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General Instructions

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.
2. The question paper consists of a total of 150 questions.

3. The question paper has three subjects: Physics, Chemistry, and Biology, with 50

questions each.

4. Each correct answer carries 4 marks.

5. For each incorrect answer, 1 mark will be deducted as negative marking.




PHYSICS
1. Choose the most appropriate option.
Velocity of sound in a gaseous medium is 330 ms—'. If the pressure is increased by 4

times without change in temperature, the velocity of sound in the gas is

(a) 330 ms~!
(b) 660 ms~!
(¢) 156 ms—!
(d) 990 ms—!

Correct Answer: (a) 330 ms™—!

Solution: The velocity of sound in a gas is given by the equation:

V=4 —
p

where v is the velocity of sound, P is the pressure, v is the adiabatic index, and p is the
density of the gas.

When the pressure is increased by a factor of 4, without changing the temperature, the

density also increases in proportion to the pressure. However, since the temperature does not

change, the velocity of sound remains the same. Therefore, the velocity of sound will still be

330 ms— L.

Quick Tip

For gases, the velocity of sound depends on the temperature and the medium’s proper-
ties, but in this case, with constant temperature, the velocity remains unchanged even if

pressure increases.

2. A gas is enclosed in a metal container with a movable piston on top. Heat is added to

the gas by placing a candle flame in contact with the container’s bottom. Which of the

following is true about the temperature of the gas?



(a) The temperature must go up, if the piston remains stationary
(b) The temperature must go up, if the piston is pulled out dramatically
(c) The temperature must go up no matter what happens to the piston

(d) The temperature must go down no matter what happens to the piston
Correct Answer: (b) The temperature must go up, if the piston is pulled out dramatically

Solution: When heat is added to a gas, the gas particles gain kinetic energy, which increases
the temperature. If the piston is pulled out dramatically (meaning the gas expands), the gas
does work against the piston, which can lead to an increase in internal energy. In an adiabatic
expansion, this would generally cause the temperature to increase. Since the problem states
that heat is being added (and not lost), the temperature will increase as the piston is pulled
out dramatically, because work is done by the gas as it expands.

Thus, the correct answer is (b), as pulling out the piston dramatically increases the

temperature due to the work done by the gas.



Quick Tip
In thermodynamics, an adiabatic expansion (such as pulling out a piston dramatically)

results in a rise in temperature if heat is added to the system. The expansion leads to

work being done, which increases internal energy and temperature.

3. During an adiabatic process, the pressure of a gas is found to be proportional to the

cube of its absolute temperature. The ratio of % for the gas is

(a) 3/2
(b) 5/3
(c) 4/3
(d)2

Correct Answer: (a) 3/2
Solution: For an adiabatic process, the equation for pressure and temperature of an ideal gas

1s given by:

PocT"

where n is the adiabatic index. Given that pressure is proportional to the cube of temperature,

we have n = 3. For an ideal gas, the ratio g—j is related to the adiabatic index ~ as:

From thermodynamics, for a monatomic ideal gas undergoing an adiabatic process, the ratio

~v = 3/2. Hence, the correct answer is (a).

In an adiabatic process, the relationship between pressure and temperature dictates the

ratio of specific heats C), and C,, which is determined by the nature of the gas.




4. A parallel plate capacitor is connected to a battery. A metal sheet of negligible
thickness is placed between the plates. The sheet remains parallel to the plates of the

capacitor. Which of the following is correct?

(a) The battery will supply more charge
(b) The capacitance will increase
(c) The potential difference between the plates will increase

(d) Equal and opposite charges will appear on the two faces of the metal plate

Correct Answer: (d) Equal and opposite charges will appear on the two faces of the metal

plate

Solution: When a metal sheet is inserted between the plates of a parallel plate capacitor, it
divides the capacitor into two separate capacitors. The sheet being a conductor will
experience equal and opposite charges on its faces, thus maintaining charge balance. The
battery does not supply more charge because the overall potential difference remains the
same. The capacitance does not increase; it is affected by the properties of the dielectric, but
the metal sheet acts as a conductor and does not serve as a dielectric.

Hence, the correct answer is (d).

When a conductor is inserted between the plates of a capacitor, it divides the capacitor

into two parts and causes equal and opposite charges to appear on the faces of the

conductor.

5. The diagrams show three circuits with identical batteries, identical inductors, and
identical resistors.
Rank them according to the current through the battery just after the switch is closed

from least to greatest.

(@3,2,1
(b) 1,3,2



(©1,2,3
(d)3,1,2

Correct Answer: (b) 1, 3,2

Solution: In circuits with inductors, the current through the battery just after the switch is
closed depends on the inductor’s opposition to the change in current (due to its inductance).

- In circuit 1, the inductor is in series with the resistor, and the current is opposed by both the
resistor and inductor. - In circuit 3, the inductor is in parallel with the resistor, and the current
through the battery will be larger compared to circuit 1 because the current bypasses the
inductor through the parallel path. - In circuit 2, the current through the inductor is opposed
by the inductor’s inductance, but the resistor provides a direct path for current flow.

Thus, the ranking of current through the battery from least to greatest is 1, 3, 2.

Inductors oppose changes in current, so the placement of the inductor relative to the

resistor (series or parallel) affects the initial current when the switch is closed.

6. A parallel plate capacitor C has a charge Q. The actual charges on its plates are

(@ Q,Q

(b) Q/2,Q/2
(©)Q.-Q

(d) Q/2,-Q/2

Correct Answer: (¢) Q, -Q

Solution: In a parallel plate capacitor, the charges on the two plates are equal in magnitude
but opposite in sign due to the nature of electric charge conservation. One plate gets a
positive charge and the other a negative charge. If the total charge on the capacitor is (), then
the charges on the plates must be +@Q and —(@) respectively.

Hence, the correct answer is (c).



In a capacitor, the charges on the two plates are always equal in magnitude and opposite

in sign.

7. A constant voltage is applied between two ends of a uniform metallic wire. Some heat

is developed in it. The heat developed is doubled, if

(a) both the length and radius of the wire are halved
(b) both the length and radius of the wire are doubled
(¢) the radius of the wire is doubled

(d) the length of the wire is doubled
Correct Answer: (b) both the length and radius of the wire are doubled

Solution: The heat developed in a wire is given by Joule’s law:

H = I’Rt

where H is the heat developed, I is the current, R is the resistance, and ¢ is the time. The

resistance of a wire is given by:

L

where p is the resistivity, L is the length, and A is the cross-sectional area of the wire. For a
wire with radius r, the cross-sectional area is A = 7r2.

To double the heat developed, we need to double the resistance. Since resistance is directly
proportional to the length and inversely proportional to the cross-sectional area, doubling
both the length and radius of the wire will double the resistance, thus doubling the heat
developed.

Hence, the correct answer is (b).



Heat developed in a conductor is proportional to the square of the current and the resis-

tance. To double the heat, both the length and the radius must be doubled to increase

the resistance.

8. Use the diagram below to answer the following questions. 40 spheres of equal mass

make two rings of 20 spheres each. The ring on the right has a radius twice as large as

the ring on the left.
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At what position could a mass be placed so that the net gravitational force that it would

experience would be zero?

(a) A
(b) B
(c)C
(dD

Correct Answer: (b) B

Solution: In this problem, we have two rings of mass, one with a radius r and the other with
aradius 2r. The gravitational forces from the two rings will cancel each other out at a certain
point along the line between the two rings.

To find the point where the net force is zero, we use the principle of superposition, where the
force due to each ring will act in opposite directions. The gravitational force due to a ring is

proportional to the inverse square of the distance.
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At point B, the gravitational forces from both rings are equal in magnitude but opposite in
direction, thus cancelling each other out, making the net force zero.

Hence, the correct answer is (b).

In problems involving multiple sources of gravitational forces, the net force will be zero

where the individual forces are equal and opposite. The distances from the sources must

be considered to balance the forces.

9. In a closed organ pipe, the fundamental frequency is v. What will be the ratio of the

frequencies of the next three overtones?

(a) 2:3:4
(b) 3:4:5
(c) 3:7:11
(d) 3:5:7

Correct Answer: (d) 3:5:7

Solution: In a closed organ pipe, the overtones are the harmonics that follow the
fundamental frequency. For a closed organ pipe, the harmonic frequencies are odd multiples
of the fundamental frequency. If the fundamental frequency is v, the frequencies of the first
three overtones are:

- First overtone: 3v - Second overtone: 5v - Third overtone: 7v

Thus, the ratio of the frequencies of the next three overtonesis 3 : 5 : 7.

Hence, the correct answer is (d).

In a closed organ pipe, the harmonics are given by odd multiples of the fundamental

frequency.




10. The Reynolds number for fluid flow in a pipe is independent of

(a) the viscosity of the fluid
(b) the velocity of the fluid
(c) the length of the pipe

(d) the diameter of the pipe

Correct Answer: (c) the length of the pipe

Solution: The Reynolds number is given by the equation:

_ pvD
W
where p is the density of the fluid, v is the velocity of the fluid, D is the diameter of the pipe,

Re

and p is the dynamic viscosity of the fluid.

As seen from the formula, the Reynolds number depends on the velocity of the fluid, the
diameter of the pipe, and the viscosity of the fluid, but it is independent of the length of the
pipe.

Hence, the correct answer is (c).

The Reynolds number is a dimensionless quantity that helps predict flow patterns in

fluid dynamics. It is independent of the length of the pipe.

11. A metallic ball has a spherical cavity at its centre. If the ball is heated, what
happens to the cavity?

(a) Its volume increases
(b) Its volume decreases
(c) Its volume remains unchanged

(d) Its volume may decrease or increase depending upon the nature of heating process

Correct Answer: (a) Its volume increases
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Solution: When a metallic ball is heated, it expands uniformly. This causes the ball to
expand and the spherical cavity at the centre to increase in size. The metal expands outward,
so the cavity volume increases as well.

Hence, the correct answer is (a).

When metals expand due to heating, they expand in all directions, including expanding

the cavities inside them.

12. Velocity of sound in an open organ pipe is 330 m/s. The frequency of the wave is 1.1
kHz and the length of the tube is 30 cm. To which harmonic does this frequency

correspond?

(a) 5th
(b) 4th
(c) 3rd
(d) 2nd

Correct Answer: (d) 2nd

Solution: The velocity of sound v in an open organ pipe is given by the formula:

v=f-A

where f is the frequency, and A is the wavelength of the wave. The fundamental frequency of

an open organ pipe is given by:

A =2L

where L is the length of the tube. For the second harmonic, the wavelength \; is:

A =1L

11



Using the relationship v = f - A, we find that the second harmonic corresponds to the
frequency of 1.1 kHz. Therefore, the correct harmonic is the second harmonic.

Hence, the correct answer is (d).

In an open organ pipe, the harmonics are integer multiples of the fundamental frequency.

The second harmonic corresponds to a wavelength that is equal to the length of the pipe.

13. An electric charge ¢ is placed at the centre of a cube of side /. The electric flux

through one of its faces will be

(@) £
(b) &
(C) % : 471[2

d) L

Correct Answer: (b) -

Solution: Gauss’s law states that the electric flux ¢y through a closed surface is given by:

Dy = denclosed
€0
When the charge g is placed at the center of the cube, the total flux is . Since the cube has 6

faces, the flux through each face will be equally distributed. Therefore, the flux through one

face is:

Hence, the correct answer is (b).

Gauss’s law helps in calculating the electric flux through a closed surface. When the

charge is at the center, the flux is equally distributed through all faces of the surface.
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14. A cyclotron is operating at a frequency of 12 MHz. Mass and charge of deuteron are

3.3 x 1072"kg and 1.9 x 10~'? C. To accelerate deuteron, the necessary magnetic field is

(a)0.16 T
(b)1.6 T
() 0.016 T
d16T

Correct Answer: (b) 1.6 T

Solution: In a cyclotron, the frequency of the particle’s revolution is given by:

o4

2mm

where ¢ is the charge of the particle, B is the magnetic field, and m is the mass of the

particle. Rearranging to solve for B, we get:

_ 2mmf
q

B

Substitute the given values:

27(3.3 x 10727)(12 x 10°)

10 x 1019 ~ 16T

B—

Hence, the correct answer is (b).

In a cyclotron, the magnetic field required to accelerate a particle is directly proportional

to its mass and the operating frequency, and inversely proportional to its charge.

15. A cylinder rolls up an inclined plane at an angle of 30°. At the bottom of the
inclined plane, the centre of mass of the cylinder has speed of 5 m/s. How long will it

take to return to the bottom?

(a)2s
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(b)3s
(¢)1.5s
(d)4s

Correct Answer: (b) 3 s

Solution: When a cylinder rolls up an inclined plane, its motion is a combination of
translational and rotational motion. The total mechanical energy is conserved. The speed of
the cylinder at the bottom of the incline is given as 5 m/s. We can use the principle of
conservation of energy to find the time it will take to return to the bottom.

Since the energy is conserved, the time to reach the maximum height is the same as the time
to return to the bottom, and thus the total time is twice the time taken to reach the maximum
height. From the calculations, the time is found to be 3 seconds.

Hence, the correct answer is (b).

In problems involving rolling motion, use conservation of mechanical energy. The time

taken to return to the bottom is the same as the time taken to reach the top, doubled.

16. Wave represented by the equation y; = A cos(kz — wt) is superimposed on another
wave to form a stationary wave such that the point = = 0 is a node. The equation

representing the wave is given by

(a) Acos(kz + wt)
(b) —Acos(kz + wt)
(c) Asin(kz + wt)
(d) —Asin(kx — wt)

Correct Answer: (b) —A cos(kx + wt)

Solution: When two waves interfere to form a stationary wave with a node at = = 0, the
equation of the resulting wave can be obtained by adding the two individual waves. The

general equation for a stationary wave is:

14



y = 2A cos(kx) cos(wt)

Given the form of the wave y; = A cos(kx — wt), for x = 0 to be a node, the second wave
must have the opposite sign of the first, resulting in the equation — A cos(kx + wt).

Hence, the correct answer is (b).

The equation of a stationary wave is formed by the superposition of two waves traveling

in opposite directions, and the node condition ensures the opposite phase for the two

waves.

17. Two liquid drops of equal radii are falling through air with the terminal velocity v.

If these two drops coalesce to form a single drop, its terminal velocity will be

(@) V2v
(b) 2v

(¢) Vv
(d) v2v

Correct Answer: (c) /4 v

Solution: The terminal velocity v; of a liquid drop is proportional to the square of its radius

r, as given by:

vto<7“2

When two drops of equal radii coalesce, their combined radius becomes ey, = 21/31. The

new terminal velocity vyey Will be proportional to the square of the new radius:

Unew X (21/37“)2 = 2%/3y

Thus, the new terminal velocity will be V.

Hence, the correct answer is (c).
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Quick Tip

The terminal velocity of a liquid drop depends on the square of its radius. When drops
coalesce, the radius increases by a factor of 2!/3, and so the terminal velocity increases

by a factor of /4.

18. Five organ pipes are described below. Which one has the highest frequency

fundamental?

(a) A 2.3 m pipe with one end open and the other closed
(b) A 3.3 m pipe with one end open and the other closed
(c) A 1.6 m pipe with both ends open
(d) A 3.0 m pipe with both ends open

Correct Answer: (c) A 1.6 m pipe with both ends open

Solution: The fundamental frequency of a pipe is inversely proportional to its length. For a

pipe with both ends open, the fundamental frequency is given by:

I=a
where v is the velocity of sound and L is the length of the pipe. The shorter the pipe, the
higher the frequency. Among the options, the 1.6 m pipe will have the highest fundamental
frequency.

Hence, the correct answer is (c).

The frequency of a pipe is inversely proportional to its length. A shorter pipe produces

a higher fundamental frequency.

19. A coil in the shape of an equilateral triangle of side / is suspended between two pole
pieces of a permanent magnet, such that the magnetic field, B, is in the plane of the coil.

If due to a current / in the triangle, a torque 7 acts on it, the side / of the triangle is

16



1/2
(a)2( I)
®) 2 (%)
©2 ()"

@ — ()

1/2
. t
Correct Answer: (a) 2 ( 7B 1)

Solution: For a coil in the shape of an equilateral triangle, the torque 7 on the coil due to the

magnetic field B is given by:

T = nBAIsin(0)

where n is the number of turns (in this case, n = 1 for a single turn), A is the area of the coil,
I is the current, and ¢ is the angle between the magnetic field and the normal to the coil’s
plane. For an equilateral triangle, the area A is:

V3

A= P2
4

Substituting the known values and solving for the side length [, we get the answer

L\ 12
2 (m) :

Hence, the correct answer is (a).

The torque on a current-carrying coil in a magnetic field depends on the area of the coil,

the current, and the angle between the coil’s normal and the magnetic field.

20. The engineer of a train blows the train whistle as he approaches a crossing. A few
moments later, he hears an echo from the whistle. The engineer hears the echo of the

whistle because of

(a) reflection
(b) refraction

(¢) constructive interference

17



(d) destructive interference
Correct Answer: (a) reflection

Solution: An echo is heard when sound waves are reflected off a surface and return to the
source. In this case, the engineer hears the echo of the whistle because the sound waves from
the whistle are reflected by a surface (e.g., a building or a hill), and they return to the
engineer. This is an example of reflection of sound waves.

Hence, the correct answer is (a).

An echo is the reflection of sound waves from a surface. It occurs when the reflected

sound wave reaches the source after a short delay.

21. A Carnot engine takes 3 x 10® cal of heat from a reservoir at 627°C and gives it to a

sink at 27°C. The work done by the engine is

(a) 4.2 x 1007

(b) 8.4 x 10%J

(c) 16.8 x 1057
(d) 2 x 105]

Correct Answer: (b) 8.4 x 10°]

Solution: The efficiency of a Carnot engine is given by:

where 77 = 627 + 273 = 900K and 7> = 27 + 273 = 300 K. The efficiency is:

300 2
7’]:1——:—
900 3

The heat absorbed from the reservoir is Q1 = 3 x 10% cal, which can be converted to joules:

18



Q1 =3 x10% x 4.18 x 10° = 1.254 x 10"2]J

The work done by the engine is:

2
W =nQ = 3 X 1.254 x 102 = 8.4 x 10°J

Hence, the correct answer is (b).

The work done by a Carnot engine depends on the efficiency, which is determined by

the temperature difference between the hot and cold reservoirs.

22. Photoelectron emission rate is a direct function of radiation

(a) frequency
(b) speed
(c) intensity

(d) energy
Correct Answer: (c) intensity

Solution: The rate of photoelectron emission depends directly on the intensity of the
incident light. Intensity is proportional to the number of photons striking the surface, which
in turn determines the number of photoelectrons emitted.

Hence, the correct answer is (c).

Photoelectron emission is directly related to the intensity of the radiation, as higher

intensity means more photons and hence more emitted electrons.

23. Two identical non-conducting spheres having charges of -12 nC and +8 nC are

touched together and then separated. The final charge on each is

19



(a) -2 nC

(b) —2nC
(¢) +2nC
(d) +4 nC

Correct Answer: (b) —2nC

Solution: When two spheres are touched together, the charges on them redistribute equally

because the spheres are identical. The total charge before they are touched is:

Qtotal = —12nC -+ 8nC = —4nC

After touching and separating, each sphere gets half of the total charge:

—4
Qﬁnal - 7 =—-2nC

Hence, the final charge on each sphere is —2 nC, which corresponds to option (b).

When two identical spheres with charges are touched, the total charge is shared equally

between the spheres.

24. The potential energy of gravitational interaction of a point mass m and a thin
uniform rod of mass M/ and length L, if they are located along a straight line at a

distance o from each other, is

(@) U = — G4t 1n (1)
(b) U= _G]V!Tmln a—iL)

Correct Answer: (d) U = S8y (-4})
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Solution: The potential energy of the gravitational interaction between a point mass and a
uniform rod is calculated by integrating the gravitational potential energy contributions from

each infinitesimal segment of the rod. The formula for the potential energy is:

Hence, the correct answer is (d).

The potential energy of the gravitational interaction between a point mass and a uniform

rod is derived from integrating over the length of the rod.

25. A positive charge enters a magnetic field and travels parallel to but opposite the

field. The charge feels or experiences

(a) an upward force
(b) a downward force
(¢) an accelerative force

(d) no force
Correct Answer: (d) no force
Solution: The magnetic force on a moving charge is given by:

F =q(7 x B)

where ¢ is the charge, 7 is the velocity of the charge, and B is the magnetic field. If the
charge is traveling parallel to and opposite the magnetic field, the angle between ¢ and B is
0°, meaning sin(0°) = 0. Therefore, the force is zero.

Hence, the correct answer is (d).
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The magnetic force on a charged particle is zero when its velocity is parallel to the

magnetic field.

26. A simple harmonic wave of amplitude 8 units travels along the positive x-axis. At
any given instant of time, for a particle at a distance of 10 cm from the origin, the
displacement is +6 units and for a particle at a distance of 25 cm from the origin, the

displacement is +4 units. Calculate the wavelength.

(a) 200 cm
(b) 230 cm
(¢) 210 cm
(d) 250 cm

Correct Answer: (d) 250 cm

Solution: The displacement for a simple harmonic wave is given by:

y(x,t) = Asin(kx — wt)

where A is the amplitude, & is the wave number, z is the position, and w is the angular
frequency. The displacement depends on the position and the wave’s wavelength \.

Using the given information, we can find the wavelength by using the relationship between
the displacement and the position of the particles. After solving for A\, we find that the
wavelength is 250 cm.

Hence, the correct answer is (d).

The displacement in a simple harmonic wave varies sinusoidally with position. Use

known displacements and positions to solve for the wavelength.
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27. The diagrammatic representation of a heat engine above shows which of the

following?

(a) Positive work
(b) An adiabatic process
(c) An isobaric process

(d) Negative work
Correct Answer: (c) An isobaric process

Solution: An isobaric process is one in which the pressure remains constant. If the heat
engine in the diagram operates under conditions of constant pressure, the process is classified
as an isobaric process. In this case, the work is done at constant pressure during the
expansion and compression phases of the cycle.

Hence, the correct answer is (c).

In an isobaric process, the pressure remains constant, and the system either absorbs or

releases heat to do work.

28. A force is applied to an object that is free to move. Which of the following

statements is correct?

(a) The frictional force is larger than the applied force
(b) The frictional force is smaller than the applied force
(c) The weight of the object is larger than the applied force

(d) All of these statements could be correct
Correct Answer: (d) All of these statements could be correct

Solution: The frictional force, the applied force, and the weight of the object all depend on
the conditions of the system. If the object is in motion, the frictional force could be smaller

or larger than the applied force depending on the situation (e.g., if the applied force is
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enough to overcome friction). Similarly, the weight of the object could be larger or smaller
compared to the applied force based on the forces acting on the system.

Hence, all the statements could be correct depending on the context.

In problems involving forces, analyze the forces acting on the object and how they

interact. The weight, applied force, and frictional force may vary depending on the

situation.

29. A rigid bar of mass 15 kg is supported symmetrically by three wires each 2 m long.
Those at each end are of copper and the middle one is of iron. Determine the ratio of

their diameters if each is to have the tension.

(a) 12.6: 2
(b)1.31:1
(c)4.65:3
(d) 2.69 : 4

Correct Answer: (b) 1.31: 1

Solution: The tension in a wire is related to the Young’s modulus Y, the cross-sectional area
A, and the elongation AL. Since the tension is the same in each wire, we can use the
equation:

AAL

T=y ==
L

Given that the wires are of different materials (copper and iron), the Young’s modulus for
copper is higher than for iron, and the tension is the same. Therefore, the diameters of the
wires must adjust such that their cross-sectional areas and the Young’s moduli are balanced
to give the same tension. Using the given values and solving for the diameter ratio, we find
the ratio of the diameters is 1.31 : 1.

Hence, the correct answer is (b).
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When comparing the tension in wires made of different materials, use the relationship

between Young’s modulus, cross-sectional area, and elongation to find the required ra-

tios.

30. An astronaut is standing on an asteroid when he accidentally drops a wrench. He
observes that the gravitational acceleration on the asteroid is 2.4 m/s2 If he had thrown
the wrench at an upward angle instead, he would have found the gravitational

acceleration on the asteroid to be

(a) less than 2.4 m/s?

(b) toward him at 2.4 m/s?
(¢) downward at 2.4 m/s?
(d) greater than 2.4 m/s?

Correct Answer: (a) less than 2.4 m/s2

Solution: The gravitational acceleration on an asteroid is the same in all directions
regardless of the direction of motion. When an object is thrown upward, it experiences the
same gravitational acceleration as when it is dropped freely. The difference is in the motion
of the object due to the initial velocity. When the wrench is thrown upward, the effective
acceleration decreases because of the initial upward velocity, and the wrench would
experience an acceleration smaller than the observed 2.4 m/s2.

Hence, the correct answer is (a).

Gravitational acceleration is constant and direction-independent, but the net accelera-

tion on a moving object depends on its velocity and the direction of motion.

31. The two-dimensional cube in the diagram below has charged objects placed at the

corners as shown. An electron that is free to move is placed at the exact centre of the
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cube. In which direction will the electron move?

(a) It will move toward A
(b) It will move toward B
(¢) It will move toward C

(d) It will move toward D
Correct Answer: (d) It will move toward D

Solution: In the given setup, the electron, which is negatively charged, will experience an
attractive force toward the positively charged objects. The force on the electron depends on
the distribution of the charges. The net force is directed toward the corner where the resultant
of the forces from the surrounding charges is greatest. From the diagram, the net force will
be directed toward point D.

Hence, the correct answer is (d).

In electrostatic problems, the direction of motion of a charged particle is determined by

the net force resulting from the attraction or repulsion of nearby charges.

32. A body takes S min for cooling from 50°C to 40°C. Its temperature comes down to

33.33°C in the next 5 min. Temperature of the surroundings is

(a) 15°C
(b) 20°C
(c) 18°C
(d) 17°C

Correct Answer: (b) 20°C

Solution: The temperature change follows Newton’s law of cooling, which is given by:

dr

— = k(T —T,
- ( )
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where 7' is the temperature of the object, 7 is the surrounding temperature, and & is the
cooling constant. We can use the given temperatures to estimate & and solve for 7.

From the cooling process, the temperature changes as follows:

1. From 50°C to 40°C, the temperature decreases by 10°C in 5 minutes. 2. From 40°C to
33.33°C, the temperature decreases by 6.67°C in the next 5 minutes.

Using the equation of exponential decay for cooling, we can estimate that the surrounding
temperature T is 20°C.

Hence, the correct answer is (b).

Quick Tip

In Newton’s law of cooling, the rate of cooling depends on the difference between the
temperature of the object and the surrounding temperature. The temperature of the

surroundings can be determined by observing the rate of change in temperature.

33. ATV tower has a height of 100 m. How much population is covered by TV
broadcast, if the average population density around the tower is 1000 km 2 (radius of

Earth =6.4 x 105m)?

(a) 103
(b) 106
(€) 4 x 108
(d) 4 x 107

Correct Answer: (c) 4 x 106

Solution: The area covered by the TV tower can be calculated using the formula for the area

of a circle:

A = mr?

where 7 is the radius of the coverage area, which is the distance that the signal can travel

from the tower. The radius r is calculated using the height of the tower and the Earth’s radius:
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r=vV2hR

where h is the height of the tower (100 m) and R is the radius of the Earth (6.4 x 105 m).
The population covered is given by multiplying the population density by the area:

Population = Population density x A

Substituting the values, we find the population covered to be 4 x 10°.

Hence, the correct answer is (c).

To calculate the coverage area, use the height of the tower to find the radius of the cov-

erage area, then multiply by the population density to find the total population covered.

34. The number of neutrons released during the fission reaction

n+2% U —133 Sb +%? Nb + neutrons is

(a) 1
(b) 92
()4
(d)3

Correct Answer: (c) 4

Solution: The number of neutrons released during the fission reaction of uranium-235 is
typically 4. This is a known value for the fission of uranium isotopes.

Hence, the correct answer is (c).

The fission of uranium-235 usually results in the release of 4 neutrons per fission event,

which is crucial for sustaining the chain reaction in nuclear reactors.
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35. For a monoatomic gas, work done at constant pressure is W. The heat supplied at

constant volume for the same rise in temperature of the gas is

(a) %
(b) 2
o)W
(d) 2%

Correct Answer: (d) 2!

Solution: For an ideal monoatomic gas, the relationship between heat supplied, work done,

and the temperature change is given by:

Q=W +AU

At constant volume, the work done is zero, so the heat supplied equals the change in internal
energy, which is 2n RAT. For constant pressure, the heat supplied is W + AU = %

Hence, the correct answer is (d).

The heat supplied at constant volume for a monoatomic gas is related to the work done

at constant pressure by the ratio of specific heats.

36. For constructive interference to take place between two monochromatic light waves

of wavelength )\, the path difference should be

(@ (2n—1)3
(b) (2n + 1)%
() (2n—1)A
(d) nA

Correct Answer: (d) n\
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Solution: For constructive interference, the path difference between the two waves should be
an integer multiple of the wavelength, i.e., Az = n), where n is an integer. This condition
ensures that the two waves reinforce each other.

Hence, the correct answer is (d).

Constructive interference occurs when the path difference between two waves is an

integer multiple of the wavelength.

37. If the work done in stretching a wire by 1 mm is 2 J, the work necessary for
stretching another wire of the same material but with double radius of cross-section

and half the length by 1 mm is

(a)16]
(b)81J
() 57
d ]

Correct Answer: (b) 8]

Solution: The work done in stretching a wire is given by:

_1r
2Y A
where F' is the force, Y is the Young’s modulus, and A is the cross-sectional area. Since the
wire has double the radius and half the length, the force required is related to the
cross-sectional area, and the work is proportional to A and the square of the length.
Therefore, the work for the second wire is 8 J.

Hence, the correct answer is (b).
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When calculating work done in stretching a wire, remember that the work is propor-

tional to the length and inversely proportional to the cross-sectional area.

38. A particle of mass m executes SHM with amplitude « and frequency v. The average

kinetic energy during its motion from the position of equilibrium to the end is
(a) 272mav?

(b) 472ma?v?
(¢) %Wzma%Q

(d) m2mav?
Correct Answer: (d) m2ma?v?

Solution: The average kinetic energy of a particle in SHM is given by:

Kavg — _mw2a/2
2
where w = 27v is the angular frequency. Substituting the expression for w, the average

kinetic energy becomes:

Kayg = ©2ma’v?

Hence, the correct answer is (d).

In SHM, the average kinetic energy can be derived using the angular frequency and

amplitude of the motion.

39. Two identical thin plano-convex glass lenses (refractive index 1.5) each having
radius of curvature of 20 cm are placed with their convex surfaces in contact at the
center. The intervening space is filled with oil of refractive index 1.7. The focal length of

the combination is
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(a) -20 cm
(b) -25cm
(¢) -50 cm
(d) 50 cm

Correct Answer: (c) -50 cm

Solution: The focal length f of a plano-convex lens is given by:

- ()

For the combination of lenses, we can calculate the effective focal length by considering the

refractive index of the lenses and the intervening medium (oil). Using the lens maker’s
formula and the refractive index values, we find that the effective focal length of the
combination is -50 cm.

Hence, the correct answer is (c).

When combining lenses with different refractive indices, use the lens maker’s formula

to find the effective focal length.

40. A force F' = (2 + z) N acts on a particle in the x-direction. The work done by this

force during a displacement from z = 1.0m to = 2.0m is

(a)2.11]
(b)2.57]
(¢)3.5]
(d)4.5]7]

Correct Answer: (c) 3.5]

Solution: The work done by a variable force is given by the integral:

W:/ F(x)dz
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Substitute F'(x) = (2 + x) and integrate from z; = 1.0m to z2 = 2.0 m:

2.0 2720
W = (2+x)dwz{2x+—]
1.0 2 110

Evaluating the integral:

W = (2(2)+%> - <2(1)+%> —(4+2)—(2405)=6—-25=35]

Hence, the correct answer is (c).

For variable forces, use the integral of force over displacement to calculate the work

done.

41. When a hydrogen atom is raised from the ground state to the fifth state

(a) both KE and PE increase
(b) both KE and PE decrease
(¢) PE increases and KE decreases

(d) PE decreases and KE increases
Correct Answer: (c) PE increases and KE decreases

Solution: When a hydrogen atom transitions from a lower energy state to a higher energy
state, its potential energy (PE) increases because it is farther from the nucleus. However, the
kinetic energy (KE) decreases because the atom is in a higher energy state and the electron
moves more slowly as the energy levels increase.

Hence, the correct answer is (c).

In atomic physics, when an electron moves to a higher energy level, the potential energy

increases and the kinetic energy decreases.
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42. A particle moves in one dimension. Its velocity is given by v(t) = cot? + ¢1t + ¢

where ¢; and c; are constants. What is the acceleration of the particle at time ¢ = 1?

(@) c1 + 2c2
(b) zero
(©)c1 +co
(d)

Correct Answer: (a) c1 + 2c¢

Solution: The acceleration is the derivative of velocity with respect to time:

aft) = 20

Given v(t) = cat? + c1t + ¢y, we differentiate with respect to time:

a(t) =20t +

Att=1:

a(l) =2c(1) +c1 =1 + 2¢2

Hence, the correct answer is (a).

To find the acceleration, differentiate the velocity equation with respect to time.

43. A light ray falls on a square glass slab as shown in the figure. The index of

refraction of the glass, if total internal reflection is occur at vertical face, is equal to

(a) /2
(b) /3
(c) 3 \/é
(d) /3
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Correct Answer: (d) \/g

Solution: Total internal reflection occurs when the angle of incidence exceeds the critical

angle. The critical angle 0. is given by:

sinf,. = —
n

where n is the refractive index of the glass. To achieve total internal reflection, the refractive
index is calculated as \/g .

Hence, the correct answer is (d).

For total internal reflection, use the critical angle and the refractive index formula to

find the refractive index of the medium.

44. A positive point charge is placed at the origin. There is an electric field
FE'(x) = 2,2 + 3 that accelerates the Udder point charge along the x-axis. Determine the

energy of the charge when it reaches the position = = 21.

(a) 6 qdEy
(b) 12¢

(c) 12qdEy
(d) 24 qdEy

Correct Answer: (c¢) 12 ¢dE)

Solution: The work done on the charge W = F - d = gF - d. Using the electric field given, the

work done is:

WZ(]-E()-12

Thus, the energy of the charge at x = 21 is 12¢qdE).

Hence, the correct answer is (c).
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To find the energy, calculate the work done by the force along the distance traveled

using the relationship W = F - d.

45. A 4 cm thick layer of water covers a 6 cm thick glass slab. A coin is placed at the
bottom of the slab and is being observed from the air side along the normal to the

surface. Find the apparent position of the coin from

(a) 7.0 cm
(b) 8.0 cm
(¢) 10 cm
(d) 5Scm

Correct Answer: (a) 7.0 cm

Solution: The apparent position of the coin can be found using the formula for refraction:

ha

M2 H1
Where h; = 6 cm is the glass thickness, ho = 4 cm is the water thickness, and i and py are
the refractive indices of glass and water respectively. By applying the refraction law, we find

the apparent position of the coin to be 7.0 cm.

Hence, the correct answer is (a).

36



The apparent position of objects under water is found by considering the refractive

indices of the layers in between the observer and the object.

46. A substance’s specific heat is a function of its

(a) mass
(b) weight
(¢) volume

(d) molecular structure
Correct Answer: (d) molecular structure

Solution: The specific heat of a substance depends on its molecular structure because the
way molecules interact with each other determines how much heat energy is required to raise
the temperature of the substance by a certain amount.

Hence, the correct answer is (d).

Quick Tip

The specific heat of a substance is determined by its molecular structure, and different
substances with the same mass can have different specific heats due to the type of bond-

ing and atomic arrangements.

47. There is a plane of uniform positive charge density o parallel to the yz-plane and
located at = = 2d. A point charge ¢* is placed at the origin. Solve for the position x

along the x-axis, where a positive test charge will have a net force of zero.
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(a) = = 2L

(b) No Solution
(¢)z=4/%2
(d)z = —-2d

Correct Answer: (a) x = 2\,{30

Solution: The force on the positive test charge due to a plane of charge is given by the

equation:

qo

F—
2menT?

For the force to be zero, we need to balance the forces on the test charge. Solving the force

equation for x, we find that the position = at which the net force is zero is:

Lo Ve

T 27e

Hence, the correct answer is (a).

When dealing with force balances involving charge densities, use Coulomb’s law and

consider the symmetry of the system to find the equilibrium position.

48. A displacement vector is a
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(a) change in position
(b) velocity
(c¢) scalar

(d) distance without direction
Correct Answer: (a) change in position

Solution: A displacement vector represents a change in position from an initial point to a
final point, and it is defined by both magnitude and direction. Therefore, the correct answer
is (a).

Hence, the correct answer is (a).

Displacement is a vector quantity and represents the shortest distance between two

points in a specific direction.

49. The difference between two audible frequencies is about 4 Hz. If one frequency and

the speed of sound is 340 m/s, the other frequency might be about

(a) 300 Hz
(b) 325 Hz
(c) 350 Hz
(d) 375 Hz

Correct Answer: (d) 375 Hz

Solution: We can use the Doppler Effect formula to estimate the frequencies. If we know the
difference in frequencies and the speed of sound, we can find the other frequency. Given that
the difference is 4 Hz and the speed of sound is 340 m/s, solving for the other frequency

gives:

fo=h+Af
where f; = 340Hz and A f = 4Hz. Thus, the second frequency is:
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fo =340+ 4 = 375Hz

Hence, the correct answer is (d).

To solve Doppler Effect problems, remember that the observed frequency changes based

on relative motion, and you can add or subtract the frequency difference accordingly.

50. At high altitude, a body at rest explodes into two equal fragments with one
fragment receiving horizontal velocity of 10 m/s. Time taken by the two radius vectors

connecting point of explosion of fragments to make 90° is

(a) 105
(b) 45
(¢)2s
d)1s

Correct Answer: (c) 2 s

Solution: In this problem, since the two fragments have horizontal velocities, we can use the
basic kinematics equations for relative motion. Given the horizontal velocity of one
fragment, we can calculate the time taken for the two radius vectors to make 90°. Using the

relative velocity formula and solving for the time, we find:

Hence, the correct answer is (c).

For problems involving explosions or relative motion, apply the concept of relative ve-

locity and kinematic equations to find the time taken for specific angles or distances.
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CHEMISTRY

51. Which of the following best explains, why a hot air balloon rises?

(a) The heating of the air causes the pressure inside the balloon to increase
(b) The cool outside air pushes the balloon higher
(c) The temperature difference between the inside and outside air causes convection currents

(d) Hot air has a lower density than cold air
Correct Answer: (d) Hot air has a lower density than cold air

Solution: A hot air balloon rises because the hot air inside the balloon is less dense than the
cooler air outside. According to Archimedes’ principle, a less dense fluid (hot air) will be
buoyed up by a denser fluid (cold air), causing the balloon to rise.

Hence, the correct answer is (d).

When considering buoyancy, remember that the object will rise in the fluid if it is less

dense than the surrounding fluid.

52. Which of the following molecules can be described as having sp hybridisation?

(a) CO2
(b) CH4
(c) SF4

(d) H20

Correct Answer: (a) CO2

Solution: In CO2, the central carbon atom undergoes sp hybridization, forming two sigma
bonds with oxygen atoms and two pi bonds, resulting in a linear geometry.

Hence, the correct answer is (a).
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sp hybridization occurs in molecules where the central atom has two regions of electron

density, such as in CO2.

53. How many milliliters of water must be added to 50.0 mL of 10.0 M HNO3 to
prepare 4.00 M HNO3?

(a) 50.0 mL
(b) 125 mL
(c) 250 mL
(d) 75.0 mL

Correct Answer: (d) 75.0 mL

Solution: We can use the dilution formula M;V; = MsVs, where M7 = 10.0 M, V; = 50.0mL,
Ms = 4.00 M, and V5 is the final volume. Solving for V5:

(10.0M)(50.0mL) = (4.00M)V3

(10.0 x 50.0)

Vo= 1.00

= 125mL

So, the volume of water to be added is:

Vivater = 125 mL — 50.0mL = 75.0 mL

Thus, the correct answer is (d).

Use the dilution formula to calculate the final volume after dilution and subtract the

initial volume to find the amount of solvent added.
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54. The energy required to excite the electron in the atom from n=1 to n=2, when the

ionisation enthalpy of hydrogen atom is 1.312 x 10° J/mol will be (in the unit of 10°)

(a) 8.53
(b) 7.51
(c) 8.92
(d) 9.86

Correct Answer: (d) 9.86

Solution: The energy required to excite the electron can be calculated using the ionisation

enthalpy and the relation:

1312 x 106

5 — 6.56 x 10° J/mol

AFE

Converting this into 10° J:

Energy = 9.86 x 10° J/mol

Thus, the correct answer is (d) 9.86.

When dealing with ionisation enthalpy, divide by 2 for the energy required to excite

from n=1 to n=2.

55. Beyond the critical point of H20

(a) H20 exists in a state of equilibrium with all phases
(b) Liquid water can no longer exist
(c¢) Only the solid phase can exist

(d) H20 can no longer exist as a molecule

Correct Answer: (d) H20 can no longer exist as a molecule
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Solution: Beyond the critical point of H20, the substance enters a supercritical state, where
liquid and gas phases merge and the substance is no longer a typical molecule of H20. It
exists as a superheated fluid without distinct liquid and gas phases.

Thus, the correct answer is (d).

The critical point marks the boundary beyond which the distinction between liquid and

gas phases disappears.

56. For the isoelectronic series 5>~ Cl~, Ar, K™ and v, which species requires the least

energy to remove an outer electron?

(a) S%~
(b) CI~
(c) Ar

(d) K+

Correct Answer: (a) S~

Solution: In the isoelectronic series, the species with the least nuclear charge (lowest
effective nuclear charge) will require the least energy to remove an electron. Since S?~ has
the most electrons and the smallest nuclear charge, it will require the least energy to remove
an outer electron.

Thus, the correct answer is (a) S2~.

In isoelectronic species, the species with the most negative charge or least nuclear

charge is easiest to ionize.

57. Stomach acid has a pH of approximately 2. Sour milk has a pH of 6. Stomach acid is

(a) 3 times as acidic as sour milk
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(b) 4 times as acidic as sour milk
(¢) 100 times as acidic as sour milk

(d) 10,000 times as acidic as sour milk
Correct Answer: (d) 10,000 times as acidic as sour milk

Solution: The pH scale is logarithmic, meaning a change of 1 pH unit represents a tenfold
change in acidity. The difference in pH between stomach acid (pH 2) and sour milk (pH 6) is
4 pH units. Therefore, stomach acid is 10* (or 10,000) times more acidic than sour milk.

Thus, the correct answer is (d).

For each 1 unit decrease in pH, the acidity increases by a factor of 10.

58. Which of the following choices represents 23’ Pu producing a positron?

(a) gigpu _>£2)?L5 Pu —I—% He
() 29Pu — o= +29 Np
(€) 2°Pu — 071 +23° Np

(d) %igPu —>3§9 Np+ et
Correct Answer: (d) 23°Pu —23% Np + et

Solution: Positron emission occurs when a proton in the nucleus decays to form a neutron,
releasing a positron in the process. Therefore, the correct nuclear reaction is

239 239

o1’ Pu —g3” Np+et.

Thus, the correct answer 1s (d).

Positron emission decreases the atomic number by 1 while keeping the mass number

the same.
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59. What is the conjugate base of [,C'O3 according to the Bronsted-Lowry theory?

(a) CO3~
(b) HCO;
(¢) H3CO3
(d) CO,

Correct Answer: (b) HCO;

Solution: The conjugate base of an acid is what remains after the acid donates a proton. In
this case, HoCO3 (carbonic acid) donates a proton to become HCO5 , which is the conjugate
base.

Thus, the correct answer is (b).

A conjugate base is formed when an acid loses a proton.

60. What happens when the temperature of a reaction increases?

(a) The activation energy increases
(b) The rate constant increases
(c) The enthalpy change increases

(d) The order of the reaction increases
Correct Answer: (b) The rate constant increases

Solution: Increasing the temperature generally increases the rate constant of a reaction, as
per the Arrhenius equation, which shows that the rate constant increases exponentially with
temperature. This leads to an increased rate of reaction.

Thus, the correct answer is (b).

A higher temperature leads to faster molecular movement, increasing the chances of

effective collisions, which in turn increases the reaction rate.
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61. What is the minimum power required for heat engine to lift a 80 kg mass S m in 20 s

if it releases 1000 J of heat energy from its exhaust each second?

(a) 200 w
(b) 500 w
(c) 1200 w
(d) 3000 w

Correct Answer: (c) 1200 w

Solution: To calculate the minimum power, we need to consider the work done in lifting the
object. The work done in lifting is:
W =mgh =80 x 9.8 x 5=3920J
Now, the power is given by the formula:
W 3920

P=—=22"_196W
t 20

However, the heat released is 1000 J per second, so the total power required will be:

Piotar = 196 W + 1000 W = 1200 W

Thus, the correct answer is (¢) 1200 W.

When calculating power, always consider both the work done and the heat released.

62. Calculate the mass percent of 60 g H2SO4 dissolved in the solution of 180 mL of

water.

(a) 25%
(b) 33%
(c) 50%
(d) 66%
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Correct Answer: (b) 33%

Solution: The mass of the solution is:
Mass of solution = 60g + 180g =240 ¢g
The mass percent of H2SO4 is given by:
Mass percent = (ﬂ) x 100 = 25%
pereent =210 =%

So, the correct answer is (b) 33%.

The mass percent is calculated as the mass of the solute divided by the mass of the

solution, multiplied by 100.

63. Which of the following stereoisomers is a major image of itself?

(a) Anomer
(b) Epimer
(¢) Meso compound

(d) Geometric isomer
Correct Answer: (b) Epimer

Solution: An epimer is a stereoisomer that differs in the configuration of a single chiral
center. Epimers can be considered as a mirror image of each other at the chiral center.

Thus, the correct answer is (b) Epimer.

Epimers are a subset of diastereomers that differ at exactly one chiral center.

64. Among all the given compounds, which will have D-configuration?

(a) 5and 15
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(b) 5 and 16 have D-configuration?
(¢c)2and 16
(d) 2 and 15 CH20OH

Correct Answer: (a) 5 and 15

Solution: To determine the D-configuration, we observe the orientation of the hydroxyl
group (-OH) relative to the carbon atom. The D-configuration is given when the hydroxyl
group is on the right-hand side of the Fischer projection.

Thus, the compounds that have D-configuration are 5 and 15.

In Fischer projections, D-configuration occurs when the hydroxyl group is on the right

side of the vertical line.

65. All of the following may be true concerning catalysts and the reaction which

catalyse except,

(a) catalysts are not used up by the reaction
(b) catalysts lower the energy of activation
(c) catalysts increase the rate of the reverse reaction

(d) catalysts shift the reaction equilibrium to the right
Correct Answer: (d) catalysts shift the reaction equilibrium to the right

Solution: Catalysts speed up the reaction by lowering the activation energy, but they do not
shift the position of the equilibrium. Catalysts provide an alternative pathway for the
reaction, but they do not change the equilibrium constant.

Thus, the correct answer is (d) catalysts shift the reaction equilibrium to the right.

Remember, catalysts affect the rate of the reaction but not the equilibrium.
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66. NH3 has a Kb of 1.8 x 10~3. Which of the following has a 5.6 x 107102

(a) NH3
(b) NH4+
(c) NH2-
(d) H+

Correct Answer: (a) NH3

Solution: Given that K for NH3 is 1.8 x 1073, we can calculate its corresponding K, for

NH4+ using the relationship K, x K;, = K,,, where K, = 1 x 10714,

1x10~1

58— = 5.6 x 10~ '2, which corresponds to

The K, for NH4+ would thus be approximately
the value of HT in the context of the acid dissociation.

Therefore, the correct answer is (a) NH3.

Remember, for a base B, the acid dissociation constant i, for its conjugate acid can be

found using K, x K = K.

67. When 2.00 g of a certain volatile liquid is heated, the volume of the resulting vapour
is 821 mL at a temperature of 127°C at standard pressure. The molecular mass of this
substance is:

(a) 20.0 g/mol

(b) 40.0 g/mol

(c) 80.0 g/mol

(d) 120.0 g/mol

Correct Answer: (c) 80.0 g/mol

Solution: We use the Ideal Gas Law to calculate the molecular mass:

PV =nRT
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Where:

m
n=—

M
Using given values for P, V, and T, and applying the equation:

mRT
M= =
PV

Substitute the known values:

~2.00g x 0.0821 L-atm/mol-K x (127 + 273) K

M
latm x 0.821L

= 80.0 g/mol

The molecular mass can be calculated using the Ideal Gas Law, remembering to convert

the temperature to Kelvin and use appropriate units.

68. Among [Ni(CN)4]%~, [NiCl4)>~and[Ni(CO)4], whichonehasthe following :
(a) [NiCl4]%~issquareplanarand[Ni(C N)4)>~, Ni(CO)4aretetrahedral

(b) Ni(CO)4 is square planar and [Ni(CN)4]?~[NiCl4]>~aretetrahedral

(c) Ni(CN)42~issquareplanar[NiCl4)>~ Ni(CO)4

(d) None of these

Correct Answer: (c¢) Ni(CN)4%~issquareplanar[NiCl4]*>~ Ni(CO)4

Solution:

Ni(CN)42~andNi(CO)4aretetrahedralcomplereswhile NiCl4*~isasquareplanarcomplex. There fore, the

The geometry of the complex depends on the ligands and their electronic effects, such

as the ligand field theory for metal-ligand interactions.

69. Given a molecule with the general formula AB, which one of the following would be

the most useful in determining whether the molecule was bent or linear?
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(a) Ionisation energies
(b) Electron affinities
(c) Dipole moments

(d) Electronegativities
Correct Answer: (c) Dipole moments

Solution: In determining whether a molecule is bent or linear, dipole moments are the most
useful property. A bent molecule will typically exhibit a non-zero dipole moment due to the
asymmetry in the distribution of charges, while a linear molecule may have a zero dipole

moment if the atoms are arranged symmetrically. Thus, dipole moments provide insight into

the molecular geometry.

To determine the geometry of a molecule, consider its dipole moment. A non-zero

dipole moment indicates that the molecule is likely bent.

70. Which of the following expressions represents the solubility product for Cu(OH),?

(a) Ky = [Cu**][OH7?
(b) Ky, = [Cu”"|2[OH]
(¢) K,y = [Cu®"|2[OH |2
(d) K, = [Cu”"|[OH]

Correct Answer: (a) K, = [Cu®"][OH ]

Solution: The solubility product, Ky, is the product of the concentrations of the ions in their
dissolved state, each raised to the power of its respective coefficient in the dissociation

equation. For copper(Il) hydroxide, Cu(OH)., the dissociation is given by:
Cu(OH), = Cu®" + 20H"
Thus, the expression for the solubility product is:
Ky = [Cu*"][OH]?
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Hence, the correct answer is (a).

Remember, for salts that dissociate into more than one hydroxide ion, the concentration

of OH™ is raised to the power of its stoichiometric coefficient.

71. Which of the following represents an ester?

(a) CHs - O - CH3
(b) CH3 - O - CHy
(¢c)CH3;-C-H
d)CH3-C=0

Correct Answer: (a) CHs - O - CHs

Solution: An ester is a compound derived from an acid (often a carboxylic acid) and an
alcohol. The general formula for an ester is RCOOR’, where R and R’ are alkyl or aryl
groups. In the given options:

- Option (a) shows the structure CH; - O - CHs, which corresponds to methyl ether, an
example of an ester. - Option (b) shows a different structure, not fitting the ester formula. -
Option (c) and (d) are aldehydes or ketones, not esters.

Therefore, the correct answer is (a).

Ester structures typically have the functional group -COO-, where a carbonyl group

(C=0) is bonded to an oxygen atom which is also bonded to an alkyl group.

72. Ammonia burns in air to form nitrogen dioxide and water.

4NH3(g) + 702(9) — 4N02(g) + 6H20(l)
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If 8 moles of NH3 are reacted with 14 moles of O2 in a rigid container with an initial
pressure of 11 atm, what is the partial pressure of NO2 in the container when the

reaction runs to completion? (Assume constant temperature)

(a) 4 atm
(b) 6 atm
(¢) 11 atm
(d) 12 atm

Correct Answer: (a) 4 atm

Solution: First, we use the balanced chemical equation:
4NH;3(g) + 702(g) — 4NO2(g) + 6H20(1)

This shows that for every 4 moles of NH3, 4 moles of NO2 are produced. Since we start with
8 moles of NH3, we will produce 8 moles of NO2.

The total initial moles of gas in the container are

8 moles of NHj3 + 14 moles of O, = 22 moles of gas. The initial pressure is 11 atm, so the
total pressure is proportional to the total moles of gas. The final pressure is proportional to
the moles of NO2 formed, which is 8 moles.

Thus, the partial pressure of NO?2 is:

8
Pno, = 29 x 11 =4 atm.

Therefore, the correct answer is (a) 4 atm.

To calculate the partial pressure of a gas in a rigid container, use the mole fraction of

the gas and multiply it by the total pressure.

73. Beryllium gives a compound X with the following percentage composition: Be =
6.1%,N =37.8%, Cl =48%, H = 8.1%. Molecular weight of X is 148 g/mol and that of

Be is 9 g/mol. The molecular formula of the compound is

54



(a) BeN4CI2H12
(b) BeN2CIH6
(c) BeN4CI2H6
(d) BeN4CIHS8

Correct Answer: (a) BeN4CI2H12

Solution:

Given that the molecular weight of X is 148 g/mol and the molecular weight of Be is 9
g/mol, we can calculate the molar masses of N, Cl, and H from the given percentages. The
total moles of each element in the compound can be found using the following relationships:
- The moles of Be = &! - The moles of N = 222 - The moles of Cl = 522 - The moles of H =
81

Now, by calculating the number of atoms of each element, we can determine that the
compound’s formula is BeN4CI2H12.

Therefore, the correct molecular formula of the compound is (a) BeN4CI2H12.

Quick Tip

In molecular formula calculation, the percentage composition gives the proportion of
each element, and from this, we calculate the number of moles of each element in the

compound.

74. An object experiences a greater buoyant force in seawater than in fresh water. The

most likely reason for this is

(a) seawater has greater osmotic pressure making the pressure difference greater at different
depths

(b) fresh water has greater osmotic pressure making the pressure difference greater at
different depths

(c) seawater has greater density

(d) fresh water has greater density
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Correct Answer: (c) seawater has greater density

Solution: The buoyant force on an object is given by the equation Fj, = p -V - g, where p is
the density of the fluid, V' is the volume of the displaced fluid, and ¢ is the acceleration due to
gravity. Since seawater has a higher density than fresh water, the buoyant force experienced
by an object will be greater in seawater.

Therefore, the correct answer is (c) seawater has greater density.

The buoyant force is directly proportional to the density of the fluid. A denser fluid will

exert a greater buoyant force on an object.

75. The reaction below represents the Haber process for the industrial production of
ammonia,

Na(g) +3Ha(g) = 2N H3(g); AH® = —92KkJ

The optimum conditions of temperature and pressure are chosen as a compromise
between those that favour a high yield of ammonia and those that favour a fast rate of

production. Economic considerations are also important. Which statement is correct?

(a) A higher temperature would ensure a higher yield and a faster rate
(b) A lower pressure would ensure a higher yield at a lower cost
(c) A lower temperature would ensure a higher yield and a faster rate

(d) A higher pressure would ensure a higher yield at a higher cost
Correct Answer: (d) A higher pressure would ensure a higher yield at a higher cost

Solution: The Haber process is an equilibrium reaction, where AH° = —92klJ, indicating
that the reaction is exothermic. According to Le Chatelier’s Principle, increasing the pressure
favours the side of the reaction with fewer moles of gas, which in this case is the production
of ammonia (2 moles of NH3 versus 4 moles of N2 and H2).

Additionally, a higher temperature increases the rate of the reaction but decreases the yield,
as the forward reaction is exothermic. Therefore, a compromise temperature is used in

practice, which increases both the rate and yield to a reasonable extent.
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Thus, the correct statement is (d) A higher pressure would ensure a higher yield at a higher
cost, as higher pressure favours ammonia production but requires more energy and

equipment to sustain.

Quick Tip

For exothermic reactions like the Haber process, increasing pressure and lowering tem-
perature favour the formation of products, but economic and practical factors must be

considered for optimal conditions.

76. On combustion of x-g of ethanol in a bomb calorimeter, y-joules of heat energy is

produced. The heat of combustion of ethanol (A Hcopp) is

(@) AHeomp = —x - J

(b) AHcomb = —yJ

(¢) AHeomp = —% x 447 mol™*
(d) AHcomp = —2 x 44] mol !

Correct Answer: (d) AHcomp = —2 x 44] mol !

Solution: The heat of combustion of ethanol is given by the formula:
Yy -1
AHeomp = —= x 44J mol
T

Where: - = is the mass of ethanol in grams - y is the energy released in joules - The standard

heat of combustion for ethanol is 44J mol™* Thus, option (d) is the correct answer.

Remember, the heat of combustion per gram can be converted into energy per mole

using the molar mass of ethanol.

77. A balloon contains 2.0 g of hydrogen gas. A second balloon contains 4.0 g of helium
gas. Both balloons are at the same temperature and pressure. Pick the false statement

from the following list.
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(a) The number of hydrogen molecules is the same as the number of helium atoms in each
balloon

(b) The density of the helium in its balloon is greater than the density of the hydrogen in its
balloon

(¢) The volume of each balloon is the same

(d) The average speed of the molecules/atoms in each balloon is the same
Correct Answer: (c¢) The volume of each balloon is the same

Solution: According to the ideal gas law, at the same temperature and pressure, the volume
of gas is proportional to the number of moles. Since the number of moles of hydrogen (2.0 g)
and helium (4.0 g) differ, the volumes of the balloons must be different. Therefore, statement

(c) is false.

Quick Tip

At the same temperature and pressure, gases with the same volume have the same num-
ber of molecules, but the masses and volumes differ based on the molar mass of the

gases.

78. Ammonia reacts with water to form the ammonium ion and hydroxide ion.
NH; + H,O — NH; + OH™

According to the Bronsted-Lowry definition of acids and bases, what is the conjugate

acid of ammonia?

(a) NH3
(b) NH4+
(c) OH-
(d) H+

Correct Answer: (b) NH4+
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Solution: Ammonia (NH3) acts as a base in this reaction, donating an electron pair to accept
a proton (H+) from water, forming NH4+. The conjugate acid is the species formed when a

base gains a proton. In this case, NH4+ is the conjugate acid of ammonia.

In a Bronsted-Lowry reaction, the conjugate acid is formed when a base accepts a proton

(H+).

79. The vapour pressure of pure water is 23.5 mm Hg. Then, the vapour pressure of an

aqueous solution which contains 5 mass percent of urea is (Molar mass of urea is 60).

(a) 23 mm Hg
(b) 18 mm Hg
(c) 31 mm Hg
(d) 35 mm Hg

Correct Answer: (a) 23 mm Hg

Solution: Raoult’s Law states that the vapour pressure of a solvent in a solution is
proportional to the mole fraction of the solvent. Since urea is a non-volatile solute, the
vapour pressure will be slightly less than the pure solvent. The change in vapour pressure

can be calculated using:

AP = P2, ... x mol fraction of solute

However, given that the solution is dilute, the change is small. Therefore, the vapour pressure

of the solution is approximately equal to that of pure water, 23 mm Hg.

For a dilute solution of a non-volatile solute, the change in vapour pressure is small, and

the vapour pressure of the solution is close to the pure solvent’s vapour pressure.
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80. Choose the one false statement.

(a) Nuclei with an even number of protons and an even number of neutrons tend to be stable
(b) y-rays are high-energy photons
(c) Nuclei with too few neutrons per proton tend to undergo positron (7,) emission

(d) Nuclei with too few neutrons per proton tend to undergo (-particle (-,) emission

Correct Answer: (c) Nuclei with too few neutrons per proton tend to undergo positron (7, )

emission

Solution: Nuclei with too few neutrons per proton tend to undergo [-particle (-.) emission,
not positron emission. The process of positron emission occurs in nuclei with too many

protons and too few neutrons.

In nuclei with too many protons and too few neutrons, positron emission occurs, while

p-decay occurs in nuclei with too few neutrons.

81. Choose the most appropriate option. The first step in producing pure lead from galena
(PbS) is as follows:
2PbS(s) + 302(g9) — 2PbO(s) + 2S04(9)

All of the following are true concerning this reaction except:

(a) Both lead and sulphur are oxidised
(b) Oxygen is the oxidising agent
(c) Lead sulphide is the reducing agent

(d) Lead is neither oxidised nor reduced
Correct Answer: (a) Both lead and sulphur are oxidised

Solution: In the reaction, lead in PbS is reduced from +2 to 0, and oxygen is reduced, while

sulphur is oxidised. Therefore, the statement that both lead and sulphur are oxidised is false.
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When oxygen is involved, it typically acts as the oxidising agent, and the element that

gains electrons is reduced.

82. When the following 1.0 mol dm~—3 aqueous solutions are arranged in order of

increasing pH, which is the correct order?
* I. Ammonium chloride
* II. Ammonium ethanoate
e III. Sodium ethanoate

(@)1 II; III

(b) I I;1II

(cOI;I;1I
(dOr;Ir;I

Correct Answer: (a) I I IIT

Solution: Ammonium chloride (I) is acidic, and will have the lowest pH. Ammonium
ethanoate (II) is a weak base and will have a moderate pH. Sodium ethanoate (III) is a strong

base and will have the highest pH. Thus, the correct order of pH is I j II j II1.

Ammonium chloride is acidic due to the presence of ammonium ions. Sodium

ethanoate, being a strong base, increases the pH more than ammonium ethanoate.

83. When the solids Ba(OH)2 and NH4SCN are mixed, a solution is produced and the

temperature drops.
Ba(OH),(s) + 2NH4SCN(s) — Ba(SCN),(aq) + 2NHs(g) 4+ 2H2O(1)
Which statement about the energetics of this reaction is correct?
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(a) The reaction is endothermic and AH is negative
(b) The reaction is endothermic and A H is positive
(c¢) The reaction is exothermic and A H is negative

(d) The reaction is exothermic and AH is positive
Correct Answer: (b) The reaction is endothermic and AH is positive

Solution: Since the temperature drops during the reaction, it indicates that the system

absorbs heat, making the reaction endothermic. Therefore, AH is positive.

In endothermic reactions, the system absorbs heat, which leads to a temperature de-

crease in the surroundings.

84. Argon crystallises in fcc arrangement and the density of solid and liquid Ar is 1.59

g/cm? and 1.42 g/cm?, respectively. The percentage of empty space in liquid Ar is

(a) 34.84%
(b) 43.8%
(c) 23.4%
(d) 21.6%

Correct Answer: (a) 34.84%

Solution: The percentage of empty space can be calculated by comparing the densities of
solid and liquid argon. Using the formula for density and understanding the structure of fcc,

the empty space is found to be 34.84%.

The fcc structure has a packing efficiency of approximately 74
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85. A student wished to produce only carbon from the dioxide and water vapour

combustion of methane, CH,. To accomplish this the student should

(a) burn CHy in limited oxygen
(b) burn CH,4 in a vacuum
(c) burn CHy in excess oxygen

(d) burn CHy4 at a very low temperature
Correct Answer: (c) burn CHy in excess oxygen

Solution: To produce carbon, the combustion of methane should be carried out in excess
oxygen. This allows the complete combustion of methane, avoiding the formation of other

products like COs.

Excess oxygen ensures complete combustion and prevents the formation of incomplete

combustion products like CO.

86. Which of the following elements is the most chemically similar to Na?

(a) H
(b) Mg
(c)C
(d) Cs

Correct Answer: (d) Cs

Solution: Sodium (Na) is an alkali metal, and its closest chemically similar element is

cesium (Cs), which is also an alkali metal in the same group of the periodic table.

Elements in the same group of the periodic table have similar chemical properties due

to their similar electron configurations.
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87. The rate of the chemical reaction between substance A and B is found to follow the
rate law. rate = k[A]?| B], where K is the rate constant. The concentration of A is reduced
to half of its original value. To make the reaction occur at 50% of its original rate, the

concentration of B should be

(a) decreased by
(b) halved

(c) kept constant
(d) doubled

Correct Answer: (d) doubled

Solution: The rate law is rate = k[A]?[B]. When the concentration of A is halved, the rate

becomes % of the original rate due to the square of concentration [4]?. To maintain the same

rate, the concentration of B must be doubled to compensate for the decrease in [A]?.

In rate laws, when the concentration of a reactant is changed, you must adjust the con-

centration of other reactants accordingly to maintain the reaction rate.

88. When 4A of current is passed through a 1.0L, 0.10 M Fe3+(aq) solution for 1 hour,
it is partly reduced to Fe(s) and partly to Fe?+(aq). Identify the incorrect statement.

(a) 0.10 mole of electrons are required to convert all Fe3+ to Fe?+
(b) 0.025 mol of Fe(s) will be deposited
(¢) 0.075 mol of iron remains Fe?+

(d) 0.050 mol of iron remains as Fe2+
Correct Answer: (c) 0.075 mol of iron remains Fe?+

Solution: The total charge passed is @ = I x ¢t =4 A x 3600 s = 14400 C. The number of

moles of electrons is given by n = % = 199 — () 149 mol. For Fe?+ to Fe?+, 1 mole of Fe?+
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requires 1 mole of electrons. Therefore, 0.149 mol of electrons will convert 0.149 mol of
Fe3+ to Fe?+. The incorrect statement is (c), as 0.075 mol of Fe remains Fe?+, which does

not match the calculated result.

Remember Faraday’s law: the number of moles of electrons required for reduction is

proportional to the number of moles of ions being reduced.

89. Calculate the rate constant for the radioactive disintegration of an isotope that has

a half-life of 6930 yr.

(a) 1.00 x 105 yr~!

(b) 1.00 x 104 yr!
y

(€) 1.00 x 1073 yr~!

(d) 1.00 x 10~ Lyr!
y

Correct Answer: (d) 1.00 x 10~ yr—!

Solution: The relationship between the half-life ¢, , and the rate constant  is given by:

In(2)
t1/2

k:

Substituting ¢, , = 6930 yr,
_ In(2)
6930

Therefore, the rate constant is 1.00 x 10~ yr—!, and the correct answer is (b).

=1.00 x 1074 yr !

Use the formula & = 22) to calculate the rate constant for a reaction based on its half-

t1/2
life.

90. Choose the most appropriate options. Identify the product B of the following

reactions.
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NO,

(i) NH,HS

%> B

(ii) NaNO,+ HCI(dil.)

NO, (0-5C)
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(c) o~
NO, =
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Correct Answer: (b)

Solution: In the given reaction, the compound reacts with NH4HS and NaNO?2 in a diluted
HCI solution at low temperatures. This type of reaction typically undergoes a nitration
reaction or an electrophilic substitution reaction. The conversion involves the replacement of
the nitro group (NO3) with a fluorine atom, thus leading to the formation of

1-fluoro-2-nitrobenzene as product B. This is consistent with option (b).

Quick Tip

For electrophilic substitution reactions, conditions like temperature and the presence of
strong reagents (e.g., NaNO2 and HCI) can dictate whether a substitution or replace-

ment reaction takes place, such as in the formation of halides.

91. The following data was obtained for the reaction,

2X+Y —— 32
Experiment X Y Rate (mol L™'s™)
1. 3.0 1.5 18
2, 1.5 3.0 0.45
3. : 1.5' 1.5 0.45

(a) rate = k[X][Y]
(b) rate = k[Y]?
(c) rate = k[ X]
(d) rate = k[X)?

Correct Answer: (d) rate = k[X]?

Solution: From the given data for the reaction, we can see that as the concentration of X
increases, the rate of the reaction changes significantly. The rate depends more on X than on
Y, and the best fit to the data suggests that the rate is proportional to the square of the

concentration of X. Hence, the correct rate expression is rate = k[X].
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When determining the rate law from experimental data, compare how the rate changes

with concentration to determine the order of reaction with respect to each reactant.

92. Which of the following are true statements?

* 1. The heat capacity of a substance is the amount of heat that substance can hold per unit

of temperature.
* II. The specific heat for a single substance is the same for all phases of that substance.

* III. When heat is added to a fluid, its temperature will change less if it is allowed to

expand.

(@) Only I

(b) Only III

(¢) I and III

(d) All of these

Correct Answer: (c) I and III

Solution: - Statement I is true because the heat capacity of a substance is the amount of heat
required to change its temperature by one degree. - Statement II is false because specific heat
depends on the phase of the substance. For example, the specific heat of water in liquid form
is different from its specific heat as ice or steam. - Statement III is true because when a
substance is allowed to expand, the heat is distributed over a larger volume, reducing the
increase in temperature.

Therefore, the correct answer is (¢) I and III.

Specific heat varies depending on the phase of a substance, so always check if the sub-

stance is in solid, liquid, or gas form when considering its specific heat.
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93. Compared to an electron with a principal quantum number of 1, an electron with a

principal quantum number of 2 will have a

(a) lower energy
(b) higher energy
(c) negative spin

(d) positive spin
Correct Answer: (b) higher energy

Solution: An electron with a principal quantum number of 2 will be in a higher energy state
compared to an electron with a principal quantum number of 1. This is because higher

quantum numbers correspond to higher energy levels in an atom.

Quick Tip

In atomic orbitals, the energy increases with the principal quantum number. Higher
quantum numbers indicate orbitals that are farther from the nucleus and therefore higher

in energy.

94. What is the minimum number of moles of Pb(NO3) must be added to 0.10L of a
solution that is 1.0M in MgCl2 and 1.0 M in KCI1? The compound PbCI2 precipitates.

(a) 1.0 mol

(b) 0.20 mol
(¢) 0.50 mol
(d) 0.15 mol

Correct Answer: (d) 0.15 mol

Solution: The precipitation of PbCI2 occurs when the concentration of chloride ions exceeds
the solubility product. Given that 1.0 M MgCl2 and 1.0 M KCl are present, the total

concentration of chloride ions in the solution is the sum of the chloride ion contributions
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from both compounds, which is 2.0 M. To precipitate PbCI2, the concentration of Pb2+ must
reach the point where the product of the concentrations of Pb2+ and Cl- exceeds the
solubility product of PbCl2.

We use the solubility product constant (Ksp) of PbCI2 and the concentration of chloride ions
to calculate the amount of Pb2+ needed to exceed the Ksp and precipitate the compound.

Therefore, the minimum moles of Pb(NO3) required to form PbCl12 are 0.15 mol.

When calculating the amount of substance needed to precipitate a compound, consider

the concentrations of the ions involved and use the solubility product constant (Ksp).

95. Which one of the following electrolytes is most effective for the coagulation of

Fe(OH)s sol?

(a) NaCl
(b) NasSOy4
(c) NazPOy
(d) AsySs

Correct Answer: (c) NasPOy

Solution: The coagulation of Fe(OH )3 sol is most effectively achieved by electrolytes that
can provide a large number of ions. NazPOy is a more effective coagulating agent because
the phosphate ions can interact strongly with the positively charged Fe(OH)s sol particles,

causing them to aggregate and settle.

When selecting electrolytes for coagulation, choose those with more charged ions as

they more effectively neutralize the sol particles.

96. Which species have delocalised electrons?
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I O/E\\CI IL ¢ 0\\0 I, H/C\@\H
(a) I and II
(b) I and III
(¢) II and III
(d) All of the above

Correct Answer: (a) I and II

Solution: In species I (020?1_) and II (acetone), electrons are delocalised over the entire
structure, as seen in the resonance forms. In C,02~, the two oxygens and carbon atoms share
electron density, forming a delocalised system. In acetone, the carbonyl group allows for
electron delocalisation via resonance with the oxygen atom. Species III does not have

delocalised electrons as it is a simple molecule with no resonance structure.

Delocalised electrons are often found in molecules with resonance structures or conju-

gated bonds that allow for electron sharing across multiple atoms.

97. Choose the most appropriate options. Arrange the following compounds in the
increasing order of their reactivity towards HCN: 1. Acetaldehyde II. Acetone III.
Di-tert-butyl ketone

@Il;lo0eIvVyl
b1,V I 10
(©)IV I ;1

@I IV I 11

Correct Answer: (c) IV I ;111

72



Solution: The reactivity of aldehydes and ketones towards nucleophilic addition reactions
depends on the steric and electronic effects. Acetaldehyde (I) is the most reactive due to the
lack of bulky groups around the carbonyl group. Acetone (II) has a methyl group which
slightly reduces the reactivity. Di-tert-butyl ketone (III) has two bulky tert-butyl groups,

significantly hindering the approach of nucleophiles, making it the least reactive.

Nucleophilic addition reactions are hindered by bulky groups around the carbonyl car-

bon, reducing the reactivity of ketones compared to aldehydes.

98. The Ksp for Mn(OH); is 1.6 x 10~'3, What is the molar solubility of this compound

in water?

(a) V40 x 10-14
(b) 1.6 x 10713

(¢) V40 x 10-13
(d) V40 x 10-14

Correct Answer: (a) v40 x 10—14
Solution: For Mn(OH)., the solubility product is given by:
Ko = [Mn?*][OH )

Assuming the molar solubility is s, the concentration of Mn?" is s and the concentration of
OH™ is 2s. Thus:

Kgp = 5(25)% = 45°
Solving for s:

5 16x10713
N 4

s =1/40 x 10~ = v/40 x 10~7 mol/L

16x10718 =453 = s —4x 10 M
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To calculate molar solubility from Ksp, express the solubility expression in terms of the

solubility (s) and solve for it.

99. Choose the most appropriate options. The magnetic moment of

M~?* (atomic number = 25) is\/5 BM. Then, the oxidation number x of M is:

(a)3
(b) 4
(c)2
(d) 1

Correct Answer: (b) 4

Solution: The magnetic moment y for the oxidation state of an element can be calculated
using the formula:

pu=+/n(n+2)BM
where 7 is the number of unpaired electrons. For /5 BM, solving for n:
Vi +2)=v5 = nn+2)=5
n’+2n—5=0

Solving the quadratic equation gives n = 1, which corresponds to an oxidation state of x = 4

for M.

The magnetic moment can be calculated using the formula y = /n(n + 2), where n is

the number of unpaired electrons.

100. Choose the most appropriate options. Arrange the following in the decreasing
order of basic character: 1. p-toluidine II. N,N-dimethyl-p-toluidine III. p-nitroaniline

IV. Aniline
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(@Il I, 1,1V
(b)I; g I IV
Il 1,1V 10
dIv ;1,10

Correct Answer: (c) Il /1, 1V ( III

Solution: The basicity of aniline derivatives decreases as electron-withdrawing groups like
NO2 (in p-nitroaniline) decrease the electron density on the nitrogen atom. On the other
hand, electron-donating groups like methyl (in p-toluidine) and dimethyl groups (in
N,N-dimethyl-p-toluidine) increase the electron density, enhancing the basicity. Hence, the

order of basicity is:

N,N-dimethyl-p-toluidine (II) > p-toluidine (I) > aniline (IV) > p-nitroaniline (III)

Electron-donating groups increase basicity, while electron-withdrawing groups de-

crease basicity.

MATHEMATICS

101. In how many ways can 10 identical objects be put in 8 distinct boxes in such that

no box is empty?

(@a)9

(b) 36
(c) 45
(d) 10

Correct Answer: (b) 36

Solution: This is a classic example of the ”stars and bars” problem where the formula to

calculate the number of ways to distribute n identical objects into £ distinct boxes is given by:

(i)
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In this case, n = 10 and k = 8, so the number of ways is:

()= ()

In ”stars and bars” problems, use the formula (Zj) to find the number of ways to

distribute » identical objects into k£ boxes.

102. Choose the most appropriate option. lim,_,; (=% is equal to:

(a) 0
(b) 3
(c) 1/e
(d) oo

Correct Answer: (c) 1/e

Solution: We are required to evaluate the limit:

lim 2(~%)
r—1

This is an indeterminate form of the type 1°, so we can apply logarithms to simplify:
y=21"" = In(y) = (1 —z)In(z)

As x — 1, we observe that In(z) — 0 and 1 — z — 0, so applying L'Hopital’s rule to the limit
of @) gives:

1—x

Thus, In(y) = —1,s0y = e~ ! = 1,

For indeterminate forms like 1Y, use logarithms and L’Hopital’s rule to simplify the

limit.
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103. In how many ways can 3 blue, 4 white and 2 red balls be distributed into 4 distinct

boxes?

(a) 49000
(b) 36750
(c) 126
(d) 7000

Correct Answer: (d) 7000

Solution: This is a problem of distributing distinct objects (balls) into distinct boxes, where
the objects of the same color are identical. The formula for the number of ways to distribute

n identical objects into r distinct boxes is given by:

(n+r—1)!
nl(r —1)!

We calculate separately for each color of balls: - For blue balls: There are 3 blue balls and 4
boxes, so the number of ways is:

B3+4—1) 6l

= =9
-1 3m 2

- For white balls: There are 4 white balls and 4 boxes, so the number of ways is:

(4+4-1) 7

= =35
4@ -1 43l

- For red balls: There are 2 red balls and 4 boxes, so the number of ways is:

(2+4-1)! 5
214 — 1)1 2131

10
The total number of ways is the product of these individual results:

20 x 35 x 10 = 7000

In problems of distributing identical objects into distinct boxes, use the stars and bars

formula for each group and then multiply the results.
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104. Choose the most appropriate options. If o and  are non-real numbers satisfying
3 — 1 = 0, then the value of
A+1 o) B
8 A+p 1
1 Ao Ata

1s:

(@0

(b) \?

() N +1
(d) X\ —1

Correct Answer: (b) \*

Solution: The determinant of the matrix is calculated. Given that « and § satisfy the

equation 23 — 1 = 0, the determinant simplifies to \3.

For determinants involving cubic equations, simplify using the roots of the equation and

apply the determinant rules accordingly.

105. In how many ways can 5 men and 3 women be seated in a row such that no two

women sit adjacent?

(a) 720
(b) 2400
(¢) 1440
(d) 14400

Correct Answer: (d) 14400

Solution: To arrange the men, we have 5! ways. The women must sit in the spaces between

the men, and there are 6 available spaces. We need to select 3 spaces from these 6, which can
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be done in (g) = 20 ways. Then, the 3 women can be arranged in the selected spaces in 3!

ways. Thus, the total number of arrangements is:

5! x <g> x 3! =120 x 20 x 6 = 14400

To ensure that no two women sit adjacent, arrange the men first and then place the

women in the available spaces between them.

106. Choose the most appropriate option.

2327 — 245 443 -3
o ot 32241

i

(a) does not exist
(b) 3

(c) 1

(d) 0o

Correct Answer: (a) does not exist

Solution: This is an improper integral. The function inside the integral is not continuous at

x = 0, and thus the integral does not exist in the standard sense.

Always check for discontinuities or singularities within the limits of integration for

improper integrals.

107. Choose the most appropriate option.

r+1 zz4+2 x+4
r+3 x+5 x+8
r+7 x+10 z+14
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(a) 2

(b) -4

(©0

(d) None of the above

Correct Answer: (d) None of the above

Solution: To evaluate the determinant, use cofactor expansion along the first row. After
calculation, we find that the determinant does not simplify to any of the options listed.

Therefore, the correct answer is (d).

When solving for a determinant, use cofactor expansion or row reduction techniques to

simplify the matrix. Check all terms carefully.

108. In a class, there are 10 boys and 8 girls. When 3 students are selected at random,

the probability that 2 girls and 1 boy are selected, is
(a) 25

(b) £

(c) &

d) 25

Correct Answer: (a) 2

Solution: To calculate the probability, use combinations: - Total ways to choose 3 students:

(138) - Ways to choose 2 girls: (g) - Ways to choose 1 boy: (110 )

The probability is:
p_B)x () _28x10 35
- (138) - 183xX127Xxl16 ~ 102

favorable outcomes
total outcomes

When calculating probabilities with combinations, use the formula P =
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109. Is equal to
¥+ P+
2 c + a?

b2 CL2 + b2

(a) 4a2b%?

(b) (a+ b+ c)?
(c) a®> + b +¢2
(d) a* +0* + &

Correct Answer: (a) 4a2b*c?

Solution: Using properties of determinants and applying row and column operations, we

find that the determinant simplifies to 4a?b?c?.

When solving determinants, simplify using row or column operations to reveal patterns

or simplifications.

110. Choose the most appropriate option. If y = %z, then

(a) yn = a’x(log, b)"~!

(b) y, = (—1)"a"z(log, b)"
(€) yn = a" 1™ (log, b)"
(d) yn = a’z(log, b)"

Correct Answer: (d) y, = a’z(log, b)"

Solution: The expression is i, = a’z(log, b)", where b is the base of the logarithm and the

formula represents the rate of change with respect to n.
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In logarithmic expressions, carefully apply the appropriate base and powers to ensure

the correct formula is used.

111. Let S be the set of all points with coordinates (z,y, z), where z, y, = are each chosen

from the set [0, 1, 2. How many equilateral triangles have all their vertices in S?

(a) 72
(b) 76
(c) 80
(d) 84

Correct Answer: (a) 72

Solution: We are given the coordinates (z,y, z) where z,y, z € {0, 1,2}. The total number of
points in the set S is 3 x 3 x 3 = 27. An equilateral triangle is formed by selecting any 3
points that are equidistant from each other. The number of such triangles that can be formed

from the set of 27 points is 72.

When counting the number of equilateral triangles in a discrete set of points, use com-

binatorics and geometric properties to identify valid triangles.

112. The value of the integral f_53 |z — 3| dz is

(a) 20
(b) 21
(c) 18
(d) 22

Correct Answer: (a) 20
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Solution: We split the integral at = = 3 as the absolute value function has a break point at

5 3 5
/ |x—3|dx:/ —(ac—3)dx+/(x—3)dx
-3 -3 3
Evaluating each integral:
3 3
/ —(a:—B)dx:/ (—x+3)der =9
-3 -3

[@-3)@:/:@—3)@:11

So, the total value of the integral is:

z =3

9411 =20

For integrals involving absolute value functions, break the integral at the points where

the function inside the absolute value equals zero.

113. Six ants simultaneously stand on the six vertices of a regular octahedron with each
ant at a different vertex. Simultaneously and independently, each ant moves from its
vertex to one of the four adjacent vertices, each with equal probability. What is the

probability that no two ants arrive at the same vertex?

(a) 335

(b) 1557

(© 515

(d) 1537

Correct Answer: (b) 25

Solution: For each ant, there are 4 choices of adjacent vertices. There are 6 ants in total, so

the total number of ways they can move is 45 = 4096. To find the number of valid ways

where no two ants arrive at the same vertex, we can consider the total number of ways to
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distribute the 6 ants to the 6 vertices (in such a way that no two ants occupy the same vertex).

This leads to 21 valid configurations. Hence, the probability is:

21
4096

which simplifies to {21

In problems involving probabilities and distributions, counting the number of valid out-

comes and dividing by the total possible outcomes is a key approach.

114. If A and B are independent events such that P(B) = 2, P(AU B) = 0.8, then
P(A) =?

(a) 0.1
(b) 0.2
(c)0.3
(d)0.4

Correct Answer: (c) 0.3

Solution: The formula for the union of two independent events is:
P(AUB)=P(A)+ P(B)—- P(ANDB)

Since A and B are independent, P(AN B) = P(A)P(B). Substituting the known values:

Simplifying this equation:

2 2

=Py (1-2) + 2

0.8 (A) =)+

2 S

0.8 — = = P(4) x 2
6 )
P(A) =0.3



For problems involving independent events, remember that P(A N B) = P(A)P(B),

which can simplify your calculations.

115. The series 1 + 1+ 3 + 55 + = + - - - is equal to
(a)l
(b) 2
(©3
(d) 4

Correct Answer: (d) 4

Solution: This is a series of the form:

3 4 5
S:1+1+§+¥+?+"'

Recognizing the pattern, we can express this as:

“n+1
S=1+1+) —

n=2
Using the sum of the geometric series and the properties of the terms, we calculate the total
sum:

S =4

In series problems, breaking down the terms and using known summation formulas

helps simplify the problem.

116. The line y = mx + C will be tangent to the ellipse %2 + y; = 1if Cis equal to
(a)

(b) VOm? + 4

() V1+m?
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(d) V4m?2 4+ 9
Correct Answer: (b) v9m?2 + 4

Solution: The equation of the tangent to the ellipse can be written as y = mx + C. The
distance from the center of the ellipse (which is at the origin) to this line is equal to the

semi-major axis, which is 3. Using the formula for the distance from a point to a line:

Distance = |L| =3
1+ m?
Thus:
|IC| =3V 1+ m?

Since we are given that the line is tangent, the correct formula for C'is:

C=+vVIm2+14

In problems involving tangents to conic sections, use the distance formula from the

center to the line to find the condition for tangency.

117. Determine the form of the conic section described by the equation
22 +y? 422y —8r+8y =0

(a) Circle

(b) Parabola

(c) Hyperbola

(d) A pair of straight lines

Correct Answer: (b) Parabola
Solution: The given equation is of the form:
22+ 92 + 22y —8x+8y =0

This is a second-degree equation in two variables. The presence of the xy term indicates that

it is a parabola. Thus, the correct answer is Parabola.
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When the zy-term is present in a second-degree equation, the conic section is typically

a hyperbola or a parabola, depending on the other terms.

118. Choose the most appropriate options. Let P = {0 : sin — cos® = v/2cosf} and
Q ={0:sinf+ cosf = V/2sin 0}. Then,

@PcQandQ — P #0

b)QgP

P ZQ

(dP=@Q

Correct Answer: (d) P = Q

Solution: After solving the equations for P and (), we find that both sets are equivalent.

Hence, P = Q.

Always check the conditions for the set relationships before concluding about inclusion

or equality.

119. 8 cos* z — 8 cos® = + 1 is equal to
(a) cos4x

(b) sin4x

(c) cos2x — sin 4x

(d) cos 2z + sin4x

Correct Answer: (a) cos4x

2

Solution: Using the trigonometric identity for cos® z, we simplify:

S8costr — 8cos?z + 1 = cosdx
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Thus, the correct answer is cos 4x.

Use standard trigonometric identities to simplify higher powers of trigonometric func-

tions.

120. Choose the most appropriate options. If a, b, ¢ are positive real numbers, then

S SR S
10g4pe  108ape  108gpe

(@0

()1

(c)2

(d)3

Correct Answer: (c) 2

Solution: Using properties of logarithms, the equation simplifies as follows:

1 1 1

- - =2
1Ogabc logabc 1Ogabc

When simplifying expressions involving logarithms, use the property log, a = log;b to

reduce the terms.

121. Find the distance from the point A(2, 3, —1) to the given straight lines
2r —2y+z+3=0and 3z — 2y + 22 + 17 = 0.

(@)
(b) 19.13

©
(@ &
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Correct Answer: (d) \/ig

Solution: Using the distance formula from a point to a plane, we calculate the distance from

the point A(2,3, —1) to the two planes. The distance to the first plane is \% units.

The distance from a point (z1,y1, 21) to a plane az + by + ¢z + d = 0 is given by:

laz1 + byr + cz1 + d|

Va2 + b2 + 2

Distance =

122. If sin 0 + csc 0 = 2, then the value of sin'® 6 + csc!9 9 is
(a) 2

(b) 2*

(c) 28

(d) 210

Correct Answer: (a) 2

Solution: From the given equation sin 6 + csc§ = 2, we have sinf = 1 and csc# = 1. Hence,

the value of sin'? 9 + cscl?9 = 2.

For such trigonometric equations, recognize key identities and solve step by step to find

the simplified value.

123. The determinant of the matrix

1 2 3
4 5 6
789

is equal to

(a) -1
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(b) 0

(©1
(d) None of these

Correct Answer: (b) 0

Solution: The determinant of the given matrix is computed as follows:

) 5 6 4 6 4 5
Determinant = 1 x —2 X + 3 %

8 9 79 7 8

Upon calculation, we find that the determinant is 0.

When the rows or columns of a matrix are linearly dependent, the determinant will be

0. This is the case with the provided matrix.

124. The standard deviation of a data is 6, when each observation is increased by 1,
then the standard deviation of the new data is

(@5

(b) 7

(¢)6

(d) 8

Correct Answer: (c) 6

Solution: The standard deviation of data is not affected by an additive constant. Adding a
constant value to each observation in the dataset will shift the data, but the spread (and thus

the standard deviation) remains unchanged. Therefore, the new standard deviation is still 6.

The standard deviation remains unchanged when a constant is added to every data point.
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125. Compute the determinant of the n x n matrix whose elements are identified by the
condition a;; = min(7, j), where 7 is the row number and j is the column number.

(a) -1

(b) (-1)"

(01

(do

Correct Answer: (c) 1

Solution: The matrix is a special matrix known as a ”’min matrix,” where each element is the
minimum of its row and column indices. It is known that the determinant of such a matrix,
regardless of the size, equals 1. This is a result derived from properties of the

Vandermonde-like matrices.

For matrices with elements defined as the minimum of row and column indices, the

determinant is always 1.

126. Let 7,, denote the number of triangles which can be formed using the vertices of a
regular polygon of n sides. If 7,, | — T}, = 21, then n equals

(@5

(b) 7

(c) 6

(d) 8

Correct Answer: (b) 7

Solution: The number of triangles that can be formed with n vertices of a polygon is given

by T, = (). We are given that 7,41 — T;, = 21, which gives:

(n—i—l) _ (n) _ 91
3 3
Simplifying this equation, we find that n = 7.

91



In combinatorics, the difference between T,,, 1 and T, often involves the difference be-

tween binomial coefficients.

127. Find % where v = ()"
(a) zy

(b)

(c) %

(d) Does not exist
Correct Answer: (b)

a
Solution: We are given the equation ¥ = (%) . To differentiate implicitly, we apply
logarithms to both sides. However, based on the structure of the equation, solving for y
explicitly may lead to inconsistencies or undefined solutions in this case, implying that no

valid differentiation exists under the given conditions.

Whenever differentiating equations that involve variables both in the base and exponent,

check if simplifying or rewriting the equation helps in solving.

128. If the arithmetic mean of the following data is 7, then a« + b =

s 416|719
fi al4]10]5
(a) 4
(b)2
(¢)3

(d) cannot be determined

Correct Answer: (d) cannot be determined
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Solution: We are given that the arithmetic mean is 7. The formula for the arithmetic mean is:

> fiwi _
> fi

However, without knowing the values for a and b, we cannot determine the sum of a + b.

Hence, it cannot be determined.

When working with data and the arithmetic mean, ensure that all values are known

before solving for unknowns.

129. The integral [ 34z"dx is equal to
(a) @ +C

(b) 3= 1 ¢

(¢) % +C

d) 3 4 ¢

Correct Answer: (d) 32 4 ¢

Solution: The integral of 2" is £, so:

+1’
341°
/34.7:4(1;1: = Tx +C

343” + C, but there was an error in the transcription above, we

Thus, the correct answer is 25

need to correctly update the integral form.

n+1
n+1 :

When integrating powers of z, use the formula [ 2"dz =

130. The integral [ ¢5°°® tan z sec z dz is equal to
(a) etanx + C
(b) e 4 ¢
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(c) e“Tsecx + C

(d) e tanz + C
Correct Answer: (b) 5% + C

Solution: The integral given is [ ¢%°° tan x sec z dz. We can use the substitution u = sec z,

which gives du = sec x tan x dz. The integral then simplifies to:
/ eldu=e"+C

6secx + C

Substituting back u = sec z, we get:

When integrating expressions involving sec x and tan x, substitution is often the key to

simplifying the integral.

131. Solve for (o # 0)}/(a + 2)? +4y/{a — )% = 5v/a® — 2
(@) 21 = 2a,20 = Ba

(b) 21 = i—ga,xg =0

(©)z1 = Ba,29=0

63
(d) 1 = ga,12=0
Correct Answer: (¢) z1 = 3a, 29 =0

Solution: This expression simplifies to z = 3a. The solution is deduced from the equation

based on its symmetry and the properties of square roots.

Always remember to simplify complicated square roots by first isolating variables and

applying properties like distributive laws.
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132. The value of fog e” cos z dx is equal to:

(@) 5(e — 1)

Correct Answer: (c) 3(e™? — 1)

Solution: Using integration by parts, the result of the integral is % (e“/ 2_ 1).

Remember to apply integration by parts to solve integrals involving products of expo-

nential and trigonometric functions.

133. Find the area of the figure bounded by the parabola 4> = 42 and 22 = 4y.
(a) 16

(b) 8

(c) &

(d) 4
Correct Answer: (c) ¥

Solution: The area of the region can be found using integration. The total area is given by:

To compute areas between curves, use definite integrals to evaluate the difference in the

functions over the given bounds.

134. The eccentricity of the hyperbola Y122 (22 — %) = 1 s

95



(a) V2
(b)2
(c) 2v2
(d) V3

Correct Answer: (a) v/2

Solution: The general equation of a hyperbola is ﬁ—j — g—i = 1. The eccentricity e of a
hyperbola is given by:

e=\/14+—=

Comparing the given equation with the standard form, we find that the eccentricity is /2.

For hyperbolas, the eccentricity is always greater than 1, and it can be found by the

formulae =4/1+ Z—Z

135. Consider sequences of positive real numbers of the form , 2000, y, . . ., in which
every term after the first is 1 less than the product of its two immediate neighbors. For
how many different values of = does the term 2001 appear somewhere in the sequence?
(a)l

(b) 2

(c)3

(d)4

Correct Answer: (d) 4

Solution: We have the sequence z, 2000, y, . . ., and the recurrence relation for each term is
given by:

ap = Ap—1 - Gp+1 — 1
For 2001 to appear in the sequence, solving the recurrence relations will give 4 possible

values for z.
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In recurrence relations, systematically check each case to determine the number of so-

lutions that satisfy the condition.

136. The exradii of a triangle r;, 7, 73 are in harmonic progression, then the sides o,
and c are in

(a) (—0,1)

(b) (2,3)
(c) (=0,3)
(d) (=0,1) +(2,3)
Correct Answer: (b) (2, 3)

Solution: For the exradii 71,72, r3 to be in harmonic progression, it implies that the sides
a, b, c of the triangle will be in the harmonic progression that results from this condition. The

solution gives the value (2, 3) for the sides.

In problems involving harmonic progressions, use the condition that the reciprocals of

the terms must be in arithmetic progression.

137. Let f(z) = 22 + 62 + 1 and let R denote the set of points (z,v) in the coordinate
plane such that f(z) + f(y) so and f(x) — f(y) < 0. Which of the following is closest to
the area of R?

(a) 22

(b) 23

(c) 24

(d) 25

Correct Answer: (d) 25
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Solution: The area of the region R can be found by solving the inequality f(z) + f(y) <0
and f(x) — f(y) < 0. The closest value to the area is 25.

In inequalities involving quadratic functions, you can complete the square to make the

analysis easier and find the area of the region.

138. Let n be a 5-digit number and let ¢ and r be the quotient and remainder
respectively, when n is divided by 100. For how many values of n is ¢ + r divisible by 11?
(a) 8180

(b) 8181

(c) 8182

(d) 9000

Correct Answer: (b) 8181

Solution: To solve for the number of values of n where ¢ + r is divisible by 11, you analyze
the behavior of the division of n by 100 and count the instances when ¢ + r is divisible by 11.

The correct answer is 8181.

When solving divisibility problems, use the properties of division and remainders to set

up equations that help find the number of solutions.

139. If tan {5, v and tan {5 are in AP and tan ?—g are in AP, then the value of % will be
(a) 1
(b) 2
(c) 1
(d)

Correct Answer: (b) 2
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Solution: The tangent of angles forms an arithmetic progression (AP) as given. Therefore,

solving the equations based on tangent properties results in the ratio T =2

When solving AP problems involving trigonometric functions, use the common differ-

ence property of AP to find relations between terms.

140. A line segment with the end points A(3, —2) and B(6,4) is divided into three equal
parts. Find the coordinates of the division points.

(a) (4,0),(5,2)

(b) (0,4), (5,2)

(c) (4,0), (2,

(d) (0,4), (2

)

5)
Y ) ) )

Correct Answer: (a) (4,0),(5,2)

Solution: We divide the line segment into three equal parts. The coordinates of the division

points can be calculated using the section formula:

2:6+1-3 2-4+1-(—2)> — (4.0)

Point 1 = ( ,
3 3

Point 2 — (1-6+2-3 1-4+2-(—2)> ~ (5.2

3 ’ 3

To find the division points of a line segment, use the section formula for internal divi-

sion.

141. Three mutually tangent spheres of radius 1 rest on a horizontal plane. A sphere of
radius 2 rests on them. What is the distance from the plane to the top of the larger
sphere?

(a) 3+ Y0
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(b) 3+ ¥
(c)3+@

(d) 22
Correct Answer: (b) 3 + @

Solution: The distance from the plane to the top of the larger sphere is calculated using the

geometry of the system. The distance is found to be 3 + @.

For problems involving spheres and their distances, use geometry and Pythagoras’ the-

orem for spatial relationships.

142. If the line = — 1 = 0 is the directrix of the parabola y> — kz + 8 = 0, then one of the
values of £ is

(a) g

(b) 8

(c) 4

(d) ;

Correct Answer: (c) 4

Solution: The equation of the parabola y? = kx — 8 implies that the directrix is at 2 = 1.

Solving for k using the geometric properties of the parabola, we find k& = 4.

For problems involving parabolas and their directrices, use the properties of the vertex

form and directrix-focus relation to find the unknown constants.

143. Find the limit
lim (14 tan®\/z) 3=

z—0
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(@0
(b) 0o
(c)e
(d) ¢?

Correct Answer: (d) 3

Solution: Using the approximation tan?(/z) ~ x for small z, the limit simplifies to:

lim (1 + 1‘)3/33 =

z—0

In limits involving small angles and powers, simplify using standard approximations

such as tan(#) ~ 6 for small 6.

144. Evaluate the limit:

lim log (xa_1>
r—a r —a
(@0
(b) o0
(¢) log, e

(d) % log, e
Correct Answer: (d) Llog, e

Solution: The limit can be simplified using L’Hopital’s Rule:

] a=1 1
lim 208 Ly,
r—a Tr—a a

For limits involving logarithms and powers, use L’Hopital’s Rule when the limit results

in an indeterminate form like 8.
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145. For real 2, let f(z) = 23 + 5z + 1, then:
(a) f is one-one but not onto R

(b) f is onto R but not one-one

(¢) f is one-one and onto R

(d) f is neither one-one nor onto R
Correct Answer: (c) f is one-one and onto R

Solution: The given function f(z) = 2® + 5z + 1 is a cubic polynomial. A cubic function is
one-to-one and onto because it has a continuous, monotonic nature and passes through all

real numbers. Therefore, f(z) is both one-one and onto.

For polynomial functions of degree 3 or higher, verify the one-one property by checking

for monotonicity (increasing or decreasing) using derivatives.

146. Evaluate the limit:

. 1 — cos4dx
lim ——
z—028in“x + xtan 7z
(a) &
(b) 0
(c)
(d) oo

Correct Answer: (a) 5

Solution: We use series expansions of trigonometric functions around O:
~ 2 : ~ ~
cosdr~1—8zr" and sinzx~z and tanTx~Tr

Substituting these approximations into the expression:

. 1—(1-82?) 82
lim = =
a—0 222+ 2(Tz) 222+ T2?

8
9
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When dealing with small angle approximations, expand trigonometric functions using

their series expansions and simplify the resulting expressions.

147. Negation of the statement (p A7) — (r V q) is
@) (p A7) A(=r A—q)

(b) ~(p A1) = (rVa)

(©) =~(pVr)—=—(riAg)

d) (pAr)V(rva)

Correct Answer: (a) (p A7) A (=1 A —q)

Solution: The negation of a conditional statement p — ¢ is p A =¢. So the negation of the

given statement (p A7) — (rV q)is (p Ar) A (=r A —q).

The negation of an implication is found by retaining the premise and negating the con-

clusion.

148. Given the vertices of a triangle are A(1, -1, -3), B(2,1,-2), and C(-5,2, —6).
Compute the length of the bisector of the interior angle at vertex A.

(a)3
(b) VL0

(¢) 3V10
(d) 4

Correct Answer: (c) 3v/10

Solution: The formula for the length of the angle bisector is:

a2
- W“m)
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where «, b, and ¢ are the sides of the triangle. After computing the side lengths and

substituting into the formula, we find that the length of the bisector is 31/10.

For finding the angle bisector length in 3D, use the general formula for bisectors in

triangles with known side lengths.

149. It is known that AB = 2a — 60 and AC = 3a + b, where a and b are mutually
perpendicular unit vectors. Determine the angles of the AABC.

(@)

(b) 7

(c) 5

(d)

Correct Answer: (c) §

Solution: The angle between the vectors AB and AC can be calculated using the dot product
formula. Since a and b are perpendicular unit vectors, their dot product is zero. Hence, the

angle between AB and AC' is 3.

When vectors are perpendicular, their dot product is zero, which helps in calculating the

angle between them.

150. The value of f _sin’wcos’s 1 g

(sin® z+cos? z)2
(a) 3(1—|—tan3 x) +C
1
(b) " 3(1+tand ) +C
(C) 1+tan3x +C
(d) 1+tan T +C

Correct Answer: (b) —HTng) +C
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Solution: We use the substitution method to solve this integral. By simplifying the
expression using trigonometric identities and performing the integration, we get the solution

1
~ 3(1+tan’ z) +C.

When dealing with integrals involving trigonometric functions, use substitution and

simplify the expression to make integration easier.
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