magnetic and electric fields?
(A) n = 1, l = 0, m = 0 (B) n = 2, l = 0, m = 0
(C) n = 2, l = 1, m = 1 (D) n = 3, l = 2, m = 1
(E) n = 3, l = 2, m = 0
(a) (D) and (E) (b) (C) and (D)
(c) (B) and (C) (d) (A) and (B)

3. If the shortest wavelength of the spectral line of H-atom in
the Lyman series is x, then the longest wavelength of the
line in Balmer series of  Li2+ is

(a) 9x (b)
9
x

(c) 5
4
x (d)

4
5
x

4. A hydrogen atom in the ground state is excited by
monochromatic radiation of wavelength l Å. The resulting
spectrum consists of maximum 15 different lines. What is
the wavelength l? (RH = 109737 cm–1)
(a) 937.3 Å (b) 1025 Å
(c) 1236 Å (d) None of these

5. If an electron undergoes transition from n = 2 to n = 1 in
Li2+ ion, the energy of photon radiated will be best given
by
(a) hv (b) hv1 + hv2
(c) hv1 + hv2 + hv3 (d) all of these

6. If l0 and l be the threshold wavelength and the
wavelength of incident light, the speed of photoelectrons
ejected from the metal surface is :

(a) ( )0
2h
m
l - l (b) ( )0

2hc
m
l - l

(c)
0

0

2 æ öl - l
ç ÷llè ø

hc
m (d)

0

2 1 1æ ö
-ç ÷l lè ø

h
m

7. The wave number of electromagnetic radiation emitted
during the transition in between two energy levels of Li2+

ion whose principal quantum number sum is 4 and
difference is 2, is
(a) 3.5 RH (b) 4 RH

(c) 8 RH (d) 8
9

RH

8. If two particles are associated with same kinetic energy,
then the de Broglie’s wavelength (l) of these particles is
(a) directly proportional to the velocity
(b) inversely proportional to the velocity
(c) independent of mass and velocity
(d) can not be predicted

9. Which of the following statement concerning probability
density (y2) and radial distribution function (4pr2y2) for
an s-orbital of H-like species is correct?
(a) y2 is minimum at nucleus but 4pr2y2 is maximum at

nucleus.
(b) y2 is maximum at nucleus but 4pr2y2 is minimum at

nucleus.
(c) Both y2 and 4pr2y2 are maximum at nucleus.
(d) Both y2 and 4pr2y2 are minimum at nucleus.

10. If radiation corresponding to second line of "Balmer
series" of Li2+ ion, knocked out electron from first excited
state of H-atom, then kinetic energy of ejected electron
would be:
(a) 2.55 eV (b) 4.25 eV
(c) 11.25 eV (d) 19.55 eV

11. Li3+ and a proton are accelerated by the same potential,
then de-Broglie wavelengths lLi and lp have the ratio
(assume mLi = 9 mp)

(a) 1 : 33 (b) 1 : 1

(c) 1 : 2 (d) 1 : 4
12. If the de-Broglie wavelength of a particle of mass m is 100

times its velocity, then its value in terms of its mass (m)
and Planck’s constant (h) is

(a)
1

10
m
h

(b) 10 h
m

(c)
1

10
h
m

(d) 10 m
h
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13. A hydrogen-like atom with atomic number Z is in the higher
excited state of quantum number n. This excited state atom
can make a transition to the 1st excited state by
successively emitting two photons of energies 10 eV and
17eV, respectively. Alternatively, the atom from the same
excited state can make a transition to 2nd excited state by
emitting two photons of energies 4.25 eV and 5.95 eV,
respectively. Determine Z and n.
(a) n = 6, Z = 3 (b) n = 3, Z = 6
(c) n = 2, Z = 4 (d) n = 9, Z = 9

14. 1.5 L He gas is taken at 500K and 560 mm pressure in which
90% He are converted into He+ ions. Spectral line analysis

shows that 85% ions exist in the 3rd level, 10% in the 2nd
level and rest in the ground level. Calculate the total energy
evolved when all ions return back to ground state.
(a) 101 kJ (b) 957 kJ
(c) 212 kJ (d) 149 kJ

15. The radii of maximum probability for 3s, 3p and 3d electrons
are in the order
(a) (rmax)3d > (rmax)3p > (rmax)3s

(b) (rmax)3d > (rmax)3s > (rmax)3p

(c) (rmax)3s > (rmax)3p > (rmax)3d

(d) None of these

KeysAnswer

1 (d) 12 (c) 23 (d) 34 (d) 45 (a) 56 (d) 67 (d) 78 (d) 89 (c) 100 (b)
2 (c) 13 (d) 24 (d) 35 (c) 46 (b) 57 (b) 68 (d) 79 (c) 90 (b) 101 (a)
3 (b) 14 (d) 25 (b) 36 (a) 47 (c) 58 (c) 69 (c) 80 (a) 91 (b) 102 (b)
4 (d) 15 (c) 26 (c) 37 (a) 48 (b) 59 (c) 70 (b) 81 (d) 92 (b) 103 (b)
5 (d) 16 (c) 27 (c) 38 (c) 49 (d) 60 (c) 71 (d) 82 (b) 93 (a) 104 (c)
6 (b) 17 (d) 28 (c) 39 (b) 50 (d) 61 (a) 72 (d) 83 (d) 94 (c) 105 (c)
7 (b) 18 (a) 29 (c) 40 (c) 51 (d) 62 (c) 73 (d) 84 (b) 95 (c) 106 (b)
8 (b) 19 (c) 30 (d) 41 (b) 52 (c) 63 (d) 74 (b) 85 (b) 96 (b) 107 (d)
9 (d) 20 (b) 31 (c) 42 (c) 53 (a) 64 (b) 75 (a) 86 (a) 97 (d) 108 (d)

10 (a) 21 (c) 32 (c) 43 (b) 54 (a) 65 (a) 76 (b) 87 (b) 98 (b) 109 (b)
11 (c) 22 (d) 33 (a) 44 (d) 55 (c) 66 (c) 77 (a) 88 (b) 99 (c) 110 (b)

1 (c) 4 (b) 7 (d) 10 (c) 13 (b) 16 (d) 19 (d) 22 (b) 25 (c)
2 (b) 5 (a) 8 (c) 11 (a) 14 (d) 17 (a) 20 (a) 23 (a) 26 (d)
3 (d) 6 (d) 9 (b) 12 (c) 15 (b) 18 (b) 21 (d) 24 (d)

1 (c) 3 (c) 5 (c) 7 (d) 9 (a) 11 (c) 13 (b) 15 (c) 17 (c) 19 (d)
2 (a) 4 (a) 6 (c) 8 (d) 10 (c) 12 (b) 14 (b) 16 (d) 18 (d) 20 (b)

1 (d) 3 (d) 5 (a) 7 (c) 9 (b) 11 (a) 13 (a) 15 (c)
2 (a) 4 (a) 6 (c) 8 (a) 10 (d) 12 (b) 14 (a)

Exercise - 2 : (NCERT Exemplar & Past Years NEET)

Exercise - 4 : (Skill Enhancer MCQs)

Exercise - 1 : (NCERT Based Topic-wise MCQs)

Exercise - 3 : (Matching, Statement & Assertion-Reason Type)
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EXERCISE - 1

1. (d) Substance like glass or ebonite when rubbed with
silk or fur get electrically charged. Dalton’s theory was
failed explain the result.

2. (c) The electrical discharge through the gases could be
observed only at low pressure and high voltage.

3. (b) The cathode rays (negatively charged particles
stream) originates from cathode and move towards anode.

4. (d) Phosphorescent material (zinc sulphide) is used to
predict the flow of cathode rays.

5. (d) The deflection of electrons from its original path
increases with the increase in the voltage across the
electrodes, or the strength of the magnetic field.

6. (b) Millikan determined the value of charge of the
electron by using oil drop experiment.

7. (b) Charge carried by one electron = 1.6022 × 10–19 C
Electrons present in 3.2044 × 10–16 C = 3.2044 × 10–16 /
1.6022 × 10–19 = 2 × 103

8. (b) Unlike cathode rays, mass of positively charged
particles depends upon the nature of gas present in the
cathode ray tube.

9. (d) Proton is the nucleus of H-atom (H-atom devoid of its
electron)

10. (a) James Chadwick in 1932 discovered the neutrons.
11. (c) As the neutron is a chargeless particle, hence, the

beam of neutrons is not deflected by electrical or magnetic
field.

12. (c) me : mp = 1 : 1837
13. (d)
14. (d) The main  focused of  the  J.J  Thomson model  was

about the uniformly distribution of the mass of the atom.
15. (c) X rays have a very high penetrating power through

the matter and that is the reason these rays are used to
study the interior of the objects.

16. (c) The correct order is g-rays > X rays < b-rays > a-rays
17. (d) The nucleus occupies much smaller volume compared

to the volume of the atom.
18. (a) All positive ions are deposited at small part. (nucleus

of atom).
19. (c) Rutherford’s a-ray scattering experiment first showed

the existence of a small positivily charged entity in the
centre of atom, called nucleus.

20. (b) Number of p = number of e– = 89 and neutrons
231 – 89 = 142.

21. (c) 18Ar40 contains 22 neutrons and 21Sc40 contains 19
neutrons. The number of neutrons = (A – Z)

22. (d) 35
17 Cl  and 37

17 Cl  are isotopes, so they will have

same chemical properties.
23. (d) Isotopes have same atomic number but different mass

number. They have different number of neutrons which
results in different mass number.

24. (d) Atomic number = No. of protons = 8
Mass number = No. of protons + No. of neutrons

           = 8 + 8 = 16
Since the no. of electrons are two more than the no. of
protons, hence, it is a binegative species. Thus, the species

is 16 2
8O - .

25. (b) According to the electromagnetic theory of Maxwell,
charged particles when accelerated should emit
electromagnetic radiation .This feature does not exist for
planets since they are uncharged.

26. (c) The major drawback of Rutherford experiment is that
the orbital revolution of the electron is not expected to be
stable. According to Rutherford’s model, the electrons,
while moving in their orbits, would give up energy. This
would make them slow down, gradually and move towards
the nucleus. The electrons will follow a spiral path and
then fall into the nucleus. Ultimately, the atom would
collapse. But in reality the atom is stable.

27. (c) The oscillating fields are perpendicular to the
direction of propagation.

28. (c) The correct SI unit of frequency (n) , wavelength (l)

and wave number ( )n  is Hz, m, m–1

29. (c) Electromagnetic waves shown in figure (A) has
higher wavelength in comparison to EM waves shown
in figure (B).
Thus, these waves also differ in frequency and energy.

c
=

l
n

l1

(A) Þ 1
1

hcE =
l

Structure of Atom2
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l2

 (B) Þ 2
2

hcE =
l

l1 > l2 Þ E1 < E2

30. (d) E = hn

and æ ön = ç ÷lè ø
c

na = 1015, nb = 1014

nc = 1017, nd = 0.85 × 1015

and ne = 10 × 1015

31. (c) W = hv = 6.6 × 10–34 × 1.3 × 1015 = 8.58 × 10–19 J
32. (c) For the given figure, T2 > T1.
33. (a) Energy is always absorbed or emitted in whole

number or multiples of quantum.

34. (d) hcE h= n =
l

 or c
l =

n

m1075.3
108
103 8

15

8
-´=

´

´
=lÞ

In nanometer l = 3.75× 10 nm
which is closest to 4 × 101 nm

35. (c) Energy of a photon, hcE =
l

34 8 1

9
6.6 10 (Js) 3 10 (ms )

331.3 10 (m)

- -

-
´ ´ ´

=
´

= 6× 10–19 J

No. of photons emitted per second

19
600 (J)

6 10 (J)-
=

´
=1021 [1 watt – second = joule]

36. (a) At a frequency n > n0, the ejected electrons come out
with certain kinetic energy.

37. (a) 2
0

1 v
2

m h h= n - n

Þ 2
0

1
v ( )

2
m h= n - n  Þ 0

2v ( )h
m

= n - n

Þ ( )
34

15 14
31

2 6.626 10v 2 10 – 7 10
9.1 10

-

-
´ ´

= ´ ´
´

121.89 10= ´  = 1.37 × 106 ms–1.

38. (c) K.E. of emitted electron
= 0hv hv-  (i.e. smaller than hv).

39. (b) The light emitted by a sample (excited hydrogen atom
or any other element), which is passed through a prism
and then separated into certain discrete wavelength is
called atomic emission spectrum.

40. (c) (ii) Balmer, n1 = 2; n2 = 3, 4; region - visible
(iv) Pfund, n1 = 5; n2 = 6, 7; region - infrared

41. (b) For emission spectrum Balmer series n1 = 5, n2 = 2 for
third line.

42. (c) Since the energy difference between two consecutive
Bohr orbits is quantized and the energy of higher orbit is
more than that of lower orbit, so an electron from one Bohr
stationary orbit can go to next higher orbit by absorption
of electromagnetic radiation of particular wavelength or
frequency.

43. (b) Angular momentum of an electron in nth orbit is given

by v
2
nhm r =

p

For n = 5, we have

Angular momentum of electron 5 2.5
2
h h

= =
p p

44. (d) From the expression of Bohr’s theory, we know that

1 1 1v
2e
h

m r n=
p

; 2 2 2v
2e
h

m r n=
p

1 1 1

2 2 2

v 2
v 2

e

e

m r n h
m r n h

p
= ´

p

Given, r1 = 5 r2, n1 = 5, n2 = 4

1 2

22

v 5 5
v 4

e

e

m r
m r

´ ´
=

´ ´

Þ 1

2

v 5 1 1: 4
v 4 5 4

= = =
´

45. (a) Radius of nth orbit = r n
2 . (for H-atom)

46. (b) We know that En = 1
2

R
 kJ molH

n
-

Þ –328 = 
–R

2
H

2

Þ RH = 1312

Thus, 4 2
1312E
4

-
=  = –82 kJ mol–1
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47. (c) Energy of free e– at rest (n = ¥) is zero.

48. (b) r =
2

0.529 Å´
n
Z

2

3
30.529
1

= ´r

Þ
2

4
40.529
1

= ´r

2
4

2
3

4 16
93

= =
r
r

Þ 3
4

16
9

=
r

r

49. (d) Bohr’s model can be applied to one electron system
only.

50. (d) Except Al3+, all contain one electron and Bohr’s
model could explain the spectra for one electron system,
Bohr’s model was not able to explain the spectra of
multielectron system.

51. (d) For H atom, 
2

n 2
13.6E eV

n
= -

Z

For second orbit, n = 2
Z = At. no. = 1 (for hydrogen)

\  
2

2 2
13.6 (1) 13.6E eV

4(2)
´ -

= - =

   = 
1913.6 1.6 10 J

4

-- ´ ´
 = 195.44 10 J-- ´

52. (c) Energy of electron in 2nd orbit of Li+2 
2

2
13.6 Z

n
= -

= 2

2

)2(
)3(6.13 ´-

 = –30.6 eV

Energy required = 0 – (–30.6) = 30.6 eV

53. (a) Energy of an electron 0
2n

E
E

n
-

=

[E0 corresponds to n = 1 ® n = ¥]
For energy level (n = 2)

2
13.6 13.6E 3.4 eV.

4(2)
n

-
= - = = -

54. (a) For hydrogen atom (n) = 1     (ground state)

Radius of hydrogen atom (r) = 0.53 Å.

Atomic number of Li (Z) = 3.

Radius of Li2+ ion 
2 2(1)0.53 0.17

3
= ´ = ´ =

nr
Z

Å

55. (c) Bohr model can explain spectrum of any atom or ion
containing one electron only (that is H-like species)

56. (d) Given : Radius of hydrogen atom = 0.530 Å, Number
of excited state (n) = 2 and atomic number of hydrogen
atom (Z) = 1. We know that the Bohr radius

2 2(2)( ) radius of atom 0.530
1

nr
Z

= ´ = ´

       12.2530.04 =´= Å
57. (b) An e– absorbs energy to transit to higher state.
58. (c) (i) As wavelength decreases, wave number will

increase because n  = 1/l. Wave number is defined as
number of wavelengths per unit length. Thus, lines in the
series will converge.
(ii) n1 = 2 is fixed for Balmer series.
(iii) For calculation of ionization energy, n1 = 1 and n2 = ¥.
Thus, it cannot be calculated from the wave number of
lines for Balmer series.
(iv) Longest wavelength corresponds to lowest energy, which
will be the first line of Balmer series, i.e. n1 = 2 and n2 = 3.
Hence, (i), (ii) and (iv) are correct statements.

59. (c) 2 2
1 2

1 1 1R
n n

æ ö= -ç ÷l è ø

7 7 11 1 11.097 10 1.097 10 m
1

-æ ö= ´ - = ´ç ÷l ¥è ø

nm91m1015.91 9 »´=l -

60. (c)
2 2
1 2

1 1 1IE
h n n

é ù
n = ´ ´ -ê ú

ê úë û

18

34
2.18 10 1 1

1 166.625 10

-

-
´ é ù= ´ -ê úë û´

115s1008.3 -´=

61. (a) 2 2
1 2

1 11 –R
n n

é ù
u = = ê úl ë û

For second line in lyman series
n2 = 3

\ 2 2
1 11 1 1–

1 91 3
R Ré ù é ù-= =ê ú ê úl ë ûë û

 = 
8
9
R
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62. (c) DE for two energy levels 2 2
1 2

1 121.79 J/atom
æ ö

= -ç ÷ç ÷
è øn n

.

Emmitted energy decreases for electron transition between
two immediate states as we move to higher principle states.
Mathematically also, value of

2 2
1 2

1 1
n n

æ ö
-ç ÷

è ø
 will decrease.

63. (d) The shortest wavelength in hydrogen spectrum of
Lyman series is given by formula :

2 2
1 109678

11
H HR R

n
= = =

l

Þ l = 9.117 × 10–6 cm   = 911.7 × 10–10 m = 911.7 Å.
64. (b)
65. (a) l = h/mv ; for the same velocity, l varies inversely

with the mass of the particle.
66. (c) The wavelengths of elements decreases with increase

in their mass. v
h

m
æ öl =ç ÷è ø
Q

67. (d)
34

33
3

6.6 10 10 m
v 60 10 10

h
m

-
-

-
´

l = = =
´ ´

68. (d) Given DE = 4.4 × 10–4 J , l  = ?

l = 
34 8

22
4

6.6 10 3 10 4.5 10
4.4 10

hc
E

-
-

-
´ ´ ´

= = ´
D ´

m

69. (c) We know that ;
v v

l = \ =
l

h hm
m

The velocity of photon (v) = 3 × 108 m sec–1

8 101.54 10 cm 1.54 10 meter- -l = ´ = ´

34

10 8 1
6.626 10 Js

1.54 10 m 3 10 msec
m

-

- -
´

\ =
´ ´ ´

321.4285 10 kg-= ´

70. (b)
v

h
m

l =

v = 36 km/hr = 
336 10 m/sec

60 60
´
´

 = 10 m/sec

\ l = 
34

38
3

6.6 10 6.6 10 m
10 10

-
-´

= ´
´

71. (d) Given, vA = 0.1 ms–1 and vB = 0.05 ms–1 also, mB = 5mA

de-Broglie wavelength, 
v

h
m

l =

/ v v
/ v v

A A A B B

B B B A A

h m m
h m m

l
\ = =

l

5 0.05
5 0.5 2.5 5 / 2

0.1
A

A

m
m

´
= = ´ = =

´

A B: 5 : 2\ l l =

72. (d) Heisenberg's uncertainty principle is applicable to any
moving object.

73. (d) By Heisenberg uncertainty principle,
4
hx pD ´ D =
p

(which is constant)
As Dx for electron and helium atom is same thus momentum
of electron and helium will also be same therefore the
momentum of helium atom is equal to 5 × 10–26 kg ms–1.

74. (b) Dx.Dv value will be large for object of smallest mass
and is therefore, the most significant for calculating
uncertainity. Object B has smallest mass i.e., 9.11 × 10–28g
= 9.11 × 10–31 Kg. So it will be most significant.

75. (a) Dp = mDv
Substituting the given values of Dp and m, we get
1×10–18 g cm s–1 = 9×10–28 g × Dv

or 
18

28
1 10v
9 10

-

-
´

D =
´

 = 1.1 × 109 cm s–1 ; 1×109 cm s–1

i.e. option (a) is correct.
76. (b) According to Heisenberg uncertainty principle.

. v
4

D D =
p
hx m Þ

4 v
D =

p D
hx
m

Here, 600 0.005v 0.03
100
´

D = =

So, 
34

31
6.6 10

4 3.14 9.1 10 0.03
x

-

-
´

D =
´ ´ ´ ´

 = 1.92 × 10–3 meter

77. (a) Accuracy in velocity 
100
001.0%001.0 == ;

Actual velocity of the electron

4 0.001( v) 3 10 0.3 cm/s
100

D = ´ ´ = .

Planck’s constant (h) = 6.626×10–27erg-sec.
\ Uncertainty in the position of the electron

 ( )
4 v

D =
p D

hx
m

27

28
6.626 10 7

4 22 (9.1 10 ) 0.3

,

,
´ ´

<
´ ´ ´ ´

 =1.93 cm
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78. (d) Atomic orbital is characterised by n, l, m.
79. (c) Only quantum numbers, n, l, m are determined by the

Schrödinger equation.
80. (a)
81. (d) For g orbital, value of l is 4.

Since l = n –1, n should be 5.
82. (b) y2(r) Þ always positive

no. of radial nodes = n – l –1
For 2s, n = 2, l = 0, no. of radial nodes = 2 – 0 – 1= 1

83. (d) The number of sub shell is (2 l + 1). The maximum
number of electrons in the sub shell is 2 (2 l + 1) = (4 l + 2).

84. (b) Magnetic quantum no. represents the orientation of
atomic orbitals in an atom. For example px, py & pz have
orientation along X-axis, Y-axis & Z-axis respectively.

85. (b) The sub-shell are 3d, 4d, 4p and 4s, 4d has highest
energy as n + l value is maximum for this.

86. (a) The possible quantum numbers for 4f electron are

n = 4, l = 3, m = – 3, –2 –1, 0, 1 , 2 , 3 and 1
2

s = ±

Of various possiblities only option (a) is possible.
87. (b) n = 4 represents 4th orbit

l  = 3 represents f subshell
m = – 2 represents orientation of f-orbital
s = 1/2 represents direction of spin of electron.
\ The orbital is 4f.

88. (b) For 4d orbitals, n = 4,  l = 2 , m = –2, –1, 0, +1 or  + 2

s = +
1
2

 and 
1
2

-

Thus choice b having n = 4, l = 2, m = 1 and s = 
1

2
-

  is

correct.
89. (c) n = 2, l = 1 means 2p–orbital. Electrons that can be

accommodated = 6 as p sub-shell has 3 orbital and each
orbital contains 2 electrons.

90. (b) m = – l to +l, through zero thus for l = 2, values of m
will be – 2, –1, 0, + 1, + 2.
Therefore for l = 2, m cannot have the value –3.

91. (b) Value of l = 0 ..........(n – 1)
l cannot be equal to n.

92. (b) For n = 5, l = n – 1 = 5 – 1 = 4
m = 2l + 1 = 2(4) + 1 = 9
Sum of values of l and m = 9 + 4 = 13

93. (a) The number of allowed orbitals are given by n2.
Thus, when n = 5, number of orbitals = (5)2 = 25

94. (c) Possible values of l and m depend upon the value of n
l = 0 to (n – 1)

m = –l to + l through zero, s = 
1 1and
2 2

+ -

Thus, for n  =  3, l may be 0, 1 or 2; but not 3

95. (c) n = 3 and l = 2 means the orbital is in 3d-subshell.

For a d-orbital : m = 0 for 2zd
 orbital

      m = ±1 for dyz and dzx orbitals.

and   m = ± 2 for dxy and 2 2-x yd  orbital.

Thus, m = + 2 is possible for 2 orbitals.
96. (b) (i) n = 5 means l = 0, 1, 2, 3, 4

since m = + 1
hence total number of electrons will be
= 0 (from s) + 2 (from p) + 2 (from d)

+ 2 (from f) + 2 (from g)
= 0 + 2 + 2 + 2 + 2 = 8

(ii) n = 2, l = 1, ml = –1, ms = –1/2 represent 2p orbital with
one electron

97. (d) Total number of nodes (angular + radial) = n – 1
98. (b) y = 0 at only one point, at which y2 = 0.
99. (c) First four orbitals contain four lobes, while fifth orbital

consists of only two lobes. The lobes of dxy orbital lie
between x and y axis. Similarly in the case of dyz and dzx.
their lobes lie between yz and zx axis respectively. Four
lobes of 2 2x y

d
-

orbital are lying along x and y axis while

two lobes of 2zd  orbital are lying along z axis.

100. (b) In boundary surface diagram (1) the four lobes lie
between y and z-axis (dyz) whereas, in boundary surface

diagram (2) the four lobes lie on the x and y-axis 2 2( )x yd -
.

101. (a) As n – l – 1 = 5 or 8 – l – 1 = 5 Þ l =  2.
102. (b) According to given information n = 5 and l = 3.
103. (b) n + l  = 5p : 5 + 1 = 6 ; 6s : 6 + 0 = 6

n + l = 4 f : 4 + 3 = 7 ; 5d : 5 + 2 = 7
When values of (n + l) are equal, then, the orbital with
higher value of n will have higher energy.
Hence, the order is 5p < 6s < 4f < 5d.

104. (c)
(A) Values of principal quantum number n = 1, 2, 3 ..... ¥
(B) Values of azimuthal quantum number ranges from

l = 0 to (n – 1)
(C) Values of magnetic orbital quantum number

ml = –l to + l
Total values of ml = 2l + 1

(D) Values of spin quantum number ms 
1
2

= ±

(E) For l = 5, number of orbitals = 2l + 1 = 2 × 5 + 1 = 11
105. (c) The electron will enter into an orbital with minimum

value of n + l.



ChemistryA2 0 6

106. (b) According to Aufbau principle, the orbital of lower
energy (2s) should be fully filled before the filling of orbital
of higher energy starts.
Option (a) violates Hund’s rule.

107. (d) This is as per the definition of Pauli’s exclusion
principle.

108. (d) The d-orbital represented by option (d) will become
completely filled after gaining an electron. Therefore,
option (d) is correct.

109. (b) Electronic configuration of Cu (29) is 1s2 2s2 2p6 3s2

3p6 3d10 4s1 and not 1s2, 2s2 2p6 3s2 3p6 3d94s2 due to extra
stability of fully filled orbitals.

110. (b) Lower the value of (n + l) for an orbital, lower is its
energy. If two orbitals have same value of (n + l) then
lower value of n will have the lower energy
A Þ 3d Þ n + l = 3 + 2 = 5
B Þ 4p Þ n + l = 4 + 1 = 5
C Þ 4d Þ n + l = 4 + 2 = 6
D Þ 3s Þ (n + l) = 3 + 0 = 3
order is D < A < B < C

EXERCISE - 2

1. (c) The concept of electrons move in a circular path of
fixed energy called orbits was given by Bohr and not
derived from Rutherford's scattering experiment.

2. (b) The correct configuration for copper (z = 29) should
be 1s22s22p63s23p63d104s1. Due to extra stability of fully
filled orbital of d-subshell, the last electron enter into d-
orbital instead of s-orbital.

3. (d) The characteristics of cathode rays do not depend
upon the material of electrodes and the nature of the gas
present in the cathode ray tube.

4. (b) The mass of electron is very small as compared to
the mass of the neutron.
Mass of electron = 9.1 × 10–31 kg
Mass of neutron = 1.67 × 10–27 kg

5. (a) J. J. Thomson, in 1898, proposed plum pudding model
of atom. An important feature of this model is that the
mass of the atom is assumed to be uniformly distributed
over the atom. This model was able to explain the overall
neutrality of the atom.

6. (d) Isobars have the same mass number (i.e., sum of
protons and neutrons) but different atomic number (i.e.,
number of protons) e.g., 26Fe58 and 27Ni58 are isobars.

7. (d) number of radial nodes = n – l – 1, l = 1 for p-orbital
Number of radial nodes for 3p orbital = 3 – 1 – 1 = 1

8. (c) Number of angular nodes = l
 l = 2 for d-orbital  \   Number of angular nodes = 2

9. (b) The important implications of Heisenberg uncertainty
principle is that it rules out existence of definite paths or
trajectories of electrons and other similar particles.

10. (c) Total number of orbitals associated with nth shell  = n2

\  Total number of orbitals associated with third shell =
(3)2 = 9

11. (a) Orbital angular momentum, mvr = ( )1
2

+
p

l
h l

Hence, it depends only on 'l', l can have values ranging
from 0 to (n – 1).

12. (c) The fractional atomic mass (35.5) of chlorine is due
to the fact that in ordinary chlorine atom, Cl-37 and Cl-35
are present in the ratio of 1 : 3.

\ Average atomic mass of Cl =
3 35 1 37 35.5 amu

4
´ + ´

=

13. (b) From de-Broglie equation, wavelength,
h

mv
l =

For same speed of different particles, 
1

l µ
m

As h is constant, greater the mass of matter waves, lesser
is wavelength and vice-versa. Among these matter waves,
alpha particle (He2+ ) has higher mass, therefore, shortest
wavelength.

14. (d) The probability density of electrons in 2s orbital first
increases then decreases and after that it increases again
as distance increases from nucleus.

15. (b) 24Cr = [Ar]3d5, 4s1 Cr3+ = [Ar]3d3

26Fe = [Ar]3d6, 4s2 Fe3+ = [Ar]3d5

25Mn = [Ar]3d5, 4s2 Mn2+ = [Ar]3d5

27Co = [Ar]3d7, 4s2 Co3+ = [Ar]3d6

21Sc = [Ar]3d1, 4s2 Sc3+ = [Ar]
Thus, Fe3+ and Mn2+ have the same electronic configuration.

16. (d) For the two electrons of 2s orbital, the value of ms is

+ 
1 1and
2 2

- .

17. (a) For H-like species:

2
18

2
ZE 2.18 10 J
n

- æ ö
= - ´ ç ÷

è ø

For n = 1 of He+:

2
18

2
2E 2.18 10
1

- æ ö
= - ´ ç ÷

è ø

= –2.18 × 10–18 × 4
= –x (Given)
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For  n = 2 of Be3+:  
2

18
2

4E 2.18 10
2

- æ ö
= - ´ ç ÷

è ø

= 2.18 × 10–18 × 4 = –x
Thus, Energy of Be3+ for n = 2 would be –x Joules.

18. (b) n = principal quantum number ¾® size of orbital/
shell.
l = Azimuthal quantum number ¾® shape of orbital
ml = Magnetic orbital quantum number ¾® orientation of
orbital.
ms = Magnetic spin quantum number ¾® spin of elec-
tron.

19. (d) (A) Atoms consist of three fundamental particles :
Electrons, protons and neutrons
(D) Protons and neutrons present in the nucleus are
collectively called as nucleons.
So, the correct statements are B, C, E only.

20. (a) nm = 2l + 1  Þ  l = mn – 1
2

21. (d) According to Bohr’s atomic model

 
2

µ
nr
z

3rd orbit of Li2+ n1 = 3, z1 = 3

Þ 2nd orbit of He+ n2 = 2, z2 = 2

2 23 Li 1 2
2

2 12He

( )

( )
+

+
= ´

r n z
r zn  Þ 

2 23 Li
2

( ) (3) 2
105.8 pm 3(2)

+
= ´

r

(r3)Li+2 = 158.7 pm
22. (b) Balmer series
23. (a) 5f , 5 + 3 = 8;   6p,   6 + 1 = 7

5p , 5 + 1 = 6;   4d,   4 + 2 = 6
5f  > 6p > 5p > 4d

24. (d) Angular speed is V
r

. 
1

nV
n

µ  and 2
nr nµ .

\ Angular speed is inversely proportional to n3.
25. (c) For hydrogen like atoms, energy of  2s-orbital and

2p-orbital is equal.
26. (d) Two electrons occupying the same orbital  should

have opposite spins i.e. they differ in spin quantum number.
EXERCISE - 3

1 (c)
(A) YMO = YA – YB (r) ABMO
(B) m = Q × r (p) Dipole moment

(C) b aN N
2
-

(s) Bond order

(D) YMO = YA + YB (q) BMO

2. (a) A – (s), B – (r), C – (p), D – (q)
3. (c) A – (r), B – (s), C – (q), D – (p)
4. (a) A – (q), B – (s), C – (p), D – (r)
5. (c) A – (r), B – (q), C – (p), D – (s)
6. (c) The principal quantum number determines the shape

and energy of the orbital, not orientation.
7. (d) Magnetic quantum number determines the

orientation of the orbital.
8. (d) Chemical properties of atoms are controlled by the

number of electrons, which are determined by the number
of protons in the nucleus.

9. (a) Both statements are correct.
10. (c) When both electric and magnetic field is applied,

electron strikes at point B, and at point C when only
magnetic field is applied.

11. (c)
12. (b) For statement (ii) there is no time lag between striking

of light beam and the ejection of electrons. For statement
(iii) refer statement (iv).

13. (b) Angular quantum number determines the 3-D shape
of the orbital.

14. (b)
15. (c) Atom is electrically neutral. Atoms necessarily contain

equal number of protons and electrons, but not neutrons.

16. (d) Energy of a photon = hv = h c
l

.

So, energy depends upon wavelength.
17. (c) The value of n for a line in Balmer series of hydrogen

spectrum having the highest wavelength will be n1 = 2 and
n2 = 3 because this transition will have lowest energy and
so highest wavelength.

18. (d) Absorption spectrum consists of dark lines
separated by bright space and emission spectrum
consists of bright lines.

19. (d) The threshold frequency is the minimum frequency
required for the ejection of electron from the metal surface.

20. (b) K.E. = 0( )h n - n ; K.E. increases linearly with n , the
frequency. The rate of emission of photoelectrons i.e., the
photoelectric current is directly proportional to the rate of
impinging photons i.e. the intensity of light.

EXERCISE - 4

1. (d) hcE n=
l
Þ 2 × 10–17 = n × 

34 8

9
6.626 10 3 10

595.2 10

-

-
´ ´ ´

´

Þ n = 60
2. (a) The energy of an orbital is given by (n + l). In (D) and

(E), (n + l) value is (3 + 2) = 5, hence they will have same
energy, since here n values are also same.

(h = 6.63 × 10–34 Js)
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3. (d)
l
1

 = 2
HR Z  

2 2
1 2

1 1æ ö
-ç ÷ç ÷

è øn n

To calculate shortest wavelength take n2 = ¥ and longest
wavelength take nearest value of n2.
For H-atom, to calculate

shortest

1
l

, n2 = ¥ , Z = 1, n1 = 1 \    
1
x

 = RH (Lyman series)

For 
longest

1
l

 for +2Li , Z = 3, n1 = 2, n2  = 3 (Balmer series)

longest

1
l

 = 
1
x

 × 23 ÷÷
ø

ö
çç
è

æ
-

22 3
1

2
1

 = 
5

4x
   \   longestl  = 

4
5
x

4. (a) Total number of spectral lines given by

[ ]1 1 15; 6
2

n n n- ´ = \ =

Thus, electron is excited upto 6th energy level from ground
state. Therefore,

2 2
1 1 1 35R 109737 ;

361 6
H

é ù
= - = ´ê úl ë û

l = 9.373 × 10–6 cm = 937.3 Å
5. (a) There is only one type of transition from n = 2 to

n = 1 and hence emitted radiation will constitute only one
frequency.

6. (c) As per Einstein's equation of photoelectric effect
hv = hvo + K.E.

\
2

o
o

1 v v v
2

hc hcm h h= - = -
l l

2

o

2 1 1v ;
æ ö

= -ç ÷l lè ø

hc
m  

1/2

o

2 1 1v
é ùæ ö

= -ê úç ÷l lê úè øë û

hc
m

Þ

1/2
o

o

2
m

é ùæ öl - l
ê úç ÷llê úè øë û

hc

7. (c) n1 + n2 = 4 ............. (i) n2 – n1 = 2 ........... (ii)
n1 = 1, n2 = 3

n  = 2R ZH  2 2
1 2

1 1æ ö
-ç ÷ç ÷

è øn n
  = 2

1 2
1 1R 3 8 R
1 3

H H
é ù

´ ´ - =ê ú
ë û

8. (a) We know 
h

mv
l =  and 21K.E.

2
mv=

From the above relation, we get

hvK.E.=
2λ

21. . v
2

2 . . v vv ; or . .
v 2 . . 2

K E m

K E h hm K E
K E

é ù=ê ú
ê ú
ê ú\ = l = =ê úë û

Q

l

Since K.E. for two particles is same, so l µ v i.e., option (a).
9. (b) Y2 gives the probabilitiy of finding an electron in a

given volume of space. The 1s orbital is spherically
symmetrical so the probability of finding electron at any
given point depends only on its distance from the nucleus.
The probability density is greatest at r = 0 (at nucleus) and
decreases with increasing distance.
In contrast, the surface area of each spherical shell is
equal to 4pr2, which increases very rapidly with increasing
r. The radial probability distribution function 4pr2y2 is
equal to zero at nucleus (r = 0).

10. (d) Energy of photon corresponding to second line of
Balmer series for Li2+ ion

= ( ) ( )2
2 2

1 113.6 3
2 4

é ù´ -ê ú
ë û

 = 2713.6
16

´

Energy needed to eject electron from n = 2 level in
H-atom;

= 
2

2 2
1 1 13.613.6 1

42
é ù´ ´ - Þê ú
ë ¥ û

K.E. of ejected electron

= 
9 3 13.6 27 413.6 13.6
16 4 16
´ -æ ö´ - = ´ç ÷

è ø
 Þ 19.55 eV

11. (a) From de-Broglie equation,

l  = v

h

2me
;  lp = v2 e

h

mp
 (for proton)

l Li3+ = 
Li

h
2(3 V)e m

 (for +3Li )

\     
3+Li

p

l

l  = 
2Ve

6 V 9
p

p

m

e m ´
 = 

33
1
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12. (b) Let wavelength of particle be x

So, velocity (v) 
100

x
=

100;
v

h hx
m m x

´
l = =

´

2 100 or 10h hx x
m m

= =

13. (a) En – E2 = 10 + 17 = 27 eV ....(i)
En – E3 = 4.25 + 5.95 = 10.2 eV ....(ii)
Substracting eq. (ii) from eq. (i):
E3 – E2 = 16.8 eV

Þ
2 2

2 2
13.6 13.6

3 2
Z Z

- +  = 16.8   Þ Z = 3

From eq. (i): 
2 2

2
13.6 13.6

4
Z Z

n
- +  = 27

Þ 2
13.6 9 13.6 9

4n
´ ´

- +  = 27

Þ n2 = 36 Þ n = 6
14. (a) Number of moles of He gas

n = 

560 1.5
760

0.0822 500
PV
RT

æ ö ´ç ÷è ø
=

´  = 0.027 moles

Number of moles of He+ ions = 0.027 × 
90

100
 = 0.024

Number of moles in n = 3 level = 0.02 moles
Number of moles in n = 2 level = 0.002 moles

Energy evolved DE = 2.18 × 10–18 × Z2
2 2
1 2

1 1
n n

æ ö
-ç ÷

è ø
J

Energy evolved from transition n = 3 to n = 1

DE = 2.18 × 10–18 × 22
2 2
1 1

1 3
æ ö

-ç ÷è ø J

DE = 7.75 × 10–18 J
From  0.02 moles:
DE1 = 0.02 × 6.023 × 1023 × 7.75 × 10–18 J
DE1 = 93.36 kJ
Energy evolved from transition n = 2 to n = 1

DE = 2.18 × 10–18 × 22 2 2
1 1

1 2
æ ö

-ç ÷è ø J

DE = 6.54 × 10–18J
From 0.002 moles:
DE2 = 0.002 × 6.023 × 1023 × 6.54 × 10–18J
DE2 = 7.88 kJ
Total energy evolved = DE1 + DE2  = (93.36 + 7.88)kJ

 » 101 kJ
15. (c) The 3s-orbital is more extended/spread out in space

than the 3p-orbital which is in turn more extended than 3d-
orbital. Thus, radii of maximum probability decreases in
the order : (rmax)3s > (rmax)3p > (rmax)3d

4p
y

r2
2

r

3d 3p 3s
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♦♦ Fungi, and members of the Monera and Protista having 
cell walls have now been excluded from Plantae though 
earlier classifications placed them in the same kingdom. 

♦♦ So, the cyanobacteria that are also referred to as blue 
green algae are not ‘algae’ any more.

♦♦ The earliest systems of classification used only gross 
superficial morphological characters such as habit, colour, 
number and shape of leaves, etc. They were based 
mainly on vegetative characters or on the androecium 
structure (system given by Linnaeus). Such systems 
were artificial; they separated the closely related species 
since they were based on a few characteristics.

♦♦ The artificial systems gave equal weightage to vegetative 
and sexual characteristics; this is not acceptable since we 
know that often the vegetative characters are more easily 
affected by environment. NEET  2013

♦♦ As against this, natural classification systems developed, 
which were based on natural affinities among the organisms 
and consider, not only the external features, but also internal 
features, like ultrastructure, anatomy, embryology and 
phytochemistry. Such a classification for flowering plants was 
given by George Bentham and Joseph Dalton Hooker.

♦♦ At present phylogenetic classification systems based 
on evolutionary relationships between the various 
organisms are acceptable.

♦♦ Numerical Taxonomy is based on all observable 
characteristics.

♦♦ Number and codes are assigned to all the characters and 
the data are then processed. In this way each character 
is given equal importance and at the same time hundreds 
of characters can be considered. 

♦♦ Cytotaxonomy that is based on cytological information 
like chromosome number, structure, behaviour and 
chemotaxonomy that uses the chemical constituents 
of the plant to resolve confusions, are also used by 
taxonomists these days.

3.1  Algae

♦♦ Algae are chlorophyll-bearing, simple, thalloid, autotrophic 
and largely aquatic (both fresh water and marine) organisms.

♦♦ They occur in a variety of other habitats: moist stones, 
soils and wood.

♦♦ Some of them also occur in association with fungi 
(lichen) and animals (e.g., on sloth bear).

Trend Analysis NEET

NCERT ONE-LINERS
(Important Points to Remember)

3.0  Introduction

♦♦ Whittaker (1969) wherein he suggested the Five 
Kingdom classification viz. Monera, Protista, Fungi, 
Animalia and Plantae.

3 Plant Kingdom
Botany
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♦♦ The form and size of algae is highly variable, ranging 
from colonial forms like Volvox and the filamentous forms 
like Ulothrix and Spirogyra NEET   2017

♦♦ A few of the marine forms such as kelps, form massive 
plant bodies.

♦♦ The algae reproduce by vegetative, asexual and sexual 
methods.

♦♦ Vegetative reproduction is by fragmentation. Each 
fragment develops into a thallus.

♦♦ Asexual reproduction is by the production of different 
types of spores, the most common being the zoospores.

♦♦ They are flagellated (motile) and on germination gives 
rise to new plants.

♦♦ Sexual reproduction takes place through fusion of two 
gametes.

♦♦ These gametes can be flagellated and similar in size (as in 
Ulothrix) or non-flagellated (non-motile) but similar in size 
(as in Spirogyra). Such reproduction is called isogamous.

♦♦ Fusion of two gametes dissimilar in size, as in species of 
Eudorina is termed as anisogamous.

♦♦ Fusion between one large, nonmotile (static) female 
gamete and a smaller, motile male gamete is termed 
oogamous, e.g., Volvox, Fucus.
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colony

Parent
colony

(a-i)    (a-ii)  

Frond

Stipe

Holdfast

(b-i)

 

Air bladder

Frond

Midrib

Holdfast

(b-ii)  

Stipe

Frond

(b-iii)
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(c-i)  

Branches

Main axis

(c-ii)

	 Fig. : Algae :
	 (a)	 Green algae	(i) Volvox	 (ii) Ulothrix
	 (b)	 Brown algae	(i) Laminaria	(ii) Fucus	 (iii) Dictyota
	 (c)	 Red algae	 (i) Porphyra	 (ii) Polysiphonia

♦♦ Algae are useful to man in a variety of ways. At least a 
half of the total carbon dioxide fixation on earth is carried 
out by algae through photosynthesis.

♦♦ Being photosynthetic they increase the level of dissolved 
oxygen in their immediate environment.

♦♦ They are of paramount importance as primary producers 
of energy-rich compounds which form the basis of the 
food cycles of all aquatic animals.

♦♦ Many species of Porphyra, Laminaria and Sargassum 
are among the 70 species of marine algae used as food.

♦♦ Certain marine brown and red algae produce large 
amounts of hydrocolloids (water holding substances), 
e.g., algin (brown algae) and carrageen (red algae) 
which are used commercially. AIPMT  2012 & NEET  2021

♦♦ Agar, one of the commercial products obtained from 
Gelidium and Gracilaria are used to grow microbes and 
in preparations of ice-creams and jellies.

♦♦ Chlorella a unicellular alga rich in proteins is used as food 
supplement even by space travellers.

♦♦ The algae are divided into three main classes: 
Chlorophyceae, Phaeophyceae and Rhodophyceae.

Chlorophyceae
♦♦ The members of chlorophyceae are commonly called 

green algae. The plant body may be unicellular, colonial 
or filamentous. They are usually grass green due to the 
dominance of pigments chlorophyll a and b AIPMT  2014

♦♦ The pigments are localised in definite chloroplasts. The 
chloroplasts may be discoid, plate-like, reticulate, cup-
shaped, spiral or ribbon-shaped in different species.

♦♦ Most of the members have one or more storage bodies 
called pyrenoids located in the chloroplasts. Pyrenoids 
contain protein besides starch.

♦♦ Some algae may store food in the form of oil droplets. 
Green algae usually have a rigid cell wall made of an 
inner layer of cellulose and an outer layer of pectose.

♦♦ Vegetative reproduction usually takes place by 
fragmentation or by formation of different types of spores. 

♦♦ Asexual reproduction is by flagellated zoospores 
produced in zoosporangia. The sexual reproduction 
shows considerable variation in the type and formation 
of sex cells and it may be isogamous, anisogamous or 
oogamous. Some commonly found green algae are: 
Chlamydomonas, Volvox, Ulothrix, Spirogyra and Chara.

Phaeophyceae
♦♦ The members of phaeophyceae or brown algae are 

found primarily in marine habitats. They show great 
variation in size and form. They range from simple 
branched, filamentous forms (Ectocarpus) to profusely 
branched forms as represented by kelps, which may 
reach a height of 100 metres.

♦♦ They possess chlorophyll a, c, carotenoids and 
xanthophylls. NEET  2024

♦♦ They vary in colour from olive green to various shades of 
brown depending upon the amount of the xanthophyll 
pigment, fucoxanthin present in them.

♦♦ Food is stored as complex carbohydrates, which may be 
in the form of laminarin or mannitol. The vegetative cells 
have a cellulosic wall usually covered on the outside by 
a gelatinous coating of algin. NEET  2021, 2024
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♦♦ The protoplast contains, in addition to plastids, a centrally 
located vacuole and nucleus. The plant body is usually 
attached to the substratum by a holdfast, and has a 
stalk, the stipe and leaf like photosynthetic organ – the 
frond.

♦♦ Vegetative reproduction takes place by fragmentation. 
Asexual reproduction in most brown algae is by 
biflagellate zoospores that are pear-shaped and have two 
unequal laterally attached flagella. NEET  2024

♦♦ Sexual reproduction may be isogamous, anisogamous 
or oogamous. Union of gametes may take place in water 
or within the oogonium (oogamous species). NEET  2024

♦♦ The gametes are pyriform (pear-shaped) and bear 
two laterally attached flagella. The common forms are 
Ectocarpus, Dictyota, Laminaria, Sargassum and Fucus.

Rhodophyceae
♦♦ The members of rhodophyceae are commonly called red 

algae because of the predominance of the red pigment, 
r-phycoerythrin in their body. Majority of the red algae are 
marine with greater concentrations found in the warmer areas.

♦♦ They occur in both well-lighted regions close to the 
surface of water and also at great depths in oceans 
where relatively little light penetrates.

♦♦ The red thalli of most of the red algae are multicellular. 
♦♦ Some of them have complex body organisation.
♦♦ The food is stored as floridean starch which is very similar 

to amylopectin and glycogen in structure. NEET   2020
♦♦ The red algae usually reproduce vegetatively by 

fragmentation. They reproduce asexually by non-motile 
spores and sexually by non-motile gametes.

♦♦ Sexual reproduction is oogamous and accompanied by 
complex post fertilisation developments. The common 
members are: Polysiphonia, Porphyra, Gracilaria and 
Gelidium.

Table 3.1 : Divisions of Algae and their Main Characteristics

Classes Common 
Name

Major 
Pigments

Stored 
Food

Cell Wall Flagellar Number 
and Position of 

Insertions

Habitat

Chlorophyceae Green algae Chlorophyll 
a, b

Starch Cellulose 2-8, equal, apical Fresh water, brackish 
water, salt water

Phaeophyceae Brown algae Chlorophyll a, 
c, fucoxanthin

Mannitol, 
laminarin

Cellulose and 
algin

2, unequal, lateral Fresh water (rare) 
brackish water, salt 
water

Rhodophyceae Red algae Chlorophyll 
a, d, 
phycoerythrin

Floridean 
starch

Cellulose, 
pectin and 
poly sulphate 
esters

Absent Fresh water (some), 
brackish water, salt 
water (most)

3.2  Bryophytes

♦♦ Bryophytes include the various mosses and liverworts 
that are found commonly growing in moist shaded areas 
in the hills.
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Fig.: Bryophytes: A liverwort – Marchantia (a) Female thallus 
(b) Male thallus Mosses – (c) Funaria, gametophyte and 

sporophyte (d) Sphagnum gametophyte

♦♦ Bryophytes are also called amphibians of the plant kingdom 
because these plants can live in soil but are dependent on 
water for sexual reproduction. They usually occur in damp, 
humid and shaded localities. AIPMT   2012 & 2015

♦♦ They play an important role in plant succession on bare 
rocks/soil.

♦♦ The plant body of bryophytes is more differentiated than that 
of algae. It is thallus-like and prostrate or erect, and attached 
to the substratum by unicellular or multicellular rhizoids.

♦♦ They lack true roots, stem or leaves. They may possess 
root-like, leaf-like or stem-like structures.

♦♦ The main plant body of the bryophyte is haploid. It 
produces gametes, hence is called a gametophyte.

♦♦ The sex organs in bryophytes are multicellular. The male 
sex organ is called antheridium. They produce biflagellate 
antherozoids. The female sex organ called archegonium 
is flask-shaped and produces a single egg.� AIPMT   2014

♦♦ The antherozoids are released into water where they 
come in contact with archegonium. An antherozoid 
fuses with the egg to produce the zygote. Zygotes do not 
undergo reduction division immediately. They produce a 
multicellular body called a sporophyte.

♦♦ The sporophyte is not free-living but attached to the 
photosynthetic gametophyte and derives nourishment 
from it. Some cells of the sporophyte undergo reduction 
division (meiosis) to produce haploid spores. These 
spores germinate to produce gametophyte.
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♦♦ Bryophytes in general are of little economic importance 
but some mosses provide food for herbaceous mammals, 
birds and other animals. Species of Sphagnum, a moss, 
provide peat that have long been used as fuel, and as 
packing material for trans-shipment of living material 
because of their capacity to hold water.

♦♦ Mosses along with lichens are the first organisms 
to colonise rocks and hence, are of great ecological 
importance. They decompose rocks making the substrate 
suitable for the growth of higher plants.

♦♦ Since mosses form dense mats on the soil, they reduce 
the impact of falling rain and prevent soil erosion. The 
bryophytes are divided into liverworts and mosses.

Liverworts
♦♦ The liverworts grow usually in moist, shady habitats such 

as banks of streams, marshy ground, damp soil, bark of 
trees and deep in the woods.

♦♦ The plant body of a liverwort is thalloid, e.g., Marchantia. 
The thallus is dorsiventral and closely appressed to 
the substrate. The leafy members have tiny leaf-like 
appendages in two rows on the stem-like structures.

♦♦ Asexual reproduction in liverworts takes place by 
fragmentation of thalli, or by the formation of specialised 
structures called gemmae (sing. gemma).� NEET   2021

♦♦ Gemmae are green, multicellular, asexual buds, which 
develop in small receptacles called gemma cups located 
on the thalli.

♦♦ The gemmae become detached from the parent body 
and germinate to form new individuals.

♦♦ During sexual reproduction, male and female sex organs 
are produced either on the same or on different thalli. 
The sporophyte is differentiated into a foot, seta and 
capsule. After meiosis, spores are produced within the 
capsule. These spores germinate to form free-living 
gametophytes.

Mosses
♦♦ The predominant stage of the life cycle of a moss is the 

gametophyte which consists of two stages. The first stage 
is the protonema stage, which develops directly from a 
spore. It is a creeping, green, branched and frequently 
filamentous stage.� NEET   2023

♦♦ The second stage is the leafy stage, which develops 
from the secondary protonema as a lateral bud. They 
consist of upright, slender axes bearing spirally arranged 
leaves.

♦♦ They are attached to the soil through multicellular and 
branched rhizoids. This stage bears the sex organs.

♦♦ Vegetative reproduction in mosses is by fragmentation 
and budding in the secondary protonema.

♦♦ In sexual reproduction, the sex organs antheridia and 
archegonia are produced at the apex of the leafy shoots. 

♦♦ After fertilisation, the zygote develops into a sporophyte, 
consisting of a foot, seta and capsule

♦♦ The sporophyte in mosses is more elaborate than that 
in liverworts.

♦♦ The capsule contains spores.
♦♦ Spores are formed after meiosis.
♦♦ The mosses have an elaborate mechanism of spore 

dispersal. Common examples of mosses are Funaria, 
Polytrichum and Sphagnum.

3.3  Pteridophytes

♦♦ The Pteridophytes include horsetails and ferns. 
Pteridophytes are used for medicinal purposes and as soil-
binders. They are also frequently grown as ornamentals. 

♦♦ They are the first terrestrial plants to possess vascular 
tissues – xylem and phloem. 

♦♦ The pteridophytes are found in cool, damp, shady places 
though some may flourish well in sandy-soil conditions.

♦♦ Pteridophytes, the main plant body is a sporophyte which is 
differentiated into true root, stem and leaves.

♦♦ These organs possess well-differentiated vascular 
tissues. The leaves in pteridophyta are small (microphylls) 
as in Selaginella or large (macrophylls) as in ferns.

♦♦ The sporophytes bear sporangia that are subtended by 
leaf-like appendages called sporophylls.

♦♦ In some cases sporophylls may form distinct compact structures 
called strobili or cones (Selaginella, Equisetum).  NEET   2020

♦♦ The sporangia produce spores by meiosis in spore 
mother cells. The spores germinate to give rise to 
inconspicuous, small but multicellular, free-living, mostly 
photosynthetic thalloid gametophytes called prothallus. 

♦♦ These gametophytes require cool, damp, shady places 
to grow.

♦♦ Because of this specific restricted requirement and the need 
for water for fertilisation, the spread of living pteridophytes 
is limited and restricted to narrow geographical regions.

♦♦ The gametophytes bear male and female sex organs 
called antheridia and archegonia, respectively. Water is 
required for transfer of antherozoids – the male gametes 
released from the antheridia, to the mouth of archegonium.

♦♦ Fusion of male gamete with the egg present in the 
archegonium result in the formation of zygote.

♦♦ Zygote thereafter produces a multicellular well-differentiated 
sporophyte which is the dominant phase of the pteridophytes. 
In majority of the pteridophytes all the spores are of similar 
kinds; such plants are called homosporous.

♦♦ Genera like Selaginella and Salvinia which produce two 
kinds of spores, macro (large) and micro (small) spores, 
are known as heterosporous. NEET   2021, 2023

♦♦ The megaspores and microspores germinate and give 
rise to female and male gametophytes, respectively. 

♦♦ The female gametophytes in these plants are retained on 
the parent sporophytes for variable periods.� NEET   2019

♦♦ The development of the zygotes into young embryos 
take place within the female gametophytes. This event 
is a precursor to the seed habit considered an important 
step in evolution. NEET   2019

♦♦ The pteridophytes are further classified into four 
classes: Psilopsida (Psilotum); Lycopsida (Selaginella, 
Lycopodium), Sphenopsida (Equisetum) and Pteropsida 
(Dryopteris, Pteris, Adiantum).
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Fig.: Pteridophytes : (a) Selaginella (b) Equisetum 
(c) Fern (d) Salvinia

3.4  Gymnosperms

♦♦ The gymnosperms (gymnos : naked, sperma : seeds) are 
plants in which the ovules are not enclosed by any ovary 
wall and remain exposed, both before and after fertilisation.

♦♦ The seeds that develop post-fertilisation, are not covered, 
i.e., are naked. Gymnosperms include medium-sized 
trees or tall trees and shrubs.

♦♦ One of the gymnosperms, the giant redwood tree 
Sequoia is one of the tallest tree species. The roots are 
generally tap roots. NEET   2016

♦♦ Roots in some genera have fungal association in the form 
of mycorrhiza (Pinus), while in some others (Cycas) small 
specialised roots called coralloid roots are associated 
with N2- fixing cyanobacteria. NEET   2019

♦♦ The stems are unbranched (Cycas) or branched (Pinus, 
Cedrus). The leaves may be simple or compound. In Cycas 
the pinnate leaves persist for a few years. NEET   2019

♦♦ The leaves in gymnosperms are well-adapted to 
withstand extremes of temperature, humidity and wind. In 
conifers, the needle-like leaves reduce the surface area. 

♦♦ Their thick cuticle and sunken stomata also help to 
reduce water loss.

♦♦ The gymnosperms are heterosporous; they produce 
haploid microspores and megaspores. NEET   2016 & 2017

♦♦ The two kinds of spores are produced within sporangia 
that are borne on sporophylls which are arranged spirally 
along an axis to form lax or compact strobili or cones. 

♦♦ The strobili bearing microsporophylls and microsporangia 
are called microsporangiate or male strobili.

♦♦ The microspores develop into a male gametophytic 
generation which is highly reduced and is confined to 
only a limited number of cells.

♦♦ This reduced gametophyte is called a pollen grain. 
The development of pollen grains take place within the 
microsporangia. The cones bearing megasporophylls with 
ovules or megasporangia are called macrosporangiate 
or female strobili.

♦♦ The male or female cones or strobili may be borne on the 
same tree (Pinus).

♦♦ However, in cycas male cones and megasporophylls are 
borne on different trees. The megaspore mother cell is 
differentiated from one of the cells of the nucellus.

♦♦ The nucellus is protected by envelopes and the 
composite structure is called an ovule. NEET   2018

♦♦ The ovules are borne on megasporophylls which may be 
clustered to form the female cones. NEET   2018

♦♦ The megaspore mother cell divides meiotically to form 
four megaspores.

♦♦ One of the megaspores enclosed within the megasporangium 
develops into a multicellular female gametophyte that bears 
two or more archegonia or female sex organs.� NEET   2023

♦♦ The multicellular female gametophyte is also retained 
within megasporangium.

♦♦ Unlike bryophytes and pteridophytes, in gymnosperms 
the male and the female gametophytes do not have an 
independent free-living existence. AIPMT   2015

♦♦ They remain within the sporangia retained on the sporophytes.
♦♦ The pollen grain is released from the microsporangium. 

They are carried in air currents and come in contact with 
the opening of the ovules borne on megasporophylls.

♦♦ The pollen tube carrying the male gametes grows towards 
archegonia in the ovules and discharge their contents 
near the mouth of the archegonia.

♦♦ Zygote develops into an embryo and the ovules into 
seeds. These seeds are not covered.

(a)    (b)

Dwarf Shoot

Long Shoot

Seeds

(c)

Fig.: Gymnosperms: (a) Cycas (b) Pinus (c) Ginkgo

*Included in NCERT but not in NMC NEET Syllabus

3.5  Angiosperms

Unlike the gymnosperms where the ovules are naked, 
in the angiosperms or flowering plants, the pollen grains 
and ovules are developed in specialised structures called 
flowers. In angiosperms, the seeds are enclosed in fruits. 
The angiosperms are an exceptionally large group of plants 
occurring in wide range of habitats. They range in size from the 
smallest Wolffia to tall trees of Eucalyptus (over 100 metres). 
They provide us with food, fodder, fuel, medicines and several 
other commercially important products. They are divided into 
two classes : the dicotyledons and the monocotyledons.
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Exercise 1 : NCERT Based Topic-wise MCQs

Fig.: Angiosperms : (a) A dicotyledon (b) A monocotyledon

Tips/Tricks/Techniques ONE-Liners
(Exam Special)

♦♦ Spirullina – BGA and chorella is used as a source of food and O2 by space travellers.
♦♦ Algin protects seaweeds against dessication and shocks.
♦♦ Gaidukov’s effect is found in both red algae and blue green algae.
♦♦ Mossess along with lichens are the first organisms to colums rocks hence are of great ecological importance.
♦♦ Ephedra and taxus are medicinal gymnosperms.
♦♦ The angiosperms are divided into two classes - the dicotyledons and the monocotyledons.

3.0 Introduction
1.	 Classification of plants proposed by Carolus Linnaeus 

was artificial because it was based on
� NCERT  Page-29 / N-23
	 (a)	 only a few morphological characters.
	 (b)	 evolutionary tendencies which are diverse.
	 (c)	 anatomical characters which are adaptive in 

nature.
	 (d)	 physiological traits alongwith morphological 

characters.
2.	 Chemotaxonomy is connected with
 � NCERT  Page-30 / N-24
	 (a)	 classification of chemicals found in plants.
	 (b)	 uses the chemical constituent of plant for 

classification.
	 (c)	 application of chemicals on herbarium sheets.
	 (d)	 use of statistical methods in chemical yielding 

plants.
3.	 Cytological information like chromosome number, 

structure, behaviour are related with
	 (a)	 numerical taxonomy� NCERT  Page-30 / N-24
	 (b)	 cytotaxonomy
	 (c)	 chemotaxonomy
	 (d)	 all of these

4.	 Phylogenetic classification system is based on the
� NCERT  Page-30 / N-24

	 (a)	 morphological characters of various organisms.
	 (b)	 anatomical characters of various organisms.
	 (c)	 physiological characters of various organisms.
	 (d)	 evolutionary relationships between various 

organisms.
5.	 The natural system of classification for flowering plants 

was given by� NCERT  Page-30 / N-23
	 (a)	 Carolus Linnaeus
	 (b)	 Bentham and Hooker
	 (c)	 Engler and Prantl
	 (d)	 R. H. Whittaker
6.	 Artificial systems gave equal weightage to vegetative 

and sexual characteristics; this is not acceptable 
because often ______ characters are more easily 
affected by environment.� NCERT  Page-30 / N-23

	 (a)	 vegetative	 (b)	 sexual
	 (c)	 anatomical	 (d)	 physiological
7.	 Each character is given equal importance and at the 

same time hundreds of characters can be considered 
in

NCERT  Page-30 / N-24
	 (a)	 cytotaxonomy	 (b)	 morphotaxonomy
	 (c)	 chemotaxonomy	 (d)	 numerical taxonomy
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8.	 Select the incorrect pair.� NCERT  Page-30 / N-24
	 (a)	 Numerical taxonomy – All observable 

characteristics
	 (b)	 Cytotaxonomy – Cytological information
	 (c)	 Chemotaxonomy – Chromosome number and 

structure
	 (d)	 Cladistic taxonomy – Origin from a common 

ancestor

3.1 Algae
9.	 Mannitol is the stored food in� NCERT  Page-33 / N-27
	 (a)	 Chara
	 (b)	 Porphyra
	 (c)	 Fucus
	 (d)	 Gracilaria
10.	 Ulothrix can be described as a� NCERT  Page-30 / N-26
	 (a)	 non-motile colonial alga lacking zoospores
	 (b)	 filamentous alga lacking flagellated reproductive 

stages
	 (c)	 membranous alga producing zoospores
	 (d)	 filamentous alga with flagellated reproductive 

stages
11. 	 Alginates (alginin), used as highly efficient gauze in 

internal operations are obtained from cell walls of
	 (a)	 Cyanophyceae� NCERT  Page-32 / N-26
	 (b)	 Phaeophyceae 
	 (c)	 Rhodophyceae
	 (d)	 All of these 
12.	 Why rhodophyta exhibit a red colour ?
� NCERT  Page-33 / N-27
	 (a)	 Since most rhodophyta grow at great depths, the 

chlorophyll can only absorb light in the red area of 
the spectrum.

	 (b)	 The wavelengths of light that are absorbed by 
chlorophyll are passed to phycoerythrin (a red 
pigment).

	 (c)	 Red pigment of rhodophyta absorbs all the light 
waves.

	 (d)	 The light reaching the greatest depth in water is in 
the blue-green region of the spectrum, is absorbed 
by phycoerythrin.

13.	 Algin, carrageen and proteins are obtained from�
� NCERT  Page-33 / N-26

	 (a)	 red algae, brown algae, green algae respectively.
	 (b)	 brown algae, red algae, green algae respectively.
	 (c)	 red algae, green algae, brown algae respectively.
	 (d)	 green algae, brown algae, red algae respectively.
14.	 Pyrenoids in green algal cells are related to
	 (a)	 starch formation� NCERT  Page-32 / N-26
	 (b)	 protein storage
	 (c)	 general metabolism
	 (d)	 enzyme secretion
15.	 Which one of the following statements concerning the 

algae is incorrect ?� NCERT  Page-30 / N-24
	 (a)	 Most algae are photosynthetic. 
	 (b)	 Algae can be classified according to their pigments.
	 (c)	 All algae are filamentous.
	 (d)	 Spirogyra does not produce zoospores.

16.	 Which of the following example belong to the same 
class of algae?� NCERT  Page-32 / N-26

	 (a)	 Chara, Fucus, Polysiphonia
	 (b)	 Volvox, Spirogyra, Chlamydomonas
	 (c)	 Porphyra, Ectocarpus, Ulothrix
	 (d)	 Sargassum, Laminaria, Gracilaria
17.	 A research student collected certain alga and 

found that its cells contained both chlorophyll a and 
chlorophyll d as well as phycoerythrin. On the basis 
of his observation, the students conclude that the alga 
belongs to� NCERT  Page-33 / N-27

	 (a)	 rhodophyceae	 (b)	 bacillariophyceae
	 (c)	 chlorophyceae	 (d)	 phaeophyceae
18.	 If you are asked to classify the various algae into 

distinct groups then which of the following characters 
you should choose for the classification?

	 (a)	 Nature of habitat� NCERT  Page-33 / N-23
	 (b)	 Structural organization of thallus 
	 (c)	 Chemical composition of the cell wall
	 (d)	 Types of pigments present in the cell
19.	 Which of the following pairs is incorrectly matched?�

� NCERT  Page-33 / N-27
	 (a)	 Chlorophyceae	 –	� Major pigments are chl a 

and b.
	 (b)	 Phaeophyceae	 –	� Cell wall is made up of 

cellulose and algin.
	 (c)	 Rhodophyceae	 –	 Stored food is mannitol.
	 (d)	 Chlorophyceae	 –	� Cell wall is made up of 

cellulose.
20.	 A student was given a sample to observe under the 

microscope. He observed and found that the sample 
is the most common type of spore involved in asexual 
reproduction in algae. Identify the spore.

� NCERT  Page-30 / N-24
	 (a)	 Zoospore	 (b)	 Endospore
	 (c)	 Hypnospore	 (d)	 None of these
21.	 In class phaeophyceae, the plant body is usually 

attached to the substratum by a      A      and has a 
stalk, the      B      and leaf like photosynthetic organ-the      
C    . 

� NCERT  Page-31 / N-26
	 (a)	 A – holdfast, B – stipe, C – frond�
	 (b)	 A – stipe, B – holdfast, C – frond
	 (c)	 A – frond, B – stipe, C – holdfast
	 (d)	 A – stipe, B – frond, C – holdfast

3.2 Bryophytes
22.	 A bryophyte suddenly started reproducing partheno-

genetically. The number of chromosomes of the second 
generation compared to parent plant will be

	 (a)	 same	 (b)	 one-half
	 (c)	 double	 (d)	 triple
23.	 A bryophyte differs from pteridophytes in having�
 	 (a) 	 archegonia.� NCERT  Page-35 / N-29
	 (b) 	 lack of vascular tissue.
 	 (c) 	 swimming antherozoids.
	 (d) 	 independent gametophytes.
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24.	 Protonema � NCERT  Page-36 / N-30
	 (a)	 is a stage of gametophytic generation.
	 (b)	 is a creeping, green, branched and develops 

directly from a spore.
	 (c)	 Filamentous stage.
	 (d)	 All of the above
25.	 Mosses are of great ecological importance because of 

� NCERT  Page-35 / N-30
	 (a)	 its contribution to prevent soil erosion.
	 (b)	 its contribution in ecological succession.
	 (c)	 its capability to remove CO from the atmosphere.
	 (d)	 both (a) and (b)
26.	 Mosses do not have ‘true leaves’ because their leaf-

like structures lack � NCERT  Page-35 / N-30
	 (a)	 starch in their chloroplast.
	 (b)	 vascular tissues.
	 (c)	 chlorophyll.
	 (d)	 cellulose in their cell walls.
27.	 Bryophytes resemble algae in the following aspects �

� NCERT  Page-35 / N-29
	 (a)	 filamentous body, presence of vascular tissues 

and autotrophic nutrition 
	 (b) 	 differentiation of plant body into root, stem and 

leaves and autotrophic nutrition 
	 (c)	 thallus like plant body, presence of root and 

autotrophic nutrition 
	 (d) 	 thallus like plant body, lack of vascular tissues and 

autotrophic nutrition 
28.	 You are given an unknown plant to study in the laboratory. 

You find that it has chlorophyll, no xylem. Its multicellullar 
sex organs are enclosed in a layer of jacket cells. Its 
gametophyte stage is free living. The plant probably 
belongs to� NCERT  Page-35 / N-29

	 (a)	 chlorophyceae	 (b)	 bryophyte
	 (c)	 pteridophyte	 (d)	 gymnosperm
29.	 Moss peat is used as a packing material for sending 

flowers and live plants to distant places because �
	 (a)	 it reduces transpiration.� NCERT  Page-35 / N-30
	 (b)	 it serves as a disinfectant.
	 (c)	 it is easily available.
	 (d)	 it is hygroscopic.
30.	 The unique feature of bryophytes compared to other 

plant groups is that� NCERT  Page-34 / N-29
	 (a) 	 they produce spores.
	 (b) 	 they lack vascular tissues.
	 (c) 	 they lack roots.
	 (d)	 their sporophyte is attached to the gametophyte.
31.	 In bryophytes, male and female sex organs are called 

______ and ______ respectively.�NCERT  Page-35 / N-29
	 (a)	 microsporangia; macrosporangia
	 (b)	 male strobili; female strobili
	 (c)	 antheridia; archegonia
	 (d)	 androecium; gynoecium
32.	 Protonema and leafy stage are the predominant stage 

of the life cycle of� NCERT  Page-36 / N-30
	 (a)	 moss
	 (b)	 dicots
	 (c)	 liverwort
	 (d)	 gymnosperm

33.	 Which of the following statement(s) is/are correct about 
mosses?� NCERT  Page-35 & 36 / N-30

	 (a)	 The predominant stage of its life cycle is the 
gametophyte which consists of two stages – 
protonema and leafy stages.

	 (b)	 Leafy stage are  attached to the soil through  multi-
cellular and branched rhizoids.

	 (c)	 Sex organs-antheridia and archegonia are 
produced at the apex of the leafy shoots.

	 (d)	 All of the above

3.3 Pteridophytes
34.	 Fern plant is a � NCERT  Page-36 / N-30
	 (a) 	 haploid gametophyte 
	 (b) 	 diploid gametophyte 
	 (c) 	 diploid sporophyte
	 (d) 	 haploid sporophyte
35.	 Which one of the following is a correct statement?�

� NCERT  Page-35 / N-30
	 (a)	 Pteridophyte gametophyte has a protonemal and 

leafy stage.
	 (b)	 In gymnosperms, female gametophyte is free-

living.
	 (c)	 Antheridiophores and archegoniophores are 

present in pteridophytes.
	 (d)	 Origin of seed habit can be traced in pteridophytes.
36.	 Which of the following statements is incorrect?
� NCERT  Page-36 / N-30
	 (a)	 Pyrenoids contain protein besides starch. 
	 (b)	 Sexual reproduction may be isogamous, 

oogamous and anisogamous in green and brown 
algae.

	 (c)	 Some of the members of algae also occur in 
association with fungi (lichen) and animals (eg, on 
sloth bear).

	 (d)	 The leaves in pteridophyta are small (macrophyll) 
and large (microphyll) Horsetails and ferns.

37.	 The heterosporous pteridophyte belonging to the class 
lycopsida is� NCERT  Page-38 / N-32

	 (a)	 Selaginella	 (b)	 Psilotum
	 (c)	 Equisetum	 (d)	 Pteris
38.	 Which of the following pteridophytes belong to class 

pteropsida?� NCERT  Page-38 / N-32
	 (a)	 Equisetum and Psilotum
	 (b)	 Lycopodium and Adiantum
	 (c)	 Selaginella and Pteris
	 (d)	 Pteris and Adiantum
39.	 Which one of the following is the major difference 

between mosses and ferns?� NCERT  Page-37 / N-32
	 (a)	 Ferns lack alternation of generation while mosses 

show the same. 
	 (b)	 Mosses are facultative aerobes while ferns are 

obligate aerobes. 
	 (c)	 Vascular bundles of ferns show xylem vessels 

while those of mosses lack it. 
	 (d)	 Sporophytes of ferns live much longer as 

compared to the sporophytes of mosses.
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40.	 The spreading of living pteridophytes is limited and 
restricted to narrow geographical region because  �
� NCERT  Page-38 / N-32

	 (a)	 gametophytic growth needs cool, damp and shady 
places.

	 (b)	 it requires water for fertilization.
	 (c)	 due to absence of stomata in leaf and absence of 

vascular tissue.
	 (d)	 both (a) and (b)

3.4 Gymnosperm
41.	 Cycas and Adiantum resemble each other in having�

� NCERT  Page-38 / N-32
	 (a)	 seeds 	 (b)	 motile sperms
	 (c)	 cambium	 (d)	 vessels
42.	 Fruits are not formed in gymnosperms because of�
	 (a)	 absence of pollination.� NCERT  Page-38 / N-33

	 (b)	 absence of seed.
	 (c)	 absence of fertilization.
	 (d)	 absence of ovary.
43.	 _______ represent the reproductive organs amongst 

gymnosperms.� NCERT  Page-39 / N-33
	 (a)	 Prothallus	 (b)	 Capsules
	 (c)	 Setae	 (d)	 Cones

3.5 Angiosperms
44.	 Dicotyledons and monocotyledons are the classes of 
� NCERT  Page-40 / N-34
	 (a)	 Gymnosperrms	 (b)	 Algae
	 (c)	 Pteridophytes	 (d)	 Angiosperms
45.	 In the flowering plants, the pollen grains and ovules are 

developed in specialised structures called 
� NCERT  Page-40 / N-34
	 (a)	 Flowers	 (b)	 Leaf
	 (c)	 Root	 (d)	 Bud

Exercise 2 : NCERT Exemplar & Past Years NEET

NCERT Exemplar Questions

1.	 Fusion of two motile gametes which are dissimilar in 
size is termed as� NCERT  Page-30 / N-24

	 (a)	 oogamy	 (b)	 isogamy
	 (c)	 anisogamy	 (d)	 zoogamy
2.	 Holdfast, stipe and frond constitutes the plant body in 

case of� NCERT  Page-31 / N-25
	 (a)	 Rhodophyceae	 (b)	 Chlorophyceae
	 (c)	 Phaeophyceae	 (d)	 All of these
3.	 A plant shows thallus level of organisation. It shows 

rhizoids and is haploid. It needs water to complete 
its life cycle because the male gametes are motile. 
Identify the group to which it belongs to�
� NCERT  Page-34, 35 / N-28, 29

	 (a)	 pteridophytes	 (b)	 gymnosperms
	 (c)	 monocots	 (d)	 bryophytes
4.	 A prothallus is� NCERT  Page-38 / N-32
	 (a)	 a structure in pteridophytes formed before the 

thallus develops
	 (b)	 a sporophytic free living structure formed in 

pteridophytes
	 (c)	 a gametophyte free living structure formed in 

pteridophytes
	 (d)	 a primitive structure formed after fertilisation in 

pteridophytes
5.	 Plants of this group are diploid and well adapted to 

extreme conditions. They grow bearing sporophylls in 
compact structures called cones. The group in reference is�
� NCERT  Page-38 / N-33

	 (a)	 monocots	 (b)	 dicots
	 (c)	 pteridophytes	 (d)	 gymnosperms

6.	 Protonema is� NCERT  Page-36 / N-30
	 (a)	 haploid and is found in mosses
	 (b)	 diploid and is found in liverworts
	 (c)	 diploid and is found in pteridophytes
	 (d)	 haploid and is found in pteridophytes
7.	 The giant redwood tree (Sequoia sempervirens) is a/an

� NCERT  Page-38 / N-32
	 (a)	 angiosperm	 (b)	 free fern
	 (c)	 pteridophyte	 (d)	 gymnosperm

Past Years NEET

8. 	 In bryophytes and pteridophytes, transport of male 
gametes requires� NCERT  Page-35 & 36 / N-29, 30 | 2016, C

	 (a) 	 Wind 	 (b) 	 Insects
	 (c) 	 Birds 	 (d) 	 Water
9.	 Select the correct statement
� NCERT  Page-38 / N-32 | 2016, C
	 (a) 	 Gymnosperms are both homosporous and 

heterosporous
	 (b) 	 Salvinia, Ginkgo and Pinus all are gymnosperms
	 (c) 	 Sequoia is one of the tallest trees
	 (d) 	 The leaves of gymnosperms are not well adapted 

to extremes of climate
10.	 An example of colonial alga is
� NCERT  Page-30 / N-26 |  2017, C
	 (a)	 Volvox	 (b)	 Ulothrix
	 (c)	 Spirogyra	 (d)	 Chlorella
11.	 Zygotic meiosis is characteristic of�  2017, C
	 (a)	 Fucus	 (b)	 Funaria
	 (c)	 Chlamydomonas	 (d)	 Marchantia
12.	 Select the mismatch� NCERT  Page-38 / N-32 |  2017, C
	 (a)	 Cycas	 –	 Dioecious
	 (b)	 Salvinia	 –	 Heterosporous
	 (c)	 Equisetum	 –	 Homosporous
	 (d)	 Pinus	 –	 Dioecious
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13.	 Winged pollen grains are present in�  2018, C
	 (a)	 Mustard	 (b)	 Cycas
	 (c)	 Pinus	 (d)	 Mango
14.	 Which of the following statements is correct?
� NCERT  Page-38, 39 / N-30, 31 |  2018, C
	 (a)	 Ovules are not enclosed by ovary wall in gymnosperms
	 (b)	 Selaginella is heterosporous, while Salvinia is 

homosporous
	 (c)	 Stems are usually unbranched in both Cycas and 

Cedrus
	 (d)	 Horsetails are gymnosperms
15.	 Pinus seed cannot germinate and establish without 

fungal association. This is because:
� NCERT  Page-38 / N-32 | 2019, C
	 (a)	 its embryo is immature.
	 (b)	 it has obligate association with mycorrhizae.
	 (c)	 it has very hard seed coat.
	 (d)	 its seeds contain inhibitors that prevent germination.
16.	 From evolutionary point of view, retention of the female 

gametophyte with developing young embryo on the 
parent sporophyte for some time, is first observed in:

NCERT  Page-37 / N-30 |  2019, C
	 (a)	 Liverworts	 (b)	 Mosses
	 (c)	 Pteridophytes	 (d)	 Gymnosperms
17.	 Which of the following pairs is of unicellular algae?
	 (a)	 Gelidium and Gracilaria�  2020, C
	 (b)	 Anabaena and Volvox
	 (c)	 Chlorella and Spirulina
	 (d)	 Laminaria and Sargassum
18.	 Strobili or cones are found in
� NCERT  Page-36 / N-33 | 2020, C
	 (a)	 Pteris	 (b)	 Marchantia
	 (c)	 Equisetum	 (d)	 Salvinia
19.	 Floridean starch has structure similar to�
� NCERT  Page-33 / N-27 |  2020, S
	 (a)	 Amylopectin and glycogen
	 (b)	 Mannitol and algin
	 (c)	 Laminarin and cellulose
	 (d)	 Starch and cellulose
20.	 Phycoerythrin is the major pigment in
� NCERT  Page-33 / N-27 | PH-II 2020
	 (a)	 Brown algae	 (b)	 Red algae
	 (c)	 Blue green algae	 (d)	 Green algae
21.	 Male and female gametophytes do not have an 

independent free living existence in:
� NCERT  Page-39 / N-33 | PH-II 2020
	 (a)	 Bryophytes	 (b)	 Pteridophytes
	 (c)	 Algae	 (d)	 Angiosperms
22.	 Which of the following algae produce Carrageen?�

� NCERT  Page-33 / N-26 |  2021, C
	 (a)	 Blue-green algae	 (b)	 Green algae
	 (c)	 Brown algae	 (d)	 Red algae
23.	 Which of the following algae contains mannitol as 

reserve food material?� NCERT  Page-33  / N-26 |  2021, C
	 (a)	 Ulothrix	 (b)	 Ectocarpus
	 (c)	 Gracilaria	 (d)	 Volvox

24.	 Gemmae are present in� NCERT  Page-35  / N-29 |  2021, C
	 (a)	 Some Liverworts	 (b)	 Mosses
	 (c)	 Pteridophytes	 (d)	 Some Gymnosperms
25.	 Genera like Selaginella and Salvinia produce two kinds 

of spores. Such plants are known as:�
� NCERT  Page-38  / N-32 |  2021, C

	 (a)	 Heterosporous	 (b)	 Homosorus
	 (c)	 Heterosorus	 (d)	 Homosporous
26.	 Hydrocolloid carrageen is obtained from:�

� NCERT  Page-32 / N-26 |  2022, C
	 (a)	 Phaeophyceae and Rhodophyceae
	 (b)	 Rhodophyceae only
	 (c)	 Phaeophyceae only
	 (d)	 Chlorophyceae and Phaeophyceae
27.	 Which of the following is incorrectly matched?
� NCERT  Page-32 & 33  / N-26, 27 |  2022, S
	 (a)	 Ulothrix - Mannitol
	 (b)	 Porphyra - Floridian Starch
	 (c)	 Volvox - Starch
	 (d)	 Ectocarpus - Fucoxanthin
28.	 Match the plant with the kind of life cycle it exhibits:

NCERT  Page-38 & 39  / N-26, 30, 32 |  2022, C

List-I List-II
A. Spirogyra I. Dominant diploid sporophyte 

vascular plant, with highly 
reduced male or female 
gametophyte

B. Fern II. Dominant haploid free-living 
gametophyte

C. Funaria III. Dominant diploid sporophyte 
alternating with reduced 
gametophyte called prothallus

D. Cycas IV. Dominant haploid leafy 
gametophyte alternating 
with partially dependent 
multicellular sporophyte 

	 Choose the correct answer from the options given below:
	 (a)	 (A)-(ii),(B)-(iii), (C)-(iv), (D)-(i)
	 (b)	 (A)-(iii), (B)-(iv), (C)-(i), (D)-(ii)
	 (c)	 (A)-(ii), (B)-(iv), (C)-(i), (D)-(iii)
	 (d)	 (A)-(iv), (B)-(i), (C)-(ii), (D)-(iii)
29. 	 Match List -I with List -II :
� NCERT  Page-32, 36, 38 | PH-II 2022
		  List-I 	 List-II 
	 (A) 	 Chlamydomonas 	(i) 	 Moss
	 (B) 	 Cycas 	 (ii)	 Pteridophyte 
	 (C) 	 Selaginella 	 (iii)	 Alga
	 (D) 	 Sphagnum 	 (iv) Gymnosperm 
	 Choose the correct answer from the options given 

below.
	 (a) 	 (A) - (ii), (B) - (iii), (C) - (i), (D) - (iv) 
	 (b) 	 (A) - (iii), (B) - (i), (C) - (ii), (D) - (iv)
	 (c) 	 (A) - (iii), (B) - (iv), (C) - (ii), (D) - (i)
	 (d) 	 (A) - (iii), (B) - (ii), (C) - (i), (D) - (iv)
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30. 	 Given below are two statements : One labelled as 
Assertion A and the other labelled as Reason R:

NCERT  Page-36 / N-30 | 2023
	 Assertion A : The first stage of gametophyte in the life 

cycle of moss is protonema stage.
	 Reason R : Protonema develops directly from spores 

produced in capsule.
	 In the light of the above statements, choose the most 

appropriate answer from options given below:
	 (a) 	 Both A and R are correct and R is the correct 

explanation of A 
	 (b) 	 Both A and R are correct but R is NOT the correct 

explanation of A
	 (c) 	 A is correct but R is not correct
	 (d) 	 A is not correct but R is correct
31.	 Identify the pair of heterosporous pteridophytes among 

the following :� NCERT  Page-38 / N-32 | 2023
	 (a) 	 Lycopodium and Selaginella
	 (b)	 Selaginella and Salvinia 
	 (c) 	 Psilotum and Salvinia
	 (d) 	 Equisetum and Salvinia
32. 	 Given below are two statements : One labelled as 

Assertion A and the other labelled as Reason R :
NCERT  Page-39 / N-33 | 2023

	 Assertion A : In gymnosperms the pollen grains are 
released from the microsporangium and carried by air 
currents.

	 Reason R : Air currents carry the pollen grains to the 
mouth of the archegonia where the male gametes are 
discharged and pollen tube is not formed.

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

	 (a)	 Both A and R are true and R is the correct 
explanation of A

	 (b) 	 Both A and R are true but R is NOT the current 
explanation of A 

	 (c) 	 A is true but R is false 
	 (d) 	 A is false but R is true
33.	 Read the following statements and choose the set of 

correct statements:� NCERT  Page-N-26, 27 | 2024
	 In the members of Phaeophyceae,
	 A. 	 Asexual reproduction occurs usually by biflagellate 

zoospores.
	 B. 	 Sexual reproduction is by oogamous method only.
	 C. 	 Stored food is in the form of carbohydrates which 

is either mannitol or laminarin.
	 D. 	 The major pigments found are chlorophyll a, c and 

carotenoids and xanthophyll.
	 E. 	 Vegetative cells have a cellulosic wall, usually 

covered on the outside by gelatinous coating of 
algin.

	 Choose the correct answer from the options given 
below:

	 (a)	 A, B, C and D only	 (b) 	 B, C, D and E only
	 (c) 	 A, C, D and E only	 (d) 	 A, B, C and E only

Exercise 3 : Matching, Statement & Assertion Reason Type

Match the Following

1.	 Match the column-I with column-II and choose the 
correct option.� NCERT  Page-29 & 30 / N-23, 24 

Column-I
(System of 

classification)

Column-II
(Characteristics) 

A. Artificial system 
of classification

I. Based on few
morphological 
characters

B. Natural system 
of classification

II. Based on evolutionary 
relationships between 
the various organisms

C. Phylogenetic 
system of 
classification

III. Based on natural 
affinities among the 
organisms and consider 
external as well as 
internal features.

D. Numerical 
Faxonomy

IV. Carried out using 
computer

	 (a)	 A – II; B – I; C – III; D – IV
	 (b)	 A – I; B – III; C – II; D – IV
	 (c)	 A – III; B – II; C – I; D – IV
	 (d)	 A – I; B – II; C – III; D – IV
2.	 Match the following columns.
� NCERT  Page-35,36 & 38 / N-29, 30

Column-I Column-II

A. Chlorella I. Pteropsida

B. Adiantum II. Marine algae

C. Sargassum III. Moss

D. Prothallus IV. Pteritophyta

V. Unicellular alga rich in 
proteins

	 (a)	 A – II; B – V; C – I; D – III
	 (b)	 A – V; B – IV; C – III; D – II
	 (c)	 A – V; B – I; C – II; D  – IV
	 (d)	 A – III;  B – II; C – I; D – V
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3.	 Match the following� NCERT  Page-38 / N-32

Column-I
(Classes)

Column-II 
(Examples)

A. Psilopsida I. Dryopteris, Pteris, 
Adiantum 

B. Lycopsida II. Equisetum

C. Sphenopsida III. Selaginella

D. Pteropsida IV. Lycopodium

V. Psilotum
	 (a)	 A – V; B – III; C – II; D – I
	 (b)	 A – I; B – II; C – III; D – IV
	 (c)	 A – IV; B – III; C – II; D  – I
	 (d)	 A – III;  B – V; C – I; D – II
4.	 Match column-I with column-II and choose the correct 

option.� NCERT  Page-30,36 & 38 / N-26, 27, 29 & 30

Column-I Column-II
A. Phaeophyceae I. Have an elaborate 

mechanism of spore 
dispersal

B. Rhodophyceae II. First terrestrial plant with 
vascular tissue-phloem 
and xylem 

C. Mosses III. Asexual reproduction by 
biflagellate zoosposes

D. Pteridophytes IV. Polysiphonia, Porphyra, 
Gracilaria 

	 (a)	 A – III; B – IV; C – I; D – II
	 (b)	 A – IV; B – III; C – I; D – II
	 (c)	 A – IV; B – III; C – II; D – I
	 (d)	 A – IV; B – I; C – III; D – II
5.	 Match the column-I with column-II  and select the 

correct answer using the codes given below.
� NCERT  Page-30,36 & 38 / N-24, 30, 34

Column-I
(Group of Plant 

Kindgdom)

Column-II
(Examples)

A. Algae I. Solanum tuberosum
B. Fungi II. Equisetum
C. Angiosperm III. Cycas
D. Pteridophyte IV. Chlamydomonas

V. Rhizopus
	 (a)	 A – V; B – IV; C – I; D – II
	 (b)	 A – IV; B – V; C – I; D – II
	 (c)	 A – IV; B – I; C – V; D – II
	 (d)	 A – IV; B – I; C – V; D – III
6.	 Match the column-I with column-II and choose the 

correct option.� NCERT  Page-36,37 & 38 / N-29, 30, 34

Column-I Column-II
A. Amphibian of the plant 

kingdom
I. Sphagnum

B. Specialized structures 
in liverworts for asexual 
reproduction

II. Angiosperms

C. Monocotyledons and 
dicotyledons

III. Bryophytes

D. A plant which has 
capacity to holding water 

IV. Gemmae

	 (a)	 A – III; B – IV; C – I; D – II
	 (b)	 A – III; B – IV; C – II; D – I
	 (c)	 A – IV; B – III; C – II; D – I
	 (d)	 A – III; B – II; C – IV; D – I
7.	 Select the correct match of the feature present in 

column I with its respective terms given in column II.�
� NCERT  Page-30,32 & 38 / N-24, 29, 30, 32, 34

Column-I
(features)

Column-II
(term)

A. Presence of tap roots 
and coralloid roots

I. Bryophyte

B. The synergids and 
antipodal cells  
degenerates after 
fertilization

II. Pteridophytes

C. The food is stored as 
floridean starch which is 
very similar to amylopectin 
and glycogen in structure

III. Red algae

D. Presence of sporophyte 
which is not free 
living but attached to 
the photosynthetic 
gametophytes and derives 
nourishment from it

IV. Angiosperms

V. Gymnosperms

	 (a)	 A – I; B – II; C – III; D – IV
	 (b)	 A – III; B – V; C – II; D – IV
	 (c)	 A – III; B – I; C – V; D – II
	 (d)	 A – V; B – IV; C – III; D – I

Two Statement Type Questions

DIRECTION: Read the statements carefully and answer 
the question on the basis of following options.
(a)	 Both Statement I and Statement II are incorrect
(b)	 Statement I is correct but Statement II is incorrect
(c)	 Statement I is incorrect but Statement II is correct
(d)	 Both Statement I and Statement II are correct
8.	 Statement I: The pteridophytes are found in cool, 

damp, shady places�
	 Statement II: In pteridophytes, the main plant body is 

a sporophyte.� NCERT  Page-36 / N-30
9.	 Statement I: Bryophytes are known as amphibians of 

the plant kingdom.�
	 Statement II: The dominant phase in all Byophytes is 

gametophyte.� NCERT  Page-35 / N-29
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10.	 Statement I: In numerical taxonomy observable 
characters are not given equal importance.

	 Statement II: More than 20 characters can’t be studied 
at a time in numerical taxonomy.� NCERT  Page-30 / N-24

11.	 Statement I: Bryophytes are amphibians of plant 
kingdom.

	 Statement II: They live in soil but depend on water for 
sexual reproduction.� NCERT  Page-35 / N-29

12.	 Statement I: Main plant body of bryophytes is 
sporophytic.

	 Statement II: Main plant body of pteridophytes is 
gametophytic.� NCERT  Page-35, 36 / N-29, 30

Four/Five Statement Type Questions

13.	 Which of the following statement(s) about algae is/are 
correct?� NCERT  Page-32 / N-24

	 (i)	 Algae are chlorophyll bearing simple, thalloid, 
heterotrophic and aquatic (both fresh water and 
marine) organisms.

	 (ii)	 Algae reproduce by vegetative means only.
	 (iii)	 Fusion of two gametes dissimilar in size is termed 

as oogamous.
	 (iv)	 A few of the massive forms of algae such as kelps, 

form massive plant bodies.
	 (v)	 Algae are not useful to man.
	 (a)	 Only (i)	 (b)	 Both (i) and (v)
	 (c)	 Only (iv)	 (d)	 All of these
14.	 Which of the following statement(s) is/are correct about 

gemmae?� NCERT  Page-35 / N-29
	 (i)	 These are specialised structures by which asexual 

reproduction take place in liverworts.
	 (ii)	 They are green, multicellular and asexual buds.
	 (iii)	 They develop in small receptacles called gemma 

cups.
	 (iv)	 They detach from parent body and germinate to 

form new individuals.
	 (a)	 (i) and (ii) only
	 (b)	 (ii) and (iii) only
	 (c)	 (i), (ii) and (iii) only
	 (d)	 All of these
15.	 Refer to the following statement(s) and identify the 

group of plant which is being described by the given 
statements?� NCERT  Page-35 / N-29

	 (i)	 They include various mosses and liverworts that 
are found commonly growing in moist shaded 
areas in the hills.

	 (ii)	 They lack true roots, stem or leaves.
	 (iii)	 The main plant body is haploid.
	 (iv)	 They produce a multicellular body sporophyte which 

is not free living but attached to the photosynthetic 
gametophyte and derives nourishment from it.

	 (v)	 Its plant body is more differentiated than that of 
algae.

	 (a)	 Algae	 (b)	 Fungi
	 (c)	 Bryophytes	 (d)	 Pteridophytes

16.	 Which of the following group of plant is being described 
by the given statements?� NCERT  Page-38, 39 / N-32, 33

	 (i)	 They are plants in which the ovules are not 
enclosed by any ovary wall and remain exposed 
before and after fertilization.

	 (ii)	 The giant red wood tree Sequoia is one of the 
tallest tree species of the group.

	 (iii)	 The roots are generally tap roots.
	 (iv)	 They are heterosporous and they produce haploid 

microspores and megaspores.
	 (v)	 Roots in some genera have fungal association.
	 (a)	 Algae	 (b)	 Bryophytes
	 (c)	 Gymnosperms	 (d)	 Pteridophytes
17.	 Which of the following statements with respect to 

gymnosperms and angiosperms is/are correct? 
� NCERT  Page-38, 39, 40 / N-32, 33, 34
	 (i)	 The process of double fertilization is present in 

gymnosperms.
	 (ii)	 Angiosperms range in size from microscopic 

Wolffia  to tall trees of Sequoia.
	 (iii)	 In gymnosperms, the seeds are not covered.
	 (iv)	 In gymnosperms, the male and female 

gametophytes have an independent free living 
existence.

	 Of the above statements
	 (a)	 (i) and (ii) 	 (b)	 (iii) only
	 (c)	 (ii) and (iii) 	 (d)	 (iii) and (iv) 
18.	 Choose the correct statement about liverworts.
� NCERT  Page-35, 36 / N-29, 30
	 (i)	 In liverworts, the antheridium and archegonium 

produce the antherozoid and the egg which fuse 
during sexual reproduction.

	 (ii)	 Both male and female sex organs may be present 
on same thalli or different thalli.

	 (iii)	 A sporophyte is formed from the zygote which is 
differentiated into the foot, seta and capsule.

	 (iv)	 Meiosis occurs in some cells of the capsule giving 
rise to haploid spores.

	 (v)	 The spores germinate to form free - living 
sporophytes.

	 (a)	 (i) and (v) only	 (b)	 (i), (ii) and (iii) only
	 (c)	 (iii) and (iv) only	 (d)	 (i), (ii), (iii) and (iv)
19.	 The correct statements about bryophytes are:
� NCERT  Page-35 / N-29
	 (i)	 Sex organ in bryophytes are multicellular
	 (ii)	 The sperms are released into water which swim 

through water to fuse with the egg to produce the 
zygote outside the body.

	 (iii)	 Immediate reduction division occurs in zygotes.
	 (iv)	 A multicellular body called a sporophyte is then 

produced.
	 (v)	 The sporophyte is not -free living but attached to 

photosynthetic gametophyte.
	 (a)	 (i), (ii) and (iii) only	(b)	 (i), (ii) and (iv), (v)
	 (c)	 (i) and (iv) only	 (d)	 (iii) and (iv) only
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Exercise 4 : Skill Enhancer MCQs

20.	 In mosses, the second gametophytic stage is leafy 
stage. Consider and choose the correct statements 
about leafy stage.� NCERT  Page-36 / N-30

	 (i)	 They consist of upright, slender axes bearing 
spirally arranged leaves.

	 (ii)	 This leafy stage bears the sex organs.
	 (iii)	 They are attached to the soil through multicellular 

rhizoids.
	 (iv)	 Leafy stage is produced from the secondary 

protonema as a lateral bud.
	 (a)	 (i) and (ii) only	 (b)	 (i), (iii) and (iv) only
	 (c)	 (iii) and (iv) only	 (d)	 (i), (ii), (iii) and (iv)
21.	 How many of the following statements is/are correct ?
� NCERT  Page-36 / N-30
	 (i)	 In Equisetum, the female gametophyte is retained 

on the parent sporophyte.
	 (ii)	 In Ginkgo, male gametophyte is not independent.
	 (iii)	 The sporophyte in Riccia is more developed than 

that in Polytrichum.
	 (iv)	 Sexual reproduction in Volvox is isogamous.
	 (a)	 Two	 (b)	 Three
	 (c)	 Four	 (d)	 One

Assertion & Reason Questions

DIRECTION: These questions consist of two statements, 
each printed as Assertion and Reason. While answering 
these questions, you are required to choose any one of 
the following four responses.

(a)	 Both (A) and (R) are correct but (R) is not the correct 
explanation of (A)

(b)	 (A) is correct but (R) is not correct
(c)	 (A) is not correct but (R) is correct
(d)	� Both (A) and (R) are correct and (R) is the correct 

explanation of (A) 
22.	 Assertion : Chlorella could be utilised to keep the air 

pure in space vehicles.
	 Reason : The space travellers feed on Chlorella soup.
� NCERT  Page-32 / N-26
23.	 Assertion: The colour of brown algae varies from olive 

green to brown. 
	 Reason: In brown algae, fucoxanthin is responsible for 

colour variation.� NCERT  Page-32 / N-26
24.	 Assertion: Archegonium is the female sex organ in 

bryophytes.
	 Reason: Algae also possess the archegonium.
� NCERT  Page-35 / N-29
25.	 Assertion: Liverworts fail to spread to a new locality 

through fragmentation.
	 Reason: Gemmae are helpful in propagating liverworts 

in different locality.� NCERT  Page-35 / N-29
26.	 Assertion: Selaginella and Salvinia are homosporous. 
	 Reason: In Selaginella and Salvinia, different kind of 

spores are produced.� NCERT  Page-38 / N-32

1.	 Deep in the tropical rain forest, a botanist discovered an unusual plant with vascular tissues, stomata, a cuticle, 
flagellated sperm, cone-like reproductive structures bearing seeds, and an alternation-of-generations life cycle. He 
was very excited about this discovery because it would be rather unusual for a plant to have both 

	 (a)	 a cuticle and flagellated sperm.
	 (b)	 vascular tissues and alternation of generations.
  	 (c)	 seeds and flagellated sperm.
	 (d)	 alternation of generations and seeds
2.	 The given figures represent the examples of bryophytes. In them few structures/parts are marked as A, B, C and D.

A

B

D

C

Capsule Antheridial
branch Branches

Archegonial
branch

Main axis

Rhizoids

Leaves

Seta

Rhizoids

Marchantia Funaria
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	 Identify the option which shows the correct labelling of A, B, C and D.

S. 
No.

A B C D 

(a) Gemma cup Archegoniophore Sporophyte Sphagnum
(b) Archegoniophore Gemma cup Gametophyte Sphagnum
(c) Archegonia Antheridia Gemma cup Sphagnum 
(d) Antheridia Archegonia Gemma cup Sphagnum

3.	 Refer to the given flow chart regarding different groups of kingdom plantae.

	

These are
cryptogams

Endosperm is a  
pre-fertilisation structure

Sex organs are 
multicellular and 
jacketed

Sporophyte is 
parasitic over 
gametophyte

S

T
P

Q

R

No

No

No

No

Yes

Yes

Yes

Yes

	 Which of the following is true regarding P,Q, R, S and T?
	 (a)	 Examples of group ‘P’ include Riccia, Marchantia, Sphagnum etc.
	 (b)	 Members of group ‘R’ can be both homosporous as well as heterosporous.
	 (c)	 Group ‘Q’ includes seedless vascular plants having sporophytic plant body.
	 (d)	 Group ‘S’ is more ancient than group ‘T’ and formed a dominant vegetation on earth same 200 million years back 

in Mesozoic era.

4.	 Refer to the given Venn diagram and select the correct 
option regarding P and Q

Plant 
reproduce 
through 
spores

Plant 
possess 
vascular 
tissues

Q

P

	 (a)	 P could be an alga or a bryophyte whereas Q 
could be a pteridophyte.

	 (b)	 True roots, stems and leaves are present in P but 
absent in Q.

	 (c)	 Anthridium in Q is sessile whereas that in P (If 
present is stalked)

	 (d)	 P is exclusively xerophytic whereas Q is 
amphibious by nature.

5.	 Refer the given table

Vascular tissue Seeds Fruits
Plant W   
Plant X   
Plant Y   
Plant Z   

	 Identify plants W, X, Y & Z and select the incorrect 
option regarding them.

	 (a)	 X could be a moss wherein capsule consists of 
peristome teeth and sterile columnella.

	 (b)	 Y could be a fern whose stems are used in 
scouring and polishing metals.

	 (c)	 Z could be a conifer which possesses triploid 
endosperm as a post-fertilisation  structure.

	 (d)	 W could be a dicot that undergoes double 
fertilisation.

6.	 Identify the plants (A, B, C and D) and choose their 
correct names from the options given below.

A

B

C D
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S. 
No.

A B C D 

(a) Equisetum Ginkgo Selaginella Lycopodium
(b) Selaginella Equisetum Salvinia Ginkgo
(c) Funaria Adiantum Salvinia Riccia 
(d) Chara Marchantia Fucus Pinus

7.	 Refer to the statement and answer the question.
	 “They usually reproduce vegetatively by fragmentation 

and asexually by non - motile spores and sexually by 
non - motile gametes.”

	  Identify the group of plants and its example.
	 (a)	 Mosses, Funaria
	 (b)	 Red algae, Polysiphonia
	 (c)	 Brown algae, Laminaria
	 (d)	 Pteridophytes, Selaginella

Exercise-1 (NCERT Based Topic-wise MCQs)
1 (a) 6 (a) 11 (b) 16 (b) 21 (a) 26 (b) 31 (c) 36 (d) 41 (b)

2 (b) 7 (d) 12 (b) 17 (a) 22 (a) 27 (d) 32 (a) 37 (a) 42 (d)

3 (b) 8 (c) 13 (b) 18 (d) 23 (b) 28 (b) 33 (d) 38 (d) 43 (d)

4 (d) 9 (c) 14 (a) 19 (c) 24 (a) 29 (d) 34 (c) 39 (d) 44 (d)

5 (b) 10 (d) 15 (c) 20 (a) 25 (d) 30 (d) 35 (d) 40 (d) 45 (a)

Exercise-2 (NCERT Exemplar & Past Years NEET)
1 (c) 5 (d) 9 (c) 13 (c) 17 (c) 21 (d) 25 (a) 29 (c) 33 (c)

2 (c) 6 (a) 10 (a) 14 (a) 18 (c) 22 (d) 26 (b) 30 (a)

3 (d) 7 (d) 11 (c) 15 (b) 19 (d) 23 (b) 27 (a) 31 (b)

4 (c) 8 (d) 12 (d) 16 (c) 20 (b) 24 (a) 28 (a) 32 (c)

Exercise-3 (Matching, Statement & Assertion Reason Type)
1 (b) 4 (a) 7 (d) 10 (a) 13 (c) 16 (c) 19 (b) 22 (a) 25 (a)

2 (c) 5 (b) 8 (d) 11 (d) 14 (d) 17 (b) 20 (d) 23 (d) 26 (c)

3 (a) 6 (b) 9 (d) 12 (a) 15 (c) 18 (d) 21 (a) 24 (b)

Exercise-4 (Skill Enhancer MCQs)
1 (c) 2 (b) 3 (c) 4 (a) 5 (c) 6 (b) 7 (b)

Answer Keys



EXERCISE - 1
1.	 (a)	 Plant classification proposed by Carolus Linneaus 

was artificial because it was based on a few morphological 
characters such as habit, colour, number and shape of 
leaves, etc.

2.	 (b)	 Chemotaxonomy is based on chemical products 
particularly secondary metabolites. Various families of 
plants have been identified on the basis of raphides 
(Crystals of calcium oxalates).

3.	 (b)	 Cytotaxonomy is the classification of organisms 
based on cellular structure and function, especially on 
the structure and number of chromosomes.

4.	 (d)	 Phylogenetic system of classification indicates the 
evolutionary as well as genetic relationships among 
organisms. It is based on fossil record, biochemical, 
anatomical, morphological, embryological, physiological, 
genetics, karyotype and other studies.

5.	 (b)	 The natural system of classification for higher plants 
was given by Bentham and Hooker in their Genera 
Plantarum (1862 - 1883). The characters employed in 
this system include those of study of form (morphology), 
internal structure (anatomy), development (embryology), 
reproduction, cell structure (cytology), life processes, 
(physiology), behaviour and biochemistry.

6.	 (a)
7.	 (d)	 Numerical taxonomy evaluates resemblances and 

differences or primitiveness and advancement through 
statistical methods based on a large number of characters 
obtained from all disciplines of biology. This is followed by 
assigning them number and code of computer like plus 
(+) and minus (–) followed by computer analysis. In this 
way, each character is given equal importance and at the 
same time hundreds of characters can be considered.

8.	 (c)	 Chemotaxonomy is based upon the characteristics 
of various contituents of organisms.

9.	 (c)	 10.	 (d)	 11.	 (b)
12.	 (b)	 Rhodophyta are commonly called as red algae 

because of the predominance of the red pigment (r – 
phycoerythrin) in their body. They occur in both well 
lighted regions close to the surface of water and also 
at great depths in ocean where relatively little light 
penetrates. They exhibit a red colour because the 
wavelengths of light that are absorbed by chlorophyll 
are passed to phycoerythrin.

13.	 (b)	 Certain marine brown and red algae produce large 
amounts of hydrocolloids (water holding substances), 
e.g., algin (brown algae) and carrageen (red algae) 
which are used commercially. Chlorella and Spirullina 
are unicellular green algae, which are rich in proteins 
and used as food supplements.

14.	 (a)	 Pyrenoids are the rounded bodies found in the 
chloroplast of green algae and are the centres of 
conversion of glucose to starch and also collection of 
starch.

15.	 (c)	 Algae are defined as chlorophyllous, thalloid avascular 
plants with no cellular differentiation. The size and form of 
algae is highly variable. Not all the algae are filamentous. 
The size ranges from the microscope unicellular forms to 
colonial forms and to the filamentous forms.

16.	 (b)	 Chlamydomonas, Volvox, Ulothrix, Spirogyra and 
Chara are green algae. The common forms of brown 
algae are Ectocarpus, Dictyota, Laminaria, Sargassum 
and Fucus. Polysiphonia, Porphyra, Gracilaria and the 
Gelidium are members of red algae.

17.	 (a)	 In green algae (chlorophyceae), the photosynthetic 
pigments are chlorophyll a and b, carotenes and 
xanthophylls. In phaeophyceae (brown algae), the 
pigments are chlorophyll a, c and carotenes and 
fucoxanth. Rhodophyceae are red algae and contain 
the major pigment as chlorophyll a and phycoerythrin. 
Phycoerythrin gives red colour to rhodophyceae.

18.	 (d)	 The classification of algae can be visually done 
easily on the basis of colours, due to the presence of 
different pigments inside them.

19.	 (c)	 Rhodophyceae is red algae in which food is stored 
as floridean starch which is very similar to amylopectin 
and glycogen in structure.

20.	 (a)	 Asexual reproduction (in algae) is by the production 
of different types of spores, and the most common type 
is zoospore. Zoospores are flagellated (motile) and on 
germination give rise to new plants.

21.	 (a)	 In class phaeophyceae, the plant body is usually 
attached to the substratum by a holdfast (A), and has 
a stalk, the stipe (B) and leaf like photosynthetic organ 
- the frond (C).

22.	 (a)	 The number of chromosomes of the second 
generation will be same because no reduction division 
take place.

23.	 (b)	 Bryophytes completely lack vascular tissue system 
and absorb water by generally body surface. Whereas 
pteridophytes are the first terrestrial plants to possess 
vascular tissues -xylem and phloem.

24.	 (a)	 A protonema is a creeping, green, filamentous, 
thread-like chain of cells which is produced by the 
germination of the spores and forms the earliest stage 
(the haploid phase) of a bryophyte life cycle. When a 
moss first grows from the spore, it grows as a protonema 
which develops into a leafy gametophore.

25.	 (d)	 Mosses along with lichens are the first organisms 
to colonise rocks and hence, are of great ecological 
importance. They decompose rocks making the 
substrate suitable for the growth of higher plants. Since 
mosses form dense mats on the soil, they reduce the 
impact of falling rain and prevent soil - erosion.

26.	 (b)	 Mosses are non-vascular plants which means they 
cannot transport water and nutrients to the aerial parts 
of the plant.

27.	 (d)	 Bryophytes have thallus like body and lack vascular 
tissue.

3 Plant Kingdom
Botany
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28.	 (b)	 According to the features described, the unknown 
plant belongs to bryophytes. Bryophytes refer to a 
group of plants comprising the mosses, liverworts, and 
hornworts. They do not have a true vascular system 
and are unable to pull water and nutrients up from the 
ground at any significant distance. This distinguishes 
bryophytes from ferns and flowering plants.

29.	 (d)	 Species of Sphagnum, a moss, provides peat that have 
long been used as a packing material for sending flowers 
and live plants to distant places because it is hygroscopic.

30.	 (d)	 In bryophytes, zygotes donot undergo reduction 
division immediately. They produce a multicellular body 
called a sporophyte. The sporophyte is not a free-living 
but attached to the photosynthetic gametophyte and 
derives nourishment from it.

31.	 (c)	 In bryophytes, sex organs are of two types, male 
antheridium and female archegonium. They are multicellular 
and jacketed, i.e., covered by jacket of sterile cells.

32.	 (a)	 The predominant stage of the moss is the presence of 
gametophyte which consists of two stages – the first stage is 
protonema and the second stage is leafy stage. Protonema 
stage develops directly from the spores and leafy stage 
develops from the secondary protonema as a lateral bud.

33.	 (d)	 All the given statements are correct.
34.	 (c)	 Fusion of male gamete with the egg results in 

the formation of zygote. This zygote produces a multi-
cellular well differentiated sporophyte which is the 
dominant phase of the pteridophytes.

35.	 (d)	 Gametophyte of bryophytes bears protonemal and 
leafy stage. In gymnosperm, female gametophyte is not 
free living. Antheridiophores and archegoniophores are 
present in Marchantia which is a bryophyte. Origin of 
seed habit started in pteridophyte.

36.	 (d)	 The leaves in gymnosperms are well adapted to 
withstand extremes of temperature, humidity and wind. 
In conifers, the needle like leaves reduces surface area. 
Their thick cuticle and sunken stomata also help to 
reduce water loss.

37.	 (a)	 Selaginella is a member of lycopsida, which produce 
two kinds of spores-macro (large) and micro (small) 
spores. Thus, known as heterosporous pteridophytes.

38.	 (d)	 Pteridophytes are classified into four classes: 
Psilopsida (Psilotum), Lycopsida (Selaginella, 
Lycopodium), Sphenopsida (Equisetum) and Pteropsida 
(Dryopteris, Pteris, Adiantum).

39.	 (d)	 Mosses and ferns belong to bryophtes and pteridophytes 
respectively. In bryophytes, the dominant phase in the 
life cycle is the gametophytic plant body. However, in 
pteridophytes, the main plant body is a sporophyte, which is 
differentiated into true root, stem and leaves. These organs 
possess well – differentiated vascular tissues.

40.	 (d)	 Pteridophytes are the vascular plants (those having 
xylem and phloem tissues) that reproduce by releasing 
spores rather than seeds, and they include the highly 
diverse true ferns and other graceful, primarily forest-
dwelling plants. The spreading of living pteridophytes is 
limited and is restricted to narrow geographical region 
because its gametophytes require cool, damp, shady 
places to grow and also it requires water for fertilization.

41.	 (b)	 Cycas (a gymnosperm) and Adiantum (known as 
Maiden hair fern, a pteridophyte) resemble each other in 
having motile sperms. Seeds, cambium are common in 
gymnosperms but absent in pteridophytes. True vessels 
are absent in both pteridophytes and gymnosperms.

42.	 (d)	 The ovules are not enclosed inside the ovary. Instead 
they are borne naked on the leafy sporophylls, and hence 
the name gymnosperms (gymnos- naked sperma- seed) 
is given Double fertilization is absent in gymnosperms.

43.	 (d)	 In gymnosperms, the reproductive structures are 
mostly in the form of compact cones except female 
organs of Cycas. There are two types of sporophylls, 
usually segregated to form distinct cones or strobili 
(male and female cones).

44.	 (d)	 45.	 (a)

EXERCISE - 2

NCERT Exemplar Questions
1.	 (c)	 Lower group of plants like algae exhibit great variation 

in mode of sexual and asexual reproduction. Some algae 
produce gametes which are not similar in shape, size 
and structure. Their fusion is called anisogamy. e.g., 
Chlamydomonas. Isogamy is the fusion of similar gametes, 
zoogamy is sexual reproduction of animals.

2.	 (c)	 Phaeophyceae : In the members of the class-
Phaeophyceae, the plant body is usually attached to the 
substratum by means of a holdfast and has a stalk called 
stipe and a leaf like photosynthetic organ called frond.

3.	 (d)	 Bryophyta is a group of plants which have 
gametophytic haploid thalloid body. The motile male 
gametes are produced in special male reproductive 
structures called antheridia.

	 These gametes need thin film of water to swim and 
reach the female reproductive organ called archegonia. 
Pteridophytes, gymnosperm and monocots show higher 
level of organisation.

4.	 (c)	 Prothallus is usually a gametophytic phase in 
the life of a pteridophyte. Spore germinates to form a 
prothalium, it is short lived inconspicuous heart shaped 
structure with a number of rhizoids developed beneath 
and bears sex organs, archegonium and antheridium.

5.	 (d)	 Gymnosperms include medium sized or tall trees 
and shrubs. Their plants are well adapted to withstand 
extremes of temperature, humidity and wind. Reproductive 
organs are usually in the form of cones or strobili.

	 The male cones are made up of microsporophyll and 
female cones are made up of megasporophyll. The 
presence of sporophyll (micro and megasporophyll) 
shows the development of seed habit but seeds develop 
from naked ovule and are not covered.

6.	 (a)	 The germination of haploid spores of mosses 
produced by sporophyte after reductional division form 
the protonema. This structure later develops into an 
independent gametophytic plant.

7.	 (d)	 Sequoia sempervirens is a gymnosperm. It has 
thick, woody and branched stems. The plant also shows 
some xeric adaptations which helps it to survive in 
adverse climatic conditions.

Past Years NEET
8.	 (d)	 Bryophytes neither have pollen nor flowers and 

rely on water to carry the male gametes (sperm) to 
the female gametes (eggs). The antherozoids (male 
gametes of pteridophytes) are armed with hair-like or 
whip-like cilia or flagellae and are able to swim through 
water; they do not travel great distances and are only 
released when free water is available.

9.	 (c)	 Sequoia semepervirans is one of the tallest trees.
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10.	 (a)	 Volvox is motile colonial fresh water green alga. It 
forms spherical colonies.

11.	 (c)	 Chlamydomonas has haplontic life cycle hence, 
shows zygotic meiosis.

12.	 (d)	 Pinus is a monoecious plant comprising of both 
male and female cones on same plant.

13.	 (c)	 Winged pollen grains are present in Pinus. Each 
pollen grain has two wing-like structures which enables it 
to float in air, as an adaptation for dispersal by the wind.

14.	 (a)	 The gymnosperms are a group of seed-producing 
plants. The name is based on the unenclosed condition 
of their seeds (called ovules in their unfertilized state).

15.	 (b)	 Fungus associated with roots of Pinus increases 
minerals & water absorption for the plant by increasing 
surface area and in turn fungus gets food from plant. 
Therefore, mycorrhizal association is obligatory for 
Pinus seed germination.

16.	 (c)	 In Pteridophyte, megaspore is retained for some time 
in female gametophyte, however the permanent retention 
is required for seed formation in Gymnosperms. That’s why 
Pteridophytes exhibit precursor to seed habit only.

17.	 (c)	 Chlorella and Spirulina are unicellular algae. 
Gelidium, Gracilaria, Laminaria and Sargassum are 
multicellular. Volvox is colonial.

18.	 (c)	 Strobili or cones are found in Equisetum. Strobili 
or cones are the dense and compact structure present 
on non flowering plants. They contain sporangia and 
perform function of protecting spores from wild animals 
and harsh conditions of environment.

19.	 (d)	 Floridean starch is stored food material in red algae. 
Its structure is similar to Amylopectin and Glycogen.

20.	 (b)	 Phycoerythrin is the major pigment in red algae or 
rhodophytes. The photosynthetic pigments in red algae 
include chlorophyll-a, carotenoids and phycobilins. 
Phycoerythrin belongs to the phycobilins. These 
pigments are soluble in water.

	 Phycoerythrin (PE) is a red protein pigment complex 
produced by the light-harvesting phycobiliprotein 
family. It is present in red algae and cryptophytes as an 
accessory to the main chlorophyll pigments responsible 
for photosynthesis.

21.	 (d)	 Male and female gametophyte do not have an 
independent free-living existence in gmnosperms 
and angiosperms. In them they remains within the 
sporangia retained on the sporophytes. The pollen grain 
is released from the microsporangium and are carried 
in air currents and come in contact with the opening of 
the ovules borne on megasporophylls. The pollen tube 
carrying the male gametes grows towards archegonia in 
the ovules and discharge their contents near the mouth 
of the archegonia.

22.	 (d)	 Algae are eukaryotic organisms with different 
chemical components in their cell wall.

	 Algae cell wall is composed of agar, carrageen and 
funori along with cellulose.

	 Cell wall of brown algae contains algin while in green 
alage it is composed of cellulose and pectin.

	 In blue green algae cell wall is composed of 
mucopeptides.

23.	 (b)	 Ectocarpus belongs to class-Phaeophyceae, 
in which reserve food is found in form of laminarin, 
mannitol and oil.

	 Ulothrix and Volvox belong to chlorophyceae (green 
algae). Members of this class have starch as reserve 

food material. Gracilaria is a member of red alage ( 
Rhodophyceace). This class is characterised by having 
Floridean starch as stored food material.

24.	 (a)	 The gemmae are green, small discs of haploid 
tissue, and they directly give rise to new gametophytes. 
They are produced by some liverworts like marchantia. 
Mosses reproduce vegatatively by fragmentation and 
budding of protonema.

	 Pteridophytes and Gymnosperms normally do not 
reproduce asexually.

25.	 (a)	 Genera like Selaginella and Salvinia which produce 
two kinds of spores i.e. macro (large) and micro (small)
spores, are known as heterosporous.

	 Most of the pteridophytes produce single type of spores 
and are called homosporus.

	 Sorus are brownish or yellowish cluster of spores producing 
structures located on the lower surface of fern leaves.

26.	 (b)	 Hydrocolloid carrageen is obtained from red algae 
(rhodophyceae).

27.	 (a)	 Ulothrix belong to Chlorophyceae (green algae). 
Members of this class have starch as reserve food material.

28.	 (a)	 Spirogyra is a green algae which have dominant 
haploid –free living gametophyte. Fern is a pteridophyte 
having dominant sporophyte alternating with reduced 
gametophyte.

29.	 (c)
30.	 (a)	 Both the assertion and reason is correct and reason 

is the correct explanation of assertion. The predominant 
stage of life cycle of moss is gametophyte which consist 
of 2 stages. The first stage is protonema that directly 
develops from spore.

31.	 (b)	 Pteridophytes that produce two types of spores are 
known as heterosporous. Selaginella and Salvinia are 
heterosporous pteridophytes.

32.	 (c)	 Assertion is correct but reason is false as in 
gymnosperms the pollen grains are released from the 
microsporangium and they are carried in air currents. 
They come in contact with the opening of the ovules borne 
on megasporophylls. The pollen tube carrying the male 
gametes grows towards archegonia in the ovules and 
discharge their contents near the mouth of the archegonia.

33.	 (c)	 In Phaeophyceae sexual reproduction can occur 
by oogamy, isogamy or anisogamy . 

	 Hence correct statements are A, C, D and E. 

EXERCISE - 3
1.	 (b)	 A – I, B – III, C – II, D – IV
2.	 (c)	 A – V, B – I, C – II, D – IV
3.	 (a)	 A – V, B – III, C – II, D – I
4.	 (a)	 A – III, B – IV, C – I, D – II
5.	 (b)	 A – IV, B – V, C – I, D – II
6.	 (b)	 A – III, B – IV, C – II, D – I
7.	 (d)	 A – V, B – IV, C – III, D – I
8.	 (d)	 9.	 (d)
10.	 (a)	 In numerical taxonomy numbers and codes are 

assigned to each observable characteristics and the 
data is then processed. In this way each character is 
given equal importance and at the same time hundreds 
of characters can be considersed.

11.	 (d)	 Bryophytes are known as ‘amphibians of plant 
kingdom’. In their vegetative structure, bryophytes have 
become adapted to land but they depend on water for 
sexual reproduction because the swimming habit is 
retained by their sperms.
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12.	 (a)	 Main plant body is gametophytic in bryophytes and 
sporophytic in pteridophytes.

13.	 (c)	 Algae are chlorophyll bearing simple, thalloid, 
autotrophic and largely aquatic organisms. They 
reproduce by vegetative, asexual and sexual methods. 
Fusion of two gametes dissimilar in size is termed as 
anisogamous.

14.	 (d)	 Gemmae are a means of asexual reproduction 
found in many bryophytes (e.g, liverworts). They are 
1 to many celled, specially produced clonal plant 
fragments. They are green, multicellular, asexual buds 
which develop in small receptacles (called gemma cups) 
located on the thalli. Gemmae become detached from 
the parent body and germinate to form new individuals.

15.	 (c)	 Bryophytes are small, non-vascular plants, such 
as mosses, liverworts and hornworts. Bryophytes do 
not have seeds or flowers. Instead they reproduce via 
spores.

16.	 (c)	 Gymnosperms are seed-bearing vascular plants, 
such as cycads, ginkgo, yews and conifers, in which 
the ovules or seeds are not enclosed in an ovary. 
Gymnosperm seeds develop either on the surface of 
scale or leaf-like appendages of cones or at the end of 
short stalk. The largest group of living gymnosperms 
are the conifers (pines, cypresses and relatives) and the 
smallest is ginkgo, a single living plant species found in 
China.

17.	 (b)	 Double fertilization is a characteristic of angiosperms 
not gymnosperms. But in both of these two groups, 
gametophytic phase is highly reduced and is retained 
inside sporophytic structures. Sequoia is the tallest 
gymnosperm not angiosperm. Tallest angiosperm 
belong to the genus Eucalyptus.

18.	 (d)	 Sexual reproduction occurs by the formation of sex 
organs born on special branches. The male antheridia 
are produced on antheridiophore and the female 
reproductive organs are ‘archegonia’. They are borne 
on special stalked structures called archegoniophore. 
Both male and female sex organs may be present on 
same thalli or different thalli. After fertilisation, the egg 
becomes zygote, which grows to form sporophyte. It 
is differentiated into foot, seta and capsule. Inside the 
capsule, the diploid spore mother cells divide by meiosis 
and produce haploid spores. These spores germinate 
to form free-living gametophytes.

19.	 (b)	 Minute, slender, spirally curved body furnished 
with two long, terminal whiplash type flagella is usually 
seen in bryophyte sperms. The sperms once liberated 
from antheridia, in the presence of water swim and are 
attracted towards the archegonium. They enter and 
fertilise the egg in the archegonia and form a zygote. The 
zygote does not undergo immediate reduction division. 
A multicellular body called a sporophyte is produced.

20.	 (d)	 All the statements are correct. In mosses, 
vegetative reproduction occurs through fragmentation 
or through bud in secondary protonema.

21.	 (a)	 Statement (i) and (ii) are correct.
	 Riccia is liverwort in which simplest sporophyte consists 

of capsule only while Polytrichum is moss in which 
sporophyte consists of foot, seta & capsule. Volvox is 
a fresh water green colonial alga. Reproduction is both 
sexual and asexual in Volvox. Sexual reproduction is 
of oogamous type.

22.	 (a)	 Chlorella could be utilised to keep the air in space 
vehicles pure and supply food in space stations and 
prolonged space flight trips. The space travellers could 
feed on Chlorella soup. It is nourishing but not appetizing 
food.

23.	 (d)	 Brown algae show a range of colour from olive green 
to various shades of brown depending upon the amount 
of fucoxanthin, xanthophyll pigment, present in them.

24.	 (b)	 Archegonium is the female sex organ of the 
bryophytes. It appears for the first time in the liverworts 
and mosses and continues in the pteridophytes. 
Archegonium is absent in thallophytes (algae and fungi).

25.	 (a)	 Fragmentation leads to an increase in the number 
of plants in a locality but it does not permit the spread 
of the plant to an entirely new locality. Gemmae are 
easily carried as they are small and sufficiently buoyant. 
They spread by water and wind currents to new habitats 
when detached, and each grows into a new individual 
immediately.

26.	 (c)	 All the spores are of similar kinds in majority of the 
pteridophytes; such plants are called homosporous. 
Genera like Selaginella and Salvinia produce two kinds 
of spores i.e. macro (large) spores and micro (small) 
spores, hence, are known as heterosporous.

EXERCISE - 4
1.	 (c)	 No known seed plant has flagellated sperms.
2.	 (b)	 A – Archegonia, B – Gemma cup, C – Gametophyte, 

D – sphagnum
3.	 (c)	 Cryptogams are the plants without seeds. In 

the given flow chart ‘P’ represent algae in which sex 
organ are usually unicellular and non-jacketed. ‘Q’ 
represent pteridophytes, in which both sporophytic 
and gametophytic generation are independent. In 
pteridophytes, the main plant body is sporophyte which 
is differentiated into tree root, stem and leaves. ‘R’ 
represent bryophytes in which diploid sporophytic lives 
as a parasite on an independent haploid gametophyte. 
All known members of bryophytes have been found 
to be homosporus. ‘S’ and ‘T’ respectively represent 
angiosperm and gymnosperm which are included under 
phanerogams. Gymnosperms evolved earlier and thus 
are more ancient than angiosperms. Gymnosperms 
formed dominant flora on earth about 200 million years 
ago in the Mesozoic era.

4.	 (a)	 According to the given Venn diagram, P could be 
an alga or a bryophyte and Q could be a pteridophyte. 
Algae are aquatic and bryophytes are amphibious. 
Pteridophytes also inhabit moist and shady places 
butsome are xerophytic also.

5.	 (c)	 In the given table, W is an angiosperm, X could 
be an alga or bryophyte, Y is a pteridophyte and Z is a 
gymnosperm. In gymnosperms, endosperm is haploid 
pre-fertilisation structure.

6.	 (b)	 The correct name of the plants A, B, C and D 
are respectively Selaginella, Equisetum, Salvinia and 
Ginkgo. The first three plants belong to pteridophytes 
and the fourth one belongs to gymnosperms.

7.	 (b)	 The red algae usually reproduce vegetatively 
by fragmentation, asexually by non-motile spores 
and sexually by non-motile gametes. Red algae is 
the common name of Rhodophyta. They are called 
red algae because of the presence of red pigment, 
r-phycoerythrin.
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