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Useful Constants

Gravitational constant
Gravitational acceleration
Mass of electron

Charge of an electron
Avogadro constant

Specific heat capacity of water
Density of water

Universal gas constant
Atmospheric pressure

Molar volume of gas at STP
Molar volume of gas at 1 atm and 100°C
Permitivity of free space
Radius of the Earth

Radius of the Moon

Pw
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1 atm

Vsrp
Vioo
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6.674 x 10~ N m%/kg?
10 m/s?

9.109 x 103 kg
1.602 x 107 C
6.022 x 10?* /mol
4.2J/(g°C)
10% kg/m?
8.3145J/(
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Section I: Single Correct MCQ

1. One of the major challenges in creating “Dolly” the first cloned organism/animal, was the
process of creating an enucleated egg (nucleus removed), as the artificial removal of the nucleus

the following cell type would you study to mimic the mechanism?
A. Neurons / Neuroblasts
B. Erythrocytes / Erythroblasts
C. Muscle cell / Myoblasts
D. Bone tissue cells / Osteoblasts

2. Which of these phenomena has not yet been observed in wild chimpanzees?

B. Demonstration of the ability to use
C. Demonstration of the abilit

D. Demonstration of ability

3. Some microbes produce diffusible Nutritionally
metabolites that can be used b Rich Medium
other microbes for their growth. r A
Three such microorganisms were
tested for their nutritie

]
Less growth Dense growth

In this kind of gene interaction, the alleles of one gene in homozygous recessive condition
masks/suppresses the expression of the allele of another gene either in dominant or recessive
state. This kind of interaction is known as the epistasis. The gene that masks the expression

—_
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is epistatic and the one that gets
masked is hypostatic.  Assume
that the allele that produces pig-
ment is represented by ‘A’, so the
‘a’” would be the allele that can-
not produce pigment and the allele
that is responsible for pigment dis-
tribution is ‘B’ and the allele that
is responsible for reduced distribu-
tion is ‘b’

Now, consider the following picto-
rial demonstration of a cross.
Which of the following ratios will
be obtained in the F2 progeny due
to this kind of interaction?

A. 9:3:4 (Black:Chocolate:Golden)

B.

C. 15:1 (Chocolate:Golden)

D. 9:6:1 (Chocolate:Black:

. Movement of ions in and out o
guard cells in plants is responsi-
ble for the stomatal activity (i.e.

Parental Cross (
X

AMBB aabb
Chocolate Golden

F1 Generation ‘
AaBb
Black
Cross between F1
individuals with the X
same genotype
AaBb AaBb
Black Black
F2 Generation 7

e

400 {—

200 —

Potassium N-rav

Plant I Plant I1

stomata most likely for transpiration.

s open stomata most likely due to exposure to light.
has open stomata most likely due to absence of light.

. I has open stomata for uptake of carbon dioxide.

6. Two salts X and Y are heated strongly in two test tubes separately to study their decompo-
sition process, and following observations are made during the experiments.
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Salt X evolves gases that are acidic in nature.

One of the evolved gases from salt X helps in burning of a candle.

A yellow-colored residue is formed after complete decomposition of salt X.

Salt Y completely decomposes to produce gases.

Salt Y generates a gas that makes you laugh.

The salts X & Y, respectively, are ...
A. Zinc carbonate & Silver nitrate
B. Ammonium carbonate & Barium nitrate
C. Lead nitrate & Ammonium nitrate

D. Potassium iodide & Sodium nitrate

7. Wood pulp contains multiple compounds, including several polymers.
the polymers produces compound «. This compou
by microbes and produces compounds 5 and

Hydrolysis
ic decomp

Compounds «, 5 and 7, respectively, a
A. Cellulose, ethanol, water
B. Glucose, ethanol, carbo
C. Lactose, lactic acid, car

D. Starch, ethanoic acid, ¢

8. Read the statement

C. 0.50mol D. 1.0mol

Find the number of moles of oxygen atoms present in that container
C.8 D. 10
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11.

12.

13.

Angular size of an object is the angle subtended by that object for that distance and size.
From the surface of the Earth, the Sun and the Moon appear to be of the same size, because
both subtend nearly the same angle at the surface of the Earth.

If someone observes the Moon from the equator of the Earth, it takes nearly 2 minutes for
the full disc of the Moon to sink below the horizon. Angular size of the Earth
from the Moon is nearly ...

A. 05 B.1° C.15° D.2°

Two identical iron balls of mass 10g each are moving in space a

together, and continue to move as a single object. The loss
increases the temperature of the combined object. Rise in
is roughly ...
Note:

« Specific heat capacity of iron is 451 J/(kg K).

o Neglect any other process that may cha

A car X starts moving with initial
point, another car Y moves in th,
2a. All velocities and acceleration

u/2 and acceleration
the following is true?

object on a screen. If you add another thin lens,
observed that a real image is formed at a longer
ts is correct?

temperature. For human body, the specific heat capacity is 3.5kJ/(kg K)
of vaporization of sweat at body temperature of 37°C is nearly 2.3 MJ /kg.

(250 mLL water in each) kept at ambient temperature (37 °C). Assume that the entire amount
of this water is converted into sweat, which vaporizes. NN is nearly ...

Al B.2 C.3 D. 4
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Section II: Multiple Correct MCQ

16. A food chain and a food web from ecosystems 1 and 2 are represented below.

Eagle

Snake

Frog

Locust

Corn Plants

Ecosystem I Ecosystem II

Consider the two pyramids showh below and from the opti@ns, identify what they would

represent:

D. M could e number pyramid as well as energy pyramid of food web 2.
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17. In the laboratory, bacteria

. U . ) "
are grown in a liquid nutrient C Stationary
. el Phase
medium. They reproduce asexu- .\\
ally by successive cycles of binary

fission. When such populations
are grown in a flask, bacteria
show a predictable growth pat-
tern known as a growth curve.
The following graph represents
such a typical growth curve with
the different phases of growth, as
indicated.

Death
Phase

Choose the correct option(s) that describe(s)
graph:

(i) Lowest concentration of nutrients,

go dormant condition to adapt to the extreme winter
eriodic changes in the cellular activity. For example,
g in normal conditions. During winter dormancy, cells
their metabolic activity and cellular content. Which of the

B. Lesser amount of rough endoplasmic reticulum

arge vacuole occupying much of the cell volume.

creased hydration of cellulose microfibrils of the cell wall.

19. Following table gives information on naturally occurring stable isotopes of three elements and

the number of neutrons in these isotopes. Identify the position for the elements in the Modern
Periodic Table. Select the correct option/s.
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Element | Number of stable | Atomic mass | Number of

Code Isotopes (a.m.u.) neutrons
o} 2 120.90 70
122.90 72
Ié] ) 69.92 38

71.92 40
72.92 1
73.92
75.92

~ 2 106.90

108.90

A. Element « belongs to group 15 and period 5
period 4

B. Element 3 belongs to group 14 and peri
period 5

C. Element « belongs to group 14 an
period 4

D. Element « belongs to gro
period 5

20. With a solution of I,q), chlorine similar conditions and
concentrations than bromine (Br,

A. atomic radius of bromin atom.

B.

0% oxygen) to form carbon dioxide and steam. If
pressure and 100 °C, then the composition of the

und is generated at the centre of a room of rectangular cross section having
20m x 20m x 30m. Speed of sound is 350m/s. Consider all possibilities of
hearing echoes of this pulse. Some of the instances of time when echoes can be detected at
the location of the source are ..

A. 8ms B. 8ms C.9%ms D. 103ms
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23. The figure shows an electron projected from O, with velocity v along the positive X-axis.
After a short time, the same electron is found at point A, with its velocity in the plane of the
figure. Choose the correct option/s.

A. The above motion can be due to presence of a uni-
form electric field along the negative Y direction.

B. Motion of electron from O to A can be due to pres-
ence of a uniform magnetic field perpendicular to
XOY plane and outwards.

C. Motion of electron from O to A can be possible due
to presence of both, a uniform magnetic field and
uniform electric field with proper magnitude
directions.

24. Prajakta is riding her cycle on a level road. slows down.
Select the correct statement/s.

A. If she applies only the fro ce her cycle’s

speed.

Y

B. If she applies only the fr uces her cycle’s speed.

C. If she applies only the r
speed.

D. If she appli und reduces her cycle’s speed.

ve Questions

ed at room temperature under different conditions
d milk was mixed and incubated either with a ripe
. The results of curd formation after 20 hrs is

spoon of curd

Boiled Milk
Bowl A Bowl B
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Bowl Coagulation of milk | Total Acidity Flavour
into curd like solids

A ++ Medium Good

B +++ Medium Great

C ++ High Rancid smel

D +/- Low Rancid s

(a) Based on your knowledge of milk to curd formation, interpret whi¢h of the following is

true?
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(b) A scientist claimed that the acid from tamari
were the experimenter and had the option com
those boiled for 10 min, which of the follgwing
the claim is false:

Outcome
didn’t curdle the milk

Experiment
A The juice/ tamarifdd extract from
as boiled and
whole piece)

d extract from
tamarind was

added (instead
B The juice/tam
the same piece
added directly.

resulted in slower fermentation
and curd formation.

elow are a e of milk and clues to the curdling process:

i. Milk is mad in turn are made up of amino acids that contain

Milk protein acts like a buffer and hence takes a long time to curdle, as bacterial

acids produced, accumulate slowly.

. Tamarind normally contain bacteria that utilize lactose to produce acids, which
accumulate slowly eventually leading to curdling of milk.

C. Weak acids are released from the small piece of tamarind, and take a long time

to denature the milk protein that leads to the curdling of milk.
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D. Tamarind tends to inhibit spoilage of milk as the acids prevent putrefaction of
milk proteins due to coagulation.

26. (8 marks) The effects that organisms in a community have on each other are referred to as
ecological interactions. Different types of ecological interactions exist based o

interactions). Consider the following situations:

Situation I: The African buffalo feeds on the grasses growing in th
hide (skin) is infested with ticks. Oxpecker birds ride on the b feed on
While grazing, this large mammal unknowingly destroys insects and t ests

the ground. These insects which fly around after they are diggurbed are e
in the vicinity.

egret birds

and kill herbivorous mamma

rey /kill.

Situation II: Carnivores such as timberwolves hu
bears in the vicinity attempt to take over the wolf’

cannot fly in
of dung beetles which arefnot only good

Situation III: Some kinds of detrivorous mi
search of fresh dung attach themselves
at flying but are also good at locati

various type/s of inter-
dicates*negative effect and ‘0’
( v ) against the appropriate interaction to indicate

(a) For each of the situation (I —
action/s present, where ‘+’ i
indicates no effect. Put tick

presence and cross mark
Serial | Effectfo ‘

I), fill in the table to indi

Situation | Situation
IT 111

Parasitism
utualism

organism that is benefited (indicated by + in the table) and the species that is
ed (indicated by — in the table). Indicate the absence of an antagonistic interaction
by writing NONE in the table under the column type of antagonistic interaction.

10
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Situation | Type of antagonistic | Species 1 (4+) | Species 2 (-)
interaction

Situation | Type of antagonistic | Species 1 (4)
interaction

IT

Situation | Type of antagonistic
interaction

ITI

27. (6 marks) Our body organs are adapted to gravitational force present on earth’s surface. Our

sion*® during their stay in space but the feeling diminishes after landing
on earth.

hypotension is a condition of low blood pressure that happens when standing

(b) The skeletal system also gets affected due to microgravity. The functioning of osteoblasts
(that make and regulate bone matrix) and osteoclasts (that breakdown and absorb bone
matrix) are programmed as per the gravitational load present on the earth. During

11
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prolonged stay on ISS, both these types of cells show altered function. The ‘weightless’
condition results in 2-4% loss of bone matter. Interestingly, 97% of this loss is from
part/s like: (Put a tick in correct box/es)

Wrist bones (Carpels)
Hip bone

Skull

Rib cage

Vertebral column

= Ol QW =

(c) The International space station is revolving 400 km above the su
you might have seen (in some movies or TV), the astrenauts feel
space station. What is the value of gravitational
measured at the space station?

inside the
earth g as

DNA technology, a foreign gene of interest
antibiotic resistance gene. This helps scr
recombinant plasmid.

Plasmid with Functional gene provides

intact Antibiotic ﬁ -
resistance

resistance gene

Figure 1 Original plasmid

Recombinant

\ + i plasmid

Loses resistance

Foreign gene
to the antibiotic

Process of creating recombinant plasmid

plasmid p& is used, which has both tetracycline (tet) and ampicillin
es. A foreign gene is inserted in this plasmid at a site present within the

Ampicillin Tetracycline
resistance gene resistance gene
pBR322 Plasmid

Figure 3: pBR322 plasmid used for the experiment

12
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(a) Bacterial cultures with these recombinant plasmids were grown on solid media plates
each containing a different combination of antibiotics. Based on the observations after
the growth period, state which of the following statements would be true/false-

i. Bacterial cells with recombinant plasmid grow on media containing both ampicillin
and tetracycline.

ii. Bacterial cells with recombinant plasmid grow on media containi
iii. Bacterial cells that lose the plasmid grow on media containin

iv. Bacterial cells with recombinant plasmids will grow on medi
only.

A. A successful recombination where the

B. A failed recombination where the DN A gets inserted outside both th
resistance genes.

C. No recombination at all.
D. Complete loss of plasmid from

o

I Insert recombined
. — —) + G e | plasmid mixture back
A

into bacteria

Foreign gene

aluminum powder into a conical flask and then slowly added the acid until the reaction was
complete, indicated by no effervescence. The leftmost panel in the diagram below reveals his
burette reading.

13
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Swapnil’s
Final Reading

Sumeet’s
Final Reading

Swapnil repeated the experiment with 0.57
source, but with a different sample of dilut . i panel in the

burette reading.
(a) Write the balanced chemical
ric acid, stating the physical

(b) Use the information provide i . Record the volumes to
the nearest 0.1 cm?®

ad fallen on the table. To keep table clean, neat and tidy he puts
carbonate on it. Sumeet checked pH of resultant mixture by pH paper.

earlier. Lea
excess Sodium

i. Write complete balanced chemical reaction between hydrochloric acid and sodium
bicarbonate.

t minimum quantity of sodium bicarbonate (in grams) is required to nullify the
ect of spilled acid?

iii. Find the percent purity of aluminum sample.

(e) To check the process works good on other metals, both took the same amount of sample
(0.57g) of pure Zinc instead of Aluminum and carried out the titration process

14
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i. Write balanced chemical reaction, mentioning physical states, between Zinc powder
and Hydrochloric acid.

ii. How many times Sumeet and Swapnil need to dilute their own acid solutions so as
to get burette readings for the reaction with Zinc between 10 mL and 15 mL.

30. (13 marks) Shikimic acid is a natural product extracted from a spice calle , com-
monly used in India. It is a white solid with melting point 186 °C and b

CcO

A (8.5g). When A was treat
formed.
1.
ii.
1il.

cooked stage, added fried vegetable, and then recooked it. Then, she tempered the
whole spices (including star anise) in oil, sautéed for a while and added it to the

whose Biryani the rice grains would have higher amount of shikimic acid? What
property of shikimic acid leads to this difference in amount in the two recipes.

31. (4 marks) As a part of an experiment to study Tyndall effect, Aamir adds sugar to aqueous
dispersion of gold nanoparticles of size 100 nm. Once the experiment is completed, he plans

15
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32.

to recover gold nanoparticles and use them in another experiment. As he tries to separate
gold nanoparticles and sugar, by mistake, he adds the mixture to a tube containing calcium
carbonate. This results in a mixture containing gold nanoparticles, sugar, water, and calcium
carbonate.

He separates the constituents in three steps by using set of apparatus availa

Instruments and materials available in the lab: Heater, sublimation s
paper, funnel, centrifuge, centrifuge tubes, separating funnel, distill
distillation set-up, and thermometer. Mention the separating metho
he used in order to obtain gold nanoparticles and sugar in thei
amount of loss. State which component is obtained at every step.

(7 marks) A steel ball of mass 100g is at-
tached to the ceiling of a cabin (of mass
4 kg) with an electromagnet of mass 0.5 kg
resting on the upper side, as shown in the
figure. At some instant, the electromagnet
releases which allows the ball to fall and_hi
the floor of the cabin. Material of t
is such that the ball comes to rest i
short interval of time. For calculs
pose, treat the ball as a point ma
(a) For the following 4 graphs (
Q, R and S), the time inter

Weighing Machine

16
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Force (N)
Force (N)

0.0 0.10 t9ﬂ12e0 (s) 0.0

Force (N)
rce (N)

e
_dBEEEEEER.

0.2

time

0.0 0.10

(b) Determine the height of the cabin using the data from the graph.

(¢) Determine weighing machine
that the colliding force is un

ading in kilogram-weight duringpti impact assuming
m for that time interval’

(d) Estimate the time interval fo

33. (11 marks) In a labora ctric circuit in which a battery

a network of three resistors Ry,
R3 =3009.

i A
18V

S —
C Ry B

A —
Ry

sity 1.2 g/cm? is put on its pan. These two preliminary readings are not shown
figures.

The spring balance, along with the cubical block suspended, is now arranged in such a way
that the cubical block is partially submerged in the liquid inside the container. The height of
the cube above the liquid is 3 cm (left panel of the figure). Neglect the upthrust of air.

17
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(a) Compute the respective readings of balances P and Q as shown in the left panel of the
figure.

(b) Assuming that spring of the spring balance extends linearly with applied force at a rate
50 N/m, calculate the maximum additional mass m that can be put on topof the block,
such that only the upper mass remains above the liquid. What will be sespective
readings of balance P and Q in this situation (right panel of the figure

Spring balance
P

Cubical block

igfance d covered by the G
leaving the rod till he

[ and h so that the horizontal
by the gymnast from the point of

eration is half that of the earth. By what factor
will d be affected?

18



