
2 BIOLOGICAL
CLASSIFICATION

Five Kingdom Classification
In 1969, R.H. Whittaker proposed a Five Kingdom 
Classification. The kingdoms defined by him were 
named Monera, Protista, Fungi, Plantae and Animalia.

Main criteria for 5-kingdom classification:
(i) Cell structure
(ii) Body organisation

(ii) Mode of nutrition
(iv) Reproduction

(v) Phylogenetic relationships

Exception: Mycoplasma is a unicellular prokaryote but lacks cell wall.
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Some drawbacks of earlier classification systems:
 � It brought together the prokaryotic bacteria and 
the blue green algae with other groups which were 
eukaryotic.

 � It grouped together the unicellular organisms and the 
multicellular ones, for example, Chlamydomonas 
and Spirogyra were placed together under algae.

 � The classification did not differentiate between the 
heterotrophic group – fungi, and the autotrophic 
green plants, though they also showed a 
characteristic difference in their walls composition 
– the fungi had chitin in their walls while the green 
plants had a cellulosic cell wall.

 � All prokaryotic organisms were grouped together 
under Kingdom Monera and the unicellular 
eukaryotic organisms were placed in Kingdom 
Protista.

 � Kingdom Protista has brought together 
Chlamydomonas, Chlorella (earlier placed in Algae 
within Plants and both having cell walls) with 
Paramoecium and Amoeba (which were earlier 
placed in the animal kingdom which lack cell wall).

 � _____________ have chitin in their cell walls 
while green plants have _____________

 � The Whittaker’s classification system is not 
only based on morphological, physiological 
and reproductive similarities, but also on 
_____________ relationship. 

 � How many kingdoms are belong to producers 
and name these kingdoms? _____________

 � In which kingdom unicellular, eukaryotic 
autotrophic organisms are placed? _____________

 NCERT Fill-up

Kingdom Monera
Characteristics of bacteria

 � Sole members of kingdom Monera
 � Most abundant and occur almost every where
 � Very complex in behaviour but structure is very 
simple

 � Show the most extensive metabolic diversity
Shapes of bacteria

Bacteria

Coccus
Spherical shaped

Spirillum
Spiral shaped

Bacillus
Rod shape

Vibrio
Comma shaped

Nutrition in bacteria

Heterotrophic 
(vast majority; 
depend on others 
for food

Autotrophic 
(Prepare their own 

food from inorganic 
substrates)

Parasitic (Live on or 
in other plants and 

animals)

Photoautotroph 
(Use light energy)

Saprophytic (Depend 
on dead organisms)

Chemoautotroph 
(Derive energy 
from inorganic 

substances)Mode of nutrition

Classification of bacteria

Archaebacteria 
(Ancient bacteria)

Eubacteria
(True bacteria)

Bacteria

Archaebacteria

Archaebacteria 
(Ancient bacteria)

Methanogens: 
Marshy areas

Thermoacido 
philes: Hot 

springs

Halophiles: 
Extreme salty 

areas

 � Archaebacteria have a different cell wall structure 
from other bacteria and this feature is responsible 
for their survival in extreme conditions.

Responsible for the production of methane 
(biogas) from the dung

Methanogens

Present in the gut of several ruminant 
animals, e.g., cows and buffaloes

Eubacteria

Autotrophs
Photosynthetic

Chemosynthetic

Heterotrophs (most abundant 
& important decomposers)

Eubacteria
(True bacteria)
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 � Cyanobacteria (also referred to as blue-green 
algae) have chlorophyll a similar to green plants 
and are photosynthetic autotrophs.

Economic Importance of bacteria
 � Cyanobacteria can fix atmospheric nitrogen in 
specialised cells called heterocysts, e.g., Nostoc 
and Anabaena.

 � Chemosynthetic autotrophic bacteria oxidise 
various inorganic substances such as nitrates, 
nitrites and ammonia and use the released energy 
for their ATP production. They play a great role in 
recycling nutrients like nitrogen, phosphorous, 
iron and sulphur.

 � Heterotrophic bacteria have a significant impact 
on human affairs. They are helpful in making 
curd from milk, production of antibiotics, fixing 
nitrogen in legume roots, etc.

 � Some are pathogens causing damage to human 
beings, crops, farm animals and pets. Cholera, 
typhoid, tetanus, citrus canker are well-known 
diseases caused by different bacteria.

Mycoplasma

Mycoplasma

Smallest living 
cells known

Can survive 
without oxygen

Completely 
lack a cell wall

Pathogenic in 
animals and plants

 � On the basis of shape, how many groups are 
formed of bacteria and what are their names? 
_____________

 � Identify the following figures (A, B, C and D) 

A. _____ B. _____ C. _____ D. _____

 � Compared to many other organisms, which 
group show the most extensive metabolic 
diversity? _____________

 � Which are the smallest living cells known and 
can survive without oxygen? _____________

 � _____________ are responsible for the 
production of methane from the dung of cows 
and buffaloes.

 � In Nostoc, the site of nitrogen fixation is 
_____________

 NCERT Fill-up

Kingdom Protista
Classification of Protista

Chrysophytes
(Found in fresh water 
as well as marine wa-
ter, photosynthetic)

Dinoflagellates
(Marine, Photo-
synthetic)

Slime Moulds 
(Saprophytic)

Protozoans 
(Predators or 

parasites)

Euglenoids
(Found in fresh 
and stagnant water; 
Photosynthetic - in 
presence of light
Heterotrophic - in 
absence of light)

Protista

Chrysophytes 
 � Includes diatoms (chief producers in earth) & 
golden algae (desmids)

 � Cell walls of diatoms are indestructible as they are 
embedded with silica.

 � Cell wall form two thin overlapping shells (fit 
together as in a soap box)

 � Diatoms have left behind large amount of cell wall 
deposits in their habitat; this accumulation over 
billions of years is referred to as ‘diatomaceous 
earth’. Being gritty this soil is used in polishing, 
filtration of oils and syrups.

Dinoflagellates
 � Due to the presence of main pigments, they are of 
different colours.

 � Cell wall: Stiff cellulose plates are present on outer 
surface.

 � Flagella: Two in number; one lies longitudinally 
and the other transversely.

Red dinoflagellates undergo such rapid 
multiplication that they make the sea appear red 
(red tides). Toxins released by such large numbers 
may even kill other marine animals such as fishes.
Example: Gonyaulax

Maximise Your Marks
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Euglenoids
 � Cell wall is replaced by pellicle.
 � Pellicle: Protein rich layer for body flexibility.
 � Flagella: Two, a short and a long one.
 � Interestingly, the pigments of euglenoids are 
identical to those present in higher plants.

Slime Moulds
 � In suitable condition, they form an aggregation 
called plasmodium which may grow and spread 
over several feet.

 � In unfavourable condition, the plasmodium 
differentiates and forms fruiting bodies bearing 
spores at their tips.

 � Spores have true walls and are extremely resistant.
 � Spores are dispersed by air currents.

Protozoans
 � All protozoans are heterotrophs and live as 
predators or parasites. 

 � They are believed to be primitive relatives of 
animals. There are four major groups of protozoans.

 (a) Amoeboid Protozoans
 (i) Locomotory organ – Pseudopodia (one or 

two or many).
 (ii) Habitat – Fresh water, sea water (marine) or 

moist soil.
 (iii) Food capturing – Prey is captured by 

putting out pseudopoida (false feet)
 (iv) Marine forms have silica shells on their 

surface.
 E.g., Amoeba, Entamoeba (act as parasite) 
 (b) Flagellated Protozoan
 (i) Locomotory organ – Flagella.
 (ii) Habit and Habitat – Free living or parasitic, 

some are aquatic.
 (iii) The parasitic forms cause diaseases such as 

sleeping sickness.
  E.g., Trypanosoma, Leishmania, Giardia, etc.
 (c) Cilliated Protozoan
 (i) Locomotory organ – Cilia and the co-

ordinated movement of rows of cilia causes 
the water laden with food to be steered into 
the gullet. 

 (ii) Habit and Habitat – Aquatic, free living, 
parasitic and commensal.

 (iii) Food Capturing – Gullet with outer 
cystostome opening for food ingestion while 

cytopyge for egestion. Food digestion in 
food  vacuole in free living forms.

 E.g., Paramoecium
 (d) Sporozoans
 (i) Locomotory organ – absent.
 (ii) Habit and Habitat – They all are parasite, 

mostly intracellular parasite Eg., Plasmodium, 
Monocystis.

The most notorious sporozoan is Plasmodium 
(malarial parasite) which causes malaria, a disease 
which has a staggering effect on human population.

Maximise Your Marks

 � In which kingdom, Chryspohytes, Dinoflagellates, 
Euglenoids, slime moulds and protozoans are 
included? __________

 � __________ are the chief producers in the oceans.
 � Which protist possesses two flagella one 

lies longitudinal and other transwersely? 
__________

 � Read the following points regarding protista:
 (i) Saprophytic nature
 (ii) Spores with cell wall
 (iii) Fruiting body formation
Identify the organisms: __________
 � Euglenoids have a protein rich layer called 

_____________ which makes their body flexible
 � _____________ are believed to be primitive 

relative of animals.
 � Diatoms left behind large amount of __________ 

deposits in their habitat; this accumulation over 
billions of years is referred to as __________.

 NCERT Fill-up

Kingdom Fungi
 � With the exception of yeasts which are unicellular, 
fungi are filamentous

 � Their bodies consist of long, slender thread-like 
structures called hyphae.

 � The network of hyphae is known as mycelium.
 � Dikaryophase of fungus: In ascomycetes and 
basidiomycetes, an intervening dikaryotic stage 
(n + n, i.e., two nuclei per cell) occurs; such a 
condition is called a dikaryon and the phase is 
called dikaryophase of fungus.
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Classes of Kingdom Fungi
Characteristics Phycomycetes Ascomycetes 

(Sac-fungi)
Basidiomycetes
 (Bracket fungi)

Deuteromycetes 
(Imperfect fungi)

Habitat Found in aquatic 
habitats, on decay-
ing wood in moist 
and damp places 
or as obligate para-
sites on plants

Saprophytic, 
decomposers, parasit-
ic or coprophilous 
(growing on dung)

Grow in soil, on logs 
and tree stumps and in 
living plant bodies as 
parasites

Mostly decomposers, 
some are saprophytes 
or parasites.

Mycelium Aseptate and co-
enocytic

Branched and septate Branched and septate Branched and septate

Reproduction Asexual: Zoo-
spores (motile) 
or aplanospores 
(non-motile). 
These spores are 
endogenously pro-
duced in sporan-
gium.

Asexual:
Conidiophores- 
conidia produced 
exogenously on the 
special mycelium
Sexual: Ascospores- 
produced 
endogenously in sac 
like asci

Sex organs are absent, 
but plasmogamy is 
brought about by fusion 
of two vegetative or so-
matic cells of different 
strains or genotypes. 

Reproduce only by 
asexual spores known 
as conidia.

Examples  � Mucor: Grow on 
the dung of cats 
and dogs

 � Rhizopus: The 
bread mould

 � Albugo: The 
parasitic fungi 
on mustard

Aspergillus: 
 � Produces aflatoxins 

carcinogenic to 
humans.

 � Guinea pig of 
plant kingdom – 
Aspergillus flavus

Claviceps: 
 � The most powerful 

hallucinogen LSD 
is produced by 
Claviceps purpurea  
and also cause Ergot 
of rye.

 � Agaricus
    (mushroom)

 � Ustilago (smut) 
 � Puccinia (rust fungus)
 � Poisonous 

     Mushroom : Amantia
 � Cap mushroom 

(Coprinus): Used in 
manufacturing  ink.

 � Bracket 
Fungi(Fusarium): 
grown on rotten 
wood.  

 � Alternaria,
Colletotrichum  and 
Trichoderma.

 � Red rot of 
sugarcane is caused 
by Colletotrichum

    falcatum
 � Alternaria and 

Trichoderma are 
predatory fungus, 
feed on living 
worms (Nema-
todes), i.e., Nemato-
phagus Fungi.

Economic importance of fungi
 � Some unicellular fungi, e.g., yeast are used to make 
bread and beer

 � Penicillium is a source of antibiotic
 � The common mushroom you eat is a fungi.

Kingdom Plantae
 � Kingdom Plantae includes all eukaryotic 
chlorophyll-containing organisms commonly 

called plants.

 � Bladderwort and Venus fly trap are examples of 
insectivorous plants and Cuscuta is a parasite.

Kingdom Animalia
 � The organisms of this kingdom follow a definite 
growth pattern and grow into adults that have a 
definite shape and size.`

 � Some hyphae are continuous tubes filled with 
multinucleated cytoplasm, these are called 
___________

 � Fungi prefer to grow in ___________
 � Which fungus in used extensively in bio-chemical 

& genetic works?

 � In basidiospores, the basidiospores are 
___________ produced on the ___________

 � Mushroom, Bracket fungi & smut fungi belong 
to___________

 � Most of the members of class ___________ are 
decomposers of litter and help in mineral cycle.

 NCERT Fill-up
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Viruses, Viroids, Pirions and Lichens
There are organisms which are not included in any of 
the five kingdom classified by Whittaker. These are:
1. Viruses 2. Viroids 3. Prions 4. Lichens
Viruses

A Nucleoprotein: 
Contains proteins + 
infectious Genetic 

material (RNA/DNA)

Characterised by 
having an inert 

crystalline structure 
outside the living cell 

Human viral diseases: 
AIDS, mumps, small 
pox, herpes, influenza

Smaller than 
bacteriaNon-cellular 

organisms

Obligate 
parasites

Name means venom 
or poisonous fluid; 

given by Dmitri 
Ivanowsky (1892)

Viral symptoms in 
plants: mosaic formation, 
leaf rolling and curling, 

yellowing and vein 
clearing, dwarfing & 

stunted growth 

Protein coat: 
capsid (made up 
of capsomeres)

Virus

Viroids
 � Discoverer – T.O. Diener (1971)
 � A new infectious agent that was smaller than viruses
 � They have only low molecular weight RNA, no 
protein coat.

 � Potato spindle tuber disease is caused by potato 
spindle tuber viroid.

Prions
 � An abnormally folded protein which transmits 
certain infectious disease.

 � Size: Similar in size to viruses.
 � Disease caused by Prions: Bovine spongiform 
Encephalopathy (BSE) commonly called as mad 
cow disease and Cr-Jacob disease (CJD) in humans.

Lichens
 � Lichens are symbiotic associations between algae 
and fungi.

 (i) Algal component (Phycobiont) – Autotrophic 
so it prepare food for fungi

 (ii) Fungal component (Mycobiont) – 
Heterotrophic so it provides shelter and absorb 
mineral nutrients and water for algae.

 � Very good pollution indicators, as they do not grow 
in polluted areas.

 � M.W. Beijerinek (1898) demonstrated that the 
extract of the infected plants of tobacco could 
cause infection in healthy plants and called the 
fluid as Contagium vivum fluidum  (infectious 
living fluid).

 � W.M. stanley (1935) proved crystallisation of 
viruses.

Maximise Your Marks

 � The _____________ are non-cellular that are 
characterized by having an inert crystalline 
structure outside the living cell

 � The _____________ component is known as 
phycobiont and _____________ component as 
mycobiont in lichens.

 � Who said that viruses are smaller than bacteria? 
___________

 � Identify the infectious agent on the basis of 
given informations: ___________

 (i) T.O. Diener
 (ii) Smaller than viruses
 (iii) Low molecular weight RNA
 (iv) Absence of protein
 � Identify the group of organism, on the basis of 

given information:-___________
 (i) Show symbiotic association
 (ii) Very good pollution indicator
 (iii) Pioneer to barren rocks
 � Viruses are ___________ parasites.
 � In general, viruses that infect plants have 

___________ stranded ___________ and 
viruses that infect animals have either single 
or double stranded ___________ or double 
stranded ___________.

 � Bacterial viruses or bactriophages are usually 
___________ stranded ___________ viruses.

 NCERT Fill-up



Fact Based Questions

 1. Cellular level of body organisation is found in
a. Monera b. Protista
c. Fungi d. Both (a) and (b)

 2. The boundaries of members of kingdom ‘x’ is not 
well-defined. Which of the following organism 
belongs to kingdom ‘x’?
a. Amoeba b. Anabaena
c. Yeast d. Halobacterium

 3. Five kingdom system of classification suggested 
by R.H. Whittaker is based on

 A. Complexity of body organisation
 B. Presence or absence of a well defined nucleus
 C. Mode of reproduction
 D. Mode of nutrition
Choose the correct set of option
a. A, B & C 
b. B, C & D
c. A, B & D 
d. A, C & D

 4. The ubiquitous Prokaryotes responsible for the 
formation of curd and antibiotics are
a. Cyanobacteria
b. Archaebacteria
c. Chemosynthetic autotrophs
d. Heterotrophic bacteria

 5. Oxygenic photosynthesis takes place in
a. Nostoc b. Anabaena
c. Cyanobacteria d. All of the above

 6. Among the following, which is/are photosynthetic 
autotrophs?
a. Archaebacteria b. Fungi
c. Cyanobacteria d. All of the above

 7. Archaebacteria differ from eubacteria in one of 
the following features.
a. They have a rigid wall
b. Their cell wall lacks peptidoglycan component.
c.	 They	have	different	types	of	nutrition
d. They are very ancient.

 8. Organisms living in gut of cow & buffalo and   
produce biogas from dung of ruminant animal are 
called as:
a. Methanogens
b. Halophiles
c. Heliophytes
d. Thermoacidophiles

 9. The members of monera have cell wall made up 
of polysaccharide and amino acid. Which member 
of monera lack cell wall?
a. Slime mould b. Mycoplasma
c. Both (a) and (b) d. Archaebacteria

 10. Which is not a member of Phycomycetes?
a. Albugo b. Aspergillus
c. Rhizopus d. Mucor

 11. Fungi imperfecti is called to
a. Members of phycomycetes
b. Members of ascomycetes
c. Members of basidiomycetes
d. Members of deuteromycetes

 12. The cell wall of fungi is composed of :-
a. Chitin and cellulose
b. Cellulose and polysaccharides
c. Chitin and polysaccharides
d. Chitin, polysaccharides and glycogen

 13. Which of the following are noncellular organisms 
that are chatacterized by having an inert crystalline 
structure ouside the living cell?
a. Bacteria b. Mycoplasma
c. Virus d. Lichen

 14. Chief ‘producers’ in the ocean are
a. Chrysophytes b. Euglenoids
c. Desmids d. Diatoms

 15. Which organism have an infectious spore like 
stage in their life cycle?
a. Amoeboid protozoans 
b. Flagellated protozoans
c. Ciliated protozoans 
d. Sporozoans

 16. Mushrooms, bracket fungi or puffballs are placed 
in
a. Ascomycetes b. Basidiomycetes
c. Deuteromycetes d. Phycomycetes

NEET REplica
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 17. A virus like naked pathogenic particle of single-
stranded circular RNA filament without a protein 
covering is known as
a. Viroid causing potato spindle tuber
b. Mumps virus
c. Polyoma virus
d. Tobacco mosaic virus

 18. Viruses are non-cellular organisms, but replicate 
themselves once they infect the host cell. To which 
of the following kingdom do viruses belong to?
a. Monera b. Protista
c. Fungi d. None of these

 19. Capsid is
a. Genetic material of virus
b. Protein cover of virus
c. Extra genetic material of bacterium
d. House keeping genome of bacterium

 20. In Mucor, asexual reproduction takes place by 
non-motile spores named as
a. Conidia 
b. Zoospores
c. Aplanospores 
d. None of the above

 21. Prusiner gave a term to proteinaceous infectious 
particles causing diseases. The term given by him 
is:
a. Prions b. Viroids
c. Viruses d. Chlamydia

 22. Which type of bacteria are responsible for 
production of biogas?
a. Halophiles 
b. Thermoacidophiles
c. Methanogens 
d. BGA

 23. Most abundant microorganisms are
a. Fungi b. Bacteria
c. Virus d. Cyanobacteria

 24. In bacteria, the site for respiratory activity is 
found in:
a. Episome b. Microsome
c. Ribosome d. Cell membrane

 25. The part of the virus which gives it hereditary 
integrity is
a. Capsomere b. Capsid
c. Nucleic acid d. Nucleotide

 26. Lichens growing on rocks are called
a. Corticoles b. Lignicoles
c. Terricoles d. Saxicoles

 27. Select the sac fungus:
a. Albugo b. Agaricus     
c. Neurospora    d. Mucor

Match The Column

 28. Match Column - I with Column - II and select the 
correct answer using the codes given below:

Column I Column II
(Kingdom) (Class)

A. Plantae 1. Archaebacteria
B. Fungi 2. Euglenoids
C. Protista 3. Phycomycetes
D. Monera 4. Algae

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

 29. Match the column I with Column II and find out 
the correct combination:

Column I Column II
A. Phycomycetes 1. Fungi imperfecti
B. Ascomycetes 2. Club fungi
C. Basidiomycetes 3. Algal fungi
D. Deuteromycetes 4. Sac fungi

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

 30.  Match the Column I with Column II and find out 
the correct combination:

Column I Column II
A. Viroid 1. Nucleoprotein
B. Virus 2. Infectious protein
C. Prion 3. Infectious nucleic acid
D. Virion 4. Infectious viral particle

a. A-4 B-1 C-2 D-3
b. A-2 B-4 C-1 D-3
c. A-3 B-1 C-2 D-4
d. A-4 B-2 C-3 D-1
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 31.  Match the Column I with Column II and find out 
the correct combination:

Column I Column II
A. Binary fission 1. Bacteria
B. Budding 2. Yeast
C. Somatogamy 3. Some higher fungi
D. Oogamy 4. Algae

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

 32. Match the Columns I with Column II, and choose 
the correct combination from the options given 
below:

Column I Column II
(Scientists) (Contribution)

A. Ivanowsky 1. Contagium vivum fluidum
B. T.O. Diener 2. Crystallisation of viruses
C. Beijerinek 3. Discovery of viruses
D. Stanley 4. Discovery of viroid

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

 33.  Choose the incorrect match from following :-
a. Slime mould - Saprophytic protists
b. Protozoans – Predators or parasites
c. Diatoms - Marine environment
d.	Dinoflagellates	-	Mostly	fresh	water

 34. Which of the following pair is incorrectly matched 
w.r.t. archaebacteria?
a. Partial aerobic – Methanogens
b. Chemoautotrophs – Thermoacidophiles
c. Anaerobic  chemoautotrophs – Methanobacterium
d. Bacteriorhodopsin – Halophiles

 35. How many features are incorrect for lichens?
 A. Slow growing annual plants
 B. Water pollution indicator
 C. Predominant phycobionts as green algae
 D. Autotrophic partner may be prokaryotes or 

eukaryotes
 E. Major fungal partner as club fungi

a. B & E only b. A, B & E
c. B, C & E d. B & D

Conceptual Based Questions

 36. Which of the following statements is incorrect?
a. Most abundant bacteria are heterotrophic 
b. A large number of antibiotics are produced by 

actinomycetes (e.g, Streptomyces), which is a 
class of fungi

c. N2-fixing	 bacteria	 pick	 up	 free	 N2 from soil 
atmosphere and convert it into nitrogenous 
compounds.

d.	Archaebacteria	 differ	 from	 other	 bacteria	 in	
having	 a	different	 cell	wall	 structure	 and	 this	
feature is responsible for their survival in 
exterme conditions.

 37. Read the given statements about lichens and 
select the incorrect ones:

 A. They represent an example of true symbiosis 
 B. Algal partner obtains water and mineral 

salts from the fungus and the fungal partner 
obtains food prepared by the alga

 C. These grow in polluted area
 D. The mycobiont is usually an ascomycetes or 

a basidiomycetes
 E. The phycobiont is mostly a green alga or a 

cyanobacterium
 F. These constitute the pioneer community in 

case of hydrosere
a. A and B b. C and F
c. A and D d. A, E and D

 38. Most of the antibiotics have no effect on viruses 
because
a. They kill all bacteria which form host of virus
b. Viruses are too small in size for antibiotics to 

act on them
c. Viruses have no metabolism of their own
d. Viruses produce a thick covering and 

endospores
 39. Select the incorrect statements from the following:

a. In Phycomycetes, asexual spores are produced 
endogenously

b. In Ascomycetes, asexual spores are produced 
exogenously

c. In Ascomycetes, sexual spores are produced 
endogenously

d. In Basidiomycetes, asexual spores are produced 
exogenously
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 40. Select the incorrect statement from the following:-
a.	 Dinoflagellates	 have	 stiff	 cellulose	 plates	 on	

the outer surface
b.	Euglenoids	 have	 two	 flagella,	 one	 lies	

longitudinally and the other transversely
c. Slime mould’s spores are dispersed by air 

current
d. In diatoms the cell wall form two thin 

overlapping shells
 41. Euglena, Nostoc, Chlorella and Spirogyra.

Choose correct option regarding above organism:-
a. All are unicelleular eukaryotes
b. All are autotrophic multicellular
c. All have chlorophyll ‘a’ and photosynthetic 

ability
d. All belong to green algae

 42. The sole members of the kingdom monera
(i) Are most abundant micro-organisms
(ii) Largely depend on dead organic matter or on 

other organisms for food 
(iii) Are Spirilla mostly w.r.t. shape
(iv) Have simple structure and behaviour
(v) Are oxyphotobacteria only
a. (i) & (ii) are correct
b. (i), (iv) & (v) are correct
c. (i), (ii) & (v) are incorrect
d. (ii), (iv) & (v) are incorrect

 43. Plasmodium stage in slime moulds
a. Represents naked multinucleated somatic cell 

without cell membrane
b. Is aggregation of sex cells during unfavourable 

conditions
c. May grow and spread over several feet
d. More than one option is correct

 44. Select incorrect statement w.r.t. TMV.
a. Rod shaped
b. Single stranded RNA as genetic material
c. Capsomeres are more than ribonucleotides
d. Genetic material is infectious

 45. Yeast is not included in kingdom protista but in 
kingdom fungi because
a. It has no chlorophyll
b. Some fungal hyphae grow in such a way that 

they give the appearance of pseudomycelium
c. It has eukaryotic organisation
d. Cell wall is made up of cellulose and reserve 

food material is starch

 46. In which of the following options, all the members 
do not belong to same class?
a. Bread mould, Mucor, Parasitic fungi on 

Mustard
b. Claviceps, Neurospora, Aspergillus, morels, 
truffles	and	puffballs.

c. Rust, smut, mushrooms, bracket fungi
d. Colletotrichum, Alternaria and Trichoderma

 47. The given statements describe a group of 
organisms.
A. Instead of a cell wall, they have a protein rich 
pellicle	making	their		body	flexible

B.	They	have	2	flagella,	a	short	and	a	long	one	
C. They show mixotrophic nutrition
D. They are connecting link between plants and 

animals
Which of the following group is referred here?
a.	 Dinoflagellates	 b.	 Slime	moulds
c. Desmids and diatoms d. Euglenoids

 48. Which one of the following is a characteristics 
feature of Chrysophytes?
a. They are parasitic forms which cause disease 

in animal
b. They have a protein rich layer called pellicle 
c. They have indestructible wall layer deposited 

with silica
d.	They	are	commonly	called	dinoflagellates

 49. Which of the following statements is correct for 
viroids?
a. They have a protein coat
b. They are larger than viruses
c. They do not causes infections
d. Their RNA is of low molecular weight

 50. Cyanobacteria are called blue green algae because
a. They do not produce gametes
b. They are not green
c. They have chlorophyll pigment
d. They are as small as bacteria

 51. A.  Conidia are produced endogenously and as 
-cospores are produced exogenously.

 B. Morels are truffles are not edible as they are 
poisonous

 C. Neurospora is used in the study of 
biochemical genetics

 D. Yeast is multicellular and used in the 
fermentation. 

Choose the set of wrong statements.
a. A, B & C b. A, C & D
c. A, B & D d. B, C & D
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Kingdom Monera

 1. Which of the following is incorrect about 
Cyanobacteria?  (2020-Covid)
a. They lack heterocysts
b. They often form blooms in polluted water 

bodies
c. They have chlorophyll ‘a’ similar to green 

plants
d. They are photoautotrophs

Ref. NCERT, Class (XI), Ch - 2, Pg. 19

 2. Oxygen is not produced during photosynthesis by 
 (2018)
a. Nostoc 
b. Green sulphur bacteria
c. Cycas 
d. Chara

Ref. NCERT, Class (XI), Ch - 2, Pg. 19

 3. Which of the following are found in extreme 
saline conditions? (2017)
a. Archaebacteria b. Eubacteria
c. Cyanobacteria d. Mycobacteria

Ref. NCERT, Class (XI), Ch - 2, Pg. 19

 4. Which among the following are the smallest 
living cells, known without a definite cell wall, 
pathogenic to plants as well as animals and can 
survive without oxygen? (2017)
a. Bacillus  b. Pseudomonas
c. Mycoplasma  d. Nostoc

Ref. NCERT, Class (XI), Ch - 2, Pg. 20

 5. The primitive prokaryotes responsible for the 
production of biogas from the dung of ruminant 
animals, include the: (2016)
a. Halophiles  
b. Thermoacidophiles  
c. Methanogens  
d. Eubacteria

Ref. NCERT, Class (XI), Ch - 2, Pg. 19

Kingdom Protista

 6. Which of the following organisms are known as 
chief producers in the oceans?  (2018)
a.	 Dinoflagellates		 b.	Diatoms
c. Cyanobacteria  d. Euglenoids

Ref. NCERT, Class (XI), Ch - 2, Pg. 20

 7. Ciliates differ from all other protozoans in  (2018)
a.	 Using	flagella	for	locomotion
b. Having a contractile vacuole for removing 

excess water
c. Using pseudopodia for capturing prey
d. Having two types of nuclei

Ref. NCERT, Class (XI), Ch - 2, Pg. 22

 8. Chrysophytes, Euglenoids, Dinoflagellates and 
Slime moulds are included in the kingdom:  
 (2016)
a. Animalia  b. Monera 
c. Protista  d. Fungi

Ref. NCERT, Class (XI), Ch - 2, Pg. 20

Kingdom Fungi (Mycota)

 9. One of the major components of cell wall of most 
fungi is: (2016)
a. Chitin  b. Peptidoglycan 
c. Cellulose  d. Hemicellulose

Ref. NCERT, Class (XI), Ch - 2, Pg. 22

Ascomycetes (Sac Fungi)

 10. Which of the following statements is incorrect?
 (2019)
a.	Morels	and	truffles	are	edible	delicacies.
b. Claviceps is a source of many alkaloids and 

LSD.
c. Conidia are produced exogenously and 

ascospores endogenously.
d.	Yeasts	 have	 filamentous	 bodies	 with	 long	

thread-like hyphae.
Ref. NCERT, Class (XI), Ch - 2, Pg. 22 & 24

NEET pasT 5 YEaR QuEsTioNs
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Basidiomycetes (Club Fungi)

 11. After karyogamy followed by meiosis, spores are 
produced exogenously in  (2018)
a. Neurospora  b. Alternaria
c. Agaricus  d. Saccharomyces

Ref. NCERT, Class (XI), Ch - 2, Pg. 24

Viruses, Viroids and Lichens

 12. Which of the following is correct about viroids?
 (2020)
a. They have free RNA without protein coat.
b. They have DNA with protein coat.
c. They have free DNA without protein coat.
d. They have RNA with protein coat.

Ref. NCERT, Class (XI) Ch - 2, Pg. 27
 13. Which of the following statement is incorrect?

 (2019)
a. Viroids lack a protein coat.
b. Viruses are obligate parasites.
c. Infective constituent in viruses is the protein coat.
d. Prions consist of abnormally folded proteins.

Ref. NCERT, Class (XI), Ch - 2, Pg. 27
 14. Viroids differ from viruses in having (2017)

a. DNA molecules with protein coat
b. DNA molecules without protein coat
c. RNA molecules with protein coat
d. RNA molecules without protein coat

Ref. NCERT, Class (XI), Ch - 2, Pg. 27

 15. Which of the following statements is wrong for 
viroids? (2016)
a. They lack a protein coat
b. They are smaller than viruses
c. They causes infections
d. Their RNA is of high molecular weight

Ref. NCERT, Class (XI), Ch - 2, Pg. 27

Multiconcept

 16. Select the wrong statement (2018)
a. Cell wall is present in members of Fungi and 

Plantae
b. Mushrooms belong to Basidiomycetes
c. Pseudopodia are locomotory and feeding 

structures in Sporozoans
d. Mitochondria are the powerhouse of the cell in 

all kingdoms except Monera
Ref. NCERT, Class (XI), Ch - 2, Pg. 22

 17. Which one of the following statements is wrong?
 (2016)
a. Cyanobacteria are also called blue-green 

algae
b. Golden algae are also called desmids
c. Eubacteria are also called false bacteria
d. Phycomycetes are also called algal fungi

Ref. NCERT, Class (XI), Ch - 2, Pg. 19

aNswER KEY & ExplaNaTioNs
NEET Replica Answer Key

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
d a d d d c b a b b d c c d d b a
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
d b c a c b d c d c a b c a c d a
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51
b b b c d b c a c c b b d c d c c

Past Year Answer Key
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
a b a c c b d c a d c a c d d c c
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NEET Replica Explanations

 1. (d) Cellular level of body organisation is found in 
kingdom Monera and Protista.

 2. (a) The boundaries of kingdom Protista are 
not well-defined. Amoeba belongs to this 
kingdom.

 3. (d) Ref. NCERT,Class (XI), Ch - 2, Pg. 17, Table - 
2.1

 4. (d) Prokaryotes used in the formation of curd and 
antibiotics are heterotrophic bacteria.

 5. (d) Oxygenic photosynthesis  takes place in 
cyanobacteria like Nostoc, Anbaena etc.

 6. (c) Because they are photosynthetic and aquatic, 
cyanobacteria are often called blue-green 
algae.

 7. (b) Ref. NCERT,Class (XI), Ch - 2, Pg. 19
 8. (a) Ref. NCERT,Class (XI), Ch - 2, Pg. 19
 9. (b) Mycoplasma, smallest living cells known, 

completely lack a cell wall.
 10. (b) Ref. NCERT,Class (XI), Ch - 2, Pg. 23
 11. (d) Ref. NCERT,Class (XI), Ch - 2, Pg. 24
 12. (c) Ref. NCERT,Class (XI), Ch - 2, Pg. 17,  

Table - 2.1
 13. (c) Ref. NCERT,Class (XI), Ch - 2, Pg. 25
 14. (d) Chief ‘producers’ in the ocean are Diatoms.
 15. (d) Sporozoans have an infectious spore like stage 

in their life cycle.
 16. (b) Mushrooms, bracket fungi or puffballs placed 

in Basidiomycetes.
 17. (a) A virus like naked pathogenic particle of 

single-standed circular RNA filament without 
a protein covering is known as viroid. It causes 
a disease Potato Spindle Tuber.

 18. (d) In five kingdom classification of Whittaker, non-
cellular organisms like viruses and viroids are 
not mentioned. Viruses did not find a place in 
classification since they are not truly ‘living’ and 
hence, they are considered as non-cellular.

 19. (b) Ref. NCERT,Class (XI), Ch - 2, Pg. 26
 20. (c) In Mucor, asexual reproduction takes place by 

non-motile spore known as aplanospore.

 21. (a) Ref. NCERT,Class (XI), Ch - 2, Pg. 27
 22. (c) Methanogens are present in the gut of several 

ruminant animals such as cows and buffaloes. 
They are responsible for methane (biogas) 
production.

 23. (b) Bacteria are the most abundant microorganism.
 24. (d) The site of respiration in prokaryotes such 

as bacteria is cell membrane. The cytoplasm 
of outer cell membrane forms much 
coiled invaginations called mesosome that 
participates in aerobic respiration.

 25. (c) Nucleic acid is the genetic material of virus 
which  gives it hereditary integrity.

 26. (d) Lichens growing on rocks are called Saxicoles.
 27. (c) Ref. NCERT,Class (XI), Ch - 2, Pg. 23
 28. (a) Archaebacteria, Euglenoids, Phycomycetes 

and algae are classes of kingdom monera, 
protista, fungi and plantae respectively.

  32. (c)

Column I Column II
(Scientists) (Contribution)

A. Ivanowsky 3. Discovery of viruses
B. T.O. Diener 4. Discovery of viroid
C. Beijerinck 1. Contagium vivum fluidum
D. Stanley 2. Crystallisation of viruses

 33. (d) Dinoflagellates – Mostly marine
 34. (a) Methanogens – Obligate anaerobes
 36.  (b) Heterotrophs are most abundant bacteria. 

Streptomyces of genus Actinobacteria is a 
genus of Gram-positive bacteria that grows in 
various environment and produced nearly two 
third of the naturally occurring antibiotics.  

 37. (b) Lichens form the pioneer community in a 
lithosere whereas plankton stage is the pioneer 
stage for hydrosere. Lichens are very good 
pollution indicators – they do not grow in 
polluted areas.

 38. (c) Antibiotics destroy an organism by inhibiting 
its metabolic process. As viruses have no 
metabolism of their own, antibiotics have no 
effect on them.

 39. (d) In basidiomycetes, asexual spores are 
generally not found.

 40. (b) Dinoflagellates have two flagella, one lies 
longitudinally and other lies transversly.

 41. (c) Euglena is a member of kingdom protista 
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which includes unicellular eukaryotes. Nostoc 
is an eubacteria.

 42. (a) The bacillus is the most common bacterial 
shape.
Though the structure of bacteria is very simple, 
they are very complex in behaviour.
They may be photosynthetic autotrophic or 
chemosynthetic autotrophic.

 43. (c) Slime moulds, under suitable condition forms 
an aggregation called plasmodium which may 
grow and spread over several feet.

 44. (c) The capsid of TMV is made up of 2130 
molecules of coat proteins called capsomeres 
and one molecule of genomic single stranded 
RNA, 6400 bases long

 45. (b) Yeast are unicellular organisms that evolve 
from multicellular ancestors, with some species 
having the ability to develop multicellular 
characteristics by forming rings of connecting 
budding cell known as pseudohyphae or false 
hyphae thats why they are placed in kingdom 
fungi.

 46. (b) Claviceps, Neurospora, Aspergillus, morels, 
truffles belongs to Ascomycetes, while Puff 
-balls belongs to Basidiomycetes.

 47.  (d) Euglenoids are fresh water organisms found 
in stagnant water. Instead of a cell wall, they 
have a protein rich layer called pellicle which 
makes their body flexible. They have two 
flagella, a short and a long one. Though they 
are photosynthetic in the presence of sunlight, 
when deprived of sunlight they behave like 
heterotrophs by predating on other smaller 
organisms. Example: Euglena

 48. (c) Chrysophytes group includes diatoms and 
golden algae (desmids). In diatoms the cell 
walls form two thin overlapping shells, which 
fit together as in a soap box. The walls are 
embedded with silica and thus the walls are 
indestructible.

 49. (d) Viroids lack a protein coat.
They are smaller than viruses.
They cause infections.

 50. (c) Cyanobacteria are known as blue green algae 
because of the presence of photosynthetic 
pigment chlorophyll a.

 51. (c) The conidia are produced exogenously while 
ascopores are produced endogenously. Morels 
and truffles are edible and considered as 
delicacies. Yeast is unicellular.



5 WORK, ENERGY AND  
POWER

Work

Work done: Work is done whenever a force moves 
something over a distance.
Energy transferred = work done = force × distance 
moved in the direction of the force 

Work done by a Constant Force:
Work done by the force is measured as the product 
of displacement and the component of force in the 
direction of displacement

( )cos cos .W F S FS F Sθ θ= = =
 

Work is a scalar quantity
S.I  Unit of work is N-m or joule (J)

Work done by Multiple Forces:

When several forces act on a body, the net work done 
on the body is 

1 2 3. . .netW F S F S F S= + + +
    

......

Wnet = W1 + W2 + W3 + ......

Nature of Work
Work done by force may be positive, negative or zero

Work done by Variable Force:

.dw F ds=

The total work done in going from A to B is

. ( cos )
B B

AB
A A

W F ds F ds= = θ∫ ∫


Area of F–S graph gives work
Applications

 � If force is changing linearly from F1 to F2 over a 
displacement S then work done is

1 2

2

F F
W s

+ =  
 

 � A block of mass m is suspended vertically using a 
rope of negligible mass. If the rope is used to lift 
the block vertically up with uniform acceleration 
‘a’, work done by tension in the rope is
W = m(g + a)h
(h = height)
If block is lowered with acceleration ‘a’
W = m(g – a)h

 � A uniform chain of mass m and length l rests on a 

smooth horizontal table with 
1

1
thn

 part of its length 

is hanging from the edge of the table. Work done in 
pulling the chain partially such that  part is hanging 
from the edge of the table is given by

2 2
1 2

1 1

2

mgl
W

n n

 
= − 

 

 � A body of mass ‘m’ is placed on a rough horizontal 
surface of coefficient of friction m. A force F acts 
on the body parallel to the surface such that it 
moves with an acceleration ‘a’. The work done by 
the force acting on the body when its displacement  
‘s’ is given by 
W = (f + ma) s = (mmg + ma)s
= m(mg + a)s
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 � A body of mass m is sliding down on a smooth 
inclined plane of inclination q. If L is length of 
inclined plane then work done by gravitational 
force in pulling the block down is

Wg = Fs
= mg sin qL

Energy

 � Energy is ability or capacity to do work. Greater  
the amount of energy possessed by the body, 
greater the work it will be able to do.

→ There are two types of Mechanical energy.
(a) Kinetic Energy
(b) Potential Energy

Kinetic Energy

Kinetic energy is the energy possessed by a body by 
virtue of its motion.

Kinetic energy of the body 21

2
KE mv=

Relation between KE and Linear Momentum:

 �
2

2
=

p
KE

m

Potential Energy:
Potential energy of a body is the energy possessed 
by a body by virtue of its shape, size ,position or 
configuration in the gravitational field.

2

1

2 1 .
r

r

U U F dr w− = − = −∫

2

1

.
r

r

F dr w
 
 =
 
 
∫

\ If r1 = ∞, U1 = 0
P.E can be +ve or –ve or can be zero.
P.E depends on frame of reference.

Spring Forces

Spring force is an example of a variable force which is 
conservative. The figure shows one end of a massless 
spring attached to a rigid vertical support and the other 
end to a block of mass ‘m’ which can move on a smooth 
horizontal surface.

The constant K is called the spring constant.

If the block moves from x = x1 to x = x2 the work done 

by spring force is 
2

1

x

x

w kxdx= −∫

( )2 2 2 2
1 2 1 2

1 1 1

2 2 2
w k x x kx kx= − = −

Potential Energy stored in a Spring:
The change in potential energy of a system 
corresponding to a conservative internal force is 

21

2f iU U kx− =

since Ui is zero when spring is at its natural length

21

2fU kx∴ =

Work-Energy Theorem
Statement
Work done by all forces acting on a body is 
equal to change in its kinetic energy.

2 21 1

2 2
w mv mu= −

\ W = Kf – Ki
W = DK

SCAN (Special Cases Asked in NEET)
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Where Kf and Ki are the final and initial kinetic 
energies of the particles. Kf – Ki is the change in 
kinetic energy of the particle.

 Q. If x = 3 – 4t2 + t3, then work done in first 4 s. 
Will be (Mass of the particle is 3 gram): 
a. 384 mJ b. 168 mJ
c. 192 mJ d. None of these

Ans. (a) Work energy theorem W = ΔK.E, 
x = 3 – 4t2 + t3

2dx
v 8t 3t

dt
= = − +

v1 (t = 0) = 0
v2 (t =40) = 16
Therefore,

2 2
2 1

3

1 1
K.E mv mv

2 2
1

3 10 16 16 0
2

−

= −

= × × × × −

= 384 mJ

Different Positions of A Particle 

Position of equilibrium

Equilibrium when Force = 
dU

dx
 = 0

Ex. at points P , Q , R are the states of equilibrium 
positions.

Types of equilibrium

(a) Stable equilibrium

Necessary conditions: F = 
2

2
0,

dU d U
ve

dx dx
= = +

Potential energy = minimum

(b) Unstable Equilibrium

Necessary conditions: F = 
2

2
0, 0= <

dU d U

dx dx
Potential energy = Maximum

(c) Neutral equilibrium

Necessary conditions: F = 
2

2
0, 0= =

dU d U

dx dx

Potential energy = constant

Law of Conservation of Mechanical Energy:
 � Total mechanical energy of a system remains 

constant, if only conservative forces are acting on 
a system of particles and the workdone by all other 
forces is zero. This is called the conservation of 
mechanical energy.

Power

The time of doing work is called power. Power or 
average power is given by 

work done

timeavgP =

Power is a scalar
SI Unit: watt(W) (or) J/s
C.G.S Unit: erg/sec
Other Units: kilo watt, mega watt and horse power
One horse power (H.P) = 746 watt

Instantaneous Power

slope of work time graph= = −
dW

P
dt

It is also calculated by cos .avgP FV F V= θ =
 

Pavg inst
1

2
P=

 � If a motor lifts water from a well of depth ‘h’ and  
with a velocity ‘v’ then power of the pump 

21

2
mgh mv

P
t

+
=

 Q. 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

Ans. (a) .P F V=
 

SCAN (Special Cases Asked in NEET)
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Position and Velocity of an Automobile w.r.t. Time:
An automobile of mass ‘m’ accelerates starting from 
rest, while the engine supplies constant power, its 
position and velocity changes w.r.t time as
Velocity: 

1/2
1/22

,
Pt

V V t
m

 = ∴ α 
 

Position: 
1/2

3/2 3/28

9

p
S t S t

m
 = ∴ α 
 

Vertical Circular Motion with Variable Speed:

 � Velocity of the body at any point on the verticle 
circle

( )2
1 2 1 cosV V grθ = − − θ

Tension in the string at any point
Let Tq be the tension in the string  when the string 
makes an angle  q with verticle.

2

cos
mV

T Mg
r
θ

θ = + θ

Condition for looping a loop in vertical circular 
motion:

For the body to continue along circular path the critical 
velocity at lowest point is 5gr

Minimum Tension in the string to just complete 
vertical circle:

Tq = 3mg (1 + cos q)
If velocity at lower most point is VA

 (i) AV 2gR≤ ; Object will stop b/w A and B and 
oscillate

 (ii) A2gR V 5gR≤ < ; Object will stop b/w B 
and C and will move in parabolic path

 (iii) AV 5gR= ; Object will complete full circle 
having BV 3gR=   CV gR=   TC = 0

Collisions

Based on the direction of motion of colliding bodies 
collisions are classified into
 (i) Head on or one dimensional collision
 (ii) oblique collision
Head on or one dimensional collision

If the colliding bodies before and after collision remain 
in a line the collision is said to be head on collision. 
This will happen when bodies move along the line 
joining their geometric centres

Oblique Collision
If the colliding bodies are not confined to the same 
straight line before and after collision, such collision is 
called oblique collision.
Oblique collision may be two dimensional or three 
dimensional collision.

Types of Collision
Based on conservation of kinetic energy collisions are 
classified into

(i) Elastic Collision
(ii) Inelastic collision
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Elastic Collision
The collision in which both momentum and kinetic 
energy are conserved is called elastic collision. Forces 
involved during collision are conservative in nature
Ex.
1. Collision between atomic particles
2. Collision between two smooth billiard balls
3. Collision of a particle with nucleus
Inelastic Collision
The collision in which momentum is conserved but 
not kinetic energy is called inelastic collision. Some 
or all the forces involved during collision are non 
conservative.
Ex: Collision between two vehicles. A part of 
mechanical energy is converted into heat and light
Perfectly Inelastic Collision
If colliding bodies stick together and move as a single 
body after collision then the collision is said to be 
perfectly inelastic collision
In perfectly inelastic collision the momentum remains 
conserved but the loss of kinetic energy is maximum
Ex: A bullet is fired into a wooden block and remains 
embedded in it
Coefficient of Restitution

Relative velocity of separation
=

Relative velocity of approach
e

( )
( )

2 1

1 2

v v

u u

−
=

−

This formula is applied along the line of impact.  Here 
the velocities mentioned in the expression should be 
taken along the line of impact.
For a perfectly elastic collision e = 1
For an inelastic collision 0 < e < 1
For completely inelastic collision e = 0

 � A body dropped freely from a height ‘h’ strikes the 
floor and rebounds to a height h1

1h
e

h
=  and after nth rebound hn = e2nh

 � When a freely falling ball strikes the ground with 
a velocity ‘V’ and rebounds with a velocity V1 then 

1V
e

V
=  and after nth rebound Vn = enV

 � Total distance travelled by the ball before it stops 
bouncing 

2

2

1

1

e
S h

e

 +
⇒ =  

− 

 

 � Total time taken by the ball to stop bouncing

2 1 e

1–

h

g e

+ =   

 Q. A ball of mass M moving at a speed V 
make the head on collision with another 
identical ball. At rest the kinetic of the ball 
after collision is 4% of the original. Find the 
cofficient of restitution

Ans. (a) Let initial velocity of ball before collision.

Solved Example

Elastic collision in one dimension
Consider two particles of masses m1 and m2 moving 
along the line joining their centres with velocities v1 
and v2 (v1 > v2) before collision v1 and v2 are velocities 
after collision

1 2 2
1 1 2

1 2 1 2

– 2m m m
v u u

m m m m

   
= +   + +   

1 2 1
2 1 2

1 2 1 2

2 –m m m
v u u

m m m m

   
= +   + +   

Special cases:
 � If colliding particles are of equal masses i.e., 

m1 = m2 = m

2 1v u=
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Conclusion: Two particles of equal masses undergoing 
one dimensional elastic collision exchanges their 
velocities after collision

 � If two bodies are of equal masses and the second 
body is at rest ie., m1 = m2 = m and u2 = 0

2 1v u=

 � A lighter particle collides with heavier particle 
which is at rest m1 <<< m2; u2 = 0 

1 1= −v u

Conclusion: After collision second body remains at 
rest and first body retraces its path with same speed.

 � A heavier body collides with lighter body at rest  
m1 >>> m2 u2 =0

2 12v u=

Conclusion: After collision heavier body will move 
with the same velocity and lighter body moves with 
double the initial velocity of heavier body
Application:
A body of mass m1 moving with a velocity v1 collides 
elastically with a stationary mass m2

 � Velocity of first body after collision

1 2
1 1

1 2

m m
v u

m m

 −
=  + 

 � Velocity of second body after collision

1
2 1

1 2

2m
v u

m m

 
=  + 

 � KE of first body after collision
2

2 21 2
1 1 1 1 1

1 2

1 1
.

2 2

m m
K E m v m u

m m

 −
= =  + 

2 2
2 1 2 1 2

1 1
1 2 1 2

1
.

2f i
m m m m

K E m u KE
m m m m

   − −
= =   + +   

 � Fraction of KE retained by 1st body
2

1 2

1 2

.

.
f

i

K E m m

K E m m

 −
=  + 

 � K.E. of second body after collision
2

2 21
2 2 2 2 1

1 2

21 1
.

2 2

m
K E m v m u

m m

 
= =  + 

21 2
2 1 1

1 2

4 1
.

2

m m
K E m u

m m

   =    +   

 � Fraction of momentum transferred from 1st body to 
second body

2 1 1 1 2

1 2

–
1 1–

P P P P m m

P P P m m

 −
= = − =  + 

2

1 2

2m

m m
=

+

Head on inelastic collision:
Consider two bodies of masses m1 and m2  are moving 
with initial velocities u1 and u2 (u1 > u2) after collision 
two bodies will move with velocities v1 and v2.

1
1 (1– )

2

u
v e=

1
2 (1 )

2

u
v e= +        ⇒       1

2

1

1

v e

v e

−
=

+

Loss of KE of the system:

DK.E = K.Ei – K.Ef

2 21 2
1 2

1 2

1
( – ) (1– )

2

m m
u u e

m m

 
=  + 

In case of perfectly in-elastic collision
e = 0
 \ loss in K.E of system is

21 2
1 2

1 2

1
. ( )

2

m m
K E u u

m m

 
∆ = − + 

If two bodies are approaching each other then 

Loss in K.E of the system is

( )21 2
1 2

1 2

1
.

2

m m
K E u u

m m

 
∆ = + + 

 Q. A neutron makes a head on elastic collision 
with a stationary deuteron. The fractional 
energy loss of the neutron in the collision is 
a. 8/9 b. 9/8
c. 3/4 d. 5/2

Ans. (a) Fractional decrease in kinetic energy of 
neutron =

2 2

1 2

1 2

1 2 1 8
1 1 1

1 2 9 9

m m

m m

 − − − = − = − =   + +  

Solved Example



 1. A particle moves from position 1
ˆˆ ˆ3 2 6= + −



r i j k  

to position 2
ˆˆ ˆ14 13 9= + +



r i j k  under the action of 

force F = ˆˆ ˆ4 3+ +i j k N . The work done by this 
force will be
a. 100 J b. 50 J 
c. 200 J d. 75 J

 2. 300 J of work is done in sliding a 2 kg block up an 
inclined plane of height 10 m. Taking 
g = 10 m/s2, work done against friction is :–
a. 200 J b. 100 J 
c. Zero  d. 1000 J

 3. A particle of mass 0.5 kg is displaced from 
position ( )1 2,3,1r

  to ( )2 4,3,2r
 by applying a 

force of magnitude 30 N which is acting along 
ˆ ˆ ˆ(i j k)+ + . The work done by the force is 

a. 10 3  J b. 30 3  J
c. 30 J d. None of these

 4. A body is displaced from (0,0) to (1m, 1m) along 
the path x = y by a force ( )2 ˆ ˆ= +F x j yi  N. The 
work done by this force will be

a. 4
J

3
 b. 

5
J

6

c. 3
J

2
 d. 7

J
5

 5. A force F acting on a particle varies with the 
position x as shown in the graph. Find the work 
done by the force in displacing the particle from  
x = –a to x = + 2a 

a. 3

2

ab  b. 
4

2

ab

c. 
2

3ab
 d. 

2

4ab

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

 b. WP > WQ ; WQ > WP

c. WP < WQ ; WQ < WP

d. WP = WQ ; WP > WQ

 7. If the kinetic energy is increased by 300%, the 
momentum will be increased by :
a. 100% b. 200%
c. 150% d. 300%

 8. A spring of force constant k is cut into lengths of 
ratio 1 : 2 : 3. They are connected in series and the 
new force constant is Kʹ. Then they are connected 
in parallel and force constant is Kʹʹ. Then  Kʹ : Kʹʹ 
is: 
a. 1 : 9 b. 1 : 11
c. 1 : 14 d. 1 : 6

 9.  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
 10.  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

 11.  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

NEET REplica
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 12. 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

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

  a. 0.1 m/s2 b. 0.15 m/s2     

c. 0.18 m/s2     d. 0.2 m/s

 14. A block C of mass m is moving with velocity v0 
and collides elastically with block A of mass m 
and connected to another block B of mass 2m 
through spring of spring constant k. What is the 
value of k, if x0 is compression of spring when, 
velocity of A and B is same?

C A BV
o

a. 
2
0

2
0

mv

x
  b. 

2
0
2
0

mv

2x

c. 
2
0

2
0

3 mv

2 x
 d. 

2
0

2
0

2 mv

3 x

 15.  An elastic spring is compressed between two 
blocks of masses 1 kg and 2 kg resting on a smooth 
horizontal table as shown.  If the spring has 12 J 
of energy and suddenly released, the velocity with 
which the larger block of 2 kg moves will be

Compressed spring1 kg 2 kg

BA

a. 2 m/s b. 4 m/s
c. 1 m/s d. 8 m/s

 16. 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

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

2

A B
U =

r r
− where A and B are positive constants 

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

 18. 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

 19. An elevator can carry a maximum load of 1800 kg  
(elevator + passengers) is moving up with a 
constant speed of 2m/s. The frictional force 
opposing the motion is 4000N. Determine the 
minimum power delivered by the motor to the 
elevator in horse power.
a. 59hp b. 8hp
c. 22hp d. 20hp

 20. An engine is working at a constant power P draws 
a load of mass m against a resistance r. Find time 
taken by the load to attain half this speed.

a. 
2

Pm
t

8r
=  b. Pm

t
8r

=

c. 
2

Pm
t

r
=  d. 

2

Pm
t

9r
=

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

( )
4 2x x

U 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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 22. A tank on the roof of a 20 m high building can 
hold 10 m3 of water. The tank is to be filled 
from a pond on the ground in 20 minutes. If 
the pump has an efficiency of 60 %, the input 
power required is
a. 1.1 kW b. 2.74 kW
c.  5.48 kW d. 7.0 kW

 23. 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

 24. A body starts moving unidirectionally under the 
influence of a source of constant power. Which 
one of the graph correctly shows the variation of 
displacement (s) with time (t)? 

a.  b. 

c.  d. 

 25.  Two rifles fire the same number of bullets in a 
given interval of time.  The second fires bullets 
of mass twice that fired by the first and with a 
velocity that is half that of the first.  The ratio of 
their powers is 
a. 1 : 4 b. 4 : 1
c. 1 : 2 d. 2 : 1

 26. A body of mass m is rotating in a vertical circle of 
radius ‘r’ with critical speed. The difference in its 
K.E. at the top and the bottom is
a. 2 mgr b. 4 mgr
b. 6 mgr d. 3 mgr

 27. 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

 28. 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

gR
V ≥

 29. 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

 30. 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

 31. 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
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 32. A ball of mass m falls vertically to the ground 
from a height h1 and rebound to a height h2. The 
change in momentum of the ball on striking the 
ground is 

a. 2 1( 2 2 )−m gh gh

b. 1 2( 2 2 )m gh gh−

c. 12 2m gh

d. ( )2 12 2+m gh gh

 33. A 238U nucleus decays by emitting an alpha 
particle of speed v m/s. The recoil speed of the 
residual nucleus is in (m/s).
a. – 4v/234 b. v/4
c. – 4v/240 d. 4v/238

 34. A ball is allowed to fall from a height of 20 m. If 
there is 50% loss of energy due to impact, then 
after one impact ball will go up to
a. 20 m b. 15 m
c. 20 m d. 10 m

 35. Two identical mass of mass w moving with 
velocity u1 and u2 collide perfectly inelastically. 
The loss in energy is 

a. w(u1 + u2) b. 2
1 2( )

4

w
u u−

c. 2w(u1 – u2)
2 d. None

 36. A sphere of mass m moving with velocity u hits 
another stationary sphere of same mass. If e is 
coefficient of restitution. What is the ratio of 
velocities of two spheres after collision? 

a. 1 e

e

−  b. 1 e

e

+

c. 1

1

e

e

+
−

 d. 1

1

e

e

−
+

 37. During inelastic collision of two particles:
a. (K.E)final = (K.E)initial

b. (K.E)final must be greater than (K.E)initial

c. (K.E)final must be less than (K.E)initial

d. (K.E)final may be greater or less than (K.E)initial

 38. Two identical balls A and B are released from the 
positions shown in figure. They collide elastically 
on horizontal portion MN. The ratio of the heights 

attained by A and B after collision will be (neglect 
friction) :

a. 1 : 4 b. 2 : 1
c. 4 : 13 d. 2 : 5

 39. A body of mass m strikes another body at rest of 

mass m
.

9
 Assuming the impact to be inelastic the 

fraction of the initial kinetic energy transformed 
into heat during the contact is
a. 0.1  b. 0.2

c. 0.5  d. 0.64

 40. Two balls of same mass each m are moving with 
same velocities, v on a smooth surface as shown 
in figure. If all collisions between the masses and 
with the wall are perfectly elastic, the possible 
number of collisions between the bodies and wall 
together is

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

 41. 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.
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 and Statement-II is 

correct
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Work Done by Variable Force

 1. A force F = 20 + 10y acts on a particle in y 
direction where F is in newton and y in meter. 
Work done by this force to move the particle from 
y = 0 to y = 1 m is
a. 30 J b. 5 J
c. 25 J d. 20 J

Kinetic Energy

 2. A particle of mass 10 g moves along a circle of radius 
6.4 cm with a constant tangential acceleration. 
What is the magnitude of this acceleration if the 
kinetic energy of the particle becomes equal to  
8 × 10–4 J by the end of the second revolution after 
the beginning of the motion? 
a. 0.1 m/s2 b. 0.15 m/s2

c. 0.18 m/s2 d. 0.2 m/s2

Spring Forces

 3. A spring of force constant k is cut into lengths of 
ratio 1 : 2 : 3. They are connected in series and the 
new force constant is Kʹ. Then they are connected 
in parallel and force constant is Kʹʹ. Then  Kʹ : Kʹʹ 
is: 
a. 1 : 9 b. 1 : 11
c. 1 : 14 d. 1 : 6

Work Energy Theorem

 4. Consider a drop of rain water having mass 1 g 
falling from a height of 1 km. It hits the ground 
with a speed of 50 m/s. Take ‘g’ constant 
with a value 10 m/s2. The work done by the (i) 
gravitational force and the (ii) resistive force of 
air is: 
a. (i) 1.25 J (ii) –8.25 J
b. (i) 100 J (ii) 8.75 J
c. (i) 10 J (ii) –8.75 J   
d. (i) –10 J  (ii) –8.25 J

Instantaneous Power
 5. A body of mass 1 kg begins to move under the 

action of a time dependent force ( )2ˆ ˆF 2ti 3t j= +

N, where î  and ĵ are unit vectors along x and y 
axis. What power will be developed by the force 
at the time t?
a. (2t2 + 3t2)W   b. (2t2 + 4t4)W  
c. (2t3 + 4t4)W  d. (2t3 + 3t5)W

Condition for Looping a Loop in 
Vertical Circular Motion

 6. A point mass ‘m’ is moved in a vertical circle of 
radius ‘r’ with the help of a string. The velocity of 
the mass is 7gr  at the lowest point. The tension 
in the string at the lowest point is
a. 7 mg          b. 8 mg           c. 1 mg d. 6 mg

 7. What is the minimum velocity with which a body 
of mass m must enter a vertical loop of radius R 
so that it can complete the loop?
a. gR  b. 2gR

c. 3gR  d. 5gR

Critical velocity at any point on 
the vertical circle

 8. A mass m is attached to a thin wire and whirled in 
a vertical circle. The wire is most likely to break 
when: 
a. The mass is at the highest point
b. The wire is horizontal
c. The mass is at the lowest point
d. Inclined at an angle of 60° from vertical

Loss of KE of the System

 9. Body A of mass 4m moving with speed u collides 
with another body B of mass 2m, at rest. The 
collision is head on and elastic in nature. After 
the collision the fraction of energy lost by the 
colliding body A is: 

a. 1

9
              b. 8

9
              c. 4

9
    d. 5

9

SElEcTEd NEET paST YEaR QuESTioNS
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aNSwER KEY & ExplaNaTioNS

NEET Replica Explanations

 1. (a) W = F. 2 1( – )r r  = 100 J

 2. (b) DPE = 2 × 10 × 10 = 200J

\ WDf = 300 – 200 = 100 J

 3. (b) .W F r= ∆
 

 Where 2 1r r r∆ = −
  

 4. (b) (1,1)
(0,0) .W F ds= ∫

 

Here ˆˆ ˆds dxi dyj dzk= + +


\ ( )(1,1) 2
(0,0)W x dy ydx= +∫

( )(1,1) 2
(0,0) .y dy x dx= +∫  (as x = y)

(1,1)3 2

(0,0)

5

3 2 6

y x
W J

 
∴ = + = 

 

 5. (a) W1 = – 1

2
 ab

W2 = 1

2
 (2a) (2b) = +2 ab

net work done = W1 + W2

 6. (b) Given KP > KQ

Case (a) : x1 = x2 = x

2
P

P P
P Q

2Q Q
Q

1
K xW K2 W W

1W KK x
2

= = ⇒ >

Case (b) : F1 = F2 = F

For constant force
2

QP
Q P

Q P

F 1
W W

2K K
KW

So, W W
W K

= ⇒ ∝

= ⇒ >

 7. (a) 
2

2
=

p
E

m
2'

4
2

=
p

E
m

2
1

4 '

 
=  
 

p

p

p′ = 2p  \ momentum ↑ by 100%

 8. (b) Spring constant 1
K ∝



Where l = natural length of spring 

c
K =



 c = constant

It is cut into lengths of ratio 1 : 2 : 3

then ratio of spring constant,

c c c 1 1 1
: : : :

1 2 3 1 2 3
⇒

K1 : K2 : K3 ⇒ 6 : 3 : 2

Now, parallel combination

Kʹʹ = 6K + 3K + 2K  ⇒  Kʹʹ = 11K

series combination

( )

1 1 1 1

K ' 6K 2K 3K
3 21 1 1 1

K ' 6K 6K K' K

= + +

+
= + ⇒ =

Kʹ = K
K' K K' 1

K" 11K K" 11
= ⇒ =

 9. (b) 2 2 2

1

1 1
50

2 2

100 −

= ⇒ =

⇒ =

E Kx x Kx

K Nm

 10. (a) KE = mgl [1 – cos q] 

 11. (b) They have reached the same height so, their 
initial speed will be same. The ratio of the 
kinetic energy will be the ratio of their masses.
K.E ∝ m

 12. (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)
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(Mv)2 = MKL2

2Mv MKL=      
2P MK L or MKL=

 13. (a) 2 2 41 1 10
mv E v 8 10

2 2 1000
− = → = × 

 

( )2 4 1

1

16
v 8 10 200 ms

100
4

v ms
10

− −

−

= × =

=

Now applying v2 – u2 = 2as

( ) ( )
2

4
2a 4 R ; s 4 R 2 2 R

10

16 6.4
2a 4

100 100

  = π = π = π     
 = π 
 

216 7 100
a 0.1 m/s

100 8 22 6.4

× = × = × × 

 14. (d) Using conservation of linear momentum, we 
have

0
0

v
mv mv 2mv v

3
= + ⇒ =

Using conservation of energy, we have

2 2 2
0 0

1 1 1
mv kx (3m)v

2 2 3
= +

Where, x0 is compression in the string.
2

2 2 0
0 0

mv
kx mv

3
⇒ = −

2
0

2
0

2mv
k

3x
∴ =

 15. (a) 2
1 2 1 1 2 2

1
,

2
Kx KE KE m v m v= + =

 16. (b) x is the fraction of length hanging from the 
table.

70
0.23

300

hanging length
x

total length
= = =

 
work done in pulling the chain

2 24 10 3 (0.23)
3.174J

2 2

× × ×
= = =

MgLx
w

 17. (b) Ref. NCERT, Class (XI), Ch - 6, Pg. 120

3 2

dU 2A B 2A
F 0 r

dr r r B
= = − + = ⇒ =

At 
2

2

2A d U
r ;

B dr
= =  +ve, so stable equilibrium

 18. (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]

 19. (a) F = mg + frictional force P = .F V
 

 20. (a) P
f

V
⇒ =

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

max
max

P P
r V

V r
⇒ = ⇒ =

P
F

v
=

  

dv P
m.

dt v
=

P
t2r

0 0

P
v.dv dt

m

 
=  
 

∫ ∫
 

2
1 P Pt

2 2r m
  = 
           

2

Pm
t

8r
=

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

dx
= ⇒ − =

U is min at x = +1 

min

1 1 1
U

4 2 4
∴ = − = −

 Kmax + Umin = ETotal max

1
K 2

4
− =

max

9
K

4
⇒ =

  

21 9
mv

2 4
=
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2 9
v

2
=    

3
v

2
=

 22. (b) ( )0 /

i

mgh tP

P P
η = =

 23. (a) Linear velocity, v = rω

12 1 2
r ms

t 4 2 4
−π π π = = × = 

 

F = 15 × 9.8N

P F v 15 9.8 115.5W
4

π
∴ = × = × × =

 24. (d) Ref. NCERT, Class (XI), Ch - 6, Pg. 128

Power
21

mvK.E 2
t t

= =

1
2

1
2

3
2 3

2

v t

ds
t

dt

ds t dt

2t
s s t

3

=

=

=

= ⇒ ∝

Slope of x-t graph is +ve.

 25. (d) 
2

2nmu
P P mu

t
= ⇒ ∝

 26. (a) DK.E = DP.E = mgh, but h = 2r

 27. (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 1
mv (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 or

1P P vA v
2

ρ  = =  
 ρ

Now, m' A v' v '

m A v v

ρ
= =

ρ

As, m’ = nm, v’ = nv
3 3P '

n P ' n P
P

∴ = ⇒ =

 28. (c) At the highest point, v gR≥

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

2mv
T mgcos

r
= + θ

When the string is horizontal, θ = 90°

and cos 90° = 0
2mv

T mg 0
r

∴ = + ×

2 2mv 0.6 (5)
20N

r 0.75

×
= = =

 30. (b) 
2mv

T mgcos
r

= + θ

For θ = 30°, 
2 2

1

mv mv 3mg
T mgcos30

r r 2
= + ° = +   - (i)

For θ = 60°, 
2 2

2

mv mv mg
T mgcos60

r r 2
= + ° = +      - (ii)

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

1 2T T∴ >

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

2
mv mgR=       2v gR=

 32. (d) velocity when ball vertically falls to the ground

1 12V gh=

Similarly, velocity after rebounding and fall from 
height h2

2 22V gh=

Change in momentum 2 1( )P m V V= −
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\ ( )2 12 2= +P m gh gh

(Because V1 and V2 are in opposite direction)

 33. (a) After emission of α–particle molar mass of 
resultant nuclei decreases by 4 

a X

\  According to the conservation of momentum 

( 0)X X U U U UM V M V M V M V+ = =α α

X XM V M V= −α α   
4

234
α α −

= ⇒ =X X
X

M V V
V V

M

 34. (d) Final potential energy = 50% Initial potential 
energy

Given 50

100
mgh mgh′ = ×

0.5 10mh h h′ ′= × ⇒ =

 35. (b) Loss of energy in perfectly inelastic collision is

21 2
1 2

1 2

1
( )

2

m m
u u

m m

 
= − + 

2
2 2

1 2 1 2

1
( ) ( )

2 4

w w w
u u u u

w w w
 = − = − +   

2
1 2( )

4

w
u u= −

 36. (d) 1 1 2 2 1 1 2 2m u m u m v m v+ = +

1 20 ( )mu m v v+ = +

1 2u v v∴ = +                        ........(1)

By 2 1 2 1
2 2

1 2 0

v v v v
e v v eu

u u u

− −
= = ⇒∴ − =

− −
 ...(2)

On putting the value of u in eq. (2)

2 1
1 2 2 1 1 2

v v
v v v v ev ev

e

−
= + ⇒ − = +

v2 – ev2 = ev1 + v1 ⇒ v2(1 – e) = v1 (1 + e)       

1

2

1

1

v e

v e

−
=

+

 37. (d) During inelastic collision of two particles, K.E 
after collision is not equal to kinetic energy 
before collision. Here, K.E appears in other 
forms. In some cases (K.E) final < (K.E)  
initial such as when initial K.E is converted 
into internal energy of the product (as heat, 
elastic or excitation energy) while in other 
cases (K.E) final > (K.E) initial. Such as when 
internal energy stored in the colliding particles 
is released.
For example, when we fire a pistol the 
hammer hits the bullet with relatively small 
initial kinetic energy but the kinetic energy 
of the hammer and bullet after collision is 
considerably greater than initial.

 38. (c) After collision the balls exchange their 
velocities, i.e., 

Av 2gh=     and  Bv 2g(4h) 2 2gh= =

Height attained by A will be     
2
A

A
v

h h
2g

= =

But path of B will be first straight line and then 
parabolic as shown in the figure.

After calculation we can show that, 

B
13

h h
4

=  A

B

h 4

h 13
∴ =  

 39. (a) To loss in kinetic energy which is transformed 
into heat

21 2
1 2

1 2

1 m m
(u u )

2 m m

 
= − + 

Here, m1 = m, m2 = 
m

9
, u1 = u, u2 = 0

Loss of energy    2 2

m
m1 1 m9 (u 0) u

m2 2 10m
9

 × 
= × + = 

 + 
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Now, initial kinetic energy 21
mu

2
=

Required fraction loss in kinetic energy

initial kinetic energy
=

2

2

1 m
u 12 10 0.1

1 10mu
2

=
= =

 40. (c) The speeds of balls remain unchanged after 
collisions. Then, there are only three collisions 
between balls and wall together.

 41. (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.

Past Year Answer Key
1 2 3 4 5 6 7 8 9
c a b c d b d c b



8 THE d- and f-BLOCK 
ELEMENTS

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 O.S.
Electronic Configurations/(n–1) d1–10 ns1–2.
Exceptions: 1. Cr = 4s1 3d5

       2. Cu = 4s1 3d10

       3. Pd = 5s04d10

Transition Series

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

General Properties of Transition 
Element

 � The transition elements exhibit typical 
characteristic properties due to their small atomic 
sizes, large nuclear charges and the presence of 
unpaired d - electrons.

 � Enthalpy of atomization: V > Ti > Ni > Co > Fe > 
Cr > Cu > Sc > Mn > Zn

(1) Trends in M.P of transition elements(TE)
 � In any row the melting points of these metals rise 

to a maximum at d5 except for anomalous values 
of Mn and Tc and fall regularly as the atomic 
number increases. They have high enthalpies of 
atomization. The maxima at about the middle of 
each series indicate that one unpaired electron 
per d orbital is particularly favorable for strong 
interatomic interaction.

Number of valence electrons increase
↓

strong bonding
↓

higher enthalpy of atomisation
↓

higher boiling point
↓

higher standard electronic potential
↓

More noble character

After chromium, the number of unpaired electrons 
goes on decreasing. Accordingly, the melting points 
decrease after middle (Cr) because of increasing 
pairing of electrons.

(2) Size of atoms and ions
 � The covalent radii of the elements decreases from 

left to right across a row in the transition series, 
until near the end when the size increases slightly.

 � Metallic radii: Sc > Ti > Mn = Zn > V > Cr > Cu > Co = Ni
(3) Ionization Energies of 3d Series

 � IP values generally increase from left to right in 
any series but the increase is less than that of s 
block elements due to increase in nuclear charge is 
opposed by screening effect.
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 � Ionization Enthalpy:  Zn > Fe > Co > Cu > Ni > 
Mn > Ti > Cr > V >Sc

(4) Oxidation State
Transition elements exhibit variable oxidation state 
due to small energy difference of ns and (n – 1)d 
electrons.

 � Sc(+3) and Zn(+2) exhibit only one oxidation state
 � Common oxidation state is +2
 � 3d series highest oxidation state is +7 (Mn)
 � In d-block series highest oxidation state is +8 (Os, Ru)

 � In carbonyl compound oxidation state of metals 
is zero due to synergic effects.

 � The common examples are [Ni(CO)4], [Fe(CO)5] 
in which nickel and iron are in zero oxidation state.

 � Their higher oxidation states are more stable in 
fluoride and oxides.

 � Higher oxidation states in oxides are normally more 
stable than fluorides due to capability of oxygen to 
form multiple bonds.

 � In the +6 O.S, the most important species formed 
by chromium are chromate CrO4

2– and dichromate 
Cr2O7

2– ion
Some more stable oxidation states of d-block 

elements
Cu + 2 Mn + 2 Pt + 4 Ag + 1
Cu + 3 Sc + 3 Au + 3 Ni + 2

Common oxidation states
Ti (+ 4) V (+5) Cr (+3, +5) Mn (+2, +4, +7)

Fe(+2, +3) Co (+2, +3) Ni (+2) Pt(+2, +4)

 � In p-block lower oxidation states of heavier 
elements are more stable while in d-block heavier 
element, higher oxidation state are more stable.

(5) Electrode potentials and chemical reactivity
Trends in the M2+/M Standard electro potential

 � S.R.P of M+2/M values increases from left to right 
as IP values increases. (except Zn)

Cu cannot displace H2 from acids because it has 
highest S.R.P value which is +0.34 V.

 � Mn, Ni and Zn have more negative S.R.P values 
than expected because
Reason: Mn & Zn have d5 & d10 stable electronic 
configuration Ni has highest hydration energy.

 (DHHyd Ni+2 = –2121 kJ/mole)
Trends in the M3+/M2+ Standard electro potential

 � 3 2
0

M /ME + +  in the 3d series are observed for some 
metals are

Co+3/Co+2 > Mn+3/Mn+2> Fe+3/Fe+2 > Ti+3/Ti+2 > 
Sc+3/Sc+2>V+3/V+2

(6) Magnetic Property of Transition Metals
 � Paramagnetic substances contain unpaired electron 

spins or unpaired electrons.
 � Ex : K3[Fe(CN)6], Sc2+, Cr3+ etc
 � Diamagnetic substances exhibit decrease in weight 

in the presence of magnetic field.
 � Ex.: Ti+4, V+5 , Sc3+, Zn, Hg, Cd etc
 � Diamagnetic substances contain electron pairs with 

opposite spins.
 � Ferromagnetic substances are considered as a 

special case of paramagnetic substances.
 � Paramagnetism of substances (molecules, atoms 

or ions)is due to the spins of the unpaired electrons 
and also due to angular orbital momentum.

In terms of number of unpaired electrons (n), 
the magnetic moment is given by the formula.
 ( )n n 2s BM= +µ

 Q. 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

 Ans. (d) Ni28 = [Ar] 3d8 4s2

Ni2+ = [Ar] 3d8 

∴ n = 2
n(n 2) 2(2 2) 2(4) 8 2.84 BMµ = + = + = = =

 Q. 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–

 Ans. (c) 

        

SCAN (Special Cases Asked in NEET)
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(7) Colours of Transition Metal Ions
Colour in transition metal ions is associated with d-d 
transition of unpaired electron from t2g to eg set of 
energies.

(8) Formation of complexes
The great tendency of transition metal ions to form 
complexes is due to : small size of the atoms and 
ions, high nuclear charge and availability of vacant 
d-orbitals of suitable energy to accept lone pairs of 
electrons donated by ligands.

(9) Catalytic properties of transition metals
Good catalysts due to the presence of free valencies 
and also variable oxidation states.

(10) Formation of Interstitial Compounds
 � From interstitial compounds: As they are able to 

entrap atoms of elements having small atomic size 
like H, C, N, B etc.

 � The general characteristic physical and chemical 
properties of these compounds are :

 (i) High melting points which are higher than 
those of pure metals.

 (ii) Retain metallic conductivity i.e. of pure metals.
 (iii) Very hard and some borides have hardness as 

that of diamond.
 (iv) Chemically inert.

(11) Alloy Formation
 � Solid mixture of metals in a definite ratio (15% 

difference in metallic radius)
 � They are hard and having high melting point.

eg.,  Brass (Cu + Zn) 
        Bronze (Cu + Sn) etc.

 � Hg when mix with other metals form semisolid 
amalgam except Fe, Co, Ni, Li.

Potassium Dichromate (K2Cr2O7)

Properties
(a) Physical

Fig.: Dichromate ion orange, red colour

K2Cr2O7 is preferred over Na2Cr2O7 as a pri-
mary standard in volumetric estimation because 
Na2Cr2O7 is hygroscopic in nature but K2Cr2O7 
is not.

Key Note

(b) Chemical

  2 2 7 2 4 2 3 2
32K Cr O 2K CrO Cr O O
2

∆→ + +

  K2Cr2O7 + 2KOH → 2K2CrO4 + H2O
  Cr2O

2–
7 + 2OH¯ → 2CrO4

2– + H2O
Orange                   Yellow → (color change in 

     basic medium)
  2CrO4

2– + 2H+ → Cr2O7
2– + H2O

        
Yellow          Orange → (color change in 

     acidic medium)

 � CrO4
2– and Cr2O7

2– exist in equilibrium and are 
interconvertable by altering the pH of solution.

2CrO4
2– + 2H+  2HCrO4

–  Cr2O7
2– + H2O

 � It acts as a powerful oxidising agent in acidic 
medium (dilute H2SO4)
Cr2
+6

 O7
2– + 14H+ + 6e– → 2Cr3+ + 7H2O.   

    (Eº = 1.33 V)

Reaction of Acidified potassium dichromate
K2Cr2O7 + 3Na2SO3 + 4H2SO4 
                 → Cr2 (SO4)3 + 3Na2SO4 + K2SO4
K2Cr2O7 + 3SO2(g) + H2SO4 
                                    → Cr2 (SO4)3 + K2SO4

 Q. The reaction of acidified potassium dichromate 
with Na2SO3 produces a compound that show 
green colour. Identify the compound.
a. Cr2 (SO4)3  b. K2SO4
c. Cr2O4

2– d. MnO2 
Ans. (a) K2Cr2O7 + 3Na2SO3 + 4H2SO4 
                     → Cr2 (SO4)3 + 3Na2SO4 + K2SO4
                                 green colour

SCAN (Special Cases Asked in NEET)

Potassium Permanganate (KMnO4)

Preparation
 � Commercially it is prepared by fusion of MnO2 

with KOH followed by electrolytic oxidation of 
manganate.
MnO4

2– (green) → MnO4
– (purple) + e–
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 � In the lab
2Mn2+ + 5S2O8

2– + 8H2O → 2MnO4
– + 10SO4

2–

 +16H+

Properties
(a) Physical

Tetrahedral manganate 
(green) ion

(Paramagnetic)

Terahedral permanganate 
(purple) ion  

(Diamagnetic)

MnO4
2– & MnO4

– contains one and zero 
unpaired electron respectively

 Q. Predict the magnetic nature of manganate and 
permanganate ion.
a. Paramagnetic, diamagnetic
b. Diamagnetic, Paramagnetic
c. Paramagnetic, Paramagnetic
d. Diamagnetic, Diamagnetic

Ans. (a) Manganate  (MnO4
2–) Permanganate 

(MnO4
–)

The green manganate is paramagnetic with 
one unpaired electron but the permanganate 
is diamagnetic.

SCAN (Special Cases Asked in NEET)

(b) Chemical
(i) Effect of heating 

 2KMnO4 
751K→  K2MnO4 + MnO2 + O2

In alkaline & neutral medium
2KMnO4 + 2KOH → 2K2 MnO4 + H2O + [O]  
             (conc.)    manganate 

If solution is dilute
2K2MnO4 + 2H2O → 2MnO2 + 4KOH + 2[O]

     (Brown ppt)

This type of behaviour is shown by KMnO4 itself 
in neutral medium
3e– + 2H2O + MnO4

– → MnO2 + 4OH– 
In alkaline or neutral medium KMnO4 shows 
oxidising properties.

In acidic medium (in presence of dilute H2SO4)

 
  MnO4

– + 5Fe2+ + 8H+ → 5Fe3+ + Mn2+ + 4H2O
         Green         yellow

oxidised

2MnO4
– + 5SO2 + 2H2O → 5SO4

2– + 2Mn2+ + 4H+

oxidised

The Inner Transition f-Block 
Elements

f-block

Lanthanides Actinides

Lanthanides
Electronic configuration - 4f14 5d0-1 6s2

La   to   Lu
(57)          (71)

Properties
Atomic sizes

 � There is decrease in atomic and ionic radii from 
lanthanum to lutetium due to lanthanoid contraction. 
However, the shielding of one 4f electron by another 
is less than a d-electron by another with the increase 
in nuclear charge along the series.

The net result of the lanthanoid contraction is that 
the second and the third d series exhibit similar 
radii (e.g., Zr 160 pm, Hf 159 pm) and have very 
similar physical and chemical properties much 
more than that expected on the basis of usual 
family relationship.

 Q. The pair that is referred as ‘chemical twins’ is:
a. Ac, Cf b. Hf, Ta c. Tc, Re d. La, Ac

 Ans. (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.

SCAN (Special Cases Asked in NEET)

Physical Properties
Density: Increases with increase in atomic number.
Electropositive Character: Highly electropositive 
due to their low Ionisation energy.
Ionisation Energy: Low ionisation energies, IE1 & IE2  
are equal to calcium ionisation enthalpy

 �
(f0)La
(f7)Gd
(f14)Lu

Low IE3
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 � Magnetic Behaviour

M3+ ions are 
paramagnetic

Diamagnetic

La3+, Ce+4 
f0

Yb2+, Lu3+ 
f14

Ions

Colour
 � The colour is due to f-f transitions since they have 

partly filled f-orbitals.

Radioactivity
 � All Lanthanides except promethium and samarium 

are non-radioactive

Oxidation States
 � Common oxidation state + 3.
 � +3 oxidations state stable in La, Gd and Lu.
 � +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.

 � Although the formation of Eu2+ is favoured by the 
extra stability of its f7 configurations, but Eu2+ is 
a strong reducing agent and changes to Eu3+ in its 
reactions. Samarium (Sm) also shows +2 and +3 
oxidation states.

The E° Value for Ce4+/Ce3+ is +1.74 V which 
suggests that it can oxidise water. However, the 
reaction rate is very slow and hence Ce(IV) is a 
good analytical reagent.

The formation of CeIV is favoured by its noble 
gas configuration.

 Q. 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+

SCAN (Special Cases Asked in NEET)

 Ans. (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.

Chemical Reactivity of Lanthanides
 � Earlier members of the series are quite reactive 

similar to calcium but, with increasing atomic 
number, they behave more like Al.

 � Size of M+3 ion ↓ the covalent character in M-OH 
bond and their basic strength in their hydroxides 
↓ gradually from La(OH)3 to Lu(OH)3 due to 
Lanthanide contraction

Fig.: Chemical reactions of the lanthanoids

Actinoids

 � General electronic configuration → 5f1-4 6d0-1 7s2

 � Ac89 to Lr(103) 
Properties
Atomic Size

 � Decrease in size of M3+ across series due to actinoid 
contraction (poor shielding by 5f electron)

Oxidation States

Large number of O.S due to comparable energy of 
5f, 6d and 7s energy level.

 � Common +3 oxidation state 
 � Also exhibit +4, +5, +6, +7 oxidation state
 � After uranium → elements knows as transuranic 

element



 1. 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

 2. 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

 3. Which of the following element exhibits 
maximum oxidation state?
a. Mn b. Co 
c. Fe  d. Zn

 4. 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

 5. Which one of the following oxides is ionic?
a. MnO c. Mn2O7

c. CrO3 d. MnO2

 6. Which oxide of Mn is acidic in nature?
a. MnO b. Mn2O7

c. Mn2O3  d. MnO2

 7. 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

 8. 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+

 9. Which of the following pairs magnetic moment is 
same?
a. MnCl2 , CuSO4 b. CuCl2 , TiCl3

c. TiO2 , CuSO4 d. TiCl3 , NiCl2

 10. Which one of the following transition metals ions 
is colourless in aqueous solution?
a. Ti4+ b. V4+

c. Mn2+ d. Fe3+

 11. Which of the following has maximum unpaired 
d-electrons?
a. Zn2+ b. Fe2+

c. Ni2+ d. Cu+

 12. The spin only magnetic moment of Fe3+ ion (in 
BM) is approximately: 
a. 4 b. 7
c. 5 d. 6

 13. Transition metal show paramagnetic behaviour. 
This is because of their:
a. High lattice energy
b. Variable oxidation state
c.	 Characteristic	configuration
d. Unpaired electrons

 14. 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

 15. The number of d-electrons in Fe2+ (atomic 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)

 16. 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.
 17. Which of the following has diamagnetic 

character?
a. [NiCl4]

2– b. [CoF6]
3–

c. [Fe(H2O6)]
2+ d. [Ni(CN)4]

2–

NEET REplica
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 18. 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

 19. 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

 20. 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

 21. Identify the correct structure of dichromate ion:

a. 

b. 

c. 

d. 

 22. 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. Both (b) and (c)

 23. 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

 24. 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

 25. KMnO4 in basic medium is reduced to
a. K2MnO4 d. MnO2

c. Mn(OH)2 d. Mn2+

 26. 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
 27. 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

d. Ti2+ and Cr2+ are reducing agents in aqueous 
solution

 28. Which of the following is not the configuration of 
lanthanoid?
a. [Xe]4 f106s2 b. [Xe]4 f15d16s2

c. [Xe]4 f145d106s1  d. [Xe]4 f145d16s2

 29. 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

 30. The electronic configuration of cerium is:
a. [Xe]4 f05d16s2 b. [Xe]4 f15d16s2

c. [Xe]4 f25d06s2 d. Both (b) and (c)
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 31. 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

 32. 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

 33. 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

 34. 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

 35. 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. Both (b) and (c)

 36. 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. Th (Atomic number. 90)
c. Pu (Atomic number. 94) 
d. Am (Atomic number. 95)

 37. The most common oxidation state shown by 
actinoids is:
a. +4 b. +3
c. +6 d. 5

Transition Series

 1. Match the element in column I with that in 
column II.

Column I Column II
A. Copper 1. Non-metal
B. Fluorine 2. Transition metal
C. Silicon 3. Lanthanoid
D. Cerium 4. Metalloid

Select the correct option:

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

Oxidation States

 2. Identify the incorrect statement.

a. The transition metals and their compounds are 
known for their catalytic activity due to their 
ability to adopt multiple oxidation states and to 
form complexes.

b. Interstitial compounds are those that are formed 
when small atoms like H, C or N are trapped 
inside the crystal lattices of metals.

c. The oxidation states of chromium in CrO4
2– and 

Cr2O7
2– are not the same.

d. Cr2+(d4) is a stronger reducing agent than Fe2+(d6) 
in water.

NEET pasT YEaR QuEsTioNs
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 3. Match the following aspects with the respective 
metal.

Aspects Metal
A. The metal which re-

veals a maximum num-
ber of oxidation states

1. Scandium

B. The metal although 
placed in 3d block is 
considered not as a 
transition element

2. Copper

C. The metal which does 
not exhibit variable 
oxidation states

3. Manganese

D. The metal which 
in +1 oxidation 
state in aqueous 
solution undergoes 
disproportionation

4. Zinc

Select the correct option:
a. A-3 B-4 C-1 D-2
b. A-3 B-1 C-4 D-2
c. A-2 B-4 C-1 D-3
d. A-1 B-4 C-2 D-3

Magnetic Property of Transition 
Metals

 4. The calculated spin only magnetic moment of Cr2+ 
ion is
a. 4.90 BM b. 5.92 BM
c. 2.84 BM d. 3.87 BM

 5. Which one of the following ions exhibits d-d 
transition and paramagnetism as well?
a. CrO4

2–  b. Cr2O7
2–

c. MnO4
2– d. MnO4

–

 6. Match the metal ions given in Column I with 
the spin magnetic moments of the ions given in 
Column II and assign the correct code:

Column I Column II
A. Co3+ 1. 8  B.M

B. Cr3+ 2. 35  B.M

C. Fe3+ 3. 3 B.M
D. Ni2+ 4. 24  B.M

5. 15  B.M

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

Potassium Dichromate (K2Cr2O7)

 7. Which one of the following statements is correct 
when SO2 is passed through acidified K2Cr2O7 
solution?
a. SO2 is reduced
b. Green Cr2(SO4)3 is formed
c. The solution turns blue
d. The solution is decolourised

Potassium Permanganate (KMnO4)

 8. The manganate and permanganate ions are 
tetrahedral, due to: 
a. The p-bonding involves overlap of p-orbitals 

of oxygen with d-orbitals of manganese
b. There is no p-bonding
c. The p-bonding involves overlap of p-orbitals 

of oxygen with p-orbitals of manganese
d. The p-bonding involves overlap of d-orbitals 

of oxygen with d-orbitals of manganese

 9. Name the gas that can readily decolourise 
acidified KMnO4 solution:
a. P2O5 b. CO2

c. SO2 d. NO2

Lanthanides Electronic 
Configuration

 10. The electronic configurations of Eu (Atomic 
Number 63) Gd (Atomic Number 64) and Tb 
(Atomic Number 65) are:
a. [Xe]4f76s2, [Xe]4f75d16s2 and [Xe]4f96s2

b. [Xe]4f76s2, [Xe]4f8 6s2 and [Xe]4f8 5d16s2

c. [Xe]4f6 5d16s2, [Xe]4f7 5d16s2 and [Xe]4f9 
5d16s2

d. [Xe]4f6 5d16s2, [Xe]4f7 5d16s2 and [Xe]4f8 
5d16s2
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 1. (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.

 2. (d)	M(s)	→	M(g)	–	ΔHs heat of sublimation
M(g)	→	M+(g) + e– – I.E
M+(g)	→	M+(aq)		–	ΔHH – (heat of hydration)

M(s) + H2O	→	M+(aq) + e–

ΔH	=	ΔHs	+	I.E	–	ΔHH

 3. (a) Mn exhibit + 7 oxidation state

 4. (b) The electronic configuration of X3+ is [Ar] 3d5

∴ Atomic number of x = 18 + 5 + 3 = 26

 5.  (a) MnO is ionic due to its lower oxidation state.

 6. (b) In Mn2O7, Mn has high O.S (+7). So it act like 
a Lewis acid.

 7. (a) ( )n n 2µ = +

25 = [Ar] 3d5 =
∴ n = 5

5(5 2) 5(7) 35 5.9BMµ = + = = =

 8. (c) Fe+3 = 3d5 = = 5
Cr3+ = 3d3 = = 3

Ni2+ = 3d8 = = 2 

Cu2+ = 3d9 = = 1

 9. (b) MnCl2 = Mn2+ = [Ar] 3d5 = = 5
CuSO4 = Cu2+ = [Ar] 3d9 = = 1
CuCl2 = Cu2+ [Ar] 3d9 4s0 

TiCl3 = Ti3+ = [Ar] 3d1, 4s0 = = 1
∴ CuCl2 and TiCl3 has same number of 
unpaired electrons. Thus, they will have same 
magnetic moment.

 10. (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	 does	 not	
have any unpaired electron. 

 11. (b) Zn2+ = 3d10 = no unpaired electron 

Ni2+ = 3d8 = 2 unpaired electrons

Fe2+ = 3d6 = 4 unpaired electrons 

Cu+ = 3d10 = no unpaired electron

 12. (d) Fe = 26 = [ Ar] 3d6 4s2

Fe3+ = [Ar] 3d5

∴ n = 5

n(n 2) 5(5 2) 5(7) 35= + = + = =µ

35 5.91 6 BM= = ≈

 13. (d) Paramagnetic behaviour of transition metals is 
due to presence of unpaired electrons.

aNswER KEY & ExplaNaTioNs

Oxidation State of Lanthanides
 11. Identify the incorrect statement from the 

following:
a. Lanthanoids reveal only +3 oxidation state.
b. The lanthanoid ions other than the f0 type and 

the f14 type are all paramagnetic.
c. The overall decreases in atomic and ionic radii 

from lanthanum to lutetium is called lanthanoid 
contraction.

d. Zirconium and Hafnium have identical radii 
of 160 pm and 159 pm, respectively as a 
consequence of lanthanoid contraction.

Actinoids Oxidation States

 12. The reason for greater range of oxidation states 
in actinoids is attributed to:

a. 4f and 5d levels being close in energies

b. The radioactive nature of actinoids

c. Actinoid contraction

d. 5f, 6d and 7s levels having comparable 
energies 
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 14.  (b) Cr+2 and Fe+2

Cr+2 – 3d4 4 unpaired electrons

Fe+2 – 3d6 4 unpaired electrons
So, they will have equal magnetic moment.

 15.  (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 d e– = 6 which is not 
equal to p e– in Cl– = 12.

 16. (a) Colourless compounds are those which have 
no unpaired electrons and paramagnetic 
substance do have unpaired electrons. 
Therefore paramagnetic substance possess 
colour.

 17. (d) Ni in presence of CN–

[Ni2+ in presence of CN– = [Ar]

As [Ni(CN)4]
2– has no unpaired electron. It is 

diamagnetic.

 18. (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.

 19. (b) 

 20. (b) K2Cr2O7 + 3Na2SO3 + 4H2SO4 

→	3Na2 SO4 + K2SO4 + 4H2O + Cr2(SO4)3

green

 21. (a)  

 22. (d) 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.

 23. (c) Potassium dichromate, on heating gives 
oxygen and chromic oxide (Cr2O3).
4K2Cr2O7 

Δ  4K2CrO4 + 3O2 + 2Cr2O3

X

 24. (c) Ferrous salt are oxidised to ferric salt when 
react with KMnO4 in acidic medium
KMnO4 + Fe2+ + 8H+

oxidation
reduction

5Fe3+ + Mn2+ + 4H2O

 25. (a) KMnO4 is reduced to manganate. Colour 
changes from purple to green.
In basic medium
MnO4 + e–	→	MnO4

2–

purple green

 26. (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. 
So as the concentration of Mn2+ increases, rate 
of reaction becomes faster with time.
Overall equation
2MnO4

– + 16H+ + 5C2O4
2 –	→	2Mn2+ +10CO2 + 8H2O

End point of this reaction Colourless to light 
pink

 27. (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.

 28. (c) (a) [Xe] 4f106s2 – Dy
(b) [Xe] 4f15d16s2 – Ce
(d) [Xe] 4f145d16s2 – Lu
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 29. (a) Due to Lanthanoid contraction order will be
Yb+3 < Pm3+ < Ce+3 < La3+

Ionic radii (pm) 86 98 103 106
 30. (b) [Xe] 4f15d16s2 – Ce
 31. (c) Due to lanthanoid 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).

 32. (b) The atomic and ionic radii of Zr and Hf are 
equal in size due to lanthanoid contraction.

 33. (c) In + 3 oxidation state its configuration is 4f7, 
5d0, 6s0, which is stable as per the rule of extra 
stability.

 34. (b) Across lanthanoid series, due to lanthanoid 
contraction, size of cation decreases, increase 
covalent character and decrease ionic character. 
So; basicity of hydroxides decreases.

 35. (d) Electronic configuration of 58Ce = 
54[Xe]4f 2 5d06s2.
Therefore, electronic configuration of Ce4+ + 
54[Xe]4f 0.
Thus, it has a tendency to attain noble gas 
configuration and attain f0 configuration.

 36. (a) General electronic configuration of actinoids 
is (n –1)1–14 (n –1)d0–2 ns2 . U (5f36d17s2) have 
one electron in 6d orbital.

 37. (b) Actinoids show common +3 oxidation state.

Past Year Answer Key
1 2 3 4 5 6 7 8 9 10 11 12
c c a a c a b a c a a d


