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SECTION A 

1. There are ten covalent bonds—eight C–H bonds and two C–C bonds—present in the

molecule of propane.

2. DNA is found in the nucleus of a cell.

3. Green plants act as producers and prepare food for all the life forms of the ecosystem.

They convert the energy obtained from the Sun into a usable form of energy for the next

trophic level. Therefore, the first trophic level in a food chain is always a green plant.

4. Refractive index of glass, g = 
4
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Refractive index of water, w = 
3
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2 Speed of  light in water

Speed of light in water = 1.73 × 10⁸ m/s 

Because the information provided is wrong, ideally the speed of light in vacuum is 

3 × 10⁸ m/s and the speed of light in water is 2.25 × 10⁸ m/s.  

The correct solution is 

Refractive index of glass, g = 
3

2

Refractive index of water, w = 
4

3

Refractive index of glass, g = 
Speed of  light  in vacuum

Speed of light in glass
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Speed of light in water = 2.25 × 10⁸ m/s 

5. Improper disposal of wastes is harmful to the environment and for our own health in

the following ways:

(a) Accumulated wastes serve as breeding grounds for mosquitoes. This creates

favourable conditions for the spread of several diseases. 

(b) Decomposition of wastes emits harmful gases in the environment which results in 

unhygienic living conditions and loss of aesthetic beauty of a place. 

(c) Some of the waste gets discharged to nearby water bodies along with rainwater and 

proves fatal for aquatic flora and fauna. 

(d) It reduces the fertility of the soil and results in soil pollution. 

6. Advantages associated with water stored in the ground:

(a) Water does not evaporate and spread out to recharge wells.

(b) Water does not get contaminated with human and animal waste.

7. Homologous series: It is a group of organic compounds having a similar structure and

similar chemical properties in which the successive compounds differ by a CH2 group.

The given compounds can be classified into two homologous series as follows:

Alkenes (CnH2n) Alkynes (CnH2n−2) 

C3H6 C3H4 

C4H8 C4H6 

C5H10 C5H8 
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8. Carboxylic acid can be distinguished from an alcohol by performing the following tests:

i. Test with NaHCO3 solution in water.

On adding carboxylic acid to baking soda, carbon dioxide is liberated with brisk

effervescence.

On adding a solution of baking soda to alcohol, no brisk effervescence occurs.

ii. Test with blue litmus solution.

Carboxylic acid turns blue litmus red.

There is no change in colour when a blue litmus solution is added to alcohol.

9. 

(a) Group II 

Reason: Be, Mg and Ca each have two valence electrons and a group number is 

determined by the number of electrons in the outermost shell. 

(b) Be is the least reactive because the tendency to lose electrons increases down the 

group. Thus, reactivity increases down the group. 

(c) Ca has the largest atomic size because as we move down the group the size of an 

atom increases. 

10. Atomic number of the element = 16

Electronic configuration = 2, 8, 6

The period number is equal to the number of shells which starts filling up in it.

The atom of an element has three shells. So, the period number is 3.

The atom of an element has six valence electrons in the outermost shell. So, the group

number of the element will be 16 (6 + 10).

The valency of an element is determined by the number of valence electrons present in

the outermost shell. The atom of an element has six valence electrons in the outermost

shell, so the valency of the element is 2.

11. Differences between asexual and sexual reproduction:

Asexual reproduction Sexual reproduction 

1. Only a single organism or one

parent is involved.

1. One or two organisms or parents

are involved.

2. No production or fusion of gametes. 2. Male and female gametes are

produced.

3. Offspring produced are identical to

the parents.

3. Offspring produced have some

characters from the male parent

and some from the female parent.

4. No mixing of genetic material. 4. Mixing of genetic material occurs.

5. Not very useful for natural

selection in evolution of species.

5. Very useful for natural selection

in evolution of species.

6. Rapid process during favourable

conditions.

6. Slower process.
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12. Significance of reproductive health in a society:

(a) It prevents the spread of various sexually transmitted diseases such as AIDS,

syphilis etc. 

(b) Individuals with sound reproductive health produce better offspring which have 

better chances of survival. 

(c) Better sex education and awareness helps to maintain the population and prevent 

population explosion. 

(d) Unwanted and teen pregnancies can be avoided.  

The reproductive health in India has improved tremendously over the past 50 years. 

The areas in which reproductive health have improved include 

(a) Family planning: Better family planning has led to reduction in family size. 

(b) Mortality rate: Mother and infant mortality rates have drastically reduced because 

of better health care facilities. 

13. Chromosomes are thread-like structures found in the nucleus at the time of cell

division. They are made of proteins and DNA.

In sexually reproducing organisms, the gametes undergo meiosis, and hence, each

gamete contains only half a set of chromosomes. When two gametes fuse, the zygote

formed contains the full set of chromosomes. Hence, the formation of gametes by

meiosis helps to maintain the number of chromosomes in the progeny.

14.  

(a) The F1 progeny is expected to have plants with blue colour flowers.   

(b) ¼ of the F2 generation bears white flowers. Therefore, 25% of the F2 progeny bears 

white flowers in the F2 generation when the flowers of F1 plants were selfed. 

(c) The ratio of the genotype BB and Bw in the F2 progeny is 1 (BB) : 2 (Bw). 

www.thechemistryguru.com



15.  

(a) Speciation: The process by which new species develop from the existing species is 

known as speciation.  

The factors which could lead to speciation are 

i. Geographical isolation of population caused by various types of barriers such as

mountain ranges, rivers and seas. This leads to reproductive isolation because of

which there is no flow of genes between separated groups of population.

ii. Genetic drift caused by drastic changes in the frequencies of particular genes by

chance alone.

iii. Variations caused in individuals because of natural selection.

(b) Natural Selection: Natural selection is the process of evolution of a species whereby 

characteristics which help individual organisms to survive and reproduce are 

passed on to their offspring, and those characteristics which do not help are not 

passed on.  

Charles Darwin proposed the theory of natural selection. According to him, nature 

selects the fittest. 

There are always changes in the progeny when an animal reproduces by sexual 

reproduction. Example: If one of the progeny of deer is tall and the other is short, 

then the tall one with long legs will survive. Because the progeny with short height 

cannot reach the leaves of tall trees and cannot get food, they will starve and hence 

die. Thus, it proves the theory of natural selection. 

16. The phenomenon in which a part of the light incident on a particle is redirected in

different directions is called the scattering of light.

The molecules of air and other fine particles in the atmosphere have a size smaller than

the wavelength of visible light. So, they are more effective in scattering light of shorter

wavelengths at the blue end than light of longer wavelengths at the red end. Thus, when

sunlight passes through the atmosphere, the fine particles in the air scatter blue colour

(shorter wavelengths) more strongly than red. The scattered blue light enters our eyes,

and hence, the clear sky appears blue.

At the time of sunrise and sunset, when the Sun is near the horizon, sunlight travels a 

greater distance through the atmosphere to reach us. During this, most of the shorter 

wavelengths present in it are scattered away from our line of sight by the molecules of 

air and other fine particles in the atmosphere. So, light reaching us directly from the 

rising or setting Sun consists mainly of the longer wavelength red colour because of 

which the Sun appears red. Thus, at sunrise and sunset, the Sun as well as the 

surrounding sky appears red. 
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17. A convex mirror always produces an erect and diminished image of the object placed in

front of it irrespective of the position of the object.

Consider a case in which an object is placed anywhere between pole (P) and infinity in

front of a convex mirror. The ray diagram is as shown:

A virtual, erect and diminished image will be formed behind the mirror between the 

pole (P) and focus (F) of the mirror. 

As a convex mirror gives a wide field of view, it is used as a rear view mirror in vehicles. 

It enables the driver to view a much larger area of the traffic behind. It is also used as 

shop security mirrors. 

18. An ecosystem is a self-contained area composed of different kinds of organisms which

interact with each other as well as with the physical conditions such as sunlight, air,

water, soil and climatic factors prevailing in the area.

The two main components of an ecosystem are 

(a) Biotic or living components 

(b) Abiotic or non-living components 

An aquarium represents an artificial ecosystem which contains fish as the biotic 

component. In natural ecosystems, along with fish, several other organisms are present 

in sufficient numbers to maintain a balance in the ecosystem. In an aquarium, the 

leftover fish feed or fish waste gets converted into ammonia. The  nitrifying and 

denitrifying bacteria present in the aquarium convert toxic ammonia into non-toxic 

nitrates and make nitrogen available to fish. Therefore, if the water of the aquarium is 

not changed regularly, then wastes would go on accumulating to a fatal level, which can 

result in the death of fish.  
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19. Fossils are the preserved remains or traces of animals, plants and other organisms from

the remote past.

Formation of fossils:

 Fossils are generally found in the layers of sedimentary rocks.

 They are formed by a continuous process of burying and decomposition over a

period of time.

 The hard parts of the body such as the skeleton, shell, teeth, and occasionally, the

entire animal, are found embedded in the sediments. These sediments form

rocks.

Methods to determine the age of fossils: 

 If we dig into the Earth, we find that the fossils closer to the surface are more

recent as compared to the fossils found in deeper layers.

 The fossils can also be dated by detecting the ratios of different isotopes of the

same element in the fossil material. Radiocarbon dating is the most accurate,

most studied and most verified of all radiometric dating schemes. When living

organisms change into fossils, their rate of radioactive 14C decay decreases

slowly. In this way, the age of fossils can be determined with the help of

radioactive 14C. As the age of a fossil can be clearly established by radioactive

carbon dating technique, the exact period of formation of a species can also be

ascertained.

Role of fossils in the study of the process of evolution: 

 The fossils of invertebrate animals are found in the deepest layers of rocks,

whereas fossils of vertebrates, namely the birds and the mammals are found in

the recent layers of rocks.

 This palaeontological evidence suggests that the invertebrates came into

existence before the vertebrates and reflects the order in which these animals

appeared on the earth.

20.    

(a) Testes produce sperms and secrete a hormone called testosterone. 

The function of testosterone is to control the development of male sex organs and 

male features such as a deeper voice, moustache, beard and more body hair as 

compared to females.  

(b) 

i. Fertilisation takes place in the oviduct or fallopian tubes.

ii. Implantation of the fertilised egg occurs in the uterus.

After implantation, a disc-like special tissue called placenta develops between

the uterus wall and the embryo. The placenta helps in the exchange of nutrients,

oxygen and waste products between the embryo and the mother. Thus, it

provides nourishment to the growing embryo.
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21. The power of a lens is defined as the reciprocal of its focal length. It is represented by

the letter P. The power P of a lens of focal length f is given as


1

P
f

The SI unit of power is dioptre (D).

Given:

Focal length of lens A, FA = +10 cm = +0.1 m

Focal length of lens B, FB = −10 cm = −0.1 m

To calculate the power of lens A: 

The power of lens A, P = 
A

1

F (in metres)

P = 
1

0.1

∴ P = +10 dioptre or +10 D 

The positive sign indicates that it is a converging or convex lens. 

To calculate the power of lens B: 

The power of lens B, P = 
B

1

F (in metres)

P = 
1

0.1

∴ P = −10 dioptre or −10 D 

The negative sign indicates that it is a diverging or concave lens. 

In a convex lens, when the object is placed between the pole and focus, the image 

formed is always virtual and magnified. On the other hand, a concave lens produces 

virtual, erect but diminished image. 

Here the object is placed 8 cm from the lens which is at a distance less than the focal 

length, i.e. less than 10 cm. Thus, the 8 cm position of the object placed in front of the 

convex lens will produce a virtual and magnified image. 

The diagram for the same is as shown below: 
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22. The curvature of the eye lens can be adjusted by the ciliary muscles. This changes the

focal length of the lens. The defect which arises because of the gradual weakening of the

ciliary muscles is known as presbyopia. A bifocal lens can be used to correct presbyopia.

Answers to the context questions:

(a) Akshay is not able to see from a far distance, so he is suffering from myopia or near-

sightedness. A concave lens should be used to correct this defect. 

(b) The teacher displayed presence of mind and pro-activeness, and she is of a 

considerate nature.  

Salman displayed the virtue of friendship and is caring in nature. 

Akshay should thank the teacher and Salman in front of the entire class. 

23. A convex lens can produce the complete image of the object even though half of the lens

is covered. This is because light coming from the object can be refracted from the other

half of the lens. However, the intensity of light will be reduced.

Given:  

Height of the object = h = 4 cm 

Focal length of the convex lens = f = 20 cm 

Object distance = u = −15 cm 

Using the lens formula, we get 

 

 
      

  

1 1 1

f v u

1 1 1 1 1 3 4 1

v f u 20 15 60 60

v 60 cm

Hence, the image is formed 60 cm in front of the lens on the same side as the object. 

Because v is negative, we can say that the image is virtual. 

From the magnification formula for the lens, we get 

 

 
   



h' v
m

h u

vh 60 4
h' 16 cm

u 15

Hence, the size of the image is h′ = 16 cm. 
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Because the height of the image is positive and greater than the height of the object, the 

image is erect and magnified. 

So, we can conclude that the image is virtual, erect and magnified. 

24. Difference between soap and detergent:

The molecules of soap are sodium or potassium salts of long-chain carboxylic acids.

Detergents are generally ammonium or sulphonate salts of long chain carboxylic acids.

Cleansing action of soap can be described as follows: 

 A soap molecule has a tadpole-shaped structure.

 At one end (long non-polar end) of the soap molecule is a hydrocarbon chain which

is insoluble in water but soluble in oil.

 At the other end (short polar end) of the soap molecule, there is a carboxylate ion

which is hydrophilic, i.e. water soluble but insoluble in oil.

 Soap on mixing with water forms a concentrated solution and causes foaming.

 The long non-polar end of soap gravitates towards and surrounds the dirt and

absorbs the dust in it.

 The short polar end with the carboxylate ion repels the water away from the dirt.

 A spherical aggregate of soap molecules is formed in the soap solution in water and

is called a micelle.

 Thus, the soap molecule dissolves the dirt and our clothes get clean.
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Soaps do not form lather in hard water because 

Hard water contains calcium and magnesium salts. Soap molecules react with calcium 

and magnesium salts to form an insoluble precipitate called scum.   

Two problems arise because of the use of detergents instead of soap: 

i. Soaps are biodegradable, while detergents are non-biodegradable; hence,

detergents accumulate in the environment and cause problems.

ii. Certain phosphate additives are added to detergents. These phosphate additives

act as nutrients for algae which form a thick green scum over the river water and

upset the animal life in the river.
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SECTION B 

25. (B) Radish and carrot

Radish and carrot are homologous structures as these are modifications of the root.

Tomato and okra are fruits. Potato is a modification of the stem.

26. (C) III, IV and V

An embryo has two large cotyledons and one embryo axis or tigellum. The upper end of

the embryo axis is the plumule, and the lower end of the embryo axis which projects

beyond the cotyledons is the radical. The testa is the thick outer seed coat, and the

tegmen is the inner transparent seed coat of seeds.

27. (B) The emergent ray bends at an angle to the direction of the incident ray.

In refraction of light through a glass prism, there is deviation or change in the path of

light passing through the prism.

28. (A)  i =  e <  r

In refraction through a rectangular slab, the angle of incidence is equal to the angle of

emergence. Also, the angle of refraction should be smaller than the angle of incidence.

29. (B) MS

The focal length of a concave mirror is the distance between its pole and principal focus.

That is, the distance of the image formed (screen) from the concave mirror will be equal

to the focal length of the concave mirror.

30. (D) This device is a convex lens of focal length 8 cm.

The incident rays after passing through the lens converge at the focus. So, the device 'X'

is a converging or a convex lens. The distance between the lens and the screen gives the

focal length of the lens.

31. (A) P and Q

Lather (foam) is formed by the reaction of soap solution with sodium sulphate and

potassium sulphate in the test tubes P and Q, respectively. They are dissolved in water

to give a neutral solution.

Sulphates, chlorides and bicarbonates of calcium and magnesium make the water hard.

Thus, the lather is not formed in the test tubes R and S.

32. (A) Red litmus remains red and blue litmus turns red.

Acids turn blue litmus paper red. They have no effect on red litmus paper.
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33. (D) To favour the precipitation of the soap

During saponification, the soap formed remains in a suspended form in the mixture. It is

precipitated as a solid from the suspension by adding common salt to the suspension.

This process is called salting out of soap.

34. Given that

Object distance, u = −12 cm

Image distance, v = 24 cm

1 1 1
-

f v u

1 1 1
=  -

f 24 (-12)

1
= 

f 8

 f = 8 cm





The focal length of the lens is 8 cm. 

Now if the object is moved away from the lens, the screen has to be moved towards the 

lens. This is because when we move the object away from the lens, the object distance is 

increased. Hence, by the lens formula, the image distance decreases.  

Magnification is given as 

v
m

u


 
Because the image distance (v) decreases, the value of magnification also decreases. 

35. Carbon dioxide gas gets liberated.

When a pinch of sodium hydrogen carbonate is added to acetic acid in a test tube, a

brisk effervescence is produced because of the liberation of carbon dioxide gas.

When this gas is passed through the lime water, it turns lime water milky. This shows

that the gas liberated is carbon dioxide gas.

The chemical reaction can be represented as

CH3COOH(aq) + NaHCO3(S) → CH3COONa(aq) + H2O(l) + CO2(g) ↑

36.   

(A) A fine screw is used to focus the slides of budding in yeast under high power of a 

microscope. 

(B) Sequence showing budding in yeast: 
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