
6. Anatomy of
Flowering Plants



Objective NCERT Gear UP Biology12 |



• Within angiosperms, the monocots and dicots are also 
seen to be anatomically different. Internal structures also 
show adaptations to diverse environments.

• Some cells ‘left behind’ from shoot apical meristem, 
constitute the axillary bud, which is present or leaf axil 
and can generate a branch or flower. 

• Apical and intercalary meristems are primary 
meristems that appear early and contribute tot he 
formatiion of primary plant body.

Permanent Tissues

Simple Tissues

• Secondary (lateral) meristems: The meristems that 
occur in mature regions of roots and shoots.

• Cylindrical meristems  also known as, secondary 
(lateral) meristems, thus secondary growth is not seen 
in monocots.

• Secondary (lateral) meristems present in gymnosperms 
and dicots but absent in Monocots.

• Fascicular vascular cambium, Interfascicular cambium & 
cork cambium are secondary (lateral) meristems

• Permanent (mature) cells: The cells produced by 
primary and secondary meristems, become structurally 
and functionally specialized and lose the ability to 
divide.

• Parenchyma: Parenchyma forms the major component 
within organs. They may be spherical, oval, round, 
polygonal or elongated in shape. 

• Collenchyma: It is found either as a homogeneous 
layer or in patches. Collenchymatous cells may be oval, 
spherical or polygonal and often contain chloroplasts 
(assimilate food). They provide mechanical support to 
the growing parts of the plant such as young stem and 
petiole of a leaf.

• Sclerenchyma: On the basis of variation in form, 
structure, origin and development, sclerenchyma may be 
either fibres or sclereids. It provides mechanical support 
to organs

Fibres Sclereids
Thick-walled, elongated 
and pointed cells, generally 
occuring in groups, in 
various parts of the plant

Spherical, oval or cylindrical, 
highly thickened dead cells 
with very narrow cavities 
(lumen).
Commonly found in the fruit 
walls of nuts; pulp of fruits 
like guava, pear and sapota; 
seed coats of legumes and 
leaves of tea.

Complex Tissues

◊ Xylem
• It is a conducting tissue for water and minerals from 

roots to the stem and leaves.
• It is composed of 4 kinds of elements: tracheids, vessels, 

xylem fibers and xylem parenchyma.
◊ Tracheids

• A kind of xylem element having elongated tube like dead 
cells with thick and lignified walls and tapering ends

• In flowering plants, main water transporting elements 
are Tracheids.

◊ Vessels

• A kind of xylem element which is a long cylindrical tube-
like structure made up of many cells (vessel members), 
each with lignified walls and a large central cavity and 
protoplasm absent.

◊ Xylem fibres

• A kind of xylem element which have highly thickened 
walls and obliterated central lumens. They are septate 
or aseptate.
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◊ Xylem Parenchyma
• A kind of  xylem element which is living and thin-walled 

cells with cellulosic cell walls and  store food materials 
(starch or fat) and other substances like tannins.

• Radial conduction of water takes place by ray 
parenchymatous cells. 

 ▪ The first formed primary xylem: Protoxylem 
 ▪ Later formed primary xylem: Metaxylem

• In stems, the protoxylem lies towards the centre (pith) 
and the metaxylem lies towards the periphery of the 
organ. This type of primary xylem is called Endarch.

• In roots, the protoxylem lies towards periphery and 
metaxylem lies towards the centre. Such arrangement of 
primary xylem is called exarch.

Phloem 
• Phloem transports food materials, usually from leaves to 

other parts of the plant.
• In angiosperms, phloem is composed of sieve tube 

elements, companion cells, phloem parenchyma and 
phloem fibers.

• Gymnosperms have: Albuminous cells and Sieve cells. 
• Sieve tube: Kind of phloem element which are long, 

tube-like structures, arranged longitudinally and are 
associated with companion cells by pit fields.

• Their end walls are perforated in a sieve-like manner to 
form the sieve plates.

• A mature sieve element has a peripheral cytoplasm 
and a large vacuole but lacks nucleus. 

• The functions of sieve tubes are controlled by the 
nucleus of companion cells.

• The companion cells help in maintaining the pressure 
gradient in the sieve tubes. 

• Phloem parenchyma is made up of elongated, tapering 
cylindrical cells which have dense cytoplasm and 
nucleus. The cell wall is composed of cellulose and has 
pits through which plasmodesmatal connections exist 
between the cells. The phloem parenchyma stores food 
material and other substances like resins, latex and 
mucilage. Phloem parenchyma is absent in most of the 
monocotyledons. 

• Phloem fibres (bast fibres) are made up of 
sclerenchymatous cells. These are generally absent in the 
primary phloem but are found in the secondary phloem. 
These are much elongated, unbranched and have pointed, 
needle like apices. Phloem fibres of jute, flax and 

hemp are used commercially. The first formed primary 
phloem consists of narrow sieve tubes and is referred to 
as protophloem and the later formed phloem has bigger 
sieve tubes and is referred to as metaphloem.

The Tissue System

Tissue system contains epidermal tissue system (epidermis, 
stomata, epidermal appendages like root hairs and trichomes), 
the ground or fundamental tissue system (all tissues other 
than epidermis and vascular tissues) and the vascular or 
conducting tissue system.
◊ Epidermal Tissue System

• The outer-most covering of the whole plant body, which 
is single layered usually.

• Cuticle is absent in roots. 

• Stomata regulate the transpiration and gaseous exchange. 

• Each stoma is composed of two bean-shaped (may 
contain chloroplasts) cells known as guard cells which 
enclose stomatal pore in dicots.

• The guard cells are dumbbell shaped:  Grasses 

 ▪ The outer walls of guard cells (away from the 
stomatal pore) are thin and the inner walls (towards 
the stomatal pore) are highly thickened.

• Guard cells regulate the opening and closing of stomata.

• A few epidermal cells, in the vicinity of the guard cells 
become specialized in their shape and size. They are 
known as subsidiary cells. 

• The stomatal aperture, guard cells and the surrounding 
subsidiary cells are together called stomatal apparatus. 

• Root hairs: They are unicellular elongations of the 
epidermal cells. They help to absorb water and minerals 
from the soil 

• Trichomes: They are the epidermal hairs on the stem. 
They are usually multicellular, branched or unbranched 
and soft or stiff. They may even be secretory. 

• Trichomes help in preventing water loss due to 
transpiration. 

◊ Ground Tissue System

• Parenchymatous cells are present in cortex, pericycle, 
pith and medullary rays, in the primary stems and roots.  

• In leaves, the ground tissue consists of thin-walled 
chloroplast containing cells and is called mesophyll.
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Anatomy of Dicot and Monocot Roots

Dicot Root Monocot Root
The outermost layer is epidermis or epiblema here whose 
cells protrude as unicellular root hairs.

The anatomy of the monocot root is similar to the dicot root 
in many respects

The cortex consists of several layers of thin-walled 
parenchyma cells with intercellular spaces. The innermost 
layer of the cortex is called endodermis. It comprises a single 
layer of barrel-shaped cells without any intercellular spaces. 
The tangential as well as radial walls of the endodermal cells 
have a deposition of water-impermeable, waxy material 
suberin in the form of casparian strips.

It has epidermis, cortex, endodermis, pericycle, vascular 
bundles and pith.

Next to endodermis lies a few layers of thick-walled 
parenchyomatous cells referred to as pericycle.  Initiation 
of lateral roots and vascular cambium during the secondary 
growth takes place in these cells.

As compared to the dicot root which have fewer xylem 
bundles, there are usually more than six (polyarch) xylem 
bundles in the monocot root.

The pith is small or inconspicuous. The parenchymatous 
cells which lie between the xylem and the phloem are called 
conjuctive tissue. There are usually two to four xylem and 
phloem patches. Later, a cambium ring develops between 
the xylem and phloem. All tissues on the innerside of the 
endodermis such as pericycle, vascular bundles and pith 
constitute the stele.

Pith is large and well developed.

Anatomy of Dicot and Monocot Stems

Dicot Stem Monocot Stem
Outermost epidermis is the protective layer of the stem 
covered with a layer of cuticle and it may bear trichomes 
and a few stomata. The cells arranged in multiple layers 
between epidermis and pericycle constitute the cortex 
(consists of three sub-zones: outer few Collenchymatous 
hypodermal layers for strength, middle rounded thin walled 
parenchymatous cells with conspicuous intercellular spaces 
and innermost endodermis which is rich in starch grains and 
the layer is also referred to as the starch sheath. 

The monocot stem has a sclerenchymatous hypodermis, a 
large number of scattered vascular bundles, each surrounded 
by a sclerenchymatous bundle sheath, and a large, conspicuous 
parenchymatous ground tissue. 

Pericycle is present on the inner side of the endodermis 
and above the phloem in the form of semi-lunar patches of 
sclerenchyma. In between the vascular bundles there are a 
few layers of radially placed parenchymatous cells, which 
constitute medullary rays. A large number of vascular 
bundles are arranged in a ring (characteristic). Each vascular 
bundle is conjoint, open, and with endarch protoxylem. A 
large number of rounded, parenchymatous cells with large 
intercellular spaces which occupy the central portion of the 
stem constitute the pith.

Vascular bundles are conjoint and closed. Peripheral vascular 
bundles are generally smaller than the centrally located ones.
The phloem parenchyma is absent, and water-containing 
cavities are present within the vascular bundles.

Dicotyledonous Leaf (Dorsoventral)

• Adaxial epidermis: Upper Epidermis
• Abaxial epidermis: Lower Epidermis
• A conspicuous cuticle is present.

 ▪ Abaxial epidermis generally bears more stomata than the 
adaxial epidermis. The latter may even lack stomata.
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• Chloroplasts is present in mesophyll cells.
• Palisade parenchyma: Mesophyll is adaxially placed 

&  made up of elongated cells arranged vertically and 
parallel to each other 

• Spongy parenchyma: Mesophyll is oval or round and 
loosely arranged & situated below the palisade cells and 
extends to the lower epidermis. There are numerous large 
spaces and air cavities between these cells 

• Size of vascular bundles is dependent on the size of the 
veins.

• The veins vary in thickness in reticulate venation of dicot 
leaves

• Bundle sheath cells: Vascular bundles are surrounded by 
a layer of thick walled cells called bundle sheath cells.

Monocotyledonous (Isobilateral) Leaf

• Stomata are present on both surfaces of the epidermis.
• Mesophyll is not differentiated into palisade and spongy 

parenchyma. 
• In grasses, certain adaxial epidermal cells along the veins 

modify themselves into large, empty, colourless cells. 
These are called Bulliform cells. 

• Bulliform cells helps to minimize water loss. 

 ▪ Parallel venation is reflected in the near similar 
sizes of vascular bundles (except in main veins) as 
seen in vertical sections of the leaves.

Secondary Growth

• Primary growth: The growth of the roots and stems in 
length with the help of apical meristem.

• Secondary growth: Increase in girth of dicot plants. 

• Tissues involved in secondary growth are the two lateral 
meristems: Vascular cambium & Cork cambium. 

• Vascular Cambium is the meristematic layer responsible 
for cutting off vascular tissues (xylem and phloem). 

 ▪ In the young stem vascular cambium is present 
in patches as a single layer between xylem & 
phloem. Later it forms a complete ring. 

• The cambial ring becomes active and begins to cut off 
new cells, both towards the inner and the outer sides. 

• The cells cut off towards pith, mature into secondary 
xylem. The cells cut off towards periphery mature into 
secondary phloem. 

• Cambium is generally more active on the inner side 
than on the outer, thus the amount of secondary xylem 
produced is more than secondary phloem 

• The primary and secondary phloems get gradually 
crushed due to the continued formation and accumulation 
of secondary xylem.

• The cambium forms a narrow band of parenchyma, which 
passes through the secondary xylem and the secondary 
phloem in the radial directions. These are the secondary 
medullary rays.

◊ Spring wood

• In spring season, cambium is very active and produces 
a large number of xylary elements having vessels with 
wider cavities. 

• The wood formed during spring season is called spring 
wood (early wood). 

• The wood formed during spring season is lighter in 
colour and has a lower density. 

◊ Autumm wood

• In winter, cambium is less active and forms fewer xylary 
elements that have narrow vessels. This wood is called 
autumn wood (late wood). 

• The wood formed during winter season is darker and has 
a higher density. 

• Two kinds of woods that appear as alternate concentric 
rings constitute an annual ring. 

• It is used to estimate the age of tree. 

◊ Heartwood

• It is the hard, dead, dark brown-coloured, highly lignified 
and non-functional central part of the secondary xylem 
of old trees. 

• The dark colour is due to deposition of organic 
compounds (tannins, resins, oils, gums, aromatic 
substances, essential oils etc). 

• These substances make it hard, durable and resistant to 
the attacks of microorganisms and insects. 

◊ Sapwood

• The peripheral region of secondary xylem. It is living 
and lighter in colour.

• Involved in the conduction of water and minerals 
from root to leaf.

◊ Cork Cambium

• Meristematic tissue called cork cambium (Phellogen) 
develops, usually in the cortex region. 
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• Phellogen is a couple of layers thick and made of 
narrow, thin-walled and nearly rectangular cells. 

• Cork (phellem): Phellogen cuts off cells on both sides. 
The outer cells differentiate into.

• The inner cells differentiate into secondary cortex 
(phelloderm). 

• Sequence: Cork (Phellem) - Cork (Phellogen) - 
Secondary cortex (Phelloderm) 

• Cells of secondary cortex are parenchymatous.

• Impervious to water due to suberin deposition in the 
cell wall: Cork

• Phellogen, phellem, and phelloderm are collectively 
known as Periderm. 

• Bark: A non-technical term that refers to all tissues 
(such as Periderm & secondary phloem) exterior to the 
vascular cambium. 

• At certain regions, phellogen cuts off closely arranged 
parenchymatous cells on outer side. These cells rupture 
epidermis, forming a lens shaped openings called 
lenticels. 

• Lenticels occur in most woody trees. 

• Lenticels: Permit gas exchange of between the outer 
atmosphere and the internal tissue of the stem.

 ▪ In dicot root, vascular cambium is completely 
secondary in origin. It originates from the tissue 
located just below the phloem bundles (a portion 
of pericycle) above the protoxylem forming 
a complete and continuous wavy ring. It later 
becomes circular. 

• Secondary growth also occurs in stems and roots of 

gymnosperms. 

• Secondary growth does not occur in monocotyledons.

Exam Oriented Information

• Conjoint type of vascular bundle is of three types:

◊ Collateral: Xylem towards inner side and phloem 

towards periphery

◊ Bicollateral: Phloem is present on the both sides of 

xylem. Cambium is present .Example: Cucurbita

◊ Concentric: One vascular tissue is surrounded by 

other:

◊ Haydrocentric/Amphicribal: Xylem is completely 

surrounded by phloem. Example: Ferns

◊ Leptocentric/Amphivasal: Phloem is completely 

surrounded by xylem.Examples:  Dracaena and 

Yucca

• Term plant meristem was coined by C. Nageli.

• Aerenchyma: It has large intercellular space gives 

buoyancy to aquatic plants: Examples: Eichornia and 

Hydrilla.

• Chlorenchyma: Contains large number of chloroplast.

• Astrosclereids found in petiole of lotus and tea leaves.

• Epiblema is alternate name of epidermis of root.
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The Tissues [NCERT Pg 84-88]

 1. A simple living permanent tissue which is absent in roots    
is
a. Collenchyma b. Chlorenchyma
c. Aerenchyma d. Parenchyma

 2. Which of the following tissue provide maximum 
mechanical support to plant organs?
a. Sclerenchyma b. Collenchyma
c. Parenchyma d. Aerenchyma

 3. Which of the following tissues consist of living cells?
a. Vessels b. Tracheids
c. Companion cells d. Sclerenchyma

 4. Aerenchyma gives
a. Support  b. Defence
c. Buoyancy d. Reproductive strength

 5. In stem, the primary xylem is
a. Exarch b. Mesarch
c. Endarch d. None of these

 6. Jute is mainly composed of
a. Xylem b. Secondary bast fibre
c. Pith fibres d. Cortex

 7. Vascular cambium is a 
a. Promeristem b. Apical meristem
c. Intercalary meristem d. Lateral meristem 

 8. Collenchyma is
a. Living and contains protoplasm
b. Dead and hollow
c. Dead and filled with reserve food
d. Living and contains no reserve food

 9. Axillary bud and terminal bud are derived from the 
activity of
a. Lateral meristem b. Intercalary meristem
c. Apical meristem d. Parenchyma

 10. Vascular bundles are surrounded by a layer of thick 
walled
a. Parenchymatous cells b. Bulliform cells
c. Bundle sheath cells     d. Phloem parenchyma 

 11.  The meristem occur at the tip of roots and shoots is 
a. Apical meristem b. Intercalary meristem    
c. Primary meristem d. Secondary meristem 

 12. Sclereids are of
a. Parenchyma b. Collenchyma
c. Sclerenchyma d. Aerenchyma

 13. Collenchyma is a 
a. Photosynthetic tissue
b. Water conducting tissue
c. Living mechanical tissue
d. Dead mechanical tissue

 14. The thickening in collenchyma is due the deposition 
of 
a. Lignin b. Pectin
c. Cutin d. Suberin

 15. Albuminous cells occurs in
a. Xylem b. Phloem
c. Cortex  d. Conjuctive parenchyma

 16. Bamboo, grass and mint stem elongate by the activity of
a. Primary meristem b. Secondary meristem
c. Intercalary meristems d. Apical meristems

 17. How many of the following are examples of lateral 
meristem?
(Cork cambium, Intercalary meristem, Intrafascicular 
cambium, Interfascicular cambium, Apical meristem)
a. 4 b. 3    
c. 2  d. 1

 18. Which meristem is correctly matched with its location 
and function?

a. Apical 
meristem

Shoot and root 
apex

Elongation of 
stem and root

b. Intercalary 
meristem

In between the 
apical meristem

Growth in 
grasses

c. Intrafascicular 
cambium

In the vascular 
bundles

Increases the 
girth of stem / 
roots

d. Interfascicular 
cambium

In between 
vascular bundles

Increases the 
girth of stem/
root

 19. If 1 – primary tissues, 2 – lateral meristem, 3 – primary 
meristem and 4 – secondary tissue then what will be the 
sequence of development in a plant?
a. 4 → 1 → 2 → 3 b. 1 → 3 → 4 → 2
c. 1 → 3 → 2 → 4 d. 3 → 1 → 2 → 4

Self Assessment Questions
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 20. Permanent tissues develop from:
a. Apical meristem only
b. Intercalary meristem only
c. Primary and secondary meristem both
d. Secondary meristem only

 21. Fill in the blanks:
_____ 1 ______ tissues are of 3 types  ______ 2 ______ 
3  ______and   ________ 4 _____. Cells of ______ 2 
_____are living cells without intercellular spaces. These 
provide mechanical support. Cells of ______ 3 _____ are 
generally isodiametric and form the major component of 
plants organs. Cells of _____ 4 ______ possess lignified 
cell walls and are usually dead.
a. 1  - simple, 2 - parenchyma, 3 - collenchyma, 4 - 

sclerenchyma 
b. 1 - simple, 2 - collenchyma, 3 - parenchyma, 4 - 

sclerenchyma
c. 1 - complex, 2 - collenchyma, 3 - sclerenchyma, 4 - 

parenchyma
d. 1 - simple, 2 - parenchyma, 3 - collenchyma, 4 - 

sclerenchyma

 22. Which of the following features is unrelated to 
collenchyma in plants?
a. Cell wall thickening - cellulose, hemi-cellulose and 

pectin
b. Intercellular space - well-developed
c. Main function - mechanical support
d. Chloroplast - may or may not be present

 23. Which of the following provides mechanical support to 
the growing parts of plants like young stem and petiole 
of a leaf?
a. Sclerenchyma b. Collenchyma
c. Parenchyma d. Xylem vessels

 24. Sclereids are found in all of the following except:
a. Solid endosperm of coconut
b. Fruit wall of nuts
c. Seed coat of legumes
d. Pulp of fruits like pear, guava and sapota

 25. Initial increase in length of stem or root is because of:
a. Apical meristem b. Intercalary meristem
c. Lateral meristem d. Both (a) and (b)

 26. Which permanent tissue is incorrectly matched with its 
cell wall component and function?

a. Collenchyma Cellulose,
hemicelluloses 
and pectin

Mechanical 
support

b. Sclerenchyma Lignin Mechanical 
support

c. Xylem vessel Suberin Mechanical
support and 
condition of 
water

d. Parenchyma Cellulose Photosynthesis 
and storage

 27.  Which simple tissue provide mechanical support to the 
petiole of a leaf?
a. Parenchyma b. Collenchyma
c. Sclerenchyma d. Aerenchyma

 28. Select the option with correct identification of type of 
tissue from which the given structure is formed:

Hypodermis in dicot stem Medullary rays
a. Collenchyma Parenchyma
b. Parenchyma Parenchyma
c. Parencyma Sclerenchyma
d. Sclerenchyma Collenchyma

 29. When protoxylem faces pericycle, it is called 
a. Endarch b. Mesarch
c. Exarch d. Polyarch

 30. In sclerenchyma, walls are
a. Lignified b. Suberised
c. Pectinised d. Cutinised

 31. The major function of sieve tubes in plants is
a. Mechanical support
b. Translocation of water and minerals
c. Translocation of organic solutes
d. Food storage

 32. Out of the four components of xylem - tracheids, vessels, 
xylem fibres and xylem parenchyma, how many are 
dead?
a. None b. One
c. Two d. Three

 33. On the basis of following features, identify the xylem 
element.
1. Tubular structure 2. No tapering ends
3. Dead cells      4. Devoid of protoplasm
a. Tracheids b. Vessels
c. Xylem fibres d. Xylem parenchyma

 34. Which of the following elements of xylem lack lignified 
cell wall?
a. Xylem parenchyma b. Tracheids
c. Vessels    d. Both (a) and (b)

The Tissue System [NCERT Pg 88-90]

 35. Trichomes are
a. Unicellular b. Bicellular
c. Multicellular d. Acellular  
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 36. Root hairs are
a. Multicellular 
b. Multicellular and acellular
c. Unicellular  
d. Acellular   

 37. Cuticle is absent in
a. Roots b. Leaves
c. Stem d. None of these

 38. Cuticle is secreted from
a. Epidermis b. Endodermis
c. Both (a) and (b) d. Hypodermis

 39. Bean-shaped structure which encloses stomatal pore is 
known as:
a. Epidermal cell b. Guard cell
c. Subsidiary cell d. Stomatal apparatus

 40. Mesophyll cells come under 
a. Epidermal tissue systems 
b. Vascular tissue systems 
c. Ground tissue systems 
d. All of these

 41. Closed vascular bundles lack:
a. Xylem b. Phloem
c. Cambium d. None of these

 42. Which of the following is not a part of epidermal tissue 
system?
a. Trichomes b. Companion cells
c. Guard cells d. Subsidiary cells

 43. Which of the following is not the part of ground tissue 
system?
a. Vascular bundles b. Pericycle
c. Pith d. Cortex

 44. If xylem and phloem are  arranged to different radii, then 
arrangement of vascular bundles is said to be:
a. Open b. Closed
c. Radial d. Endarch

 45. Pith or central part of ground tissue is made of
a. Collenchyma b. Parenchyma
c. Chlorenchyma d. Sclerenchyma

 46. Which type of vascular bundle is common in stems and 
leaves?
a. Radial b. Closed
c. Conjoint d. Lateral

Anatomy of Dicotyledonous and 
Monocotyledonous Plants [NCERT Pg 90-94]

 47. Layer of cells impervious to water because of a band of 
suberised matrix called
a. Endodermis b. Casparian strip
c. Pericycle  d. Pith

 48. Casparian strips occur in:
a. Longitudinal and radial walls of epidermal cells
b. Longitudinal walls of xylem
c. All walls of endodermis
d. Radial and tangential walls of endodermis

 49. The specialised cells in the epidermis of Monocot leaves 
that help in rolling and unrolling of leaves are 
a. Epithem cells b. Complementary cells
c. Bulliform cells d. Trichoblast cells

 50. Cambium is generally more active on
a. Outer side b. Inner side
c. Middle d. Whole

 51. Water containing cavities are present within the vascular 
bundles of
a. Monocot roots b. Dicot roots
c. Dicot stem d. Monocot stem

 52. Gymnosperms lacks
a. Sieve tubes b. Companion cells
c. Vessels d. All of these

 53. Maximum number of vascular bundles are present in
a. Monocot stem b. Monocot root
c. Dicot stem d. Dicot root

 54. In monocot stem,  hypodermis is:
a. Parenchymatous b. Collenchymatous
c. Sclerenchymatous d. Suberised

 55. Pith is not well developed in
a. Monocot stem b. Monocot root
c. Dicot Stem d. Dicot root

 56. Epiblema is the alternate name of
a. Epidermis of stem b. Epidermis of leaf
c. Epidermis of root hairs d. Epidermis of root

 57. In dicot stem, in primary xylem protoxylem is located 
towards ____ 1 ____ and metaxylem is towards ____ 2 
____. This condition is known ___ 3 ___.
a. Centre, periphery, exarch
b. Centre, periphery, endarch
c. Periphery, centre, exarch
d. Periphery, centre, endarch

 58. Less than six radial vascular bundles are present in
a. Monocot stem b. Dicot stem
c. Monocot root d. Dicot Root

 59. Select the incorrect option regarding dicot stem.

a. Hypodermis Possess collenchymatous cells
b. Endodermis Also known as starch sheath
c. Medullary rays Made up of parenchymatous 

cells
d.  Pith Poorly developed or absent
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 60. Vascular bundles in dicot stem are:
a. Conjoint, open and exarch
b. Conjoint, open and endarch
c. Conjoint, closed and exarch
d. Conjoint, closed and endarch

 61. Hypodermis in dicot stem and monocot stem is 
respectively:
a. Parenchymatous, Collenchymatous
b. Collenchymatous, collenchymatous
c. Parenchymatous, Sclerencymatous
d. Collenchymatous, Sclerenchymatous

 62. Out of the following, how many features belong to 
monocot root?
1. Radial vascular bundles
2. Closed vascular bundles 
3. Endodermis absent
4. Pith developed
5. Polyarch condition
a. One b. Two
c. Three d. Four

 63. On the basis of following description of vascular 
bundles, identify the section of plant in which they are 
present:
Vascular bundles - Diarch to hexarch, radially arranged
a. Monocot stem b. Dicot stem
c. Monocot root d.  Dicot root                                                                                                                      

 64. In dicot stem, starch sheath is:
a. Cortex b. Epidermis
c. Endodermis d. Pericycle

 65. Numerous vascular bundles are found scattered in 
monocot stem. Each vascular bundle  is surrounded 
immediately by:
a. Parenchyma b. Collenchyma
c. Sclerechyma d. Cambium

 66. In dicot roots, cell wall of endodermal cells is:
a. Suberised, impermeable to water
b. Suberised, permeable to water
c. Lignified, impermeable to water
d. Lignified, permeable to water.

 67. In dorsiventral leaf palisade parenchyma is towards:
a. Abaxial surface 
b. Adaxial surface
c. Around the midrib 
d. Near the stomata

 68. Vascular bundles surrounded by bundle sheath cells can 
be observed in:
a. Monocot stem b. Monocot leaf
c. Dicot root d. Dicot leaf

 69. In the isobilateral leaf,
a. The stomata are present on both the surface of the 

epidermis
b. Mesophyll is not differentiated into palisade and 

spongy parenchyma
c. The parallel venation is reflected in the near similar 

size of vascular bundles (except in main veins)
d. All of the above statements are correct

 70. Which characteristic differentiates a dicot leaf from 
monocot leaf?
a. Stomata only on upper side
b. Differentiation of palisade and spongy parenchyma
c. Parallel venation
d. Stomata on both upper and lower sides

 71. On the basis of given features, select the correct option  
to which they belong:
A. Cambium - Absent 
B. Vascular bundles - Scattered
C. Phloem parenchyma - Absent
a. Dicot stem b. Dicot root
c. Monocot stem d. Monocot root

 72. Select the correct option on the basis of given features, 
to which they belong:
A. Cambium - Develops later
B. Pith - Absent
C. Epidermis -Possess unicelluar hairs
a. Dicot stem b. Monocot stem
c. Dicot root d. Monocot root

Secondary Growth [NCERT Pg 94-98]

 73. Cork tissue arises from
a. Periderm b. Phellogen
c. Phelloderm d. Phellem

 74. After two or three years of secondary growth the cortex 
in dicot roots –
a. Remains intact 
b. Is completely sloughed away
c. Is largely lost 
d. Is converted into cork

 75. Cork cambium gives rise to
a. Phellogen and secondary cortex
b. Phellogen, Phelloderm, Secondary cortex
c. Cork and Phellogen
d. Cork and Secondary cortex

 76. Secondary growth do not occur in:
a. Gymnosperm stem  b. Dicot stem
c. Dicot root d. Monocot stem

 77.  Physiologically functional part of wood is –
a. Heart wood only 
b. Only primary wood
c. Sap wood only
d. Both heart wood & sap wood
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 78. Heart wood differs from sapwood in
a. The presence of ray and fibres
b. The absence of vessels and parenchyma
c. Having dead and non - conducting elements
d. Being susceptible to pests and pathogens

 79. Intrafascicular cambium is situated
a. In between the vascular bundles
b. Inside the vascular bundles
c. Outside the vascular bundles
d. In pith

 80. When a tree grows older which of the following increase 
rapidly?
a. Heart wood b. Sap wood
c. Pith d. Cortex

 81. The cambium ring becomes active and begins to cut off 
new cells, both towards the inner and the outersides. The 
cells cut off towards pith, mature into ....(i).... and the 
cells cut off towards periphery mature into ....(ii).... . In 
this question (i) & (ii) are respectively -
a. (i) secondary phloem, (ii) secondary xylem
b. (i) secondary xylem, (ii) secondary phloem
c. (i) epidermis, (ii) pericycle
d. (i) pericycle, (ii) epidermis 

 82. Which tissue gives rise to secondary growth?
a. Apical meristem b. Adventitious roots
c. Germinating seed d. Vascular cambium

 83. Major part of wood of old dicot stem is filled with 
tannins, resins and gums. This part is called
a. Heart wood  b. Soft wood
c. Sap wood d. Hard wood

 84. The combination of which two secondary xylem 
components forms an annual ring 
a. Sapwood and autumn wood 
b. Early wood and late wood 
c. Heart wood and spring wood 
d. Autumn wood and alburnum

 85. .....(i).... wood does not conduct water but if given 
mechanical support to the stem. The peripheral region of 
the secondary xylem is lighter in colour and is known as 
the ....(ii).... which is involved in the conduction of water 
and minerals from root to leaf. (i) & (ii) are respectively.
a. Heartwood, sapwood b. Sapwood, Heart wood
c. Alburnum, Duramen  d. Both (b) & (c)

 86. During secondary growth in dicot stem, cambial ring is 
formed by intrafascicular cambium and 
a. Medullary rays 
b. Phellogen
c. Interfasicular cambium 
d. Phellem

 87. During secondary growth in stellar region of a dicot 
stem,  many changes come in the various tissues. Select 
the option in which is the particular tissue is incorrectly 
matched with its fate:

Tissue Fate during secondary growth
a. Secondary xylem Produced in high amount
b. Primary phloem Produced in low amount
c. Cambial ring Cut off secondary permanent 

tissue on both side
d. Secondary phloem Synthesised on outer side

 88. Which of the following is incorrect about secondary 
growth in dicot stem?
a. Girth of stem increases
b. Interfascicular cambium and interfascicular cambium, 

both show division
c. Secondary xylem is cut off more in quantity towards 

outer side
d. None of these 

 89. During secondary growth in dicot stem, cork cambium 
has cut off few cells are impermeable to water. These 
cell have been cut off towards:
a. Outer side b. Inner side
c. Lateral side d. In all directions

 90. Lens-like shaped strctures of cork helps in gaseous 
exchange are 
a. Stomata b. Guard cells
c. Lenticels d. Motor cells

 91. Cambial ring in root during secondary growth:
a. Remains wavy throughout
b. Remains circular throughout
c. Is wavy initially and becomes circular later on 
d. Is circular initially and becomes wavy later on

 92. Cork is also known as:
a. Phellem  b. Phellogen
c. phelloderm d. Bark

 93. For lenticels, one should observe:
a. Young stem b. Old woody stem
c. Young leaves d. Axilllary buds

 94. Incorrect about lenticels:
a. Regulate opening and closing of stomata
b. Perform exchange of gases
c. Transpiration also occurs
d. Absent in young stem

 95. What is responsible for formation of annual rings?
a. Homogenous activity of cork cambium
b. Differential activity of cork cambium
c. Homogenous activity of vascular cambium
d. Differential activity of vascular cambium
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 96. Annual ring is formed by:
a. Early wood 
b. Early wood + late wood
c. Heart wood + sap wood
d. Cork + cork cambium

 97. Which type of wood is incorrectly matched with its 
given feature?
a. Heartwood - Provides mechanical support
b. Spring wood - Possess vessels with wider lumen
c. Autumn wood - Darker in appearance
d. Sapwood - Functionally inactive

Image Based Questions

 98. Go through the diagram and select the correct option.

a. 1-pith, 3-intercalary meristem
b. 2-cortex, 5-root apical meristem
c. 1-central cylinder, 5-lateral meristem
d. 3-protoderm, 4-root apical meristem

 99. The given diagram represents:

a. Monocot root  b. Monocot stem
c. Dicot root d. Dicot stem

 100.  Label the parts given in the diagram below

a. B-Sporogenous tissue A-Tapetum D-Middle layers 
C-Endothecium E-Epidermis

b. C-Sporogenous tissue A-Tapetum D-Middle layers 
E-Endothecium B-Epidermis

c. A-Sporogenous tissue B-Tapetum C-Middle layers 
D-Endothecium E-Epidermis

d. D-Sporogenous tissue E-Tapetum C-Middle layers 
B-Endothecium A-Epidermis

 101. Identify the parts labeled A,B,C and D and select the 
correct option.

A B C D

a. Secondary 
Cortex

Epidermis Cork 
Cambium

Complimentary 
Cell

b. Complimentary 
Cell

Secondary Cortex Cork 
Cambium

Epidermis

c. Cork Cambium Complimentary 
Cell

Epidermis Secondary 
Cortex

d. Complimentary 
Cell

Cork Cambium Secondary 
Cortex

Epidermis
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Fact Based Round

 1.  Which of the following tissue provide tensile strength 
against bending & swaying?
a. Parenchyma b. Collenchyma
c. Sclerenchyma d. Sclereids

 2. Four radial vascular bundles are formed in:
a. Monocot root  b. Dicot stem
c. Dicot root d. Monocot stem

 3. Annual rings are formed basically due to:
a. Marked variations in seasons
b. Different kind of development of phloem and xylem
c. Uniform climate conditions
d. Different kinds of phloem.

 4. The commercial jute fibres are obtained from:
a. Interxylary fibres b. Xylem fibres
c. Phloem fibres d. None of these

 5.  In monocot stems, secondary growth cannot occur 
because vascular bundles are –
a. Scattered b. Open
c. Closed d. Radial

 6. The waxy material deposited in the casparian strip of the 
endodermis is:
a. Pectin  b. Suberin
c. Cellulose d. Lignin

 7.  Sieve tube elements are ideal component for nutrients 
translocation because - 
a. End wall is not present
b. Bordered pits are present 
c. Narrow lumen rich in cytoplasm 
d. Broad lumen with small quantity of peripheral 

cytoplasm

 8. Which one of the following comprises only simple 
tissues
a. Parenchyma, Collenchyma and Sclerenchyma
b. Parenchyma, Xylem and Collenchyma
c. Parenchyma, Xylem and Sclerenchyma
d. Parenchyma, Xylem and Phloem

 9.  A 100 years old tree which shows well marked annual 
rings in its trunk will show
a. The same number of rings from base to its trunk
b. More than 100 rings at base and about 20 rings at top
c. Only about a hundred ring at base and a uniformly 

decreasing number of rings towards top
d. None of these

 10. Which of the following is true for a dicot leaf?
a. Mesophyll is differentiated into palisade and spongy 

parenchyma
b. Mesophyll is not differentiated into palisade and 

spongy parenchyma
c. Stomata on both surface (Amphistomatic)
d. None of the above

 11. Select the correct characteristics about labelling given in 
diagram:

a. B gives rise to epidermis of root and also the root 
haired

b. C is protective for cortex
c. A possess vascular bundles
d. D is group of actively dividing cells

 12.  Select the correct option along with its function.
a. Sieve Pore: Pores on the lateral walls of sieve tube 

element
b. Sieve-tube Element: Have imperforated wall centrals 

by companion cell
c. Phloem Parenchyma: Have pits, exist plasmodesmata 

absent in dicot
d. Companion Cell: Parenchymatous cell, maintain 

pressure gradient in sieve tube

Rank Boosters
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 13. Oval, spherical or polygonal cells, thickening at corners 
due to deposition of cellulose, hemicellulose and 
pectinoften containing chloroplasts and having or not 
having intercellular spaces are called
a. Parenchyma b. Chlorenchyma
c. Sclerenchyma d. Collenchyma

Combination Round

 14. Match the columns and find out the correct combination: 
A. Xylem Vessels 1. Store food materials
B. Xylem trachieds 2. Obliterated lumen
C. Xylem fibre 3. Perforated plates
D. Xylem parenchyma 4. Chisel-like ends

a. A-4 B-3 C-2 D-1
b. A-3 B-2 C-1 D-4
c. A-2 B-1 C-4 D-3
d. A-3 B-2 C-3 D-4

 15. Match the columns and find out the correct combination: 

A. Complimentary 
cells

1. Spring wood and Autumn 
wood

B. Heart wood 2. Lenticels
C. Sap wood 3. Non-functional secondary 

xylem
D. Annual ring 4. Functional secondary 

xylem
5. Periderm

a. A-2 B-3 C-4 D-1

b. A-2 B-3 C-5 D-1

c. A-2 B-4 C-5 D-3

d. A-2 B-5 C-3 D-1

 16.  Match the columns and find out the correct combination:
A. Apical meristems 1. Promotes vertical growth 

in grasses

B. Lateral meristems 2. Enhances cylindrical 
growth of stems and 
roots

C. Intercalary 
meristems

3. Primary meristems that 
can produce secondary 
meristems

D. Fascicular 
vascular cambium

4. Derived from lateral 
meristems

5. Primary meristems 
produces dermal, ground 
and vascular

a. A-5 B-2 C-1 D-3
b. A-5 B-4 C-1 D-3
c. A-5 B-2 C-1 D-2
d. A-4 B-3 C-2 D-5

 17.  Match the columns and find out the correct combination:

A. Tracheid 1. Spindle shaped 
B. Vessel member 2. Living element 
C. Xylem fibre 3. Cylindrical
D. Xylem parenchyma 4. Universal conducting 

elements 

a. A-1 B-3 C-4 D-2
b. A-4 B-1 C-3 D-2
c. A-1 B-4 C-3 D-2
d. A-4 B-3 C-1 D-2

 18. Match the columns and find out the correct combination:

A. Endodermis 1. Outermost layer of stele
B. Pericycle 2. Outermost layer of 

cortex
C. Hypodermis 3. Innermost layer of 

cortex

D. Secondary phloem 4. Innermost layer of Bark
5. Innermost layer of stele

a. A-1 B-3 C-2 D-4
b. A-3 B-1 C-4 D-2
c. A-1 B-2 C-3 D-4
d. A-3 B-1 C-2 D-4

Conceptual Round

 19. Consider the following statements:

A. In a dicot root, the vascular bundles are collateral 
and endarch.

B. The inner most layer of cortex in a dicot root is 
endoermis.

C. In a dicot root, the phloem massses are separated 
from the xylem by parenchymatous cells that are 
known as the conjunctive tissue.  

Of these statements given above
a. (A) is true but (B) and (C) are false
b. (B) is true but (A) and (C) are false
c. (B) and (C) are true but (A) is false
d. (A) and (C) is true but (B) is false
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 20. Incorrect statement is/are (with respect to dicot stems)

A. Vascular cambium activity is under the control of 
many physiological and environmental factors.

B. In the spring season, cambium is very active and 
more active towards inside.

C. Unlike dicot roots, the vascular cambium is 
completely secondary in origin in dicot stems.

D. Early or soft bark do not have secondary phloem.

E. Due to activity of the cork cambium, pressure 
builds up on the remaining layers peripheral to 
phellogen and ultimately these layers die and 
slough off.

F. Major part is dead in secondary xylem, some part 
is dead in secondary phloem and no part is dead in 
secondary medullary rays.

a. A and E b. B and F
c. C and D d. A and D

 21. Which is correct about transport or conduction of 
substances
a. Organic food moves upwardly through xylem
b. Organic food moves up through phloem
c. Inorganic food moves upwardly and downwardly 

through xylem
d. Organic food moves upwardly and downwardly 

through phloem.

 22. Which is correct statement?
a. Casparian strips are found in endodermis and made up 

of only lignin
b. Parenchyma is differentiated and main assimilatory 

tissue
c. Phellogen is secondary cambium, it is formed by 

fascicular cambium
d. Pith is present in dicot root and monocot stem

Advance Round

 23. Which of the following character is not related with 
companion cell?
a. It is specialised parenchymatous cell
b. It helps in maintaining pressure gradient in the sieve 

tube
c. Its nucleus controls the function of sieve tube
d. It is connected to vessels through pit field

 24. If both dicot root and monocot root possess six xylem 
bundles. The two can be distinguished by:
a. Presence of lysigenous cavity in dicot root
b. Occurrence of more metaxylem vessels in dicot root
c. Presence of exarch condition in monocot root
d. Shape of vessels in T.S.

 25. The spring wood is __A__ whereas the autumn wood is 
__B__ :

a. A- darker in colour and has a higher density, B- lighter 
in colour and has lower density

b. A- lighter in colour and has lower density, B-darker 
and has a higher density

c. A- lighter in colour and has a higher density, B- darker 
and has lower density

d. A- darker in colour and has a lower density, B- lighter 
in colour and has a higher density

 26. A stem-boring beetle has laid its eggs in the center of 
a 5-year-old wood twig, and the eggs have matured 
into larvae. In proper order (inside to outside), what 
tissues and tissue regions would the larvae encounter as 
they eat their way toward the outside of the twig? (For 
simplicity, assume that the epidermis has already fallen 
off completely.)
a. Pith; primary xylem; secondary xylem; vascular 

cambium; primary phloem; secondary phloem; cortex
b. Pith; secondary xylem; primary xylem; vascular 

cambium; secondary phloem; primary phloem; 
cortex

c. Pith; secondary xylem; primary xylem; vascular 
cambium; primary phloem; secondary phloem; 
cortex

d. Pith; primary xylem; secondary xylem; vascular 
cambium; secondary phloem; primary phloem; 
cortex

 27. In roots, the primary xylem is called exarch because:
a. The protoxylem lies towards the centre and metaxylem 

lies towards the periphery
b. The protoxylom lies towards the periphery and 

metaxylem lies towards the centre
c. Both the protoxylem and the metaxylem lies towards 

the centre
d. The protoxylem is surrounded by the metaxylem
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Assertion & Reason Based Questions

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 True and the 

Reason is a correct explanation of the Assertion.

B.  If both Assertion and Reason are True but Reason 

is not a correct explanation of the Assertion.

C. If Assertion is True but the Reason is False.

D. Assertion is False but Reason is True.

 28. Assertion: The cork is impervious to water. 

  Reason: In cork cells, suberin is deposited in cell wall.

 29. Assertion: Intercalary meristem occurs in between 
mature tissue. 

  Reason: It occurs in grasses and regenerates parts 
removed by grazing herbivores. 

 30. Assertion: The amount of secondary xylem is produced 
more than secondary phloem and soon forms a compact 
mass.

  Reason: The cambium is generally less active on the 
inner side than on the outer. 

 31. Assertion: The heart wood is involved in transportation 
of water.

  Reason: The heart wood is central part of wood.

 32. Assertion: Vegetative propagation by cuttings is 
possible due to the activity of parenchyma.

  Reason: Parenchyma provides rigidity to the plant.

Statement Based Questions

Directions: These questions consist of two statements each, 
printed as Statement-I and Statement-II. While answering 
these questions, you are required to choose any one of the 
following four responses.

A. Both Statement-I and Statement-II are correct.
B.  Both Statement-I and Statement-II are incorrect.
C. Statement-I is correct & Statement-II is incorrect.
D. Statement-I is incorrect & Statement-II is correct.

 33. Statement-I: Apical, intercalary and all lateral 
meristems are primary meristems.

  Statement-II: Secondary meristem appears early in the 
life of a plant and contribute to formation of primary 
plant body. 

 34. Statement-I: Intercalary meristem increase length of 
plant like apical meristems.

  Statement-II: Intercalary meristem originates from the 
apical meristems. 

 35. Statement-I: Sapwood is less durable than the 
heartwood.

  Statement-II: Hollow tree trunks are  due to the 
disappearance of sapwood.

 36. Statement-I: Bulliform cells are useful in the unrolling 
of leaf.

  Statement-II: Bulliform leaves store water.

 37. Statement-I: Secondary growth usually occurs in 
monocotyledonous stems.

  Statement-II: The vascular cambium present between 
xylem and phloem possesses the ability to form 
secondary xylem and secondary phloem respectively.
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 1. A transverse section of stem is stained first with safranin 
and then with fast green following the usual schedule 
of double staining for the preparation of a permanent 
slide. What would be the colour of the stained xylem 
and phloem?
a. Red and green b. Green and red
c. Orange and yellow d. Purple and orange

 2. Match the following columns.
Column I Column II

A. Meristem 1. Photosynthesis, storage
B. Parenchyma 2. Mechanical support
C. Collenchyma 3. Actively dividing cells
D. Sclerenchyma 4. Stomata
E. Epidermal tissue 5. Sclereids
a. A-1 B-3 C-5 D-2 E-4
b. A-3 B-1 C-2 D-5 E-4
c. A-2 B-4 C-5 D-1 E-3
d. A-5 B-4 C-3 D-2 E-1

 3. Match the following columns.
Column I Column II

A. Cuticle 1. Guard cells
B. Bulliform cells 2. Single layer
C. Stomata 3. Waxy layer
D. Epidermis 4. Empty colourless cell

a. A-3 B-4 C-1 D-2
b. A-1 B-2 C-3 D-4
c. A-3 B-2 C-4 D-1
d. A-3 B-2 C-1 D-4

 4. Identify the simple tissue system from among the 
following.
a. Parenchyma b. Xylem 
c. Epidermis d. Phloem

 5. Cells of this tissue are living and show angular wall 
thickening. They also provide mechanical support. The 
tissue is:
a. Xylem b. Sclerenchyma 
c. Collenchyma d. Epidermis

 6. Epiblema of roots is equivalent to:
a. Pericycle b. Endodermis
c. Epidermis d. Stele

 7. A conjoint and open vascular bundle will be observed in 
the transverse section of:
a. Monocot root b. Monocot stem 
c. Dicot root d. Dicot stem

 8. Interfascicular cambium and cork cambium are formed 
due to:
a. Cell division b. Cell differentiation
c. Cell dedifferentiation d. Redifferentiation

 9. Phellogen and phellem respectively denote:
a. Cork and cork cambium 
b. Cork cambium and cork
c. Secondary cortex and cork 
d. Cork and secondary cortex

 10. In which of the following pairs of parts of a flowering 
plant is epidermis absent?
a. Root tip and shoot tip b. Shoot bud and floral bud
c. Ovule and seed d. Petiole and pedicel

 11. How many shoot apical meristems are likely to be 
present in a twig of a plant possessing, 4 branches and 
26 leaves?
a. 26 b. 1 
c. 5 d. 30 
e. 4

 12. A piece of wood having no vessels (trachea) must be 
belonging to:
a. Teak b. Mango
c. Pine d. Palm

 13. A plant tissue, when stained, showed the presence of 
hemicellulose and pectin in cell wall of its cells. The 
tissue represents:
a. Collenchyma b. Sclerenchyma 
c. Xylem d. Meristem

 14. In conifers, fibres are likely to be absent in:
a. Secondary phloem b. Secondary xylem
c. Primary phloem      d. Leaves

 15. When we peel the skin of a potato tuber, we remove:
a. Periderm b. Epidermis
c. Cuticle d. Sapwood

 16. A vessel-less piece of stem possessing prominent sieve 
tubes would belong to:
a. Pinus b. Eucalyptus
b. Grass d. Trochodendron

 17. Which one of the following cell types always divide by 
anticlinal cell division?
a. Fusiform initial cells b. Root cap
c. Protoderm d. Phellogen

 18. What is the fate of primary xylem in a dicot root showing 
extensive secondary growth?
a. It is retained in the centre of the axis
b. It gets crushed
c. May or may not get crushed
d. It gets surrounded by primary phloem

NCERT Exemplar Problems
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 1. Identify the incorrect statement. (2020)
a. Sapwood is involved in conduction of water and 

minerals from root to leaf.
b. Sapwood is the innermost secondary xylem and is 

lighter in colour.
c. Due to deposition of tannins, resins, oils etc., heart 

wood is dark in colour.
d. Heart wood does not conduct water but gives 

mechanical support.

 2. The transverse section of a plant shows following 
anatomical features: (2020)
1. Large number of scattered vascular bundles 

surrounded by bundle sheath.
2. Large conspicuous parenchymatous ground tissue.
3. Vascular bundles conjoint and closed.
4. Phloem parenchyma absent.
Identify the category of plant and its part:
a. Monocotyledonous root
b. Dicotyledonous stem
c. Dicotyledonous root
d. Monocotyledonous stem

 3. Large, empty colourless cells of the adaxial epidermis 
along the veins of grass leaves are (2020-Covid)
a. Guard cells b. Bundle sheath cells
c. Bulliform cells d. Lenticels

 4. Which of the following statements about cork cambium is 
incorrect? (2020-Covid)
a. It forms a part of periderm
b. It is responsible for the formation of lenticels
c. It is a couple of layers thick
d. It forms secondary cortex on its outerside

 5. Grass leaves curl inwards during very dry weather. 
Select the most appropriate reason from the following 
 (2019)
a. Closure of stomata
b. Flaccidity of bulliform cells
c. Shrinkage of air spaces in spongy mesophyll
d. Tyloses in vessels

 6. Phloem in gymnosperms lacks (2019)
a. Albuminous cells and sieve cells
b. Sieve tubes only
c. Companion cells only
d. Both sieve tubes and companion cells

 7. Which of the statements given below is not true about 
formation of annual Rings in trees? (2019)
a. Annual ring is a combination of spring wood and 

autumn wood produced in a year
b. Differential activity of cambium causes light and dark 

bands of tissue-early and late wood respectively.
c. Activity of cambium depends upon variation in 

climate.
d. Annual rings are not prominent in trees of temperate 

region.

 8. Secondary xylem and phloem in dicot stem are produced 
by  (2018)
a. Apical meristem b. Vascular cambium
c. Phellogen  d. Axillary meristems

 9. Casparian strips occur in  (2018)
a. Epidermis  b. Pericycle
c. Cortex  d. Endodermis

 10. Plants having little or no secondary growth are  (2018)
a. Grasses b. Deciduous angiosperms
c. Conifers d. Cycads

 11. Which of the following is made up of dead cells?
 (2017-Delhi)
a. Xylem parenchyma  b. Collenchyma
c. Phellem  d. Phloem

 12. Which of the following facilitates opening of stomatal 
aperture? (2017-Delhi)   
a. Contraction of outer wall of guard cells
b. Decrease in turgidity of guard cells
c. Radial orientation of cellulose microfibrils in the cell 

wall of guard cells
d. Longitudinal orientation of cellulose microfibrils in 

the cell wall of guard cells
 13. The vascular cambium normally gives rise to:

 (2017-Delhi)
a. Phelloderm  b. Primary phloem
c. Secondary xylem  d. Periderm

 14. Identify the wrong statement in context of heartwood: 
 (2017-Delhi)
a. Organic compounds are deposited in it
b. It is highly durable
c. It conducts water and minerals efficiently
d. It comprises dead elements with highly lignified wall

Past Year Questions
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Self Assessment Questions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
b a c c c b d a c c a c c b b c b
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
a d c b b b a d c b a c a c d b a

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
c c a a b c c b a c b c b d c b d

52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
d b c d d b d d b d d d c c a b d
69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
d b c c b b d d c c b a b d a b a
86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101
c b c a c c a b a d b d b b d c

Rank Boosters
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d c c d a d d b d b a b c d c b a
35 36 37
c a d

NCERT Exemplar Problems

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
a b a a c c d c b a c c a b a d c

18
a

Past Year Questions

1 2 3 4 5 6 7 8 9 10 11 12 13 14

b d c d b d d b d a c c c c

Answer Key
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Self Assessment Questions

 98. (b) NCERT (XI) Ch - 6, Pg. 85, fig 6.1 (a)

 99. (b) NCERT (XI) Ch - 6, Pg. 92, fig 6.7 (b)

 101. (c) NCERT (XI) Ch - 6, Pg. 97, fig 6.10 (a)

Rank Boosters

 1. (b) NCERT (XI) Ch - 6, Pg. 86
In collenchyma, intercellular spaces are absent. They 
provide mechanical support and tensile strength to 
the growing parts of the plant such as young stem and 
petiole of a leaf.

 2. (c)

There are usually two to four xylem and phloem patches. 
Later, a cambium ring develops between the xylem and 
phloem.

 3.  (a) Due to differential seasonal activity of cambium, 
alternate light & dense wood is cut off leading to 
formation of annual rings.

 4.  (c) Phloem fibres (bastfibres) are made up of 
sclerenchymatous cells. Phloem fibres of jute, flax and 
hemp are used commercially.

 5. (c) NCERT (XI) Ch - 6, Pg. 93

In monocot stems, the vascular bundles are conjoint and 
closed.

 6. (b) NCERT (XI) Ch - 6, Pg. 91

The tangential as well as radial walls of the endodermal  
cells have a deposition of water-impermeable, waxy 
material suberin in the form of casparian strips.

 7. (d) NCERT (XI) Ch - 6, Pg. 88

Sieve tube elements are long, tube-like structures, 
arranged longitudinally and are associated with the 
companion cells. Their end walls are perforated in a 
sieve-like manner to form the sieve plates.
A mature sieve element possesses a peripheral cytoplasm 
and a large vacuole but lacks a nucleus.

 8. (a) NCERT (XI) Ch - 6, Pg. 86

Simple cells are the one which shows similarity in 

structure as well as in function. They are of three types’ 
parenchyma, collenchyma and sclerenchyma. They fall 
under the category of permanent tissues. Thus, option-A 
is correct. 

 9. (c) NCERT (XI) Ch - 6, Pg. 96
Annual rings seen in a cut stem give an estimate of the 
age of the tree. Each annual ring represents one year. 
The outermost ring, near the bark, is the youngest. Thus 
one year of growth is represented by a ring consisting of 
a light part and a dark part.

 10. (a) NCERT (XI) Ch - 6, Pg. 91 
Mesophyll is differentiated into palisade and spongy 
parenchyma in a dicot leaf.

 11. (d) NCERT (XI) Ch - 6, Pg. 85, fig 6.1
The part D is root apical meristem which actively 
divides.

 12. (d) NCERT (XI) Ch - 6, Pg. 87, fig 6.3
The companion cells are specialized parenchymatous 
cells, which are closely associated with sieve tube 
elements.
Phloem parenchyma is absent in most of the 
monocotyledons. 
The end walls of sieve tube element are perforated by 
sieve pores.

 13. (d) Permanent tissues are of two types that is simple 
permanent and complex permanent. Simple permanent 
tissues are of three types namely parenchyma, collenchyma 
and sclerenchyma. Collenchyma is present in the layers 
below the epidermis and can be oval, spherical or polygonal. 
The corners are thick because of the presence of cellulose, 
hemicellulose and pectin. The intercellular spaces are 
absent.

 19. (c) NCERT (XI) Ch - 6, Pg. 90
In a dicot root, the vascular bundles are open and 
endarch.

 20. (c) NCERT (XI) Ch - 6, Pg. 97
In the dicot root, the vascular cambium is completely 
secondary in origin. Bark refers to a number of tissue 
types, viz., periderm and secondary phloem. Bark that 
is formed early in the season is called early or soft bark. 

 21. (d) Phloem is involved in the movement of food 
material from one place to another and the process is 
called translocation. In sieve tube, there is cytoplasmic 
streaming movement and the solute molecules are caught 
up in the circulating cytoplasm which is transported 
from one place to another with the help of cytoplasmic 
strands present in the sieve plates.   

 22. (a) Casparian strips are found in endodermis and made 

Explanations and NCERT References
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up of suberin.
Parenchyma cells are not differentiated neither 
morphologically nor physiologically .
There is no pith region in monocots. Cork combium or 
phellogen arises from the hypodermis or from the outer 
layer of cortex because they become meristematic.

 23. (d) NCERT (XI) Ch - 6, Pg. 88
The companion cells are specialized parenchymatous 
cells, which are closely associated with sieve tube 
elements. The sieve tube elements and companion 
cells are connected by pit fields present between their 
common longitudinal walls. The companion cells help 
in maintaining the pressure gradient in the sieve tubes.

 24. (d) In dicot root, vessels of xylem are angular or 
polygonal in shape, when we cut it in transverse section. 
In monocot root, vessels of xylem are rounded or oval.

 25. (b) NCERT (XI) Ch - 6, Pg. 96
The spring wood is lighter in colour and has a lower 
density whereas the autumn wood is darker and has a 
higher density. 

 26. (d) In young stems, the tissues are from the outside to 
the inside: epidermis, periderm, cortex, primary phloem, 
secondary phloem, vascular cambium, secondary xylem, 
and primary xylem.

 27. (b) NCERT (XI) Ch - 6, Pg. 87
In stems, the protoxylem lies towards the centre (pith) 
and the metaxylem lies towards the periphery of the 
organ. This type of primary xylem is called endarch. 
In roots, the protoxylem lies towards periphery and 
metaxylem lies towards the centre. Such arrangement of 
primary xylem is called exarch.

Assertion & Reason Based Questions

 28. (a) Due to deposition of suberin, an impermeable 
substance in cell wall of cork cells, cork is impervious  
to water.

 29. (b) The meristem (continuously dividing cells) which 
occurs between mature tissues is known as intercalary 
meristem. They occur in grasses.

 30. (c) In secondary growth, activity of cambial ring begins 
to cut off new cells towards inner and outer side. The 
cells cut off towards pith, mature into secondary xylem 
and cells cut off towards periphery mature into secondary 
phloem. The cambium is generally more active on 
inner side than outer. The amount of secondary xylem 
produced is more than that of secondary phloem.

 31. (d) Heartwood comprises dead elements with highly 
lignified wall. This region does not conduct water but 
provide mechanical support to stem. Sapwood present in 
periphery region is involved in conduction of water and 
minerals.

 32. (c) The parenchyma cells possess meristematic 

potentialities which undergoes division and develops into 
buds and adventitious roots. Because of this vegetative 
propagation by cutting is possible. Collenchyma 
provides rigidity to the plant.

Statement Based Questions

 33. (b) Primary meristems are apical and intercalary 
meristems. Lateral meristems  are secondary meristems. 
Secondary meristems appear later than primary 
meristems and occur in mature regions of roots and 
shoots of plants. Primary meristems appear early in life 
of a plant and contribute to formation of primary plant 
body.

 34. (a) Intercalary meristems: They occur between mature 
tissues. They occur in grasses and regenerate parts 
removed by the grazing herbivores. 

Apical and intercalary meristems are primary meristems 
because they appear early in a plant life and contribute 
to the formation of the primary plant body.

 35. (c)  Various types of plant products like oils, resins, gums 
and tanins are deposited in the cells of the heartwood. 
They are antisepteic. The heartwood is, therefore, 
stronger and more durable than the sapwood. It is, 
however, liable to be attacked by wood rotting fungi. 
Hollow tree trunks are due to their activity. Sapwood 
(outer light coloured wood) is less durable because it is 
susceptible to attack by pathogens and insects.

 36. (a) In isobilateral leaves, the upper epidermis contains 
specialized cells, i.e., bulliform or motor cells. They 
are highly vacuolated and can store water, if available. 
However, in case of water deficiency the bulliform cells 
lose water and become flaccid. As a result the leaf gets 
rolled up to reduce the exposed surface. The bulliform 
cells are also useful in the unrolling of leaf during its 
development.

 37. (d) Dicotyledonous stems usually shows secondary 
growth in thickness which is due to the activity of 
vascular cambium and cork cambium. Vascular cambium 
is present between phloem and xylem. Such vascular 
bundles because of the presence of the cambium possess 
the ability to form secondary xylem and phloem tissues, 
and hence exhibit secondary growth.

NCERT Exemplar Problems

 1. (a) The xylem is coloured red with safranin and phloem 
green with fast green, whereas other colours are not 
given by safranin and fast green.

 2. (b) Meristem is a group of actively dividing cells which 
is responsible for the lifelong growth occurring in the 
plants.
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Parenchyma: It is a permanent tissue and widely 
distributed in plant body. It is mainly involved in 
photosynthesis in chlorophyll containing cells and also 
store food materials.
Collenchyma: The cells of collenchyma tissue have 
thickening at corners of cells and this provide mechanical 
strength to herbaceous green stems.
Sclerenchyma: This tissue is dead at maturity, have 
thickening along all sides of walls. Sclereids and fibre 
are this types of tissue.
Epidermal tissue: The epidermal tissue system forms 
the outer most covering of the whole plant body and 
comprises epidermal cells, stomata and the epidermal 
appendages; the trichomes and hairs.

 3. (a) Cuticle: It is a waxy layer present all over the plant 
body except root.
Bulliform Cells: These are empty colourless cells when 
the bulliform cells in the leaves absorbed water and 
becomes turgid the leaf surface is exposed. When they 
are flaccid due to water stress, they make the leaves curl 
inwards to minimise water loss.
Stomata: These are minute apertures in the epidermis, 
meant for gas exchange. Each aperture is bounded by 
two kidney shaped cells called guard calls. Guard cells 
control closing and opening of stomata.
Epidermis: It is generally uniseriate, i.e., composed of 
single layer of epidermal cells. In some cases epidermis 
may be multilayered, e.g., Ficus, Nerium.

 4. (a) A simple tissue is made of only one type of alls so the 
origin of simple tissue is homogeneous. Parenchyma, 
collenchyma and sclerenchyma come under simple 
tissue.

 5. (c) Collenchyma: This tissue provide mechanical 
support mainly to herbaceous young growing stem. The 
cells have angular thickening at the corners. Whereas, 
xylem is conductive complex tissue, transports water 
and mineral.
Sclerenchyma is dead at maturity, present in hard areas 
of the plant. Epidermis is usually a single layered 
structure present on the entire body surface of the plant.

 6. (c) Epidermis: It is usually a single layered structure, 
present all over the body surface of the plant. In case of 
root, it is called epiblema instead of epidermis.
Whereas stele is collective term for vascular tissues in 
case of vascular plants (pteridophyte gymnosperms and 
angiosperms).
Endodermis and pericycle are the part of root or stem 
encircling vascular strands.

 7. (d) Vascular bundles are said to be open when cambium 
is present in between the xylem and phloem. Conjoint 
means the xylem and phloem are united and are present 
on the same radius.

 8. (c) Interfascicular cambium and cork cambium are 
formed due to cell dedifferentiation. 
Differentiation: The process which leads to maturation 
of cells is called differentiation. During differentiation, 
a few or major changes happen in protoplasm and cell 
walls of the cells.
Dedifferentiation: A differentiated cell can regain its 
capacity for cell division under certain conditions. This 
phenomenon is called dedifferentiation. Formation 
of interfascicular cambium and cork cambium from 
fully-differentiated parenchyma cells is an example of 
dedifferentiation.
Redifferentiation: A dedifferentiated plant cell once 
again loses its capacity to divide and becomes mature. 
This phenomenon is called redifferentiation.

 9. (b) In the dicot stem, the cortical cells gets differentiated 
to give rise to another meristematic tissue which is 
called cork cambium or phellogen. On the outer side, 
it forms phellem (cork) and in the inner region, it forms 
secondary cortical cells (phelloderm).

 10. (a) Root and shoot tip of an actively growing plant has 
high meristematic activity. The cells in this region are 
highly active and keep dividing. So, the cells do not get 
differentiated to epidermal tissue, so epidermis is absent 
in root and shoot tips.

 11. (c) Apical Meristem is always present at the growing 
apices. Plants having 4 branches and 26 leaves will have 
5 growing apices (4 growing apex of the branches, one 
growing apex of the main plant axis).

 12. (c) Pine is a gymnosperm. The plants belonging to this 
group do not have vessels instead, they have trachieds. 
Whereas teak, mango and palm are angiospermic 
trees. Angiospermic xylem contains vessels, tracheids, 
parenchyma and fibres.

 13. (a) Collenchyma: It is a group of specialised cells 
meant for mechanical support. It has the thickening at 
the corners of the cells which is mainly because of the 
deposition of pectin and hemicellulose.

 14. (b) Leaves of the plants are mainly the organ of 
photosynthesis. It has specialised parenchymatous cells 
having chlorophyll. It does not have any fibrous cells.

 15. (a) Potato is an underground stem. The outer epidermal 
layer of the stem is known as periderm. So when we 
remove skin of potato, we are actually removing the 
periderm.

 16. (d) Trichodendron: The species of this genus have a very 
unique feature of the angiosperms, i.e., it lack vessel 
elements in its wood, but has prominent sieve tube cells.

 17. (c) Phellogen: It is secondary meristematic tissue which 
develops from the cells of cortical region of dicot stem. 
It is responsible for secondary growth. Its cells divide on 
both sides, i.e., anticlinal division occurs.
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On the outerside of stem, it gives rise to cork or phellem 
and on inner side phelloderm or secondary cortex.

 18. (a) Primary xylem is present in the centre of the root. As 
secondary growth occurs in the root the primary phloem 
is pushed outside whereas, primary xylem remains 
inside of the root.

Past Year Questions

 1. (b) NCERT (XI) Ch - 6, Pg. 96
In old trees, the central or innermost part of secondary 
xylem is dark brown due to deposition of organic 
compounds like tannins, resins, oils, gums, aromatic 
substances and essential oils. This region comprises 
dead elements with highly lignified walls called as 
heartwood. 

The peripheral region (outermost) of the secondary 
xylem is lighter in colour and is known as the sapwood.

 2. (d) NCERT (XI) Ch - 6, Pg. 93
The monocotyledonous stem has a sclerenchymatous 
hypodermis, a large number of scattered vascular 
bundles, each surrounded by a sclerenchymatous bundle 
sheath, and a large, conspicuous parenchymatous ground 
tissue. Vascular bundles are conjoint and closed

 3. (c) NCERT (XI), Ch - 6, Pg. 94
In grasses, certain adaxial epidermal cells along the 
veins modify themselves into large, empty, colourless 
cells. These are called bulliform cells.

 4. (d) NCERT (XI), Ch - 6, Pg. 96

Cork cambium or phellogen cuts off cells on both 
sides. The outer cells differentiate into cork or 
phellem while the inner cells differentiate into 
secondary cortex or phelloderm. It forms secondary 
cortex on its innerside.

 5. (b) NCERT (XI) Ch - 6, Pg. 94
Bulliform cells become flaccid due to water stress. This 
will make the leaves to curl inward to minimise water 
loss

 6. (d) NCERT (XI) Ch - 6, Pg. 88
Phloem in gymnosperms lacks both sieve tube and 
companion cells. Gymosperms have albuminous cells 
and sieve cells.

 7. (d) NCERT (XI) Ch - 6, Pg. 96
Annual rings are formed by the seasonal activity of 
cambium. In temperate regions, climatic conditions are 
not uniform throughout the year. However in tropics 

climatic conditions are uniform throughout the year. 
Therefore, in plants of temperate regions, cambium is 
more active in spring and less active in autumn seasons.

 8. (b) NCERT (XI) Ch - 6, Pg. 94

Vascular cambium is located between the xylem and 
phloem in the stem and root of a vascular plant. It is the 
source of both the secondary xylem growth (inwards, 
towards pith) and secondary phloem growth (outwards).

 9. (d) NCERT (XI) Ch - 6, Pg. 91

Casparian strip is a band of cell wall material deposited 
in the radial and transverse walls of the endodermis. It is 
made up of suberin and lignin.

 10. (a) NCERT (XI) Ch - 6, Pg. 94

Monocots either have no secondary growth or they 
have an anomalous secondary growth such as in grass. 
It happens because of the absence of cambium between 
xylem and phloem in monocots.

 11. (c) NCERT (XI) Ch - 6, Pg. 96

Phellogen cuts off cells on both sides. The outer cells 
differentiate into cork (phellem) while the inner cells 
differentiate into secondary cortex (phelloderm). Cells 
of secondary cortex are parenchymatous.  Phellem is 
made up of dead cells.

 12. (c) Stomata regulate the transpiration and gaseous 
exchange. A stoma is made of two bean-shaped cells 
(guard cells). 

In grasses, the guard cells are dumbbell shaped. 

The outer walls of guard cells (away from the stomatal 
pore) are thin and the inner walls (towards the stomatal 
pore) are highly thickened.

 13. (c) NCERT (XI) Ch - 6, Pg. 96

During secondary growth, vascular cambium gives rise 
to secondary xylem and secondary phloem. Phelloderm 
is formed by cork cambium.

 14. (c) NCERT (XI) Ch - 6, Pg. 96

Heartwood: It is the hard, dead, dark brown-coloured, 
highly lignified and non-functional central part of the 
secondary xylem of old trees. The dark colour is due to 
deposition of organic compounds (tannins, resins, oils, 
gums, aromatic substances, essential oils etc). These 
substances make it hard, durable and resistant to the 
attacks of microorganisms and insects. The heartwood 
does not conduct water but it gives mechanical support 
to the stem.



 1. When force and displacement are in same direction the 
energy of the body increases. The increase in K.E is 
equal to the work done on the body

 2. When work is done on the body, its kinetic or potential 
energy increases.

 3. When a body moves along a circular path with uniform 
speed, there is no change in its kinetic energy. By work 
energy theorem the work done by centripetal force is 
zero.

 4. When the momentum of a body increases by a factor n, 
then its kinetic energy increases by factor n2.

 5. The kinetic energy of body becomes four times its initial 
value. The new momentum will be twice the initial 
value.

 6. A body can have momentum when its energy is negative.

 7. When a light body and heavy body are moving with 
same kinetic energy and same retarding force is applied 
on each, both the bodies will stop after travelling the 
same distance.

 8. For the gravitational P.E, the zero of potential energy is 
chosen to be the ground.

 9. Internal energy of the body is sometimes called the 
microscopic mechanical energy of the body.

 10. Energy is not lost due to friction but it is converted into 
heat energy.

 11. Kinetic energy of a system can be increased or decreased 
without applying any external force on the system.

 12. If we account for all forms of energy, the total energy of 
an isolated system does not change.

 13. Remember that work done in moving a body over a 
smooth inclined plane does not depend upon slope of  
inclined plane W = mgh, and it depends only on height h 
of the inclined plane.

 14. Collision is an isolated event in which two or more 
colliding bodies exert relatively strong forces on each 
other for a relatively short time.

 15. Potential energy of a system increases if conservative 
force does work on it.

 16. When a spring is compressed potential energy increase.

	 17.	Force	of	 friction	 exerted	by	moving	body	 is	μmg.	We	
can’t	regard	μmgx	as	potential	energy	similar	to	mgh.

 18. When two bodies of unequal masses have equal 
momenta. the lighter body has more K.E and vice-versa.

 19. An air bubble rises in water, its potential energy 
decreases.

 20. When two bodies of unequal masses have equal K.E, 
then their linear momentum varies directly as the square 
root of their masses.

	 21.	A	gun	recoil	when	a	bullet	is	fired.

 22. When linear momentum of a body increases by a factor 
n, its kinetic energy is increased by a factor n2.

 23. A force can do work on a body but may fails to change 
its K.E.

 24. A body falls towards earth in air, its total mechanical 
energy cannot be conserved during the fall.

 25. Work done against/by such forces in displacing a particle 
depends upon the path along which particle is displaced.
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 26. When a gas is allowed to expand, work done by gas is 
positive.

 27. A woman rowing a boat upstream is at rest w.r.t. shore. 
There is no work being done by him.

 28. In elastic collision, forces involved are conservative.

 29. A body is initially at rest. It undergoes one – dimensional 
motion with constant acceleration. The power delivered 
to it at time t is proportional to tme t.

 30. In hilly areas, roads rarely go straight up the slope, but 
wind up gradually.

 31. A bucket containing water is rotated in a vertical circle, 
water does not fall.

 32. A pilot not fall down, when his aeroplane loops a vertical 
loop.

Perfectly elastic collision Perfectly inelastic 
collision

1. Particles do not stick 
after collision

1. Particles stick after 
collision

2. Relave velocity of 
separation after collision 
= relative velocity of ap-
proach before collision

2. Relative velocity 
of separation after 
collision is zero.

3. Coefficient	of	
restitution, e = 1

3. Coefficient	 of	
restitution, e = 0

4. Linear momentum is 
conserved

4. Linear momentum is 
conserved

5. Total energy is 
conserved.

5. Total energy is 
conserved

6. K.E is conserved. 6. K.E is not conserved.

Play With Graphs

This is the relation between momentum and kinetic energy. 
The graph between kE  and p is a straight line.

 kp 2mE=

 

The graph between  kE  and 1
p

 is a rectangular hyperbola             

The graph between Ek and 1
m

  is a rectangular hyperbola

      

Graphs between p (Momentum) and E (Energy)
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Work Done by Constant & Variable Force

Formulas

1. W F S=


2.		W	=	F.	(S	cosθ)	(when	S	is	not	in	the	direction	of	F)

3. 2

1

.
s

s
W F d s= ∫





4. 21
2

W mv∆ =

 1. A man pushes a wall and fails to displace it. He does
a. Negative work
b. Positive but not maximum work
c. No work at all 
d. Maximum work.

 2. A force of 10 N acts on a 10 kg body initially at rest. The 
work	done	by	the	force	during	the	first	5	second	and	5th	
second of motion of body is. (in joule)
a. 3, 1.5  b. 9, 4              c. 11.5, 5       d. 125, 45

 3. A cord is used to lower vertically a block of mass m by 
a distance d with constant downward acceleration g

4
. 

Work done by the cord on the block is

a. 3
4

mgd   b. 3
4

mgd−      c. mgd      d. 
4

mgd

 4. The work done in pulling up a block of wood weighing 
200N for length of 10 m on a smooth plane inclined at an 
angle of 30° with the horizontal is
a. 18 KJ  b. 20 KJ          c. 10 KJ     d. None

 5. If ˆˆ ˆ2 3 4F i j k= + +


 acts on a body and displaces it by 
ˆˆ ˆ3 2 5S i j k= + +



 then the work done by the force is
a. 12 J   b. 20 J            c. 32 J     d. 64 J

 6. When a force vector ( )ˆˆ ˆ2F i j k N= + +


 acts on a body 

and produces a displacement of ( )ˆˆ ˆ4 7S i j k m= + +


, 
then the work done is
a. 9J   b. 13J              c. 5J      d. 1J

 7. A body of mass 5 kg is moved up over 10 m along the 
line of greatest slope of a smooth inclined plane of 
inclination of 30º with the horizontal. If g = 10 m/s2, the 
work done will be 
a. 500 J  b. 2500 J
c. 250 J  d. 25 J

 8. A bicycle chain of length 1.6 m and of mass 1 kg is lying 
on	 a	 horizontal	floor.	 If	 g	=	10ms–2, the work done in 
lifting	 it	with	one	end	touching	the	floor	and	the	other	
end	1.6	m	above	the	floor	is
a. 10 J  b. 3.2 J
c. 8 J  d. 16 J

 9. A	particle	is	moving	under	the	influence	of	a	force	given	
by F = kx where K is a constant and x is the distance 
moved. The energy (in KJ) gained by the particle in 
moving from x = 0 to x = 5 is
a. 0.125 KJ  b. 0.185 KJ
c. 0.625 KJ  d. 0.0125 KJ

 10. A gardner moves a lawn roller through a distance of 100 
m with a force of 60 N. Calculate his wages, if he is to be 
paid 10 paise for doing 15 J of work. It is given that the 
applied force is inclined at an angle 60° to the direction 
of motion.
a. 40 rupee  b. 30 rupee
c. 20 rupee  d. 10 rupee

 11. A body moves from point A to B under the action of a 
force, varying in magnitude. What is the work done?

 

a. 22.5 J     b. 24 J             c. 20 J      d. 24.5 J

 12. What is the amount of work done in raising a glass 
of water weighing 0.5 kg through a height of 50 cm?  
(g = 10m/s2)
a. 1 J b. 0.4 J            c. 0.20 J      d. 2.5 J

 13. The work done by an applied variable force, F = x + x3 
from x = 0 m to x = 2m, where x is displacement, is
a. 6 J  b. 8 J               c. 10 J       d. 12 J

 14. A rain drop of mass (1/10) gram falls vertically at 
constant	 speed	 under	 the	 influence	 of	 the	 forces	 of	
gravity and viscous drag. In falling through 100 m, the 
work done by gravity is
a. 0.98 J  b. 0.098 J
c. 9.8 J  d. 98 J

Self Assessment Questions
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 15. A force (6 8 )F i j N= −


 , acts on a particle and displaces 
it over 4 m along the X-axis and then displaces it over 6 
m along the Y-axis. The total work done during the two 
displacements is 
a. 72 J    b. 24 J               c. – 24 J           d. Zero

 16.  A lawn roller is pulled along a horizontal surface through 
a distance of 20 m by a rope with a force of 200 N. If 
the rope makes an angle of 60º with the vertical while 
pulling, the amount of work done by the pulling force is
a. 4000 J  b. 1000 J 
c. 2000 3 J  d. 2000 J

 17.  A force acts on a body and displaces it in its direction. 
The graph shows the relation between the force and 
displacement, the work done by the force is

a. 420 J  b. 360 J
c. 840 J  d. 720 J

 18. When a spring is stretched by a distance x, it exerts a 
force, given by F = (–5x – 16x3) N. The work done, when 
the spring is stretched from 0.1 m to 0.2 m is
a. 8.7 × 10–2 J  b. 12.2 × 10–2 J
c. 8.7 × 10–1 J  d. 12.2 × 10–1 J

 19.  A string of length L and force constant K is stretched 
to obtain extension l. It is further stretched to obtain 
extension l1. The work done in second stretching is 

a. 1 1
1 K (2 )
2

+     b. 2
1

1 K
2


c. 2 2
1

1 K( )
2

+    d. 2 2
1

1 K( )
2

−   

Energy conservation Law, Work-Energy 
Theorem

Formulas

1.  Gravitational potential energy = mgh

2.  Kinetic energy = 21 mv
2

3.  For a spring F = kx
4.  Potential energy of the spring = 21 kx

2

 20. A body of mass 4 kg is thrown upward with a velocity of 
40m/s it comes to rest after attaining maximum height of 
30 m. How much energy is lost due to air friction?
a. 2000 J   b. 118 J           c. 1800 J       d. 1810 J

 21. A wire is stretched under a force. If the wire suddenly 
snaps the temperature of the wire will
a. Remains same b. Decreases
c. Increases  d. First increase then decreases

 22.	A	shot	is	fired	at	30º	with	the	vertical	from	a	point	on	the	
ground with kinetic energy K. If air resistance is ignored, 
the kinetic energy at the top of the trajectory is
a. 3K/4  b. K/2
c. K  d. K/4

 23. A body starts from rest and is acted on by a constant 
force.	The	ratio	of	kinetic	energy	gained	by	it	in	the	first	
five	seconds	to	that	gained	in	the	next	five	second	is
a.	2	:	1	 	 b.	1	:	1
c.	3	:	1	 	 d.	1	:	3

 24.  The mass of a simple pendulum bob is 100 gm. The 
length of the pendulum is 1 m. The bob is drawn aside 
from the equilibrium position so that the string makes 
an angle of 60º with the vertical and let go. The kinetic 
energy of the bob while crossing its equilibrium position 
will be 
a. 0.49 J  b. 0.94 J
c. 1 J  d. 1.2 J

 25.  A body starts from rest and moves with uniform 
acceleration. What is the ratio of kinetic energies at the 
end of 1st, 2nd and 3rd seconds of its journey?
a.	1	:	8	:	27			 b.	1	:	2	:	3	
c.	1	:	4	:	9		 	 d.	3	:	2	:	1

 26.		A	liquid	of	specific	gravity	0.8	is	flowing	in	a	pipe	line	
with a speed of 2 m/s. The K.E. per cubic meter of it is
a. 160 J     b. 1600 J
c. 160.5 J    d. 1.6 J

 27. A spring when stretched by 2 mm its potential energy 
becomes 4J. If it is stretched by 6 mm its potential 
energy becomes.
a. 32 J    b. 36 J           
c. 30 J       d. 40 J

 28. A body of mass 2 kg moves with velocity of 18 m/s hits 
a	spring	fixed	at	other	end	of	force	constant	1000	N/m	
and comes to rest after compressing the spring. The 
compression of the springs is
a. 0.80 m    b. 0.60 m      
c. 0.79 m      d. 0.100 m

 29. A uniform chain of length 3m is kept on a table such that 
a length of 70 cm hangs freely from the edge of the table. 
The total mass of the chain is 4 kg. What is the work 
done in pulling the entire chain on the table?
a. 1.713 J     b. 3.174 J       
c. 2.750 J      d. 2.500 J
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 30. Two bodies A and B have masses 20 kg and 5 kg 
respectively. Each one is acted upon by a force of 8 
kg wt. If they acquire the same kinetic energy in time 
tA and tB then the ratio A

B

t
t

 is 

a. 1    b. 2                 c. 3       d. 4

 31.  Two stones of masses m and 2 m are projected vertically 
upwards so as to reach the same height. The ratio of the 
kinetic energies of their projection is
a.	2	:	1	 	 b.	1	:	2
c.	4	:	1	 	 d.	1	:	4

 32.  A 150 gm mass has a velocity (2i + 6j) m/s at a certain 
instant. Its kinetic energy is
a. 6 J  b. 2 J
c. 3 J  d. 8 J

 33.  A body of mass 2 kg is projected with an initial velocity 
of 5 m s–1 along a rough horizontal table. The work done 
on the body by the frictional forces before it is brought 
to rest is
a. 250 J  b. 2.5 J
c. 10 J  d. 25 J

 34. An object is acted on by a retarding force of 10 N and 
at a particular instant its kinetic energy is 6 J. The object 
will come to rest after it has travelled a distance of
a. 3/5 m  b. 5/3 m
c. 4 m  d. 16 m

 35.		A	bullet	fired	into	a	trunk	of	a	tree	loses	1/4	of	its	kinetic	
energy in traveling a distance of 5 cm. Before stopping it 
travels a further distance of
a. 150 cm  b. 1.5 cm
c. 1.25 cm  d. 15 cm

 36. 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 

a. Zero     b. 
2ML

K
          

c. MK L           d. 
2

2
KL

M

 37. Two bodies of masses 3 m and 6 m have same 
momentum. Their respective kinetic energies E1 and E2 
are in the ratio
a.	1	:	2	 				 b.	2	:	1												

c. 2 :1 	 								 d.	1	:	1

 38. Two bodies of masses 3 m and m have their K.E in the 
ratio	27	:	1		then	the	ratio	of	the	momentum	is	
a.	9	:1	 				 b.	1	:	9												
c.1: 3 3 	 								 d.	1	:	1

 39. A 2 kg ball is thrown up with an initial speed 20 m/s and 
reaches a maximum height of 10 m. How much energy 
is dissipated by air drag acting on the ball during the 
ascent?
a. 180 J     b. 160 J           
c. 150 J         d. 200 J

 40.  A tank of size 10 m × 10 m × 10 m is full of water and 
built on the ground. If g = 10 ms–2, the potential energy 
of the water in the tank is
a. 5 × 107 J   b. 1 × 108 J
c. 5 × 104 J  d. 5 × 105 J

 41.  AB is a frictionless inclined surface making an angle of 
30° with the horizontal. A is 6.3 m above the ground 
while B is 3.8 m above the ground. A block slides down 
from A, initially starting from rest. Its velocity of block 
on reaching B is

a. 7 m s–1  b. 14 m s–1

c. 7.4 m s–1  d. 4.9 m s–1

 42.  A stone of mass “m” initially at rest and dropped from a 
height “h” strikes the surface of the earth with a velocity 
“v”. If the gravitational force acting on the stone is W, 
then which of the following identities is correct?
a.  mv – mh = 0 b. ½ mv2 – Wh2 = 0 
c. ½ mv2 – Wh = 0 d. ½ mv2 – mh = 0

 43.  A spring when compressed by 4 cm has 2 J energy stored 
in it. The force required to extend it by 8 cm will be 
a. 20 N  b. 2 N
c. 200 N  d. 2000 N

 44.  The elastic potential energy of a stretched spring is given 
by E = 50x2 where x is the displacement in meter and E is 
in joule, then the force constant of the spring is
a. 50 Nm  b. 100 Nm–1

c. 100 N/m²  d. 100 Nm
 45. A particle of mass m at rest is acted upon by a force F for 

a time t. Its kinetic energy  after the interval t is 

a. 2 Ftm    b. 2Ft
m

            c. Ft
m

       d. 
2 2

2
F t

m
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 46. If a bullet losses one-third of its velocity on penetrating 
4 cm in a wooden block, then how much will it penetrate 
more before coming to rest?
a. 1 cm      b. 3.2 cm         
c. 3 cm        d. 2.7 cm

 47.	A	shooter	fires	a	bullet	with	a	speed	of	200	m/s	can	just	
penetrate 3 planks of equal thickness x. Then the number 
of such planks penetrated by this bullet if its velocity 
becomes 3 times initial. (consider retardation is constant)
a. 11 b. 15              c. 27     d. 30

 48. A 6 kg mass travelling at 2.5 ms–1 collides head on with 
a stationary 4 kg mass. After the collision the 6 kg mass 
travels in its original direction with a speed of 1 ms–1. 
The	final	velocity	of	4	kg	mass	is
a. 1 m/s  b. 2.25 ms–1

c. 2ms–1  d. 0 ms–1

 49. A 5kg mass moving at a speed of 3 ms–1, collides 
head on with a body of mass 1 kg at rest, if they move 
with a common velocity after collision in the same 
direction, the velocity is 
a. 25 ms–1  b. 250 ms–1

c. 2.5 ms–1  d. 20 ms–1

 50. A block of mass 1 kg moving with a speed of 4 ms–1, 
collides with another block of mass 2 kg which is at rest. 
The lighter block comes to rest after collision. The loss 
in the K.E of the system.
a. 8 J  b. 4×10–7 J
c. 4 J  d. 0 J

 51. A marble going at a speed of 2 ms–1 hits another marble 
of equal mass at rest. If the collision is perfectly elastic. 
The	velocity	of	the	first	after	collision	is
a. 4 ms–1  b. 0 ms–1

c. 2 ms–1  d. 3 ms–1

 52. A ping - pong ball strikes a wall with a velocity of 10 
ms–1. If the collision is perfectly elastic Find the velocity 
of ball after impact
a. –20 ms–1  b. –5 ms–1

c. 1.0 ms–1  d. –10 ms–1

 53. A ball of 4 kg mass and a speed of 3 ms–1 has a head on 
elastic collision with a 6 kg mass initially at rest. The 
speeds of both the bodies after collision are respectively
a. 0.6 ms–1, 2.4 ms–1 
b. –0.6 ms–1, –2.4 ms–1

c. –0.6 ms–1, 2.4 ms–1 
d. –2.4 ms–1, 0.6 ms–1

 54. A ball of mass 2 kg and another of mass 6 kg are dropped 
together from a 80 feet tall building. After a fall of  
50 feet each towards the earth, their respective kinetic 
energies will be in the ratio of 
a.	1	:	3	 b.	1: 2 								c.	2	:	1	 			d.	 3 :1

 55. Work-energy theorem is valid in the presence of 
a. External forces only
b. Internal forces only
c. Conservative forces only
d. All types of forces

 56.	 In	a	ballistic	demonstration	a	police	officer	fires	a	bullet	
of mass 100 g with a speed of 250 m/s on wooden block 
of thickness 4 cm. The bullet emerges with only 20% 
of its initial kinetic energy. What will be the emergent 
speed of the bullet?
a. 121 m/s    b. 110 m/s      c. 111 m/s        d. 131 m/s

 57. A body is dropped from a height h. If it acquires a 
momentum p, then the mass of the body is

a. 
2
P
gh

    b. 
2

2
P
gh

          c. 2gh
P

       d. 2 /gh P

 58. A proton moving with a velocity of 1.25 × 105 m/s 
collides with a stationary helium atom. The velocity of 
proton after collision is
a. 0.75 × 105 ms–1 b. 7.5 × 105 ms–1

c. –0.75 ×105 ms–1 d. 0 ms–1

 59.	An	8	gm	bullet	 is	fired	horizontally	 into	 a	 9	kg	block	
of wood and sticks in it. The block which is free to 
move, has a velocity of 40 cm/s after impact. The initial 
velocity of the bullet is
a. 450 m/s  b. 450 cm/s
c. 220 m/s  d. 220 cm/s

 60. A block of wood of mass 9.8 kg is suspended by a 
string. A bullet of mass 200 gm strikes horizontally 
with a velocity of 100 ms–1 and gets imbedded in it. The 
maximum height attained by the block is (g = 10 ms–2)
a. 0.1 m  b. 0.2 m
c. 0.3 m  d. 0

 61. A truck of mass 10 metric ton runs 3 ms–1 at along a level 
track and collides with a loaded truck of mass 20 metric 
ton, standing at rest. If the trucks couple together, the 
common speed after collision is
a. 1 ms–1  b. 0.1 ms–1

c. 0.5 ms–1  d. 0.3 ms–1

 62. A body of mass 20 gms is moving with a certain velocity. 
It collides with another body of mass 80 gm at rest. The 
collision is perfectly inelastic. The ratio of the kinetic 
energies before and after collision of the system is 
a.		2	:	1	 	 b.	4	:	1
c.	5	:	1	 	 d.	3	:	2

 63. A rubber ball drops from a height h and after rebounding 
twice from the ground, it rises to h/2.	The	co-efficient	of	
restitution is

a. 1
2

  b. 
1/21

2
 
 
 

c. 
1/41

2
 
 
 

  d. 
1/61

2
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 64. Which of the following graph is correct between kinetic 
energy (E) and potential energy (U) with height (h) from 
the ground of the particle?

a.  b. 

c.  d. 

 65. A particle of mass 100 g is thrown vertically upwards 
with a speed of 5 ms–1. The work done by the force of 
gravity during the time, the particle goes up is
a. – 0.5 J    b. – 1.25 J        
c. 1.25 J           d. 0.5 J  

 66. A spring of spring constant 5 × 103 Nm–1 is stretched 
initially by 5 cm from the unstretched position. Then, the 
work required to stretch it further by another 5 cm is
a. 12.50 Nm  b. 18.75 Nm
c. 25.00 Nm  d. 6.25 Nm

 67. A body dropped freely from a height h on to a horizontal 
plane,	bounces	up	and	down	and	finally	comes	to	rest.	
The	coefficient	of	restitution	is	e. The ratio of velocities 
at the beginning and after two rebounds is
a.	1	:	e  b. e	:	1
c.		1	:	e²  d. e²	:	1

 68. A metal ball falls from a height of 1m on to a steel plate 
and	 jumps	 upto	 a	 height	 of	 81	 cm.	The	 coefficient	 of	
restitution of the ball material is
a. 0.2  b. 9
c. 0.9  d. 90

 69.	A	ball	 is	dropped	on	 to	a	horizontal	floor.	 It	 reaches	a	
height	of	144	cm	on	the	first	bounce	and	81	cm	on	the	
second	bounce.	The	coefficient	of	restitution	is
a. 0  b. 0.75
c. 81/144  d. 1

 70. A ball is dropped from height ‘H’ on to a horizontal 
surface.	 If	 the	 coefficient	 of	 restitution	 is	 ‘e’ then the 
total time after which it comes to rest is

a. 2 1
1

H e
g e

− 
 + 

 b. 2 1
1

H e
g e

+ 
 − 

c. 
2

2
2 1

1
H e
g e

 +
  − 

 d. 
2

2
2 1

1
H e
g e

 −
  + 

 71. A small block is freely sliding down from top of a 
smooth inclined plane. The block reaches bottom of 
inclined plane then the block describes vertical circle of 
radius 0.5 m along smooth track. The minimum vertical 
height of inclined plane should be
a. 1 m   b. 1.25 m
c. 3 m  d. 2.5 m

 72. A simple pendulum is oscillating with an angular 
amplitude 60°. If mass of bob is 50 gram, the tension in 
the string at mean position is (g = 10ms–2)
a. 0.5 N  b. 1 N
c. 1.5 N  d. 2N

 73. A body of mass 2 kg is thrown up vertically with kinetic 
energy of 490 J. If g = 9.8 ms-2, the height at which the 
kinetic energy of the body becomes half of the original 
value, is
a. 50 m       b. 25 m           
c. 12.5 m           d. 19.6 m

 74.  A sphere of mass m makes 
A

P
C

B

hm

SHM in a hemispherical bowl 
ABC and it moves from A to C 
and back to A via ABC, so that 
PB = h. If acceleration due to 
gravity is g, the speed of the 
ball when it just crosses the 
point B is
a. 2gh     b. mgh            c. 2gh              d. gh

2

Power, Motion in Vertical Circle

Formulas

1. av
wP
t

=

2. dwP
dt

=

3. FdrP
dt

= = F.V

• If an inclined plane ends into a circular 
loop of radius r, then height from which 
a body must start from rest to complete 
the loop is given by

5h r
2

=

Hence, h is independent of mass of the body.
• When a small body of mass m slides down  

from the top of a smooth hemispherical 
surface of radius R, then height at which 
the body loses the contact with surface,      

    

2Rh
3

=
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 75. A mass m slip along the wall of a semi spherical surface 
of radius R. The velocity at the bottom of the surface is .       

a. Rg       b. 2Rg         

c. 2 Rgλ        d. Rgλ

 76. The human heart discharges 80 ml of blood at 
each beat against pressure of 0.1 mm of Hg. What 
is the power of the heart assuming that the pulse 
frequency is 75 beats per minute? (Density of mercury  
= 13.6 × 103kg/m3)
a. 1.33 watt  b. 121 watt
c. 1330 k watt d. None

 77. A body of mass m accelerates uniformly from rest to 
v1 in time t1. As a function of time t, the instantaneous 
power delivered to the body is 

a. 1

1

mv t
t

   b. 
2

1

1

mv t
t

          

c. 
2

1 1mv t
t

         d. 
2

1
2

1

mv t
t

 78.	An	 electric	 motor	 is	 used	 to	 fill	 an	 overhead	 tank	 of	
capacity 10m3 kept at a height of 20 m above the ground. 
If	the	pump	takes	6	minutes	to		fill	the	tank	by	consuming	
20	 kW	 power	 the	 efficiency	 of	 the	 pump	 should	 be	 
(g = 10m/s2)
a. 27.5%     b. 30%            

c. 32%      d. 40%

 79. An engine develops 20 kW power. How much time 
will it take to lift a mass of 200 kg to a height of 50 m?  
(g = 10 m/s2)
a. 1 sec    b. 2 sec           
c. 5 sec       d. 7 sec

 80.  A particle moves with a velocity  ( )5 3 6 /i j k m s+ +  

under the	influence	of	a	constant	force	 ( )ˆˆ ˆ10 10 20i j k+ +  

N. The instantaneous power applied to the particle is
a. 200 W  b. 40 W
c. 140 W  d. 170 W

 81. A motor boat is going in a river with a velocity 

( ) –1ˆˆ ˆ4 – 2V i j k ms= +


. If the resisting force due to 

stream is ( )ˆˆ ˆ5 -10 6F i j k= +


 N, then the power of the 

motor boat is

a. 100 W  b. 50 W
c. 46 W  d. 23 W

 82. It is said the power of a human are typically 10W for a 70 
kg adult. In one year time the total energy required in kWh 
will be 
a. 87.6 KWh b. 100 KWh
c. 1000 KWh d. 1 KWh

 83.  A car weighing 1000 kg is going up an incline with 
a slope of 2 in 25 at a steady speed of 18 kmph. If  
g = 10 ms–2, the power of its engine is 
a. 4 kW  b. 50 kW
c. 625 kW  d. 25 kW

 84.  A man carries a load of 50 kg through a height of 40 m in 
25 seconds. If the power of the man is 1568 W, his mass 
is
a. 5 kg  b. 1000 kg
c. 200 kg  d. 50 kg

 85. A force applied by an engine of a train of mass  
2.05 × 106 kg changes its velocity from 5 m/s to 35 m/s 
in 15 minutes. The power of the engine is
a. 1.36 hp   b. 1.36 MW     
c. 1.36 W       d. None

 86. A force of ˆ ˆ ˆ(3i 4 j 5k)+ +  N acts on a body for 5 seconds, 

produces a displacement of ˆ(2i + 3j+ 4k)m  . The power 
used	is:
a. 5 watt   b. 7.6 watt         
c. 8 watt        d. 8.4 watt

 87. An engine pump up 200 kg of water through a height of 
20	m	in	10	second.	If	the	efficiency	of	the	engine	is	80%.	
Calculate the power of the engine.
a. 3800 W    b. 5000 W        
c. 4900 W        d. 4800 W

 88. Water falling from a 60 m high is to be used for generating 
electric power. If 9 × 105 kg of water falls per hour and 
half the gravitation potential energy can be converted 
into electric energy. How many 100 watt bulbs can be 
light ? (g = 10 m/s2 )
a. 7500    b. 7700              
c. 1800        d. 9000

 89. The power of a water pump is 5 KW, the amount of 
water it can raise in 5 minute to a height of 50 m is  
(g = 10 m/s–2)
a. 5 × 104 L      b. 106 L           c. 3 × 105 L      d. 3 × 106 L

 90. A sphere is suspended by a thread of length l. What 
minimum horizontal velocity has to be imparted to the 
ball for it to reach the height of the suspension?
a. gl     b. 2gl             c. g           d. 2g

 91. A ball is moving to and fro about the lowest point A of 
a smooth hemispherical bowl. If it is able to rise up to a 
height of 70 cm on either side of A, its speed at A must 
be (mass of the ball 10g) (take g as 9.8 m/s2).
a. 3.7 m/s      b. 5 m/s         
c. 4.8 m/s          d. 6 m/s



| 107Work, Energy and Power

 92. To complete the circular loop what should be the radius 
if initial height is 10 m?
a. 2 m b. 3 m              c. 4 m        d. 5 m

 93. A body crosses the top most point of a vertical circle 
with critical speed. Its centripetal acceleration, when the 
string	at	the	lowest	point	of	circle/loop:
a. 3 g      b. g                
c. 5 g           d. 6 g

 94. One end of the string of length 1.0 m is tied to a body of 
mass 0.5 kg. It is whirled in a vertical circle with angular 
frequency 4 rad/s. The tension in the string when the 
body is at the lower most point of its motion will be 
equal to (take, g = 10 m/s2)
a. 3 N     b. 5 N            
c. 8 N        d. 13 N

 95.  An electric motor creates a tension of 4500 newton in a 
hoisting cable and reels it in at the rate of 2m/s. What is 
the power of the motor?
a. 15 kW  b. 9 kW
c. 225 W  d. 9000 kW

 96. A pilot of mass m can bear a maximim apparent weight 7 
times of mg. The aeroplane is moving in a vertical circle. 
If the velocity of aeroplane is 210 m/s while diving up 
from the lowest point of vertical circle, the minimum 
radius of vertical circle should be
a. 375 m  b. 420 m
c. 750 m  d. 840 m

 97. A ball of mass 0.6kg attached to a light inextensible 
string rotates in a vertical circle of radius 0.75m such 
that it has speed 5ms–1 when the string is horizontal. 
Tension in the string when it is horizontal on other side 
is (g–10ms–2)
a. 30N  b.  26N
c.  20N  d.  6N

 98. A body of mass m is rotated at uniform speed along 
vertical circle with help of light string. If T1, T2 are 
tensions in the string when the body is crossing highest 
and lowest point of vertical circle respectively then 
which of following expression is correct.
a. T2 – T1 = 6 mg b. T2 – T1 = 4mg
c. T2 – T1 = 2 mg d. T2 – T1 = mg

 99. A small bucket containing water is rotated in a vertical 
circle of radius R by means of a rope. V is velocity of 
bucket at highest point, Then water does not fall down if 
a. V gR≤  b. / 2V gR≤

c. V gR≥  d. 
2

gRV ≥

 100. A stone of mass m is tied to a string and is moved in a 
vertical circle of radius r making n rev/min. The total 
tension in the string when the stone is at the lowest point 
is 
a.	mg	 	 b.	m	(g	+	πnr2)

c. m (g + nr) d. 
2 2n rm g

900
 π

+ 
 

 101. A stone is attached to one end of a string and rotated 
in a vertical circle. If string breaks at the position of 
maximum tension, it will break at

A

B

C D

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

 102. A ball of mass 0.6 kg attached to a light inextensible 
string rotates in a vertical circle of radius 0.75 m such 
that it has speed of 5 ms–1 when the string is horizontal. 
Tension in string when it is horizontal on other side is 
(take, g 10 ms–2)
a. 30 N     b. 26 N              
c. 20 N            d. 6 N

 103. A particle is moving in a vertical circle. The tensions in 
the string when passing through two positions at angle 
30° and 60° from vertical (lowest position) are T1 and T2 
respectively, then
a. T1 = T2   
b. T1 > T2
c. T1 < T2
d. Tension in the string always remains the same
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 1. The vessels A and B of equal volume and weight are 
immersed in water to depth h. The vessel A has an 
opening at the bottom through which water can enter. 
If the work done in immersing A and B are WA and WB 
respectively, then
a. WA = WB   b. WA < WB
c. WA > WB   d. None of these

 2. A	vertical	spring	with	force	constant	k	is	fixed	on	a	table.	
A ball of mass m at a height h above the free upper end 
of the spring falls vertically on the spring, so that the 
spring is compressed by a distance d. The net work done 
in the process is

a. 21mg(h d) kd
2

+ +  b. 21mg(h d) kd
2

+ −

c. 21mg(h d) kd
2

− −  d. 21mg(h d) kd
2

− +

 3. A body constrained to move in the y-direction is 

subjected to a force 
^ ^ ^

F 2i 15 j 6k N.= + +  The work done 
by this force, in moving the body through a distance of 
10 m along y-axis is
a. 100 J     b. 150 J            c. 120 J         d. 200 J

 4. A particle accelerating uniformly has velocity v at time 
t1. What is work done in time t?

a. 
2

2
2
1

1 mv t
2 t
 
 
 

  b. 
2

2
2
1

1 mv t
2 t
 
 
 

c. 
22

2
2
1

mv t
t

 
 
 

  d. 
22

2
2
1

2mv t
t

 
 
 

 5. A bullet of mass m moving with velocity v block strikes 
a suspended wooden block of mass M. If the block rises 
to a height h. The initial velocity of the block will be

a. 2gh    b. M m gh
m
+

c. m 2gh
M m+

  d. M m 2gh
M
+

 6. A boy of mass 40 kg get an energy of 21 kJ by eating a 
bread.	If	the	efficiency	is	28%,	then	the	height	that	can	
be climbed by him using this energy, is
a. 22.5 m     b. 15 m            c. 10 m             d. 5 m 

 7. A stone is tied to a string of length l is whirled in a vertical 
circle with the other end of the string at the centre. At a 
certain instant of time, the stone is at its lowest position 
and has a speed u. The magnitude of the change in 

velocity of string when it is at horizontal  position (g 
being	acceleration	due	to	gravity)	is:

a. 22u 2gl−   b. 2u gl−

c. 2u u 2gl− −   d. 2gl

 8. A	meter	stick	is	held	vertically	with	one	end	on	the	floor	
and is then allowed to fall. Assuming that the end on the 
floor	of	the	stick	does	not	slip,	the	velocity	of	the	other	
end	when	it	hits	the	floor,	will	be
a. 10.8 ms–1  b. 5.4 ms–1

c. 2.5 ms–1   d. None of these
 9. A block of mass 10 kg is moving in x-direction with a 

constant speed of 10 ms–1. It is subjected to a retarding 
force F = – 0.1 x Jm–1 during its travel from x = 20 m to 
x	=	30	m.	Its	final	kinetic	energy	will	be
a. 475 J      b. 450 J          c. 275 J          d. 250 J  

 10. A body is initially at rest. It undergoes one dimensional 
motion with constant acceleration. The power delivered 
to it at time t is proportional to
a. t1/2      b. t                    c. t3/2            d. t2

 11.	 If	a	machine	gun	fires	n	bullets	per	second	each	with	
kinetic energy, K, then the power of the machine gun 
is
a. nk2      b. K

n
               c. n2k           d. nk

 12. 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/

 13. A box is moved along a straight line by a machine 
delivering constant power. The distance moved by the 
body in time t is proportional to
a. t1/2     b. t3/4                c. t3/2           d. t2 

 14. A cyclist rides up a hill at a constant velocity. Determine 
the power developed by the cyclist if the length of the 
connecting rod of the pedal is, r = 25 cm, the time of 
revolution of the rod is t = 2 s and the mean force exerted 
by his foot on the pedal is F = 15 kg.
a. 115.5 W     b. 215.6 W      c. 15.6 W          d. 11.56 W

 15. A motor is used to deliver water at a certain rate through 
a given horizontal pipe. To deliver n-time the water 
through the same pipe in the same time the power of the 
motor must be increased as follows
a. n times     b. n2 times       c. n3 times      d. n4 times

Rank Boosters
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 16. A particle of mass m is moving in a circular path of 
constant radius r such that centripetal acceleration, ac 
varying with time is ac = k2 rt2, where k is a constant. 
What is the power delivered to the particle by the force 
acting on it?
a. 2mkr2t     b. mkr2t2          c. mk2r2t         d. mk2rt

 17. A spherical ball A of mass 4 kg, moving in a straight 
line strikes another spherical ball B of mass 1 kg at rest.  
After the collision, A and B move with velocities v1 ms–1 
and v2 ms–1, respectively making angles of 30° and 60° 
with respect to the original direction of motion of A. The 
ratio v1/v2 will be

a. 3
4

      b. 4
3

            

 c. 1
3

          d. 3

 18. A body of mass 4 kg moving with velocity 12 ms–1 
collides with another body of mass 6 kg at rest. If two 
bodies stick together after collision, then the loss of 
kinetic energy of system is
a. Zero     b. 288 J            c. 172.8 J         b. 144 J 

 19. A force, F = 2xi + 2j
 



, acts on a particle placed at origin. 
What is the work done by this force in moving particle 
from origin to P(1, 1)?
a. 3 J    b. 4 J              c. 5 J          d. 6 J

 20. A body is acted upon by a force which is inversely 
proportional to the distance covered. The work done will 
be	proportional	to:
a. Constant    b. s2                  c. s           d. ln s

 21. A dog of mass m = 4 kg 
runs from the left end of a 
curved ramp with speed 
V0 = 8 m/s at height 8 m 
above the ground. It then 
slides to the right and comes to rest when it reaches a 
height 10 m from the ground. The maximum increase in 
thermal energy of the dog -ramp system because of 
sliding is (g = 10 m/s2)
a. 0   b. 22 J              c. 48 J           d. 32 J

 22. A particle is released from top of a smooth inclined plane 
of	inclination	θ.	Let	v	be	the	speed	of	the	particle	after	
moving a distance s. Then the quantity which is constant 
is
a. 2v – 2gssin θ  b. 2v – 2gs sinθ

c. 2v 2gssin+ θ  d. 2v 2gs sin+ θ

 23. A block of mass m = 2kg is attached to two unscratched 
springs of force constant k1 = 100 N/m and k2 = 125 
N/m.  

  The block is displaced towards left through a distance 
of 10 cm and released. Find the speed of the block as it 
passes through the mean position.
a. 1.06 m/s     b. 1.02 m/s      c. 1.04 m/s      d. 1.05 m/s

 24. An engine is working at a constant power draws a load 
of mass m against a resistance r. Find maximum speed of 
load and time taken to attain half this speed.

a. 2
Pmt
8r

=      b. Pmt
8r

=       c. 2
Pmt
r

=        d. 2
Pmt
9r

=

 25. A particle of mass m is moving in a circular path of 
constant radius r such that centripetal acceleration ac is 
varring with time t as ac= k2r t2 where k is constant. What 
is the power delivered to the particle by the forces acting 
on it?

a. 
4 2 5mk r t
4

     b. 
4 2 5mk r t
5

    c. 
4 2 5mk r t
3

     d. 
4 2 5mk r t
9

 26. A particle of mass m attached to the  
end of string of length l is released 
from the initial position A as shown 
in	the	figure.	The	particle	moves	in	a	
vertical circular path about O. When 
it is vertically below O, the string 
makes contact with nail N placed directly below O at 
distance  h and rotates around it. If the particle just 
complete	the	vertical	circle	about	N,	then:

a. 
3h
5

=


  b. 
2h
5

=


          

c. h
5

=


  d. 
4h
5

=


 27.	 In	the	figure	shown	the	potential	
energy (U) of a particle is plotted 
against its position ‘x’ from origin. 
Then which of the following 
statement	is	correct.	A	particle	at:	
a. x1 is in stable equilibrium
b. x2 is in stable equilibrium
c. x3 is in stable equilibrium
d. None of these

 28. The potential energy of a 1 kg particle 
free to move along the x-axis is given by  

( )
4 2x xU x = J.

4 2
 

− 
 

 The total mechanical energy of 

the particle is 2 J. Then, the maximum speed (in m/s) is- 
a. 3 / 2       b. 2  

c. 1/ 2               d. 2
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 29. In	the	figure,	a	block	slides	along	a	track	from	one	level	
to a higher level, by moving through an intermediate 
valley. The track is frictionless untill the block reaches 
the higher level. There a frictional force stops the block 
in a distance d. The block’s initial speed v0 is 6 m/s, the 
height	difference	h	is	1.1	m	and	the	coefficient	of	kinetic	
friction µ is 0.6. The value of d is 

a. 1.17 m     b. 1.71 m         
c. 7.11 m           d. 11.7 m

 30. With what minimum velocity  
v0 should block be projected 
from left  end A towards end B 
such that it reaches the other 
end B of conveyer belt moving 
with	constant	velocity	v	?	Friction	coefficient	between	
block and belt is µ.

a. gLµ      b. 2 gLµ        

c. 3 gLµ         d. 2 gLµ

 31. If the block in the shown arrangement  
is acted upon by a constant force F for t 
≥	0,	its	maximum	speed	will	be:

a. F / mk   b. 2F / mk

c. F / 2mk  d. 2F / mk

 32. A chain of length L and mass M is arranged as shown 
in following four cases. The correct decreasing order of 
potential	energy	(assumed	zero	at	horizontal	surface)	is:

a. i > ii > iii > iv > v  
b. i = ii > iii > iv > v
c. i = ii > iv > iii > v 
d. i = ii > iv > v > iii

 33. The power of a heart which pumps 5 × 103 
cc of blood per minute at a pressure of 120 
mm of mercury (g = 10 ms–2 and density of  
Hg = 13.6 × 103 kg/m3)	is	:
a. 1.36 W     b. 13.6 W       
c. 0.136 W        d. 136 W

 34. Work done in time t on a body of mass m which is 
accelerated from rest to a speed v in time t1, as a function 
of	time	t	is	given	by:

a. 2

1

m v t
2 t
 
 
 

   b. 2

1

vm t
t
 
 
 

    c. 
2

2

1

1 mv t
2 t
 
 
 

    d. 
2

2
2
1

m v t
2 t
 
 
 

 35. Force acting on a particle moving in a straight 
line varies with the velocity of the particle as  
F = KV–2, where K is constant. The work done by this 
force	in	time	t	is:
a. KVt    b. K2V2t2        c. K2Vt      d. 3Kt

2V

 36. A block of mass m moving with speed v compresses 
a spring through distance x before its speed is halved. 
What is the value of spring constant?

a. 
2

2
3mv
4x

    b. 
2

2
mv
4x

         c. 
2

2
mv
2x

     d. 
2

2
2mv

x

 37.	System	shown	in	the	figure	is	released	
from rest when spring is unstretched. 
Pulley and spring is massless and 
friction is absent everywhere. The 
speed of 5 kg block when 2 kg block 
leaves the contact with ground is 
(Take force constant of spring k = 40 
N/m and g = 10m/s2)
a. 2m / s     b. 2 2m / s      c. 2 m/s      d. 4 2m / s

 38. The kinetic energy of a particle moving along a circle 
of radius ‘R’ depends on the distance coverd ‘x’ as K = 
αx2,	where	α	is	a	constant,	find	the	net	force	acting	on	the	
particle as a function of ‘x’ is

a. 
2

2
x2 x 1
R

α +  b. 
2

2
x2 1
R

α −

c. 
2

2
x2x
R

α +  d. None

 39. For a rocket propulsion velocity of exhaust gases relative 
to rocket is 2 km/s. If mass of rocket system is 1000 kg, 
then the rate of fuel consumption for a rocket to rise up 
with acceleration 4.9 m/s2	will	be:
a. 12.25 kg/s b. 17.5 kg/s
c. 7.35 kg/s  d. 5.2 kg/s

 40. An object of mass m is tied to  
a string of length l and a variable 
horizontal force is applied on it 
which is initially zero and 
gradually increases until the 
string	makes	an	angle	θ	with	the	vertical.	Workdone	by	
the	force	F	is:
a.	mgl(1	–	sinθ)		 b.	mgl	
c.	mgl(1	–	cosθ)		 d.	mgl(1	+	cos	θ)
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 41. A particle initially at rest on a frictionless horizontal 
surface is acted upon by a horizontal force which is 
constant in size and direction. A graph is plotted between 
the work done (w) of the particle, against the speed of 
the particle. (v). If there are no other horizontal forces 
acting on the particle the graph would look like

a.     b. 

c.     d. 

 42. A rain drop 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?

a.

h PE

KE
t

      b. 

c.

h

PE

KE
t

                d.

h

PE

KE

t
 43. A small body slides over the curved surface of a 

semicircular cylinder of radius r, kept horizontally on the 
ground	as	shown	in	the	figure.	At	what	height	from	the	
ground would the body lose contact with the surface ?

Body

r

a. 2r
3

     b. 2r
5

              

c. r
2

        d. 3r
24

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

 a. 
4
π

θ =   b. 
4 2
π π
< θ <

 c. 3
2 4
π π
< θ <  d. 3

4
π
< θ < π

 45. Two springs of spring constant 3000 N/m and 5000 N/m 
respectively are stretched with the same force. They will 
have potential energy in the ratio.
a.	3	:	5	 b.	5	:	3	 c.	5	:	5	 d.	1	:	1

Statement Based Questions

Directions: These questions consist of two statements each, 
printed as Statement-I and Statement-II. While answering 
these questions, you are required to choose any one of the 
following four responses.

a. Statement-I and Statement-II both are correct
b. Statement-I and Statement-II both are incorrect
c. Statement-I is correct and Statement-II is incorrect
d. Statement-I is incorrect but Statement-II is correct

 46. Statement I: A body cannot have energy without having 
momentum but it can have momentum without having 
energy.

  Statement II: Momentum and energy have same 
dimensions.

 47. Statement I: If the internal forces are conservative, the 
work done by the external force is equal to the change in 
mechanical energy.

  Statement II: Work done on a system by all the 
(external and internal) force is equal to the change in its 
kinetic energy and the change in the potential energy of 
a system corresponding to conservative internal forces is 
equal to negative of the work done by these forces.

 48. Statement I: Soft steel can be made red hot by continued 
hammering on it, but hard steel cannot.

  Statement II: Energy transfer in case of soft iron is 
large as in hard steel.

 49. Statement I: eV and Joule are the SI units of energy 
used in modern physics and mechanics respectively.

  Statement II: Different	 types	 of	 energies	 require	
different	units	in	SI	units.

 50. Statement I: A heavy weight is suspended from the 
spring. A person raises the weight slowly till the spring 
become slack. The work done by person is W. The 
energy stored on the stretched spring was E. The gain in 
gravitational potential energy is (W + E).

  Statement II: Work done by the spring force is always 
negative.
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 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:
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:	
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:
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

  4. A bicyclist comes to a skidding stop in 10 m. During this 
process, the force on the bicycle due to the road is 200 N 
and is directly opposed to the motion. The work done by 
the	cycle	on	the	road	is:
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 vacuum. Which of the following quantities remain 
constant during the fall?
a. Kinetic energy       
b. Potential energy
c. Total mechanical energy  
d. Total linear momentum

 6. 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?

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

  7. The potential energy function for a particle executing 

linear S.H.M is given by 21( )
2

=v x kx
 
where k is the 

force constant of the oscillator  (Figure). 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 P.E and K.E, respectively 
of the particle at x = + xm, then which of the following is 
correct?

v(x)

xmxm

x

a. V = 0, K = E b. V = E, K = 0
c. V < E , K = 0 d. V = 0, K < E

 8. 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:
a. 1.5 J            b. 50 J            c. 10 J               d. 100 J

 9. A	body	 is	moving	unidirectionally	under	 the	 influence	
of a source of constant power supplying energy. Which 
of	 the	 diagrams	 shown	 in	 figure	 correctly	 shows	 the	
displacement-time curve for its motion? 

a. 
d

t
       b. d

t
     

c. 
d

t
 d. d

t

NCERT Exemplar Problems
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 10.	Which	 of	 the	 diagrams	 shown	 in	 figure	 represents	
variation of total mechanical energy of a pendulum 
oscillating in air as function of time?

a.

E

t     b. 

E

t

c.

E

t

    d.

E

t

 11. 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:
a.	250π2	 		b.	100π2											c.	5π2              d. 0

 12. In a shot put event, an athlete throws the shot put 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 shot put when it just reaches 
the	ground	will	be:
a. 2.5 J         b. 52.5 J              c. 5.0 J      d. 155.0 J

 13. 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?

a. 
K.E.

depth

       b. 
K.E.

depth

 

c. 
K.E.

depth

        d. 
K.E.

depth

 

 14. A man of mass m, standing at the bottom of the staircase, 
of	height	L	climbs	it	and	stands	at	its	top:
a. Work done by all forces on man is equal to the rise in 

potential energy mgL
b. Work done by all forces on man is zero
c. Work done by the gravitational force on man is mgL
d. The reaction force from a step does not do work 

because the point of application of the force does not 
move while the force exists

 15.	A	bullet	of	mass	m	is	fired	at	30°	to	the	horizontal	leaves	
the barrel of the gun with a velocity v. The bullet hits 
a soft target at a height h above the ground while it is 
moving downward and emerge out with half the kinetic 
energy it had before hitting the target. Which of the 
following statements are correct in respect of bullet after 
it emerges out of the target?
a. The velocity of the bullet will be more than half of its 

earlier velocity
b.	The	bullet	will	move	in	a	different	parabolic	path
c. The bullet will fall vertically downward after hitting 

the target 
d. The internal energy of the particles of the target will 

increase
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Self Assessment Questions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
c d b c c b c c d c a d a b c c b

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
a d a c d d a c b b a b b b c d a

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
d c b a d a a c c b d b c b c c b
52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
d c a d c a c a b a c c a b b c c
69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
b b b b c c b a d a c a c a a d b
86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102
b c a d d a c b d b c c c c d b c

103
b

Rank Boosters

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
b b b a a b a b a b d b c a c c a
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
c a d c a a a c d d a a b a c a c

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
d a b a c c d b a d b d a c c c

NCERT Exemplar Problems

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
b c b c c c b b b c a d b b,d a,b,d

Self Assessment Questions

 1. (c) Displacement zero, W = 0  ∴  w ∝ s

 2. (d) F = ma 210 1 /
10

a m s⇒ = =  

2 2
5 5

1 10 1 (5) 12.5
2 2

= + = = + × × =s ut at s m

w5 = 10 × 12.5 = 125 J

And

5 5
1(2 1) 0 (2 5 1) 4.5

2 2
= + − ⇒ = + × − =th th

as u n s m

W5th = 10 × 4.5 = 45 J

 3. (b)  T = m(g – a) (downward)
3

4 4
g mgT m g = − = 

 

∴ work done by the cord = . cosF s


 θ

          
3 cos180

4
mg d= × °

Answer Key

Explanations
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    3
4

−
=

mgdW J

 4. (c) 

sinw mg s= ×θ  = mg sin 30° × s

    
1200 10 10
2

w = × × ×

    410 10w J kJ= =

 5. (c) .W F S=


 6. (b) .W F S=


 

 7. (c) W = (mg sin q)s

 8. (c) 
2

MgLW =  

 9. (d) 2 2
2 1

1 1( ) (25 0) 12.5
2 2

= − = × − =u K x x K J

 u = 0.0125 KJ
 10. (c)  cos 60 100 cos 60w Fs= = × × °θ

      
6000 3000

2
J= =

wages for 15 J work = 10 paise = 0.1 rupee

wages for 3000 J of work is  
0.1 3000

15
×

              = 20 rupee

 11. (a) W = W12 + W23 + W34 + W45    (W = area under graph)

5 1 15 1 15 110 1 10 1
2 2 2
× × × = × + × + + −  

= 10 + 10 + 2.5 + 7.5 – 7.5 = 22.5 J
 12. (d)  w = Force × distance
   w = mg × d = 0.5 × 10 × 0.5 = 2.5 J

 13. (a)  W Fdx= ∫
2 3

0
W (x x )dx= +∫

[ ]
22 4

0

x x 4 16W W 0 0
2 4 2 4

   = + ⇒ = + − +     

 W = 6 J

 14. (b) W = Mgh

 15. (c) .W F S=


 

 16. (c) W = FS cos q

 17. (b) W = Area of F – S graph
 18. (a) Given,  F = (–5x – 16x3) = – (5 + 16x2)x .....  (i)

Also, F = – kx .....(ii)
Comparing (i) and (ii) we get
k = (5 + 16x2) as force constant of spring. Therefore, 
work done in stretching the spring from position x1 to 
position x2 is

2 2
2 2 1 1

1 1W k x k x
2 2

= −

We have, x1 = 0.1 m and x2 = 0.2m.

∴ = +W 1
2

5 16 0 2 0 22 2[ ( . ) ]( . )
 

2 21 [5 16(0.1) ](0.1)
2

− +

= 2.82 × 4 × 10–2 – 2.58 × 10–2

= 8.7 × 10–2 J

 19. (d) Work done in stretching a string to obtain an 
extension l is 

2
1

1W K
2

= 

Similarly, work done in stretching a string to obtain 
extension l1 is 

2
2 1

1W K
2

= 

∴ Work done in second stretching will be.

 W = W2 – W1

         
2 2
1

1 K( )
2

= − 

 20. (a) Initial energy of body K.E = 21 1 4 40 40
2 2

mv = × × ×

      = 3200 J
At highest point, energy possesses in the form of 
potential energy P.E mgh = 4 × 10 × 30 = 1200 J
Energy lost due to air friction is
∆E	=	Ei – Ef

∆E	=	3200	–	1200
∆E	=	2000J	

 21. (c)  Work done on the wire to strecth it will be stored as 
energy which is stored in the form heat. Therefore the 
temperature increases.

 22. (d) 2 21. cos
2

K E MV= θ

 23. (d) K.E ∝ t2

 24. (a)	KE	=	mgl	[1–cos	q] 

 25. (c) K.E ∝ t2

 26. (b) 21; .
2

M V d K E MV= × =
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 27. (b) 
2

2 2 1

2

1 2
2 6

uu kx u x
u

 = ⇒ ∝ ⇒ =  
 

2 1
36 4 9 36J
4

u u∴ = × = × =

 28. (a)  Total kinetic energy converted into potential energy.

2 21 1
2 2

mv kx=

2mv x
k

=

2 18 18 648 25.45
1000 1000 10 10

x x× ×
= ⇒ = =

×

x = 0.80 m

 29. (b)  x is the fraction of length hanging from the table.
70 0.23

300
hanging lengthx

total length
= = =

 
work done in pulling the chain

2 24 10 3 (0.23) 3.174J
2 2

× × ×
= = =

MgLxw

 30. (b) According to question,

A BK E K E⋅ = ⋅

2 21 1
2 2A A B Bm v m v=

5 1
20 2

A B

B A

v m
v m

= = =

20 1 2
5 2

A A A

B B B

F t m V
F t m V
∆ ∆

∴ = ⇒ × =
∆ ∆

 31. (b) K.E ∝ m 

 32. (c) ( )1. .
2

K E M V V=
 

 33. (d) 21
2

W mv=  

 34. (a) KE = F.s

 35. (d) v2 – u2 = 2as
2 × a × 5 = v2 – u2

2ua
40

= −

after 5 cm it loses 1 th
4

of its initial K.E.

The acceleration will be same through out.
2as = v2 –u2

2
2u2 s u

40

s 20

 
× − × = −  
 

⇒ =

 36. (c) When collision occurs all kinetic energy it possesses 
get converted into P.E

2 2 2 21 1
2 2

Mv KL Mv KL= ⇒ =

Multiplying both side by M. (Mass)
(Mv)2 = MKL2

2Mv MKL=
2P MK L or MKL=

 37. (b) As we know that 
2 1

2
PE E
m m

= ⇒ ∝

1 2

2 1

6 2
3 1

E m m
E m m

∴ = = =

 38. (a) 2 .P m K E=

1 1 1

2 2 2

2 . 2 3 27 81 9
2 . 2 1 1 1

P m K E m
P m K E m

× ×
∴ = = = =

× ×

 39. (d) If there is no air drag 
2

2
uH

g
=

20 20 20
2 10

H m×
∴ == =

×

Due to air drag acting on the ball, height achieved by 
ball is 10 m . 
Loss in Energy 2 1 2 1( )

2 10(20 10)
∆ = − = −

= × −
U mgh mgh mg h h

                          = 200 J

 40. (a) ( )
2

PE lbh dg h
=

 41. (a) KE = mg(h1 – h2)

 42. (c) Law of conservation of energy

 43. (c) 21. ,
2

K E Kx F Kx= =  

 44. (b) 21
2

E Kx=

 45. (d) 
2 2( )

2 2
P Ft PE F
m m t

 = = = 
 

     

2 2

2
F tE

m
=

 46. (b) 2 2 2v u as− =
2

2
1

2 2
3

 ⇒ − = 
 

u u as

2 2
1

4 2
9

u u as⇒ − =
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2

1

5
9 2

u a
s

−
⇒ =

× ×
2

1

5
18

u a
s

⇒ − =

Now:	 2 2 2v u as− =
2 2

2
1

2 50 2
3 18
u u s

s
  

− = × ×  
   

2 2
1

2 2
1

44 2 5
9 18 5

su u s s
s

×− ×
⇒ − = × ⇒ =

2
4 4 3.2

5
×

⇒ = ⇒s cm

 47. (c) 2 2 2v u as− =
20 2u a s⇒ − = ×− ×

2u s∝

( )
( )

2
1 1

2
22

u s
su

=

2

2
2 1

1

2

1
2 1

1

3 3

 
⇒ = × 

 

 
⇒ = × 

 

us s
u

us s
u

∴ s2 = 27s1

 48. (b) m1u1 = m1v1 + m2v2 

 49. (c) 1 1 2 2

1 2
c

m u m uv
m m

+
=

+

 50. (c) D K E = 2 2
1 1 2 2

1 1–
2 2

m v m v

 51. (b) 1 2 2 2
1 1

1 2 1 2

2m m m uv u
m m m m

   −
= +   + +   

 52. (d) m1u1 + m2u2 = m1v1 + m2v2

 53. (c) m1u1 = m1v1 + m2v2

 54. (a) Decrease in P.E = Gain in K.E energies.

1 2( ) ( 0)f i img h h k k k− = − =

1 1 1

2 2 2

1 1 2 1

2 1 2 2

( ) 1
( ) 3

f f f

f f f

m g h h k k km
m g h h k m k k

− =
⇒ = ⇒ =

− =

 55. (d) Refers to NCERT.
2 2 2v u a s− = × ×

Multiply both side by 1 .
2

m

2 21 1 2
2 2 2

mmv mu a s− = × × ×

f i f ik k ma s k k F s− = × ⇒ − = ×

∆K = W

 56. (c) Initial K.E of the bullet 2 21 1 0.1 (250)
2 2

mu= = × ×

            
1 0.1 250 250
2

= × × ×

( ). 3125JiK E =

Final K.E of bullet 
20 3125 625

100
× = (20% given)

625 Jfk =

21 625
2 fmv =

625 2 111.8 /
0.1fv m s×

= =

 57. (a) K.E acquired by the body after falling is equal to the 
gain in P.E.
1
2

2mv mgh=

2
2

2
P m
gh

=

2

2
P m
gh

=

2
P m
gh

=

 58. (c) m1u1 + m2u2 = m1v1 + m2v2

 59. (a) 1 1 2 2

1 2

+
=

+
m u m uv

m m

 60. (b) 1 1 2 2

1 2

m u m uv
m m

+
=

+
 and 

2

2
vh
g

=

 61. (a) 1 1 2 2

1 2

m u m uv
m m

+
=

+
 

 62. (c) v = 1 1 2 2

1 2

m u m u
m m

+
+

 63. (c) hn = e2n.h
 64. (a) Potential energy increases and kinetic energy 

decreases with height.
 65. (b) Let us calculate the height (h) 

traversed by particle while going up
Using, v2 – u2  = –2g h (a = –g)

      
u2 = 2gh   (v = 0)

2u 25h
2g 2 9.8

= =
×

Work done by gravity, W = mgh
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         250.1 g cos180
2 9.8

= × × °
×

(Angle between force and displacement is 180°)
25W 0.1 1.25J
2

∴ = − × = −

 66. (b) Work done in stretching the spring initially by 5cm,  
2

1 1
1W k x
2

= ×

3 2 21 5 10 (5 10 ) 6.25J
2

−= × × × × =

Now, work done in stretching the spring by 10 cm, i.e. 
5 cm + 5 cm

2
2 1 2

1W k(x x )
2

= +

3 2 2 21 5 10 (5 10 5 10 ) 25J
2

− −= × × × + × =

Net work done = W2 – W1 = 25 – 6.25
= 18.75 J = 18.75 N m

 67. (c) vn = en.v

 68. (c) 2

1

he
h

=  

 69. (b) 2

1

he
h

=

 70. (b) 1 22 2
2 22 h hht

g g g
= + + + − − − − −

 71. (b) 1 (5rg)
2

mgh m=     ⇒  5 2.5 1.25
2 2
rh m= = =

 72. (b) Tension      T = 
2

[2gl(1– cos )]mv mmg mg
r l

θ+ = +

= mg + 2mg (1 – cos q) = 2 2
2
mgmg mg+ =

= 2(50 × 10–3) (10) = 1N
 73. (c) At maximum height, kinetic energy converts into 

potential energy, i.e.
Umax = 490 J
suppose at height h’, potential energy becomes half.

maxUmgh '
2

⇒ =

490Or h ' 12.5m
2 2 9.8

= =
× ×

 74. (c) From law of conservation of energy,
PE at A = KE at B

21Or mgh mv or v 2gh
2

= =

 75. (b) According to the law of conservation of energy
21

2
mv mgR=

2v gR=

 76. (a) Volume of blood discharge/ beat = 80 ml
= 80 × 10–6 m–3 
Pressure = P = 0.1 mm of Hg

30.1 13.6 10 9.8 ( )P P h g= × × × = ρ

work done PV
beat

=

Total work done in 75 beat = 75 × PV

workPower
time

=

3 60.1 13.6 10 9.8 80 10 75
60

P
−× × × × × ×

=

379968 10
60

P
−×

=

P = 1332.8 × 10–3 
P = 1.33 watt 

 77. (d) 2.vP F ma at ma t= = × =




2 2
1 1

2
1 1

v mv t vm t a
t tt

   = = =   
  

 78. (a) work done in raising water = mgh.
∴ w = (volume ×	density)	×	gh										(ρ	=	1000	kg/m3)
      w = 10 × 1000 × 10 × 20  = 2 × 106 J

6
6 32 10 0.0055 10 5.5 10

6 60
workPower
time

×
= = = × = ×

×
     P = 5.5 KW.

5.5Efficiency 100 27.5%
20

∴ = × =

 79. (c) 
200 10 50 5sec

20 1000
w mgh mghP t
t t P

× ×
= = ⇒ = = =

×

 80. (a) .P F V=
 

 81. (c) .P F V=
 

 82. (a) W = Pt 
 83. (a) P = mg sin q V

 84. (d) ( )m M gh
P

t
+

=  

 85. (b) 
2 21 ( )

2
w K m v uP
t t t

∆ −
= = = ×

6 2 22.05 10 ((35) (5) )
2 15 60

× −
=

× ×
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6
62.05 10 (1225 25) 1.36 10 1.36M Watt

1800
P × −
= = × =

 86. (b) 
w F SP
t t

⋅
= =

ˆ ˆˆ ˆ ˆ ˆ(3 4 5 ).(2 3 4 ) 6 12 20
5 5

i j k i j k+ + + + + +
= =

38 Watt
5

P =

P = 7.6 Watt

 87. (c) Output power 
200 9.8 20 3920 watt

10
mgh

t
× ×

= = =

∴ 3920 100 4900 watt
80

o o
i

i

P P
P

P
×

= ⇒ = = =η
η

 88. (a) Power generated = Energy/sec

Acc. to question, 
51 1 9 10 10 60

2 2 60 60
mghP

t
× × ×

= × = ×
×

∴ P = 7.5 × 105 = 750000 Watt

then no. of 100 Watt bulb can be light is 750000
100

Bulb = 7500

 89. (d) 
( )mgh V gh P tP V

t t gh
× ×

= = ⇒ =
×

ρ
ρ

3

3

5 10 5 60
10 10 50

V −

× × ×
=

× ×
6

61500 10 3 10
500
×

= = ×V L

 90. (d) 

At point A all of the K.E transformed into the potential 
energy

21 mv mg
2

= 

v 2g= 

 91. (a) 

At point A total energy is in the form of P.E because all 
kinetic energy at B get transformed in P.E

21 mv mgh
2

=

v 2gh v 2 9.8 0.7 3.7 m / s∴ = ⇒ = × × =

 92. (c) For such condition 5h R
2

=

2R h
5

∴ =
 

    R = 4m

 93. (b) At the lowest position v gR=

Centripetal acceleration 
( )2

2

c

gRva g
R R

= = =

 94. (d)  Fc = T –  mg                                    
 T = Fc + mg

    = mw2r + mg

∴  Tension in the string, T is 

   T = 0.5 × (4)2 × 1 + 0.5 × 10
 = 13N

 95. (b) .P F V=
 

 96. (c) 
2

7mvT mg mg
r

= + =

2mv
r

 = 6 mg r = 
2

6
v
g

 97. (c) Given 13 5v rg ms−= =      

∴ tension 
2

20mvT N
r

= =

 98. (c) 
2

1
mvT mg

r
= −   

2

2
mvT mg

r
= +

Then T2 – T1 = 2mg

 99. (c) At the highest point, v gR≥

 100. (d) Tension at lowest point is given by
2

2mvT mg mr mg
r

= + = ω +



Objective NCERT Gear UP Physics120 |

2 2 22 n n rmr mg m g
60 900

 π π = + = +  
   

 101. (b) The body describing a vertical circle,

2mvT mgcos
R

∴ − θ =

2mvT mgcos
R

⇒ = θ+

Tension	 is	 maximum	when	 cos	 θ	 =	 1	 and	 velocity	 is	
maximum.	Both	conditions	are	satisfied	at	θ	=	0°,	i.e.	at	
lowest point B.

 102. (c) Tension	in	the	string	when	it	makes	an	angle	θ	with	
the vertical 

2mvT mgcos
r

= + θ

When	the	string	is	horizontal,	θ	=	90°

 and cos 90° = 0
2mvT mg 0

r
∴ = + ×

             

2 2mv 0.6 (5) 20N
r 0.75

×
= = =

 103. (b) 
2mvT mgcos

r
= + θ

For	θ	=	30°,	
2 2

1
mv mv 3mgT mgcos30

r r 2
= + ° = +   - (i)

For	θ	=	60°,	
2 2

2
mv mv mgT mgcos60

r r 2
= + ° = +      - (ii)

  From equation (i) and (ii), we can say

  1 2T T∴ >

Rank Boosters

 1. (b) A becomes heavier, as water enters in the vessel A 
and it sinks due to gravity.
Hence, external work required for immersing A is less 
than that for immersing B.

 2. (b) Situation	is	shown	in	figure.	When	

m
h

m

d
mass m falls vertically on spring, then 
spring is compressed by distance d.
Hence, net work done in the process is
W = potential energy stored in the spring 
+ loss of potential energy of mass 

21mg(h d) kd
2

= + −

 3. (b) 
^ ^ ^ ^

F (2i 15 j 6k)N, s 10 jm= + + =

∴ work done, W F.s=




^ ^ ^ ^
(2i 15 j 6k).(10 j) 150J= + + =

 4. (a) Velocity of particle accelerating uniformly in time t1,

1
1

vv at a
t

= ⇒ =

Velocity of particle after time t,

1

vtv ' at v '
t

= ⇒ =

According to work-energy theorem,
W	=	ΔK

or 
2 2

2 2
2

1 1

1 1 vt 1 mvW mv' 0 m t
2 2 t 2 t

 
= − = = 

 

 5. (a) Initial kinetic energy of the block when the bullet 
strikes.

21 (m M)v
2

= +

The block will rise to a height h. Its potential energy = 
(m + M)gh
Now applying law of conservation of energy, we get

21 (M m)v (M m)gh
2

+ = +

v 2gh⇒ =

 6. (b) To climb a height h, the boy utilizes potential energy 
= mgh
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In	order	to	climb,	he	will	use	the	efficient	energy.

Energy of one bread = 21 KJ = 21 × 103 J 

Efficiency	of	boy	=	28%

Hence, energy consumed by boy
28 21000 5880J

100
= × =       .....(i)

From law of conservation of energy, this energy is 
utilized in giving potential energy mgh, where g is 
acceleration due to gravity.

∴mgh = 40 × 9.8 × h ...(ii)

Equation Eqs. (i) and (ii), we have

 ⇒ 40 × 9.8 × h = 5880
5880h 15m

40 9.8
⇒ = =

×

 7. (a) When stone is at its lowest 
position, it has only kinetic energy, 
given by

2
1

1E K mu
2

= =

At the horizontal position, the total 
energy is given by

2
2

1E U K mu ' mg
2

= + = + 

According to conservation of energy,
E1 = E2

2 21 1mu mu ' mg
2 2

= + 

2 21 1mu ' mu mgl
2 2

⇒ = −

2 2 2u ' u 2g u ' u 2g⇒ = − ⇒ = −   ...(i)

The velocities vectorially given below 

So, the magnitude of change in velocity
2 2u u u ' u 2u 'u cos90∆ = = + + °

2 2 2u u ' u 2u 2gl∆ = + = −

[From	Eq.	(i)]

 8. (b) From law of conservation of energy

2M 1g I
2 2

∴ = ω

Moment of inertia of a thin rod is

As,  21I M
3

= 

2
2M 1 M 3gg

2 2 3
⇒ = ω ⇒ω=







A

BO

M
l

lStick

Also,	v	=	rω			(l = 1m)
1v l 3 9.8 5.4ms−⇒ = × × =

 9. (a) According to work-energy theorem.
Work done = change in kinetic energy of the body

f i

2
f i

W K K
1F.dx K mv
2

∴ = −

= −∫
Or 

x 30

fx 20
( 0.1)x dx K 500

=

=
− = −∫

( )
x 302

f
x 20

x0.1 K 500
2

=

=

 
= − 

 

( )
2 2

f
(30) (20)0.1 K 500

2 2
 

− = − 
 

Or Kf – 500 = – 0.1 (450 – 200) 
Or Kf – 500 = – 25
∴ Kf = 500 – 25 = 475 J

 10. (b) Let a body of mass m initially at rest attains velocity 
v	after	a	time	t	as	shown	in	the	figure.

The constant force, F produces constant acceleration a.
Power delivered to the block by the force F at any time 
t is 
P = (F) (v)  ...(i)
Using equation of motion along x
v = u + at 
⇒ v = 0 + at 
⇒  v = at   ...(ii)
From Eqs. (i) and (ii), we get
P	=	(F)	(at)	=	(ma)	(at)	[ F = ma]
   = (ma2) t
   ⇒ P ∝	t								[



 ma2 = constant]    

 11. (d) 21K mv
2

=

the power of the machine gun

2 21 1K mv n. mv
2 2

time t

=
= =
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2
21 mv 1n. K mv , t 1s

2 t 2
nK

 = = = 
 

=



 12. (b) As, 0P Fv mav
dvm v
dt
dvmv
dt

= =

 =  
 

=

P0dt = mvdv
Integrating both sides, we get

0P dt mvdv=∫ ∫
2

0

2 0

1 2

mvP t
2
2P tv
m

v t /

=

⇒ =

⇒ ∝

 13. (c) P = Fv = mav

             

dvm v
dt

=

2

dvP m v
dt

integrating both sides
Por vdv dt
m

v Pt
2 m

=

=

⇒ =

∫ ∫

Or  2Pv t
m

dx 2P t
dt m

Again integrating both sides

=

⇒ =

1/ 2

3/ 2

3/ 2

2Pdx t dt ,
m
2P tx
m 3 / 2

x t

=

=

⇒ ∝

∫ ∫

 14. (a) Linear	velocity,	v	=	rω

                                  1

2 1 2r
t 4 2

ms
4

−

π π = = × 
 
π

=

F = 15 × 9.8N

P F v 15 9.8 115.5W
4
π

∴ = × = × × =

 15. (c) If	the	motor	pumps	water	(density	=	ρ)	continuously	
through a pipe of area of cross-section A with velocity v, 
then	mass	flowing	out	per	second.

m	=	Avρ				...(i)
Rate of increase of kinetic energy

2 2 31 1 1mv (Av )v A v
2 2 2

= = ρ = ρ  ...(ii)

Mass	m,	flowing	out	per	sec,	can	be	increased	to	m’ by 
increasing v to v’, then power increases from P to P’.

3 3

3

1 A v'P ' P ' v '2 or1P P vA v
2

ρ  = =  
 ρ

Now, m' A v' v '
m A v v

ρ
= =

ρ

As, m’ = nm, v’ = nv

3

3

P ' n
P

P' n P

∴ =

⇒ =

 16. (c) Centripetal acceleration, 
2

2 2
c

va k rt
r

= =
2 2 2 2v k r t⇒ =

kinetic energy is given by

2 2 2 21 1K mv mk r t
2 2

= =

According to work-energy theorem, change in kinetic 
energy equal to work done.

2 2 21W mk r t
2

∴ =

Thus, power delivered to the particle

2 2dWP mk r t
dt

= =

 17. (a) The	situation	of	collision	is	given	as	below:

Along y axis, momentum is zero m1v1sin300 = m2v2 
sin600

Hence, 4v1 sin 30° = v2 sin 60°

Or 1

2

v 3
v 4

=

 18. (c) In an inelastic
collision, kinetic energy 
is not conserved but the 
total energy and 
momentum remains 
conserved.
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m1 = 4kg,  m2 = 6kg

u1 = 12 ms–1, u2 = 0

Momentum before collision = Momentum after collision

m1u1 + m2u2  = m1v1 + m2v2

⇒  4 × 12 = (4 + 6)v

⇒  v = 4.8 ms–1

Kinetic energy before collision 2
1 1

1 m u
2

=

                   

21 4 (12)
2
288J

= × ×

=

Kinetic energy after collision 2
1 2

1 (m m )v
2

= +

                

21 (4 6)(4.8)
2
115.2J

= +

=

∴  Loss in kinetic energy of system = 288 J – 115.2 J 

                                                          = 172.8 J

 19. (a) ( )
( )

( )1,1

0,0
W F.ds 2xdx 2dy= = +∫ ∫





 20. (d) 1W F.ds K ds K ln s
s

= = =∫ ∫




 21. (c) Loss of energy = Ei – Ef

slide conservative
1W W 0 4 64
2

+ = − × ×

Ws + (U1 – U2) = –128
Ws + 4 × 10 × 8 – 4 ×10 × 10 = –128
Ws + 320 – 400 = –128
Ws – 80 = –128
Ws = –128 + 80
Ws = –48 J

 22. (a) 

v 2gH 2gssin= = θ

so, v2	–	2gs	sinθ	=	0

 23. (a)	Here	effective	spring	constant	of	the	combination	=	
k1 + k2 = 225 N/m
Now applying the energy conservation principle, we have

[ ] ( )2 21 1100 125 0.1 mv
2 2

+ × =

[ ] ( )2 21 1100 125 0.1 2 v
2 2

+ × = × ×

⇒ v2 = 1.125 ⇒ v = 1.06 m/s 
at the mean position.

 24. (a) Pf
V

⇒ =

At the time of maximum velocity f = r, i.e.,
⇒ net force onload = 0

max
max

P Pr V
V r

⇒ = ⇒ =

PF
v

=

dv Pm.
dt v

=

P t2r

0 0

Pv.dv dt
m

 
=  
 

∫ ∫
21 P Pt

2 2r m
  = 
 

2
Pmt
8r

=

 25. (c) 2 2dv k rt
dt

=  

2 3k rtv
3

⇒ =

Centripetal force will not supply the power and power by 
the tangential force 

( )dvm v P FV
dt

= =

2 3 4 2 5
2 2 k rt mk r tmk rt

3 3
= =

 26. (d) Velocity at bottom most point

 v 2g cos 60 g= = 

To complete full circle v 5gR=

Where  R = (l – h)
4so, h
5

=


 27. (d) dUF 0 0
dX

= ⇒ =

 28. (a) For Umin   ( )2d U 0 x x 1 0
dx

= ⇒ − =

U is min at x = +1

min
1 1 1U
4 2 4

∴ = − = −
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 Kmax + Umin = ETotal

max
1K 2
4

− =

max
9K
4

⇒ =

21 9mv
2 4

=

2 9v
2

=

3v
2

=

 29. (a) By work energy theorem

( ) ( )21 m 6 mg 1.1
2

−

= 0.6 mg (d)

 30. (b) Relative to Belt

( )2
0

10 mv mg L
2

− = −µ

0v 2 gL⇒ = µ

 31. (a) Speed will be maximum where a = 0
kx = F ⇒ x = F/k

2 21 1Fx kx m
2 2

− = ν (by work energy theorem)

2 2
2

2
F 1 1 F Fm k
k 2 2 k mk

= ν + ⇒ ν =

 32. (c) ( ) Li Mg 0.5MgL
2

= =

( ) Lii Mg 0.5MgL
2

= =

( ) 2
2R 2Mg L 2iii Mg MgL 0.2MgL= = = ≈
π π π π

( ) 2
4iv MgL 0.4MgL= ≈
π

( ) 2Rv Mg R = − π 

          
2

2 2MgR MgLπ− π− = = π π 

          
2

1.14 MgL 0.114MgL= =
π

(v) < (iii) < (iv) < (i) = (ii)

 33. (a) dvPower p
dt

=

dvh g
dt

= ρ

3
3 3 5 10120 10 13.6 10 10

60

−
− ×

= × × × × ×

= 1.36 W 

 34. (c) v1 = at1

1

1

va
t

=

velocity at time

         
1

vtv at
t

= =  

         

2

1

1 vtKE W m
2 t

 
= =  

 

 35. (d) –2dvm Kv
dt

=

( )2m v dv Kdt=∫ ∫
3vm Kt

3
 

=  
 

21 3 Ktmv
2 2 v

=

 36. (a) Ws	=	∆k
2

2 21 1 v 1– kx m – mv
2 2 2 2

 =  
 

2 21 3kx mv
2 8

=

2

2
3 mvk
4 x

=

 37. (b) Force to lift
kx = 2g = 20

1x
2

⇒ =

2 21 1Now, mv mgh kx 0
2 2

− + =

⇒    v2 = 8

v 2 2⇒ =

 38. (a) 
2 2

2 2
n

1 mv 2 xAs, mv x F
2 R R

α
= α ⇒ = =

2Ae v x
m
α

=

dv 2 dxa
dt m dt

α
= =
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2

t
2 2 xF ma m .
m m
α α

⇒ = =

2
2 2
n t 2

xF F F F 2 x 1
R

⇒ = + ⇒ = α +

 39. (c) dm dmHere, thrust v (2000)
dt dt

= =

dmFor rocket, v m(g a)
dt

= +

dm2000 1000(9.8 4.9)
dt

⇒ = +

dm 7.35kg/s
dt

⇒ =

 40. (c) Since there is no change in kinetic energy, work done 
by the force is equal to change in potential energy.

 41. (d) 21
2

= ∆ =w k mv

⇒ w ∝ v2 graph will be parabolic (y2 = 4ax)

 42. (b)	 When	 drop	 falls	 first	 velocity	 increases,	 hence,	
K.E also increases. After sometime speed (velocity) is 
constant this is called terminal velocity, hence, K.E also 
become constant. P.E decreases continuously as the drop 
is failing continuously. The variation in P.E and K.E is 
best represented by b.

 43. (a)  Let at A the block loose contact so
  N = 0                  

2
Ammg cos N

r
ν

θ− =

2
Ammg cos

r
ν

θ =

2
Aor rg cosν = θ

1or mgr mgh mrg cos
2

= + θ

r hr h
2 r

= = +

3hr
2

=

2h r
3

=

 44. (d) v 5g= 

final
5gv 5v g u 2gh

2 2 4
= = = = −





( )25g u 2g 1 cos
4

= − − θ




( )5g 5g 2g 1 cos
4

− = − − θ


 

15 72(1 cos ) cos
4 4
= − θ ⇒ θ = −

3
4
π

⇒ < θ < π

 45. (b)  F = –k1x1              F = –k2x2

∴k1x1 = k2x2

1 2

2 1

x k
x k

⇒ =

2 2
1 1

1 1 2

22 2 1
2 2

1
2
1
2

k xU k k
U k kk x

 
= = × 

 

1 2

2 1

5000 5
3000 3

U k
U k

= = =

Statement Based Questions

 46. (d) A body can have energy without momentum i.e. 
(potential energy). But body cannot have momentum 
without energy 

 47. (a) Conservative forces does not contribute to the 
change in mechanical energy as when only these forces 
are in a closed system, the sum of changes in kinetic 
& potential energy  i.e., mechanical energy is 0. Hence, 
work done (total) equals change in K.E &  P.E is equal 
to negative of work done by conservative force when 
object undergoes  a displacement from state 1 to state 2.

 48. (c) 

 49.  (c)	Different	SI	units	 are	adopted	 for	 same	quantity	 in	
different	domains	of	study	in	order	to	express	quantities	
conveniently. So it does not matters what type of energy 
it is.

 50. (c)

NCERT Exemplar Problems

 1. (b) When electron and proton are moving under 
influence	of	their	mutual	forces,	the	magnetic	forces	will	
be perpendicular to their motion hence no work is done 
by these forces.

 2. (c) Force 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.

We know that work done = force x distance. As forces 
are same in case of proton and positron but distance 
moved by positron is larger, hence, work done will be 
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more.
 3. (b) When the man is squatting on the ground he is tilted 

somewhat, hence he also has to balance frictional force 
besides his weight in this case.
R = Reactional force = friction + mg
⇒            R > mg
When the man gets straight up in that case friction = 0
⇒  Reactional force = mg

 4. (c) Here, work is done by the frictional force on the cycle 
and is equal to 200 × 10 =  – 2000 J.
As the road is not moving, hence, work done by the 
cycle on the road = zero.
Note : We should be aware that here the energy of 
bicyclist lost during the motion is lost due to friction in 
the form of heat.

 5. (c) As the body is falling freely under gravity, the 
potential energy decreases and kinetic energy increases 
but total mechanical energy (P.E + K.E) of the body and 
earth system will be constant as external force on the 
system is zero

 6. (c) As the given tracks are frictionless, hence mechanical 
energy will be conserved. As both the tracks having 
common height, h.

From conservation of mechanical energy, 21
2

mv mgh=  
 (for both tracks I and II)
Hence, speed is same for both stones. For stone I,                 
a1	=	acceleration	along	inclined	plane	=	g	sin	θ1

Similarly,	for	stone	II	:	a2	=	g	sin	θ2	as	θ2	>	θ1 hence, a2 > a1.
And both length for track I is also less hence, stone II 
reaches earlier than stone I.

 7. (b) Total energy is E = P.E + K.E  ...(i)
When particle is at x = xm i.e., at extreme position, 
returns back. Hence, at x = xm; x = 0; K E = 0

From Eq. (i)  ( ) 210
2m mE PE PE V x kx= + = = =

 8. (b) Given v = ax3/2

m = 0.5 kg, a = 5 m –1/2 s–1, work done (W) = ?

We 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= × × × =

2 2
0

3Now, Force
2

ma m a x= =

Work done 
2 2 2 2
0 0

3
2

x

x
Fdx ma x dx

=

=
= =∫ ∫

  2 3 2
0

3 ( / 3)
2

ma x= ×

     
21 18 (0.5) (25) 8 50 J

2 2
ma= × = × × × =

 9. (b) Given, power = constant
We know that power (P)

.P dW F ds Fds
dt dt dt

= = = (body is moving  unidirectionally)

Hence, F.ds = Fds cos0°

P Fds
dt

= =  constant  (P = constant by question)

Now, writing dimensions
[F]	[v]	=	constant
⇒							[MLT–2] [LT–1] = constant
⇒       L2T–3 = constant
⇒       L ∝ T3/2 ⇒ Displacement (d) ∝ t3/2

 10. (c) When a pendulum oscillates in air, it will lose 
energy continuously in overcoming resistance due to 
air. Therefore, total mechanical energy of the pendulum 
decreases continuously with time.

The variation is correctly represented by curve c.
 11. (a) Given, 

Mass = m = 5 kg
Radius = 1 m = R
Revolution	per	minute	ω	=	300	rev/min
	 	 	 						=	(300	×	2π)	rad/min
         = (300 × 2 × 3.14) rad/60 s

300 2 3.14 rad/s 10 rad/s
60

× ×
= = π

⇒		Linear	speed	=	v	=	ωR

      

300 2 (1)
60
× π =  

 

							=	10	π	m/s

21KE mv
2

=

      
21 5 (10 )

2
= × × π

      
2 1100 5

2
= π × ×

						=	250	π2 J 

 12. (d) Given, h = 1.5 m, v = 1 m/s, m = 10 kg, g = 10 ms–2

From conservation of mechanical energy.
(P.E)i + (K.E)i = (PE)f + (K.E)f
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21 0 ( )
2 fmgh mv KE⇒ + = +

2

2

1( )
2

1( ) 10 10 15 10 (1)
2

f

f

KE mgh mv

KE

⇒ = +

⇒ = × × + × ×

                 = 150 + 5 = 155 J

Note : We should be careful about the reference taken 
for P.E, it may or may not be the ground.

 13. (b) First velocity of the iron sphere increases and after 
sometime becomes constant, called terminal velocity. 
Hence,	accordingly	first	K.E	increases	and	then	becomes	
constant which is best represented by b.

 14. (b,d) When a man of mass m climbs up the staircase of 
height L, work done by the gravitational force on the 
man is mgL & work done by internal muscular forces 
will be mgL as the change in kinetic energy is almost 
zero.

Hence, total work done = – mgL + mgL = 0 

As the point of application of the contact forces does not 
move hence work done by reaction forces will be zero.
Note : Here work done by friction will also be zero as 
there is no dissipation or rubbing is involved.

 15. (a,b,d) Consider the adjacent diagram for the given 
situation in the question.
b. Conserving energy between “O” and “A”

i i f fU K U K+ = +

2 21 10 ( ')
2 2

mv mgh m v⇒ + = +

2 2( ')
2 2

v v gh⇒ = = −

2 2 2( ') 2 ' 2v v gh v v gh⇒ = − ⇒ = −  …..(i)

Where v’ is speed of the bullet just before hitting the 
target. Let speed after emerging from the target is v” 
then,

By question, 2 21 1 1( ") ( ')
2 2 2

mv m v =   

2 2 21 1 1( ") ( ') 2
2 2 4

m v m v m v gh = = −   

                  
2 2

2 2( ")
2 2

v gh vv gh−
⇒ = = −

                  

2
"

2
vv gh⇒ = −

From Eqs. (i) and (ii)

v ghv
v v gh

−
= =

−

    

' '" 2
22

v vv  ⇒ = =  
 

   

" 2 1.414 1
'

2

v
v

⇒ = = >

  
'"

2
vv⇒ >

Hence, after emerging from the target velocity of the 
bullet (v”) is more than half of its earlier velocity v’ 
(velocity before emerging into the target).

d. As the velocity of the bullet changes to v’  which is 
less than v’ hence, path, followed will change and the 
bullet reaches at point B instead of A’ , as shown in the 
figure.

As the bullet is passing through the target the loss in 
energy of the bullet is transferred to particles of the 
target. Therefore, their internal energy increases.



The Transitional Elements-(d-Block)

• A typical transition element shall have an incompletely 
filled d-sublevel either in its elemental form or in any of 
its chemically significant oxidation states.

• d - block general electronic configuration is  (n –1) d1–10 ns1–2.

There are four series in the d block:

1st 3d series Sc21 - Zn30                      9 + 1 = 10  

2nd 4d series Y39 - Cd48                      9 + 1 = 10  

3rd 5d series La57, Hf72 - Hg80            9 + 1 = 10  

4th 6d series Ac89, Unq104- Uub112      9 + 1 = 10

Properties of d-block elements

• The transition elements exhibit typical characteristic 
properties. This is due to their small atomic sizes, large 
nuclear charges and the presence of unpaired d - electrons

• The metals of 4d & 5 d transition series have greater 
enthalpy of atomization than corresponding element 
of first series. More frequent metals – metals bonding in 
their compounds.

• Enthalpy of atomization: V > Ti > Ni > Co > Fe> Cr > 
Cu > Sc > Mn > Zn

Atomic radii

• Atomic radii of these elements first decrease and then 
increases, with the increase in atomic number.

• Due to lanthanoid contraction, atomic radii increase down 
the group but radii of third series are virtually the same 
as those of the corresponding members of second series.

Ionisation enthalpy

• Ionisation energy increases with increase in nuclear 
charge along each series. The first ionisation enthalpies 
of Zn, Cd, Hg are very high because of fully filled 
configurations.

• Ionization enthalpy of 5d – series are much higher than 
3d & 4d – compounds. Weak shielding of nucleus by 4f 
electrons in 5d series by which greater effective nuclear 
charge act on valence electron.

Oxidation State

• T.E metal has different O.S., this is due to the participation 
of inner (n – 1) d-electrons in addition to outer ns-electrons 
because, the energies of the ns and (n – 1) d-sub-shells are 
nearly same.

• The compound in +2 and +3 oxidation state are mostly 
ionic in d-block elements.

Electrode Potenial

• Mn+3 and Co+3  are strong oxidising agents due to high 
S.R.P of M+3/M+2 values.

• Due to its low hydration enthalpy Cu has positive E0 
value.

• Ni2+ has exceptional E° value. High negative enthalpy of 
hydration. 

• All the elements of 3d – series are good reducing agent 
except copper. All elements of 3d – series has negative 
E°(M2+/M) but copper has high positive electrode 
potential.

Magnetic properties

No. of unpaired electrons is calculated by:

• Magnetic moment : ( )n n 2 BMµ = +

   n = number of unpaired electrons.

• Only complex is coloured due to d-d transition and also 
paramagnetic in nature if unpaired electron is present.

• Only complex is colourless due to the absence of d-d 
transition and diamagnetic in nature if unpaired electron 
is absent, .

NCERT-PICKS

CHAPTER
The d-and-f Block  

Elements8
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Colours of Transition Metal Ions

• The colour of the transition metal ion depends on the 
number of electrons undergoing the d-d transition and the 
energy difference between these d-orbitals

• Cu+ , Ag+ , Au+ are colourless. There are no vacant d – 
orbital for promotion of electrons from excited state to 
ground state.

Catalytic properties of transition metals

• Transition  metals  and  their  compounds  act  as good 
catalysts. This is due to the presence of free valencies and 
also variable oxidation states.

Formation of interstitial compound

• Transition metals also have a tendency to form interstitial 
compounds with H, C, B, or N-atoms.

Some important d-block metal compounds

Potassium dichromate (K
2
Cr

2
O

7
) :

Preparation

4 Fe Cr2 O4 + 8Na2 CO3 + 7O2 → 8 Na2 Cr O4 +  2Fe2O3 + 8CO2

Na2 CrO4 + H2SO4 → Na2Cr2O7 + Na2 SO4 + H2O

Na2Cr2O7 + 2KCl → K2Cr2O7 + 2NaCl
Properties

• In Cr2O7
2–, two CrO3 units are bonded to sp3 hybrid 

oxygen atom.
• Cr atom is surrounded by four oxygen atoms tetrahedrally.
• K2Cr2O7 can be used as a primary standard. Due to 

absence of hygroscopic.

Potassium dichromate are orange crystals and are 
moderately soluble in cold water but readily soluble in 
hot water.

• Cr(VI) in the form of dichromate in acidic medium is a 
strong oxidising agent where MoO3 and WO3 are not. In 
d-block elements higher oxidation states are favoured by 
heavier members.

Chemical properties

• On  heating  K2Cr2O7 with  alkalies,  it  is  converted  to 
chromate, i.e., the colour changes from orange to yellow. 
On acidifying, Cr2O4

2-yellow colour again changes to 
orange.
K2Cr2O7 + 2KOH → 2K2CrO4 + H2O
Orange                      Yellow
2CrO4 + 2H+ → Cr2O7

2– + H2O
Yellow                 Orange

Chromyl chloride test: A metal chloride on heating with 
solid K2Cr2O7  and conc.H2SO4 gives  red vapours of 
chromyl chloride (Cr O2Cl2).

K2Cr2O7 + 4KCl + 6H2SO4 → 2CrO2Cl2 + 6KHSO4 + 
 3H2O     (red vapours)

• Dichromate ions forms deep blue colour with H2O2. Due 
to the formation of peroxo compound [CrO5] soluble in 
ether.

Potassium Parmanganate (KMnO
4
)

Preparation:

  2 MnO2+ 4KOH + O2 → 2K2MnO4 + 2H2O

Disproportionation :

  3MnO4
2  – + 4H+ → 2MnO4

–  + MnO2 + 2H2O

K2MnO4 can be converted to KMnO4 by

Electrochemical Oxidation :

  at anode : MnO4
2  – → MnO4

–  + e–

   Green    purple

  at cathode : 2H+ + e– → H2

Properties

Potassium permanganate is sparingly soluble in water 
and dark purple (almost black) crystals.

• The manganate and permanganate ions are tetrahedral; 
the green manganate is paramagnetic with one unpaired 
electron but the permanganate is diamagnetic.

• The n-bonding takes place by overlap of p orbitals of 
oxygen with d orbitals of manganese.

• Volumetric analysis of Potassium parmanganate :
Involve KMnO4 carried out only in presence of dil. H2SO4 
but not in the presence of HCl or HNO3 because HCl is 
oxidised to Cl2 and HNO3 is itself a strong oxidising agent 
and partly oxidises the reducing agent.

The Inner Transition Elements (f-Block)

f - block : It is also called inner - transition elements

• General electronic configuration: (n – 2) f1–14 , (n – 1) 
d0–10,  ns2

• They have 2 series.
 4f – elements = lanthanoids, 5f =  actinoids. 

Lanthoids
General electronic configuration of Lanthanides
4 f1-14 5 d0–1 6s2

Atomic Size

• The radii of members of 5d-series are similar to those 
of corresponding members of 4d-series due to lanthanoid 
contraction. eg: Zr and Hf have almost same radii and 
due to same radii they have similar physical and chemical 
properties.  That’s why they are also known as chemical 
twins of the periodic table.
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• There is fairly regular decrease in the sizes with increasing 
atomic number.

Ionisation energy

• Lanthanides  have  fairly  low  Ionisation  energies.
• The IE1 & IE2 values are quite comparable to those of 

alkaline earth metals particularly calcium. (IE1 600 kJ/
mole, IE2 1200 kJ/mole).

• La, Gd, Lu have low IE3 values due to empty, half filled 
and completely filled f orbitals respectively

Magnetic behaviour

• Lanthanide ions (M3+) generally show paramagnetism 
due to the unpaired electrons in f-orbitals.

Color

• The colour is attributed to f-f transitions since they have 
partly filled f-orbitals. (Absorption bands are narrow 
probably because of the excitation within f-level)

Oxidation State

• The common oxidation state exhibited by Lanthanides 
is + 3. +3 oxidation state in Lanthanum, Gadolinium 
and Lutetium are especially stable because +3 ions of 
these elements have an empty (f0), a halffilled [f7] and 
completely filled (f14)] configurations.

• The formation of Ce(IV) is favoured by noble gas 
configuration

• Ce(IV) is a good analytical reagent. The reaction rate is 
very slow.

• La(OH)3 is most basic while Lu(OH)3 is least basic. As 
the size of lanthanoids decreases covalent character of 
hydroxide increase & basic character decreases.

Actniods

• General  outer  electronic  configuration  is  5f1–14 6d0–1 7s2

• Ionic Sizes: The general trend in lanthanoids is observable 
in the actinoids as well. There is a gradual decrease in the 
size of atoms or M3+ ions across the series.This may be 
referred to as the actinoids contraction (like lanthanoids 
contraction). The contraction is, however, greater from 
elements to  element  in  this  series  resulting  from  poor 
shielding by 5f electrons.

Oxidation States

• Actinoids exhibit a larger number of oxidation state 
because of the comparable energies of 5f,6d and 7s 
energy levels.

• The actinoids show in general +3 oxidation state. The 
elements, in the first half of the series frequently exhibit 
higher  oxidation  states.

Comparison Between Lanthanoids and actinoids

Lathanoids Actinoids

• Lanthanum - 57 though a d -  block element is also included 
in the lanthanoid series because it closely resembles 
lanthanoides

• Actinoid series also includes Actinium 89.

• Due to poor shielding of one 4f-electrons by another they 
shows lanthanoid contraction 

• Due to poor shielding effect of the 5f-electrons, they show 
actinoid contraction.

• Trivalent lanthanoide ions (La3+) are coloured both in solid 
and in aqueous solutions.

• Actinoids are generally radioactive and shows in general 
+3 oxidation state.

• The compounds of lanthanoids are less basic. • Actinoids  compounds are radio active in nature.
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Characteristics of d-block Elements  
[NCERT Pg 210-224]

 1. The correct configuration for d-block is:
a. (n–1)d1–9 ns1 b. (n–1)d1–10 ns1–2

c. (n–1)d1–5  d. (n–1) d1–10 ns2

 2. Which one of the following transition metals ions is 
colourless in aqueous solution?
a. Ti4+  b. V4+    
c. Mn2+  d. Fe3+

 3. Which one of the following is a d-block element?
a. Gd  b. Zn      
c. Es  d. Cs

 4. Which of the following has maximum unpaired 
d-electrons?
a. Zn2+  b. Fe2+       
c. Ni2+  d. Cu+

 5. The spin only magnetic moment of Fe3+ ion (in BM) is 
approximately: 
a. 4  b. 7     
c. 5  d. 6

 6. The highest oxidation state exhibited by transition 
metals is: 
a. +7   b. +8       
c. +6  d. +5

 7. The magnetic moment µ, of transition metals is related 
to the number of unpaired electron, n as:
a. µ = n (n + 2)  b. µ = n2(n + 2)

c. n
n 2

µ =
+

 d. ( )n n 2µ = +

 8. Transition metal show paramagnetic behaviour. This is 
because of their:
a. High lattice energy
b. Variable oxidation state
c. Characteristic configuration
d. Unpaired electrons

 9. Stainless steel contains:
a. Fe + Cr + Cu b. Fe + C +  Ni
c. Fe + Cr + Ni d. Fe + Ni + Cu

 10. Which of the following pairs of ions have the same 
electronic configuration?
a. Cu2+ , Cr2+ b. Fe3+ , Mn2+

c. Co3+ , Ni3+ d. Sc3+ , Cr3+

 11. The magnetic moment of a divalent ion in aqueous 
solution with atomic number 25 is:
a. 5.9 BM      b. 2.9 BM 
c. 6.9 BM  d. 9.9 BM

 12. The correct order of number of unpaired electron is:
a. Cu2+ > Ni2+ > Cr3+ > Fe3+

b. Ni2+ > Cu2+ > Fe3+ > Cr3+

c. Fe3+ > Cr3+ > Ni2+ > Cu2+

d. Cr3+ > Fe3+ > Ni2+ > Cu2+

 13. In which one of the following pairs metals have same 
number of unpaired electrons?
a. Cr, Cu    b. Mn, Zn 
c. Sc, Zn   d. Sc, Cu

 14. The variable oxidation state are exhibited by the elements 
of 3d-series because:
a.  They contain unpaired electrons in 3d
b. 4s-electrons are readily involved in bonding
c. Energy difference between 3d and 4s orbitals is small
d. 3d- electrons only are involved in bonding

 15. Only one oxidation state is possible with:
a. Cu  b. Zn  
c. Fe  d. Mn

 16. The oxidation state of +1 is possible with:
a. Cu and Cr b. Cu and Zn
c. Cr and Zn d. Mn and Zn

 17. In which one of the following, the first is more stable 
than the second?
a. Ti3+, Ti4+  b. Mn3+, Mn2+ 
c. Na, Na+  d. Fe3+, Fe2+

 18. The magnetic moment of Ni2+ ion (atomic number of  
Ni = 28) in BM unit is:
a. 1.73  b. 4.81    
c. 5.96  d. 2.84

 19. Which of the following transition metal is not coloured?
a. Cu+  b. V3+      
c. Co2+  d. Ni2+

 20. The ion of least magnetic moment among the following 
is: 
a. Ti3+  b. Ni2+  
c. Co2+  d. Mn3+

 21.  Which of the following pairs of elements cannot form an 
alloy?
a. Zn , Cu     b. Fe, Hg 
c. Fe, C  d. Hg,Na

Self Assessment Questions
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 22. Essential component of amalgam is:
a. Fe  b. Pb    
c. Hg  d. Cr

 23. Which of the following pairs magnetic moment is same?
a. MnCl2 , CuSO4 b. CuCl2 , TiCl3
c. TiO2 , CuSO4 d. TiCl3 , NiCl2

 24. The stability of ferric ion is due to:
a. Half-filled f-orbitals
b. Half-filled d-orbitals
c. Completely filled f-orbitals
d. Completely filled d-orbitals

 25. Which of the following compounds is not coloured?
a. Na2[CuCl4] b. Na2[CdCl4]
c. K4[Fe (CN)6] d. K3[Fe (CN)6]

 26. Electronic configuration of a transition element X in +3 
oxidation state is [Ar] 3d5.  What is its atomic number?
a. 25  b. 26     
c. 27  d. 24

 27. Which of the following is not an amphoteric ion?
a. Al3+  b. Cr3+

c. Fe3+  d. Zn2+

 28. Which of the following d-block elements have same 
configuration of (n-1) d subshell?
a. Cu , Zn  b. Cr, Cu
c. Cr, Zn  d. Co, Ni

 29. The correct order of decreasing second ionization 
enthalpy of Ti (22), V(23), Cr(24), and Mn (25) is:
a. Ti > V > Cr > Mn
b. Cr > Mn > V > Ti
c. V > Mn > Cr > Ti
d. Mn > Cr > Ti > V

 30. The maximum number of unpaired electrons are present 
in: 
a. Fe  b. Fe2+

c. Fe4+  d. Fe3+

 31. Among the following the most stable ion is:
a. Fe2+   b. Sc4+

c. Mn3+  d. Mn2+

 32. Which one of the following compounds is expected to  
be coloured?
a. TiCl3  b. Cu2Cl2       
c. ZnSO4  d. ScCl3

 33. In the reaction, Cu → Cu+ + e– , the electron is lost from 
the subshell:
a. 3d  b. 4s   
c. 3p  d. Either 3d or 4s

 34. The ion, Cu+ is isoelectronic with:
a. Cu2+  b. Mn2+     
c. Zn2+     d. Sc3+

 35. Which one of the following species will impart colour in 
its aqueous solution:
a. Cr3+          b. Cu+                c. Zn2+              d. Ti4+

 36. For which one of the following pairs, both exhibit same 
highest oxidation state?
a. Ti, Ni     b. Ti, Cu 
c. Cr, Cu  d. Sc, Zn

 37.  Which one of the following ions is coloured in its 
aqueous solution?
a. V3+             b. Zn2+              c. Cu+             d. Ti4+

 38.  Which one of the following has the highest number of 
unpaired electrons?
a. Co2+   b. Ni2+              c. Fe2+        d. Mn2+

 39. Which one of the following configurations represents 
the ion which would be colourless?
a. 3d4, 4s0  b. 3d3, 4s0 
c. 3d5, 4s0         d. 3d10, 4s0

 40. The elements of 3d-series will give coloured compounds 
of its ions containing:
a. Vacant 3d-orbitals
b. Unpaired electrons in 3d
c. Unpaired electrons in 4s
d. Both (a) and (b) 

 41. In which one of the following pairs of ions, both are 
colorless?
a. Sc3+, Ti3+  b. Cu+, Fe2+      
c. Ti4+, Cu+           d. V3+, Zn2+

 42. Among the following, the lightest transition element is:
a. Fe b. Os          c. Sc       d. Co

 43. The d-block elements include:
a. Metals and non-metals
b. Only non-metals 
c. Only metals
d. Metals, non-metals metalloids

 44. In the long form of the periodic table, the columns or 
groups to which the elements of d-block belong are: 
a. 1 to 10  b. 3 to 12
c. 2 to 11  d. 6 to 15

 45. The elements of transition series are those which have: 
a. Incomplete outermost shell
b. Completely filled outermost shells
c. Incomplete inner orbitals
d. None of these

 46. The actual configuration of Cr is:
a. [Ar] 3d5 4s1 b. [Ar] 3d4 4s2

c. [Kr] 3d5 4s1 d. [Kr] 3d4 4s2

 47. Transition metal with low oxidation number will act as 
a. A base  
b. An acid
c. An oxidising agent  
d. None of these
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 48. Which of the following pair will have effective magnetic 
moment equal?
a. Cr+3 and Mn+2 b. Cr+2 and Fe+2

c. V+2 and Sc+3 d. Ti+2 and V+2

 49. Mn2+ can be converted into Mn7+ by reacting with
a. SO2  b. Cl2
c. PbO2  d. SnCl2

 50. Which transition metal reduces steam to evolve 
hydrogen?
a. Mg  b. Fe
c. Sc  d. Pt

 51. Out of all the known elements, the percentage of 
transitional elements is approximately 
a. 30%  b. 50%
c. 60%  d. 75%

 52. The number of d-electrons in Fe2+ (at no. of Fe = 26) is 
not equal to that of the
a. p – electrons in Ne (at. no. = 10)
b. s – electrons in Mg (at. no. = 12)
c. d – electrons in Fe
d. p – electrons in Cl– (at. no. of Cl = 17)

 53. Which of the following weighs less when weighed in 
magnetic field?
a. VCl3  b. ScCl3
c. TiCl3  d. FeCl3

 54. The atomic number of vanadium (V), chromium (Cr), 
manganese (Mn) and iron (Fe) are respectively 
23, 24, 25 and 26 which one of these may be expected to 
have the highest second ionization enthalpy
a. V  b. Cr
c. Mn  d. Fe

 55. The correct order of magnetic moments (spin only values 
in B.M.) among is
a. [Fe(CN)6]

4– > [MnCl4]
2– > [CoCl4]

2–

b. [MnCl4]
2– > [Fe(CN)6]

4– > [CoCl4]
2–

c. [MnCl4]
2– > [CoCl4]

2– > [Fe(CN)6]
4–

d. [Fe(CN)6]
4– > [CoCl4]

2– > [MnCl4]
2–

 56. What is the magnetic moment of [FeF6]
3–

a. 5.92  b. 5.49
c. 2.32  d. 4

 57. Percentage of silver in German silver is 
a. 0%  b. 1%
c. 5%  d. None of these

 58. Which of the following has diamagnetic character?
a. [NiCl4]

2–  b. [CoF6]
3–

c. [Fe(H2O6)]
2+ d. [Ni(CN)4]

2–

 59. German silver is an alloy of 
a. Copper, zinc and nickel 
b. Copper and silver
c. Copper, zinc and tin 
d. Copper, zinc and silver

 60. Which metal is used to make alloy steel for armour 
plates, safes and helmets?
a. Al b. Mn               b. Cr   d. Pb

 61. Solder is an alloy of 
a. 70% lead, 30% tin
b. 30% lead, 70% tin
c. 80% lead, 20% tin
d. 90% Cu, 10% tin

Compounds of Transitional Elements  
[NCERT Pg 224-227]

 62. Which of the following reactions is not correct?
a. MnO4

– + 8H+ + 5Fe2+ → 5 Fe3+ + Mn2+ + 4H2O
b. 2MnO2 + 4KOH + O2 → 4KMnO4 + 2H2O
c. 2Na2CrO4 + 2H+ → Na2Cr2O4 + 2Na+ + H2O
d. K2Cr2O7 + 7H2SO4 + 6KI → 4K2SO4 + Cr2(SO4)3 + 

 3I2 + 7H2O
 63. The basic character of the transition metal monoxides 

follows the order:
a. VO > CrO > FeO
b. CrO > VO > FeO > TiO
c. TiO > FeO > VO > CrO
d. TiO > VO > CrO > FeO

 64. One mole of acidified K2Cr2O7 on reaction with excess 
KI will liberate ........Mole (s) of I2:
a. 6  b. 3          c. 7  d. 2

 65. KMnO4 acts as an oxidising agent in acidic medium. The 
number of moles of KMnO4 that will be needed to react 
with one mole of sulphide ions in acidic solution is:
a. 2/5  b. 3/5         c. 4/5  d. 1/5

 66. The oxidation state of chromium is + 6 in:
a. Potassium chromate
b. Potassium dichromate
c. Both (a) & (b) 
d. None of these

 67. The oxidation state of Mn in potassium manganate is:
a. +7     b. +6               
c. +4       d.  +5

 68. Acidified K2Cr2O7 solution turns green when Na2SO3 is 
added to it. This is due to the formation of:
a. CrSO4  b. Cr2 (SO4)3  
c. CrO4

2-       d. Cr(SO3)3

 69. Identify the correct structure of dichromate ion:

a.  b. 

c.    d.
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 70. Potassium permanganate acts as an oxidant in neutral, 
alkaline as well as acidic media. The final products 
obtained from it in the three conditions are, respectively
a. MnO2, MnO2, Mn2+ 
b. MnO4

2–, Mn3+, Mn2+

c. MnO2, MnO4
2– 

d. MnO, MnO4, Mn2+

 71. When calomel reacts with NH4 OH, we get
a. HgNH2Cl  b. NH2 – Hg – Hg – Cl
c. Hg2O  d. HgO

 72. AgCl dissolves in a solution of NH3 but not in water 
because
a. NH3 is a better solvent than H2O
b. Ag+ forms a complex ion with NH3
c. NH3 is a stronger base than H2O
d. The dipole moment of water is higher than NH3

 73. A white powder soluble in NH4OH but insoluble in water 
is
a. BaSO4  b. CuSO4
c. PbSO4  d. AgCl

 74. Correct formula of calomel is
a. Hg2Cl2  b. HgCl2
c. HgCl2,H2O d. HgSO4

 75. One of the important use of ferrous sulphate is in the
a. Manufacture of blue black ink
b. Manufacture of chalks
c. Preparation of hydrogen sulphide
d. Preparation of anhydrous ferric chloride

 76. Copper sulphate is not used
a. In electrotyping
b. In dyeing and calicoprinting
c. In detecting water
d. As fertilizer

 77. Metal oxides which decomposes on heating is
a. ZnO  b. Al2O3
c. HgO  d. Na2O

 78. In which of the following ionic radii of chromium would 
be smallest
a. K2CrO4  b. CrO2
b. CrCl3  d. CrF2

 79. The compound of copper which turns green on keeping 
in air is
a. Copper sulphate b. Copper nitrate
c. Cupric chloride d. Cuprous chloride

 80. Cu2Cl2 with HCl in presence of oxidising agents gives
a. CuCl2  b. H2CuCl2
c. Hydrogen gas d. Chlorine gas

 81. Which is mild oxidising agent?
a. Ag2O  b. KMnO4
c. K2Cr2O7  d. Cl2

 82. KMnO4 in basic medium is reduced to
a. K2MnO4  b. MnO2
c. Mn(OH)2  d. Mn2+

 83. Amalgams are
a. Highly coloured alloys
b. Always solid
c. Alloys which contain mercury as one of the contents
d. Alloys which have great resistance to abrasion

 84. Which of the following statement is not true?
a. Colourless compounds of transition elements are 

paramagnetic.
b. Coloured compounds of transition elements are 

paramagnetic.
c. Colourless compounds of transition elements are 

diamagnetic.
d. Transition elements form the complex compounds.

 85. Aqueous solution of ferric chloride is
a. Acidic  b. Basic
c. Neutral  d. Amphoteric

 86. A group of acidic oxide is
a. CrO3, Mn2O7 b. ZnO, Al2O3
c. CaO, ZnO d. Na2O, Al2O3

 87. Hybridization of [Ni(CO)4] is
a. sp3  b. d2sp3

c. sp3 d  d. sp2

 88. How H2S is liberated in laboratory?
a. FeSO4 + H2SO4
b. FeS + dil H2SO4
c. FeS + conc. H2SO4
d. Elementary + elementary S

 89. Guignet’s green is known as
a. Cr2O3. 2H2O b. Cus
c. Fe2S3  d. FeS

 90. Pure conc. HNO3 makes iron passive as the surface is 
covered with protective layer of 
a. Fe2O3  b. FeO
c. Fe3O4  d. Fe(NO3)3

 91. Railway wagon axles are made by heating rods of iron 
embedded in charcoal powder. The process is known as
a. Case hardening b. Sheradizing
c. Annealing d. Tempering

 92. The action of steam on heated iron is represented as
a. 3Fe + 4H2O → Fe3O4 + 4H2
b. 2Fe + 3H2O → Fe2O3 + 3H2
c. Fe + H2O → FeO + H2
d. 2Fe + H2O + O2 → Fe2O3 + H2

 93. The chemical processes in the production of steel from 
haematite ore involve
a. Reduction
b. Oxidation
c. Reduction followed by oxidation 
d. Oxidation followed by reduction
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 94. An extremely hot copper wire reacts with steam to give
a. CuO b. Cu2O             c. Cu2O2         d. CuO2

 95. Zinc when reacted with excess of NaOH gives
a. Zinc hydroxide 
b. Zinc oxide
c. Di sodium zincate 
d. Sodium zincate

 96. Pair of metals which dissolves in NaOH solution
a. Al, Cu  b. Zn, Hg
c. Zn, Cu  d. Zn, Al

 97. Reaction of zinc with cold and very dilute nitric acid 
yields
a. Zn(NO3)2 + N2O 
b. Zn(NO3) + NO
c. Zn(NO3)2 + NH4NO3 
d. Zn(NO3) + NO2

Lanthanoids and Actinoids  
[NCERT Pg 227-233]

 98. The pair that is referred as ‘chemical twins’ is:
a. Ac, Cf  b. Hf, Ta        
c. Tc, Re  d. La,Ac

 99. The common oxidation state shown by lanthanides in 
their compounds is: 
a. +1  b. +3    
c. +5  d. +16

 100. Zr and Hf have almost equal atomic and ionic radii 
because of:
a. Diagonal relationship 
b. Lanthanoid Contraction
c. Actinoid contraction
d. Belong to the same group

 101. The correct configuration of f-block elements is:
a. (n–2) f1–14 (n–1) d0–10 ns2

b. (n–1) f1–14 (n–1) d0–10 ns2

c. (n–3) f1–14 (n–2) d0–10 (n–1) s2

d. (n–2) f0–1 (n–1) d0–10 ns2

 102. In lanthanoids the last electron enters (n-2)f subshell 
where n is equal to:
a. 4    b. 5             c. 6     d. 7

 103. The number of unpaired electrons present, as per 
accepted electronic configuration in Yb (70) is / are:
a. 0    b. 1            c. 2     d. 7

 104. The total number of unpaired electrons, present in an 
atom of Gd (64), are:
a. 7     b. 8           c. 1     d. 10

 105. Gd (64) gives an oxidation state of only +3 because:
a. It contains 3 unpaired electrons
b. In +3 oxidation state it has unstable configuration
c. In +3 oxidation state it has stable configuration
d. There are 3 electrons present in 4f in +3 oxidation 

state

 106. Across the lanthanide series, the basicity of the 
lanthanoide hydroxides:
a. Increases   
b. Decreases
c. First increases and then decreases
d. First decreases and then increases

 107. Which is the non-lanthanide element?
a. La  b. Lu        
c. Pr  d. Pm

 108. The 4f-electrons do not affect the properties of 
lanthanoids because they: 
a. Are inactive in nature
b. Are all paired
c. lie well in the interior of the atom
d. lie well in the interior of the atom and hence not 

exposed of surroundings

 109. The incorrect statement among the following is:
a. d-block elements show irregular and erratic chemical 

properties
b. La and Cu have partially filled d-orbitals and no other 

partially filled orbitals
c. The chemistry of various lanthanoids is very similar
d. 4f and 5f orbitals are equally shielded

 110. The atomic number of 4f-series range from:
a. 57 to 71  b. 58 to 71
c. 58 to 72   d. 57 to 72

 111. The f-block elements are characterized by:
a. Filled of 4f-subshell
b. Filling of (n-2) f-subshell
c. Vacant (n-2) f-orbitals
d. Both (b) and (c)

 112. Which of the following ion is paramagnetic?
a. La3+ (Z = 57) b. Lu3+ (Z = 71)
c. Yb2+ (Z = 70) d. Sm3+ (Z = 62)

 113. What is the total number of inner transition elements in 
the periodic table?
a. 10  b. 14      
c. 30  d. 28
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 1. Which one of the following reactions is incorrect?
a. FeCr2O4 + Na2CO3 + O2 → Na2CrO4 + Fe2O3 + CO2

b. Na2Cr2O7 + KCl → K2Cr2O7 + NaCl
c. K2Cr2O7 + NaCl + H2SO4 → KHSO4 + NaHSO4 + 

 CrO3 + H2O
d. None of these

 2. Maximum oxidation state is shown by:
a. Os  b. Mn
c. Cr  d. Co

 3. E° values for the couples Cr3+/Cr2+ & Mn3+/Mn2+ are 

–0.41 & + 1.51 V respectively. Considering these values 
select the correct option:
a. Cr2+ acts as a reducing agent and Mn3+ acts as an 

oxidising agent in their aqueous solutions
b. Cr2+ (aq) is more stable than Cr3+

(aq)

c. Mn3+
(aq) is more stable than Mn2+

(aq)

d. None of these

 4. A compound of iron exists in a dimeric form in the 
vapour state. It is hygroscopic in nature and dissolves in 
water giving brown acidic solution. The compound is:
a. Fe3O4  b. FeSO4

c. FeCl3  d. FeCl2

 5. The yellow colored solution of Na2CrO4 changes to 
orange, red on passing CO2 gas due to the formation of:
a. CrO5  b. CrO3

c. Na2Cr2O7  d. Na3CrO8

 6. Select the correct statement:
a. CrO5 is stable in pyridine because it forms an adduct 
b. KMnO4 on being treated with concentration H2SO4 

gives Mn2O7

c. Rinmann’s green is CoZnO2

d. All are correct 

 7. In the dichromate dianion:
a. 4 Cr-O bonds are equivalent
b. 6 Cr-O bonds are equivalent
c. All Cr-O bonds are equivalent
d. All Cr-O bonds are Non-equivalent

 8. Reaction of KMnO4 in neutral or faintly alkaline solution 
is given by the equation:
a. MnO4

– + 3e– + 2H2O → MnO2 + 4OH−

b. MnO4
– + 8H+ + 5e– → Mn2+ + 4H2O

c. MnO4
– + e– → MnO4

2–

d. 2MnO4
– + 2OH−  → 2MnO4

2– + 1/2O2 + H2O
 9. The stability of a particular oxidation state of a metal in 

aqueous solutions is determined by:
a. Enthalpy of sublimation 
b. Ionisation enthalpy
c. Enthalpy of hydration
d. All of these

 10. Which of the following factor may be regarded as the 
main cause of Lanthanide contraction?
a. Poor shielding of one of the 4f-electrons by another 

in the sub-shell
b. Effective shielding of one of the 4f-electrons by 

another in the sub-shell
c. Greater shielding of 5d electron by 4f electrons
d. None of these

 11. Pyrolusite is MnO2 used to prepare KMnO4. Steps are, 
I 2 II

2 4 4MnO MnO MnO− −→ → .
Steps I and II are respectively :
a. Fuse with KOH / air and electrolytic oxidation.
b. Fuse with KOH / KNO3 and electrolytic oxidation.
c. Both (a) and (b).
d. Dissolve in H2O and oxidation.

 12. A salt (X) is heated in a dry test tube. Reddish brown 
fumes (Y) are evolved which turn potassium dichromate 
paper green and starch iodide paper blue (Y) is found to 
be paramagnetic. Then :
a. X may be Mg(NO3)2 
b. Y turns red litmus blue
c. Both (a) and (b) 
b. X may be ZnBr2

 13. Which of the following metals react with chlorine to 
form their respective chlorides?
a. Cu  b. Ag 
c. Au  d. All

Rank Boosters
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 14. Lanthanoid contraction occurs because
a. The 4f electrons, which are gradually added, create a 

strong shielding effect
b. The 4f orbitals are greater in size than the 3d and 3f 

orbitals
c. The 5f orbitals strongly penetrate into the 4f orbitals
d. The poor shielding effect of 4f electrons is coupled  

with increased attraction between the nucleus and the 
added electrons.

 15. The electronic configuration of cerium is 
a. [Xe]4 f05d16s2        b. [Xe]4 f15d16s2

c. [Xe]4 f25d06s2        d. Both (b) and (c)

 16. The element with the electronic configuration 
[Xe]4f145d16s2 is a
a. Representative element       
b. Transition element
c. Actinide element                  
d. Lanthanide element

 17. Which oxide of Mn is acidic in nature?
a. MnO  b. Mn2O7 
c. Mn2O3     d. MnO2

 18. pH=X2– 2–
2 7 4pH=Y

Cr O CrO



The value of Y and X respectively are
a. 3, 8  d. 8, 4
c. 8, 10  d. 10, 2

 19. Which of the following ion is not dimagnetic?
a. La3+ (Z = 57) b. Lu3+ (Z = 71)
c. Yb2+ (Z = 70) d. Sm3+ (Z = 62)

 20. During estimation of oxalic acid with KMnO4, the self 
indicator is
a. KMnO4  b. H2C2O4

c. K2SO4  d. MnSO4

 21. Which of the following is not the configuration of 
lanthanoid?
a. [Xe]4 f10.6s2           b. [Xe]4 f15d1.6s2

c. [Xe]4 f145d106s1     d. [Xe]4 f15d16s2 

 22. The Lanthanoids contraction is responsible for the fact 
that
a. Zr and Y have about the same radius
b. Zr and Nb have similar oxidation state
c. Zr and Hf have about the same radius
d. Zr and Zn have the same oxidation state

 23. Which of the following is the strongest base?
a. Sc(OH)3    b. La(OH)3

c. Lu(OH)3  d. Yb(OH)3

 24. Which of the following set of elements does not   belongs 
to transitional elements?
a. Fe, Co, Ni b. Cu, Ag, Au 
c. Ti, Zr, Hf  d. Ga, In, Tl  

 25. Which of the following oxides of chromium is 
amphoteric in nature?
a. CrO  b. Cr2O3 
c. CrO3  d. CrO5

 26. Which of the following is the stable electron        
configuration of Fe+3 ion?
a. 3d64s0  b. 3d5 4s0 
c. 3d6 4s2   d. 3d4 4s2

 27. The inner transition elements are the elements in which 
the added electrons go to
a. (n-1)d-orbitals 
b. (n-2)f-orbitals
c. (n-1) d-orbitals and (n-1) f-orbitals
d. (n-1)d-orbitals and ns orbitals

 28. The ground state electronic configuration of chromium 
is against
a. Hund’s rule b. Pauli’s principle
c. Auf-bau principle  d. Boyle principle 

 29. What factor make the separation of Lanthanides a 
formidable task
a. Similarity in ionic size
b. Constant charge of +3
c. Small charge radius ratio  
d. All of these

 30. Lanthanides are characterized by the filling of the
a. Penultimate 4f energy level
b. Antipenultimate 4f energy level
c. Penultimate 5f energy level
d. Antipenultimate 5f energy level

 31. Which of the following is not an amphoteric oxide?
a. HgO b. PbO2            c. ZnO     d. SnO2

 32. Transition metal present in the alloy Gun metal is 
a. Ni  b. Zn           c. Sn     d. Cu 

 33. The following is not a typical transition element
a. Cu   b. Ag           c. Au     d. Hg 

 34. Which of the following is not an element of first        
transition series? 
a. Fe    b. Co            c. Ni    d. Ag

 35. When KMnO4 reacts with acidified FeSO4

a. Only FeSO4 is oxidised
b. Only KMnO4 is oxidised
c. FeSO4 is oxidized and KMnO4 is reduced
d. KMnO4 and FeSO4 oxidised



Objective NCERT Gear UP Chemistry188 |

 36. The group numbers of transition elements 
a. 1 to 10   b. 1 to 9         c. 3 to 11    d. 3 to 12 

 37. General electron configuration of d-block elements is 
a. ns2np6nd1–10  b. (n–1)d1–10 ns0–2 np0–6

c. (n–1)d1–10 ns1–2 d. nd1–9ns0–2 

 38. Which of the following is an alloy of a metal and a non-
metal?
a. Bronze   b. Electron 
c. Nichrome  d. Steel

 39. In which of the following elements, the configuration is 
against Aufbau rule ?
a. Ni, Pd, Pt  b. Sc, Ti, Zr
c. Pd, Pt, Cu d. Fe, Cr, Mn

 40. An element M has the electron configuration [Ar]3d54s2. 
Which one of its oxide is unlikely to exist
a. MO2  b. M2O3          c. MO4  d. M2O7 

 41. Which of the following element exhibits maximum 
oxidation state 
a. Mn b. Co          c. Fe   d. Zn

 42. The following belongs to d-block but it is not a        
transition element
a. Mn  b. Fe            c. Zn  d. Cr 

 43. Cuprous ion is colourless while cupric ion is coloured 
because, 
a. Cuprous ion has completed d-orbitals while Cupric 

ion has an  incomplete d-orbitals 
b. Cuprous ion has exactly half-filled ‘d’ orbitals
c. Cupric ion has completely filled ‘d’ orbitals, while 

Cuprous ion has incompletely filled ‘d’ orbitals 
d. Cupric ion has half - filled d-orbitals

 44. Which of the following elements form interstitial 
compounds?
a. Alkali metals b. Transition metals
c. Halogens  d. Noble gases

 45. When KMnO4  acts as oxidising agent in acidic medium, 
the oxidation number of Mn decreases by
a. 1   b. 2                  c. 3      d. 5

 46. Chromyl chloride when dissolves in NaOH solution 
gives yellow solution.  The yellow solution contains
a. Cr2O7

2  –   b. CrO4
2  –          c. CrO5      d. Cr2O3

 47. Which of the following is a constituent of lithophone
a. ZnSO4   b. ZnS            c. ZnCl2      d. ZnO

 48. An inorganic compound ‘y’ on heating gives a green 
coloration & evolves O2 gas. Then, y is-
a. (NH4)2Cr2O7 b. K2Cr2O7

c. CrO2Cl2  d. Both (a) & (c)

 49. Select the correct statement(s).
a. Cerium (Z = 58) forms a tetra positive ion in aq. 

solution.
b. Lanthanum, Gadolinium & Lutetium are stable in + 3 

oxidation states.
c. La(OH)3 is more basic then Lu(OH)3.
d. All are correct.

 50. Which of the following arrangements does not represent 
the correct order of the property stated against it?
a. V2+ < Cr2+ < Mn2+ < Fe2+ ; Paramagnetic behaviour
b. Ni2+ < Co2+ < Fe2+ < Mn2+ ; ionic size
c. Co3+ < Fe3+ < Cr3+ < Sc3+, stability in aq. solution.
d. Sc < Ti < Cr < Mn ; number of oxidation states.

 51. Acidified potassium dichromate is treated with hydrogen 
sulphide. In the reaction, the oxidation number of chromium
a. Increases from + 3 to + 6
b. Decreases from +6 to +3
c. Remains unchanged
d. Decreases from +6 to +2

 52. Which of the following statements is correct about 
equivalent weight of KMnO4
a. It is one third of its molecular weight in alkaline 

medium
b. It is one fifth of its molecular weight in alkaline 

medium
c. It is equal to its molecular weight in acidic medium
d. It is one third of its molecular weight in acidic medium
d. Reactive towards air in sunlight

 53. heat
2 2 7 2 4 24K Cr O 4K CrO 3O X→ + + . In the above 

reaction X is
a. CrO3            b. Cr2O7           c. Cr2O3          d. CrO5

 54. Which of the following is wrongly matched
a. German silver Cu + Zn + Ni
b. Alnico Fe + Al + Ni + CO
c. Monel metal Cu + Zn + Sn
d. Duralumin Al + Cu + Mg + Mn

 55. Arrange Ce+3, La+3, Pm+3 and Yb+3 in increasing order of 
their ionic radii
a. Yb+3 < Pm+3 < Ce+3 < La+3

b. Ce+3 < Yb+3 < Pm+3 < La+3

c. Yb+3 < Pm+3 < La+3 < Ce+3

d. Pm+3 < La+3 < Ce+3 < Yb+3

 56. On adding excess of NH3 solution to CuSO4 solution, the 
dark blue colour is due to
a. [Cu(NH3)4]

2+ b. [Cu(NH3)2]
2+

c. [Cu(NH3)]
+ d. None of the above

 57. The colour of K2Cr2O7 changes from red orange to lemon 
yellow on treatment with aqueous KOH because of
a. The reduction of CrVI to CrIII

b. The formation of chromium hydroxide
c. The conversion of dichromate to chromate 
d. The oxidation of potassium hydroxide to potassium 

peroxide
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 58. Match the items under List 1 with the compounds/elements 
from the List 2. Select the correct answer from the sets  
(a), (b), (c) and (d). 

List 1 List 2

(i) Explosive (A) NaN3

(ii) Artificial gem (B) Fe3O4

(iii) Self reduction (C) Sn

(iv) Magnetic material (D) Al2O3

(E) Pb(N3)2

(F) Fe2O3

(G) Cu

(H) SiC

a. (i) A, (ii) D, (iii) G, (iv) B
b. (i) A, (ii) D, (iii) G, (iv) F
c. (i) E, (ii) D, (iii) G, (iv) B
d. (i) E, (ii) D, (iii) G, (iv) F

 59. Which of the following statement(s) is (are) correct with 
reference to the ferrous and ferric ions
a. Fe3+ gives brown colour with potassium ferricyanide
b. Fe2+ gives blue precipitate with potassium ferricyanide
c. Fe3+ gives red colour with potassium thiocyanate
d. Fe2+ gives brown colour with ammonium thiocyanate

 60. A metal when left exposed to the atmosphere for some 
time becomes coated with green basic carbonate. The 
metal in question is
a. Copper  b. Nickel
c. Silver  d. Zinc

Statement Based Questions

Directions: These questions consist of two statements each, 
printed as Statement-I and Statement-II. While answering 
these questions, you are required to choose any one of the 
following four responses.

a. Statement-I and Statement-II both are correct
b. Statement-I and Statement-II both are incorrect
c. Statement-I is correct and Statement-II is incorrect
d. Statement-I is incorrect but Statement-II is correct

 61. Statement-I: [Ti(H2 O)6]
3+ is a coloured ion.

  Statement-II: Ti shows +2, +3, +4 oxidation states due 
to 4s2 and 3d2 electrons.

 62. Statement-I: Most of the trivalent lanthanide ions are 
coloured both in the solid state and in aqueous solution.

  Statement-II: The elements with xf electrons have a 
similar colour to those of (14-x)f electrons.

 63. Statement-I: KMnO4 is purple in colour due to charge 
transfer.

  Statement-II: There is no electron present in d-orbitals 
of manganese in MnO–

4             .

 64. Statement-I: K2Cr2O7 is used as primary standard in 
volumetric analysis.

  Statement-II:  It has a good solubility in water.

 65. Statement-I: Cu+ is less stable than Cu2+ & Fe3+ is more 
stable than Fe2+.

  Statement-II: Half filled and completely filled subshells 
are more stable.
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 1. Which of the following characteristic property of 
KMnO4 is/are correct?
a. KMnO4 forms dark purple crystals
b. SO2 is oxidised to SO4

2  – with KMnO4 in acidic medium
c. Purple colour of  ion is due to charge transfer
d. All of these

 2. The electronic configuration of Cu(II) is 3d9 where as 
that of Cu(I) is 3d10. Which of the following is correct?
a. Cu(II) is more stable
b. Cu(II) is less stable
c. Cu(I) and Cu(II) are equally stable
d. Stability of Cu(I) and Cu(II) depends on nature of 

copper salts

 3. Metallic radii of some transition elements are given 
below. Which of these elements will have highest 
density:
Element Fe Co Ni Cu

Metal l ic 
radii/pm

126 125 125 128

a. Fe  b. Ni       
c. Co  d. Cu

 4. Generally, transition elements form coloured salts due 
to the presence of unpaired electrons. Which of the 
following compounds will be coloured in solid state?
a. Ag2SO4     b. CuF2        
c. ZnF2  d. Cu2Cl2

 5. On addition of small amount of KMnO4 to concentrated 
H2SO4, a green oily compound is obtained which is 
highly explosive in nature. Identify the compound from 
the following:
a. Mn2O7    b. MnO2      
c. MnSO4  d. Mn2O3

 6. The magnetic nature of elements depends on the 
presence of unpaired electrons. Identify the configuration of 
transition element, which shows highest magnetic moment:
a. 3d7  b. 3d5

c. 3d8  d. 3d2

 7. Which of the following oxidation state is common for all 
lanthanoids?
a. + 2  b. + 3
c. + 4  d. + 5

 8. Which of the following reactions are disproportionation 
reactions?

  (i) Cu+ → Cu2+ + Cu
  (ii) 3MnO4

–  → 2MnO4
–  + MnO2 + 2H2O

  (iii) 2KMnO4 → K2MnO4 + MnO2 + O2

  (iv) 2MnO4
–  + 3Mn2+ + 2H2O → 5MnO2 + 4H+

a. (i)  b. (i), (ii) and (iii) 
c. (ii), (iii) and (iv) d. (i) and (iv)  

 9. When KMnO4 solution is added to oxalic acid solution, 
the decolourisation is slow in the beginning but becomes 
instantaneous after some time because:
a. CO2 is formed as the product
b. Reaction is exothermic
c. MnO4

–  catalyses the reaction
d. Mn2+ acts as autocatalyst

 10. There are 14 elements in actinoid series. Which of the 
following elements does not belong to this series?
a. U  b. Np
c. Tm  d. Fm

 11. KMnO4 acts as an oxidising agent in acidic medium. The 
number of moles of KMnO4 that will be needed to react 
with one mole of sulphide ions in acidic solution is:

a. 2
5

  b. 3
5

d. 4
5

      d. 1
5

 12. Which of the following is amphoteric oxide? 
Mn2O7, CrO3, Cr2O3, CrO, V2O5, V2O4

a. V2O5, Cr2O3  b. Mn2O7, CrO3 
c. CrO, V2O5  d. V2O5, V2O4 

 13. Gadolinium belongs to 4f series. Its atomic number 
is 64. Which of the following is the correct electronic 
configuration of gadolinium?
a. [Xe]4f75d16s2 b. [Xe]4f6 5d2 6s2

c. [Xe]4f8 6d2 d. [Xe]4f9 5s1

 14. Interstitial compounds are formed when small atoms are 
trapped inside the crystal lattice of metals. Which of the 
following is not the characteristic property of interstitial 
compounds?
a. They have high melting points in comparison to pure 

metals
b. They are very hard
c. They retain metallic conductivity
d. The are chemically very reactive

NCERT Exemplar Problems
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 15. The magnetic moment is associated with its spin angular 
momentum and orbital angular momentum. Spin only 
magnetic moment value of Cr3+ ion is:
a. 2.87 BM   b. 3.87 BM
c. 3.47 BM   d. 3.57 BM

 16. KMnO4 acts as an oxidising agent in alkaline medium. 

  When alkaline KMnO4 is treated with KI, iodide ion is 
oxidised to:  
a. I2 b. IO–                     c. IO3

– d. IO4
–

 17. Which of the following statements is not correct?
a. Copper liberates hydrogen from acids
b. In its higher oxidation states, manganese forms stable 

compounds with oxygen and fluorine
c. Mn3+ and Co3+ are oxidising agents in aqueous solution 

are reducing agents in aqueous solution
d. Ti2+ and Cr2+ are reducing agents in aqueous solution

 18. When acidified K2Cr2O7 solution is added to Sn2+ salt 
then Sn2+ changes to:
a. Sn b. Sn3+                      c. Sn4+    d. Sn+

 19. Highest oxidation state of manganese in fluoride is 
+4 (MnF4) but highest oxidation state in oxides is 
+7(Mn2O7) because:
a. Fluorine is more electronegative than oxygen
b. Fluorine does not possess d orbitals
c. Fluorine stabilises lower oxidation state
d. In covalent compounds, fluorine can form single bond 

only while oxygen forms double bond

 20. Although Zirconium belongs to 4d transition series and 
Hafniun to 5d transition series even then they show 
similar physical and chemical properties because: 
a. Both belong to d-block
b. Both have same number of electrons
c. Both have similar atomic radius
d. Both belong to the same group of the Periodic Table

 21. Why is HCl not used to make the medium acidic in 
oxidation reactions of KMnO4 in acidic medium?
a. Both HCl and KMnO4 act as oxidising agents
b. KMnO4 oxidises HCl into Cl2 which is also an 

oxidising agent
c. KMnO4 is a weaker oxidising agent than HCl
d. KMnO4 acts as a reducing agent in the presence of HCl

 22. Generally transition elements and their salts are coloured 
due to the presence of unpaired electrons in metal ions. 
Which of the following compounds are coloured?
a. KMnO4    b. Ce(SO4)2 c. TiCl4      d. Cu2Cl2

 23. Transition elements show magnetic moment due to spin 
and orbital motion of electrons. Which of the following 
metallic ions have almost same spin only magnetic 
moment?
a. Co2+   b. Cr2+       c. Mn2+  d. Cr3+

 24. In the form of dichromate, Cr(VI) is a strong oxidising 
agent in acidic medium but Mo(VI) in MoO3 and W(VI) 
in WO3 are not because:
a. Cr (VI) is more stable than Mo(VI) and W(VI)
b. Mo (VI) and W (VI) are more stable than Cr(VI)
c. Higher oxidation states of heavier members of group 

6 of transition series are more stable
d. Lower oxidation states of heavier members of group-6 

of transition series are more stable

 25. Which of the following actinoids show oxidation states 
upto +7?
a. Am b. Pu      c. U               d. Np

 26. General electronic configuration of actinoids is (n – 2) f1–14 
(n – 1) d0–2 ns2. Which of the following actinoids have one 
electron in 6d orbital?
a. U (Atomic numbr. 92)   
b. Np (Atomic number. 93)
c. Pu (Atomic number. 94)  
d. Am (Atomic number. 95)

 27. Which of the following lanthanoids show +2 oxidation 
state besides the characteristic oxidation state + 3 of 
lanthanoids?
a. Ce b. Eu         c. Yb    d. Ho

 28. Which of the following ions show higher spin only 
magnetic moment value?
a. Ti3+ b. Mn2+         c. Fe2+   d. Co3+

 29. Transition elements form binary compounds with 
halogens. Which of the following elements will form 
MF3 type compounds?
a. Cr b. Co        c. Cu  d. Ni

 30. Which of the following will not act as oxidising agents?
a. CrO3 b. MoO3        c. WO3 d. CrO4

2  – 

 31. Although +3 is the characteristic oxidation state for 
lanthanoids but cerium also shows +4 oxidation state 
because:
a. It has variable ionisation enthalpy
b. It has a tendency to attain noble gas configuration
c. It has a tendency to attain f 0 configuration
d. It resembles Pb4+
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Self Assessment Questions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
b a b b d b d d c b a c d c b a d
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
d a a b c b b b b c a b d d a b c
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
a a a d d d c c c b c a c b c b c

52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
d b b c a d d a b b b d b a c b b
69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
a a a b d a a d c a d a a b c a a

86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102
a a b a c a a d b d d c c b b a c

103 104 105 106 107 108 109 110 111 112 113
a b c b a d d b d d d

Rank Boosters

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
c a a c c d b a d a c c d d b d b

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
a d a c c b d b b b c d b a d d d

35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
c d c d c c a c a b d b b b d a b

52 53 54 55 56 57 58 59 60 61 62 63 64 65
a c c a a c c b,c a b a a c a

NCERT Exemplar Problems

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
d a d b a b b a d c a a a d b c a
18 19 20 21 22 23 24 25 26 27 28 29 30 31
c d c b a,b a,d b,c b,d a,b b,c b,c a,b b,c b,c

Self Assessment Questions

 1. (b) The general electronic configuration of d-block 
elements is (n–1)d1–10  ns1–2

 2. (a)  Ti4+ = (22 – 4 = 18) = [Ar] 3d0

V4+ = (23 – 4 = 19) = [ Ar ] 3d1

Mn2+ = (35 – 2 = 23) = [Ar] 3d5

Fe3+ = (26 – 3 = 23) = [Ar] 3d5

⸫ it is colourless in nature so ⸪ Ti is not having any 
unpaired electron. 

 3. (b) Zn (30) : [Ar] 4s23d10

 4. (b) Zn2+ = 3d10 = no unpaired electron 
Ni2+ = 3d8 = 2 unpaired electrons

Answer Key

Explanations and NCERT References
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Fe2+ = 3d6 = 4 unpaired electrons 
Cu+ = 3d10 = no unpaired electron

 5. (d) Fe =   26 = [Ar] 3d6 4s2

Fe3+ = [Ar] 3d5

∴ n =5
n(n 2) 5(5 2) 5(7) 35µ = + = + = =

   35 5.91 6 BM= = ≈

 6. (b) +8 is the highest oxidation state exhibit by transition 
metal.

 7. (d) ( )n n 2 BMµ = +

 8. (d) Paramagnetic behaviour of transition metals is due to 
presence of unpaired electrons.

 9. (c) Stainless steal contains Fe + Cr + Ni
 10. (b) Fe = 26 = [Ar] 3d6 4s2

Fe3+ = [Ar] 3d5

Mn = 25 = [Ar] 3d5 4s2

Mn2+ = [Ar] 3d5

 11. (a) ( )n n 2µ = +

25 = [Ar] 3d5 =
∴ n = 5

5(5 2) 5(7) 35 5.9BMµ = + = = =

 12. (c) Fe+3  = 3d5 = = 5
Cr3+ = 3d3 = = 3
Ni2+ = 3d8 = = 2
Cu2+ = 3d9 = = 1

 13. (d) Sc → [Ar] 3d1 4s2 

Cu → [Ar] 3d10 4s1 

 14. (c) As energy difference between 3d and 4s is small, 
both these electrons are involved in bonding. Hence the 
oxidation state exhibited are maximum.

 15. (b) Zn has completely filled 3d-subshell hence, its 
oxidation state is decided only by 4s electrons, i.e., + 2

 16. (a) Outer configurations are : Cr = 3d5 4s1, Cu = 3d10 4s1

 17. (d) Ti3+ = 22 = [Ar] 3d1 4s0 Ti4+ = 3d0 4s0

 Mn3+ = 25 = [Ar]3d4 4s0 Mn2+ = [Ar] 3d5

 Na = 1s2 2s2 2p6 3s1 Na+ = 1s2 2s2 2p6

 Fe3+ = [Ar]3d5 (half filled) Fe2+ = [Ar]3d6

 18. (d) Ni28 = [Ar] 3d8 , 4s2

Ni2+ = [Ar] 3d8   

∴ n =2
n(n 2) 2(2 2) 2(4) 8 2.84 BMµ = + = + = = =

 19. (a) Cu+ = 29 [Ar] 3d10 4s0

∴ Their is no unpaired electron. Hence the transition 
metal Cu+ is colourless.

 20. (a) Ti3+  = 3d1 = = 1.75 BM.
 Ni2+ = 3d8 = = 2.76 BM.
 Co3+ = 3d7 = = 3.86 BM.
 Mn2+ = 3d5 = = 5.96 BM.

 21. (b) Homogenous mixture of two or more metals is alloy. 
Mercury forms amalgams (alloy) with gold, silver, tin, 
Na. But it does not react with iron and platinum.

 22. (c) An alloy of metals and mercury is Amalgam. 
∴  Mercury (Hg) is the essential component  of amalgam. 

 23. (b) a. MnCl2 = Mn2+ = [Ar] 3d5 = = 5
 CuSO4 = Cu2+ = [Ar] 3d9 = = 1
b.  CuCl2 = Cu2+ [Ar] 3d9  4s0 
 TiCl3 = Ti3+ = [Ar] 3d1, 4s0 = = 1
∴ CuCl2 and TiCl3 has same number of unpaired 
electrons. 

 24. (b) Fe = [Ar] 4s23d6  Fe3+ = (Ar)3d5

Thus; ferric ion is quite stable due to half-filled d-orbitals.
 25. (b) Na2 [CuCl] ⇒ Cu = +2 = Cu2+ = 3d9 

 Na2 [CdCl4] ⇒ Cd = + 2 = Cd2+ = 4d10 
 K4 [Fe(CN)6] ⇒ Fe = + 2 = Fe2+ = 3d6 

 K3 [ Fe(CN)6] ⇒ Fe = +3 = Fe3+ = 3d5 

 26. (b) The electronic configuration of X3+ is [Ar] 3d5

∴ Atomic number of x = 18 + 5 + 3 = 26
 27. (c) Refers to NCERT Page No. 212 (Class-XII, Part - 1).
 28. (a) Both elements belong to 3d series.

Cu → [Ar] 3d10 4s1

Zn → [Ar] 3d10 4s2

Same configuration of (n –1) d subshell.
 29. (b) Cr(24) → [Ar] 3d5 4s1

Cr has higher second ionisation enthalpy as after 
removing one electron from Cr, the resulting 
configuration, i.e., [Ar] 3d5 becomes more stable.

 30. (d) Fe (3d6,4s2), n = 4 ;    Fe2+ (3d6), n = 4
 Fe4+ (3d4), n = 4   ;    Fe3+ (3d5), n = 5

 31. (d) Fe2+ → 3d6,  Sc4+ → 3p5, Mn3+ → 3d4

 Mn2+ → 3d5 (Exactly half-filled hence stable)
 32. (a) No. of unpaired electrons are

Ti3+ = 1 , Cu+ = 0,    Zn2+ = 0,     Sc3+ = 0 
 33. (b) Configuration of Cu is [Ar] 3d10 4s1. Hence; the 

electron lost is from 4s   
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 34. (c) Isoelectronic species are those which contains same 
number of electrons 

 35. (a) Cr3+ → 3d3, contains three unpaired electrons.
 36. (a) Ti (22) and Ni (28) both contains 2 unpaired electrons 

in 3d and 2 electrons in 4s.
 37. (a) V3+ contains 2 unpaired electrons, but others do not.
 38. (d) The number of  unpaired electrons are

Co2+ =  3,  Ni2+ = 2,  Fe2+ = 4,  Mn2+ =  5
 39. (d) As they do not contains any unpaired electrons. 

Hence; this ion is colourless in nature.
 40. (d) The elements of 3d-series will give coloured 

compounds, if its ions contain vacant or unpaired 
electron in 3d orbitals.

 41. (c) Both Ti4+ and Cu+ do not contain any unpaired 
electron.

 42. (c) Density of transition elements increase along the 
period.

 43. (c) The d-block elements include only metals.
 44. (b) The elements of the d-block belong to 3 to12 columns 

of the periodic table.
 45. (c) The transition series are those which have incomplete 

inner orbital.
 46. (a) Cr = 24 = [Ar] 3d5 4s1

 47. (c) Transition metal which have low oxidation number 
show the oxidising nature because of great tendency 
to lose the electron.

 48.  (b) Cr+2 and Fe+2

Cr+2 – 3d4 4 unpaired electrons
Fe+2 – 3d6 4 unpaired electrons

 49.  (c) Strong oxidising agents such as PbO2 or sodium 
bismulthate (NaBiO3) oxidise Mn2+ to MnO–

4 or Mn7+.
 50.  (b) Iron decomposes steam into hydrogen when it is 

passed over red hot iron
2Fe + 3H2O → Fe2O3 + 3H2 ↑

 51.  (c) Transition element  Inner transition element 100
Total element

+
×

33 28 100 58.09 60%
105
+

× = ≈

 52.  (d) p-electrons in Cl– (atomic no. of Cl = 17)
Cl– → 1s2 2s2 2p6 3s2 3p6

Fe2+ → 1s2 2s2 2p2 3s2 3p6 3d6

In Fe+2 total number of de– = 6 which is not equal to 
pe– in Cl– = 12.

 53.  (b) ScCl3 → Sc+3 + 3Cl–

352 3p6 3d0 4s0

Sc+3

No unpaired electron so will show diamagnetic 
character and will be repelled, so will weigh less.

 54.  (b) V = 1s2 2s2 2p6 3s2 3p6 3d3 4s2

Cr = 1s2 2s2 2p6 3s23 p6 3d5 4s1

Mn = 1s2 2s2 2p6 3s2 3p6 3d6 4s2

Fe = 1s2 2s2 2p6 3s2 3p6 3d6 4s2

In second ionization enthalpy Cr+ has exact half filled 
d-sub shell.

 55. (c) 

 56. (a) Fe3+ ion has [Ar]3d5 configuration hence number of 
unpaired electron is 5.

 57. (d) German silver is an alloy of copper not silver 
containing Cu = 56.0%, Zn = 24.0% and Ni = 20.2%.

 58. (d) Ni in presence of CN–

[Ni2+ in presence of CN– = [Ar]

As [Ni(CN)4]
2– has no unpaired electron. It is 

diamagnetic.
 59. (a) 

20%60% 20%
Cu Zn Ni+ +

 60. (b) Mn used to make alloy steel for armour plates, safes 
and helmets.

 61. (b) Solder – Sn 67% and Pb 33%.
 62. (b) 2Mn O2 + 4KOH + O2 → 2K2MnO4 + 2H2O
 63. (d) Increase in atomic number will generally decrease 

basic character.
 64. (b) Cr2O7

–2 + 6I– + 14H+ → 2Cr+3 + 3I2 + 7H2O
 65. (a) 2MnO–

4  + 5 S2– + 16H+ → 2Mn2+ + 8H2O + 5S
 66. (c) K2CrO4   K2Cr2O7

2(+1) + x + 4(–2) = 0 2(+1) +  2x + 7(–2) = 0
2 + x – 8 = 0   2 + 2x – 14 = 0
x – 6 = 0   2x – 12 = 0
x = + 6   x = +6
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 67. (b) K2MnO4

2(+1) + x + 4(–2) = 0
2 + x – 8 = 0
x – 6 = 0 ⇒ x = +6

 68. (b) K2Cr2O7 + 3Na2SO3 + 4H2SO4 → 3Na2 SO4 + K2SO4 
 + 4H2O + Cr2(SO4)3

 69. (a)   

 70. (a) MnO2, MnO2, Mn2+

In neutral medium : 
2KMnO4 + 3MnSO4 + 2H2O → K2SO4 + 2H2SO4 + 
 5MnO2

In alkaline medium :
2KMnO4 + H2O → 2MnO2 + 2KOH + 3 [O]
In acidic medium :

2

4 2 4 2 4 42KMnO 3H SO K SO 2MnSO
+

+ → +  + 5H2O 
 + 5O

 71.  (a) 2 2 4 4 2
Calomel

2

Hg Cl 2NH OH NH Cl 2H O

Hg Hg(NH )Cl

+ → + +

+

 72.  (b) Ag+ forms a complex ion with NH3
AgCl + 2NH3 → [Ag(NH3)2] Cl

 73.  (d) AgCl is a covalent compound hence it is insoluble 
in water also it form complex with NH4OH, thus is 
soluble in NH4OH.
AgCl + 2NH4OH → [Ag(NH3)2] Cl + H2O

 74.  (a)

 75.  (a) Manufacture of blue black ink.
 76.  (d) As fertilizer because it is not required by plants.

 77.  (c) 22HgO 2Hg O∆→ +

 78.  (a) Oxidation number of Cr in options a, b, c and d are +6,  
+4, + 3, + 3 respectively.
In given options (a) has high oxidation number 
therefore its radii will be low. Atomic radii decreases 
with increase in oxidation no.

 79.  (d) Cuprous chloride slowly oxidises to green basic 
cupric chloride.

 80.  (a) 2CuCl + 2HCl + [O] → 2 CuCl2 + H2O

 81. (a) Ag2O is mild oxidising agent as greater the oxidation 
number of metal stronger oxidising agent.

 82. (b) KMnO4 is first reduced to manganate and then to 
insoluble manganese dioxide. Colour changes first 
from purple to green and finally becomes colourless.

 83. (c) Amalgams are alloys which contain mercury as one 
of the contents.

 84. (a)  Colourless compounds are those which have no 
unpaired electrons and paramagnetic substance do 
have unpaired electrons. Therefore paramagnetic 
substance possess colour.

 85. (a) FeCl3 is a salt of strong acid and weak base. It gives 
Fe(OH)3 and HCl on hydrolysis. Fe(OH)3 is a weak 
base and HCl is strong acid.
So the aqueous solution of FeCl3 will be acidic in 
nature

 86. (a) CrO3 and Mn2O7 are acidic oxide since they react 
with water to form acid.

3 2 2 4
Chromic
acid

CrO H O H CrO+ → ; 2 7 2 4
Permagnic
acid

Mn O H O 2HMnO+ →

 87. (a) In the compound [Ni(CO)4]
Oxidation number of Ni = 0
Co-ordination number of Ni = 4
(CO (carbonyl) is a strong ligand so it cause pairing 
of electron)

 88. (b) FeS + dil. H2SO4 → FeSO4 + H2S
 89. (a) Cr2O3.2H2O is known as cruignet green.
 90. (c) The passivity of iron is due to the formation of a thin 

insoluble and invisible iron film on surface which 
prevents its further reactions. The film is due to the 
formation of Fe3O4.

 91. (a)  Case hardening : The process of hardening the surface 
of wrought iron by depositing a surface layer of steel 
on it is called case-hardening it is done by heating 
wrought iron in contact with potassium ferrocyanide.

 92. (a) 3Fe + 4H2O → Fe3O4 + 4H2

 93. (d) Firstly, carbon which is added along which crushed 
haematite ore is oxidised to CO (and CO2) second 
the produced CO acts as chief reducing agent for the 
reduction of haematite to steel.

 94. (b) 4 Cu + 2H2O → 2Cu2O + 2H2

 95. (d) Zn + 2NaOH → Na2ZnO2 + H2O
 96. (d) Zn + 2NaOH → Na2ZnO2 + H2
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2Al + 2NaOH → 2NaAlO2

 97. (c) Very dil HNO3: → Ammonium nitrate is formed 
4 Zn + 10 HNO3 → 4 Zn(NO3)2 + NH4NO3 + 3H2O

 98. (c) Tc & Re belongs to same group. The atomic radius of 
elements of second transition series is similar to that 
of third transition elements, due to poor shielding of 
f-orbitals.

 99. (b) The common oxidation state of lanthanoids is + 3
 100. (b) The atomic and ionic radii of Zr and Hf are equal in 

size due to lanthanoid contraction.
 101. (a) The general electronic configuration of f-block 

elements is  (n–2)f1–14 (n–1)d0–10 ns2

 102. (c) In lathanoids, electrons enter 4f - subshell
∴ n – 2 = 4     or    n = 6

 103. (a) The accepted electronic configuration of Yb (70) is 
4f14 5d0 6s2 . In 4f, all electrons are paired.

 104. (b) Gd → 4f7 5d1 6s2

Number of unpaired electrons : 7 in 4f and 1 is 5d.
 105. (c) In +3 oxidation state its configuration is 4f7, 5d0,  6s0, 

which is stable as per the rule of extra stability.
 106. (b) Across lanthanoide series, due to lanthanoid 

contraction, size of cation decreases, increase 
covalent character and decrease ionic character. So;  
basicity of hydroxides decreases.

 107. (a) Lanthanum is a d-block element which resembles 
lanthanides.

 108. (d) Refers to NCERT Page No. 227 (Class-XII, Part - 1).
 109. (d) Different amount of shielding is experienced by 4f 

and 5f as they belong to different shell and hence, 4f 
and 5f orbitals are not equally shielded.

 110. (b) The atomic number of 4f-series range in 58 to 71
 111. (d) The f-block elements are characterized by filling 

(n-2) f-subshell
 112. (d) La :– [Xe] 5d16s2, La3+ :– [Xe] 5dº 6sº

Lu:– 4f14 5º 6s2, Lu3+ :– 4f14 5dº 6sº
Yb:– 4f14 5dº 6s2, Yb2+:– 4f14 5dº 6sº
These are diamagnetic, but
Sm:– 4f6 5dº 6s2 ; Sm3+:– 4f5 5dº 6sº (Paramagnetic)

 113. (d) Total number of inner transition elements in periodic 
table is 28, 14 each in lanthanoid and actinoid series.

Rank Boosters

 1. (c) In reaction 3, CrO2Cl2 is formed rather than CrO3. It 
is chromyl chloride test.

 2. (a) Os shows + 8 oxidation state in OsO4.
 3. (a) Cr2+ acts as reducing agent because it is itself oxidised 

to Cr3+ giving it teg
3 configuration, whereas Mn3+ acts as 

oxidising agent giving it 3d5 configuration

 4. (c) 

 5. (c) In acidic medium CrO4
2  – changes to Cr2O7

2  –

 6. (d) H2SO4 + KMnO4 → K2SO4 + Mn2O7 + H2O

 7. (b) 

 8. (a) In neutral or faintly alkaline medium, KMnO4 itself 
gets changed to MnO2.

 9. (d) (Based on Facts)
 11. (c) MnO2 Fuse with KOH in presence of air or oxidising 

agents like KNO3, KClO3 etc.
fuse

2 2 2 4 22MnO 4KOH O 2K MnO 2H O+ + → +
electrolytic oxidation2

4 4MnO MnO e− − −→ +

 12. (c) Y is NO2. Hence (X) may be Mg(NO3)2

 13. (d) All given metals react with chlorine and  form their 
respective chlorides.

 17. (b) Mn2O7 is acidic as it has highest O.S,.
 18. (a) The chromate ion (yellow) is the predominant species 

in alkaline solutions, dichromate (orange)       predominant 
in acidic solutions. When an alkali is added to an orange 
red solution of dichromate, an yellow solution is obtained 
due to the formation of chromate ions.

 19. (d) La3+ - 4f0

Lu3+ - 4f14

Yb2+ - 4f14

Sm3+ contain unpair electrons.
 20. (a) KMnO4 itself acts as an indicator during estimation 

of oxalic acid with KMnO4.
 23. (b) Due to lanthanide contractions as the size lanthanide 

ions decreases from La3+ to Lu3+ the covalent character 
of the hydroxides increases & hence the basic strength 
decreases.
La(OH)3 is most basic.

 24. (d) These are p block elements
 25. (b) Cr2O3 is amphoteric in nature.

CrO3 is acidic
CrO is basic.

 26. (b) Half filled orbital
 28. (c) Configuration is supposed to 3d44s2

configuration - 3d5 4s1

 31. (a) HgO is in +2 O.S. is weakly amphoteric 
 32. (d) In Gun metal alloy, transition metal is Cu, tinc and 

zinc.
 33. (d) Non typical transition elements are Zn, Cd, and Hg.



The d-and f-Block Elements | 197

 35. (c) FeSO4 + 2KMnO4 + 8H2SO4 → 5Fe2(SO4)3 + K2SO4 
 + 2 MnSO4 + 8H2O
FeSO4 oxidised to Fe2(SO4)3

KMnO4 is reduced to MnSO4

 38. (d) Steel is an alloy which contains iron (a metal) and 
carbon (a non metal)

 39. (c) Cu - [Ar] 3d104s1

Pd - [Kr] 4d105s0

Pt - [Xe] 4f145d96s1

Because in these elements the electrons are filled in 
higher energy level first then in lower energy level.
Aufbau rule of filling sequence 
1s > 2s > 2p > 3s > 3p > 4s > 3d > 4p > 5s > 4s

 40. (c) In metal carbonyl oxidation state of metal is zero as 
carbonyl is neutral ligand.
Mn → Ar3d54s2

MnO4 = +8
Mn cannot show +8 oxidation state.

 45. (d) When KMnO4 acts as oxidising agent. O.S. of Mn 
decreases from +7 to +2.
Thus decreases by 5
Mn+7 → Mn2+

 46. (b) CrO2Cl2 + 4NaOH → Na2CrO4 + 2NaCl
yellow

 47. (b) Lithophone is a mixture of BaSO4 + ZnS

 48. (b) K2Cr2O7 
D  K2CrO4 + Cr2O3 + O2↑

green
 49. (d) Wrt  option (a) Ce4+ has a noble gas configuration. 

So, Ce exhibits + 4 oxidation state.
wrt option (c),
As the size of lanthanoid ions deveases from La3+ to La3+, 
the basic strength decreases from La(OH)3 to La(OH)3.

 50. (a) wrt option a-

Ions Number of unpaired electrons
1. V2+ 3
2. Cr2+ 4
3. Mn2+ 5
4. Fe2+ 4

So, order of paramagnetic behaviour
Mn2+ > Cr2+ = Fe2+ > V2+

 51.  (b) Decreases from + 6 to + 3.
 52.  (a) It is one third of its molecular weight in alkaline 

medium because it gives 3 nascent oxygen in alkaline 
medium.

3e
4 2 22KMnO H O 2KOH 2MnO 3[O]

−++ → + +

 ∴ Equivalent weight = 
M
3

 53. (c) Potassium dichromate, on heating gives oxygen and 
chromic oxide (Cr2O3).

 54. (c) Monel: Ni + Cu + Fe + Mn
 55. (a) Due to Lanthanoid contraction order will be

Yb+3 < Pm3+ < Ce+3 < La3+

 56. (a) 22
4 3 3 4 4CuSO 4NH [Cu(NH ) ] SO −++ →

 57.  (c) The conversion of dichromate to chromate.

2 2 7 2 4 2
yellow

K Cr O 2KOH 2K CrO H O+ → +


 58. (c) List 1 List 2
(i) Explosive Pb(N3)2

(ii) Artificial gem Al2O3

(iii) Self reduction Cu
(iv) Magnetic material Fe3O4

 59. (b,c) Ferrous salts react with potassium ferricyanide 
to give blue colouration due to the formation of 
Tumbull’s blue in this reaction, first ferrous salt is 
oxidised to ferric salt by the ferricyanide ion which 
itself is reduced to ferrocyanide.

2 3 3 4
6 6

Ferricyanide Ferrocyanide
Fe [Fe(CN) ] Fe [Fe(CN) ]+ − + −+ → +

3 4
6 6Fe [Fe(CN) ] {Fe[Fe(CN) ]}+ − −+ →

3 4
6 6

Pot. ferric ferro cyanide
or Tumbull's blue 

Fe [Fe(CN) ] K K{Fe[Fe(CN) ]}+ − ++ + →

Ferric ions react with potassium thiocyanate to give 
blood red colouration due to the formation of ferric 
thiocyanate

3 3
Ferric thiocyanate

(Blood red)

FeCl 3KCNS Fe(CNS) 3KCl+ → +

 60. (a) 2 2 2 3 2
Basic copper carbonate

2Cu CO H O O CuCO .Cu(OH)+ + + →

Statement Based Questions

 61. (b) Ti3+ → 3d14s0. The absorption of light of sufficient 
energy excites an e– from t2g level to eg. level.

 62. (a) Color of a cation depends on no. of unpaired electrons. 
Half filled or fully filled lanthanides are colourless.
(xf) and (14 – x)f will have same no. of unpaired electron 
so they will show same colour. 

 63. (a) This is because of transfer of charges from ligand 
O2– to metal centre which in turn emit color. MnO4

– has 
+7 O.S so no electron in d orbital.

 64. (c) K2Cr2O7 is less soluble in water, it also be found in pure 
state and can be accurately weighed, not hygroscopic in 
nature so it is used as primary standard solution.

 65. (a) Cu+ is less stable than Cu2+ because Cu2+ has high 
hydration energy.
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NCERT Exemplar Problems

 1. (d) (a) Potassium permanganate (KMnO4) forms dark 
purple colored crystals because it absorbs light in the 
visible range of the electromagnetic spectrum. 
(b) 5SO2 + 2KMnO4 + 2H2O → 2H2SO4 + 2MnSO4 + 
 K2SO4

(c) As a ligand-to-metal charge transfer takes place 
between the oxygen’s p- orbitals and the empty d-orbitals                  
on the metal. This charge transfer takes place when a 
photon of light is absorbed, which leads to the purple 
color of    the compound/ion

 2. (a) Cu(II) is more stable than Cu(I). As it is known that, 
Cu(I) has 3d10 stable configuration while Cu(II) has 3d9 
configuration. But Cu(II) is more stable due to greater 
effective nuclear charge of Cu(II)i.e., it hold 17 electrons 
instead of 18 in Cu(I).

 3. (d) On moving left to right along period, mass increases 
while metallic radius decreases. Decrease in metallic 
radius coupled with increase in atomic mass results in 
increase in density of metal.
Hence, among the given four choices Cu belongs to 
right side of Periodic Table in transition metal, and it has 
highest density (89 g/cm3).

 4. (b) Transition elements form coloured salt due to the 
presence of unpaired electrons. In CuF2, Cu(II) contain 
one unpaired electron hence, CuF2 is coloured in solid 
state.

 5. (a) Green oily compound Mn2O7 is obtained on addition 
of KMnO4 to concentrated H2SO4, which is highly 
explosive in nature.
2KMnO4 + 2H2SO4 (conc.) → Mn2O7 + 2KHSO4 +H2O

 6. (b) Greater the number of unpaired electron, higher 
will be its value of magnetic moment. Since, 3d5 has 5 
unpaired electrons hence highest magnetic moment.

5(5 2)µ = +

35 5.95BM= =

 7. (b) Lanthanoids show common oxidation state of + 3. 
Some of which also show + 2 and + 4 stable oxidation 
state along with + 3 oxidation state. These are shown by 
those elements which by losing 2 or 4 electrons acquire 
a stable configuration of f0, f7 or f14. e.g.,
Eu2+ is [Xe]4f7, Yb2+ is [Xe]4f14, Ce4+ is [Xe]4f0 and Tb4f 
is [Xe]4f7.

 8. (a) Disproportionation reaction is the reaction in which 
oxidation as well as reduction, occur upon same atom 
simultaneously.

 9. (d) When KMnO4 solution is added to oxalic acid 
solution, the decolourisation is slow in the beginning but 
becomes instantaneous after some time because Mn2+ 
acts as autocatalyst.

Reduction half
MnO4

– + 8H+ + 5e– → Mn2+ + 4H2O] × 2
Oxidation half
C2O4

2  – → 2CO2 + 2e–]× 2
Overall equation
2MnO4

– + 16H+ + 5C2O4
2  – → 2Mn2+ +10CO2 + 8H2O

End point of this reaction Colourless to light pink
 10. (c) Tm (Z = 69) does not belong to actinoid series. The 

actinoid series is with atomic numbers 90 to 103. Thulium 
(Tm) has atomic number 69 belongs to lanthanoids (4f 
series).

 11. (a) The reaction of KMnO4 in which it acts as an oxidising 
agent in acidic medium is 

4 2 4 2 4 2

2 2

4 2 4 2 2 4 4 2

2KMnO 3H SO K SO 3H O 5[O]
H S [O] H O S] 5

2KMnO 3H SO 5H S K SO 2MnSO 8H O 5S

+ → + +
+ → + ×

+ + → + + +

5 moles of S2– ions react with 2 moles of KMnO4. So, 1 

mole of S2– ion will react with 2
5

 moles of KMnO4.

 12. (a)V2O5 and Cr2O3 both react with alkalies as well as 
acids are amphoteric oxide.

 13. (a)  Gadolinium belongs to 4f series and has atomic number 
64. The correct electronic configuration of gadolinium is

64Gd = 54[Xe]4f75d16s2

It has extra stability due to half-filled 4f subshell.
 14. (d) When small atoms are trapped inside the crystal 

lattice of metals interstitial compounds are formed. 
Some of their important characteristics are as follows
(i) They are very hard and rigid.
(ii) They have high melting point which are higher than 
those of the pure metals.

(iii) They show conductivity like that of the pure metal.

(iv) They acquire chemical inertness.
 15. (b) The magnetic moment is associated with its spin 

angular momentum and orbitals angular momentum. 
Spin only magnetic moment value of Cr3+ ion is 3d3 
Hence, magnetic moment ( ) ( )2µ = +n n BM

( )3 3 2 15 3.87 BM= + = =

 16. (c) KMnO4 acts as an oxidising agent in alkaline medium. 
When alkaline KMnO4 is treated with KI, iodide ion is 
oxidised to IO3

–

Reaction

4 2 4 32KMnO H O KI 2MnO 2KOH KIO+ + → + +  

3 2or, I 6OH IO 3H O 6e− − − −+ → + +  
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 17. (a) Copper does not liberate H2 from acids as Copper lies 
below hydrogen in the electrochemical series. Therefore, 
option (a) is not correct. Other three options (b, c, d) are 
correct.

 18. (c) When acidified K2Cr2O7 solution is added to Sn2+ 
salts then Sn2+ changes to Sn4+.

 19. (d) Highest oxidation state of manganese in fluoride 
is +4(MnF4) but highest oxidation state in oxides 
is + 7(Mn2O7). The Statement-II is that in covalent 
compounds fluorine can form single bond while oxygen 
forms double bond.

 20. (c) Due to lanthanoide contraction, Zr and Hf possess 
nearly same atomic and ionic radii i.e., Zr = 160 pm and 
Hf = 159 pm, Zr4+ = 79 pm and Hf 4+ = 78 pm. Therefore, 
these two elements show similar properties (physical 
and chemical properties).

 21. (b) HCl is not used to make the medium acidic in 
oxidation reactions of KMnO4 in acidic medium. The 
Statement-II is that if HCl is used, the oxygen produced 
from KMnO4 + HCl is partly utilised in oxidising HCl 
to Cl, which itself acts as an oxidising agent and partly 
oxidises the reducing agent.

 22. (a,b) Not because of the presence of unpaired electrons 
KMnO4 is coloured due to the charge transfer. Similarly, 
oxidation state of Ce in Ce(SO4)2 is + 4 with 4f 0 electronic   
configuration. It is also coloured (yellow) due to charge 
transfer and not due to f – f transition.

 23. (a,d) Electronic configuration Co2+ = [Ar] 3d7 ; Number 
of unpaired electrons = 3
Electronic configuration Cr2+ = [Ar] 3d4 ; Number of 
unpaired electrons = 4
Electronic configuration Mn2+ = [Ar] 3d5 ; Number of 
unpaired electrons = 5
Electronic configuration Cr3+ = [Ar] 3d3 ; Number of 
unpaired electrons = 3
Hence, it is clearly seen that both Co2+ and Cr3+ have 
same number of unpaired electrons i.e., 3.

 24. (b,c) In d-block elements, for heavier elements. the 
higher oxidation states are more stable. Hence, Mo(VI) 
and W(VI) are more stable than Cr (VI). That why, Cr 
(VI) in the form of dichromate is a stronger oxidising 
agent in acidic medium whereas MoO3 and WO3 are not.

 25. (b,d) The oxidation states of the following actinoids are
(a) Americium (Z = 95); Electronic configuration = [Rn] 
5f7 6d0 7s2

Oxidation states shown by Am = + 3, + 4, + 5, + 6.
(b) Plutonium (Z = 94); Electronic configuration = [Rn] 
5f6 6d0 7s2

Oxidation states shown by Pu = + 3, + 4, + 5, + 6. + 7.
(c) Uranium (Z = 92); Electronic configuration = [Rn] 
5f3 6d1 7s2 
Oxidation states shown by U = + 3, + 4, + 5, + 6.
Neptunium (Z = 93): Electronic configuration = [Rn] 5f4 
6d1 7s2 

Oxidation states shown by Np = + 3, + 4, + 5, + 6, + 7.

 26. (a,b) General electronic configuration of actinoids is 
(n –1) f 1–14 (n –1)d0–2 ns2 . U and Np each have one 
electron in 6d orbital. (Also, refer to Q. 25)

 27. (b,c) (a) Cerium (Z = 57) ⇒ Electronic configuration = 
[Xe]4f 5 5d0 6s2 

Oxidation state of Ce = + 3, + 4

(b) Europium (Z = 63) ⇒ Electronic configuration = 
[Xe]4f 7 5d0 6s2

Oxidation state of Eu = +2, + 3

(c) Ytterbium (Z = 70) ⇒ Electronic configuration = 
[Xe]4f 14 5d0 6s2

(d) Oxidation state of Yb = + 2, + 3 

(d) Holmium (Z = 67) ⇒ Electronic configuration = 
[Xe]4f 11 5d0 6s2

Oxidation state of Ho = + 3
 28. (b,c) [ ]3 1As, Ti Ar 3d+ =

[ ] ( )2 5 3 2
2g gMn Ar 3d , t e+ =

[ ] ( )2 6 4 2
2g 2gFe Ar 3d , t e+ =

[ ] ( )3 6 4 0
2g gCo Ar 3d , t e+ =

Crystal field splitting energy (CFSE) is high in Co3+ thus 
electrons pair up in t2g. Hence, only Fe2+ and Mn2+ show 
higher spin magnetic moment value.

 29. (a,b) Transition elements such as Cr and Co form binary 
compounds with halogens, i.e., CrF3 and CoF3 whereas 
Cu and Ni do not form CuF3 and NiF3.

 30. (b,c) A species can act as oxidising agent only when 
metal is present in high oxidation state but lower 
oxidation state show stability. As higher oxidations 
states of W and Mo are more stable, therefore they will 
not act as oxidising agents.

 31. (b,c)

Electronic configuration of [ ] 2 0 2
58 54 4 5 6 .=Ce Xe f d s  

Therefore, electronic configuration of [ ]4 0
54 4 .+ =Ce Xe f

Thus, it has a tendency to attain noble gas configuration 
and attain f 0 configuration.
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