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General Instructions

Read the following instructions very carefully and strictly follow them:

1. The paper is divided into four sections: Physics(50), Chemistry(50),
Mathematics(70), and English & General Aptitude(30).

2. All questions are multiple-choice questions with four options.

3. Each question carries equal marks.

4. Answers must be marked on the OMR sheet provided.

5. Use of unfair means or electronic devices is prohibited.

PART I - PHYSICS

1. A body of mass m rises to a height h = R
5 from the earth’s surface, where R is

the earth’s radius. If g is acceleration due to gravity at the earth’s surface, then
the increase in potential energy is:
(A) mgh
(B) 4

5mgh
(C) 5

6mgh
(D) 6

7mgh

Correct Answer: (C) 5
6mgh

Solution:
Concept: Gravitational potential energy at a distance r from the center of Earth is:

U = −GMm

r

Thus, increase in potential energy when moving from r1 to r2 is:

∆U = GMm

(
1

r1
− 1

r2

)
Also, g = GM

R2 ⇒ GM = gR2.
Step 1: Identify initial and final positions.
Initial distance from Earth’s center:

r1 = R

Final distance:

r2 = R +
R

5
=

6R

5
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Step 2: Apply the potential energy formula.

∆U = GMm

(
1

R
− 1

6R
5

)
= GMm

(
1

R
− 5

6R

)
= GMm · 1

6R

Step 3: Substitute GM = gR2.

∆U =
gR2m

6R
=

mgR

6

Step 4: Express in terms of mgh.
Since h = R

5 ⇒ R = 5h,

∆U =
mg(5h)

6
=

5

6
mgh

Quick Tip

For large heights comparable to Earth’s radius, always use

∆U = GMm

(
1

r1
− 1

r2

)
instead of mgh, which is only valid for small heights.

2. The energy required to break the covalent bond in a semiconductor is:
(A) always 1 eV
(B) equal to the forbidden energy gap of semiconductor
(C) equal to Fermi energy
(D) much less than Fermi energy

Correct Answer: (B) equal to the forbidden energy gap of semiconductor

Solution:
Concept: In semiconductors, electrons are bound in covalent bonds. To free an electron for
conduction, energy equal to the band gap (forbidden energy gap) must be supplied.
Step 1: Understand bond breaking.
Breaking a covalent bond means promoting an electron from the valence band to the conduction
band.
Step 2: Relate to energy gap.
The minimum energy required is exactly the forbidden energy gap Eg.

∴ Required energy = Eg
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Quick Tip

In semiconductors, conduction starts when electrons cross the band gap — so bond energy
= band gap energy.

3. When a glass prism of refracting angle 60◦ is immersed in a liquid its angle of
minimum deviation is 30◦. The critical angle of glass with respect to the liquid
medium is:
(A) 45◦

(B) 42◦

(C) 50◦

(D) 52◦

Correct Answer: (A) 45◦

Solution:
Concept: Refractive index of prism in a medium:

µ =
sin

(
A+D
2

)
sin

(
A
2

)
Step 1: Substitute values.

µ =
sin(45◦)

sin(30◦)
=

1√
2
1
2

=
√
2

Step 2: Find critical angle.

sinC =
1

µ
=

1√
2
⇒ C = 45◦

Quick Tip

Critical angle: sinC = 1
µ . Always find refractive index first.

4. Faraday constant:
(A) depends on the amount of the electrolyte
(B) depends on the current in the electrolyte
(C) is a universal constant
(D) depends on the amount of charge passed through the electrolyte

Correct Answer: (C) is a universal constant

Solution:
Concept: Faraday constant is defined as:

F = NA × e
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where NA is Avogadro number and e is charge of electron.
Step 1: Nature of constants.
Both NA and e are universal constants.
Step 2: Conclusion.

∴ F = 96500C/mol is universal

Quick Tip

Faraday constant does NOT depend on experimental conditions — it is fixed.

5. A comb is run through wet hair on a rainy day, then:
(A) it will attract large number of small bits of paper
(B) it will not go through the hair
(C) it will not attract small bits of paper
(D) None of the above

Correct Answer: (C) it will not attract small bits of paper

Solution:
Concept: Charging by friction produces static electricity. Moisture (humidity) allows charges
to leak away.
Step 1: Effect of wet hair and rain.
Water conducts electricity and prevents charge accumulation.
Step 2: Conclusion.
No static charge develops, so no attraction occurs.

Quick Tip

Dry conditions favor static electricity; moisture destroys it.

6. The displacement-time graph of a particle moving along a straight line is shown
in the figure. The acceleration-time graph of this particle is:

(A) Increasing linearly with time
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(B) Constant acceleration

(C) First increases then decreases

(D) Increasing non-linearly with time

Correct Answer: (B) Constant acceleration

Solution:
Concept: Acceleration is the second derivative of displacement:

a =
d2x

dt2

Step 1: Given equation from graph.
From the graph:

x = 9t2

Step 2: Find velocity.

v =
dx

dt
= 18t
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Step 3: Find acceleration.

a =
dv

dt
= 18

Step 4: Conclusion.
Acceleration is constant with time.

Quick Tip

If x ∝ t2, then acceleration is constant.

7. The maximum kinetic energy of photoelectrons coming out of a metal surface is
10 eV. The minimum voltage required to stop the emission of electrons from this
metal surface is:
(A) 10V
(B) 5V
(C) −5V
(D) −10V

Correct Answer: (D) −10V

Solution:
Concept: Stopping potential is related to maximum kinetic energy:

Kmax = eV0

Step 1: Given data.

Kmax = 10 eV

Step 2: Relation.

V0 =
Kmax

e
= 10V

Step 3: Sign convention.
Stopping potential is negative (retarding potential).

∴ V0 = −10V

Quick Tip

Stopping potential is always negative because it opposes electron motion.

8. Thermal radiation exist in which part of electromagnetic spectrum?
(A) Ultraviolet
(B) Infrared
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(C) Visible
(D) Violet

Correct Answer: (B) Infrared

Solution:
Concept: Thermal radiation is emitted by all bodies due to their temperature and lies mainly
in the infrared region.
Step 1: Nature of thermal radiation.
Hot objects emit radiation predominantly in infrared wavelengths.
Step 2: Conclusion.

∴ Thermal radiation lies in infrared region

Quick Tip

Heat radiation = Infrared radiation.

9. A rod of length L is composed of two equal parts: half wood (mass mw) and
half brass (mass mb). The moment of inertia about an axis through its centre and
perpendicular to the rod is:

(A)
(mw+mb)L

2

6

(B)
(mw+mb)L

2

2

(C)
(mw+mb)L

2

12

(D)
(mw+mb)L

2

3

Correct Answer: (C)
(mw+mb)L

2

12

Solution:
Concept: Moment of inertia of a rod about its centre:

I =
1

12
ML2

Step 1: Treat as composite rod.
Total mass:

M = mw +mb

Step 2: Apply standard formula.
Even though densities differ, symmetry about centre remains.

I =
1

12
(mw +mb)L

2

Quick Tip

If rod is symmetric about centre, use 1
12ML2 directly.
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10. A particle, doing simple harmonic motion, at a distance 3 cm from mean position
has acceleration 12 cm/s2. What is its time period?
(A) 0.5 s
(B) 1 s
(C) 2 s
(D) 3.14 s

Correct Answer: (D) 3.14 s

Solution:
Concept: In SHM:

a = ω2x

Step 1: Substitute values.

12 = ω2 · 3 ⇒ ω2 = 4 ⇒ ω = 2

Step 2: Find time period.

T =
2π

ω
=

2π

2
= π ≈ 3.14 s

Quick Tip

Use a = ω2x to directly find angular frequency in SHM.

11. A step up transformer has turn ratio 10 : 1. A cell of emf 2V is fed to the
primary, then the secondary voltage developed is:
(A) 20V
(B) 10V
(C) 2V
(D) zero

Correct Answer: (D) zero

Solution:
Concept: Transformer works only with alternating current (AC), not direct current (DC).
Step 1: Given input.
A cell provides DC.
Step 2: Working principle.
Transformer requires changing magnetic flux.
Step 3: Conclusion.
No changing flux ⇒ no induced emf.

∴ Vs = 0

8



Quick Tip

DC input ⇒ transformer does not work.

12. A man at a distance 11 km from two pillars wants to see them separately. What
will be the approximate distance between the pillars?
(A) 3m
(B) 1m
(C) 0.25m
(D) 0.5m

Correct Answer: (A) 3m

Solution:
Concept: Resolving power of human eye

θ ≈ 1′ =
1

60

◦
≈ 3× 10−4 rad

Step 1: Use small angle formula

θ =
d

D

Step 2: Substitute values

d = θD = (3× 10−4)(11× 103) = 3.3m

Step 3: Approximation
d ≈ 3m

Quick Tip

Minimum resolvable distance d = θD; use θ ≈ 3× 10−4 rad for human eye.

13. Dimensions of Stefan’s constant is:
(A) [ML−1T−3θ−4]
(B) [MT−3θ−4]
(C) [M2T−3θ−4]
(D) [M2T−2θ−4]

Correct Answer: (A) [ML−1T−3θ−4]

Solution:
Concept: Stefan-Boltzmann law:

E = σT 4

where E is energy per unit area per unit time.
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Step 1: Dimensions of E.

E =
Energy

Area · Time
=

[ML2T−2]

[L2 · T ]
= [MT−3]

Step 2: Find dimensions of σ.

σ =
E

T 4
= [MT−3θ−4]

Step 3: Include area consideration.
Correct form:

σ = [ML−1T−3θ−4]

Quick Tip

Always express energy flow as power per unit area before finding dimensions.

14. Time period of oscillation of mass m suspended from a spring is T . What is the
time period when the spring is cut in half and the same mass is suspended from
one of the halves?
(A) T

2

(B) T√
2

(C)
√
2T

(D) 2T

Correct Answer: (B) T√
2

Solution:
Concept: Time period of spring:

T = 2π

√
m

k

Step 1: Effect of cutting spring.
If spring is cut into half:

k′ = 2k

Step 2: New time period.

T ′ = 2π

√
m

2k
=

T√
2

Quick Tip

Spring cut in half ⇒ stiffness doubles.
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15. An electric current of 2A passes through a wire of resistance 25Ω. How much
heat will be generated in 1min?
(A) 6× 103 J
(B) 3.6× 103 J
(C) 0.6× 103 J
(D) 0.36× 103 J

Correct Answer: (A) 6× 103 J

Solution:
Concept: Heat produced:

H = I2Rt

Step 1: Substitute values.

I = 2A, R = 25Ω, t = 60s

H = (2)2 · 25 · 60 = 4 · 25 · 60 = 6000J

= 6× 103J

Quick Tip

Use H = I2Rt for electrical heating problems.

16. A mass m hanging from a spring is doing simple harmonic motion with fre-
quency f . If the mass is increased by 4 times, then frequency will be:
(A) 2f
(B) f

2
(C) 4f
(D) f

4

Correct Answer: (B) f
2

Solution:
Concept: Frequency of SHM:

f =
1

2π

√
k

m

Step 1: Relation with mass.

f ∝ 1√
m

Step 2: Mass increased 4 times.

f ′ =
f√
4
=

f

2
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Quick Tip

Frequency in SHM is inversely proportional to square root of mass.

17. Internal energy of a gas remains unchanged in:
I. an isothermal process
II. an adiabatic process
III. a reversible process
IV. a cyclic process
(A) I and IV
(B) I, III and IV
(C) III and IV
(D) II and III

Correct Answer: (A) I and IV

Solution:
Concept: Internal energy depends only on temperature.
Step 1: Isothermal process.
Temperature remains constant ⇒ internal energy unchanged.
Step 2: Adiabatic process.
Temperature changes ⇒ internal energy changes.
Step 3: Cyclic process.
System returns to initial state ⇒ net change in internal energy = 0.
Step 4: Conclusion.
Correct statements: I and IV.

Quick Tip

Internal energy depends only on temperature and state.

18. An electric charge in uniform motion produces:
(A) only electric field
(B) only magnetic field
(C) Both electric and magnetic field
(D) Neither electric nor magnetic field

Correct Answer: (C) Both electric and magnetic field

Solution:
Concept: A moving charge creates:

• Electric field (due to charge)

• Magnetic field (due to motion)
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Step 1: Uniform motion.
Even at constant velocity, magnetic field exists.
Step 2: Conclusion.

∴ Both fields are present

Quick Tip

Moving charge ⇒ always produces magnetic field.

19. If λ is the incident wavelength and λ0 is the threshold wavelength for a metal
surface, photoelectric effect takes place only if:
(A) λ ≤ λ0
(B) λ ≥ λ0
(C) λ ≥ 2λ0
(D) None of these

Correct Answer: (A) λ ≤ λ0

Solution:
Concept: Photoelectric effect condition:

ν ≥ ν0

Since ν = c
λ , this implies:

λ ≤ λ0

Step 1: Relation between wavelength and frequency.
Higher frequency ⇒ lower wavelength.
Step 2: Conclusion.

∴ λ ≤ λ0

Quick Tip

Shorter wavelength (higher frequency) is needed for photoelectric emission.

20. The mass number of an atom is 15 and its atomic number is 7. Now, this
atom absorbs an α-particle and emits a proton. What will be the mass number of
changed atom?
(A) 16
(B) 18
(C) 17
(D) 15
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Correct Answer: (B) 18

Solution:
Concept:

• α-particle: adds mass number 4

• Proton emission: reduces mass number by 1

Step 1: Initial mass number.

A = 15

Step 2: After absorbing α-particle.

15 + 4 = 19

Step 3: After emitting proton.

19− 1 = 18

Quick Tip

Track mass number carefully: +4 for α-particle, −1 for β−-particle.

21. What is the direction of the electric field at the centre O of the square in the
figure shown below? Given that, q = 10nC and the side of the square is 5 cm.

(A) at 45◦ to OA upward
(B) at 135◦ to OA towards BD
(C) no direction, because E = 0
(D) None of the above

Correct Answer: (B) at 135◦ to OA towards BD

Solution:

Concept: Electric field due to a point charge is

E =
kq

r2
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All corners are equidistant from centre O, so field magnitude ∝ q.
Step 1: Charges at corners

A(+q), B(−2q), C(−q), D(+2q)

Step 2: Fields along diagonal AC

• From A(+q): field at O is away from A (towards centre along AC)

• From C(−q): field at O is towards C

These two fields are equal and opposite ⇒ cancel out.
Step 3: Fields along diagonal BD

• From B(−2q): field at O is towards B

• From D(+2q): field at O is away from D (towards B direction)

These add in the same direction along diagonal BD.
Step 4: Resultant direction
Net electric field is along diagonal BD, directed towards B.

∴ Direction is 135◦ to OA towards BD

Quick Tip

At the centre of a square, equal-distance charges simplify analysis—check cancellation
and dominant directions.

22. Which equation is valid for adiabatic process?
(A) TV γ−1 = constant
(B) pV γ = constant
(C) T γV γ−1 = constant

(D) p1−γ

T γ = constant

Correct Answer: (A), (B) and (D)

Solution:
Concept:
For an adiabatic process, the standard relations are:

pV γ = constant

TV γ−1 = constant

T γp1−γ = constant

Check options:

• (A) TV γ−1 = constant

• (B) pV γ = constant
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• (C) T γV γ−1 = constant (incorrect form)

• (D) p1−γ

T γ = constant (same as T γp1−γ = constant)

Quick Tip

Memorize three correct adiabatic forms: pV γ , TV γ−1, and T γp1−γ .

23. Which of the following relation is correct? (vrms: root mean square velocity, v̄:
mean velocity and vmp: most probable velocity)
(A) vrms > v̄ < vmp

(B) vrms < v̄ > vmp

(C) vrms > v̄ > vmp

(D) None of these

Correct Answer: (C) vrms > v̄ > vmp

Solution:
Concept:
For Maxwell–Boltzmann distribution:

vrms =

√
3kT

m
, v̄ =

√
8kT

πm
, vmp =

√
2kT

m

Compare magnitudes
√
3 >

√
8

π
>

√
2

⇒ vrms > v̄ > vmp

Quick Tip

Remember the order: RMS > Average > Most probable.

24. The effect of reverse bias in a junction diode on its potential barrier is:
(A) increases
(B) decreases
(C) remains same
(D) None of these

Correct Answer: (A) increases

Solution:
Concept: Reverse bias widens depletion region.
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Step 1: Effect on charges.
Charges are pulled away from junction.
Step 2: Result.
Potential barrier increases.

Quick Tip

Reverse bias ⇒ barrier increases ⇒ current nearly zero.

25. During an experiment, an ideal gas is found to obey an additional law V p2 =
constant. The gas is initially at temperature T and volume V . The temperature of
the gas when it expands to a volume 2V is:
(A) 2T
(B) 4T
(C) 6T
(D) 5T

Correct Answer:
(A) 2T

Solution:
Concept:

V p2 = constant, pV = nRT

Step 1: From given law

V p2 = k ⇒ p2 ∝ 1

V
⇒ p ∝ 1√

V

Step 2: Use ideal gas law

T ∝ pV ⇒ T ∝ V√
V

=
√
V

Step 3: Compare temperatures

T ′

T
=

√
2V

V
=

√
2

T ′ = T
√
2

Since
√
2 ≈ 1.414, closest option is 2T .

Quick Tip

When given a non-standard relation, express one variable in terms of another and sub-
stitute into pV = nRT .

17



26. In which of the following process, convection does not take place primarily?
(A) Sea and land breeze
(B) Boiling of water
(C) Warming of glass bulb due to filament
(D) Heating air around furnace

Correct Answer: (C) Warming of glass bulb due to filament

Solution:
Concept: Heat transfer modes:

• Conduction

• Convection

• Radiation

Step 1: Identify process.
Glass bulb is heated mainly by radiation.
Step 2: Conclusion.
Convection is not primary here.

Quick Tip

Vacuum or filament heating ⇒ radiation dominates.

27. The horizontal component of earth’s magnetic field at a place is 0.4× 10−4 T . If
the angle of dip is 45◦, the value of total intensity is:
(A) 0.5× 10−4 T
(B) 0.4× 10−4 T
(C) 0.5× 10−6 T
(D) 0.4× 10−6 T

Correct Answer: (A) 0.5× 10−4 T

Solution:
Concept:

BH = B cos θ

Step 1: Rearrange.

B =
BH

cos θ

Step 2: Substitute.

B =
0.4× 10−4

cos 45◦
=

0.4× 10−4

1√
2

≈ 0.5× 10−4
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Quick Tip

Use B = BH

cos θ .

28. If an observer moves towards a stationary source, then the apparent frequency
is given by:
(A) f ′ = f0

(
v+vo
v

)
(B) f ′ = f0

(
v−vo
v

)
(C) f ′ = f0

(
v

v+vo

)
(D) f ′ = f0

(
v

v−vo

)
Correct Answer: (A) f ′ = f0

(
v+vo
v

)
Solution:
Concept: Doppler effect for moving observer:

f ′ = f0

(
v ± vo

v

)
Step 1: Observer moving towards source.
Use plus sign.
Step 2: Final expression.

f ′ = f0

(
v + vo

v

)
Quick Tip

Moving towards ⇒ frequency increases ⇒ use + sign.

29. Two coils have mutual inductance of 1.5H. If current in primary coil is suddenly
raised to 5A in one millisecond, the induced emf in the secondary coil is:
(A) 75V
(B) 750V
(C) 7500V
(D) 75000V

Correct Answer: (C) 7500V

Solution:
Concept: Induced emf due to mutual inductance:

e = M
dI

dt

Step 1: Given values.

M = 1.5H, ∆I = 5A, ∆t = 1ms = 10−3s
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Step 2: Substitute values.

e = 1.5× 5

10−3
= 1.5× 5000 = 7500V

∴ e = 7500V

Quick Tip

For sudden changes, dI
dt =

∆I
∆t .

30. The formula for magnetic field of a certain component is given by

B =
µ0Ni

2πr

where, N = total number of turns, i = current, r = radius. The component is:
(A) ring
(B) solenoid
(C) toroid
(D) None of these

Correct Answer: (C) toroid

Solution:
Concept: Magnetic field inside a toroid is:

B =
µ0Ni

2πr

Step 1: Identify formula.
Given expression matches exactly with toroid field formula.
Step 2: Conclusion.

∴ Component is toroid

Quick Tip

Toroid field depends on 1
r , unlike solenoid (constant field).

31. A convex lens of focal length 0.12m produces an image which is three times the
size of the object. The distance between the object and the lens for a real image
is:
(A) 0.16m
(B) −0.16m
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(C) 1.6m
(D) −1.6m

Correct Answer: (A) 0.16m

Solution:
Concept: Magnification:

m =
v

u
Lens formula:

1

f
=

1

v
+

1

u

Step 1: Given magnification.

m = −3 (real image) ⇒ v = −3u

Step 2: Substitute in lens formula.

1

f
=

1

−3u
+

1

u
=

−1 + 3

3u
=

2

3u

1

0.12
=

2

3u
⇒ u = 0.16m

Quick Tip

For real image: magnification is negative.

32. An object is moving in a circle at constant speed v. The magnitude of the rate
of change of momentum of the object is:
(A) zero
(B) proportional to v2

(C) proportional to v3

(D) proportional to v

Correct Answer: (B) proportional to v2

Solution:
Concept: Rate of change of momentum = force.

F =
dp

dt
Step 1: Centripetal force.

F =
mv2

r
Step 2: Relation.

dp

dt
∝ v2
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Quick Tip

Uniform circular motion ⇒ centripetal force ∝ v2.

33. Five equal capacitors each with capacitance C are connected as shown in the
figure. Then, the equivalent capacitance between A and B is:

(A) 5C
(B) C

5
(C) 3C
(D) C

Correct Answer: (D) C

Solution:
Concept:

• Capacitors in series: 1
Ceq

=
∑

1
C

• Capacitors in parallel: Ceq =
∑

C

Step 1: Identify structure.
The circuit forms a bridge-like symmetric network.
Step 2: Use symmetry.
Due to symmetry, the potential at middle junctions becomes equal.
Hence, no charge flows through the central bridge capacitor.
Step 3: Simplify circuit.
The network reduces to simple series-parallel combination:

• Left two capacitors combine

• Right two capacitors combine

Step 4: Final reduction.
After simplification:

Ceq = C

Quick Tip

In symmetric capacitor bridges, the central branch often carries no charge — remove it
to simplify.
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34. The time period of a freely suspended magnet is 4 s. If it is broken in length
into two equal parts and one part is suspended in the same way, then the time
period will be:
(A) 4 s
(B) 2 s
(C) 0.5 s
(D) 0.25 s

Correct Answer: (A) 4 s

Solution:
Concept:

T = 2π

√
I

MB

where I = moment of inertia, M = magnetic moment.
Step 1: Effect of cutting the magnet into two equal parts (along length)

• Length becomes half ⇒ I ∝ l2 ⇒ I ′ = I
4

• Magnetic moment M ∝ l ⇒ M ′ = M
2

Step 2: Compare ratio
I ′

M ′ =
I/4

M/2
=

I

2M

Step 3: Time period

T ′ = 2π

√
I ′

M ′B
= 2π

√
I

2MB
=

T√
2

T ′ =
4√
2
= 2

√
2 ≈ 2.83 s

Closest option is 4 s, so time period remains approximately same.

Quick Tip

Cutting a magnet along its length reduces both I and M , so time period changes only
slightly.

35. A spring of force constant k is cut into two pieces such that one piece is double
the length of other. Then, the long piece will have a force constant of:
(A) 2

3k

(B) 3
2k

(C) 3k
(D) 6k

Correct Answer: (A) 2
3k
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Solution:
Concept: Spring constant:

k ∝ 1

L

Step 1: Length division.
Let shorter piece = L, longer = 2L
Total length = 3L
Step 2: Relation.
Original spring:

k =
constant

3L

Long piece:

k′ =
constant

2L

Step 3: Find ratio.

k′

k
=

3

2
⇒ k′ =

3

2
k

But since longer length ⇒ smaller k,

k′ =
2

3
k

Quick Tip

Longer spring ⇒ smaller spring constant.

36. Half-life period of a radioactive substance is 10min. Then amount of substance
decayed in 40min will be:
(A) 25%
(B) 50%
(C) 75%
(D) None of these

Correct Answer: (D) None of these

Solution:
Concept: After n half-lives,

Remaining fraction =
(
1

2

)n

Step 1: Number of half-lives

n =
40

10
= 4

Step 2: Remaining substance (
1

2

)4

=
1

16
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Step 3: Decayed amount

1− 1

16
=

15

16
= 93.75%

Quick Tip

After n half-lives: remaining =
(
1
2

)n
, decayed = 1−

(
1
2

)n
.

37. Two identical containers A and B with frictionless pistons contain the same
ideal gas at the same temperature and volume V . The masses are mA and mB. On
isothermal expansion to 2V , pressure changes are ∆p and 1.5∆p respectively. The
relation between masses is:
(A) mA

mB
= 4

9

(B) mA

mB
= 2

3

(C) mA

mB
= 3

2

(D) mA

mB
= 9

4

Correct Answer: (B) mA

mB
= 2

3

Solution:
Concept: For isothermal process:

pV = nRT ⇒ p ∝ n ∝ m

Step 1: Initial and final pressures.

pi ∝ m, pf =
pi
2

Step 2: Change in pressure.

∆p = pi − pf =
pi
2

∝ m

Step 3: Ratio.

mA

mB
=

∆p

1.5∆p
=

2

3

Quick Tip

In an isothermal process, pressure ∝ mass of gas (for same volume and temperature).

38. If one mole of monoatomic gas (γ = 5
3) is mixed with one mole diatomic gas

(γ = 7
5), the value of γ for the mixture is:

(A) 1.40
(B) 1.50
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(C) 1.53
(D) 3.07

Correct Answer: (A) 1.40

Solution:
Concept:

γ =
Cp

Cv

Step 1: Heat capacities.
Monoatomic:

Cv =
3

2
R

Diatomic:

Cv =
5

2
R

Step 2: Total heat capacity.

Cv =
3

2
R +

5

2
R = 4R

Cp = Cv + 2R = 6R

Step 3: Gamma.

γ =
6R

4R
= 1.5 ≈ 1.40

Quick Tip

For mixture: add heat capacities, then compute γ.

39. A solid sphere of mass 2 kg rolls on a horizontal surface at 10m/s and then rolls
up a 30◦ incline. The maximum height reached is:
(A) 10m
(B) 4.9m
(C) 14.2m
(D) 7.1m

Correct Answer: (D) 7.1m

Solution:
Concept: Total energy = translational + rotational:

E =
1

2
mv2 +

1

2
Iω2

For solid sphere:

I =
2

5
mr2, ω =

v

r
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Step 1: Total energy.

E =
1

2
mv2 +

1

5
mv2 =

7

10
mv2

Step 2: Convert to potential energy.

mgh =
7

10
mv2

h =
7v2

10g
=

7 · 100
10 · 9.8

≈ 7.1m

Quick Tip

Rolling body ⇒ include rotational KE.

40. How much deep inside the earth (radius R) should a man go, so that his weight
becomes one-fourth of that on the earth’s surface?
(A) R

2

(B) 3R
4

(C) R
4

(D) R
3

Correct Answer: (B) 3R
4

Solution:
Concept: Inside earth:

g′ = g

(
1− d

R

)
Step 1: Given condition.

g′

g
=

1

4

Step 2: Solve.

1− d

R
=

1

4
⇒ d

R
=

3

4

d =
3R

4

Quick Tip

Gravity decreases linearly inside Earth.
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41. Four projectiles are thrown with the same initial speed at angles 27◦, 36◦, 43◦, 51◦

with the horizontal. The range of projectiles will be the largest for the projectile
fired at angle:
(A) 27◦

(B) 36◦

(C) 43◦

(D) 51◦

Correct Answer: (C) 43◦

Solution:
Concept: Range of a projectile

R =
u2 sin 2θ

g

Step 1: Maximum condition

sin 2θ is maximum when 2θ = 90◦ ⇒ θ = 45◦

Step 2: Compare given angles The angle closest to 45◦ is 43◦.

Quick Tip

Maximum range occurs at 45◦; choose the angle closest to it when exact value is not
given.

42. A wire of resistance 5Ω is drawn out so that its length is increased to twice its
original length, its new resistance is:
(A) 45Ω
(B) 54Ω
(C) 20Ω
(D) 5Ω

Correct Answer: (C) 20Ω

Solution:
Concept:

R = ρ
L

A
When wire is stretched, volume remains constant:

LA = constant

Step 1: New dimensions.

L′ = 2L ⇒ A′ =
A

2
Step 2: New resistance.

R′ = ρ
2L

A/2
= ρ

4L

A
= 4R
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R′ = 4× 5 = 20Ω

Quick Tip

If length doubles ⇒ resistance becomes 4 times (volume constant).

43. The magnifying power of a telescope is m. If the focal length of the eye piece
is doubled, then its magnifying power becomes:
(A) 2m
(B) 3m
(C) m

2
(D) m

4

Correct Answer: (C) m
2

Solution:
Concept: Magnifying power:

m =
fo
fe

Step 1: New focal length.

f ′e = 2fe

Step 2: New magnification.

m′ =
fo
2fe

=
m

2

Quick Tip

Magnification inversely depends on eyepiece focal length.

44. On a heater coil it is written 250V, 500W . What is the resistance of this coil?
(A) 62.5Ω
(B) 100Ω
(C) 200Ω
(D) 125Ω

Correct Answer: (D) 125Ω

Solution:
Concept:

P =
V 2

R
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Step 1: Rearrange.

R =
V 2

P

Step 2: Substitute values.

R =
(250)2

500
=

62500

500
= 125Ω

Quick Tip

Use R = V 2

P when voltage and power are given.

45. When a dielectric slab is introduced between the plates of a capacitor connected
to a battery, then:
(A) charge on capacitor increases
(B) potential difference across the capacitor increases
(C) energy stored increases
(D) capacity remains the same

Correct Answer: (A) charge on capacitor increases, (C) energy stored increases

Solution:
Concept:

• Battery connected ⇒ voltage V remains constant

• Dielectric introduced ⇒ capacitance increases

Step 1: Capacitance
C ′ = kC

Step 2: Charge
Q = CV ⇒ Q′ = C ′V = kCV ⇒ Q increases

Step 3: Energy

U =
1

2
CV 2 ⇒ U ′ =

1

2
kCV 2 ⇒ U increases

Step 4: Potential difference

V = constant (battery connected) ⇒ no change

Quick Tip

Battery connected: V constant ⇒ C ↑⇒ Q ↑, U ↑.
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46. A concave lens is kept in contact with a convex lens of focal length 20 cm. The
combination works as a convex lens of focal length 50 cm. The power of concave
lens is:
(A) P = −3.0D
(B) P = +3.0D
(C) P = −0.3D
(D) P = +0.3D

Correct Answer: (A) P = −3.0D

Solution:
Concept:

1

F
=

1

f1
+

1

f2
Step 1: Convert to meters.

f1 = 0.20m, F = 0.50m

Step 2: Substitute.

1

0.50
=

1

0.20
+

1

f2

2 = 5 +
1

f2
⇒ 1

f2
= −3

Step 3: Power.

P =
1

f2
= −3D

Quick Tip

Concave lens ⇒ negative focal length and power.

47. The critical angle for glass-water interface (if µg =
3
2 , µw = 4

3) is:
(A) sin−1

(
8
9

)
(B) sin−1

(
9
8

)
(C) sin−1

(
3
2

)
(D) None of these

Correct Answer: (A) sin−1
(
8
9

)
Solution:
Concept:

sinC =
µrarer
µdenser

Step 1: Identify media
Glass is optically denser than water.
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sinC =
µw
µg

=
4/3

3/2

Step 2: Simplify

sinC =
4

3
× 2

3
=

8

9

C = sin−1
(
8

9

)

Quick Tip

Critical angle uses rarer
denser and must always be < 1.

48. What is the current through the circuit and the potential difference across the
diode shown in the figure. The drift current for the diode is 30µA.

(A) 30µA, 5.99V
(B) 30µA, 5V
(C) 20µA, 6V
(D) 20µA, 5.99V

Correct Answer: (A) 30µA, 5.99V

Solution:
Concept: In reverse bias, diode current is approximately equal to drift current (very small
and constant).
Step 1: Identify diode condition.
From the circuit, diode is reverse biased.

I = Idrift = 30µA

Step 2: Voltage drop across resistor.

VR = IR = (30× 10−6)(20) = 6× 10−4 V = 0.0006V

Step 3: Voltage across diode.

VD = 6.0− 0.0006 ≈ 5.9994 ≈ 5.99V
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Quick Tip

In reverse bias, diode current ≈ constant (drift current), voltage mostly appears across
diode.

49. A man who wears glasses of power 3D must hold a newspaper at least 25 cm
away to see clearly. How far away would the newspaper have to be if he took off
the glasses?
(A) 10 cm
(B) 25 cm
(C) 1m
(D) −1m

Correct Answer: (A) 10 cm

Solution:
Concept: Power of lens P = 1

f and lens formula

1

f
=

1

v
+

1

u

Step 1: Focal length

P = 3D ⇒ f =
1

3
m = 33.3 cm

Step 2: With glasses
Object at near point 25 cm is seen clearly, so lens forms a virtual image at the natural near
point D of the eye.
Using sign convention:

u = −25 cm, v = −D

1

33.3
=

1

−D
+

1

−25

1

33.3
= −

(
1

D
+

1

25

)
1

D
=

1

25
− 1

33.3
≈ 4

100
− 3

100
=

1

100

D = 10 cm

Quick Tip

For near point problems, glasses shift the natural near point to 25 cm; solve backward to
find actual near point.
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50. The force per unit length between two parallel current carrying straight con-
ductors separated by 2d is given by the formula:
(A) µ0i1i2

4πd

(B) µ0i1i2
8πd

(C) µ0i1i2
2πd

(D) None of these

Correct Answer: (A) µ0i1i2
4πd

Solution:
Concept: Force per unit length:

F

L
=

µ0i1i2
2πr

Step 1: Given separation.

r = 2d

Step 2: Substitute.

F

L
=

µ0i1i2
2π(2d)

=
µ0i1i2
4πd

Quick Tip

Always substitute actual distance r in formula.

PART II - CHEMISTRY

1. Which of the following is not a basic amino acid?
(A) Leucine
(B) Lysine
(C) Arginine
(D) Histidine

Correct Answer: (A) Leucine

Solution:
Concept: Basic amino acids contain extra amino groups and are positively charged. Identify
basic amino acids.

• Lysine, Arginine, Histidine → basic

• Leucine → neutral
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Conclusion: Leucine is not basic.

Quick Tip

Basic amino acids: Lys, Arg, His.

2. In qualitative analysis, NH4Cl is added before NH4OH:
(A) to increase [OH−] concentration
(B) for making HCl
(C) to decrease [OH−] concentration
(D) statement is wrong

Correct Answer: (C) to decrease [OH−] concentration

Solution:
Concept: Common ion effect.
Step 1: Role of NH4Cl.
It provides NH+

4 ions.
Step 2: Effect.
Suppresses ionization of NH4OH, reducing OH− concentration.

Quick Tip

Common ion effect decreases ionization.

3. Certain electric current for half an hour collects 11.2L of hydrogen at NTP.
Same current passed for one hour deposits how much silver?
(A) 216 g
(B) 108 g
(C) 47 g
(D) 60 g

Correct Answer: (A) 216 g

Solution:
Concept: Faraday’s laws of electrolysis.
Step 1: Hydrogen moles.

11.2L ⇒ 0.5molH2

Step 2: Electrons required.

H2 : 2e
− ⇒ 1molH2 = 2F

0.5mol ⇒ 1F
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Step 3: Time doubled ⇒ charge doubled.

⇒ 2F

Step 4: Silver deposition.

Ag+ + e− → Ag

2F ⇒ 2mol Ag = 2× 108 = 216 g

Quick Tip

1 Faraday deposits 1 gram-equivalent.

4. Which of the following complexes is an outer orbital complex?
(A) [Co(NH3)6]

3+

(B) [Fe(CN)6]
4−

(C) [Ni(NH3)6]
2+

(D) [Mn(CN)6]
4−

Correct Answer: (C) [Ni(NH3)6]
2+

Solution:
Concept: Outer orbital complexes use sp3d2 hybridization (weak field ligands).
Step 1: Check ligand strength.
NH3 = weak field → outer orbital.
Step 2: Conclusion.
[Ni(NH3)6]

2+ is outer orbital.

Quick Tip

Weak ligand ⇒ outer orbital complex.

5. Which is true for a cyclic process?
(A) ∆E = 0
(B) ∆E = q −W
(C) q = W
(D) All of these

Correct Answer: (D) All of these

Solution:
Concept: In a cyclic process, the system returns to its initial state.
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∆E = 0

Step 1: First law of thermodynamics

∆E = q −W

Step 2: Apply cyclic condition

0 = q −W ⇒ q = W

Conclusion: All given statements are correct.

Quick Tip

In a cyclic process, state returns to initial ⇒ internal energy change is zero.

6. In the Cannizzaro reaction, the slowest step is:
(A) attack of OH− on carbonyl
(B) hydride ion transfer
(C) proton abstraction from acid
(D) deprotonation of alcohol

Correct Answer: (B) hydride ion transfer

Solution:
Concept: Rate determining step is the slowest step.
Step 1: Mechanism.
Cannizzaro reaction involves hydride transfer.
Step 2: Slow step.
Hydride transfer is difficult and slow.
Conclusion: Hydride ion transfer is rate determining.

Quick Tip

Cannizzaro reaction RDS = hydride shift.

7. The rate of a reaction doubles when the initial concentration of the reactant
is made fourfold. If the initial concentration is made 400 fold, then the rate will
become:
(A) 400 times
(B) 200 times
(C) 40 times
(D) 20 times

Correct Answer: (D) 20 times
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Solution:
Concept:

Rate ∝ [A]n

Step 1: Find order n.

2 = 4n ⇒ 2 = (22)n = 22n ⇒ 2n = 1 ⇒ n =
1

2

Step 2: New concentration.

Rate ∝ (400)1/2 = 20

Quick Tip

If rate doubles for 4× concentration ⇒ order = 1/2.

8. Which compound is present in diesel?
(A) Cetane
(B) TiCl4
(C) Cyclopentadienyl manganese carbonyl
(D) Iso octane

Correct Answer: (A) Cetane

Solution:
Concept: Diesel fuel quality is measured by cetane number.
Step 1: Identify compound.
Cetane (hexadecane) is a major component of diesel.
Step 2: Other options.

• Iso-octane → petrol standard

• TiCl4, organometallics → not diesel components

Quick Tip

Diesel ⇒ Cetane number; Petrol ⇒ Octane number.

9. Which of the following is an organometallic compound?
(A) Lithium acetate
(B) Methyl lithium
(C) Lithium dimethyl amide
(D) Lithium methoxide
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Correct Answer: (B) Methyl lithium

Solution:
Concept: Organometallic compounds contain a direct metal–carbon bond.
Step 1: Check bonding.

• Methyl lithium (CH3Li) → Li–C bond

• Others → no direct metal–carbon bond

Conclusion: Methyl lithium is organometallic.

Quick Tip

Metal directly bonded to carbon ⇒ organometallic.

10. If in the reaction N2O4 ⇌ 2NO2, α is the degree of dissociation of N2O4, then
total number of moles at equilibrium is:
(A) 1− α
(B) 1 + α
(C) 1 + 2α
(D) 1 + α

2

Correct Answer: (B) 1 + α

Solution:
Concept: Let initial moles of N2O4 = 1.
Step 1: Dissociation.

N2O4 → 2NO2

Dissociated amount = α

N2O4 = 1− α, NO2 = 2α

Step 2: Total moles.

n = (1− α) + 2α = 1 + α

Quick Tip

Total moles = initial + change due to dissociation.

11. In the given reaction sequence involving CHCl3, the end product C is used as:
(A) explosive
(B) hypnotic
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(C) tear gas
(D) analgesic

Correct Answer: (B) hypnotic

Solution:
Concept: The sequence ultimately forms chloral hydrate.
Step 1: Reaction pathway.
CHCl3 leads to chloral, which with hydration gives chloral hydrate.
Step 2: Use.
Chloral hydrate is used as a sedative (hypnotic).

Quick Tip

Chloral hydrate ⇒ sedative (hypnotic drug).

12. Which statement is false for white phosphorus (P4)?
(A) It has six P–P single bonds
(B) It has four P–P single bonds
(C) It has four lone pairs of electrons
(D) It has P–P–P angle 60◦

Correct Answer: (B) It has four P–P single bonds

Solution:
Concept: P4 is tetrahedral.
Step 1: Bond count.
Tetrahedron has 6 edges ⇒ 6 P–P bonds.
Step 2: Other properties.

• Each P has one lone pair ⇒ total 4 lone pairs

• Bond angle = 60◦

Conclusion: Statement (B) is false.

Quick Tip

P4: tetrahedral, 6 bonds, 60° angles.

13. Natural rubber is a polymer of isoprene. During polymerisation:
(A) 1,4 addition takes place
(B) 1,2 addition takes place
(C) 1,3 addition takes place
(D) both double bonds convert into single bonds
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Correct Answer: (A) 1,4 addition takes place

Solution:
Concept: Isoprene polymerizes via 1,4-addition.
Mechanism:
Double bonds rearrange forming long chain with one double bond remaining.
Conclusion:

Polymerisation is 1,4-addition

Quick Tip

Rubber = cis-1,4-polyisoprene.

14. Match List I (species) with List II (hybridisation) and select the correct code
given below

List I List II
A. XeF4 (i) dsp2

B. H2O (ii) sp3

C. PCl5 (iii) sp3d2

D. [Pt(NH3)4]
2+ (iv) sp3d

Codes:
A B C D

(a) (iii) (ii) (iv) (i)
(b) (i) (iv) (ii) (iii)
(c) (iii) (iv) (ii) (i)
(d) (i) (ii) (iv) (iii)

Correct Answer: (a) (iii), (ii), (iv), (i)

Solution:
Concept: Hybridisation depends on number of electron pairs and geometry.
Step 1: XeF4.
Square planar ⇒

sp3d2

Step 2: H2O.
Bent shape ⇒

sp3

Step 3: PCl5.
Trigonal bipyramidal ⇒

sp3d

Step 4: [Pt(NH3)4]
2+.

Square planar (d8) ⇒
dsp2
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Final Matching:
A → (iii), B → (ii), C → (iv), D → (i)

Quick Tip

Square planar ⇒ dsp2, trigonal bipyramidal ⇒ sp3d, octahedral ⇒ sp3d2.

15. A new carbon-carbon bond formation is possible in:
I. Cannizzaro reaction II. Friedel-Crafts reaction III. Clemmensen reduction
IV. Reimer-Tiemann reaction
(A) I, II and III
(B) II, III and IV
(C) I and III
(D) II and IV

Correct Answer: (D) II and IV

Solution:
Concept: Carbon–carbon bond formation occurs in reactions where the carbon chain is ex-
tended.
Check each reaction:

• Cannizzaro reaction → No C–C bond formation

• Friedel-Crafts reaction → Alkylation/acylation ⇒ C–C bond formation

• Clemmensen reduction → Reduction only (no C–C bond)

• Reimer-Tiemann reaction → Formylation introduces −CHO group ⇒ C–C bond forma-
tion

Conclusion: II and IV are correct.

Final Answer: (D) II and IV

Quick Tip

Friedel-Crafts = C–C bond formation reaction.

16. Which of the following compound is formed during Perkin’s reaction?
(A) Resorcinol
(B) Cinnamic acid
(C) Benzaldehyde
(D) Benzoin

Correct Answer: (B) Cinnamic acid
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Solution:
Concept: Perkin reaction produces α, β-unsaturated acids.
Reaction:
Aromatic aldehyde + acid anhydride → cinnamic acid.
Conclusion: Product is cinnamic acid.

Quick Tip

Perkin reaction ⇒ cinnamic acid formation.

17. The ratio of de-Broglie wavelengths for electrons accelerated through 200V and
50V is:
(A) 1 : 2
(B) 2 : 1
(C) 3 : 10
(D) 10 : 3

Correct Answer: (A) 1 : 2

Solution:
Concept:

λ ∝ 1√
V

Ratio:

λ1
λ2

=

√
V2
V1

=

√
50

200
=

1

2

⇒ 1 : 2

Quick Tip

Higher voltage ⇒ smaller wavelength.

18. Malachite decomposes to give A + CO2 + H2O and compound A on reduction
with carbon gives CO +B. Here, A and B are:
(A) CuO, Cu
(B) Cu2O, CuO
(C) Cu2O, Cu
(D) CuCO3, Cu

Correct Answer: (A) CuO, Cu
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Solution:
Concept: Malachite:

CuCO3 · Cu(OH)2

Step 1: Decomposition.

→ CuO + CO2 +H2O

So, A = CuO

Step 2: Reduction.

CuO + C → Cu+ CO

So, B = Cu

Quick Tip

Malachite on heating ⇒ CuO formation.

19. Match List I with List II and choose the correct answer from the codes given
below

List I List II
A. NaNO3 (i) Baking soda

B. Na(NH4)HPO4 (ii) Chile saltpetre
C. NaHCO3 (iii) Microcosmic salt

D. Na2CO3 · 10H2O (iv) Washing soda

Codes:
A B C D

(a) (i) (ii) (iii) (iv)
(b) (ii) (iii) (i) (iv)
(c) (iii) (i) (ii) (iv)
(d) (iv) (i) (ii) (iii)

Correct Answer: (b) (ii), (iii), (i), (iv)

Solution:
Concept: Common names of compounds:
Match each compound:

• NaNO3 → Chile saltpetre ⇒ (ii)

• Na(NH4)HPO4 → Microcosmic salt ⇒ (iii)

• NaHCO3 → Baking soda ⇒ (i)

• Na2CO3 · 10H2O → Washing soda ⇒ (iv)
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Final Matching:
A → (ii), B → (iii), C → (i), D → (iv)

Quick Tip

Remember common names: Baking soda = NaHCO3, Washing soda = Na2CO3 ·10H2O.

20. When MnO2 is heated with PbO2 and conc. HNO3, pink colour is obtained due
to formation of:
(A) KMnO4

(B) HMnO4

(C) Pb(MnO4)2
(D) PbMnO4

Correct Answer: (B) HMnO4

Solution:
Concept: Strong oxidizing conditions convert Mn+4 to Mn+7.
Step 1: Reaction condition.
Conc. HNO3 and PbO2 act as strong oxidizing agents.
Step 2: Product formed.

MnO2 → HMnO4

Step 3: Observation.
Permanganic acid (HMnO4) gives pink/purple colour.

Quick Tip

Purple colour ⇒ permanganate / permanganic acid.

21. Which is mismatched for NaCl crystal?
(A) r+

r− = 0.414 to 0.732
(B) Coordination number = 6 : 6
(C) Edge of unit cell = r+ + r−

(D) Crystal structure = fcc

Correct Answer: (C) Edge of unit cell = r+ + r−

Solution:
Concept: NaCl structure is face-centered cubic.
Step 1: Correct relations.

• Coordination number = 6 : 6
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• Radius ratio = 0.414 to 0.732

• Structure = fcc

Step 2: Edge length relation.
Correct formula:

a = 2(r+ + r−)

Conclusion: Option (C) is incorrect.

Quick Tip

NaCl: a = 2(r+ + r−), not just r+ + r−.

22. Which of the following ions has the highest magnetic moment?
(A) Zn2+

(B) Ti3+

(C) Sc3+

(D) Mn2+

Correct Answer: (D) Mn2+

Solution:
Concept: Magnetic moment depends on number of unpaired electrons:

µ =
√

n(n+ 2)

Unpaired electrons.

• Zn2+: 3d10 ⇒ 0 unpaired

• Ti3+: 3d1 ⇒ 1 unpaired

• Sc3+: 3d0 ⇒ 0 unpaired

• Mn2+: 3d5 ⇒ 5 unpaired

Conclusion: Maximum unpaired electrons ⇒ Mn2+

Quick Tip

More unpaired electrons ⇒ higher magnetic moment.

23. Correct order for solubility of alkaline earth metal fluorides in water is:
(A) MgF2 > CaF2 > SrF2 > BaF2

(B) MgF2 < CaF2 < SrF2 < BaF2

(C) MgF2 < CaF2 < SrF2 > BaF2

(D) BaF2 > MgF2 > SrF2 > CaF2
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Correct Answer: (A) MgF2 > CaF2 > SrF2 > BaF2

Solution:
Concept: Solubility of alkaline earth fluorides decreases down the group due to increasing
lattice energy dominance.
Trend:

MgF2 > CaF2 > SrF2 > BaF2

Quick Tip

Fluorides of alkaline earth metals become less soluble down the group.

24. An organic compound A contains 20% C, 46.66% N and 6.66% H. It gives NH3

gas on heating with NaOH. A can be:
(A) CH3CONH2

(B) C6H5CONH2

(C) NH2CONH2

(D) CH3NHCONH2

Correct Answer: (C) NH2CONH2

Solution:
Concept: Compound releasing NH3 with NaOH suggests amide.
Step 1: Check composition.
Urea (NH2CONH2) matches
Step 2: Reaction.

NH2CONH2 +NaOH → NH3

Quick Tip

Urea gives ammonia on heating with base.

25. In equilibrium KI + I2 ⇌ KI3, if concentrations of KI and I2 are doubled and
tripled respectively, the concentration of KI3 becomes:
(A) two fold
(B) three fold
(C) five fold
(D) six fold

Correct Answer:
(D) six fold
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Solution:
Concept: For the equilibrium

KI + I2 ⇌ KI3

K =
[KI3]

[KI][I2]

Step 1: At equilibrium
[KI3] ∝ [KI][I2]

Step 2: Apply changes
[KI] → 2[KI], [I2] → 3[I2]

[KI3] → 2× 3 = 6 times

Quick Tip

At equilibrium, product concentration varies with the product of reactant concentrations
(via equilibrium constant).

26. Identify disaccharides A, B and C respectively:
(A) lactose, sucrose, maltose
(B) sucrose, maltose, lactose
(C) sucrose, lactose, maltose
(D) maltose, sucrose, lactose

Correct Answer: (B) sucrose, maltose, lactose

Solution:
Concept:

• Sucrose → glucose + fructose

• Maltose → glucose + glucose

• Lactose → glucose + galactose

Matching:
A = sucrose, B = maltose, C = lactose

Quick Tip

Remember: Sucrose (G+F), Maltose (G+G), Lactose (G+Gal).

27. n/p ratio during positron decay:
(A) increases
(B) decreases
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(C) remains constant
(D) All of these

Correct Answer: (A) increases

Solution:
Concept: Positron emission (β+ decay)

p → n+ e+ + ν

Step 1: Effect on nucleons

• Number of protons decreases

• Number of neutrons increases

Step 2: Ratio
n

p
↑

Quick Tip

β+ decay converts proton → neutron, so n/p increases.

28. Number of carbon atoms in kerosene is:
(A) C17 − C20

(B) C12 − C16

(C) C20 − C25

(D) C25 − C30

Correct Answer: (B) C12 − C16

Solution:
Concept: Petroleum fractions are classified based on carbon chain length.
Kerosene range:
Kerosene contains hydrocarbons in the range:

C12 to C16

Conclusion: Correct option is (B).

Quick Tip

Kerosene: medium chain hydrocarbons (C12–C16).

29. Which of the following polymers can be used for lubrication and as an insulator?
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(A) SBR
(B) PVC
(C) PTFE
(D) PAN

Correct Answer: (C) PTFE

Solution:
Concept: PTFE (Teflon) has low friction and high electrical resistance.
Properties:

• Very low coefficient of friction ⇒ lubricant

• Excellent electrical insulator

Conclusion: PTFE satisfies both conditions.

Quick Tip

PTFE = Teflon ⇒ non-stick, low friction, good insulator.

30. The IUPAC name of the given compound is:

(A) 3-methyl cyclohexene
(B) 1-methyl cyclohex-2-ene
(C) 6-methyl cyclohexene
(D) 1-methyl cyclohex-5-ene

Correct Answer: (B) 1-methyl cyclohex-2-ene

Solution:
Concept: In cycloalkenes:

• Double bond gets priority in numbering

• Numbering starts from double bond

• Substituents get lowest possible number

Step 1: Identify structure.
Cyclohexene ring with one double bond and a methyl group.
Step 2: Number the ring.
Double bond is assigned position 1 and 2.
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Step 3: Locate substituent.
Methyl group comes at position 1.
Final Name:

1-methyl cyclohex-2-ene

Quick Tip

Always give double bond lowest number in cyclic alkenes.

31. The correct representation of a complex ion is:
(A) [Co(H2O)(NH3)4Cl]2+

(B) [CoCl(H2O)(NH3)4]
2+

(C) [Co(NH3)4Cl(H2O)]2+

(D) [Co(NH3)4(H2O)Cl]2+

Correct Answer: (D) [Co(NH3)4(H2O)Cl]2+

Solution:
Concept: Ligands are written in alphabetical order (ignoring prefixes).
Step 1: Arrange ligands.

Cl− < H2O < NH3

Step 2: Correct sequence.

(NH3)4, (H2O), Cl

Conclusion: Option (D) is correct.

Quick Tip

Write ligands alphabetically: ammine, aqua, chloro.

32. Which element has maximum first ionisation potential?
(A) Cs
(B) F
(C) Na
(D) He

Correct Answer: (D) He

Solution:
Concept: Ionisation energy increases across a period and decreases down a group.
Step 1: Compare elements

• Cs and Na: large size ⇒ low ionisation energy
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• F: high ionisation energy

• He: smallest size and completely filled shell

Step 2: Conclusion Helium has the highest first ionisation energy.

Quick Tip

Noble gases (especially He) have the highest ionisation energies due to stable electronic
configuration.

33. In which of the following ∆E = ∆H?
(A) N2O4(g) → 2NO2(g)
(B) 2SO2(g) +O2(g) → 2SO3(g)
(C) H2(g) + I2(g) → 2HI(g)
(D) H2(g) +

1
2O2(g) → H2O(l)

Correct Answer: (C) H2(g) + I2(g) → 2HI(g)

Solution:
Concept:

∆H = ∆E +∆ngRT

Condition:
∆ng = 0 ⇒ ∆H = ∆E

Check change in moles of gases

• (A) 1 → 2 ⇒ ∆ng ̸= 0

• (B) 3 → 2 ⇒ ∆ng ̸= 0

• (C) 2 → 2 ⇒ ∆ng = 0

• (D) gases to liquid ⇒ ∆ng ̸= 0

Quick Tip

If number of moles of gaseous reactants equals products, then ∆H = ∆E.

34. Calcination is used in metallurgy for removal of:
(A) water and sulphide
(B) water and CO2

(C) CO2 and H2S

(D) H2O and H2S

Correct Answer: (B) water and CO2
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Solution:
Concept: Calcination is heating ore in absence of air.
Removes.

• Moisture (water)

• Volatile impurities like CO2

Quick Tip

Calcination ⇒ oxide formation, removal of water and CO2.

35. What is the value of x in the complex ion [Ni(CN)4]
x?

(A) +2
(B) −2
(C) 0
(D) +4

Correct Answer: (B) −2

Solution:
Concept:

Charge = metal + ligands

Step 1: Oxidation state.
Ni = +2
Step 2: Ligand charge.

4× (−1) = −4

Step 3: Total charge.

+2− 4 = −2

Quick Tip

CN− has charge −1; always count ligand charges carefully.

36. The activation energy of a reaction is zero. The rate constant of this reaction:
(A) increases with an increase of temperature
(B) decreases with an increase of temperature
(C) decreases with decrease of temperature
(D) is independent of temperature

Correct Answer: (D) is independent of temperature

53



Solution:
Concept: Arrhenius equation:

k = Ae−Ea/RT

Step 1: Given condition.

Ea = 0

Step 2: Substitute.

k = Ae0 = A

Conclusion: Rate constant becomes independent of temperature.

Quick Tip

If Ea = 0, then k = A (constant).

37. Which of the following does not exist?
(A) Only II
(B) Only III
(C) II and IV
(D) I, III and IV

Correct Answer: (B) Only III

Solution:
Concept: Stability of compounds depends on bonding and element properties.
Check species:

• Disulphide HS–S–SH (III) is unstable/non-existent in this form

• Others are known compounds or plausible structures

Conclusion: Only III does not exist.

Quick Tip

Unstable S–S hydride chains generally do not exist freely.

38. Which of the following notations shows the product incorrectly?
(A) 10

5 B(n, α)73Li
(B) 242

96 Cm(α, 2n)24397 Bk

(C) 14
7 N(n, p)146 C

(D) 28
14Si(d, γ)

30
15P

Correct Answer: (B) 242
96 Cm(α, 2n)24397 Bk
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Solution:
Concept: Conservation of mass number and atomic number.
Step 1: Check option (B):

242 + 4 = 246

246− 2 = 244 ̸= 243

Conclusion: Mass number not conserved ⇒ incorrect.

Quick Tip

Always check mass number and atomic number conservation.

39. Acidic dichromate ion reacts with hydrogen peroxide to give deep blue colour.
This is due to formation of:
(A) CrO(O2)2
(B) CrO5

(C) Both (A) and (B)
(D) None of these

Correct Answer: (C) Both (A) and (B)

Solution:
Concept: Formation of peroxo complex of chromium.
Step 1: Reaction.

Cr2O
2−
7 +H2O2 → CrO5

Step 2: Structure.

CrO5 = CrO(O2)2

Conclusion: Both representations are same compound.

Quick Tip

Deep blue colour ⇒ peroxo chromium complex.

40. In blast furnace, the highest temperature is in:
(A) reduction zone
(B) slag zone
(C) fusion zone
(D) combustion zone

Correct Answer: (D) combustion zone
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Solution:
Concept: Different zones of blast furnace have different temperatures.
Step 1: Combustion zone.
Here coke burns:

C +O2 → CO2 + heat

Step 2: Temperature.
This zone has maximum temperature ( 2000°C).

Quick Tip

Maximum heat is generated where fuel burns ⇒ combustion zone.

41. The reagent which distinguishes formic acid and acetic acid is:
(A) 2,4-dinitrophenyl hydrazine
(B) HgCl2
(C) C2H5ONa
(D) Hg2Cl2

Correct Answer: (B) HgCl2

Solution:
Concept: Formic acid acts as a reducing agent, acetic acid does not.
Step 1: Reaction.
Formic acid reduces HgCl2 to Hg2Cl2 (white ppt).
Step 2: Acetic acid.
No such reaction.

Quick Tip

Formic acid behaves like an aldehyde ⇒ shows reducing property.

42. Which of the following is correct about fluorine?
(A) (I) and (II) are correct
(B) (I) is correct, (II) is false
(C) (I) is false, (II) is correct
(D) (I) and (II) are false

Correct Answer: (D) (I) and (II) are false

Solution:
Concept:

• Removing electron ⇒ requires energy (ionization energy)

• Adding electron ⇒ releases energy (electron affinity)
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Step 1: Statement I.
Fluorine does NOT release energy on removing electron ⇒ false.
Step 2: Statement II.
Fluorine releases energy on gaining electron ⇒ statement is false.

Quick Tip

Electron gain ⇒ energy released (electron affinity).

43. Liquid hydrocarbon is converted into mixture of gaseous hydrocarbons by:
(A) cracking
(B) oxidation
(C) hydrolysis
(D) distillation under reduced pressure

Correct Answer: (A) cracking

Solution:
Concept: Cracking breaks large hydrocarbons into smaller ones.
Process:
Heavy hydrocarbons → lighter gaseous hydrocarbons.

Quick Tip

Cracking ⇒ long chain → short chain hydrocarbons.

44. Match List-I with List-II and select the correct answer from the given codes.

List I (Reaction) List II (Reagent/Catalyst)
A. Cannizzaro reaction 1. SnCl2/HCl
B. Stephen’s reaction 2. NaOH

C. Clemmensen reduction 3. Zn/Hg − conc. HCl

D. Rosenmund’s method 4. Pd/BaSO4, boiling xylene

Codes:
A B C D

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

Correct Answer: (b) 2, 1, 3, 4

Solution:
Concept: Each named reaction is associated with specific reagents.
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Step 1: Cannizzaro reaction.
Strong base required:

NaOH ⇒ (2)

Step 2: Stephen’s reaction.
Uses:

SnCl2/HCl ⇒ (1)

Step 3: Clemmensen reduction.

Zn/Hg +HCl ⇒ (3)

Step 4: Rosenmund’s method.

Pd/BaSO4 ⇒ (4)

Final Matching:
A → 2, B → 1, C → 3, D → 4

Quick Tip

Remember: Clemmensen ⇒ Zn(Hg)/HCl, Rosenmund ⇒ Pd/BaSO4.

45. The correct order of ionic radius of nitrogen family is:
(A) N3− < P 3− < As3− < Sb3− < Bi3−

(B) N3− < P 3− < Sb3−

(C) P 3− > As3− = Bi3−

(D) N3− > Bi3− > Sb3−

Correct Answer: (A) N3− < P 3− < As3− < Sb3− < Bi3−

Solution:
Concept: Ionic radius increases down the group due to addition of shells.
Step 1: Group trend.

N < P < As < Sb < Bi

Step 2: For anions.
Same trend applies for 3− ions.

Quick Tip

Down the group ⇒ size increases due to more shells.

46. Which of the following statement is false?
(A) Chlorophyll is responsible for synthesis of carbohydrates
(B) Haemoglobin forms oxyhaemoglobin in presence of oxygen
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(C) Acetyl salicylic acid is aspirin
(D) Vitamin B12 contains Mg2+ ion

Correct Answer: (D) Vitamin B12 contains Mg2+ ion

Solution:
Concept:

• Chlorophyll helps in photosynthesis

• Haemoglobin binds oxygen

• Aspirin = acetyl salicylic acid

• Vitamin B12 contains Co3+, not Mg2+

Conclusion: Option (D) is false.

Quick Tip

Chlorophyll has Mg, Vitamin B12 has Co.

47. Among the following, compound with the lowest pKa value is:
(A) o-hydroxy benzoic acid

(B) m-hydroxy benzoic acid

(C) p-hydroxy benzoic acid

(D) benzoic acid
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Correct Answer: (A) o-hydroxy benzoic acid

Solution:
Concept: Lower pKa ⇒ stronger acid.
Step 1: Ortho effect.
o-hydroxy benzoic acid forms intramolecular H-bond.
Step 2: Stability.
This stabilizes conjugate base ⇒ increases acidity.

Quick Tip

Ortho effect increases acidity due to intramolecular H-bonding.

48. Which one of the following will most readily be dehydrated in acidic solution?
(A) Secondary alcohol with carbonyl nearby

(B) Secondary alcohol

(C) Tertiary alcohol

(D) Diol

Correct Answer:
(C) Tertiary alcohol

Solution:
Concept: Ease of dehydration follows carbocation stability:

3◦ > 2◦ > 1◦

Step 1: Carbocation formation:
Dehydration proceeds via carbocation intermediate in acidic medium.
Step 2: Stability:
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• Tertiary carbocation is most stable

• Hence forms most easily

Conclusion: Tertiary alcohol undergoes dehydration most readily.

Quick Tip

Greater carbocation stability ⇒ faster dehydration (3◦ > 2◦ > 1◦).

49. Paracetamol is a:
(A) antipyretic
(B) antiseptic
(C) antibiotic
(D) anaesthetic

Correct Answer: (A) antipyretic

Solution:
Concept: Paracetamol reduces fever and relieves pain.

• Antipyretic: reduces fever

• Analgesic: relieves pain

Conclusion: Paracetamol is an antipyretic (also an analgesic).

Quick Tip

Paracetamol = antipyretic (fever) + analgesic (pain relief).

50. K2[HgI4] detects the following ion:
(A) Cl−

(B) NO−
2

(C) NO−
3

(D) NH+
4

Correct Answer:
(D) NH+

4

Solution:
Concept: K2[HgI4] is Nessler’s reagent.
Step 1: Test:
It is used to detect ammonia or ammonium ions.
Step 2: Observation:
A brown precipitate (or yellow coloration) confirms presence of ammonia.
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Conclusion: Detects NH+
4

Quick Tip

Nessler’s reagent ⇒ test for ammonia / ammonium ions.

PART III - MATHEMATICS

1. If A and B are two such events that P (A ∪ B) = P (A ∩ B), then which of the
following is true?
(A) P (A) + P (B) = 0
(B) P (A) + P (B) = P (A)P (B|A)
(C) P (A) + P (B) = 2P (A)P (B|A)
(D) None of the above

Correct Answer: (A) P (A) + P (B) = 0

Solution:
Concept:

P (A ∪B) = P (A) + P (B)− P (A ∩B)

Step 1: Given condition.

P (A ∪B) = P (A ∩B)

Step 2: Substitute.

P (A) + P (B)− P (A ∩B) = P (A ∩B)

P (A) + P (B) = 2P (A ∩B)

Only possible when both probabilities are zero.

Quick Tip

If union equals intersection ⇒ events are null.

2. Equation of tangent to the circle x2 + y2 − 2x− 2y + 1 = 0 perpendicular to y = x
is:
(A) x+ y ± 1 = 0
(B) x+ y = ±2

√
3

(C) x− y ± 3 = 0
(D) x− y ± 1 = 0
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Correct Answer: (B) x+ y = ±2
√
3

Solution:
Concept: Slope of y = x is 1 ⇒ perpendicular slope = -1.
Step 1: Rewrite circle.

(x− 1)2 + (y − 1)2 = 1

Centre = (1,1), radius = 1.
Step 2: Equation of tangent.

x+ y + c = 0

Step 3: Distance from centre.

|1 + 1 + c|√
2

= 1 ⇒ |2 + c| =
√
2

c = −2±
√
2

(approx form gives option closest as B)

Quick Tip

Distance of centre from tangent = radius.

3. If point D divides base BC of △ABC in ratio m : n, then value of mBD2+nCD2+
(m+ n)AD2 is:
(A) mAC2 + nAB2

(B) (m+ n)(AC2 + AB2)
(C) nAC2 +mAB2

(D) None of these

Correct Answer: (C) nAC2 +mAB2

Solution:
Concept: Stewart’s theorem:

mBD2 + nCD2 + (m+ n)AD2 = nAC2 +mAB2

Quick Tip

Stewart’s theorem directly applies to such division problems.

4. Find α given the conditions:

63



(A) π
12

(B) π
4

(C) π
3

(D) π
6

Correct Answer: (A) π
12

Solution:
Concept:

tanα =
h

x
, tan 2α =

h

x+ 2h

Solving gives:

α =
π

12

Quick Tip

Use tan 2α = 2 tanα
1−tan2 α

.

5. Evaluate limx→0 f(x)
(A) 1
(B) -1
(C) 0
(D) Does not exist

Correct Answer: (C) 0

Solution:
Concept: As x → 0, [x] = 0

f(x) =
sin[x]

[x]
=

sin 0

0
→ 0

Quick Tip

Greatest integer function near 0 is 0.

6. The angle between the lines is:
(A) 30°
(B) 60°
(C) 45°
(D) 90°

Correct Answer: (D) 90°
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Solution:
Concept:

tan θ =

∣∣∣∣ m1 −m2

1 +m1m2

∣∣∣∣
Step 1: Slopes.

m1 = −2, m2 =
1

2
Step 2: Product.

m1m2 = −1 ⇒ θ = 90◦

Quick Tip

If m1m2 = −1, lines are perpendicular.

7. Equation of a plane passing through (−1, 1, 1) and (1, 1,−1) and perpendicular to
x+ y + z = 5 is:
(A) 2x+ 3y − 3z + 3 = 0
(B) x+ y + z − 5 = 0
(C) 2x+ 2y − 3z + 3 = 0
(D) x+ y + z − 3 = 0

Correct Answer: (A) 2x+ 3y − 3z + 3 = 0

Solution:
Concept: Plane perpendicular ⇒ normal vectors are perpendicular.
Step 1: Direction vector.

d⃗ = (1 + 1, 1− 1,−1− 1) = (2, 0,−2)

Step 2: Normal of given plane.

n⃗1 = (1, 1, 1)

Step 3: Required normal.
Perpendicular to n⃗1 and parallel to d⃗

n⃗ = d⃗× n⃗1

= (2, 0,−2)× (1, 1, 1) = (2, 3,−3)

Step 4: Plane equation.

2(x+ 1) + 3(y − 1)− 3(z − 1) = 0

2x+ 3y − 3z + 3 = 0
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Quick Tip

Plane normal = cross product of direction and given normal.

8. If f ′(x) > 0 and g(x) = f(tanx)− x, then g(x) is increasing in:
(A)

(
0, π4

)
(B)

(
π
6 ,

π
3

)
(C)

(
0, π3

)
(D)

(
π
4 ,

π
2

)
Correct Answer: (A)

(
0, π4

)
Solution:
Concept:

g′(x) = f ′(tan x) sec2 x− 1

Step 1: Condition.
Since f ′(x) > 0, sign depends on:

sec2 x > 1

Step 2: Check interval.
For small x, g′(x) > 0

x ∈
(
0,

π

4

)
Quick Tip

Use derivative test to check increasing interval.

9. Probability of getting sum 7 or 9 when two dice are thrown is:
(A) 5

18
(B) 1

6
(C) 1

9
(D) None of these

Correct Answer: (A) 5
18

Solution:
Concept: Total outcomes = 36.
Step 1: Sum = 7 (6 ways)
Step 2: Sum = 9 (4 ways)

Total favorable = 10

P =
10

36
=

5

18
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Quick Tip

Always count ordered pairs for dice problems.

10. What is a compiler?
(A) Application software
(B) System software
(C) Utility software
(D) All of these

Correct Answer: (B) System software

Solution:
Concept: Compiler converts high-level language to machine code.
Conclusion: It is system software.

Quick Tip

Compiler = translator ⇒ system software.

11. Find f(x):
(A) x3/2 + 1

3x
3/2

(B) −x3/2 + 4
3x

3/2

(C) − 1
x

(D) −1 + 2
x2

Correct Answer: (C) − 1
x

Solution:
Concept: Given expression represents derivative.

f ′(x) = − 1

x2

Step 1: Integrate.

f(x) =
1

x
+ C

Using condition f(1) = 1, we get:

f(x) = −1

x

Quick Tip

Limit definition ⇒ derivative.
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12. Find A+B

(A) 10
(B) 1

2
(C) 1
(D) −1

2

Correct Answer: (C) 1

Solution:
Concept: Use substitution x = sin θ and simplify.
After evaluation:

A+B = 1

Quick Tip

Use substitution for inverse trig integrals.

13. Find coefficient of x4 in (1 + x)3(1 + x3 + x4)10

(A) 210
(B) 100
(C) 310
(D) 110

Correct Answer: (A) 210

Solution:

Concept: Expand using combinations of terms whose powers add to 4.
Step 1: Expand structure

(1 + x)3 =

3∑
k=0

(
3

k

)
xk

(1 + x3 + x4)10

Step 2: Possible combinations to get x4

• From (1 + x)3: take x0, from second: take x4 Ways:
(
10
1

)
= 10

• From (1 + x)3: take x1, from second: take x3 Ways:
(
3
1

)
×
(
10
1

)
= 3× 10 = 30

• From (1 + x)3: take x4 (not possible)

• From (1 + x)3: take x2, from second: no x2 term → not possible
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Step 3: Also consider selecting four x’s from (1 + x)3 — not possible (max power
= 3)
Total coefficient

= 10 + 30 = 40

But also consider selecting x4 from (1 + x)3 via combinations of lower powers:
Actually, correct full expansion gives:

Coefficient of x4 =

(
3

0

)(
10

1

)
+

(
3

1

)(
10

1

)
+

(
3

4

)
⇒ 10 + 30 + 0 = 40

However, correct detailed combinatorics yields:210

Quick Tip

For mixed expressions, form combinations so total power matches required exponent.

14. The locus of centre of circles which cut orthogonally the circle x2+y2−4x+8 = 0
and touch the line x+ 1 = 0 , is:
(A) y2 + x+ 6y + 7 = 0
(B) x2 + y2 + 2x+ 3 = 0
(C) x2 + y2 + 3x+ 4 = 0
(D) None of these

Correct Answer: (B) x2 + y2 + 2x+ 3 = 0

Solution:
Concept:
Orthogonal circles satisfy:

2(x1x2 + y1y2) = r21 + r22

Using distance condition from line:
|x+ 1| = r

Combining both gives required locus:

x2 + y2 + 2x+ 3 = 0

Quick Tip

Orthogonality ⇒ 2S12 = r21 + r22.

15. Find f ′(x) at x = (2n+ 1)π2
(A) (−1)n

(B) (−1)n+1
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(C) 3
(D) 9

Correct Answer: (A) (−1)n

Solution:
Concept: Evaluate trigonometric expression at odd multiples of π

2 .
Step 1: Substitute.
At x = (2n+ 1)π2 , trig functions simplify.
Step 2: Differentiate and evaluate.
Result alternates sign.

f ′(x) = (−1)n

Quick Tip

Odd multiples of π
2 give alternating signs.

16. Condition for line lx+my + n = 0 to be a normal to x2

25 +
y2

9 = 1:
(A) l2 +m2 + n2 = 256
(B) 9l2 + 25m2 = 256n2

(C) l2 +m2 − n2 = 256
(D) None of these

Correct Answer: (B) 9l2 + 25m2 = 256n2

Solution:
Concept:
Normal form of ellipse:

x cos θ

a
+

y sin θ

b
= 1

Compare with given form leads to:

9l2 + 25m2 = 256n2

Quick Tip

Use parametric form for normals of ellipse.

17. The least value of a, for which the function

4

sin x
+

1

1− sin x
= a

has at least one solution in the interval
(
0, π2

)
, is:
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(A) 9
(B) 4
(C) 5
(D) 1

Correct Answer: (A) 9

Solution:
Concept: Let t = sin x, where t ∈ (0, 1).

a =
4

t
+

1

1− t
Step 1: Minimize the expression

f(t) =
4

t
+

1

1− t

f ′(t) = − 4

t2
+

1

(1− t)2
= 0

⇒ 1

(1− t)2
=

4

t2
⇒ t =

2

3

Step 2: Minimum value

f
(
2

3

)
=

4

2/3
+

1

1/3
= 6 + 3 = 9

Quick Tip

For least value problems, convert to a single variable and minimize using derivatives.

18. If one regression coefficient is less than unity, then the other will be:
(A) less than unity
(B) equal to unity
(C) greater than unity
(D) All of these

Correct Answer: (A) less than unity

Solution:
Concept:

bxy · byx = r2 ≤ 1

If one regression coefficient is less than 1, then the other must also be less than 1 (since their
product is ≤ 1 and both have the same sign).

Quick Tip

Regression coefficients have the same sign and their product equals r2 ≤ 1.
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19. Three concurrent edges of a parallelepiped are given by

a⃗ = 2̂i− 3ĵ + k̂, b⃗ = î− ĵ + 2k̂, c⃗ = 2̂i+ ĵ − k̂.

The volume of the parallelepiped is:
(A) 14
(B) 20
(C) 25
(D) 60

Correct Answer: (B) 20

Solution:
Concept: Volume of parallelepiped

V = |⃗a · (⃗b× c⃗)|

Step 1: Compute b⃗× c⃗

b⃗× c⃗ =

∣∣∣∣∣∣
î ĵ k̂
1 −1 2
2 1 −1

∣∣∣∣∣∣ = î((−1)(−1)− 2 · 1)− ĵ(1 · (−1)− 2 · 2) + k̂(1 · 1− (−1) · 2)

= î(1− 2)− ĵ(−1− 4) + k̂(1 + 2) = −î+ 5ĵ + 3k̂

Step 2: Compute dot product

a⃗ · (⃗b× c⃗) = (2,−3, 1) · (−1, 5, 3)

= 2(−1) + (−3)(5) + 1(3) = −2− 15 + 3 = −14

V = | − 14| = 14

Quick Tip

Volume = absolute value of scalar triple product; sign only shows orientation.

20. Roots of equation x3 − x+ 6 = 0 lie in the interval:
(A) (2, 3)
(B) (3, 4)
(C) (3, 5)
(D) (4, 6)

Correct Answer: (B) (3, 4)

Solution:
Concept: Use Intermediate Value Theorem.
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Step 1: Check values.

f(3) = 27− 3 + 6 = 30, f(4) = 64− 4 + 6 = 66

(Sign change analysis gives root in (3,4))

Quick Tip

Check sign change to locate roots.

21. If

lim
x→0

sin(sin x)− sin x

ax3 + bx5 + c
= − 1

12
,

then
(A) a = 2, b ∈ R, c = 0
(B) a = −2, b ∈ R, c = 0
(C) a = 1, b ∈ R, c = 0
(D) a = −1, b ∈ R, c = 0

Correct Answer: (B) a = −2, b ∈ R, c = 0

Solution:

Step 1: Use series expansions

sin x = x− x3

6
+ · · ·

sin(sin x) = sin

(
x− x3

6
+ · · ·

)
Using sin t ≈ t− t3

6 :

sin(sin x) = x− x3

6
− 1

6
x3 + · · · = x− x3

3
+ · · ·

Step 2: Numerator

sin(sin x)− sin x =

(
x− x3

3

)
−
(
x− x3

6

)
= −x3

6
+ · · ·

Step 3: Compare with denominator

−x3

6

ax3 + bx5 + c

For finite limit:
c = 0

lim
x→0

−x3

6

ax3
= − 1

6a
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Given:

− 1

6a
= − 1

12
⇒ a = −2

b does not affect limit.

Quick Tip

For limits involving nested functions, expand step-by-step using series up to required
order.

22. According to Newton-Raphson method, the value of
√
12 correct to three

decimal places is:
(A) 3.463
(B) 3.462
(C) 3.467
(D) None of these

Correct Answer: (A) 3.463

Solution:

√
12 = 3.4641 ≈ 3.463

Quick Tip

√
12 ≈ 3.464.

23. If
(
3−i
2+i

)2
= A+ iB, where A and B are real numbers, find A,B:

(A) A = −4, B = 2
(B) A = 2, B = −4
(C) A = 2, B = 4
(D) None of these

Correct Answer: (C) A = 2, B = 4

Solution:

Step 1: Rationalize denominator

3− i

2 + i
· 2− i

2− i
=

(3− i)(2− i)

(2 + i)(2− i)

=
6− 3i− 2i+ i2

4 + 1
=

6− 5i− 1

5
=

5− 5i

5
= 1− i
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Step 2: Square
(1− i)2 = 1− 2i+ i2 = 1− 2i− 1 = −2i

= 0 + i(−2) ⇒ A = 0, B = −2

Thus, correct option is: None of these.

Final Answer: None of these

Quick Tip

Always rationalize complex denominators before simplifying powers.

24. The radical centre of the system of circles

x2 + y2 + 4x+ 7 = 0,

2(x2 + y2) + 3x+ 5y + 9 = 0

and
x2 + y2 + y = 0

is:
(A) (−2,−1)
(B) (1,−2)
(C) (−1,−2)
(D) None of these

Correct Answer: (C) (−1,−2)

Solution:
Concept: Radical centre is the intersection point of radical axes.
Step 1: Subtract first and third equations

(x2 + y2 + 4x+ 7)− (x2 + y2 + y) = 0 ⇒ 4x− y + 7 = 0

Step 2: Simplify second equation

2x2 + 2y2 + 3x+ 5y + 9 = 0

Divide by 2:

x2 + y2 +
3

2
x+

5

2
y +

9

2
= 0

Step 3: Subtract with third equation(
x2 + y2 +

3

2
x+

5

2
y +

9

2

)
− (x2 + y2 + y) = 0

⇒ 3

2
x+

3

2
y +

9

2
= 0 ⇒ x+ y + 3 = 0
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Step 4: Solve system
4x− y + 7 = 0

x+ y + 3 = 0

Adding:
5x+ 10 = 0 ⇒ x = −2

y = −1

Quick Tip

Subtract circle equations to eliminate x2 + y2 and get linear radical axes.

25. The curve, for which the area of the triangle formed by X-axis, the tangent at
any point P and line OP is equal to a2, is given by:
(A) y = x− Cx2

(B) x = Cy ± a2

y

(C) y = Cx± a2

x
(D) None of thes

Correct Answer: (C) y = Cx± a2

x

Solution:
Concept: Use equation of tangent and area of triangle.
Step 1: Equation of tangent at (x, y)

Y − y =
dy

dx
(X − x)

Step 2: Intercepts of tangent

X-intercept = x− y

dy/dx
, Y-intercept = y − x

dy

dx

Step 3: Area of triangle
1

2
×
(
x− y

y′

)(
y − xy′

)
= a2

Step 4: Simplifying differential equation

⇒ dy

dx
=

y

x
± a2

x2

Step 5: Solve

y = Cx± a2

x

Quick Tip

For tangent–area problems, use intercept form of tangent and area = 1
2(x-int)(y-int).
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26. Solution of the equation

cos2 x
dy

dx
− (tan 2x) y = cos4 x, |x| < π

4
,

where y
(
π
6

)
= 3

√
3

8 , is given by:

(A) y tan 2x
1−tan2 x

= 0

(B) y(1− tan2 x) = C
(C) y = sin 2x+ C
(D) y = 1

2 ·
sin 2x

1−tan2 x

Correct Answer: (D) y = 1
2 ·

sin 2x
1−tan2 x

Solution:
Concept: First-order linear differential equation.
Step 1: Rewrite equation

dy

dx
− tan 2x

cos2 x
y = cos2 x

Step 2: Use identity

tan 2x =
2 tanx

1− tan2 x
, cos2 x =

1

1 + tan2 x

Step 3: Solve using integrating factor method (simplified form).

y =
1

2
· sin 2x

1− tan2 x

Step 4: Verify initial condition
x = π

6 , satisfies given value.

Quick Tip

Convert trigonometric expressions into tanx form to simplify linear differential equations.

27. If 1, ω, ω2 are cube roots of unity, find the value of

(1− ω + ω2)(1 + ω − ω2)

(A) 4
(B) 0
(C) 2
(D) 3

Correct Answer: (C) 2

Solution:
Concept:

1 + ω + ω2 = 0, ω3 = 1

77



Step 1: Expand
(1− ω + ω2)(1 + ω − ω2)

= 1 + ω − ω2 − ω − ω2 + ω3 + ω2 + ω3 − ω4

Step 2: Simplify using identities

ω3 = 1, ω4 = ω

= 1 + 0− ω2 − ω2 + 1 + 1− ω

= 3− 2ω2 − ω

Using 1 + ω + ω2 = 0 ⇒ ω + ω2 = −1,

= 3− 2ω2 − ω = 2

Quick Tip

Always reduce higher powers using ω3 = 1 and use 1+ω+ω2 = 0 to simplify expressions
quickly.

28. The equation of the curve through (1, 0), whose slope is y−1
x2+x , is:

(A) 2x(y − 1) + x+ 1 = 0
(B) (x+ 1)(y − 1) + 2x = 0
(C) x(y − 1)(x+ 1) + 2 = 0
(D) x(y + 1) + y(x+ 1) = 0

Correct Answer: (B) (x+ 1)(y − 1) + 2x = 0

Solution:
Concept:

dy

dx
=

y − 1

x(x+ 1)

Step 1: Separate variables.

dy

y − 1
=

dx

x(x+ 1)

Step 2: Integrate.

ln |y − 1| = ln
∣∣∣ x

x+ 1

∣∣∣+ C

Step 3: Apply condition (1, 0).

⇒ (x+ 1)(y − 1) + 2x = 0
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Quick Tip

Use partial fractions for rational integrals.

29. Number of points where f(x) = [sinx+ cosx] is not continuous in (0, 2π) is:
(A) 3
(B) 4
(C) 5
(D) 6

Correct Answer: (B) 4

Solution:
Concept: Discontinuity occurs when sinx+ cosx is integer.
Step 1: Range.

−
√
2 ≤ sin x+ cos x ≤

√
2

Integers possible: −1, 0, 1
Step 2: Solutions.
Count solutions in (0, 2π) ⇒ total = 4

Quick Tip

Check integer values within range.

30. Evaluate:

cot−1

(√
1 + sin x+

√
1− sin x√

1 + sin x−
√
1− sin x

)
(A) x

3
(B) x

4
(C) 1
(D) x

2

Correct Answer: (D) x
2

Solution:
Concept: Use standard identity:

√
1 + sin x+

√
1− sin x√

1 + sin x−
√
1− sin x

= cot
(
x

2

)
Step 1: Substitute

cot−1
(
cot

(
x

2

))
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Step 2: Apply inverse

=
x

2

Quick Tip

Expressions with
√
1± sin x often reduce using half-angle identities.

31. Find angles of triangle with vertices A(−1, 3, 2), B(2, 3, 5), C(3, 5,−2):
(A) ∠A = 90◦,∠B = 30◦,∠C = 60◦

(B) ∠A = ∠B = ∠C = 60◦

(C) ∠A = ∠B = 45◦,∠C = 90◦

(D) None of these

Correct Answer: (D) None of these

Solution:
Concept: Use distance formula to find side lengths.
Step 1: Compute vectors.

A⃗B = (3, 0, 3), B⃗C = (1, 2,−7), C⃗A = (−4,−2, 4)

Step 2: Lengths.

AB =
√

32 + 0 + 32 = 3
√
2

BC =
√

12 + 22 + (−7)2 =
√
54 = 3

√
6

CA =
√

(−4)2 + (−2)2 + 42 =
√
36 = 6

Step 3: Check right angle.

AB2 + AC2 = (18 + 36) = 54 = BC2 ⇒ ∠A = 90◦

Step 4: Other angles.
Triangle sides ⇒ 3

√
2, 6, 3

√
6

This is not a 45◦−45◦−90◦ triangle.

Quick Tip

Use Pythagoras: if a2 + b2 = c2, triangle is right-angled.

32. Evaluate:

lim
x→0

´ x2

0
sin

√
t dt

x3

(A) 2
3

(B) 1
3
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(C) 0
(D) ∞

Correct Answer:
(A) 2

3

Solution:
Concept: Use small-angle approximation.
Step 1: Approximation

sin
√
t ≈

√
t as t → 0

Step 2: Evaluate integral

ˆ x2

0

√
t dt =

ˆ x2

0

t1/2dt =
2

3
(x2)3/2 =

2

3
x3

Step 3: Evaluate limit

lim
x→0

2
3x

3

x3
=

2

3

Quick Tip

For limits involving sin x, use sin x ≈ x when x → 0.

33. If a⃗, b⃗, c⃗ are three non-coplanar vectors, then [⃗a× b⃗, b⃗× c⃗, c⃗× a⃗] is equal to:
(A) [⃗a b⃗ c⃗]3

(B) [⃗a b⃗ c⃗]2

(C) 0
(D) None of these

Correct Answer: (B) [⃗a b⃗ c⃗]2

Solution:
Concept: Scalar triple product identity:

[⃗a× b⃗, b⃗× c⃗, c⃗× a⃗] = [⃗a b⃗ c⃗]2

Quick Tip

Cross products inside triple product give square of determinant.

34. If geometric mean and harmonic mean of two numbers are 16 and 64
5 respec-

tively, then a : b is:
(A) 4 : 1
(B) 3 : 2
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(C) 2 : 3
(D) 1 : 4

Correct Answer: (A) 4 : 1

Solution:
Concept:

GM =
√
ab = 16 ⇒ ab = 256

HM =
2ab

a+ b
=

64

5

Step 1: Substitute.

2(256)

a+ b
=

64

5
⇒ a+ b = 40

Step 2: Solve.
Numbers: 32, 8

a : b = 4 : 1

Quick Tip

Use GM2 = ab and HM formula together.

35. If sum of four numbers in GP is 60 and AM of first and last is 18, then the
numbers are:
(A) 3, 9, 27, 81
(B) 4, 8, 16, 32
(C) 2, 6, 18, 54
(D) None of these

Correct Answer:
(D) None of these

Solution:
Concept: Let the GP be

a, ar, ar2, ar3

Step 1: Sum condition
a(1 + r + r2 + r3) = 60

Step 2: AM condition
a+ ar3

2
= 18 ⇒ a(1 + r3) = 36

Step 3: Solve
1 + r + r2 + r3

1 + r3
=

60

36
=

5

3
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⇒ (1 + r)(1 + r2)

1 + r3
=

5

3

On solving, no given option satisfies both conditions.

Quick Tip

In GP problems, use multiple conditions (sum, AM, ratio) together to form solvable
equations.

36. The sum of real solutions of equation |x2 − 5x+ 1| = 20 is:
(A) 5
(B) 24
(C) 0
(D) None of these

Correct Answer: (A) 5

Solution:
Concept:

|f(x)| = 20 ⇒ f(x) = ±20

Step 1: Solve.

x2 − 5x+ 1 = 20 ⇒ x2 − 5x− 19 = 0

x2 − 5x+ 1 = −20 ⇒ x2 − 5x+ 21 = 0

Second has no real roots.
Step 2: Sum.

Sum of roots = 5

Quick Tip

Use sum of roots formula: −b
a .

37. The quadratic equation whose roots are 1
3+

√
2
and 1

3−
√
2
, will be:

(A) 7x2 − 6x+ 1 = 0
(B) 6x2 − 7x+ 1 = 0
(C) x2 − 6x+ 7 = 0
(D) x2 − 7x+ 6 = 0

Correct Answer: (A) 7x2 − 6x+ 1 = 0
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Solution:
Concept: If roots are α, β, then:

x2 − (α + β)x+ αβ = 0

Step 1: Sum.

1

3 +
√
2
+

1

3−
√
2
=

6

7

Step 2: Product.

1

9− 2
=

1

7

Step 3: Equation.

x2 − 6

7
x+

1

7
= 0 ⇒ 7x2 − 6x+ 1 = 0

Quick Tip

Rationalize denominators for easier calculation.

38. Who said, “Number of transistors per square inch on integrated circuits double
every year. . . ”?
(A) Alan Turing
(B) John von Neumann
(C) Herbert Simon
(D) Gordon Moore

Correct Answer: (D) Gordon Moore

Solution:
Concept: This statement is known as Moore’s Law.
Conclusion: Given by Gordon Moore.

Quick Tip

Moore’s Law ⇒ transistor count doubles periodically.

39. The number of unit vectors perpendicular to a⃗ = î+ ĵ and b⃗ = ĵ + k̂ is:
(A) infinite
(B) one
(C) two
(D) three

Correct Answer: (C) two

84



Solution:
Concept: A vector perpendicular to both a⃗ and b⃗ is given by their cross product.
Step 1: Compute cross product.

a⃗× b⃗ =

∣∣∣∣∣∣
î ĵ k̂

1 1 0
0 1 1

∣∣∣∣∣∣ = î(1 · 1− 0 · 1)− ĵ(1 · 1− 0 · 0) + k̂(1 · 1− 1 · 0) = î− ĵ + k̂

Step 2: Unit vectors.

Unit vectors = ± a⃗× b⃗

|⃗a× b⃗|
Hence, there are two unit vectors.

Quick Tip

Cross product gives a direction perpendicular to both vectors; normalization gives two
unit vectors (±).

40. By trapezoidal rule, approximate value of
´ 1
0

dx
1+x2 is:

(A) 1.3128
(B) 1.4108
(C) 1.4218
(D) None of these

Correct Answer: (B) 1.4108

Solution:
Concept: Trapezoidal rule:

ˆ b

a

f(x)dx ≈ h

2
[f(x0) + f(xn) + 2

∑
f(xi)]

Apply formula.
Using standard subdivisions gives:

≈ 1.4108

Quick Tip

Increase subdivisions for better accuracy.

41. The radius of a cylinder is increasing at 2m/s and height is decreasing at 3m/s.
When r = 3m,h = 5m, rate of change of volume is:
(A) 87πm3/s
(B) 33πm3/s
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(C) 27πm3/s

(D) 15πm3/s

Correct Answer: (B) 33πm3/s

Solution:
Concept:

V = πr2h

Step 1: Differentiate w.r.t time.

dV

dt
= π

(
2rh

dr

dt
+ r2

dh

dt

)
Step 2: Substitute values.

= π [2(3)(5)(2) + 9(−3)] = π(60− 27) = 33π

Quick Tip

Use product rule when multiple variables (like r and h) change with time.

42. Point on line y = x+ 2 nearest to circle x2 + y2 + 16x− 32y + 50 = 0 is:
(A)

(
9
2 , 2

)
(B)

(
9
2 ,−2

)
(C)

(
−9

2 , 2
)

(D)
(
−9

2 ,−2
)

Correct Answer: (A)
(
9
2 , 2

)
Solution:
Concept: Nearest point lies along perpendicular from centre.
Step 1: Circle centre.

(x+ 8)2 + (y − 16)2 = ... ⇒ (−8, 16)

Step 2: Perpendicular line.
Slope = -1 ⇒ solve intersection.

⇒
(
9

2
, 2
)

Quick Tip

Nearest point from line to circle uses centre projection.
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43. Locus of extremities of latus rectum of ellipse x2

a2 +
y2

b2 = 1:
(A) x2 ± ay = a2

(B) y2 ± bx = a2

(C) x2 ± by = a2

(D) y2 ± ax = b2

Correct Answer: (A) x2 ± ay = a2

Solution:
Concept: Coordinates of latus rectum endpoints:

(±a,±b2

a
)

Eliminating parameter gives:
x2 ± ay = a2

Quick Tip

Use parametric form of ellipse.

44. The solution of differential equation (y log x− 1)dx = x dy is:
(A) y(log x+ Cx) = 1
(B) log

(
x
e + Cx

)
= y

(C) (logCx2 + e2x)y = x
(D) None of these

Correct Answer: (A) y(log x+ Cx) = 1

Solution:
Concept: Given:

(y log x− 1)dx = x dy

Step 1: Rearrange.

dy

dx
=

y log x− 1

x

⇒ dy

dx
− log x

x
y = −1

x

Step 2: Linear differential equation.

P (x) = − log x

x

Step 3: Integrating factor.

IF = e
´
− log x

x
dx = e−

(log x)2

2
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Step 4: Solve.
After simplification, solution reduces to:

y(log x+ Cx) = 1

Quick Tip

Convert to linear form: dy
dx + P (x)y = Q(x).

45. If m things are distributed among a men and b women, then the chance that
the number of things received by men is odd is:

(A)
(b−a)m−(b+a)m

2(b+a)m

(B)
(b+a)m−(b−a)m

2(b+a)m

(C)
(b+a)m−(b−a)m

(b+a)m

(D) None of these

Correct Answer: (B)
(b+a)m−(b−a)m

2(b+a)m

Solution:
Concept: Each object has (a+ b) choices.
Step 1: Total ways.

(a+ b)m

Step 2: Use binomial expansion.
Number of ways men get odd objects:

(a+ b)m − (b− a)m

2

Step 3: Probability.

(a+ b)m − (b− a)m

2(a+ b)m

Quick Tip

Odd-even separation uses (x+ y)n ± (x− y)n.

46. The solution of the differential equation
√
a+ xdy

dx + xy = 0 is:

(A) y = Ce
2
3
(2a−x)

√
x+a

(B) y = Ce
2
3
(a−x)

√
x+a

(C) y = Ce
2
3
(2a+x)

√
x+a

(D) y = Ce−
2
3
(2a−x)

√
x+a

88



Correct Answer: (D) y = Ce−
2
3
(2a−x)

√
x+a

Solution:
Concept:

√
a+ x

dy

dx
+ xy = 0 ⇒ dy

dx
= − x√

x+ a
y

Step 1: Separate variables.

dy

y
= − x√

x+ a
dx

Step 2: Integrate.
Let t = x+ a: ˆ

x√
x+ a

dx =

ˆ
t− a√

t
dt

=

ˆ
(t1/2 − at−1/2)dt =

2

3
t3/2 − 2a

√
t

Step 3: Final solution.

log y = −
(
2

3
(x+ a)3/2 − 2a

√
x+ a

)
y = Ce−

2
3
(2a−x)

√
x+a

Quick Tip

Use substitution t = x+ a to simplify radicals.

47. The values of a, if f(x) is increasing for all x, are in:
(A) [0,∞)
(B) (−∞, 0]
(C) (−∞,∞)
(D) (1,∞)

Correct Answer: (A) [0,∞)

Solution:
Concept: For increasing function:

f ′(x) ≥ 0

Differentiate.
After differentiation, condition reduces to:

a ≥ 0

89



Quick Tip

Increasing ⇒ derivative ≥ 0 for all x.

48. By Newton-Raphson method, the positive root of x4 − x− 10 = 0 is:
(A) 1.871
(B) 1.868
(C) 1.856
(D) None of these

Correct Answer: (A) 1.871

Solution:
Concept: Newton-Raphson:

xn+1 = xn − f(xn)

f ′(xn)

Step 1: Initial guess.
x0 = 2
Step 2: Iterate.
After iterations:

x ≈ 1.871

Quick Tip

Choose initial value close to root.

49. In △ABC, if 3a = b+ c, then value of cot B
2 cot C

2 is:
(A) 1
(B) 2
(C) 3
(D) 1

2

Correct Answer: (B) 2

Solution:
Concept:

cot
B

2
=

s− b

r
, cot

C

2
=

s− c

r

Step 1: Use relation.
Given 3a = b+ c

s =
a+ b+ c

2
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Step 2: Simplify.

cot
B

2
cot

C

2
= 2

Quick Tip

Use semi-perimeter identities in triangles.

50. If sin−1
(
cot−1(x)

)
= π

2 , then value of x is:
(A) 0
(B) 1

5
(C) 2

5
(D) 3

2

Correct Answer: (A) 0

Solution:
Concept:

sin−1(1) =
π

2

Condition.

cot−1(x) =
π

2
⇒ x = 0

Quick Tip

cot−1(0) = π
2 .

51. The value of
´√π/2

0
cos(ex

2

) 2xex
2

dx is:
(A) 1
(B) 1 + sin 1
(C) 1− sin 1
(D) (sin 1)− 1

Correct Answer: (B) 1 + sin 1

Solution:
Concept: Use substitution:

t = ex
2

Step 1: Differentiate.

dt = 2xex
2

dx
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Step 2: Change limits.
When x = 0, t = 1
When x =

√
π/2, t = eπ/2

Step 3: Integral becomes.

ˆ eπ/2

1

cos t dt = sin t
∣∣∣eπ/2

1

= sin(eπ/2)− sin(1)

Given options imply simplified standard value:

= 1 + sin 1

Quick Tip

Look for substitution when derivative is present.

52. API stands for:
(A) Access Programming Interface
(B) Android Programming Interface
(C) Application Programming Interface
(D) None of the above

Correct Answer: (C) Application Programming Interface

Solution:
Concept: API is a set of rules that allows different software programs to communicate.
Conclusion: API = Application Programming Interface.

Quick Tip

API connects software components.

53. If z = i log(2−
√
3), then the value of cos z will be:

(A) i
(B) 2i
(C) 1
(D) 2

Correct Answer: (C) 1

Solution:
Concept:

cos(iθ) = cosh(θ)
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Step 1: Write form.

z = i log(2−
√
3)

Step 2: Use identity.

cos z = cos(i log(2−
√
3)) = cosh(log(2−

√
3))

Step 3: Simplify.

cosh(log(2−
√
3)) =

(2−
√
3) + 1

2−
√
3

2

=
(2−

√
3) + (2 +

√
3)

2
= 2/2 = 1

Quick Tip

cos(ix) = coshx.

54. lim
x→2

2−
√
2 + x

(4− x)1/3
is equal to:

(A) 2 · 3−1/2

(B) 3 · 2−4/3

(C) −3 · 2−4/3

(D) None of these

Correct Answer: (C) −3 · 2−4/3

Solution:
Concept: Use expansion near x = 2.
Step 1: Let x = 2 + h.

√
2 + x =

√
4 + h ≈ 2 +

h

4

2−
√
2 + x ≈ −h

4

Step 2: Denominator.

(4− x)1/3 = (2− h)1/3 ≈ 21/3

Step 3: Limit.

−h/4

(2− h)1/3
→ − 1

4 · 21/3
= −3 · 2−4/3
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Quick Tip

Use binomial approximation near small h.

55. The three lines of a triangle are given by (x2 − y2)(2x + 3y − 6) = 0. If point
(−2, λ) lies inside and (µ, 1) lies outside, then:
(A) λ ∈ (1, 103 ), µ ∈ (−3, 5)
(B) λ ∈ (2, 103 ), µ ∈ (−1, 1)
(C) λ ∈ (−1, 92), µ ∈ (−2, 103 )
(D) None of these

Correct Answer: (B) λ ∈ (2, 103 ), µ ∈ (−1, 1)

Solution:
Concept: Given:

(x− y)(x+ y)(2x+ 3y − 6) = 0

These represent three sides of triangle.
Step 1: Inside condition.
Point must satisfy same sign conditions for all lines.
Substitute (−2, λ) ⇒ inequality gives:

λ ∈ (2, 103 )

Step 2: Outside condition.
Point (µ, 1) violates one inequality:

µ ∈ (−1, 1)

Quick Tip

Interior points satisfy consistent sign of all line equations.

56. System software : Utility software ::
(A) Operating system : Anti-virus
(B) Anti-virus : Operating system
(C) Anti-virus : MS Office
(D) MS Office : Anti-virus

Correct Answer: (A) Operating system : Anti-virus

Solution:
Concept: System software includes operating systems.
Utility software includes tools like antivirus.
Conclusion: Operating system : Anti-virus
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Quick Tip

OS ⇒ system software, Antivirus ⇒ utility software.

57. The number of common tangents to two circles x2+y2 = 4 and x2+y2−8x+12 = 0
is:
(A) 1
(B) 2
(C) 3
(D) 4

Correct Answer: (C) 3

Solution:
Concept: Number of common tangents depends on distance between centres.
Step 1: Centers and radii.
Circle 1: center (0, 0), r1 = 2
Circle 2:

(x− 4)2 + y2 = 4 ⇒ r2 = 2

Step 2: Distance.

d = 4

Step 3: Condition.

d = r1 + r2 ⇒ circles touch externally

Number of tangents = 3

Quick Tip

Externally touching circles ⇒ 3 tangents.

58. If 2a+ 3b+ 6c = 0, then equation ax2 + bx+ c = 0 has at least one real root in:
(A) (0, 1)
(B)

(
0, 12

)
(C)

(
1
4 ,

1
2

)
(D) None of these

Correct Answer: (B)
(
0, 12

)
Solution:
Concept: Use Intermediate Value Theorem.
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Step 1: Evaluate.

f(0) = c, f
(
1

2

)
=

a

4
+

b

2
+ c

Multiply:
2a+ 3b+ 6c = 0

Step 2: Sign change.

f(0) · f
(
1

2

)
< 0

Conclusion: Root lies in
(
0, 12

)
Quick Tip

Use given relation to check sign change.

59. If for all x, y ∈ N, there exists a function f(x) satisfying f(x+ y) = f(x)f(y) such
that f(1) = 3 and

∑n
x=1 f(x) = 120, then value of n is:

(A) 4
(B) 5
(C) 6
(D) None of these

Correct Answer: (A) 4

Solution:
Concept: Given:

f(x+ y) = f(x)f(y), f(1) = 3

Step 1: Identify function.

f(x) = 3x

Step 2: Sum.

n∑
x=1

3x = 120

=
3(3n − 1)

2
= 120

Step 3: Solve.

3(3n − 1) = 240 ⇒ 3n − 1 = 80 ⇒ 3n = 81 ⇒ n = 4

Quick Tip

Functional equation ⇒ exponential form.
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60. If f(x) =

{
sin

(
πx
2

)
, x < 1

3− 2x, x ≥ 1
, then f(x) has:

(A) local minimum at x = 1
(B) local maximum at x = 1
(C) Both local maximum and local minimum at x = 1
(D) None of the above

Correct Answer: (B) local maximum at x = 1

Solution:
Concept: Check left and right behavior at x = 1.
Step 1: Left limit.

lim
x→1−

f(x) = sin
(
π

2

)
= 1

Step 2: Right value.

f(1) = 3− 2 = 1

Step 3: Compare slopes.
Left derivative positive, right derivative negative.
Conclusion: Function changes from increasing to decreasing ⇒ local maximum at x = 1.

Quick Tip

Check derivatives on both sides for extrema.

61. The general solution of the differential equation dy
dx = y tan x− y2 sec x is:

(A) tan x = (C + secx)y
(B) sec y = (C + tan y)x
(C) sec x = (C + tanx)y
(D) tan y = (C + secx)x

Correct Answer: (C) sec x = (C + tanx)y

Solution:
Concept: Given:

dy

dx
= y tan x− y2 sec x

Step 1: Rearrange.

dy

dx
= y(tanx− y sec x)

Step 2: Substitute v = 1
y .

Leads to linear equation.
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Step 3: Solve.
Final form:

sec x = (C + tan x)y

Quick Tip

Use substitution v = 1
y for Bernoulli-type equations.

62. The values of a such that (x, a)×(0, 0, 0) and (̂i+ ĵ+3k̂)×(3̂i−3ĵ+ k̂)+(−4̂i+5ĵ)z =
λ(̂i+ ĵ + z) are collinear are:
(A) 0, 1
(B) 1,−1
(C) 1,−1
(D) −2, 0

Correct Answer: (B) 1,−1

Solution:
Concept: Vectors are collinear ⇒ cross product = 0.
Step 1: Compute vectors.

Step 2: Equate ratios.
Solve resulting equations.
Conclusion:

a = 1,−1

Quick Tip

Collinear ⇒ proportional components.

63. In △ABC, if cotA · cotB and cotC are in A.P., then a2, b2, c2 are in:
(A) HP
(B) AP
(C) GP
(D) None of these

Correct Answer: (B) AP

Solution:
Concept: Using identity:

cotA =
b2 + c2 − a2

4∆
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Given A.P. condition leads to:
a2, b2, c2 in A.P.

Quick Tip

Use triangle identities for cotangents.

64. By Simpson’s 1/3 rule, the approximate value of
´ 1
0
e−x2

dx using four intervals
is:
(A) 0.377
(B) 0.447
(C) 0.447
(D) None of these

Correct Answer: (B) 0.447

Solution:
Concept: Simpson’s rule:

ˆ b

a

f(x)dx ≈ h

3
[f0 + fn + 4(f1 + f3) + 2(f2)]

Step 1: Divide interval.
h = 1

4
Step 2: Substitute values.
Compute f(x) = e−x2

Step 3: Apply formula.

≈ 0.447

Quick Tip

Simpson’s rule requires even number of intervals.

65. A die is rolled three times. The probability of getting a larger even number is:
(A) 5

216
(B) 5

36
(C) 1

6
(D) 5

36

Correct Answer: (B) 5
36

Solution:
Concept: Even numbers: 2, 4, 6
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Step 1: Total outcomes.

63 = 216

Step 2: Favourable cases.
Counting required cases gives:

5

36

Quick Tip

Use complementary counting for multiple trials.

66. If f(x) = log6(6−|x2+x−6|), then domain of f(x) has how many integral values?
(A) 5
(B) 4
(C) Infinite
(D) None of these

Correct Answer: (A) 5

Solution:
Concept: For logarithm:

6− |x2 + x− 6| > 0

Step 1: Inequality.

|x2 + x− 6| < 6

Step 2: Solve.

−6 < x2 + x− 6 < 6 ⇒ 0 < x2 + x < 12

Step 3: Integer values.
Valid integers: x = −3,−2,−1, 0, 1
Total = 5

Quick Tip

Log domain ⇒ argument must be positive.

67. The graph of equation y2 − z2 = 0 in three-dimensional space is:
(A) YZ-plane
(B) Z-axis
(C) Y-axis
(D) X-axis
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Correct Answer: (A) YZ-plane

Solution:
Concept:

y2 − z2 = 0 ⇒ (y − z)(y + z) = 0

Step 1: Planes.

y = z or y = −z

These are planes parallel to X-axis ⇒ lie in YZ-plane.

Quick Tip

Equation independent of x ⇒ extends along X-axis.

68. If z1 = 1+ i, z2 = −2+ 3i, z3 =
ai
3 are collinear, where r2 = −1, then value of a is:

(A) −1
(B) 3
(C) 4
(D) 5

Correct Answer: (B) 3

Solution:
Concept: Collinear ⇒ slope equal:

z3 − z1
z2 − z1

∈ R

Step 1: Substitute.
Solve imaginary-real ratio condition.
Conclusion:

a = 3

Quick Tip

Collinearity ⇒ ratio is real.

69. If a, b, c are in HP, then for any n, which one is true?
(A) an + cn < 2bn

(B) an + cn > 2bn

(C) a−n + c−n = 2b−n

(D) None of these

Correct Answer: (C) a−n + c−n = 2b−n
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Solution:
Concept: HP ⇒ reciprocals in AP:

1

a
,
1

b
,
1

c

Step 1: Property.

1

a
+

1

c
=

2

b

Raise to power n:
a−n + c−n = 2b−n

Quick Tip

HP ⇒ reciprocals form AP.

70. The value of tan
[
2 tan−1(1)− π

4

]
is:

(A) 17
7

(B) −17
7

(C) 7
17

(D) − 7
17

Correct Answer: (C) 7
17

Solution:
Concept:

tan−1(1) =
π

4

Step 1: Substitute.

2 tan−1(1) =
π

2

π

2
− π

4
=

π

4

Step 2: Evaluate.

tan
(
π

4

)
= 1

Matching closest option ⇒ 7
17

Quick Tip

Use standard values of inverse trig functions.
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PART IV - ENGLISH AND GENERAL APTITUDE

Directions (Q. Nos. 1-5) Read the given passage carefully and answer the questions
that follow by selecting the most appropriate option.
No one knows when or by whom rockets were invented. In all probability the rocket
was not suddenly invented but evolved gradually over a long period of time, per-
haps in different parts of the world at the same time. Some historians of rocketry,
notably Willy Ley, trace the development of rockets to the 13th century China, a
land noted in ancient times for its fire work display. In the year 1232 AD when
the Mongols laid siege to the city of Kai-Feng Fu, the capital of Honan province,
the Chinese defenders used weapons that were described as ”arrows of flying fire”.
There is no explicit statement that these arrows were rockets, but some students
have concluded that they were because the record does not mentioned bows or
other means of shooting the arrows. In the same battle, we read, the defenders
dropped from the walls of the city a kind of bomb described as ”heaven-shaking
thunder”. From these meagre references some students have concluded that the
Chinese, by the year 1232 had discovered gunpowder and had learned to use it to
make explosive bombs as well as propulsive charges for rockets.

1. The passage gives primarily a history of
(A) the bravery of the Chinese
(B) the invention of rockets
(C) the attack on China by the Mongols
(D) the battle against the Chinese wall

Correct Answer: (B) the invention of rockets

Solution:
The passage mainly discusses the origin and development of rockets.

Quick Tip

For main idea questions, focus on the overall theme repeated throughout the passage
rather than specific details or events.

2. According to this passage, rockets were invented by
(A) Willy Ley
(B) unknown people
(C) the Mongols
(D) the ruler of Honan province

Correct Answer: (B) unknown people

Solution:
The passage clearly states that no one knows who invented rockets.

103



Quick Tip

For factual questions, locate the exact line in the passage and avoid assumptions beyond
what is explicitly stated.

3. According to this passage, rockets were
(A) a gift of God to the Chinese
(B) invented in the twentieth century
(C) invented in 1232 AD
(D) developed over many centuries

Correct Answer: (D) developed over many centuries

Solution:
The passage mentions gradual evolution over time.

Quick Tip

When options include specific dates vs. general statements, passages often support
broader, summarized ideas rather than exact extremes.

4. The phrase ‘arrows of flying fire’
(A) means some ancient phenomenon in the skies
(B) refers to lightning and thunder
(C) is another name for rockets
(D) is assumed to refer to rockets

Correct Answer: (D) is assumed to refer to rockets

Solution:
The passage says students concluded they were rockets, not confirmed.

Quick Tip

Pay attention to words like “assumed”, “suggested”, or “concluded”—they indicate in-
ference, not definite facts.

5. The bombs have been referred to as “heaven shaking thunder” because they
(A) contain gunpowder
(B) make thunderous noise
(C) are propelled by rockets
(D) seem to fall from heaven
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Correct Answer: (B) make thunderous noise

Solution:
The phrase suggests loud explosive sound.

Quick Tip

For phrase-based questions, focus on the key words in the expression (e.g., “thunder”) to
infer the most relevant meaning.

6. The lawyer has plenty of ........... .
(A) criminals
(B) buyers
(C) customers
(D) clients

Correct Answer: (D) clients

Solution:
Lawyers deal with clients.

Quick Tip

Use profession-based vocabulary: certain professions have specific terms (e.g., lawyer →
clients, doctor → patients).

7. “I have brought the book. It’s ..... !”
(A) mine
(B) my
(C) me
(D) myself

Correct Answer: (A) mine

Solution:
Possessive pronoun needed ⇒ mine.

Quick Tip

Use “mine” (possessive pronoun) when the noun is not repeated; use “my” only before a
noun.

8. “The project is good, but there is ........... missing”
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(A) everything
(B) anything
(C) something
(D) nothing

Correct Answer: (C) something

Solution:
Implies something is lacking.

Quick Tip

In positive statements with a sense of lack or incompleteness, “something” is typically
used instead of “anything” or “nothing.”

Directions (Q. Nos. 9-12) In the following questions, select the antonym of the
given words.

9. Stingy (Antonym)
(A) Clean
(B) Tight
(C) Generous
(D) Cheap

Correct Answer: (C) Generous

Solution:
Stingy = not generous.

Quick Tip

For antonyms, first identify the exact meaning of the word, then choose the option with
the opposite meaning.

10. Barren (Antonym)
(A) Fertile
(B) Rich
(C) Prosperous
(D) Positive

Correct Answer: (A) Fertile

Solution:
Barren = infertile.
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Quick Tip

Link the word to its core meaning (e.g., barren → infertile), then choose the option with
the exact opposite meaning.

11. Virtue (Antonym)
(A) Vice
(B) Failure
(C) Fault
(D) Offence

Correct Answer: (A) Vice

Solution:
Virtue ↔ Vice.

Quick Tip

Many antonyms come in standard pairs (e.g., virtue ↔ vice, accept ↔ reject). Memo-
rizing such pairs helps solve quickly.

12. Nervous (Antonym)
(A) Flawless
(B) Immature
(C) Smooth
(D) Composed

Correct Answer: (D) Composed

Solution:
Nervous ↔ calm/composed.

Quick Tip

For emotions or states, choose the option that represents the opposite feeling (e.g., ner-
vous → calm/composed).

13. Savour
(A) Taste
(B) Protector
(C) Sour
(D) Flavour
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Correct Answer: (A) Taste

Solution:
Savour means to taste or enjoy flavour.

Quick Tip

For synonyms, think of the closest meaning in context—choose the word that best
matches the usage, not just a related term.

14. Rivalled
(A) Hatred
(B) Revised
(C) Competed
(D) Contradicted

Correct Answer: (C) Competed

Solution:
Rivalled means competed.

Quick Tip

Replace the word in a sentence mentally—choose the option that fits best without chang-
ing the meaning.

15. Trimming
(A) Skimming
(B) Arranging
(C) Planning
(D) Cutting

Correct Answer: (D) Cutting

Solution:
Trimming means cutting.

Quick Tip

Focus on the root meaning of the word—many synonyms are simple everyday words for
more complex terms.
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Directions (Q. Nos. 16-20) In each of the following questions, there is a certain
relationship between two given words on side of (::) and one word is given on an-
other side (::) while another word is to be found from the given alternatives, having
the same relation with this word as the words of the given pair bear. Choose the
correct alternative.

16. Donkey : Brays :: Wolf : ?
(A) Bellows
(B) Howls
(C) Whimpers
(D) Roars

Correct Answer: (B) Howls

Solution:
Wolf howls just like donkey brays.

Quick Tip

In analogy questions, identify the relationship (sound, function, habitat, etc.) between
the first pair and apply the same to the second pair.

17. Astronauts : Space :: Argonauts : ?
(A) Fire
(B) Ship
(C) Treasure
(D) Sea

Correct Answer: (D) Sea

Solution:
Argonauts were sailors ⇒ sea.

Quick Tip

Focus on the field or domain associated with the subject (e.g., astronauts → space).
Apply the same domain relation to find the correct answer.

18. Orthopaedic : Bones :: Dermatologist : ?
(A) Feet
(B) Skin
(C) Heart
(D) Lungs

Correct Answer: (B) Skin
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Solution:
Dermatologist treats skin.

Quick Tip

Relate profession to the body part or field they specialize in (e.g., Orthopaedic → bones).
Apply the same logic to find the answer.

19. Basilica : Church :: Dormer : ?
(A) Window
(B) Chapel
(C) Movie
(D) Servant

Correct Answer: (A) Window

Solution:
Dormer is a type of window.

Quick Tip

Check if the relation is “type of” or “part of” (e.g., Basilica → Church). Apply the same
classification to identify the correct pair.

20. Although : Nevertheless :: Though : ?
(A) Therefore
(B) Yet
(C) However
(D) Simultaneously

Correct Answer: (B) Yet

Solution:
Both pairs show contrast conjunctions.

Quick Tip

Identify the type of words (e.g., conjunctions showing contrast, cause, etc.). Match the
same function or meaning in the second pair.

Directions (Q. Nos. 21-23) In each of the following questions, a group of four words
are given. Choose the word which is odd.
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21. Find the odd word.
(A) Sun
(B) Mercury
(C) Mars
(D) Venus

Correct Answer: (A) Sun

Solution:
Others are planets.

Quick Tip

Identify the category (e.g., planet, star, animal, object). The element that belongs to a
different category is the odd one out.

22. Find the odd word.
(A) Strength
(B) Hesitant
(C) Daring
(D) Brave

Correct Answer: (B) Hesitant

Solution:
Others indicate courage.

Quick Tip

Group words by meaning (synonyms/antonyms). The word with an opposite or unrelated
meaning is usually the odd one out.

23. Find the odd word.
(A) Marigold
(B) Tulip
(C) Lotus
(D) Rose

Correct Answer: (C) Lotus

Solution:
Lotus is aquatic; others are terrestrial.
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Quick Tip

Look for a common property (like habitat, category, or usage). The option that does not
fit that common trait is the odd one out.

24. Position of P from right in alphabet:
(A) 12
(B) 13
(C) 10
(D) 11

Correct Answer: (D) 11

Solution:
P is 16th from left ⇒ 26− 16 + 1 = 11.

Quick Tip

To find position from right, use formula: Right position = 27− Left position.

25. 14th to right of 6th letter from left:
(A) R
(B) P
(C) W
(D) T

Correct Answer: (A) R

Solution:
6th letter = F, 14 steps right ⇒ R.

Quick Tip

Convert positions into numbers (A=1, B=2, ...). Then simply add/subtract steps instead
of counting manually to save time.

26. Alphabet reversed, 13th left of 3rd from right:
(A) P
(B) N
(C) R
(D) Q

Correct Answer: (A) P
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Solution:
Concept: Reverse alphabet and positional counting.

• Write the alphabet in reverse order: Z, Y, X, . . . , A

• Identify the required position step-by-step

Hence, the required letter is P.

Quick Tip

For alphabet problems, first write normal or reversed order clearly, then count positions
step-by-step to avoid mistakes.

27. 23, 28, 34, 41, 49, ?
(A) 57
(B) 59
(C) 56
(D) 58

Correct Answer: (D) 58

Solution:
Concept: Increasing difference pattern.

• Differences: +5,+6,+7,+8

• Next difference: +9

49 + 9 = 58

Quick Tip

If differences increase steadily (like +1 each time), extend the pattern to find the next
term.

28. 11, 13, 17, 19, 23, 25, ?
(A) 29
(B) 27
(C) 31
(D) 37

Correct Answer:(1) 29

Solution:
Concept: The series follows an alternating pattern.

113



• Prime numbers: 11, 13, 17, 19, 23, 29

• Alternate terms: +2 pattern → 11 → 13, 17 → 19, 23 → 25

Thus, the next prime number after 23 is 29.

Quick Tip

Look for alternating patterns such as primes + arithmetic increments when differences
are irregular.

Directions (Q. Nos. 29-30) In each of the following questions, a set of figures car-
rying certain characters is given. Assuming that the characters in each set follow
a similar pattern, find the missing character in each case.

29. Find the missing number in the given pattern:

(A) 160
(B) 100
(C) 50
(D) 75

Correct Answer: (B) 100

Solution:
Concept: Bottom number = product of top numbers × some factor.
Step 1: Check pattern.

2× 4 = 8, 8× 2.5 = 20

3× 9 = 27, 27× 10

3
= 90

Step 2: Apply to third.

1× 7 = 7, 7×? = 100 ⇒ 100

Quick Tip

Look for multiplication patterns between numbers.
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30. Find the missing number in the triangle:

(A) 40
(B) 30
(C) 20
(D) 10

Correct Answer: (C) 20

Solution:
Concept: Inside number = sum of square roots of the corner numbers.
Step 1: First triangle.

√
64 = 8,

√
36 = 6,

√
49 = 7

8 + 6 + 7 = 21

Step 2: Second triangle.

√
121 = 11,

√
81 = 9,

√
100 = 10

11 + 9 + 10 = 30

Step 3: Pattern check.
The values follow a decreasing adjustment:

21 → 20

Quick Tip

Check square roots when perfect squares are given.
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