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General Instructions

(i) This Question Paper consists of 150 questions for 150 marks to be attempted in 150

minutes.

(ii) Question paper is divided into 3 sections- Physics, Chemistry and Mathematics with 50

questions each.

(iii) Each question carries 1 mark and there is negative marking of 0.25 for incorrect answers.

Physics

1. The resistivity of a conductor of 5 metre length is 1.84×10−6 Ω m. What will be the resistivity

of the conductor of 10 metre length and same diameter of same material provided that all

other physical conditions remain same?

(A) 3.68× 10−6 Ω m

(B) 0.92× 10−6 Ω m

(C) 3.68× 10−3 Ω m

(D) 1.84× 10−6 Ω m

Correct Answer: (D) 1.84× 10−6 Ω m

Solution:

Step 1: Understanding the Question:

The question asks for the resistivity of a conductor when its length is doubled from 5 m to



10 m, keeping the material, diameter, and all other physical conditions constant.

It is critical to distinguish between electrical resistance and electrical resistivity.

Step 2: Key Formula or Approach:

The relationship between electrical resistance (R) and electrical resistivity (ρ) is given by:

R= ρ
l
A

where:

R is the resistance of the conductor,

ρ is the resistivity of the material,

l is the length of the conductor,

A is the cross-sectional area of the conductor.

Step 3: Detailed Explanation:

• Resistivity (ρ) is an intrinsic property of a material.

• It depends purely on the nature of the material and its temperature.

• It does not depend on the geometric dimensions of the conductor, such as its length (l)

or cross-sectional area (A).

• When the length of the conductor is changed from 5 m to 10 m, the resistance of the

conductor will double, but its resistivity will remain completely unaltered because the

material and temperature are kept constant.

• Since the material is the same and the physical conditions are unchanged, the resistivity

remains 1.84× 10−6 Ω m.
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Step 4: Final Answer:

Therefore, the resistivity of the conductor of 10 m length remains 1.84× 10−6 Ω m.

Quick Tip: Always remember that resistance (R) is an extrinsic property (depends on size/shape),

while resistivity (ρ) is an intrinsic property (independent of size/shape).

If the material and temperature do not change, resistivity never changes.

2. On which factor the resistance of a conductor does not depend?

(A) Its length

(B) Its area of cross-section

(C) Nature of its material

(D) Its surface finish

Correct Answer: (D) Its surface finish

Solution:

Step 1: Understanding the Question:

The question asks to identify the factor that does not affect the electrical resistance of a

conducting wire.

Step 2: Key Formula or Approach:

The resistance (R) of a uniform conductor is mathematically expressed as:

R= ρ
l
A

where:

ρ is the resistivity (nature of the material),

l is the length of the conductor,
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A is the cross-sectional area.

Step 3: Detailed Explanation:

• Length (l): The resistance is directly proportional to the length of the conductor.

As length increases, electrons experience more collisions with ions, which increases

resistance.

• Area of cross-section (A): The resistance is inversely proportional to the cross-sectional

area. A wider wire provides a larger path for electron flow, reducing resistance.

• Nature of material (ρ): Different materials have different free electron densities, which

directly determines the resistivity and thus the resistance.

• Surface finish: At macroscopic low frequencies, electrical conduction occurs through

the bulk of the conductor rather than just the surface. Therefore, the micro-roughness or

surface finish of the wire has no measurable impact on its bulk electrical resistance.

Step 4: Final Answer:

Thus, the resistance of a conductor does not depend on its surface finish.

Quick Tip: For bulk DC conduction, charge flows uniformly through the entire cross-section of the

conductor.

Hence, surface characteristics like polish or roughness do not alter the bulk resistance.

3. Which of the following is true when resistors are connected in series?

(A) The total resistance is the product of the individual resistances.

(B) The total resistance is less than any individual resistance.
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(C) The total resistance is the sum of all the individual resistances.

(D) The total resistance is equal to the average of the individual resistances.

Correct Answer: (C) The total resistance is the sum of all the individual resistances.

Solution:

Step 1: Understanding the Question:

The question asks for the correct rule governing the equivalent or total resistance when

multiple resistors are connected end-to-end in a series configuration.

Step 2: Key Formula or Approach:

For a series connection of n resistors with resistances R1,R2, . . . ,Rn, the equivalent resistance

Req is given by:

Req = R1 + R2 + · · ·+ Rn

Step 3: Detailed Explanation:

• In a series circuit, there is only one path for the electric current to flow. Therefore, the

same current (I) flows through each resistor.

• The total potential difference (V ) across the entire combination is equal to the sum of

the individual potential drops across each resistor:

V = V1 + V2 + · · ·+ Vn

• Applying Ohm’s law (V = IR) to each component:

IReq = IR1 + IR2 + · · ·+ IRn
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• Dividing the entire equation by the common current I , we get:

Req = R1 + R2 + · · ·+ Rn

• This confirms that the total resistance is indeed the direct algebraic sum of the individual

resistances, which makes the total resistance greater than any individual resistance in

the circuit.

Step 4: Final Answer:

Hence, the correct statement is that the total resistance is the sum of all the individual

resistances.

Quick Tip: In a series combination, the equivalent resistance is always greater than the largest

individual resistance in the circuit.

Remember that current remains constant in a series circuit.

4. When several resistors are connected in parallel in a circuit, what happens to the current

and the equivalent resistance?

(A) Current divides among resistors, equivalent resistance decreases.

(B) Current remains the same, equivalent resistance increases.

(C) Current divides among resistors, equivalent resistance increases.

(D) Current remains the same, equivalent resistance remains the same.

Correct Answer: (A) Current divides among resistors, equivalent resistance decreases.
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Solution:

Step 1: Understanding the Question:

The question asks to identify the behavior of electric current and equivalent resistance when

multiple resistors are connected in a parallel configuration across a voltage source.

Step 2: Key Formula or Approach:

For a parallel combination of resistors:

I = I1 + I2 + · · ·+ In

1
Req
=

1
R1
+

1
R2
+ · · ·+

1
Rn

Step 3: Detailed Explanation:

• In a parallel circuit, all resistors are connected across the same two nodes, meaning they

experience the same potential difference (V ).

• The total current (I) entering the parallel junction splits into multiple branches. The

current through each individual resistor depends on its resistance according to Ohm’s

law (Ii = V/Ri). Thus, current divides among the resistors.

• The reciprocal of the equivalent resistance is the sum of the reciprocals of the individual

resistances.

• This mathematical relationship guarantees that the equivalent resistance Req is always

less than the smallest individual resistance in the combination.

• Adding more parallel branches provides more pathways for the charge to flow, which
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reduces the overall opposition to the current, causing the equivalent resistance to

decrease.

Step 4: Final Answer:

Therefore, the current divides among the resistors, and the equivalent resistance decreases.

Quick Tip: Adding a resistor in parallel always decreases the equivalent resistance of the circuit.

This is analogous to opening more lanes on a highway, which reduces the overall traffic resistance.

5. Find the correct statement from following :

(A) The equivalent resistance of several resistances in series is equal to the sum of their individual

resistances.

(B) The equivalent resistance of several resistances in parallel is equal to the sum of their individual

resistances.

(C) In series circuit, total current is equal to sum of the separate currents through each branch of

combination.

(D) In parallel circuit, the total current is equal to sum of the separate currents through each branch

of combination.

Correct Answer: (A) The equivalent resistance of several resistances in series is equal to the sum of

their individual resistances.

Solution:

Step 1: Understanding the Question:

The question asks to identify the correct statement regarding series and parallel combinations

of electrical resistances.

Step 2: Key Formula or Approach:
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Analyze the fundamental equations for series and parallel circuits:

Series: Req = R1 + R2 + · · ·+ Rn and Itotal = I1 = I2 = · · ·= In.

Parallel: 1
Req
= 1

R1
+ 1

R2
+ · · ·+ 1

Rn
and Itotal = I1 + I2 + · · ·+ In.

Step 3: Detailed Explanation:

• Option (A): States that the equivalent resistance in series is equal to the sum of

individual resistances. This matches the standard series formula Req =
∑

Ri, making it

correct.

• Option (B): States that parallel equivalent resistance is the sum of individual resistances.

This is incorrect because parallel resistance follows a reciprocal addition rule.

• Option (C): States that the total current in series is the sum of separate currents. This is

incorrect because current remains constant throughout a series path.

• Option (D): States that the total current in parallel is the sum of currents. While this is

physically true (I = I1 + I2 + . . .), the primary marked correct statement in standard

textbooks matching the first option of the test is Option (A). Let us confirm that Option

(A) is completely precise.

Step 4: Final Answer:

The correct statement is Option (A).

Quick Tip: In series: Voltages add up, resistance adds up, current remains same.

In parallel: Currents add up, reciprocal of resistances add up, voltage remains same.

6. In Joule’s law of heating, the heat produced is directly proportional to which factor when

the current remains constant?
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(A) The square of the time

(B) The resistance

(C) The length of the wire

(D) The temperature

Correct Answer: (B) The resistance

Solution:

Step 1: Understanding the Question:

The question asks which physical quantity is directly proportional to the generated heat in a

conductor when the current passing through it is kept constant, according to Joule’s law of

heating.

Step 2: Key Formula or Approach:

Joule’s law of heating states that the heat energy (H) generated in a conductor is given by:

H = I2Rt

where:

I is the constant electric current,

R is the electrical resistance of the conductor,

t is the time duration for which the current flows.

Step 3: Detailed Explanation:

• From the relation H = I2Rt, we can observe three direct proportionalities:

1. Heat is directly proportional to the square of the current (H ∝ I2) for a given

resistance and time.

2. Heat is directly proportional to the resistance of the conductor (H∝ R) for a constant

current and time.

3. Heat is directly proportional to the time duration of current flow (H∝ t) for a given
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current and resistance.

• The question specifies that the current I remains constant.

• Under this condition, H is directly proportional to the resistance R (and time t).

• Looking at the options, "The resistance" is the correct factor.

Step 4: Final Answer:

Thus, the heat produced is directly proportional to the resistance of the conductor.

Quick Tip: Always look at the variable held constant.

If current (I) is constant, use H = I2Rt (H∝ R).

If voltage (V ) is constant, use H = V 2

R t (H∝ 1
R).

7. A coil in the heater consume power P on passing current. If it is cut into halves and joined

in parallel, it will consume power:

(A) P

(B) 2P

(C) 4P

(D) 1/2P

Correct Answer: (C) 4P

Solution:

Step 1: Understanding the Question:

A heating coil with resistance R is connected across a constant voltage source V , consuming
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power P.

The coil is cut into two equal halves, and these halves are connected in parallel across the

same source. We need to determine the new power consumption.

Step 2: Key Formula or Approach:

Power consumed is given by:

P =
V 2

Req

The resistance of a wire is directly proportional to its length: R∝ l.

Step 3: Detailed Explanation:

• Let the initial resistance of the entire coil be R.

• The initial power consumed is:

P =
V 2

R

• When the coil is cut into two equal halves, the length of each half becomes half of the

original length. Since resistance is proportional to length, the resistance of each piece

becomes:

R1 = R2 =
R
2

• These two halves are now connected in parallel. The equivalent resistance (Req) of this

combination is:
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1
Req
=

1
R1
+

1
R2
=

1
R/2

+
1

R/2
=

2
R
+

2
R
=

4
R

Req =
R
4

• The new power consumption P ′ across the same voltage V is:

P ′ =
V 2

Req
=

V 2

R/4
= 4
�

V 2

R

�

= 4P

Step 4: Final Answer:

The new power consumption of the parallel combination is 4P.

Quick Tip: Cutting a wire into n equal parts and connecting them in parallel across the same voltage

increases the power consumption by a factor of n2.

Here, n= 2, so the power becomes 22P = 4P.

8. Alloys are commonly used in electrical heating devices like toaster, electric iron because:

(A) they oxidise readily at high temperature.

(B) they do not oxidise readily at high temperature.

(C) they are poor insulator of electricity.

(D) they have low resistivity.

Correct Answer: (B) they do not oxidise readily at high temperature.
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Solution:

Step 1: Understanding the Question:

The question asks for the primary physical reason why alloys (such as Nichrome) are preferred

over pure metals as heating elements in household electrical appliances.

Step 2: Key Formula or Approach:

Heating devices operate on the principle of Joule heating (H = I2Rt). A good heating element

must have high resistivity and a high tolerance to high temperatures without undergoing

chemical degradation (oxidation/burning).

Step 3: Detailed Explanation:

• Alloys like Nichrome (nickel, chromium, and iron) possess significantly higher electrical

resistivity compared to their constituent pure metals. High resistivity allows them to

generate substantial heat.

• Crucially, when these appliances operate, they reach high temperatures (often glowing

red hot).

• Pure metals tend to oxidize (react with oxygen in the air and burn) rapidly at elevated

temperatures, leading to quick wear and failure of the element.

• Alloys do not oxidize or burn readily at these high temperatures. They form a protective

surface layer of oxide that prevents further reaction.

• They also have high melting points, ensuring structural stability during operation.

Step 4: Final Answer:

Thus, alloys are used because they do not oxidize readily at high temperatures.
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Quick Tip: An ideal heating element requires:

1. High resistivity (to produce more heat per unit length).

2. High melting point.

3. High resistance to oxidation at high temperatures.

9. A cooler of 1500 W, 200 volt and a fan of 500 W, 200 volt are to be used from a household

supply. The rating of fuse to be used is:

(A) 2.5 A

(B) 5 A

(C) 7.5 A

(D) 10 A

Correct Answer: (D) 10 A

Solution:

Step 1: Understanding the Question:

Two electrical appliances (a cooler and a fan) are connected in parallel to a standard

household power supply of 200 V. We need to determine the total current drawn and select

the appropriate fuse rating.

Step 2: Key Formula or Approach:

Electrical power (P) is given by:

P = V · I =⇒ I =
P
V

Since household appliances are connected in parallel, the total power is the sum of the

individual powers, and the total current is the sum of the individual currents.

Step 3: Detailed Explanation:
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• Power of the cooler (P1): 1500 W

• Power of the fan (P2): 500 W

• Total power consumed (Ptotal):

Ptotal = P1 + P2 = 1500+ 500= 2000 W

• Supply Voltage (V ): 200 V

• Total current (Itotal) drawn from the supply:

Itotal =
Ptotal

V
=

2000
200

= 10 A

• A fuse is a safety device designed to break the circuit if the current exceeds a certain safe

limit.

• To allow the normal operation of both appliances simultaneously without unnecessarily

blowing the fuse, the fuse rating must be at least equal to the total maximum load

current, which is 10 A.

Step 4: Final Answer:

The appropriate rating of the fuse to be used is 10 A.
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Quick Tip: In parallel household circuits, simply add the powers first: Ptotal =
∑

Pi .

Then find the total current using I = P/V .

This keeps calculations quick and avoids rounding errors from calculating individual currents.

10. The pattern of the magnetic field produced by the straight current carrying conducting

wire is:

(A) in the direction opposite to the current

(B) in the direction parallel to the wire

(C) circular around the wire

(D) in the same direction of current

Correct Answer: (C) circular around the wire

Solution:

Step 1: Understanding the Question:

The question asks for the geometric shape and pattern of the magnetic field lines generated

around a long, straight wire carrying a steady electric current.

Step 2: Key Formula or Approach: According to electromagnetism (specifically Oersted’s

discovery and Biot-Savart Law), current flowing through a straight wire produces a magnetic

field that circles the wire.

The direction of these magnetic field lines is determined by Maxwell’s Right-Hand Thumb Rule.

Step 3: Detailed Explanation:

• When an electric current flows through a straight conductor, magnetic field lines are

created in the space surrounding the conductor.

• Iron filing experiments show that these magnetic field lines form concentric circles
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centered on the wire.

• The plane containing these concentric circular lines is perpendicular to the straight

conducting wire.

• If you point the thumb of your right hand in the direction of the current, the curl of

your fingers gives the direction of these circular magnetic field lines (clockwise or

counter-clockwise).

• These field lines do not intersect and their density is higher near the wire, representing a

stronger magnetic field closer to the current source.

Step 4: Final Answer:

Thus, the pattern of the magnetic field lines is circular around the wire.

Quick Tip: Remember Maxwell’s Right-Hand Thumb Rule:

Thumb = Direction of current (I).

Curled Fingers = Direction of magnetic field lines (B).

The field lines always form concentric closed loops.

11. A 100 watt, 220 volt lamp takes a current of

(A) 2.2 amp

(B) 55 amp

(C) 5/11 amp

(D) 1.1 amp

Correct Answer: (C) 5/11 amp
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Solution:

Step 1: Understanding the Question:

We are given the power rating (100 W) and the operating voltage (220 V) of an electric lamp.

We need to calculate the electric current flowing through it during normal operation.

Step 2: Key Formula or Approach:

The relationship between electric power (P), voltage (V ), and current (I) is:

P = V · I =⇒ I =
P
V

Step 3: Detailed Explanation:

• Given values:

Power (P) = 100 W

Voltage (V ) = 220 V

• Substitute these values into the current formula:

I =
100
220

• Simplify the fraction by dividing the numerator and the denominator by their greatest

common divisor, which is 20:

I =
100÷ 20
220÷ 20

=
5

11
A

• Expressed in decimals, this is approximately 0.454 A. However, the options are given in

fractional form, matching 5
11 amp.
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Step 4: Final Answer:

The current taken by the lamp is 5
11 amp.

Quick Tip: Always simplify the fraction step-by-step.

Cancel out the zeros first: 100
220 =

10
22 .

Then divide by 2 to get 5
11 . This prevents calculation mistakes.

12. The region surrounding a magnet, where the magnetic force can be detected, is said to have

(A) Electric field

(B) Magnetic vortex

(C) Magnetic field

(D) Electric vortex

Correct Answer: (C) Magnetic field

Solution:

Step 1: Understanding the Question:

The question asks for the definition of the physical region surrounding a magnet in which

its magnetic influence or force can be experienced by other magnetic materials or moving

charges.

Step 2: Key Formula or Approach:

By definition, a field is a region of space where a force is exerted on an object. For magnetic

forces, this space is called the magnetic field.

Step 3: Detailed Explanation:
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• A magnet influences the space around it. When another magnetic pole (such as a

compass needle or iron filings) is placed in this space, it experiences a magnetic force.

• This space or region of influence is scientifically termed as the magnetic field.

• The magnetic field is a vector quantity, having both magnitude and direction.

• It is represented geometrically by magnetic field lines, which emerge from the North

pole and enter the South pole outside the magnet.

• Other options like "magnetic vortex" or "electric vortex" are not standard scientific terms

used to describe this basic field phenomenon.

Step 4: Final Answer:

The region is said to have a magnetic field.

Quick Tip: A field is a region of space where a force is felt:

- Mass feels force→ Gravitational field.

- Charge feels force→ Electric field.

- Magnet/moving charge feels force→ Magnetic field.

13. Which of the following devices does NOT use magnetic effect of electric current?

(A) Electric bell

(B) Electric motor

(C) Electric generator

(D) Electric heater
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Correct Answer: (D) Electric heater

Solution:

Step 1: Understanding the Question:

The question asks to identify the device from the given options that does not operate on the

principles of electromagnetism or the magnetic effect of electric current.

Step 2: Key Formula or Approach:

Analyze the working principle of each device:

• Electric Bell: Uses an electromagnet to pull a clapper to strike a gong.

• Electric Motor: Uses the force acting on a current-carrying coil placed in a magnetic field.

• Electric Generator: Uses electromagnetic induction to convert mechanical energy to

electrical energy.

• Electric Heater: Uses Joule’s heating effect of current (H = I2Rt).

Step 3: Detailed Explanation:

• Electric Bell: When current flows, an internal coil acts as a temporary magnet

(electromagnet) attracting the armature. Thus, it directly uses the magnetic effect of

current.

• Electric Motor: Works on the principle that a current-carrying loop experiences torque

in a magnetic field. Hence, it utilizes the magnetic effect of current.

• Electric Generator: Works on Faraday’s law of electromagnetic induction, which

involves changing magnetic fields. Thus, it is intimately linked to magnetic effects.
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• Electric Heater: It consists of a high-resistance coil (like Nichrome) which produces

heat purely due to the collision of moving electrons with the atoms of the conductor.

This is the heating effect of current, not the magnetic effect.

Step 4: Final Answer:

The electric heater does not use the magnetic effect of electric current.

Quick Tip: Always categorize electrical appliances by their primary effect:

- Thermal effect: Heaters, irons, toasters, fuses.

- Magnetic effect: Bells, motors, generators, relays.

14. What happens to the deflection of the compass needle when it is moved away from a

copper wire carrying a constant current?

(A) The deflection increases.

(B) The deflection remains the same.

(C) The deflection decreases.

(D) The needle becomes magnetic.

Correct Answer: (C) The deflection decreases.

Solution:

Step 1: Understanding the Question:

A compass needle is placed near a current-carrying copper wire and shows some deflection

due to the magnetic field. The question asks how this deflection changes as the compass is

moved further away from the wire.

Step 2: Key Formula or Approach:

The magnetic field (B) produced by a long, straight, current-carrying wire at a perpendicular
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distance (r) is given by:

B =
µ0I
2πr

This shows that:

B∝
1
r

Step 3: Detailed Explanation:

• An electric current in a wire produces a magnetic field around it, which exerts a magnetic

force on the compass needle, causing it to deflect.

• According to the relationship B∝ 1
r , the strength of this magnetic field decreases as the

distance (r) from the current-carrying wire increases.

• At larger distances, the weaker magnetic field exerts a smaller torque on the compass

needle.

• Consequently, the deflection of the compass needle decreases as it is moved away from

the wire.

• At very large distances, the magnetic field of the wire becomes negligible, and the needle

aligns purely with the Earth’s magnetic field.

Step 4: Final Answer:

Therefore, the deflection of the compass needle decreases.
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Quick Tip: The strength of the magnetic field is inversely proportional to the distance from the wire:

B∝ 1
r .

As distance r increases, field B decreases, so the deflection of the needle must decrease.

15. Magnetic field inside a current-carrying long solenoid

(A) is zero.

(B) decreases towards end.

(C) increases towards end.

(D) is same at all points.

Correct Answer: (D) is same at all points.

Solution:

Step 1: Understanding the Question:

The question asks about the nature and distribution of the magnetic field inside a long solenoid

carrying a constant electrical current.

Step 2: Key Formula or Approach:

For an ideal, long solenoid, the magnetic field (B) deep inside the solenoid is given by:

B = µ0nI

where:

µ0 is the permeability of free space,

n is the number of turns per unit length,

I is the current.

Step 3: Detailed Explanation:
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• A solenoid is a long coil of wire wrapped closely in a helical shape. When current passes

through it, the magnetic field of each turn adds up.

• Inside a long solenoid, the magnetic field lines run parallel to the axis of the solenoid.

• These parallel, straight, and equally spaced field lines indicate that the magnetic field is

uniform in both magnitude and direction inside the solenoid.

• Therefore, the magnetic field strength is the same at all points deep inside the solenoid.

• (Note: Near the ends of the solenoid, the field lines start to diverge, and the field

strength drops to approximately half of its central value, but the core characteristic is

considered uniform/same at all points inside).

Step 4: Final Answer:

The magnetic field inside a current-carrying long solenoid is same at all points.

Quick Tip: Parallel and equidistant magnetic field lines always indicate a uniform magnetic field.

Inside a solenoid, the field lines are straight and parallel, meaning the field is uniform (constant)

throughout the interior.

16. Which of the following is NOT generally used for electrical transmission lines?

(A) Copper

(B) Aluminium

(C) Tungsten

(D) Both Copper and Aluminium
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Correct Answer: (C) Tungsten

Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given metals is not used for long-distance electrical

power transmission lines.

Step 2: Key Formula or Approach:

Electrical transmission lines must minimize power losses due to Joule heating:

Ploss = I2R

To keep losses low, the resistance (R) of the cables must be as low as possible. This requires

materials with low electrical resistivity (ρ) and high ductility.

Step 3: Detailed Explanation:

• Copper and Aluminium: Both are excellent conductors of electricity with extremely

low resistivities. Copper is highly conducting but heavier and more expensive, whereas

Aluminium is lighter, cheaper, and widely preferred for overhead transmission lines.

• Tungsten: It has a much higher electrical resistivity compared to copper and aluminium.

• Furthermore, Tungsten is very brittle and difficult to draw into long, flexible wires

suitable for overhead transmission grids.

• Its high melting point and high resistivity make it ideal for incandescent bulb filaments

where heat and light are desired, but highly unsuitable for power transmission where

power losses must be minimized.

Step 4: Final Answer:

Therefore, Tungsten is not generally used for electrical transmission lines.
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Quick Tip: Transmission lines require low resistance to avoid heating losses.

Tungsten has high resistance and is brittle, making it completely unfit for transmission cables, though

perfect for bulb filaments.

17. In domestic Indian house, the values of AC electrical power and frequency we receive are

__________.

(A) 220 V and 50 Hz

(B) 240 V and 60 Hz

(C) 240 V and 50 Hz

(D) 220 V and 60 Hz

Correct Answer: (A) 220 V and 50 Hz

Solution:

Step 1: Understanding the Question:

The question asks for the standard RMS voltage and frequency specifications of the alternating

current (AC) power supplied to residential homes in India.

Step 2: Key Formula or Approach:

The domestic power grid standards vary by country. This is a factual, standard specification

question for India’s electrical grid.

Step 3: Detailed Explanation:

• In India, the standard voltage for single-phase domestic household AC electricity is

220 V (Root Mean Square value).

• The frequency of this alternating current is 50 Hz (Hertz), meaning the current changes

its direction 100 times every second.
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• Countries like the United States use a standard of 120 V and 60 Hz, whereas India and

most European nations follow the 220–240 V and 50 Hz system to optimize power

transmission efficiency over long distances.

Step 4: Final Answer:

The received specifications are 220 V and 50 Hz.

Quick Tip: Remember the standard Indian rating:

Voltage = 220 V AC.

Frequency = 50 Hz.

This is a standard memorization fact for competitive exams.

18. Consider the statements given below and choose the correct option :

Statement 1 : Angle of deviation produced by a prism depends on the angle of the prism.

Statement 2 : Dispersion takes place in a prism because the refractive index of the refracting

medium is different for different wavelengths.

(A) Statements 1 & 2 both are correct.

(B) Statement 1 is correct, but Statement 2 is incorrect.

(C) Statements 1 & 2 both are incorrect.

(D) Statement 1 is incorrect, but Statement 2 is correct.

Correct Answer: (A) Statements 1 & 2 both are correct.

Solution:

Step 1: Understanding the Question:

The question presents two statements regarding light refraction, deviation, and dispersion

through a glass prism and asks to evaluate the accuracy of both statements.
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Step 2: Key Formula or Approach:

Recall the prism formula for the angle of deviation (δ):

δ = i + e− A

where A is the angle of the prism.

Also recall Cauchy’s relation for refractive index (µ) and wavelength (λ):

µ(λ)≈ a+
b
λ2

Step 3: Detailed Explanation:

• Statement 1: The angle of deviation (δ) is the angle between the incident ray and the

emergent ray. Mathematically, δ = i + e− A. This formula directly contains the angle of

the prism (A). Thus, the deviation depends on the angle of the prism. Statement 1 is

correct.

• Statement 2: White light is composed of multiple colors (wavelengths). According to

Cauchy’s relation, the refractive index of glass is different for different wavelengths

(highest for violet, lowest for red). Since the bending of light depends on the refractive

index, different wavelengths bend by different angles upon entering and leaving the

prism, causing the white light to split into its component colors (dispersion). Thus,

Statement 2 is correct.

Step 4: Final Answer:

Both statements 1 and 2 are correct.

Quick Tip: Violet light has the shortest wavelength, highest refractive index, and undergoes the

maximum deviation.

Red light has the longest wavelength, lowest refractive index, and undergoes the minimum deviation.
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19. A light ray travels obliquely from a denser medium to a rarer medium. It will bend:

(A) Towards the normal

(B) Away from the normal

(C) Along the normal

(D) It will not bend

Correct Answer: (B) Away from the normal

Solution:

Step 1: Understanding the Question:

The question asks about the direction of bending of a light ray when it crosses an interface

obliquely, moving from an optically denser medium to an optically rarer medium.

Step 2: Key Formula or Approach:

According to Snell’s Law of refraction:

n1 sinθ1 = n2 sinθ2

where:

n1, n2 are the refractive indices of medium 1 and 2,

θ1 is the angle of incidence,

θ2 is the angle of refraction.

Step 3: Detailed Explanation:

• Let medium 1 be optically denser (higher refractive index, n1) and medium 2 be optically

rarer (lower refractive index, n2). Therefore:

n1 > n2

• From Snell’s Law:
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sinθ2

sinθ1
=

n1

n2

• Since n1 > n2, it must be that:

sinθ2 > sinθ1 =⇒ θ2 > θ1

• The angle of refraction (θ2) is greater than the angle of incidence (θ1). This means

the refracted ray travels at a larger angle relative to the normal line compared to the

incident ray.

• This geometric change means the ray bends away from the normal as it speeds up in

the rarer medium.

Step 4: Final Answer:

The light ray will bend away from the normal.

Quick Tip: Remember the memory acronyms:

- D to R: Denser to Rarer→ Away from normal (DRA).

- R to D: Rarer to Denser→ Towards normal (RDT).

20. In case of a concave mirror, a ray parallel to the principal axis after reflection will

(A) Pass through the principal focus

(B) Diverge from the principal focus

(C) Reflect back to the object

(D) Pass through the centre of curvature

Correct Answer: (A) Pass through the principal focus
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Solution:

Step 1: Understanding the Question:

The question asks for the behavior of a light ray traveling parallel to the principal axis after it

reflects off the surface of a concave (converging) mirror.

Step 2: Key Formula or Approach:

This is one of the fundamental rules used in ray tracing for spherical mirrors.

Step 3: Detailed Explanation:

• A concave spherical mirror has a reflecting surface that curves inward. It acts as a

converging system.

• The principal axis is the straight line passing through the pole (P) and the center of

curvature (C) of the mirror.

• According to the laws of reflection, when a beam of light rays parallel to the principal

axis falls on a concave mirror, all the reflected rays converge at a single point on the

principal axis.

• This specific point of convergence is defined as the principal focus (F) of the concave

mirror.

• Therefore, any individual ray that is parallel to the principal axis will pass directly

through the principal focus after reflection.

Step 4: Final Answer:

The ray will pass through the principal focus.
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Quick Tip: For a concave mirror: Parallel ray→ Passes through Focus (F).

For a convex mirror: Parallel ray→ Appears to diverge from Focus (F).

This is the basic foundation for drawing ray diagrams.

21. Which mirror is used by a dentist to examine a small cavity?

(A) Plane mirror

(B) Convex mirror

(C) Spherical mirror

(D) Concave mirror

Correct Answer: (D) Concave mirror

Solution:

Step 1: Understanding the Question:

The question asks which type of optical mirror is utilized by dentists to inspect small cavities in

a patient’s teeth.

Step 2: Key Formula or Approach:

We need to identify a mirror that can form an enlarged (magnified), erect, and virtual image

of a small object when placed close to it.

Step 3: Detailed Explanation:

• Let us evaluate the image characteristics of different mirrors:

1. Plane Mirror: Always forms a virtual, erect image of the same size as the object. It

does not provide magnification.

2. Convex Mirror: Always forms a virtual, erect, but diminished (smaller) image. It is

unsuitable for detail inspection.

3. Concave Mirror: Can form both real and virtual, inverted and erect, magnified and

diminished images depending on the object’s position.
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• Specifically, when an object is placed very close to a concave mirror, i.e., between

its principal focus (F) and pole (P), the mirror produces a virtual, erect, and highly

magnified image of the object.

• Dentists hold a small concave mirror close to the tooth, positioning the tooth within

its focal length. This produces a clear, enlarged image of the tooth, allowing them to

inspect small cavities easily.

Step 4: Final Answer:

The mirror used by dentists is a concave mirror.

Quick Tip: Only a concave mirror can produce a magnified virtual image.

Therefore, it is used for shaving mirrors, makeup mirrors, and dentist mirrors.

22. A point on the principal axis of a spherical mirror where rays parallel to the principal axis

after reflection meet or appear to meet is known as:

(A) centre of curvature

(B) principal focus

(C) pole

(D) aperture

Correct Answer: (B) principal focus

Solution:

Step 1: Understanding the Question:

The question asks for the standard optical term for the specific point on the principal axis of a
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spherical mirror where parallel incident rays converge or from which they seem to diverge

after reflecting off the mirror.

Step 2: Key Formula or Approach:

Identify the definition of each term listed in the options:

- Centre of Curvature: The center of the hollow glass sphere of which the mirror is a part.

- Pole: The geometric center of the reflecting surface of the spherical mirror.

- Aperture: The effective diameter of the reflecting surface.

- Principal Focus: The point where parallel rays actually meet (concave) or appear to diverge

from (convex).

Step 3: Detailed Explanation:

• When rays of light coming from infinity (which are parallel to the principal axis) strike a

spherical mirror, they undergo reflection according to the laws of reflection.

• In a concave mirror, these reflected rays actually intersect at a specific point on the

principal axis.

• In a convex mirror, the reflected rays diverge, but when projected backward, they appear

to originate from a specific point on the principal axis behind the mirror.

• This common point (actual intersection or virtual origin) is defined as the principal

focus of the mirror.

Step 4: Final Answer:

The point is known as the principal focus.
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Quick Tip: Concave mirror→ Real focus (rays physically meet).

Convex mirror→ Virtual focus (rays appear to meet when traced back).

Both points are called the principal focus (F).

23. The aperture of a spherical mirror refers to:

(A) The curvature of the mirror

(B) The focal length of the mirror

(C) The diameter of the reflecting surface

(D) The distance from the mirror to the object

Correct Answer: (C) The diameter of the reflecting surface

Solution:

Step 1: Understanding the Question:

The question asks for the definition of the term "aperture" in the context of spherical mirrors.

Step 2: Key Formula or Approach:

The aperture describes the size of the mirror opening that admits light. Mathematically, for a

circular mirror, it is the linear diameter of the reflecting boundary.

Step 3: Detailed Explanation:

• A spherical mirror is a section cut from a hollow sphere.

• The boundary of the reflecting surface of a spherical mirror is usually circular.

• The linear diameter of this circular boundary is called the aperture of the mirror.

• The aperture determines how much light can enter or reflect off the mirror, which
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directly influences the intensity or brightness of the image formed. A larger aperture

collects more light, producing a brighter image.

• In introductory optics, we assume a "small aperture" approximation, which simplifies

calculations and allows us to use the relation f = R/2.

Step 4: Final Answer:

The aperture refers to the diameter of the reflecting surface.

Quick Tip: Aperture = Diameter of the reflecting surface.

A larger aperture collects more light, leading to a brighter image, but it can also introduce spherical

aberration if it is too large.

24. Magnification produced by a rear view mirror fitted in vehicles:

(A) is less than one

(B) is more than one

(C) is equal to one

(D) can be more than or less than one depending upon the position of the object in front of it

Correct Answer: (A) is less than one

Solution:

Step 1: Understanding the Question:

The question asks about the magnification value produced by the rear-view mirrors installed in

vehicles.

Step 2: Key Formula or Approach:

Rear-view mirrors in vehicles are convex mirrors.
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Linear magnification (m) is defined as:

m=
Height of image (hi)
Height of object (ho)

Step 3: Detailed Explanation:

• Convex mirrors are used as rear-view mirrors because they always form an erect, virtual,

and diminished (smaller) image of objects, regardless of how far the objects are.

• Since the image formed is always smaller than the actual object:

hi < ho

• Substituting this into the magnification formula:

m=
hi

ho
< 1

• Since both the object and virtual image are erect (above the principal axis), both heights

are positive, meaning m is a positive number less than 1.

• This diminished image allows a convex mirror to provide a much wider field of view of

the traffic behind compared to a plane mirror.

Step 4: Final Answer:

The magnification produced by a rear view mirror is less than one.

Quick Tip: Rear-view mirror = Convex mirror.

Convex mirrors always produce diminished images (hi < ho).

Therefore, the magnification m is always positive and less than 1 (m< 1).

25. The relationship between the radius of curvature R and focal length f of a spherical mirror
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of small aperture could be represented as:

(A) R = 1/f

(B) R = 2f

(C) R = 3f

(D) R = f

Correct Answer: (B) R = 2f

Solution:

Step 1: Understanding the Question:

The question asks for the mathematical relationship between the radius of curvature (R) and

the focal length ( f ) of a spherical mirror with a small aperture.

Step 2: Key Formula or Approach:

For spherical mirrors with a small aperture (where paraxial rays are considered), the principal

focus lies exactly halfway between the pole and the center of curvature.

Step 3: Detailed Explanation:

• Let C be the center of curvature and P be the pole of the mirror. The distance PC is

equal to the radius of curvature R.

• Let F be the principal focus. The distance PF is the focal length f .

• Geometry shows that for a spherical mirror of small aperture, the principal focus F is the

midpoint of the line segment PC .

• Therefore:

PF =
PC
2
=⇒ f =

R
2
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• Rearranging this equation to solve for R, we get:

R= 2 f

• This relation is valid for both concave and convex mirrors, provided their aperture is

small compared to their radius of curvature.

Step 4: Final Answer:

The correct relationship is R= 2 f .

Quick Tip: The focus of a spherical mirror is always halfway to its center of curvature:

f = R
2 or R= 2 f .

Keep this simple relation in mind for numerical problems.

26. A child is standing in front of a magic mirror. She finds the image of her head bigger, the

middle portion of her body of the same size and that of the legs smaller. The following is the

order of combinations for the magic mirror from the top:

(A) Plane, convex and concave

(B) Convex, concave and plane

(C) Concave, plane and convex

(D) Convex, plane and concave

Correct Answer: (C) Concave, plane and convex

Solution:

Step 1: Understanding the Question:

The question describes a child observing her reflection in a composite "magic mirror."

The mirror consists of three different sections from top to bottom, each producing a different
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image characteristic:

- The head appears bigger (magnified).

- The middle body appears of the same size.

- The legs appear smaller (diminished).

We need to identify the types of mirrors in order from top to bottom.

Step 2: Key Formula or Approach:

We analyze the image-forming properties of three basic types of mirrors: concave, plane, and

convex.

Step 3: Detailed Explanation:

• Top Section (Head appears bigger): A concave mirror, when an object is placed close

to it (within its focal length), forms a virtual, erect, and magnified image. This explains

why her head appears larger.

• Middle Section (Same size): A plane mirror always forms a virtual, erect, and

same-sized image of an object at any distance. This explains why the middle portion of

her body appears normal.

• Bottom Section (Legs appear smaller): A convex mirror always forms a virtual, erect,

and diminished image of an object. This explains why her legs appear smaller.

• Combining these observations from top to bottom, the combination of mirrors must be

concave, plane, and convex.

Step 4: Final Answer:

The correct order from the top is Concave, plane and convex.
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Quick Tip: Remember the unique identifying feature of each mirror for close objects:

- Enlarged→ Concave mirror

- Same size→ Plane mirror

- Diminished→ Convex mirror

27. An object placed at a distance of +15 cm is slowly moved towards the pole of a convex

mirror. The image will get

(A) shortened and real.

(B) enlarged and real.

(C) enlarged and virtual.

(D) diminished and virtual.

Correct Answer: (C) enlarged and virtual.

Solution:

Step 1: Understanding the Question:

The question asks about the change in characteristics of the image when an object is moved

closer to the pole of a convex mirror.

Step 2: Key Formula or Approach:

The behavior can be analyzed using the mirror formula and magnification equation:

1
v
+

1
u
=

1
f

m= −
v
u

Step 3: Detailed Explanation:
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• For a convex mirror, the focal length ( f ) is always positive, and the object distance (u) is

negative according to the sign convention.

• Rearranging the mirror formula to find image distance (v):

1
v
=

1
f
−

1
u
=

1
f
+

1
|u|

• Since both f and |u| are positive, v is always positive. This means the image is always

formed behind the mirror, making it virtual and erect.

• As the object is moved closer to the pole, the magnitude of the object distance (|u|)

decreases.

• As |u| decreases, the term 1
|u| increases, which increases 1

v , thereby causing the image

distance v to decrease (the image moves closer to the pole).

• The magnification is given by:

m=
f

f − u
=

f
f + |u|

• As |u| decreases, the denominator ( f + |u|) decreases, which increases the value of

magnification m.

• Consequently, the image becomes larger (enlarged compared to its initial size) while

remaining virtual and erect.
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Step 4: Final Answer:

The image will get enlarged and virtual.

Quick Tip: While a convex mirror always produces a diminished image compared to the actual object

size, moving the object closer to the mirror increases the image size relative to its previous state.

At the pole, the image size equals the object size (m= 1).

28. If a man’s face is 25 cm in front of a concave shaving mirror producing erect image of 1.5

times the size of face, focal length of the mirror should be:

(A) 75 cm

(B) 25 cm

(C) -75 cm

(D) 60 cm

Correct Answer: (C) -75 cm

Solution:

Step 1: Understanding the Question:

We are given the object distance (u) and the magnification (m) produced by a concave mirror.

We need to determine the focal length of the mirror.

Step 2: Key Formula or Approach:

The magnification (m) for a spherical mirror is related to the focal length ( f ) and the object

distance (u) by the formula:

m=
f

f − u
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Step 3: Detailed Explanation:

• According to the Cartesian sign convention, the object is placed in front of the mirror, so:

u= −25 cm

• The shaving mirror produces an erect, virtual image, which means the magnification is

positive:

m= +1.5=
3
2

• Substitute m and u into the magnification formula:

3
2
=

f
f − (−25)

3
2
=

f
f + 25

• Cross-multiplying the terms:

3( f + 25) = 2 f

3 f + 75= 2 f

• Solving for f :

3 f − 2 f = −75

f = −75 cm

• The negative sign mathematically confirms that the mirror is concave, and its focal

length is 75 cm.

Step 4: Final Answer:

The focal length of the mirror should be −75 cm.
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Quick Tip: Using the formula m = f
f −u directly saves time during exams by avoiding the need to

calculate the image distance v first.

Be extremely careful with sign conventions for u and m.

29. What is the size of the image formed when the object is at infinity in front of a concave

mirror?

(A) Highly magnified

(B) Highly diminished, point-sized

(C) Same size as the object

(D) Inverted and large

Correct Answer: (B) Highly diminished, point-sized

Solution:

Step 1: Understanding the Question:

The question asks for the size of the image created by a concave mirror when the object is

positioned at an infinite distance from the mirror.

Step 2: Key Formula or Approach:

We use the fundamental rules of ray optics for spherical mirrors.

When u→−∞, we analyze the position and size of the image.

Step 3: Detailed Explanation:

• Light rays originating from an object at infinity travel parallel to each other.

• When these parallel rays are parallel to the principal axis of a concave mirror, they

converge at the principal focus (F) after reflection.
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• Let us apply the mirror formula to verify this:

1
v
+

1
u
=

1
f

• As u→−∞, 1
u → 0:

1
v
+ 0=

1
f
=⇒ v = f

• The magnification is:

m= −
v
u
= −

f
−∞
→ 0

• A magnification approaching zero indicates that the image size is extremely small

compared to the object.

• Therefore, the image formed at the focus is highly diminished and point-sized.

Step 4: Final Answer:

The size of the image is highly diminished, point-sized.

Quick Tip: An object at infinity always forms its image at the focus of a spherical mirror or lens.

The image in this case is always highly diminished (point-sized).

30. An object is placed at 60.0 cm in front of a concave mirror of focal length 30 cm. At what

distance from the mirror should a screen be placed to obtain a sharp image?

(A) 60.0 cm in front of the mirror

(B) 30.0 cm back of the mirror

(C) 90.0 cm in front of the mirror

(D) 90.0 cm back of the mirror
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Correct Answer: (A) 60.0 cm in front of the mirror

Solution:

Step 1: Understanding the Question:

The question asks for the position of a screen to capture a sharp image, which is equivalent to

finding the image distance (v) for a given object distance (u) and focal length ( f ) of a concave

mirror.

Step 2: Key Formula or Approach:

The mirror formula is given by:

1
v
+

1
u
=

1
f

Step 3: Detailed Explanation:

• According to Cartesian sign conventions:

- Focal length of the concave mirror ( f ) = −30 cm

- Object distance (u) = −60 cm

• Substituting these values into the mirror formula:

1
v
+

1
−60

=
1
−30

1
v
−

1
60
= −

1
30

• Solving for 1
v :

1
v
= −

1
30
+

1
60

• Finding a common denominator:

1
v
=
−2+ 1

60
= −

1
60
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v = −60 cm

• The negative sign of v indicates that the image is real and formed in front of the mirror.

• Since real images can be captured on a screen, the screen must be placed at a distance

of 60.0 cm in front of the mirror.

Step 4: Final Answer:

The screen should be placed at 60.0 cm in front of the mirror.

Quick Tip: Notice that the object is placed at 60 cm, which is exactly twice the focal length

(2 f = 2× 30= 60 cm).

When an object is placed at the center of curvature (C), its real image is also formed at the center of

curvature (C).

This allows you to identify the answer instantly without doing calculations.

31. When electric current is passed, electrons move from:

(A) high potential to low potential

(B) low potential to high potential

(C) in the direction of the current

(D) in the direction opposite to the current

Correct Answer: (B) low potential to high potential

Solution:

Step 1: Understanding the Question:

The question asks about the direction of motion of free electrons in a conductor when an

electric potential difference is applied across its ends.
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Step 2: Key Formula or Approach:

We use the principles of electrostatics and the definition of electric potential.

Step 3: Detailed Explanation:

• By convention, the direction of electric current is defined as the direction of flow

of positive charge, which is from high potential (positive terminal) to low potential

(negative terminal).

• Electrons carry a negative charge (−1.6× 10−19 C).

• In an electric field, a positive charge experiences a force in the direction of the field,

while a negative charge experiences a force in the opposite direction of the field.

• This means electrons are repelled by the negative terminal (low potential) and attracted

to the positive terminal (high potential).

• Thus, inside a conductor, electrons drift from a region of lower electric potential to a

region of higher electric potential.

• This movement is also opposite to the conventional direction of electric current. Both

(B) and (D) represent physical realities, but from the potential perspective, moving from

low potential to high potential is the fundamental electrodynamic description.

Step 4: Final Answer:

Electrons move from low potential to high potential.
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Quick Tip: Always remember:

- Positive charges move from high potential to low potential.

- Negative charges (like electrons) move from low potential to high potential.

32. What does the magnification produced by a spherical mirror represent?

(A) The distance between the mirror and the object

(B) The ratio of the height of the object to the height of the image

(C) The ratio of the height of the image to the height of the object

(D) The size of the mirror

Correct Answer: (C) The ratio of the height of the image to the height of the object

Solution:

Step 1: Understanding the Question:

The question asks for the definition and physical representation of the term "magnification" in

the context of spherical mirrors.

Step 2: Key Formula or Approach:

The linear magnification (m) produced by a spherical mirror is defined by the formula:

m=
Height of image (hi)
Height of object (ho)

Step 3: Detailed Explanation:

• Magnification is a dimensionless ratio that indicates how many times the image of an

object is enlarged or reduced relative to the actual object.

• It is mathematically defined as the ratio of the height of the image (hi) to the height of
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the object (ho).

• It can also be expressed in terms of image distance (v) and object distance (u) as:

m= −
v
u

• If |m|> 1, the image is magnified.

• If |m|< 1, the image is diminished.

• If |m|= 1, the image is of the same size as the object.

• A positive sign of m indicates a virtual and erect image, while a negative sign indicates a

real and inverted image.

Step 4: Final Answer:

Magnification represents the ratio of the height of the image to the height of the object.

Quick Tip: Remember the formula: m= hi
ho
= − v

u .

Image height is always in the numerator, and object height is always in the denominator.

33. The Sun is visible to us about 2 minutes before the actual sunrise and about 2 minutes

after the actual sunset because of

(A) atmospheric refraction

(B) atmospheric scattering

(C) dispersion of light

(D) motion of Earth
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Correct Answer: (A) atmospheric refraction

Solution:

Step 1: Understanding the Question:

The question asks for the physical phenomenon responsible for the early visibility of the Sun

before actual sunrise and its prolonged visibility after actual sunset.

Step 2: Key Formula or Approach:

This phenomenon is explained by the bending of light rays as they pass through layers of air of

varying optical density in the Earth’s atmosphere.

Step 3: Detailed Explanation:

• The Earth’s atmosphere is made of air layers with varying temperatures and densities.

• Air closer to the Earth’s surface is denser and has a higher refractive index than the

upper layers of air.

• When light from the Sun (which is still below the horizon) enters the Earth’s atmosphere

obliquely, it travels from a rarer medium to a denser medium.

• Consequently, the light rays undergo continuous refraction, bending progressively

towards the normal (downwards towards the Earth).

• To an observer on the ground, these bent rays appear to come from a position slightly

higher than the horizon.

• As a result, the Sun appears to rise about 2 minutes earlier than it actually crosses the

horizon, and remains visible for about 2 minutes after it has actually set below the horizon.
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Step 4: Final Answer:

The early sunrise and delayed sunset occur due to atmospheric refraction.

Quick Tip: Atmospheric refraction causes celestial objects (like the Sun and stars) to appear slightly

higher in the sky than their actual positions.

This refraction adds about 4 minutes of daylight to our day.

34. Large number of thin strips of black paper are made on the surface of a convex lens of

focal length 20 cm to catch the image of a white horse. The image will be

(A) a zebra of black stripes

(B) a horse of black stripes

(C) a zebra of less brightness

(D) a horse of less brightness

Correct Answer: (D) a horse of less brightness

Solution:

Step 1: Understanding the Question:

The question asks about the nature of the image formed when a part of a convex lens is

covered with thin, black paper strips while trying to capture the image of a white horse.

Step 2: Key Formula or Approach:

We use the principles of image formation by a lens. Every small section of a lens is capable of

forming a complete image of an object.

Step 3: Detailed Explanation:

• To form a complete image of any point on an object, light rays from that point must pass
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through the lens and converge at the corresponding image point.

• When black paper strips are placed on the lens, they block the light rays falling on those

specific covered portions.

• However, light rays from every part of the white horse can still pass through the

remaining uncovered, transparent sections of the lens.

• These unblocked rays successfully converge to form a complete, continuous image of the

white horse. No black stripes will appear on the horse itself.

• Since some of the light rays are blocked, the total amount of light energy reaching the

screen to form the image is reduced.

• The reduction in light energy decreases the intensity or brightness of the final image.

• Hence, we get a complete image of the white horse, but it will have less brightness.

Step 4: Final Answer:

The image will be a horse of less brightness.

Quick Tip: Covering any part of a lens never cuts off or alters the shape of the image.

It only reduces the amount of light passing through, which decreases the brightness of the complete

image.

35. Match the positions of the object (Column A) with the corresponding positions of the

image formed by a convex lens (Column B).
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(A) 1-A, 2-B, 3-C, 4-D

(B) 1-D, 2-A, 3-B, 4-C

(C) 1-B, 2-A, 3-D, 4-C

(D) 1-C, 2-D, 3-A, 4-B

Correct Answer: (B) 1-D, 2-A, 3-B, 4-C

Solution:

Step 1: Understanding the Question:

The question asks to match different positions of an object in front of a convex (converging)

lens with the corresponding positions where its image is formed.

Step 2: Key Formula or Approach:

We use the standard image formation rules for a convex lens.

Step 3: Detailed Explanation:

• Let us analyze each case:

- 1. At infinity: Rays of light coming from infinity are parallel to the principal axis and

converge at the principal focus (F2) of the lens after refraction. Thus, 1 matches with D.

- 2. Beyond 2F1: When the object is placed beyond twice the focal length, the refracted

rays converge to form a real, inverted, and diminished image between the focus (F2)

and twice the focal length (2F2) on the other side. Thus, 2 matches with A.

- 3. Between F1 and 2F1: When the object is placed between F1 and 2F1, the image is

formed beyond 2F2 on the other side. The image is real, inverted, and magnified. Thus,
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3 matches with B.

- 4. At focus F1: When the object is placed exactly at the principal focus F1, the refracted

rays travel parallel to each other and meet at infinity. Thus, 4 matches with C.

• Combining these matches: 1-D, 2-A, 3-B, and 4-C.

Step 4: Final Answer:

The correct matching option is (B).

Quick Tip: Object and image positions show a reciprocal relationship:

- Object at infinity→ Image at focus.

- Object at focus→ Image at infinity.

- Object beyond 2F → Image between F and 2F .

- Object between F and 2F → Image beyond 2F .

36. When object moves closer to convex lens, the image formed by it shifts :

(A) away from the lens.

(B) towards the lens.

(C) first towards and then away from the lens.

(D) first away and then towards the lens.

Correct Answer: (A) away from the lens.

Solution:

Step 1: Understanding the Question:

The question asks about the direction in which the image shifts when an object is brought

closer to a convex lens from a distance.
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Step 2: Key Formula or Approach:

We use the lens formula to track the position of the image:

1
v
−

1
u
=

1
f
=⇒

1
v
=

1
f
+

1
u

Step 3: Detailed Explanation:

• Let us trace the positions step-by-step as the object is moved closer to the lens:

- When the object is at infinity (u= −∞), the image is formed at the focus F2 (v = f ).

- As the object is brought closer, say beyond 2F1, the image shifts to a position between

F2 and 2F2.

- When the object reaches 2F1 (u= −2 f ), the image moves to 2F2 (v = 2 f ).

- When the object is between F1 and 2F1, the image shifts beyond 2F2.

- When the object is at the focus F1 (u= − f ), the image shifts to infinity (v =∞).

• Throughout this entire range (from infinity to the focus), as the object distance |u|

decreases, the image distance v increases.

• This means the image moves further away from the lens.

Step 4: Final Answer:

The image shifts away from the lens.

Quick Tip: For a real image in a convex lens, as the object moves closer to the lens, the image always

moves away from the lens.

They move in the same absolute direction along the axis.

37. The lens formula is given by :
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1
f
=

1
v
−

1
u

Which of the following correctly identifies each term in the formula?

(A) f = focal length, v = object distance, u = image distance

(B) f = focal length, v = image distance, u = object distance

(C) f = image distance, v = object distance, u = focal length

(D) f = object distance, v = focal length, u = image distance

Correct Answer: (B) f = focal length, v = image distance, u = object distance

Solution:

Step 1: Understanding the Question:

The question asks to identify the standard definitions of the variables used in the thin lens

formula.

Step 2: Key Formula or Approach:

The lens formula is:

1
f
=

1
v
−

1
u

Step 3: Detailed Explanation:

• The thin lens formula establishes a relationship between the focal length of the lens, the

distance of the object from the lens, and the distance of the image from the lens.

• By standard convention in optics:

- f represents the focal length of the lens (positive for convex, negative for concave).

- v represents the image distance, which is the distance from the optical center of the
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lens to the position of the image.

- u represents the object distance, which is the distance from the optical center of the

lens to the position of the object.

• Matching these standard definitions with the options, Option (B) is correct.

Step 4: Final Answer:

The correct terms are: f = focal length, v = image distance, u = object distance.

Quick Tip: To avoid confusion between the lens and mirror formulas:

- Mirror formula: 1
f =

1
v +

1
u

- Lens formula: 1
f =

1
v −

1
u

In both formulas, v is the image distance and u is the object distance.

38. Arrange the following parts of the human eye in the order that light passes through them :

1. Cornea

2. Retina

3. Pupil

4. Crystalline lens

(A) 1→ 3→ 4→ 2

(B) 3→ 1→ 4→ 2

(C) 1→ 4→ 3→ 2

(D) 4→ 3→ 1→ 2

Correct Answer: (A) 1→ 3→ 4→ 2

Solution:

Step 1: Understanding the Question:
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The question asks for the correct anatomical sequence of structures in the human eye through

which incoming light travels before forming an image.

Step 2: Key Formula or Approach:

We trace the path of light from outside the eye to the light-sensitive surface inside the eye.

Step 3: Detailed Explanation:

• 1. Cornea: This is the thin, transparent, dome-like outer membrane at the front of the eye.

Light first enters the eye through the cornea, which performs most of the initial refraction.

• 2. Pupil: After passing through the cornea (and the aqueous humor), light travels

through an opening called the pupil. The size of the pupil is adjusted by the iris to

control the amount of light entering the eye.

• 3. Crystalline Lens: Light then passes through the flexible crystalline lens. The lens

adjusts its shape (focal length) to focus light precisely onto the back of the eye.

• 4. Retina: Finally, the focused light reaches the retina, which is the light-sensitive screen

containing photoreceptors (rods and cones) at the back of the eye. The retina converts

the light into electrical signals sent to the brain.

• Thus, the correct sequence is: Cornea (1)→ Pupil (3)→ Crystalline lens (4)→ Retina (2).

Step 4: Final Answer:

The correct order is 1→ 3→ 4→ 2.
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Quick Tip: Think of the eye as a camera:

- Cornea = Protective lens cover.

- Pupil = Aperture opening.

- Crystalline lens = Camera focusing lens.

- Retina = Digital sensor / film.

39. When the object is placed very close to the lens, the image formed is virtual, erect and

(A) diminished

(B) smaller in size

(C) magnified

(D) bigger in size

Correct Answer: (C) magnified

Solution:

Step 1: Understanding the Question:

The question asks about the size of the image formed by a convex lens when an object is

placed very close to it (inside its focal length).

Step 2: Key Formula or Approach:

We use the ray diagram rules for a convex lens when the object distance u is less than the focal

length f (|u|< f ).

Step 3: Detailed Explanation:

• A convex lens is a converging lens. When an object is placed far away, it forms real and

inverted images.

• However, when the object is brought very close to the lens, specifically between its
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principal focus (F1) and the optical center (O):

- The light rays diverging from the object cannot converge after passing through the lens.

- Instead, the refracted rays diverge on the other side.

- When these diverging rays are projected backward, they appear to meet at a point on

the same side as the object.

- This forms a virtual, erect, and significantly enlarged image.

• In scientific terminology, an enlarged image is referred to as a magnified image.

- This is the operating principle of a simple magnifying glass.

Step 4: Final Answer:

The image formed is virtual, erect, and magnified.

Quick Tip: A convex lens acts as a magnifying glass only when the object is placed within its focal

length (|u|< f ).

The resulting image is virtual, erect, and magnified.

40. A person uses a convex lens of focal length 20 cm in spectacles, the power of lens will be :

(A) -5 D

(B) +5 D

(C) +2 D

(D) -2 D

Correct Answer: (B) +5 D

Solution:

Step 1: Understanding the Question:

We are given the focal length of a convex lens used in spectacles, and we need to calculate its
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optical power.

Step 2: Key Formula or Approach:

The power of a lens (P) in dioptres (D) is the reciprocal of its focal length ( f ) in meters:

P =
1

f (in meters)

Step 3: Detailed Explanation:

• We are given:

Type of lens = Convex lens

Focal length ( f ) = +20 cm (Focal length of a convex lens is positive).

• First, convert the focal length from centimeters to meters:

f =
20

100
= +0.2 m

• Now, use the power formula:

P =
1
f
=

1
0.2

• Calculate the final value:

P =
10
2
= +5 D

• The positive sign of the power confirms that the lens is converging (convex).

Step 4: Final Answer:

The power of the lens is +5 D.

Jharkhand Polytechnic 2026 Page 65 of 268 © Collegedunia.com



Quick Tip: Always remember to convert the focal length into meters before calculating power.

- Convex lens→ Positive focal length→ Positive power.

- Concave lens→ Negative focal length→ Negative power.

41. A few phenomena of light are given below :

(I) Advance sunrise and delayed sunset

(II) Twinkling of stars

(III) Wavering of objects seen through a turbulent stream of hot air

(IV) Blue colour of sky

Which of the above phenomena are due to atmospheric refraction?

(A) (I), (II) and (IV)

(B) (I), (II) and (III)

(C) (I), (III) and (IV)

(D) (I), (II), (III) and (IV)

Correct Answer: (B) (I), (II) and (III)

Solution:

Step 1: Understanding the Question:

The question list four optical phenomena and asks us to identify which of them are caused by

the refraction of light in the Earth’s atmosphere.

Step 2: Key Formula or Approach:

We analyze the physical mechanism behind each listed phenomenon.

Step 3: Detailed Explanation:

• (I) Advance sunrise and delayed sunset: Caused by the bending of solar light rays as

they enter and pass through the increasingly dense layers of the Earth’s atmosphere.

This is due to atmospheric refraction.
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• (II) Twinkling of stars: Starlight passes through turbulent atmospheric layers with

varying temperatures and densities (hence fluctuating refractive indices). This causes

continuous changes in the apparent position and intensity of the starlight, leading to

twinkling. This is due to atmospheric refraction.

• (III) Wavering of objects through hot air: Hot air above a fire or stream is less dense

and has a lower refractive index than the cooler air above it. The physical movement of

this hot air causes the refractive index to fluctuate rapidly. Light passing through this

turbulent air refracts randomly, causing objects behind it to appear to waver. This is a

local refraction effect.

• (IV) Blue colour of sky: This is caused by the scattering of sunlight by fine air molecules

in the atmosphere (Rayleigh scattering), where shorter blue wavelengths are scattered

much more than longer red wavelengths. It is not caused by refraction.

• Therefore, phenomena (I), (II), and (III) are due to refraction.

Step 4: Final Answer:

The phenomena due to atmospheric refraction are (I), (II) and (III).

Quick Tip: Any optical phenomenon involving "twinkling," "bending," "shifting of position," or

"apparent wavering" of light source positions in air is caused by refraction.

Phenomena involving "color" (like blue sky or red sunset) are usually caused by scattering.

42. The defective eye of a person has near point 0.5 m and distant point 3 m. The power for

corrective lens required for reading is :

(A) +3 D
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(B) -3 D

(C) +1/3 D

(D) +1 D

Correct Answer: (D) +1 D

Solution:

Step 1: Understanding the Question:

A person has a defective eye with a near point of 0.5 m (instead of the normal near point) and

a far point of 3 m. We need to determine the power of the lens required for reading.

Step 2: Key Formula or Approach:

Reading requires near vision correction.

We use the lens formula:

1
f
=

1
v
−

1
u

and the power formula:

P =
1

f (in meters)

Step 3: Detailed Explanation:

• The person wants to read a book.

• If we assume a standard comfortable reading distance (object distance u) of 33.3 cm (or

−1/3 m):

- Object distance (u) = −1/3 m

- To see the text clearly, the corrective lens must form a virtual image of this book at the

person’s actual near point, which is 0.5 m.

- Image distance (v) = −0.5 m= −1/2 m
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• Using the lens formula in terms of power (P = 1/ f ):

P =
1
v
−

1
u

P =
1
−1/2

−
1
−1/3

P = −2+ 3= +1 D

• (Note: If the standard near point of a normal eye is assumed to be 25 cm, then

u = −0.25 m, which gives P = −2+ 4 = +2 D. However, based on the standard question

options where +2 D is not available, the question assumes a reading distance of 33.3 cm

to yield +1 D).

Step 4: Final Answer:

The power of the corrective lens required for reading is +1 D.

Quick Tip: For reading, the object is placed at a near distance, so we correct for hyperopia using a

convex (positive) lens.

This immediately eliminates negative options like (B).

43. Bi-focal lenses are required to correct

(A) astigmatism

(B) coma

(C) presbyopia

(D) myopia

Correct Answer: (C) presbyopia

Solution:
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Step 1: Understanding the Question:

The question asks which vision defect requires the use of bi-focal lenses for correction.

Step 2: Key Formula or Approach:

Bi-focal lenses contain two distinct parts with different focal lengths: the upper part is typically

a concave lens for distant vision, and the lower part is a convex lens for reading or near vision.

Step 3: Detailed Explanation:

• Myopia (Nearsightedness): Corrected using a simple concave lens.

• Astigmatism: Corrected using cylindrical lenses.

• Presbyopia: This is an age-related vision defect. With age, the ciliary muscles weaken,

and the crystalline lens loses its flexibility.

• As a result, the eye loses its power of accommodation. A person suffering from presbyopia

often struggles to focus on nearby objects clearly, and may also have pre-existing myopia

(difficulty seeing distant objects).

• To correct both near and distant vision simultaneously without changing spectacles, a

bi-focal lens is used.

- The upper portion of a bi-focal lens is concave (for distance).

- The lower portion is convex (for reading).

Step 4: Final Answer:

Bi-focal lenses are required to correct presbyopia.
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Quick Tip: Remember the corrections for common defects:

- Myopia→ Concave lens

- Hyperopia→ Convex lens

- Presbyopia→ Bi-focal lens

- Astigmatism→ Cylindrical lens

44. The danger signals installed at the top of tall buildings are red in color. These can be easily

seen from a distance because among all other colors, red light

(A) is scattered the most by smoke or fog.

(B) is scattered the least by smoke or fog.

(C) is absorbed the most by smoke or fog.

(D) moves fastest in air.

Correct Answer: (B) is scattered the least by smoke or fog.

Solution:

Step 1: Understanding the Question:

The question asks for the scientific reason why danger signals are colored red to ensure they

remain visible from long distances even in poor weather conditions like fog or smoke.

Step 2: Key Formula or Approach:

We use Rayleigh’s Law of Scattering, which states that the intensity of scattered light (I) is

inversely proportional to the fourth power of its wavelength (λ):

I∝
1
λ4

Step 3: Detailed Explanation:
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• Visible light consists of a spectrum of colors ranging from violet (shortest wavelength) to

red (longest wavelength).

• Since red light has the longest wavelength in the visible spectrum (λred ≈ 700 nm),

according to Rayleigh’s scattering law, it experiences the least scattering when interacting

with small particles like smoke, dust, or water droplets in fog.

• Shorter wavelengths (like blue and violet) are scattered in all directions and quickly

disperse, reducing their intensity along the line of sight.

• Because red light is scattered the least, it can travel through thick fog, smoke, and dust

over long distances without significant loss of intensity.

• This allows the danger signal to remain highly visible and sharp from a long distance.

Step 4: Final Answer:

Red light is scattered the least by smoke or fog.

Quick Tip: Scattering is inversely related to wavelength:

Wavelength (λ) ↑=⇒ Scattering ↓

Red has the largest λ among visible colors, so it scatters the least and travels the farthest.

45. An ideal ammeter -

(A) should be connected in series and have high resistance.

(B) should be connected in parallel and have zero resistance.
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(C) should be connected in series and have zero resistance.

(D) should be connected in parallel and have high resistance.

Correct Answer: (C) should be connected in series and have zero resistance.

Solution:

Step 1: Understanding the Question:

The question asks for the proper circuit connection method and ideal internal resistance of an

ammeter.

Step 2: Key Formula or Approach:

An ammeter is a device used to measure electric current. To measure the current flowing

through a component, all of that current must pass through the ammeter.

Step 3: Detailed Explanation:

• To ensure that the entire current flowing through a circuit branch passes through the

ammeter, the ammeter must be connected in series with that branch.

• Every electrical instrument has some internal resistance. If an ammeter has a sig-

nificant resistance, connecting it in series would increase the total resistance of the circuit:

R′total = Rcircui t + Rammeter

• According to Ohm’s law (I = V/R), this increase in resistance would decrease the current

flowing through the circuit, resulting in an inaccurate, lower reading.

• To prevent the ammeter from altering the actual current it is designed to measure, its

internal resistance must be as low as possible.

• For an ideal ammeter, this internal resistance is considered to be exactly zero.
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Step 4: Final Answer:

An ideal ammeter should be connected in series and have zero resistance.

Quick Tip: Remember the ideal properties of basic meters:

- Ideal Ammeter: Connected in Series, Resistance = 0.

- Ideal Voltmeter: Connected in Parallel, Resistance =∞.

46. Ohm’s law states that

(A) V ∝ I

(B) V = I/R

(C) V ∝ 1/R

(D) V = R/I

Correct Answer: (A) V ∝ I

Solution:

Step 1: Understanding the Question:

The question asks for the fundamental mathematical relationship stated by Ohm’s Law.

Step 2: Key Formula or Approach:

Ohm’s law states that the current flowing through a conductor is directly proportional to

the potential difference across its ends, provided temperature and other physical conditions

remain constant.

Step 3: Detailed Explanation:

• Formally, Ohm’s law states that:

I∝ V

Jharkhand Polytechnic 2026 Page 74 of 268 © Collegedunia.com



• This can also be written in terms of the potential difference (V ) being directly

proportional to the current (I):

V ∝ I

• To remove the proportionality sign, we introduce a constant of proportionality called

resistance (R):

V = IR

• Here, R is constant for a given conductor at a constant temperature.

• Looking at the options, Option (A) V ∝ I represents the fundamental statement of

Ohm’s law.

Step 4: Final Answer:

Ohm’s law states that V ∝ I .

Quick Tip: Ohm’s Law is valid only under constant physical conditions (like constant temperature).

The graph of V vs I for an ohmic conductor is always a straight line passing through the origin.

47. A battery of 10 volt carries 20,000 C of charge through a resistance of 20 Ω. The work

done in 10 seconds is

(A) 2× 105 joule

(B) 2× 103 joule

(C) 2× 106 joule

(D) 2× 104 joule

Correct Answer: (A) 2× 105 joule
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Solution:

Step 1: Understanding the Question:

We are given a potential difference (V = 10 V) and a total charge (Q = 20,000 C) passing

through a circuit. We need to calculate the work done by the battery.

Step 2: Key Formula or Approach:

By definition, the electric potential difference (V ) between two points is the work done (W )

per unit charge (Q) in moving the charge between those points:

V =
W
Q
=⇒ W =Q · V

Step 3: Detailed Explanation:

• Let us list the given values:

- Potential difference (V ) = 10 V

- Charge (Q) = 20, 000 C

- Resistance (R) = 20 Ω (This is extra information not needed for the calculation).

- Time (t) = 10 s (This is also extra information).

• Substitute the values of Q and V into the work formula:

W =Q · V

W = 20, 000 C× 10 V

W = 200, 000 Joules

• Expressing the result in scientific exponential notation:

W = 2× 105 J

• This matches Option (A).
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Step 4: Final Answer:

The work done is 2× 105 joule.

Quick Tip: Be careful of distractor variables!

The resistance (20 Ω) and time (10 s) are given to distract you.

The fundamental definition of potential difference is V = W/Q, which does not depend on time or

resistance.

48. Which instrument can be used to measure potential difference across a resistor?

(A) Ammeter

(B) Voltmeter

(C) Galvanometer

(D) Potentiometer

Correct Answer: (B) Voltmeter

Solution:

Step 1: Understanding the Question:

The question asks to identify the standard laboratory instrument designed specifically to

measure the electric potential difference across a resistor.

Step 2: Key Formula or Approach:

Analyze the purpose of each listed instrument:

- Ammeter: Measures electric current in amperes.

- Voltmeter: Measures potential difference in volts.

- Galvanometer: Detects the presence and direction of small electric currents.

- Potentiometer: A highly accurate null-method instrument used to measure EMF and compare

internal resistances, but for direct measurement of potential difference in practical circuits, a

voltmeter is standard.
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Step 3: Detailed Explanation:

• A voltmeter is an instrument designed to measure the potential difference between two

points in an electrical circuit.

• To measure the potential difference across a resistor, the voltmeter is connected in

parallel with the resistor.

• It has a very high internal resistance so that it draws negligible current from the main

circuit, ensuring that the circuit’s operation and the voltage drop are not affected.

• This matches Option (B) as the direct measuring tool.

Step 4: Final Answer:

The instrument used to measure potential difference is a Voltmeter.

Quick Tip: Always remember:

- Ammeter measures current and is connected in series.

- Voltmeter measures voltage and is connected in parallel.

49. Which of the following statement is true about resistance?

(A) Resistance of a wire does not depend on its length.

(B) Thicker wires offer more resistance than thinner wires.

(C) Resistance depends on the nature of material.

(D) Resistance of a wire depends on the product of length of the wire and area of the wire.

Correct Answer: (C) Resistance depends on the nature of material.
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Solution:

Step 1: Understanding the Question:

The question asks to identify the correct physical statement regarding the factors that

determine the electrical resistance of a conducting wire.

Step 2: Key Formula or Approach:

The electrical resistance (R) of a uniform conductor is given by:

R= ρ
l
A

Step 3: Detailed Explanation:

• Let us evaluate each option:

- Option (A): Incorrect, because R∝ l. Resistance is directly proportional to the length

of the wire.

- Option (B): Incorrect. Thicker wires have a larger cross-sectional area (A). Since

R∝ 1
A, thicker wires offer less resistance than thinner wires.

- Option (C): Correct. The term ρ (resistivity) depends entirely on the nature of the

material. Different materials have different free electron densities, meaning resistance

depends directly on the nature of the material.

- Option (D): Incorrect. Resistance depends on the ratio of length to area (l/A), not

their product (l × A).

• Therefore, Option (C) is the only mathematically and physically correct statement.

Step 4: Final Answer:

The true statement is that resistance depends on the nature of the material.
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Quick Tip: Remember the relationship:

- More length (l)→ More resistance.

- More thickness (A)→ Less resistance.

- Material type (ρ)→ Directly affects resistance.

50. Which of the following correctly lists good conductors of electricity?

(A) Glass, Wood, Plastic

(B) Silver, Copper, Iron

(C) Rubber, Paper, Air

(D) Diamond, Ebonite, Brick

Correct Answer: (B) Silver, Copper, Iron

Solution:

Step 1: Understanding the Question:

The question asks to identify the group of materials that are categorized as good electrical

conductors.

Step 2: Key Formula or Approach:

Conductors are materials that contain a high density of free mobile charge carriers (electrons)

that can easily flow under the influence of an electric field.

Step 3: Detailed Explanation:

• Let us examine the materials listed in each option:

- Option (A): Glass, wood, and plastic are insulators. They do not have free electrons to

conduct electricity.

- Option (B): Silver, copper, and iron are all transition metals. They have metallic

bonding with a sea of free valence electrons, giving them extremely low resistivity. Silver

is the best conductor of electricity, followed closely by copper. Iron is also a good metallic
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conductor. This group consists entirely of excellent conductors.

- Option (C): Rubber, paper, and air are insulators under normal physical conditions.

- Option (D): Diamond, ebonite, and brick are insulators.

• Therefore, Option (B) is the correct list of good conductors.

Step 4: Final Answer:

The correct group is Silver, Copper, Iron.

Quick Tip: Metals are generally good conductors because of their free valence electrons.

Silver is the highest conducting metal, followed by copper and gold.

Chemistry

51. Which of the following is dynamically the most stable state of carbon?

(A) Diamond

(B) Graphite

(C) Fullerene

(D) All of these

Correct Answer: (B) Graphite

Solution:

Step 1: Understanding the Question:

The question asks which allotrope of carbon is thermodynamically (referred to as dynamically

in some translation contexts) the most stable state under standard temperature and pressure
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conditions.

Step 2: Key Formula or Approach:

Thermodynamic stability is determined by the standard Gibbs free energy or enthalpy of

formation.

The allotrope with the lowest standard enthalpy of formation (∆H◦f = 0) is considered the

most stable state.

Step 3: Detailed Explanation:

• Carbon exists in several allotropic forms, primarily diamond, graphite, and fullerene.

• Graphite has a layered, planar structure where each carbon atom is sp2 hybridized and

bonded to three other carbon atoms in a hexagonal ring pattern.

• This structure possesses a highly delocalized system of π electrons, which provides extra

resonance stabilization.

• Thermodynamically, graphite is more stable than diamond by about 2.9 kJ/mol under

standard conditions of room temperature and atmospheric pressure.

• Consequently, the standard enthalpy of formation of graphite is defined as zero, and

other allotropes like diamond and fullerene can theoretically convert to graphite over a

very long geological timescale.

Step 4: Final Answer:

Therefore, graphite is the most stable state of carbon.
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Quick Tip: Graphite is the thermodynamically standard state of carbon.

This is why standard enthalpies of formation for carbon compounds are calculated relative to graphite,

not diamond.

52. Covalent bonded compounds have low melting and boiling point because of :

(A) Sharing of an electron pair between two atoms.

(B) Weak intermolecular forces.

(C) Attraction between molecules is very large.

(D) None of these

Correct Answer: (B) Weak intermolecular forces.

Solution:

Step 1: Understanding the Question:

The question asks to identify the molecular reason why simple covalent compounds generally

have low melting and boiling points compared to ionic compounds.

Step 2: Key Formula or Approach:

We must differentiate between strong intramolecular bonds (within molecules) and weak

intermolecular forces (between separate molecules).

Step 3: Detailed Explanation:

• In covalent compounds, atoms within a molecule are held together by strong, localized

covalent bonds (sharing of electron pairs).

• However, the separate individual molecules are held together in the bulk phase by much

weaker attractive forces, collectively known as intermolecular forces (such as London

dispersion forces, dipole-dipole interactions, or hydrogen bonding).
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• When a covalent substance melts or boils, these strong covalent intramolecular bonds

are not broken. Only the weak intermolecular forces between the molecules are overcome.

• Because these intermolecular forces require relatively little thermal energy to disrupt,

most simple covalent molecular substances have relatively low melting and boiling points.

Step 4: Final Answer:

Covalent compounds have low melting and boiling points due to weak intermolecular forces.

Quick Tip: Always distinguish between intramolecular forces (chemical bonds within a molecule) and

intermolecular forces (forces between molecules).

Low boiling point is a feature of molecular substances with weak intermolecular forces.

53. The structure of water (H2O) molecule is resembling with :

(A) Structure of CH4 molecule

(B) Structure of CO2 molecule

(C) Structure of SO2 molecule

(D) Structure of BeH2 molecule

Correct Answer: (C) Structure of SO2 molecule

Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given molecules has a molecular geometry or

structure that is similar to that of a water (H2O) molecule.

Step 2: Key Formula or Approach:

We use the Valence Shell Electron Pair Repulsion (VSEPR) theory to predict and compare the
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shapes of the molecules.

Step 3: Detailed Explanation:

• H2O: The central oxygen atom is sp3 hybridized, surrounded by two bonding pairs and

two lone pairs of electrons. This results in a bent or V-shaped molecular geometry.

• Let us analyze the structures of the options:

- (A) CH4: The central carbon is sp3 hybridized with four bonding pairs, forming a

symmetrical tetrahedral shape.

- (B) CO2: The central carbon is sp hybridized, forming two double bonds with no lone

pairs, resulting in a linear geometry.

- (C) SO2: The central sulfur atom is sp2 hybridized. It has two bonding regions (double

bonds with oxygen) and one lone pair of electrons. The presence of the lone pair bends

the bonds, resulting in a bent or V-shaped geometry.

- (D) BeH2: Beryllium has two valence electrons forming two single bonds with no lone

pairs, yielding a linear shape.

• Both H2O and SO2 possess a non-linear, bent/V-shaped structure, making them

structurally similar in overall geometry.

Step 4: Final Answer:

The structure of water resembles that of the SO2 molecule.

Quick Tip: Bent/V-shaped molecular structures are caused by the presence of lone pairs on the central

atom, which repel and push the chemical bonds closer together.

Both H2O and SO2 have bent structures due to this repulsion.

54. Rain is called acid rain when its :
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(A) pH falls below 7

(B) pH falls below 6

(C) pH falls below 5.6

(D) pH is above 7

Correct Answer: (C) pH falls below 5.6

Solution:

Step 1: Understanding the Question:

The question asks for the specific threshold value of pH below which rain is classified as "acid

rain."

Step 2: Key Formula or Approach:

Normal rain is naturally slightly acidic due to dissolved carbon dioxide, which forms weak

carbonic acid:

CO2(g)+H2O(l)⇋ H2CO3(aq)

Step 3: Detailed Explanation:

• Because of the natural presence of carbon dioxide in the atmosphere, clean unpolluted

rain typically has a pH of about 5.6.

• When pollutants like sulfur dioxide (SO2) and nitrogen oxides (NOx) are released into

the air from industrial emissions or combustion of fossil fuels, they react with water,

oxygen, and other chemicals to form sulfuric acid and nitric acid.

• These strong acids dissolve in rainwater, causing its pH to drop significantly.
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• By environmental and scientific definition, precipitation is classified as acid rain when its

pH value falls below the natural threshold of 5.6.

Step 4: Final Answer:

Rain is called acid rain when its pH falls below 5.6.

Quick Tip: Do not confuse neutral water (pH = 7) with normal rainwater (pH = 5.6).

Normal rain is slightly acidic due to atmospheric carbon dioxide.

Thus, the boundary for acid rain is 5.6, not 7.0.

55. Ethane and ethene can be distinguished by using :

(A) Bromine water

(B) Chlorine water

(C) Iodine

(D) HCl

Correct Answer: (A) Bromine water

Solution:

Step 1: Understanding the Question:

The question asks to identify a chemical reagent that can be used to distinguish between a

saturated hydrocarbon, ethane (C2H6), and an unsaturated hydrocarbon, ethene (C2H4).

Step 2: Key Formula or Approach:

The presence of double or triple carbon-carbon bonds (unsaturation) can be tested using

addition reactions with halogens.

Step 3: Detailed Explanation:
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• Ethene (C2H4): Contains a carbon-carbon double bond (C = C), which is highly reactive.

When ethene gas is passed through a reddish-brown solution of bromine water, it

undergoes an addition reaction to form a colorless compound, 1,2-dibromoethane:

CH2 = CH2 + Br2(aq, reddish-brown)→ CH2Br–CH2Br(colorless)

This rapid decoloring of bromine water is a classic test for unsaturation.

• Ethane (C2H6): Is a saturated alkane containing only single covalent bonds. It is

chemically inert to bromine water under normal conditions and does not cause any color

change.

• Therefore, bromine water serves as a simple and effective qualitative test to distinguish

between ethane and ethene.

Step 4: Final Answer:

Ethane and ethene can be distinguished by using bromine water.

Quick Tip: The bromine water test is the standard diagnostic test to distinguish between saturated

alkanes (no reaction/no color change) and unsaturated alkenes/alkynes (decolorization).

56. Which of the following option correctly matches the hydrocarbon type with its bond

structure?

(A) Alkene - Single bond

(B) Alkane - Double bond

(C) Alkane - Triple bond

(D) Alkyne - Triple bond
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Correct Answer: (D) Alkyne - Triple bond

Solution:

Step 1: Understanding the Question:

The question asks to identify the option that correctly represents the relationship between the

class of hydrocarbon and the type of covalent bond between its carbon atoms.

Step 2: Key Formula or Approach:

Review the basic definitions of saturated and unsaturated hydrocarbons based on their

carbon-carbon bonding structures.

Step 3: Detailed Explanation:

• Let us evaluate each class of hydrocarbons:

- Alkanes: Saturated hydrocarbons having only single covalent bonds between carbon

atoms (C–C). The general formula is CnH2n+2.

- Alkenes: Unsaturated hydrocarbons containing at least one carbon-carbon double

bond (C= C). The general formula is CnH2n.

- Alkynes: Unsaturated hydrocarbons containing at least one carbon-carbon triple bond

(C≡ C). The general formula is CnH2n−2.

• Matching these definitions with the choices, Option (D) correctly identifies that alkynes

are characterized by triple bonds.

Step 4: Final Answer:

The correct match is Alkyne - Triple bond.
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Quick Tip: Remember the alphabetical suffix pattern:

- alkane→ single bond

- alkene→ double bond

- alkyne→ triple bond

57. Which of the following does not belong to the same homologous series?

(A) CH4

(B) C2H6

(C) C3H8

(D) C4H8

Correct Answer: (D) C4H8

Solution:

Step 1: Understanding the Question:

The question asks to identify the hydrocarbon from the given options that does not belong to

the same homologous series as the other three.

Step 2: Key Formula or Approach:

A homologous series is a group of organic compounds that share the same functional group

and general molecular formula, with successive members differing by a structural unit of –CH2–.

Step 3: Detailed Explanation:

• Let us analyze each option:

- (A) CH4 (Methane): Saturated hydrocarbon with general formula CnH2n+2 where

n= 1. This is an alkane.

- (B) C2H6 (Ethane): Saturated hydrocarbon with general formula CnH2n+2 where n = 2.

This is an alkane.

- (C) C3H8 (Propane): Saturated hydrocarbon with general formula CnH2n+2 where
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n= 3. This is an alkane.

- (D) C4H8 (Butene): Unsaturated hydrocarbon with general formula CnH2n where

n= 4. This is an alkene.

• Since CH4, C2H6, and C3H8 are all alkanes and belong to the alkane homologous series,

C4H8 stands out as an alkene.

Step 4: Final Answer:

The hydrocarbon C4H8 does not belong to the same homologous series.

Quick Tip: Check if the hydrogen-to-carbon ratio matches the general formula CnH2n+2.

For C4H8, the number of hydrogen atoms is exactly twice the number of carbon atoms (H = 2n),

identifying it as an alkene.

58. Which of the following is not a functional isomer pair (of each other)?

(A) Alcohol and ether

(B) Aldehyde and ketone

(C) Carboxylic acid and esters

(D) Alcohol and esters

Correct Answer: (D) Alcohol and esters

Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given pairs of organic compound classes do not act

as functional isomers of one another.

Step 2: Key Formula or Approach:
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Functional isomers are constitutional isomers that share the same molecular formula but

contain different functional groups.

Step 3: Detailed Explanation:

• Let us evaluate each pair:

- Option (A): Alcohols and Ethers: Both share the general molecular formula CnH2n+2O.

For example, ethanol (C2H5OH) and dimethyl ether (CH3–O–CH3) are functional

isomers.

- Option (B): Aldehydes and Ketones: Both share the general molecular formula

CnH2nO. For example, propanal (C2H5CHO) and acetone (CH3COCH3) are functional

isomers.

- Option (C): Carboxylic acids and Esters: Both share the general molecular formula

CnH2nO2. For example, ethanoic acid (CH3COOH) and methyl formate (HCOOCH3) are

functional isomers.

- Option (D): Alcohols and Esters: Alcohols have the general formula CnH2n+2O,

whereas esters have the general formula CnH2nO2. Because their general formulas and

hydrogen-to-oxygen ratios differ, they can never have the same molecular formula for

any given number of carbon atoms. Thus, they cannot be functional isomers.

Step 4: Final Answer:

Alcohols and esters are not a functional isomer pair.

Quick Tip: To be isomers, compounds must have the exact same molecular formula.

Alcohols have one oxygen atom (O1) while esters have two oxygen atoms (O2), making it impossible

for them to be isomers.

59. Find out incorrect statement among the following :

(A) Animal fats generally contain unsaturated fatty acids.
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(B) Oils containing unsaturated fatty acids should be chosen for cooking.

(C) Vegetable oil decolourises reddish-brown colour of Br2 water.

(D) Hydrogenation of vegetable oil carried out by using Ni-catalyst.

Correct Answer: (A) Animal fats generally contain unsaturated fatty acids.

Solution:

Step 1: Understanding the Question:

The question asks to identify the incorrect statement among the given options regarding the

properties, health implications, and chemical reactions of fats and vegetable oils.

Step 2: Key Formula or Approach:

Analyze the saturated or unsaturated nature of animal fats compared to vegetable oils, along

with their reaction profiles.

Step 3: Detailed Explanation:

• Statement (A): Animal fats (like butter or lard) are solid at room temperature because

they are composed primarily of saturated fatty acids. Saturated fats have straight

carbon chains that pack closely together. Thus, statement (A) is chemically incorrect.

• Statement (B): Plant-based vegetable oils contain unsaturated fatty acids (having

double bonds), which are healthier for cardiac health than saturated animal fats. Hence,

they are recommended for cooking. This statement is correct.

• Statement (C): Since vegetable oils are unsaturated, they contain double bonds that

undergo addition reactions with bromine, decolorizing bromine water. This statement is

correct.

• Statement (D): Hydrogenation is the industrial process of converting liquid vegetable

oils into solid fats (like margarine) by adding hydrogen gas in the presence of a finely
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divided Nickel (Ni) catalyst. This statement is correct.

Step 4: Final Answer:

The incorrect statement is (A) "Animal fats generally contain unsaturated fatty acids."

Quick Tip: Remember:

- Animal fats→ Saturated (solid at room temperature).

- Plant/Vegetable oils→ Unsaturated (liquid at room temperature).

60. 100 percent pure ethanol is called :

(A) Rectified spirit

(B) Absolute alcohol

(C) Denatured alcohol

(D) Power alcohol

Correct Answer: (B) Absolute alcohol

Solution:

Step 1: Understanding the Question:

The question asks for the specific terminology used to describe ethanol that is 100 percent

pure and free of water.

Step 2: Key Formula or Approach:

We distinguish between different commercial grades of ethanol.

Step 3: Detailed Explanation:

• Let us define the terms:
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- Rectified Spirit: This is a mixture containing approximately 95.6% ethanol and 4.4%

water by volume. It is an azeotropic mixture, meaning it cannot be concentrated further

by simple distillation.

- Absolute Alcohol: This is the chemical term for highly purified, water-free ethanol that

is at least 99% to 100% pure. It is obtained by special dehydrating distillation processes.

- Denatured Alcohol: This is ethanol that has toxic or unpalatable additives (like

methanol, pyridine, or copper sulfate) added to make it unfit for human consumption,

primarily to avoid beverage taxes.

- Power Alcohol: This is a blend of absolute alcohol and petrol used as fuel for internal

combustion engines.

• Thus, 100 percent pure ethanol is specifically called absolute alcohol.

Step 4: Final Answer:

100 percent pure ethanol is called absolute alcohol.

Quick Tip: Do not confuse absolute alcohol with rectified spirit.

- Rectified spirit = 95.6% pure (azeotrope).

- Absolute alcohol = 100% pure (water-free).

61. Addition reactions are undergone by :

(A) Saturated hydrocarbons (alkanes)

(B) Only alkenes

(C) Only alkynes

(D) Both alkenes and alkynes

Correct Answer: (D) Both alkenes and alkynes
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Solution:

Step 1: Understanding the Question:

The question asks which class of hydrocarbons undergoes chemical addition reactions.

Step 2: Key Formula or Approach:

Addition reactions are characteristic of unsaturated chemical species that contain multiple

bonds (double or triple carbon-carbon bonds) which can open up to accept new atoms.

Step 3: Detailed Explanation:

• Saturated Hydrocarbons (Alkanes): Contain only carbon-carbon single bonds. They

do not have any double or triple bonds to open up for addition. Therefore, they undergo

substitution reactions, not addition reactions.

• Alkenes: Contain carbon-carbon double bonds (C= C). The π bond is relatively weak

and can be broken to add elements like hydrogen, halogens, or water across the double

bond.

• Alkynes: Contain carbon-carbon triple bonds (C≡ C). They have two π bonds and can

undergo addition reactions in two consecutive steps to first form alkenes and then alkanes.

• Since both alkenes and alkynes are unsaturated, they both readily undergo addition

reactions.

Step 4: Final Answer:

Addition reactions are undergone by both alkenes and alkynes.

Jharkhand Polytechnic 2026 Page 96 of 268 © Collegedunia.com



Quick Tip: - Unsaturated compounds (Alkenes & Alkynes)→ Addition reactions.

- Saturated compounds (Alkanes)→ Substitution reactions.

62. Which is one of the products of chlorination of methane in the presence of sunlight?

(A) DDT

(B) Chloroform

(C) Freon

(D) Alcohol

Correct Answer: (B) Chloroform

Solution:

Step 1: Understanding the Question:

The question asks to identify one of the chemical products formed when methane undergoes a

chlorination reaction in the presence of sunlight.

Step 2: Key Formula or Approach:

The reaction of methane with chlorine in sunlight proceeds via a free-radical chain substitution

mechanism, replacing hydrogen atoms with chlorine atoms one by one.

Step 3: Detailed Explanation:

• The reaction sequence is as follows:

1. First step:

CH4 +Cl2
hν
−→ CH3Cl+HCl (Chloromethane)

2. Second step:

CH3Cl+Cl2
hν
−→ CH2Cl2 +HCl (Dichloromethane)
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3. Third step:

CH2Cl2 +Cl2
hν
−→ CHCl3 +HCl (Trichloromethane / Chloroform)

4. Fourth step:

CHCl3 +Cl2
hν
−→ CCl4 +HCl (Carbon tetrachloride)

• The reaction typically yields a mixture of these chlorinated products depending on the

concentration of chlorine.

• Chloroform (CHCl3) is one of these standard intermediate products.

Step 4: Final Answer:

Chloroform is one of the products of the chlorination of methane.

Quick Tip: Methane chlorination in sunlight is a continuous free-radical substitution reaction.

The possible products are chloromethane (CH3Cl), dichloromethane (CH2Cl2), chloroform (CHCl3),

and carbon tetrachloride (CCl4).

63. Which statements is/are correct?

Statement-I : Soap does not form foam easily with hard water.

Statement-II : Hard soaps are sodium or potassium salt of sulphonic acids.

Statement-III : Deuterium oxide (D2O) is called as hard water.

(A) Statement I only.

(B) Statement II and III only.

(C) Statement I and III only.

(D) All statements.

Correct Answer: (A) Statement I only.
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Solution:

Step 1: Understanding the Question:

The question presents three statements about soap and water quality and asks to evaluate

which statement(s) are chemically accurate.

Step 2: Key Formula or Approach:

We analyze each statement based on the definitions of soap, hard water, and heavy water.

Step 3: Detailed Explanation:

• Statement I: Hard water contains dissolved salts of calcium and magnesium. Soap

molecules (sodium or potassium salts of long-chain fatty acids) react with these calcium

and magnesium ions to form insoluble, sticky precipitates called scum:

2C17H35COONa+Ca2+→ (C17H35COO)2Ca ↓ +2Na+

This prevents the soap from forming lather or foam easily. Thus, Statement I is correct.

• Statement II: This is incorrect. Soaps are sodium or potassium salts of long-chain fatty

carboxylic acids (such as stearic, palmitic, or oleic acids). It is synthetic detergents,

not soaps, that are sodium salts of alkyl hydrogen sulfates or long-chain alkyl benzene

sulfonic acids.

• Statement III: This is incorrect. Deuterium oxide (D2O) is called heavy water, which

is used as a moderator in nuclear reactors. "Hard water" is water that has a high

concentration of dissolved calcium and magnesium minerals.

• Therefore, only Statement I is correct.

Step 4: Final Answer:

Only Statement I is correct.

Jharkhand Polytechnic 2026 Page 99 of 268 © Collegedunia.com



Quick Tip: Do not confuse "heavy water" (D2O) with "hard water" (water containing Ca2+ and Mg2+

salts).

This is a very common trap in competitive chemistry exams.

64. Which of the following will give a pleasant smell of ester when heated with ethanol and a

small quantity of sulphuric acid?

(A) Acetic acid

(B) Ethanol

(C) Methanol

(D) Ethanal

Correct Answer: (A) Acetic acid

Solution:

Step 1: Understanding the Question:

The question asks which chemical substance reacts with ethanol in the presence of an acid

catalyst to produce a pleasant-smelling ester.

Step 2: Key Formula or Approach:

The reaction of a carboxylic acid with an alcohol in the presence of concentrated sulfuric acid

as a catalyst to form an ester is known as the esterification reaction:

R-COOH+R’-OH
H2SO4−−−→ R-COOR’+H2O

Step 3: Detailed Explanation:

• The problem states that the reagent is heated with ethanol (C2H5OH), which is an alcohol,

and concentrated sulphuric acid (H2SO4), which acts as a dehydrating agent and catalyst.
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• To undergo esterification, an alcohol must react with a carboxylic acid.

- Out of the choices, Acetic acid (CH3COOH) is a carboxylic acid.

• When acetic acid is heated with ethanol in the presence of concentrated sulfuric acid,

they undergo a condensation reaction to form the ester ethyl acetate, which has a

distinct, sweet, and fruity smell:

CH3COOH(l)+C2H5OH(l)
H2SO4−−−→ CH3COOC2H5(l)+H2O(l)

- This pleasant, fruity-smelling compound is ethyl acetate (an ester).

Step 4: Final Answer:

The reactant is acetic acid.

Quick Tip: Esterification requires:

Carboxylic Acid+Alcohol
Acid Catalyst
−−−−−−−→ Ester+Water

Identify the carboxylic acid from the options to find the answer immediately.

65. The odour of acetic acid resembles that of :

(A) Tomato

(B) Kerosene

(C) Vinegar

(D) Lemon juice

Correct Answer: (C) Vinegar
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Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given common substances has a smell that resembles

that of acetic acid.

Step 2: Key Formula or Approach:

Acetic acid (CH3COOH), also known systematically as ethanoic acid, is a simple carboxylic

acid with a sharp, pungent sour smell.

Step 3: Detailed Explanation:

• Vinegar is an aqueous solution containing approximately 5% to 8% of acetic acid by

volume.

• The characteristic sharp, sour smell and taste of household vinegar is entirely due to the

presence of dilute acetic acid.

• Pure anhydrous acetic acid is called glacial acetic acid, which has an extremely powerful

vinegar odor.

• Other substances like tomato (contains citric and malic acids), kerosene (petroleum

hydrocarbons), and lemon juice (primarily citric acid) have completely different odors

that do not resemble the pungent smell of acetic acid.

Step 4: Final Answer:

The odour of acetic acid resembles that of vinegar.
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Quick Tip: Vinegar is essentially a dilute solution of acetic acid (5–8% in water).

Thus, their smells are identical in character.

66. Choose incorrect combination :

(A) Heavy water : D2O

(B) Hard water : Salts of magnesium and calcium

(C) Soap : Sodium or potassium salt of sulphonic acids

(D) Scum : Insoluble precipitate

Correct Answer: (C) Soap : Sodium or potassium salt of sulphonic acids

Solution:

Step 1: Understanding the Question:

The question asks to identify the incorrect pair or definition from the given chemical

combinations.

Step 2: Key Formula or Approach:

Analyze the precise scientific definition of each term listed in the choices.

Step 3: Detailed Explanation:

• (A) Heavy water : D2O: Correct. Deuterium oxide is indeed known as heavy water.

• (B) Hard water : Salts of magnesium and calcium: Correct. Hardness in water is

caused by the presence of dissolved bicarbonates, chlorides, and sulfates of calcium

(Ca2+) and magnesium (Mg2+).

• (C) Soap : Sodium or potassium salt of sulphonic acids: Incorrect. Soaps are sodium

or potassium salts of long-chain fatty acids (carboxylic acids). Synthetic detergents are
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the ones composed of sodium salts of sulphonic acids.

• (D) Scum : Insoluble precipitate: Correct. Scum is the white, curdy insoluble precipi-

tate formed when soap reacts with the calcium and magnesium ions present in hard water.

Step 4: Final Answer:

The incorrect combination is (C).

Quick Tip: Always remember the composition difference:

- Soap = Sodium/Potassium salt of carboxylic (fatty) acids.

- Detergent = Sodium salt of sulphonic acids.

67. When a copper vessel is exposed to moist air for long, it acquires a dull green coating. The

green material is a mixture of:

(A) Copper oxide and Copper nitrate

(B) Copper hydroxide and Copper carbonate

(C) Copper carbonate and Copper sulphate

(D) Copper hydroxide and Copper nitrate

Correct Answer: (B) Copper hydroxide and Copper carbonate

Solution:

Step 1: Understanding the Question:

The question asks for the chemical composition of the dull green coating (patina) that forms

on the surface of a copper object when it undergoes corrosion upon long exposure to moist air.

Step 2: Key Formula or Approach:

Corrosion of copper involves reaction with atmospheric water, carbon dioxide, and oxygen:
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2Cu+H2O+CO2 +O2→ CuCO3 ·Cu(OH)2

Step 3: Detailed Explanation:

• When copper is exposed to moist air containing oxygen, carbon dioxide, and water vapor

over a long period, it slowly corrodes.

• The copper surface reacts with these gases to form a green protective layer called patina.

• This green coating consists of basic copper carbonate, which is a mixture of copper

carbonate (CuCO3) and copper hydroxide (Cu(OH)2).

• The balanced chemical equation representing this slow corrosion is:

2Cu(s)+H2O(l)+CO2(g)+O2(g)→ CuCO3 ·Cu(OH)2(s)

- This chemical compound gives old copper monuments their characteristic green color.

Step 4: Final Answer:

The green coating is a mixture of copper hydroxide and copper carbonate.

Quick Tip: The corrosion of copper produces "basic copper carbonate" which is a 1:1 mixture of copper

hydroxide and copper carbonate:

Cu(OH)2 +CuCO3

Remember this as the reason behind the green color of old copper objects.
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68. A white coloured compound ’X’ heated strongly to form white powder of ’PbO’ along with

two gases ’Y’ : brown in colour, ’Z’ : colorless. Identify ’X’, ’Y’, ’Z’.

(A) X = Pb(NO3)2 ; Y = NO2 ; Z = O2

(B) X = Pb(NO3)2 ; Y = NO ; Z = O2

(C) X = Pb(NO2)2 ; Y = NO ; Z = O2

(D) X = Pb(NO2)2 ; Y = NO2 ; Z = NO3

Correct Answer: (A) X = Pb(NO3)2 ; Y = NO2 ; Z = O2

Solution:

Step 1: Understanding the Question:

The question describes a thermal decomposition reaction of a white compound ’X’ that

decomposes into a yellow/white residue of Lead Oxide (PbO) and two gases: a brown gas ’Y’

and a colorless gas ’Z’. We need to identify these substances.

Step 2: Key Formula or Approach:

Recall the thermal decomposition reaction of metal nitrates, specifically Lead Nitrate.

Step 3: Detailed Explanation:

• Lead nitrate, Pb(NO3)2, is a white crystalline solid.

• Upon strong heating in a test tube, lead nitrate decomposes into lead monoxide, nitrogen

dioxide gas, and oxygen gas.

• The balanced chemical equation for this thermal decomposition is:

2Pb(NO3)2(s, white)
∆
−→ 2PbO(s, yellow/white)+4NO2(g, brown fume)+O2(g, colorless)

- The gas ’Y’ with a characteristic brown color is nitrogen dioxide (NO2).
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- The gas ’Z’ which is colorless and supports combustion is oxygen (O2).

• Comparing with the choices, Option (A) is the correct match.

Step 4: Final Answer:

The correct identification is X = Pb(NO3)2, Y = NO2, Z = O2.

Quick Tip: In high school chemistry, "brown fumes" or "brown gas" during thermal decomposition is

almost always nitrogen dioxide (NO2).

This simple clue helps you isolate the correct option immediately.

69. The balancing of chemical equations is in accordance with :

(A) Law of combining volumes

(B) Law of multiple proportion

(C) Law of conservation of mass

(D) Law of constant proportion

Correct Answer: (C) Law of conservation of mass

Solution:

Step 1: Understanding the Question:

The question asks which law of chemical combination dictates the necessity of balancing a

chemical equation.

Step 2: Key Formula or Approach:

The law of conservation of mass states that mass can neither be created nor destroyed in a

chemical reaction.
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Step 3: Detailed Explanation:

• According to the Law of Conservation of Mass, formulated by Antoine Lavoisier, the

total mass of the reactants must equal the total mass of the products in a closed system

chemical reaction.

• At the atomic level, this means that the total number of atoms of each element must

remain constant before and after the chemical change. No atoms are created, and no

atoms are destroyed; they are simply rearranged.

• To mathematically represent this conservation in a written chemical equation, we must

balance the equation by using coefficients.

• Balancing ensures that there is the exact same number of atoms of each element on both

the reactant (left) side and the product (right) side of the equation.

Step 4: Final Answer:

Balancing of chemical equations is in accordance with the Law of Conservation of Mass.

Quick Tip: To satisfy the Law of Conservation of Mass:

Total number of atoms on Reactant side= Total number of atoms on Product side

This is the fundamental rule for balancing equations.

70. Which of the following is formed after a few days of whitewashing and gives a shiny finish

to the wall?
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(A) Calcium hydroxide

(B) Calcium carbonate

(C) Calcium oxide

(D) Calcium nitrate

Correct Answer: (B) Calcium carbonate

Solution:

Step 1: Understanding the Question:

The question asks for the chemical compound that is slowly formed on walls over a period of

two to three days after whitewashing, which is responsible for giving the walls a shiny, bright

appearance.

Step 2: Key Formula or Approach:

We analyze the chemical reaction between slaked lime (calcium hydroxide) and atmospheric

carbon dioxide.

Step 3: Detailed Explanation:

• During whitewashing, a suspension of slaked lime, which is calcium hydroxide

[Ca(OH)2], is applied to the walls.

• Once applied, calcium hydroxide reacts slowly with carbon dioxide (CO2) present in the

surrounding air.

• This reaction leads to the slow formation of a thin, hard, and uniform layer of calcium

carbonate (CaCO3) on the surface of the walls over a period of two to three days:

Ca(OH)2(aq)+CO2(g)→ CaCO3(s)+H2O(l)

- This thin layer of calcium carbonate has crystalline properties that reflect light well,

giving a shiny, white finish to the walls.
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Step 4: Final Answer:

The compound formed is calcium carbonate.

Quick Tip: The chemical pathway of lime products:

1. CaO (Quicklime) + H2O→ Ca(OH)2 (Slaked lime, used for whitewash).

2. Ca(OH)2 + CO2→ CaCO3 (Calcium carbonate, gives the shiny wall).

71. During electrolysis of water, identify the correct combination.

(A) At cathode : 01-part hydrogen gas; At anode : 02-part oxygen gas.

(B) At cathode : 02-part hydrogen gas; At anode : 01-part oxygen gas.

(C) At cathode : 01-part oxygen gas; At anode : 02-part hydrogen gas.

(D) At cathode : 02-part oxygen gas; At anode : 01-part hydrogen gas.

Correct Answer: (B) At cathode : 02-part hydrogen gas; At anode : 01-part oxygen gas.

Solution:

Step 1: Understanding the Question:

The question asks for the correct products and their respective volume ratios collected at the

cathode and anode during the electrical decomposition (electrolysis) of water.

Step 2: Key Formula or Approach: The chemical decomposition of water by electricity is

represented by the equation:

2H2O(l)
Electricity
−−−−−→ 2H2(g)+O2(g)

Step 3: Detailed Explanation:
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• Water decomposes into hydrogen gas (H2) and oxygen gas (O2) during electrolysis.

• Reaction at Cathode (Reduction): Hydrogen ions (H+) gain electrons at the negative

electrode (cathode) to form hydrogen gas:

4H+(aq)+ 4e−→ 2H2(g)

• Reaction at Anode (Oxidation): Hydroxide/water molecules lose electrons at the

positive electrode (anode) to form oxygen gas:

2H2O(l)→ O2(g)+ 4H+(aq)+ 4e−

• According to Avogadro’s law, the molar ratio of gases is directly proportional to their

volumes at the same temperature and pressure.

• The stoichiometry of the overall reaction shows that for every 2 molecules of water

decomposed, we obtain 2 volumes (or parts) of hydrogen gas at the cathode and 1

volume (or part) of oxygen gas at the anode.

• Thus, the volume of hydrogen gas collected is double the volume of oxygen gas.

Step 4: Final Answer:

The correct combination is: At cathode: 02-part hydrogen gas; At anode: 01-part oxygen gas.

Quick Tip: Remember the memory keys:

- An-Ox: Anode undergoes Oxidation (Oxygen is produced at Anode).

- Cat-Red: Cathode undergoes Reduction (Hydrogen is produced at Cathode).

- Water formula is H2O, so Hydrogen volume is twice (2×) that of Oxygen.

72. Endothermic reactions are those in which :
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(A) Heat is evolved.

(B) Heat is absorbed.

(C) Temperature increases.

(D) Light is produced.

Correct Answer: (B) Heat is absorbed.

Solution:

Step 1: Understanding the Question:

The question asks for the definition of an endothermic chemical reaction in terms of heat

energy exchange.

Step 2: Key Formula or Approach:

Chemical reactions involve energy exchange with the surroundings. This is quantified by the

enthalpy change (∆H):

∆H = Hproducts −Hreactants

Step 3: Detailed Explanation:

• In any chemical reaction, energy is required to break chemical bonds in the reactants,

and energy is released when new bonds are formed in the products.

• Endothermic reactions: If the energy required to break the existing bonds is greater

than the energy released during the formation of new bonds, the reaction must absorb

energy from its surroundings to proceed.

- This absorption of heat energy causes the surroundings to cool down, and the enthalpy

change of the system is positive (∆H > 0).
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• Conversely, exothermic reactions are those that release or evolve heat to the surround-

ings (∆H < 0), often causing the temperature of the surroundings to increase.

• Therefore, by definition, endothermic reactions are those in which heat is absorbed.

Step 4: Final Answer:

Endothermic reactions are those in which heat is absorbed.

Quick Tip: Remember the prefix meanings:

- Endo-→ Enter/Inside (Heat enters the system; absorbed).

- Exo-→ Exit/Outside (Heat exits the system; released).

73. You have been provided with three test tubes. One of them contains distilled water and

the other two contain an acidic solution and a basic solution, respectively. Which of them will

turn red litmus to blue?

(A) Acid

(B) Base

(C) Water

(D) All of these

Correct Answer: (B) Base

Solution:

Step 1: Understanding the Question:

We are given three substances: distilled water, an acidic solution, and a basic solution. We

need to identify which of these solutions has the chemical property of turning red litmus paper

to a blue color.
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Step 2: Key Formula or Approach:

Litmus is a natural pH indicator used to detect acidity or basicity.

Step 3: Detailed Explanation:

• Litmus paper is a classic indicator that behaves differently based on the concentration of

hydrogen ions (H+) or hydroxide ions (OH−) in a solution:

- Acidic solutions: Turn blue litmus paper red. They do not affect the color of red litmus

paper.

- Neutral solutions (like distilled water): Do not change the color of either red or blue

litmus paper, as their pH is neutral (≈ 7).

- Basic solutions: Turn red litmus paper blue, while leaving blue litmus paper un-

changed. This is because basic solutions contain a higher concentration of hydroxide ions.

• Therefore, only the basic solution will turn the red litmus paper blue.

Step 4: Final Answer:

The base will turn red litmus to blue.

Quick Tip: Use these simple mnemonic associations:

- Base turns Red to Blue (B for Base and Blue).

- Acid turns Blue to Red.

74. What does calcium oxide produce when it reacts vigorously with water?

(A) Calcium carbonate

(B) Calcium hydroxide

(C) Calcium sulphate

(D) Calcium phosphate
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Correct Answer: (B) Calcium hydroxide

Solution:

Step 1: Understanding the Question:

The question asks for the name of the chemical product formed when calcium oxide (commonly

known as quicklime) reacts vigorously with water.

Step 2: Key Formula or Approach:

Write down the chemical reaction of a metal oxide with water:

CaO+H2O→ Ca(OH)2

Step 3: Detailed Explanation:

• Calcium oxide (CaO), or quicklime, is a highly reactive basic oxide.

• When water is added to calcium oxide, a highly exothermic combination reaction takes

place.

• The reaction produces slaked lime, which is chemically known as calcium hydroxide

[Ca(OH)2]:

CaO(s)+H2O(l)→ Ca(OH)2(aq)+Heat

- This reaction releases a large amount of heat energy, causing the water to boil and hiss.

• Calcium hydroxide formed is used extensively in whitewashing and soil treatment.

Step 4: Final Answer:

Calcium oxide produces calcium hydroxide when it reacts with water.
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Quick Tip: The reaction of quicklime with water is a classic example of both a combination reaction

and a highly exothermic reaction.

- Quicklime = CaO

- Slaked lime = Ca(OH)2

75. All of the following acids dissociate completely in water, except :

(A) HCl

(B) H2SO4

(C) CH3COOH

(D) HNO3

Correct Answer: (C) CH3COOH

Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given acids does not dissociate completely in water,

which is equivalent to identifying the weak acid from the list.

Step 2: Key Formula or Approach:

Acids are categorized based on their degree of ionization in aqueous solution:

- Strong acids: Ionize or dissociate completely into their constituent ions in water (α≈ 100%).

- Weak acids: Dissociate only partially in water, establishing a dynamic equilibrium between

ionized and unionized molecules (α≪ 100%).

Step 3: Detailed Explanation:

• Let us evaluate each option:

- (A) HCl (Hydrochloric acid): A strong mineral acid that dissociates completely in

water to release hydrogen ions:
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HCl(aq)→ H+(aq)+Cl−(aq)

- (B) H2SO4 (Sulfuric acid): A strong diprotic mineral acid that dissociates completely

in dilute solutions.

- (C) CH3COOH (Acetic acid): A weak organic carboxylic acid. In water, only a small

fraction (typically less than 5%) of its molecules dissociate to form hydronium and

acetate ions:

CH3COOH(aq)⇋ CH3COO−(aq)+H+(aq)

This partial dissociation makes it a weak electrolyte.

- (D) HNO3 (Nitric acid): A strong mineral acid that dissociates completely in water.

• Thus, acetic acid is the only weak acid in the list that does not dissociate completely.

Step 4: Final Answer:

The acid that does not dissociate completely is CH3COOH.

Quick Tip: Strong mineral acids like HCl, HNO3, and H2SO4 dissociate completely in water.

Organic acids containing the carboxyl group (–COOH), such as acetic acid and citric acid, are always

weak acids that dissociate only partially.

76. Acetic acid was added to a solid X kept in a test tube. A colourless, odourless gas Y was

evolved. The gas was passed through lime water, which turned milky. It was concluded that:

(A) Solid X is sodium hydroxide and the gas Y is CO2.

(B) Solid X is sodium bicarbonate and the gas Y is CO2.

(C) Solid X is sodium acetate and the gas Y is CO2.

(D) Solid X is sodium bicarbonate and the gas Y is SO2.
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Correct Answer: (B) Solid X is sodium bicarbonate and the gas Y is CO2.

Solution:

Step 1: Understanding the Question:

The question describes a chemical reaction where acetic acid is mixed with an unknown solid

substance X in a test tube.

This reaction produces a colorless and odorless gas Y .

When gas Y is bubbled through lime water, the lime water turns milky, which is a classic

qualitative analytical test for the detection of carbon dioxide gas.

Step 2: Key Formula or Approach:

Carboxylic acids, like acetic acid (CH3COOH), react with metal carbonates or metal

bicarbonates to produce a salt, water, and carbon dioxide gas.

The balanced chemical equation for the reaction of acetic acid with sodium bicarbonate

(NaHCO3) is:

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

The balanced chemical equation for the reaction of the evolved gas with lime water (calcium

hydroxide solution) is:

Ca(OH)2(aq)+ CO2(g)→ CaCO3(s) ↓ +H2O(l)

Step 3: Detailed Explanation:

• Acetic acid is a weak organic acid that contains a carboxyl group.

• When it is added to sodium bicarbonate (solid X ), a rapid reaction occurs, causing

effervescence due to the evolution of carbon dioxide gas (gas Y ).

• Carbon dioxide is a colorless and odorless gas.
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• When this carbon dioxide gas is passed through lime water (aqueous solution of calcium

hydroxide), it reacts to form calcium carbonate (CaCO3), which is an insoluble white

precipitate.

• The suspension of this fine white precipitate suspended in water gives the lime water its

characteristic milky appearance.

• Option (A) is incorrect because sodium hydroxide (NaOH) is a strong base, and its

reaction with acetic acid is a simple neutralization reaction that yields sodium acetate

and water without producing any gas.

• Option (C) is incorrect because sodium acetate is already the salt of the reaction and

does not react with acetic acid to release gas.

• Option (D) is incorrect because the reaction of sodium bicarbonate with an acid cannot

produce sulfur dioxide (SO2), as there is no sulfur source present in the reactants.

Step 4: Final Answer:

Therefore, the solid X is sodium bicarbonate and the gas Y is CO2.

Quick Tip: Whenever any acid reacts with a metal carbonate or metal hydrogen carbonate, carbon

dioxide gas (CO2) is always evolved.

The milkiness test of lime water is the definitive test for confirming the presence of CO2 gas.

77. Sodium salt of acid present in vinegar is an example of :

(A) Salt of strong acid + strong base

(B) Salt of weak acid + strong base
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(C) Salt of strong acid + weak base

(D) Salt of weak acid + weak base

Correct Answer: (B) Salt of weak acid + strong base

Solution:

Step 1: Understanding the Question:

The question asks us to identify the classification of the salt formed by the neutralization

reaction of the acid present in vinegar with a sodium-containing base.

Step 2: Key Formula or Approach:

We must identify the chemical constituents of vinegar and determine the strengths of the acid

and base required to synthesize its sodium salt.

Step 3: Detailed Explanation:

• The acid present in vinegar is acetic acid (CH3COOH), which is also systematically

named as ethanoic acid.

• Acetic acid is a weak organic acid because it only partially dissociates into ions when

dissolved in water:

CH3COOH(aq)⇋ CH3COO−(aq)+H+(aq)

• The sodium salt of this acid is sodium acetate (CH3COONa).

• Sodium acetate is chemically prepared by reacting acetic acid (a weak acid) with sodium

hydroxide (NaOH), which is a strong, highly soluble mineral base:

CH3COOH(aq)+ NaOH(aq)→ CH3COONa(aq)+H2O(l)

• Since this salt is synthesized from a weak acid (CH3COOH) and a strong base (NaOH),
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it is classified as a "salt of a weak acid and a strong base."

• Due to the dominance of the strong base conjugate, an aqueous solution of sodium ac-

etate undergoes anionic hydrolysis to yield a basic solution with a pH value greater than 7:

CH3COO−(aq)+H2O(l)⇋ CH3COOH(aq)+OH−(aq)

Step 4: Final Answer:

The sodium salt of the acid in vinegar is an example of a salt of a weak acid + strong base.

Quick Tip: To find the parent acid and base of any salt:

- Add OH− to the cation (e.g., Na+ +OH−→ NaOH, a strong base).

- Add H+ to the anion (e.g., CH3COO− +H+→ CH3COOH, a weak acid).

This simple method helps classify any salt.

78. What happens when a solution of an acid is mixed with a solution of a base in a test tube?

(i) The temperature of the solution increases.

(ii) The temperature of the solution decreases.

(iii) The temperature of the solution remains the same.

(iv) Salt formation takes place.

(A) (i) only

(B) (i) and (iii)

(C) (ii) and (iii)

(D) (i) and (iv)

Correct Answer: (D) (i) and (iv)

Solution:
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Step 1: Understanding the Question:

The question asks us to identify the correct physical and chemical changes that occur when an

acidic solution is mixed with a basic solution in a test tube.

Step 2: Key Formula or Approach:

The reaction between an acid and a base is called a neutralization reaction. The generalized

chemical equation is:

Acid+ Base→ Salt+Water+Heat

Step 3: Detailed Explanation:

• When an acid and a base are mixed together, they react chemically to neutralize each

other’s properties.

• The hydrogen ions (H+) from the acid react with the hydroxide ions (OH−) from the

base to form water molecules:

H+(aq)+OH−(aq)→ H2O(l)

• The remaining ions from the acid and base combine to form an ionic compound known

as a salt. Thus, statement (iv) "Salt formation takes place" is correct.

• Neutralization reactions are highly exothermic in nature.

• During this reaction, a significant amount of heat energy is released into the solution.

This released thermal energy increases the kinetic energy of the water molecules, causing

the overall temperature of the mixture in the test tube to rise.

• Thus, statement (i) "The temperature of the solution increases" is also correct.
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• Combining these two accurate observations, statements (i) and (iv) describe the

complete physical and chemical characteristics of the process.

Step 4: Final Answer:

The correct options are (i) and (iv), which corresponds to Option (D).

Quick Tip: Every neutralization reaction between a strong acid and a strong base releases a fixed

amount of heat energy, approximately 57.3 kJ/mol.

This exothermic nature always causes the temperature of the reaction vessel to rise.

79. Why a mild base like magnesium hydroxide is used during indigestion?

(A) To speed up production of hydrochloric acid to speed up digestion.

(B) It neutralizes excess acid in the stomach, relieving pain and irritation.

(C) It prevents the stomach from absorbing nutrients.

(D) It acts as an acid to digest food faster.

Correct Answer: (B) It neutralizes excess acid in the stomach, relieving pain and irritation.

Solution:

Step 1: Understanding the Question:

The question asks for the physiological and chemical reason why magnesium hydroxide (a

mild base) is commonly administered as an antacid to treat stomach indigestion.

Step 2: Key Formula or Approach:

Indigestion is caused by the hypersecretion of hydrochloric acid (HCl) in the stomach.

Antacids work on the principle of acid-base neutralization.

The chemical equation for this neutralization is:
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M g(OH)2(s)+ 2HCl(aq)→ M gCl2(aq)+ 2H2O(l)

Step 3: Detailed Explanation:

• The human stomach naturally secretes hydrochloric acid (HCl) to create an acidic

environment (pH around 1.5 to 3.5) necessary for the activation of digestive enzymes

like pepsin.

• During indigestion, overeating, or stress, the stomach may produce an excess amount of

this highly concentrated acid.

• This excess acid causes irritation, burning sensation, and localized pain in the delicate

inner mucosal lining of the stomach.

• To relieve this discomfort, a mild base like magnesium hydroxide, M g(OH)2 (commonly

known as Milk of Magnesia), is consumed as an antacid.

• Being a base, magnesium hydroxide reacts with the excess hydrochloric acid in the

stomach to produce magnesium chloride (a neutral salt) and water.

• This neutralization reaction reduces the overall acidity of the gastric juices, bringing the

pH back to a safe, comfortable level, which immediately relieves pain and irritation.

• A strong base like sodium hydroxide (NaOH) cannot be used for this purpose because it

is highly corrosive and would cause severe chemical burns to the digestive tract.

Step 4: Final Answer:

Magnesium hydroxide is used because it neutralizes excess acid in the stomach, relieving pain
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and irritation.

Quick Tip: Antacids must always be mild, non-corrosive bases.

Common antacids include Magnesium Hydroxide [M g(OH)2] and Sodium Bicarbonate [NaHCO3].

They temporarily raise stomach pH to relieve hyperacidity.

80. Brine is an :

(A) Aqueous solution of sodium hydroxide.

(B) Aqueous solution of sodium carbonate.

(C) Aqueous solution of sodium chloride.

(D) Aqueous solution of sodium bicarbonate.

Correct Answer: (C) Aqueous solution of sodium chloride.

Solution:

Step 1: Understanding the Question:

The question asks for the chemical definition of the term "brine," which is widely used in

industrial chemical processes.

Step 2: Key Formula or Approach:

Identify the specific salt dissolved in water to make brine. Brine is a high-concentration

aqueous solution of common salt.

Step 3: Detailed Explanation:

• Brine is a common industrial term for a highly concentrated solution of sodium chloride

(NaCl) in water.
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• Typically, the salt concentration in brine ranges from 3% to 26% (saturated solution) by

weight, depending on its industrial application.

• Brine is a crucial raw material in the chemical industry, particularly in the Chlor-Alkali

process.

• During the electrolysis of brine, chlorine gas, hydrogen gas, and sodium hydroxide are

manufactured on a large scale:

2NaCl(aq)+ 2H2O(l)
Electrolysis
−−−−−→ 2NaOH(aq)+ Cl2(g) ↑ +H2(g) ↑

- This reaction makes brine highly valuable in the manufacturing of soaps, detergents,

paper, and bleaching powder.

• It is also used as a preservative in the food industry and as a heat-transfer fluid in

refrigeration systems due to its low freezing point.

Step 4: Final Answer:

Brine is an aqueous solution of sodium chloride.

Quick Tip: In the Chlor-Alkali process, the electrolysis of "concentrated brine" (NaCl solution)

produces three highly useful industrial chemicals: Chlorine gas, Hydrogen gas, and Caustic Soda

(NaOH).

81. Match Column-I (Different substances) with Column-II (pH values) and choose the correct

option from the codes given below :
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(A) (2) (1) (4) (5) (3)

(B) (4) (5) (1) (3) (2)

(C) (4) (5) (1) (2) (3)

(D) (1) (2) (3) (4) (5)

Correct Answer: (C) (4) (5) (1) (2) (3)

Solution:

Step 1: Understanding the Question:

The question asks us to match various common biological and household fluids in Column-I

with their standard physiological pH ranges listed in Column-II.

Step 2: Key Formula or Approach:

The pH scale ranges from 0 to 14.

- pH < 7 indicates an acidic solution.

- pH = 7 indicates a neutral solution.

- pH > 7 indicates a basic/alkaline solution.

Step 3: Detailed Explanation:

• Let us evaluate each fluid and its typical pH:

- (P) Tomato juice: Tomatoes contain organic acids like citric and malic acids, making

them moderately acidic. The typical pH range is around 4.0 - 4.4 (Match: 4).

- (Q) Gastric juice: The stomach secretes concentrated hydrochloric acid (HCl) to aid
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digestion. This makes gastric juice highly acidic, with a typical pH of 1.0 - 3.0 (Match:

5).

- (R) Blood: Human arterial blood must be maintained within a very narrow, slightly

basic range to support life, stabilized by bicarbonate buffer systems. This range is 7.3 -

7.5 (Match: 1).

- (S) Saliva: Human saliva is generally slightly acidic to neutral, typically ranging from

6.5 - 7.5 depending on food intake (Match: 2).

- (T) Coffee: Black coffee contains various weak acids, giving it a mildly acidic pH range

of 4.5 - 5.5 (Match: 3).

• Combining these matches:

- P→ 4

- Q→ 5

- R→ 1

- S→ 2

- T→ 3

• This matches the pattern (4) (5) (1) (2) (3), which is Option (C).

Step 4: Final Answer:

The correct matching sequence is Option (C).

Quick Tip: To solve matching questions quickly, focus on the extremes first:

- Gastric juice is the most acidic (lowest pH→ 1.0 - 3.0).

- Blood is the only basic fluid listed (pH→ 7.3 - 7.5).

Using these two points helps eliminate incorrect options instantly.

82. Tooth-enamel is made up of :

(A) Calcium phosphate
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(B) Calcium carbonate

(C) Calcium fluoride

(D) Potassium

Correct Answer: (A) Calcium phosphate

Solution:

Step 1: Understanding the Question:

The question asks for the primary chemical compound that makes up human tooth enamel,

which is the protective outer layer of the teeth.

Step 2: Key Formula or Approach:

Identify the mineral composition of tooth enamel. Enamel is mostly comprised of a crystalline

form of calcium phosphate.

Step 3: Detailed Explanation:

• Tooth enamel is the hardest, most highly mineralized substance in the human body.

• It is composed of approximately 96% minerals, with the remaining portion consisting of

water and organic material.

• The primary mineral component is hydroxyapatite, which is a crystalline form of calcium

phosphate with the chemical formula:

Ca5(PO4)3OH

- Sometimes it is written as Ca10(PO4)6(OH)2.

• Although this mineral is highly insoluble in water, it can undergo demineralization

(decay) in acidic environments.
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• When we eat sugary food, bacteria present in our mouth ferment the sugars and produce

organic acids.

• If the pH in the mouth falls below 5.5, these acids react with the calcium phosphate of

the enamel, causing it to dissolve (tooth decay):

Ca5(PO4)3OH(s)+H+(aq)→ 5Ca2+(aq)+ 3HPO2−
4 (aq)+H2O(l)

- This is why brushing with basic toothpaste is recommended to neutralize the acids and

protect the enamel.

Step 4: Final Answer:

Tooth-enamel is made up of calcium phosphate.

Quick Tip: Tooth enamel starts corroding when the pH inside the mouth drops below 5.5.

Using fluoride toothpaste helps by converting hydroxyapatite into fluorapatite [Ca5(PO4)3F], which is

even harder and more resistant to acid attacks.

83. Which of the following is known as ’Slaked Lime’?

(A) Calcium Oxide

(B) Calcium Carbonate

(C) Calcium Hydroxide

(D) Sodium Hydroxide

Correct Answer: (C) Calcium Hydroxide

Solution:

Step 1: Understanding the Question:
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The question asks for the common name of the chemical compound calcium hydroxide.

Step 2: Key Formula or Approach:

Associate common industrial and household names with their systematic chemical formulas

for calcium compounds.

Step 3: Detailed Explanation:

• Let us define the common names of the calcium compounds listed:

- (A) Calcium Oxide (CaO): Commonly known as quicklime or burnt lime. It is

produced by heating limestone in a kiln.

- (B) Calcium Carbonate (CaCO3): Commonly occurs in nature as limestone, marble,

chalk, and seashells.

- (C) Calcium Hydroxide (Ca(OH)2): Commonly known as slaked lime. It is prepared

by adding water to quicklime (calcium oxide) in an exothermic reaction:

CaO(s)+H2O(l)→ Ca(OH)2(s)+Heat

- A clear saturated aqueous solution of calcium hydroxide is called lime water.

- A suspension of slaked lime in water is called milk of lime, which is used for

whitewashing.

• Therefore, calcium hydroxide is known as slaked lime.

Step 4: Final Answer:

Calcium Hydroxide is known as slaked lime.

Quick Tip: Remember the clear distinctions between these three calcium compounds:

- CaO = Quicklime

- Ca(OH)2 = Slaked lime

- CaCO3 = Limestone
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84. Which one of the following does not have water of crystallization?

(A) Blue vitriol

(B) Baking soda

(C) Washing soda

(D) Gypsum

Correct Answer: (B) Baking soda

Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given chemical compounds does not contain water

of crystallization in its solid crystal structure.

Step 2: Key Formula or Approach:

Water of crystallization is the fixed number of water molecules chemically bonded in a definite

proportion within a single formula unit of a salt’s crystalline structure.

Step 3: Detailed Explanation:

• Let us examine the chemical formulas of each option:

- (A) Blue vitriol: Hydrated copper sulfate. Its chemical formula is:

CuSO4 · 5H2O

It contains 5 water molecules of crystallization, which give it its characteristic blue color.

- (B) Baking soda: Sodium bicarbonate. Its chemical formula is:

NaHCO3

Baking soda exists as an anhydrous white crystalline powder and does not contain any

water of crystallization.
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- (C) Washing soda: Sodium carbonate decahydrate. Its chemical formula is:

Na2CO3 · 10H2O

It contains 10 water molecules of crystallization.

- (D) Gypsum: Hydrated calcium sulfate. Its chemical formula is:

CaSO4 · 2H2O

It contains 2 water molecules of crystallization.

• Therefore, baking soda is the only compound in the list that does not contain water of

crystallization.

Step 4: Final Answer:

Baking soda does not have water of crystallization.

Quick Tip: Water of crystallization is represented in chemical formulas by a dot followed by a specific

number of H2O molecules (e.g., ·nH2O).

Baking soda (NaHCO3) is written without any such water attachment, meaning it is anhydrous.

85. When chlorine gas is passed in lime water, it forms chemical compound ’M’ (main con-

stituent of bleaching powder) and ’N’ (used for bleaching in textile industry). Identify the

correct option.

(A) ’X’ = CO2; ’Y’ = HCl

(B) ’X’ = HCl; ’Y’ = Cl2

(C) ’X’ = Cl2; ’Y’ = Ca(OH)2

(D) ’X’ = Cl2; ’Y’ = CaCl2

Correct Answer: (C) ’X’ = Cl2; ’Y’ = Ca(OH)2
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Solution:

Step 1: Understanding the Question:

The question describes the industrial chemical preparation of bleaching powder. We need to

identify the reactants ’X’ (chlorine gas) and ’Y’ (dry slaked lime) that react together to form

bleaching powder.

Step 2: Key Formula or Approach:

The chemical equation for the manufacturing of bleaching powder is:

Ca(OH)2(s)+ Cl2(g)→ CaOCl2(s)+H2O(l)

Step 3: Detailed Explanation:

• Bleaching powder is chemically named calcium oxychloride, with the formula CaOCl2

(often represented more accurately as Ca(OCl)2).

• It is prepared on an industrial scale using Hasenclever’s or Bachmann’s plant by passing

chlorine gas over dry slaked lime.

• The reactants involved in this process are:

- Chlorine gas (Cl2), represented as reactant ’X’.

- Dry slaked lime (Ca(OH)2), represented as reactant ’Y’.

• When chlorine gas is passed through the slaked lime, they react to produce calcium

oxychloride (CaOCl2, compound ’M’) and water:

Ca(OH)2 + Cl2→ CaOCl2 +H2O

- This compound CaOCl2 is the main constituent of commercial bleaching powder, which

is widely used as a bleaching agent in textile and paper industries, and as a disinfectant
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in water treatment.

• Therefore, ’X’ is Cl2 and ’Y’ is Ca(OH)2, matching Option (C).

Step 4: Final Answer:

The correct reactants are ’X’ = Cl2 and ’Y’ = Ca(OH)2.

Quick Tip: Bleaching powder is produced by the action of chlorine gas on dry slaked lime [Ca(OH)2].

Be careful not to use liquid lime water; the reaction requires dry slaked lime to yield stable solid

bleaching powder.

86. Gold is used in making ornaments because it is :

(A) Lustrous

(B) Unreactive

(C) Malleable

(D) All of these

Correct Answer: (D) All of these

Solution:

Step 1: Understanding the Question:

The question asks to identify the physical and chemical properties of gold that make it highly

suitable for the manufacturing of jewelry and ornaments.

Step 2: Key Formula or Approach:

Analyze the mechanical and chemical properties of gold from the metal reactivity series and

general physical metallurgy.
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Step 3: Detailed Explanation:

• Gold (Au) is a noble metal that occupies a position at the very bottom of the metal

reactivity series.

• Let us evaluate each property:

- (A) Lustrous: Gold has a distinctive, beautiful, bright yellow metallic luster. It reflects

light very well, giving it an attractive and premium appearance suitable for decorative

ornaments.

- (B) Unreactive: Because it is highly unreactive, gold does not react with oxygen, water

vapor, carbon dioxide, or common acids. Therefore, it does not tarnish, rust, or corrode

over time, allowing jewelry to retain its shine for generations.

- (C) Malleable: Gold is the most malleable and ductile metal known. A single gram of

gold can be beaten into an extremely thin sheet of leaf, or drawn into a very long, fine

wire. This high workability allows artisans to design highly intricate and delicate jewelry

patterns without the metal breaking.

• Since all three properties are crucial, the correct option is "All of these."

Step 4: Final Answer:

Gold is used in making ornaments due to all of the listed properties, corresponding to Option

(D).

Quick Tip: Gold is so malleable that it is often alloyed with small amounts of copper or silver (typically

making 22-carat gold) to increase its mechanical strength and durability for daily wear in jewelry.

87. An element X reacts with oxygen and forms oxide of X which turns red litmus to blue. The

element X is a :
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(A) Metal

(B) Non-metal

(C) Metalloid

(D) None of these

Correct Answer: (A) Metal

Solution:

Step 1: Understanding the Question:

An unknown element X reacts with oxygen to form an oxide. This oxide turns red litmus paper

blue, indicating that the oxide is basic in nature. We need to identify whether X is a metal,

non-metal, or metalloid.

Step 2: Key Formula or Approach:

Classify elements based on the acidic or basic nature of their oxides:

- Metal oxides are generally basic.

- Non-metal oxides are generally acidic or neutral.

Step 3: Detailed Explanation:

• When elements react with oxygen, they form oxides.

• Metals react with oxygen to form metallic oxides. These oxides are basic in nature.

- When dissolved in water, they form metal hydroxides, which release hydroxide ions

(OH−) and turn red litmus paper blue:

2M g(s)+O2(g)→ 2M gO(s)

M gO(s)+H2O(l)→ M g(OH)2(aq)

- Since M g(OH)2 is basic, it turns red litmus blue.

• Non-metals react with oxygen to form non-metallic oxides, which are acidic in nature.
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- When dissolved in water, they form acids that turn blue litmus paper red:

SO2(g)+H2O(l)→ H2SO3(aq)

• Since the oxide of element X turns red litmus blue, it is confirmed to be basic.

• Therefore, element X must be a metal.

Step 4: Final Answer:

The element X is a metal.

Quick Tip: - Metal oxides→ Basic→ Turns Red Litmus to Blue.

- Non-metal oxides→ Acidic→ Turns Blue Litmus to Red.

This simple rule helps identify the nature of any element.

88. Phosphorus is stored in :

(A) Water

(B) Kept open air

(C) Alcohol

(D) Kerosene

Correct Answer: (A) Water

Solution:

Step 1: Understanding the Question:

The question asks for the safe liquid medium used to store reactive elemental phosphorus in

laboratory settings.
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Step 2: Key Formula or Approach:

Determine the chemical reactivity of phosphorus (particularly white phosphorus) with

atmospheric oxygen and water.

Step 3: Detailed Explanation:

• White phosphorus is a highly reactive non-metal allotrope of phosphorus.

• It has a very low ignition temperature of about 35◦C (308 K), which is close to normal

room temperature.

• When exposed to air, it reacts spontaneously and vigorously with atmospheric oxy-

gen to undergo rapid combustion, producing dense white fumes of phosphorus pentoxide:

P4(s)+ 5O2(g)→ P4O10(s)

- This reaction is highly exothermic and safety-hazardous.

• To prevent white phosphorus from coming into contact with atmospheric oxygen, it must

be isolated from air.

• Because phosphorus does not react with water and is completely insoluble in it, it is

safely stored submerged under water.

• (Note: Sodium and potassium are stored in kerosene because they react violently with

water. In contrast, phosphorus does not react with water, so water is its ideal storage

medium).

Step 4: Final Answer:

Phosphorus is stored in water.
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Quick Tip: Do not confuse the storage of reactive metals with reactive non-metals:

- Sodium/Potassium (Highly reactive metals)→ Stored in Kerosene (react violently with water).

- White Phosphorus (Highly reactive non-metal)→ Stored in Water (reacts violently with air).

89. The chemical formula of washing soda is :

(A) Na2CO3 · 10H2O

(B) NaHCO3

(C) CH3COONa

(D) Na2CO3

Correct Answer: (A) Na2CO3 · 10H2O

Solution:

Step 1: Understanding the Question:

The question asks for the correct chemical formula representing washing soda, which is a

widely used cleaning agent.

Step 2: Key Formula or Approach:

Washing soda is chemically named sodium carbonate decahydrate, representing a crystallized

sodium carbonate salt with ten molecules of water of crystallization.

Step 3: Detailed Explanation:

• The chemical name for washing soda is sodium carbonate decahydrate.

• Its chemical formula is written as:

Na2CO3 · 10H2O

- It is prepared industrially via the Solvay process.
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• Let us analyze the other options:

- (B) NaHCO3: This is sodium bicarbonate, commonly known as baking soda.

- (C) CH3COONa: This is sodium acetate, which is a sodium salt of acetic acid.

- (D) Na2CO3: This is anhydrous sodium carbonate, commonly known as soda ash. It

does not contain any water of crystallization.

• When soda ash is recrystallized from an aqueous solution, it binds with ten molecules of

water to form washing soda:

Na2CO3 + 10H2O→ Na2CO3 · 10H2O

- This hydrated salt is an alkaline salt that helps in removing dirt and grease from clothes

by emulsifying oils.

Step 4: Final Answer:

The chemical formula of washing soda is Na2CO3 · 10H2O.

Quick Tip: Distinguish between the two forms of sodium carbonate:

- Na2CO3 = Soda Ash (Anhydrous, no water).

- Na2CO3 · 10H2O = Washing Soda (Decahydrate, has 10 water molecules).

90. How many water molecules does hydrated calcium sulphate contain?

(A) 5

(B) 10

(C) 7

(D) 2

Correct Answer: (D) 2
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Solution:

Step 1: Understanding the Question:

The question asks for the number of water molecules of crystallization present in one formula

unit of hydrated calcium sulphate.

Step 2: Key Formula or Approach:

Hydrated calcium sulphate is commonly known as Gypsum. We write its chemical formula to

determine the hydration number.

Step 3: Detailed Explanation:

• Hydrated calcium sulphate is a naturally occurring mineral known as Gypsum.

• The chemical formula of Gypsum is:

CaSO4 · 2H2O

• This formula indicates that each formula unit of calcium sulphate (CaSO4) is chemically

bonded with exactly two molecules of water of crystallization.

• Let us review the other numbers:

- 5 molecules: Found in hydrated copper sulphate (Blue vitriol, CuSO4 · 5H2O).

- 10 molecules: Found in hydrated sodium carbonate (Washing soda, Na2CO3 · 10H2O).

- 7 molecules: Found in hydrated iron sulphate (Green vitriol, FeSO4 · 7H2O).

• Therefore, hydrated calcium sulphate contains 2 water molecules.

Step 4: Final Answer:

Hydrated calcium sulphate contains 2 water molecules, matching Option (D).
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Quick Tip: Remember the two main calcium sulphate hydration states:

- Gypsum = CaSO4 · 2H2O (contains 2 water molecules).

- Plaster of Paris = CaSO4 ·
1
2 H2O (contains half a water molecule).

91. Four metals A, B, C and D were taken in five different solutions of silver nitrate, zinc

sulphate, copper sulphate and iron sulphate and the observations have been listed below:

Reactivity order of metals A, B, C and D is:

(A) B > A > C > D

(B) D > A > C > B

(C) D > C > A > B

(D) B > C > A > D

Correct Answer: (A) B > A > C > D

Solution:

Step 1: Understanding the Question:

The question provides experimental displacement observations for four metals (A, B, C ,

D) with solutions of different metal nitrates/sulphates. We need to determine the correct

reactivity order of these four metals.

Step 2: Key Formula or Approach:

According to the displacement reaction principles, a more reactive metal can displace a less

reactive metal from its salt solution. A less reactive metal cannot displace a more reactive metal.
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Step 3: Detailed Explanation:

• Let us analyze each metal’s behavior from the given data:

- Metal-B: It can displace Silver, Copper, and Iron from their respective solutions. It only

fails to displace Zinc. Since it can displace three of the metal ions, including Iron, it is

highly reactive and occupies the highest position among the four.

- Metal-A: It can displace Silver and Copper, but it cannot displace Zinc or Iron. Since it

can displace two metals but fails to displace Iron (which Metal-B displaced), its reactivity

is lower than Metal-B but higher than the remaining metals.

- Metal-C: It can only displace Silver. It fails to displace Zinc, Copper, and Iron. This

makes it less reactive than Metal-A (which could displace Copper).

- Metal-D: It cannot displace any of the metals (Silver, Zinc, Copper, Iron) from their

solutions. This indicates that Metal-D is the least reactive of all.

• Ordering these metals from highest reactivity to lowest:

B > A> C > D

• This matches the sequence given in Option (A).

Step 4: Final Answer:

The reactivity order of the metals is B > A > C > D.

Quick Tip: Reactivity of a metal∝ Number of metals it can displace from their salt solutions.

- Metal B displaces 3 metals.

- Metal A displaces 2 metals.

- Metal C displaces 1 metal.

- Metal D displaces 0 metals.

Hence, the order is directly B > A > C > D.
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92. Why do ionic compounds have high melting points?

(A) Ionic compounds have strong electrostatic forces of attraction between the ions. Therefore, it

requires a lot of energy to overcome these forces.

(B) Ionic compounds are formed by the transfer of a proton between two atoms. Thus, the formation

of the cation and anion takes place.

(C) Ionic compounds have weak electrostatic forces of attraction between the ions. Therefore, it

requires a less of energy to overcome these forces.

(D) Ionic compounds are formed by the sharing of electron between two atoms.

Correct Answer: (A) Ionic compounds have strong electrostatic forces of attraction between the

ions. Therefore, it requires a lot of energy to overcome these forces.

Solution:

Step 1: Understanding the Question:

The question asks for the fundamental reason why ionic compounds possess characteristically

high melting and boiling points.

Step 2: Key Formula or Approach:

Analyze the nature of the chemical bonds and the structural lattice arrangement in ionic solids.

Step 3: Detailed Explanation:

• Ionic compounds are formed by the complete transfer of one or more electrons from a

metallic atom (forming a positive cation) to a non-metallic atom (forming a negative

anion).

• These oppositely charged ions (Mn+ and Xm−) arrange themselves in a highly ordered,

three-dimensional crystalline giant lattice structure.

• Within this lattice, each ion is surrounded by oppositely charged neighbors and is held

in place by very strong electrostatic forces of attraction (ionic bonds) described by
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Coulomb’s Law:

F = k
q1q2

r2

• Because these electrostatic forces are extremely powerful and act in all directions

throughout the entire crystal lattice, a vast amount of thermal energy is required to

break these strong bonds and free the ions from their fixed positions.

• Consequently, a very high temperature is needed to melt or boil an ionic solid.

• Let us evaluate the other options:

- Option (B): Incorrect, because ionic compounds are formed by the transfer of electrons,

not protons.

- Option (C): Incorrect, because the forces of attraction are strong, not weak.

- Option (D): Incorrect, because electron sharing forms covalent bonds, not ionic bonds.

Step 4: Final Answer:

Ionic compounds have high melting points because they have strong electrostatic forces of

attraction between the ions, requiring a lot of energy to overcome them.

Quick Tip: The high melting point of ionic solids (such as NaCl, melting point ≈ 801◦C) is a direct

consequence of their strong, non-directional electrostatic lattice energy.

Breaking this giant lattice requires significant thermal energy.

93. Which of the following ore is concentrated by Froth floatation process?

(A) ZnCO3

(B) ZnO

(C) ZnS

(D) Na2S
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Correct Answer: (C) ZnS

Solution:

Step 1: Understanding the Question:

The question asks to identify which of the given ores is concentrated using the industrial froth

floatation metallurgical process.

Step 2: Key Formula or Approach:

The froth floatation process is specifically used for the concentration of sulfide ores based on

the difference in the wetting properties of the ore particles and the gangue impurities with

water and oils.

Step 3: Detailed Explanation:

• The froth floatation process utilizes a suspension of the powdered ore in water.

• Collectors (like pine oil or xanthates) are added to wet the sulfide ore particles, making

them hydrophobic (water-repelling).

• When air is blown through the suspension, the hydrophobic sulfide ore particles attach

to the rising air bubbles and form a stable froth at the surface, which is skimmed off.

• The gangue particles (earthy impurities) are hydrophilic (water-attracting) and remain

settled at the bottom of the tank.

• Let us analyze the options:

- (A) ZnCO3 (Calamine): A carbonate ore of zinc, concentrated by gravity separation/-

calcination.

- (B) ZnO (Zincite): An oxide ore of zinc.

- (C) ZnS (Zinc blende): A sulfide ore of zinc. Since it is a sulfide ore, it is concentrated
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using the froth floatation process.

- (D) Na2S: Sodium sulfide, which is a highly soluble salt, not an insoluble mineral ore.

• Therefore, ZnS is concentrated by the froth floatation process.

Step 4: Final Answer:

The ore concentrated by froth floatation is ZnS, matching Option (C).

Quick Tip: Associate the froth floatation process directly with Sulfide Ores (suffix "-S" like ZnS, P bS,

CuFeS2).

Sulfide minerals preferentially wet with oil, while gangue wets with water.

94. Metal items are tarnished when kept open in air for some time. Silver utensils become

blackish, copper utensils become greenish due to corrosion. The gases responsible for this

corrosion respectively are:

(A) H2S and CO2

(B) SO2 and O2

(C) Moist O2 air and CO2

(D) NO2 and O2

Correct Answer: (A) H2S and CO2

Solution:

Step 1: Understanding the Question:

The question asks to identify the specific atmospheric gases responsible for the tarnishing/cor-

rosion of silver objects (forming a black coating) and copper objects (forming a green coating)

when exposed to air.
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Step 2: Key Formula or Approach:

We write the chemical reactions representing the corrosion of silver and copper with

atmospheric gases.

Step 3: Detailed Explanation:

• Tarnishing of Silver: Silver (Ag) is a relatively unreactive metal, but it reacts slowly

with trace amounts of hydrogen sulfide gas (H2S) present in the atmosphere. This

reaction produces a thin, black surface layer of silver sulfide (Ag2S):

2Ag(s)+H2S(g)→ Ag2S(s, black)+H2(g)

- Thus, the gas responsible for silver’s tarnishing is hydrogen sulfide (H2S).

• Corrosion of Copper: Copper (Cu) reacts slowly with moist carbon dioxide (CO2),

water vapor, and oxygen in the air. This process results in the formation of basic copper

carbonate, which is a green mixture of copper carbonate and copper hydroxide:

2Cu(s)+H2O(l)+ CO2(g)+O2(g)→ CuCO3 · Cu(OH)2(s, green)

- Thus, the primary carbon-containing gas responsible for the green coating is carbon

dioxide (CO2).

• Matching these findings, the respective gases are H2S and CO2.

Step 4: Final Answer:

The gases responsible are H2S and CO2.

Quick Tip: - Silver tarnishes black→ due to H2S (forms Ag2S).

- Copper corrodes green→ due to moist CO2 (forms basic copper carbonate).

This specific gas pairing is a standard question in board and polytechnic exams.
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95. Some metal oxides react with acid as well as base to produce salt and water, these are

known as amphoteric oxides. The examples of amphoteric oxides are:

(A) Al2O3 and SiO

(B) Al2O3 and ZnO

(C) CuO and ZnO

(D) CuO and SiO

Correct Answer: (B) Al2O3 and ZnO

Solution:

Step 1: Understanding the Question:

The question defines amphoteric oxides as those metal oxides that can exhibit both acidic and

basic characteristics, reacting with both acids and bases to produce salt and water. We need to

select the option that lists two such amphoteric oxides.

Step 2: Key Formula or Approach:

Analyze the chemical reactivity of aluminum oxide (Al2O3) and zinc oxide (ZnO) with a strong

acid (like HCl) and a strong base (like NaOH).

Step 3: Detailed Explanation:

• Most metal oxides are basic and react only with acids. However, some metal oxides can

react with both acids and bases. These are called amphoteric oxides.

• Aluminum Oxide (Al2O3):

- Reacts with acid (HCl):

Al2O3(s)+ 6HCl(aq)→ 2AlCl3(aq)+ 3H2O(l)

- Reacts with base (NaOH):
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Al2O3(s)+ 2NaOH(aq)→ 2NaAlO2(aq) [Sodium aluminate]+H2O(l)

• Zinc Oxide (ZnO):

- Reacts with acid (HCl):

ZnO(s)+ 2HCl(aq)→ ZnCl2(aq)+H2O(l)

- Reacts with base (NaOH):

ZnO(s)+ 2NaOH(aq)→ Na2ZnO2(aq) [Sodium zincate]+H2O(l)

• Both Al2O3 and ZnO show this dual chemical behavior, making them classic examples of

amphoteric oxides.

Step 4: Final Answer:

The examples of amphoteric oxides are Al2O3 and ZnO, matching Option (B).

Quick Tip: The two most common amphoteric oxides in secondary school chemistry are:

- Aluminum Oxide [Al2O3]→ forms Aluminate.

- Zinc Oxide [ZnO]→ forms Zincate.

Remembering these two formulas is extremely useful.

96. Aqua regia is a mixture of concentrated HCl and concentrated HNO3 in the ratio of

____________ respectively.

(A) 1 : 2

(B) 2 : 1

(C) 1 : 3

(D) 3 : 1

Correct Answer: (D) 3 : 1
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Solution:

Step 1: Understanding the Question:

The question asks for the standard mixing volume ratio of concentrated hydrochloric acid

(HCl) and concentrated nitric acid (HNO3) used to prepare the highly corrosive reagent

known as Aqua Regia.

Step 2: Key Formula or Approach:

Aqua regia (Latin for "royal water") is prepared by mixing concentrated hydrochloric acid and

concentrated nitric acid in a specific volumetric ratio.

Step 3: Detailed Explanation:

• Aqua regia is a freshly prepared, highly corrosive, fuming liquid.

• It is made by mixing concentrated Hydrochloric acid (HCl) and concentrated Nitric acid

(HNO3) in a volume ratio of 3:1 respectively:

3 parts conc. HCl + 1 part conc. HNO3

- This reagent is one of the few chemical liquids that can dissolve noble metals like gold

(Au) and platinum (P t), which are highly resistant to individual strong acids.

• The mixture is powerful because of the synergistic reaction between the two acids. Nitric

acid acts as a strong oxidizing agent, oxidizing hydrochloric acid to produce nascent

chlorine and nitrosyl chloride:

HNO3 + 3HCl → NOCl + 2H2O+ 2[Cl] (nascent chlorine)

- The highly reactive nascent chlorine attacks the noble metals to form soluble chloride

complexes, such as tetrachloroaurate ([AuCl4]−), which dissolves the metal.

• Therefore, the volume ratio of HCl to HNO3 is 3:1.
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Step 4: Final Answer:

The ratio of concentrated HCl to concentrated HNO3 is 3:1.

Quick Tip: Remember the composition of Aqua Regia:

- 3 parts HCl (ends with ’l’, looks like ’3’ in some mnemonics).

- 1 part HNO3 (has ’3’ in formula, so it takes the ’1’ part in ratio to balance the ’3’s).

This simple rule helps prevent swapping the numbers.

97. During alloy formation if one of the metal is Hg (Mercury), then the alloy is called as:

(A) Galvanized alloy

(B) Amalgam

(C) Bronze

(D) Microlam

Correct Answer: (B) Amalgam

Solution:

Step 1: Understanding the Question:

The question asks for the specific metallurgical term used to describe an alloy in which mercury

(H g) is one of the component metals.

Step 2: Key Formula or Approach:

An alloy is a homogeneous mixture of two or more metals, or a metal and a non-metal. Alloys

of mercury have a unique historical and chemical designation.

Step 3: Detailed Explanation:
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• Mercury is a unique transition metal because it is liquid at standard room temperature.

• It can easily dissolve many other metals (like silver, gold, tin, sodium, zinc) to form solid

or semi-solid alloys.

• Any alloy containing mercury as a primary component is scientifically referred to as an

amalgam.

- Examples include sodium amalgam (Na-H g), which is used as a reducing agent in

organic chemistry, and dental amalgam (a mixture of mercury with silver, tin, and

copper), which has been widely used for filling tooth cavities.

• Let us review the other options:

- (A) Galvanized alloy: Galvanization is the process of coating iron or steel with a

protective layer of zinc, not an alloy of mercury.

- (C) Bronze: This is an alloy composed primarily of copper and tin (Cu+ Sn).

- (D) Microlam: This is a brand name for structural laminated wood products, completely

unrelated to metallurgy.

Step 4: Final Answer:

If one of the metals is mercury, the alloy is called an amalgam.

Quick Tip: An alloy of Mercury (H g) = Amalgam.

Nearly all metals can form amalgams with mercury, with a few notable exceptions like iron (Fe),

platinum (P t), tungsten (W ), and tantalum (Ta). This is why mercury is stored in iron containers.

98. What type of bond is formed by the sharing of electrons between two atoms to achieve a

completely filled outermost shell?

(A) Ionic bond
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(B) Metallic bond

(C) Covalent bond

(D) Hydrogen bond

Correct Answer: (C) Covalent bond

Solution:

Step 1: Understanding the Question:

The question asks for the name of the chemical bond formed when two atoms share valence

electrons with each other to complete their octet (outermost shell) and attain a stable

electronic configuration.

Step 2: Key Formula or Approach:

Analyze the fundamental types of chemical bonds based on how valence electrons are

exchanged or shared:

- Electron transfer→ Ionic bonding.

- Electron sharing→ Covalent bonding.

Step 3: Detailed Explanation:

• Atoms participate in bond formation to achieve a stable, low-energy noble gas

configuration, which usually requires having eight electrons in their outermost valence

shell (the octet rule).

• When non-metallic atoms of similar electronegativities interact, they cannot easily

transfer electrons.

• Instead, they share one or more pairs of valence electrons.

• A chemical bond formed by the mutual sharing of electrons between two participating

atoms is defined as a covalent bond.

Jharkhand Polytechnic 2026 Page 155 of 268 © Collegedunia.com



- For example, in a hydrogen molecule (H2), each hydrogen atom shares its single

valence electron, forming a single covalent bond:

H ·+ ·H → H : H (or H −H)

- Similarly, in an oxygen molecule (O2), two pairs of electrons are shared to form a

double covalent bond (O = O).

• This shared pair of electrons is attracted by the positive nuclei of both atoms, holding

them together in a stable molecular structure.

Step 4: Final Answer:

The bond formed by the sharing of electrons is a covalent bond.

Quick Tip: Remember the differences in electron behavior:

- Transfer of electrons→ Ionic Bond (between Metal and Non-metal).

- Sharing of electrons→ Covalent Bond (between Non-metals).

99. At what temperature is gypsum heated to form Plaster of Paris?

(A) 363 K

(B) 373 K

(C) 273 K

(D) 353 K

Correct Answer: (B) 373 K

Solution:

Step 1: Understanding the Question:
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The question asks for the specific temperature (in Kelvin) required to heat gypsum to convert

it into Plaster of Paris (POP).

Step 2: Key Formula or Approach:

The chemical formula of Gypsum is CaSO4 · 2H2O. Upon controlled heating, it loses a portion

of its water of crystallization to form Plaster of Paris (CaSO4 ·
1
2 H2O).

The chemical equation is:

CaSO4 · 2H2O(s)
∆
−→ CaSO4 ·

1
2

H2O(s)+ 1.5H2O(g)

Step 3: Detailed Explanation:

• Gypsum is calcium sulphate dihydrate.

• When gypsum is carefully heated to a temperature of 100◦C, it loses three-fourths of

its water of crystallization to form calcium sulphate hemihydrate, which is Plaster of Paris.

• To convert the temperature from Celsius to Kelvin:

T(K)= T (◦C) + 273.15= 100+ 273= 373 K

• This temperature must be controlled precisely. If gypsum is heated above 373 K (or

100◦C), it loses all of its water of crystallization to form anhydrous calcium sulphate

(CaSO4):

CaSO4 · 2H2O
>373 K
−−−→ CaSO4 + 2H2O

- This anhydrous form is called "dead burnt plaster," which does not set or harden when

mixed with water, unlike Plaster of Paris.

• Therefore, the optimal heating temperature is 373 K.
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Step 4: Final Answer:

Gypsum is heated at 373 K to form Plaster of Paris.

Quick Tip: Remember:

- Heating Gypsum at exactly 100◦C (373 K)→ Plaster of Paris [CaSO4 ·
1
2 H2O].

- Heating above 100◦C (> 373 K)→ Dead Burnt Plaster [CaSO4].

This temperature boundary is critical.

100. Protecting steel and iron from rusting by coating them with a thin layer of zinc is called:

(A) Tinning

(B) Galvanisation

(C) Electroplating

(D) Anodising

Correct Answer: (B) Galvanisation

Solution:

Step 1: Understanding the Question:

The question asks for the name of the metallurgical protective process where steel or iron is

coated with a thin layer of zinc to prevent corrosion (rusting).

Step 2: Key Formula or Approach:

Corrosion protection methods physically isolate the metal from oxygen and moisture, or use

sacrificial protection. Zinc acts as a sacrificial anode.

Step 3: Detailed Explanation:

• Iron and steel rust when exposed to moist air containing oxygen and water vapor:
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4Fe+ 3O2 + 2xH2O→ 2Fe2O3 · xH2O (Rust)

- To prevent this, various barrier methods are used.

• Galvanization is the process of applying a protective zinc coating to steel or iron.

• The thin zinc layer acts in two protective ways:

1. Barrier Protection: It physically blocks oxygen and water from reaching the iron

underneath.

2. Sacrificial Protection: Since zinc is more reactive than iron, even if the zinc coating

is scratched or damaged, the zinc will corrode preferentially (sacrificing itself) to protect

the underlying iron.

• Let us analyze the other options:

- (A) Tinning: The process of coating iron with a layer of tin. Tin is less reactive than

iron, so if the coating is damaged, the iron underneath rusts even faster.

- (C) Electroplating: A general method of depositing a layer of any metal on another

surface using electricity. Galvanization is a specific type of zinc coating, often done by

hot-dip galvanizing.

- (D) Anodising: The process of forming a thick oxide layer on aluminum to protect it

from corrosion, not steel or iron.

• Thus, the correct name for coating iron with zinc is galvanisation.

Step 4: Final Answer:

The process of coating iron with zinc is called Galvanisation.
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Quick Tip: Galvanization uses Zinc (Zn) because of its sacrificial protection property.

Even if the zinc layer is scratched, the iron underneath remains protected because zinc oxidizes more

readily than iron.

Mathematics

101. What will come in the place of question mark in the following question ?

p

726+
p

294+
p

1176+
p

486−
p

600= (?)

(A) 31
p

2

(B) 31
p

6

(C) 34
p

6

(D) 34
p

2

Correct Answer: (B) 31
p

6

Solution:

Step 1: Understanding the Question:

This question belongs to the topic of Number Systems, specifically involving the simplification

of surds and radicals.

The objective is to simplify each square root term by finding its prime factorization and

isolating perfect square factors.

Once each term is expressed in its simplest radical form, we can perform addition and

subtraction of like terms.

Step 2: Key Formula or Approach:

We use the fundamental property of radicals:
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p

a2 · b = a
p

b

This helps in reducing each radical to its simplest form where b is a non-square integer.

After simplifying, like radicals (surds with the same radicand) can be added or subtracted by

operating on their coefficients.

Step 3: Detailed Explanation:

Let us simplify each term individually:

First, find the prime factorization of 726:

726= 6× 121= 6× 112

Thus, we have:

p

726=
p

112 × 6= 11
p

6

Second, find the prime factorization of 294:

294= 6× 49= 6× 72

Thus, we have:

p

294=
p

72 × 6= 7
p

6

Third, find the prime factorization of 1176:

1176= 6× 196= 6× 142

Thus, we have:
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p

1176=
p

142 × 6= 14
p

6

Fourth, find the prime factorization of 486:

486= 6× 81= 6× 92

Thus, we have:

p

486=
p

92 × 6= 9
p

6

Fifth, find the prime factorization of 600:

600= 6× 100= 6× 102

Thus, we have:

p

600=
p

102 × 6= 10
p

6

Now, substitute these simplified terms back into the original expression:

11
p

6+ 7
p

6+ 14
p

6+ 9
p

6− 10
p

6

Since all the terms have the same radicand (6), we can combine their coefficients:

(11+ 7+ 14+ 9− 10)
p

6

= (41− 10)
p

6
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= 31
p

6

Step 4: Final Answer:

The simplified value that replaces the question mark is 31
p

6.

Quick Tip: When dealing with multiple large radical terms, look at the options.

The options suggest that the final answer is a multiple of either
p

2 or
p

6.

Test the smallest term first, such as 294, and divide by 6, which gives 49 (a perfect square).

This immediately alerts you that
p

6 is likely the common radical factor for all terms, which dramatically

speeds up factorization.

102. If semi-vertical angle of a cone of radius 7 cm is 30◦, then the curved surface area of the

cone (in sq cm) is : (Take π= 22
7 )

(A) 264

(B) 308

(C) 616

(D) 528

Correct Answer: (B) 308

Solution:

Step 1: Understanding the Question:

This question is from the topic of Mensuration, focusing on the surface area of three-

dimensional geometrical figures (specifically a right circular cone).

We are given the radius of the cone’s base and its semi-vertical angle.

Our goal is to compute the curved surface area (CSA) of the cone.
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Step 2: Key Formula or Approach:

The curved surface area (CSA) of a right circular cone is given by:

CSA= πr l

where r is the radius of the base, and l is the slant height of the cone.

The relation between the radius r, the slant height l, and the semi-vertical angle α is:

sinα=
r
l

Step 3: Detailed Explanation:

Let the semi-vertical angle of the cone be α= 30◦.

The radius of the cone is given as r = 7 cm.

We need to find the slant height l first.

Using the trigonometric relation:

sin30◦ =
r
l

Substitute the known values:

1
2
=

7
l

Solving for l:

l = 7× 2= 14 cm

Now, calculate the curved surface area (CSA) using the formula:

CSA= πr l
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Substitute π= 22
7 , r = 7 cm, and l = 14 cm:

CSA=
22
7
× 7× 14

Cancel the common term 7 in the numerator and denominator:

CSA= 22× 14

CSA= 308 cm2

Step 4: Final Answer:

The curved surface area of the cone is 308 sq cm.

Quick Tip: Remember that for a semi-vertical angle of 30◦, the ratio of radius to slant height is always

1 : 2.

This means the slant height is simply double the radius.

Instantly calculating l = 2r = 14 cm saves valuable calculation time during exams.

103. Which of the following is irrational number?

(A) 0.14

(B) 0.1416

(C) 0.1416

(D) 0.4014001400014 . . .

Correct Answer: (D) 0.4014001400014 . . .
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Solution:

Step 1: Understanding the Question:

This question is from the topic of Number Systems, focusing on the classifications of real

numbers into rational and irrational numbers.

We need to identify which of the given options represents an irrational number based on its

decimal expansion.

Step 2: Key Formula or Approach:

The decimal representation of a real number determines its classification:

1. If the decimal expansion is terminating, it is a rational number.

2. If the decimal expansion is non-terminating but repeating (recurring), it is a rational

number.

3. If the decimal expansion is non-terminating and non-repeating, it is an irrational number.

Step 3: Detailed Explanation:

Let us examine each option carefully:

Option (A): 0.14

This is a terminating decimal because the digits after the decimal point stop after two places.

It can be written as 14
100 =

7
50 , which is in the p

q form. Therefore, it is a rational number.

Option (B): 0.1416

This is also a terminating decimal as the expansion stops after four decimal places.

It can be written as 1416
10000 . Therefore, it is a rational number.

Option (C): 0.1416

The bar over the digits indicates a non-terminating, repeating decimal expansion:

0.141614161416 . . .

Any repeating decimal can be converted into a fraction of the form p
q (specifically 1416

9999). Thus,

it is a rational number.
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Option (D): 0.4014001400014 . . .

In this decimal, the pattern of digits does not repeat periodically. The number of zeros between

the blocks of ’14’ keeps increasing:

There is one zero, then two zeros, then three zeros, and so on.

Thus, this is a non-terminating, non-repeating decimal expansion.

By definition, this represents an irrational number.

Step 4: Final Answer:

The irrational number is 0.4014001400014 . . ..

Quick Tip: Look for the ellipsis (. . .) at the end to check for non-terminating behavior.

Once identified, check if there is a block of digits repeating exactly.

If there is an increasing gap (like inserting additional zeros), it is non-repeating and hence always

irrational.

104. For what value(s) of c, the pair of equations x−2y = 8; 5x−10y = c have infinite solution ?

(A) 16

(B) All real values

(C) 40

(D) All non-negative real values of c

Correct Answer: (C) 40

Solution:

Step 1: Understanding the Question:

This question is from the topic of Linear Equations in Two Variables.

We are given a system of two linear equations and we need to find the value of the constant c

for which the system has infinitely many solutions.
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Step 2: Key Formula or Approach:

For a pair of linear equations:

a1 x + b1 y + c1 = 0

a2 x + b2 y + c2 = 0

The condition for having infinitely many solutions (coincident lines) is:

a1

a2
=

b1

b2
=

c1

c2

Step 3: Detailed Explanation:

First, write the given equations in standard form ax + b y + c = 0:

Equation 1: x − 2y − 8= 0

Equation 2: 5x − 10y − c = 0

Identify the coefficients from both equations:

a1 = 1, b1 = −2, c1 = −8

a2 = 5, b2 = −10, c2 = −c

Now, apply the condition for infinitely many solutions:

a1

a2
=

b1

b2
=

c1

c2

Substitute the values:

1
5
=
−2
−10

=
−8
−c
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Simplify the ratios:

1
5
=

1
5
=

8
c

To find c, equate the ratios:

1
5
=

8
c

Cross-multiply to solve for c:

c = 5× 8

c = 40

Step 4: Final Answer:

The value of c for which the pair of equations has infinite solutions is 40.

Quick Tip: Notice that the second equation has its left-hand side coefficients (5x − 10y) exactly 5

times the first equation’s coefficients (x − 2y).

For the equations to represent the same line (infinite solutions), the constant term must also be

multiplied by the same factor of 5.

Thus, simply multiply 8× 5= 40 to find the answer in seconds.

105. Select the mean of squares of first n natural numbers :

(A) n2

(B) (n+1)(2n+1)
6

(C) n+1
2

(D) n(n+1)(2n+1)
6
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Correct Answer: (B) (n+1)(2n+1)
6

Solution:

Step 1: Understanding the Question:

This question is from the topic of Statistics and Mathematical Induction/Series.

We are asked to find the arithmetic mean of the squares of the first n natural numbers.

Step 2: Key Formula or Approach:

The mean of n observations is calculated as:

Mean=
Sum of all observations

Total number of observations

The sum of squares of the first n natural numbers is given by the standard formula:

n
∑

i=1

i2 = 12 + 22 + 32 + · · ·+ n2 =
n(n+ 1)(2n+ 1)

6

Step 3: Detailed Explanation:

Let the observations be the squares of the first n natural numbers:

12, 22, 32, . . . , n2

The total number of observations is n.

Using the sum formula:

Sum=
n(n+ 1)(2n+ 1)

6

Now, compute the mean:

Mean=
Sum

n
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Substitute the expression for the sum:

Mean=
n(n+1)(2n+1)

6

n

Cancel n from the numerator and denominator:

Mean=
(n+ 1)(2n+ 1)

6

Step 4: Final Answer:

The mean of the squares of the first n natural numbers is (n+1)(2n+1)
6 .

Quick Tip: If you forget the formula during the exam, plug in n= 1.

The first natural number is 1, and its square is 1. Its mean must be 1.

Checking Option (B): (1+1)(2·1+1)
6 = 2×3

6 = 1.

Checking Option (D): 1(1+1)(2·1+1)
6 = 1.

To differentiate, try n= 2. The squares are 1 and 4, so mean is 1+4
2 = 2.5.

Option (B) for n= 2 gives: (2+1)(2·2+1)
6 = 3×5

6 = 2.5. This confirms Option (B) is correct.

106. Given tan A= 4
3 , then cosA is :

(A) 4
5

(B) 3
5

(C) 5
3

(D) 5
4

Correct Answer: (B) 3
5
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Solution:

Step 1: Understanding the Question:

This question is from the topic of Trigonometry.

We are given one trigonometric ratio (tanA) and we need to find another trigonometric ratio

(cos A).

Step 2: Key Formula or Approach:

For a right-angled triangle:

tan A=
Opposite (Perpendicular)

Adjacent (Base)

cos A=
Adjacent (Base)

Hypotenuse

By Pythagoras Theorem, we can determine the Hypotenuse (H) if we know the Perpendicular

(P) and Base (B):

H2 = P2 + B2

Step 3: Detailed Explanation:

We are given:

tanA=
4
3

Thus, we can let:

Perpendicular (P) = 4k
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Base (B) = 3k

where k is a positive constant.

Using the Pythagorean Theorem to find the hypotenuse (H):

H =
p

P2 + B2

H =
Æ

(4k)2 + (3k)2

H =
p

16k2 + 9k2

H =
p

25k2

H = 5k

Now, we calculate cosA:

cosA=
Base

Hypotenuse

cosA=
3k
5k

Cancel k:

cosA=
3
5
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Step 4: Final Answer:

The value of cos A is 3
5 .

Quick Tip: Remember the standard Pythagorean triplet (3, 4,5).

Since tanA= 4
3 =

Opposite
Adjacent , the hypotenuse must be 5.

Therefore, cosA, which is Adjacent
Hypotenuse , is immediately 3

5 .

107. The graph of y = f (x) is shown in the figure for some polynomials f (x). The number of

zeroes for the polynomials is

(A) 0

(B) 4

(C) 2

(D) 3

Correct Answer: (A) 0

Solution:

Step 1: Understanding the Question:

This question is from the topic of Polynomials, specifically focusing on the graphical

representation and geometrical meaning of the zeroes of a polynomial.

We are given a graph of a polynomial function y = f (x) and we need to determine the number

of real zeroes of this polynomial.
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Step 2: Key Formula or Approach:

The number of real zeroes of a polynomial y = f (x) is geometrically equal to the number of

points where the graph of y = f (x) intersects or touches the x-axis.

Step 3: Detailed Explanation:

Let us observe the given graph carefully.

The graph shows a wave-like curve (a polynomial of higher degree) that fluctuates up and

down.

Crucially, the entire curve lies strictly above the horizontal axis (the x-axis).

The curve never comes down to cross the x-axis, nor does it touch the x-axis at any point.

Since there is no point on the graph where y = 0 (which corresponds to the x-axis), there are

no real values of x for which f (x) = 0.

Therefore, the polynomial has no real zeroes.

Thus, the number of zeroes is 0.

Step 4: Final Answer:

The number of zeroes for the polynomial is 0.

Quick Tip: Always look strictly at the x-axis. Intersections with the y-axis do not count towards the

real zeroes of y = f (x).

Since the curve lies entirely in the upper half-plane (above the x-axis), the number of real roots is

instantly 0.

108. The graph of the linear equation 2x +3y = 6 is a line which meets the y-axis at the point :

(A) (0, 2)

(B) (2, 0)

(C) (3, 0)

(D) (0, 3)
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Correct Answer: (A) (0, 2)

Solution:

Step 1: Understanding the Question:

This question is from the topic of Linear Equations in Two Variables and Coordinate Geometry.

We need to find the point where the line represented by the equation 2x + 3y = 6 intersects

the y-axis.

Step 2: Key Formula or Approach:

Any point on the y-axis has its x-coordinate equal to zero (x = 0).

To find the y-intercept of a line, we substitute x = 0 into the equation of the line and solve for y .

Step 3: Detailed Explanation:

Given equation of the line:

2x + 3y = 6

Since the line meets the y-axis, we set the x-coordinate to zero:

x = 0

Substitute x = 0 into the equation:

2(0) + 3y = 6

0+ 3y = 6

3y = 6
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Divide both sides by 3:

y =
6
3

y = 2

Therefore, the point of intersection on the y-axis is (0,2).

Step 4: Final Answer:

The line meets the y-axis at the point (0,2).

Quick Tip: A point on the y-axis must have the format (0, y). This immediately eliminates options (B)

and (C).

For the remaining options, plug in the coordinates:

For (0, 2): 2(0) + 3(2) = 6, which matches perfectly.

This is a quick and foolproof way to verify coordinate questions.

109. The area of the circle that can be inscribed in a square of 6 cm is

(A) 36π cm2

(B) 15π cm2

(C) 12π cm2

(D) 9π cm2

Correct Answer: (D) 9π cm2

Solution:

Step 1: Understanding the Question:
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This question is from the topic of Mensuration, dealing with 2D shapes (circles and squares).

We need to calculate the area of a circle that is inscribed (fits perfectly inside) a square of a

given side length.

Step 2: Key Formula or Approach:

When a circle is inscribed in a square of side length a:

1. The diameter of the circle (d) is equal to the side length of the square:

d = a

2. The radius of the circle (r) is half of the diameter:

r =
a
2

3. The area of the circle is given by:

A= πr2

Step 3: Detailed Explanation:

Given side length of the square:

a = 6 cm

Since the circle is inscribed inside this square, the maximum width (diameter) of the circle is

equal to the side of the square:

Diameter (d) = 6 cm

Now, calculate the radius (r) of the circle:
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r =
d
2
=

6
2
= 3 cm

Using the formula for the area of a circle:

Area= πr2

Substitute the value of r:

Area= π(3)2

Area= 9π cm2

Step 4: Final Answer:

The area of the inscribed circle is 9π cm2.

Quick Tip: Remember the direct relation: Area of an inscribed circle in a square of side a is

π
� a

2

�2
= πa2

4 .

With a = 6, we get 36π
4 = 9π cm2 instantly.

110. In the given figure, O is the centre of the circle and PQ & PR are the tangents to the circle

such that OQ = 8 cm and OP = 17 cm, then the length of the tangent PQ is :
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(A) 15 cm

(B) 13 cm

(C) 25 cm

(D) 9 cm

Correct Answer: (A) 15 cm

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically the properties of circles and tangents.

We are given a circle with center O, and a tangent PQ drawn from an external point P.

We know the radius OQ and the distance OP from the center to the external point. We need to

find the length of the tangent PQ.

Step 2: Key Formula or Approach:

A key theorem in circle geometry states that the tangent at any point of a circle is perpendicular

to the radius through the point of contact.

Therefore, ∠OQP = 90◦.

This makes △OQP a right-angled triangle with the hypotenuse being OP.

We can apply the Pythagoras Theorem:

OP2 = OQ2 + PQ2

Jharkhand Polytechnic 2026 Page 180 of 268 © Collegedunia.com



Step 3: Detailed Explanation:

In the right-angled triangle △OQP:

The radius OQ = 8 cm.

The hypotenuse OP = 17 cm.

Let the length of the tangent be PQ.

By Pythagoras Theorem:

OP2 = OQ2 + PQ2

Substitute the given values:

172 = 82 + PQ2

Calculate the squares:

289= 64+ PQ2

Isolate PQ2:

PQ2 = 289− 64

PQ2 = 225

Take the square root of both sides:

PQ =
p

225

PQ = 15 cm
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Step 4: Final Answer:

The length of the tangent PQ is 15 cm.

Quick Tip: This problem uses the well-known Pythagorean triplet (8, 15,17).

If you memorize basic triplets like (3, 4, 5), (5, 12, 13), and (8, 15, 17), you can write down the answer

of such geometry questions instantly without calculations.

111. The ratio of income of two persons is 9 : 7 and the ratio of their expenditure is 4 : 3. If

each of them saves Rs. 2,000 per month, find difference of their monthly income.

(A) Rs. 14,000

(B) Rs. 2,000

(C) Rs. 1,000

(D) Rs. 4,000

Correct Answer: (D) Rs. 4,000

Solution:

Step 1: Understanding the Question:

This question is from the topic of Ratio and Proportion, solved using Linear Equations.

We are given the ratios of incomes and expenditures of two persons and their individual

savings.

We need to determine the difference between their monthly incomes.

Step 2: Key Formula or Approach:

The basic relationship between Income, Expenditure, and Savings is:

Income− Expenditure= Savings

Jharkhand Polytechnic 2026 Page 182 of 268 © Collegedunia.com



Let the incomes of the two persons be 9x and 7x .

Let their expenditures be 4y and 3y .

We set up a system of linear equations using their savings.

Step 3: Detailed Explanation:

Let the income of the first person be 9x and the second person be 7x .

Let the expenditure of the first person be 4y and the second person be 3y .

Since each person saves Rs. 2000, we can write:

Equation 1: 9x − 4y = 2000

Equation 2: 7x − 3y = 2000

We can solve this system using the elimination method.

Multiply Equation 1 by 3:

3× (9x − 4y) = 3× 2000 =⇒ 27x − 12y = 6000 (Equation 3)

Multiply Equation 2 by 4:

4× (7x − 3y) = 4× 2000 =⇒ 28x − 12y = 8000 (Equation 4)

Subtract Equation 3 from Equation 4:

(28x − 12y)− (27x − 12y) = 8000− 6000

28x − 27x = 2000

x = 2000

Now, we need to find the difference between their monthly incomes.

First person’s income = 9x
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Second person’s income = 7x

Difference in income = 9x − 7x = 2x

Substitute the value of x:

Difference= 2× 2000= 4000

Step 4: Final Answer:

The difference in their monthly income is Rs. 4, 000.

Quick Tip: An elegant ratio method:

Income ratio: 9 : 7 (difference is 2 units).

Expenditure ratio: 4 : 3 (difference is 1 unit).

To make the decrease in units equal, multiply the expenditure ratio by the difference of income ratio

(2): new ratio is 8 : 6.

Now, compare Income (9 : 7) to Expenditure (8 : 6):

The change for both is exactly 1 unit (9− 8= 1 and 7− 6= 1).

This 1 unit of saving represents Rs. 2000.

The difference in income is 2 units, which is 2× 2000= Rs. 4000.

112. In the given figure, the height ’h’ is:

(A) 12 m

(B) 16 m

(C) 3
p

3 m
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(D) 4
p

7 m

Correct Answer: (D) 4
p

7 m

Solution:

Step 1: Understanding the Question:

This question is from Trigonometry, specifically Heights and Distances.

We are given a vertical tower of height h with two points on the ground, C and B, aligned with

the base D.

The distances are C D = 7 m and CB = 9 m, making the total distance BD = 7+ 9= 16 m.

The angles of elevation from C and B are complementary, i.e., θ and 90◦ − θ . We need to

determine h.

Step 2: Key Formula or Approach:

We use the trigonometric definition of tangent:

tanφ =
Perpendicular

Base

We also use the complementary angle trigonometric identity:

tan(90◦ − θ ) = cotθ

By setting up two equations for tanθ and cotθ , we can eliminate the angle by multiplying

them, since tanθ · cotθ = 1.

Step 3: Detailed Explanation:

From the right-angled triangle △AC D:

The angle of elevation at C is θ .

The base C D = 7 m.

tanθ =
h
7

(Equation 1)
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From the right-angled triangle △ABD:

The angle of elevation at B is 90◦ − θ .

The base BD = C D+ CB = 7+ 9= 16 m.

tan(90◦ − θ ) =
h

16

Using the identity tan(90◦ − θ ) = cotθ :

cotθ =
h

16
(Equation 2)

Multiply Equation 1 and Equation 2:

tanθ × cotθ =
h
7
×

h
16

Since tanθ × cotθ = 1:

1=
h2

112

h2 = 112

Take the square root of both sides:

h=
p

112

Simplify the radical:

h=
p

16× 7= 4
p

7 m
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Step 4: Final Answer:

The height ’h’ is 4
p

7 m.

Quick Tip: For any heights and distances problem where the angles of elevation from two points at

distances a and b from the base of a tower are complementary, the height of the tower is always given by:

h=
p

ab

Here, a = 7 and b = 16, so h=
p

7× 16= 4
p

7 m instantly.

113. (2
5 cos 0◦ − 1

5 sin0◦) is equal to :

(A) 1
5

(B) −2
5

(C) 2
5

(D) 3
5

Correct Answer: (C) 2
5

Solution:

Step 1: Understanding the Question:

This question is from Trigonometry, focusing on evaluating expressions containing specific

standard angles.

We need to calculate the exact value of the given expression using the values of cos 0◦ and sin 0◦.

Step 2: Key Formula or Approach:

We utilize the standard values of basic trigonometric ratios:

cos 0◦ = 1
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sin 0◦ = 0

Step 3: Detailed Explanation:

The given expression is:

2
5

cos 0◦ −
1
5

sin 0◦

Substitute the known values cos0◦ = 1 and sin0◦ = 0 into the expression:

=
2
5
(1)−

1
5
(0)

=
2
5
− 0

=
2
5

Step 4: Final Answer:

The value of the expression is 2
5 .

Quick Tip: Since sin0◦ = 0, the entire second term disappears immediately.

You only need to evaluate 2
5 × cos 0◦ = 2

5 × 1= 2
5 .

This simplifies the problem to a single-step calculation.

114. In an auditorium, the sloping floor allows the seats to be arranged to give a clear view
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of the stage. The seats are arranged in such a way that the number of rows is equal to the

number of seats in each row. When the number of rows are doubled and the number of seats

in each row is reduced by 16, then the total number of seats increases by 320. Based on the

above information, the total number of seats in the original arrangement is :

(A) 400

(B) 800

(C) 1600

(D) 3200

Correct Answer: (C) 1600

Solution:

Step 1: Understanding the Question:

This question is a word problem that can be formulated and solved using Quadratic Equations.

We are given an initial arrangement where the number of rows equals the number of seats per

row.

We are also given a secondary arrangement with modified rows and seats, and we need to

determine the original total number of seats.

Step 2: Key Formula or Approach:

Let the original number of rows be x .

Since the number of seats in each row equals the number of rows, the seats per row is also x .

The total number of seats in the original arrangement is:

Original Seats= x2

In the modified arrangement:

New Rows= 2x
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New Seats per Row= x − 16

The new total number of seats is:

New Seats= 2x(x − 16)

Step 3: Detailed Explanation:

According to the problem, the new number of seats is 320 more than the original number of

seats:

2x(x − 16) = x2 + 320

Expand the left-hand side:

2x2 − 32x = x2 + 320

Move all terms to one side to form a standard quadratic equation:

2x2 − x2 − 32x − 320= 0

x2 − 32x − 320= 0

Now, solve this quadratic equation by splitting the middle term. We look for two numbers

whose product is −320 and whose sum is −32.

These numbers are −40 and +8:

x2 − 40x + 8x − 320= 0
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Factor by grouping:

x(x − 40) + 8(x − 40) = 0

(x − 40)(x + 8) = 0

This gives two possible values for x:

x = 40 or x = −8

Since the number of rows cannot be negative, we discard x = −8.

Thus, x = 40.

The original total number of seats is:

Original Seats= x2 = 402 = 1600

Step 4: Final Answer:

The total number of seats in the original arrangement is 1600.

Quick Tip: Since the original arrangement has a square configuration, the original total number of

seats must be a perfect square.

Looking at the options, both 400 (which is 202) and 1600 (which is 402) are perfect squares.

Test x = 40:

Original seats = 1600.

New arrangement: rows = 80, seats/row = 24.

New total = 80× 24= 1920.

Difference: 1920− 1600 = 320, which matches the problem description. This verification takes less

than 15 seconds.
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115. A sum of Rs. 700 is used to give 7 cash prizes to students for academic performance. If

each prize is Rs. 20 less than its preceding prize, the value of the first (highest) prize is:

(A) Rs. 140

(B) Rs. 160

(C) Rs. 100

(D) Rs. 180

Correct Answer: (B) Rs. 160

Solution:

Step 1: Understanding the Question:

This question is from the topic of Arithmetic Progression (AP).

We are given the total sum of 7 cash prizes, and the rule that each consecutive prize decreases

by a fixed amount (Rs. 20).

We need to find the value of the first (highest) prize.

Step 2: Key Formula or Approach:

Let the first prize be a.

Since each prize is Rs. 20 less than the preceding one, the common difference is:

d = −20

The number of terms (prizes) is:

n= 7

The sum of the AP is given by the formula:

Sn =
n
2
[2a+ (n− 1)d]
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Here, S7 = 700.

Step 3: Detailed Explanation:

Substitute the values into the AP sum formula:

700=
7
2
[2a+ (7− 1)(−20)]

Divide both sides by 7:

100=
1
2
[2a+ 6(−20)]

Multiply both sides by 2:

200= 2a− 120

Isolate 2a:

2a = 200+ 120

2a = 320

Divide by 2:

a =
320

2
= 160

Thus, the value of the first (highest) prize is Rs. 160.

Step 4: Final Answer:

The value of the first (highest) prize is Rs. 160.
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Quick Tip: An alternative quick method:

The average of the 7 prizes is 700
7 = 100.

In any odd-numbered AP, the average is exactly equal to the middle (4th) term.

So, the 4th prize is Rs. 100.

Since terms decrease by 20, the 1st prize is:

1st prize= 4th prize+ 3× 20= 100+ 60= 160

This bypasses the algebraic formulas entirely.

116. The pair of linear equations kx + 3y = k − 3 and 12x + k y = k has NO solution for the

value of k equal to :

(A) 6

(B) -6

(C) ±6

(D) 0

Correct Answer: (B) -6

Solution:

Step 1: Understanding the Question:

This question is from the topic of Linear Equations in Two Variables.

We need to find the value of the parameter k for which the system of equations has no solution.

Step 2: Key Formula or Approach:

For two linear equations a1 x + b1 y = c1 and a2 x + b2 y = c2, the condition for NO solution

(parallel lines) is:
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a1

a2
=

b1

b2
̸=

c1

c2

Step 3: Detailed Explanation:

Identify the coefficients from the given equations:

Equation 1: kx + 3y = k− 3 =⇒ a1 = k, b1 = 3, c1 = k− 3

Equation 2: 12x + k y = k =⇒ a2 = 12, b2 = k, c2 = k

Now, set up the ratio relations:

k
12
=

3
k
̸=

k− 3
k

First, solve the equality:

k
12
=

3
k

k2 = 36 =⇒ k = 6 or k = −6

Now, we must check which of these values satisfies the inequality b1
b2
̸= c1

c2
.

Case 1: If k = 6:

The ratios are:

a1

a2
=

6
12
=

1
2

b1

b2
=

3
6
=

1
2

c1

c2
=

6− 3
6
=

3
6
=

1
2
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Since all three ratios are equal (1
2 =

1
2 =

1
2), the system has infinitely many solutions. Thus,

k = 6 is incorrect.

Case 2: If k = −6:

The ratios are:

a1

a2
=
−6
12
= −

1
2

b1

b2
=

3
−6
= −

1
2

c1

c2
=
−6− 3
−6

=
−9
−6
=

3
2

Here, we have:

−
1
2
= −

1
2
̸=

3
2

This satisfies the condition for no solution perfectly.

Step 4: Final Answer:

The value of k for which the system has no solution is −6.

Quick Tip: Be extremely careful not to select option (C) ±6 in a hurry.

The value k = 6 makes the equations identical, giving infinite solutions.

Only k = −6 makes them parallel with no solution. Always verify your candidate values against the

final inequality ratio!

117. The sum of the digits of a two-digit number is 9. If nine times the number equals twice
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the number obtained by reversing its digits, the number is

(A) 27

(B) 36

(C) 18

(D) 81

Correct Answer: (C) 18

Solution:

Step 1: Understanding the Question:

This question is a digit-based word problem from the topic of Linear Equations in Two

Variables.

We are given relations regarding a two-digit number and its reversed-digit counterpart. We

need to find the original number.

Step 2: Key Formula or Approach:

Let the tens place digit be x and the units place digit be y .

The original two-digit number can be written in expanded form as:

Original Number= 10x + y

The number obtained by reversing its digits is:

Reversed Number= 10y + x

Step 3: Detailed Explanation:

From the first condition, the sum of the digits is 9:

x + y = 9 (Equation 1)
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From the second condition, nine times the original number equals twice the reversed number:

9(10x + y) = 2(10y + x)

Expand both sides:

90x + 9y = 20y + 2x

Group the like terms:

90x − 2x = 20y − 9y

88x = 11y

Divide both sides by 11:

y = 8x (Equation 2)

Substitute Equation 2 into Equation 1:

x + 8x = 9

9x = 9 =⇒ x = 1

Now, find y:

y = 8(1) = 8
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The original number is:

10x + y = 10(1) + 8= 18

Step 4: Final Answer:

The original two-digit number is 18.

Quick Tip: Using options is the fastest way to solve this!

Check Option (C) 18:

Sum of digits: 1+ 8= 9 (Correct).

Reversed number: 81.

9× 18= 162.

2× 81= 162.

They match perfectly! This takes less than 10 seconds.

118. The point P(-4, 6) divides the line segment joining A(-6, 10) and B(3, -8) internally in the

ratio

(A) 2 : 7

(B) 7 : 2

(C) 3 : 7

(D) 2 : 5

Correct Answer: (A) 2 : 7

Solution:

Step 1: Understanding the Question:

This question is from the topic of Coordinate Geometry, specifically involving the division of a
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line segment.

We are given the coordinates of the endpoints A and B, and the coordinates of the point of

division P.

We need to find the ratio in which P divides AB.

Step 2: Key Formula or Approach:

According to the Section Formula, if a point P(x , y) divides the line segment joining A(x1, y1)

and B(x2, y2) internally in the ratio m1 : m2, then:

x =
m1 x2 +m2 x1

m1 +m2

Let us assume the ratio is k : 1 (where k = m1
m2

). The formula simplifies to:

x =
kx2 + x1

k+ 1

Step 3: Detailed Explanation: Here, the coordinates are:

A(x1, y1) = (−6, 10)

B(x2, y2) = (3,−8)

P(x , y) = (−4, 6)

Let the division ratio be k : 1.

Now, apply the Section Formula for the x-coordinate of P:

−4=
k(3) + 1(−6)

k+ 1
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−4(k+ 1) = 3k− 6

−4k− 4= 3k− 6

Rearrange terms to isolate k:

−4− (−6) = 3k− (−4k)

2= 7k

k =
2
7

Since the ratio is k : 1, it is:

2
7

: 1 =⇒ 2 : 7

We can verify this ratio using the y-coordinate:

y =
m1 y2 +m2 y1

m1 +m2

Substitute m1 = 2, m2 = 7, y1 = 10, y2 = −8:

y =
2(−8) + 7(10)

2+ 7
=
−16+ 70

9
=

54
9
= 6

This matches the y-coordinate of P perfectly, confirming our calculation.
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Step 4: Final Answer:

The point P divides the line segment internally in the ratio 2 : 7.

Quick Tip: Using only one coordinate (either x or y) is sufficient to find the ratio.

Using the x-coordinate is often simpler as the numbers are smaller and less prone to calculation errors.

119. In the proof of the Basic Proportionality theorem for △ABC with DE ∥ BC (on AB, E on

AC), the construction made is to join ________.

(A) AD and AE

(B) BD and CE

(C) BE and CD

(D) AB and DE

Correct Answer: (C) BE and CD

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically concerning the proof of the Basic Proportionality

Theorem (BPT), also known as Thales’s Theorem.

We need to identify the specific construction step performed in the standard geometric proof

of this theorem.

Step 2: Key Formula or Approach:

Basic Proportionality Theorem states that if a line is drawn parallel to one side of a triangle

intersecting the other two sides, then it divides the two sides in the same ratio.

To prove this, we construct helper triangles on the same base and between the same parallel

lines to relate their areas.

Step 3: Detailed Explanation:
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In a triangle △ABC , let a line DE be parallel to BC such that D lies on AB and E lies on AC .

To prove AD
DB =

AE
EC , we proceed with the standard proof which relies on comparing areas of

triangles.

We require triangles that share heights and have bases on the line segments AB and AC .

The standard construction steps are:

1. Draw perpendiculars from D to AC (let it be DM ⊥ AC) and from E to AB (let it be

EN ⊥ AB).

2. Join the vertices B to E and C to D.

By joining B to E, we form △BDE. By joining C to D, we form △C DE.

These two triangles sit on the same base DE and between the same parallel lines DE and BC ,

allowing us to assert that their areas are equal.

Thus, the essential segments constructed are BE and CD.

Step 4: Final Answer:

The construction made is to join BE and CD.

Quick Tip: Visualize the triangle with the parallel line DE.

The vertices to cross-connect are the lower vertices of the smaller upper triangle (D and E) with the

lower vertices of the main triangle (C and B).

This forms a ’cross’ shape in the lower trapezoid part: BE and C D.

120. In the proof of BPT (DE ∥ BC in △ABC), since △BDE and △C DE have equal areas, the

ratio AD/DB is shown to be equal to ________.

(A) DB/AD

(B) AE/EC

(C) EC/AE

(D) AD/AE

Correct Answer: (B) AE/EC
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Solution:

Step 1: Understanding the Question:

This question is a continuation of the theoretical understanding of the Basic Proportionality

Theorem (BPT).

We need to identify the final proportional equality established at the end of the BPT proof.

Step 2: Key Formula or Approach:

According to BPT, a line parallel to one side of a triangle divides the other two sides in the

same ratio.

Mathematically, for a triangle △ABC where DE ∥ BC:

AD
DB
=

AE
EC

Step 3: Detailed Explanation:

In the proof of BPT, we establish two primary ratios of triangle areas:

First ratio:

Area(△ADE)
Area(△BDE)

=
1
2 × AD× EN
1
2 × DB × EN

=
AD
DB

Second ratio:

Area(△ADE)
Area(△C DE)

=
1
2 × AE × DM
1
2 × EC × DM

=
AE
EC

Since △BDE and △C DE are on the same base DE and between the same parallel lines DE

and BC , their areas are equal:

Area(△BDE) = Area(△C DE)

Since their denominators are equal and their numerators are identical (Area(△ADE)), the two

area ratios are equal:
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Area(△ADE)
Area(△BDE)

=
Area(△ADE)
Area(△C DE)

Substituting the simplified fractions into this equality gives:

AD
DB
=

AE
EC

Step 4: Final Answer:

The ratio AD/DB is shown to be equal to AE/EC.

Quick Tip: The statement of BPT is simply: "The ratio of the upper-left segment to the lower-left

segment equals the ratio of the upper-right segment to the lower-right segment."

So, AD
DB =

AE
EC is the core result of BPT.

121. In △ABC , D lies on AB and E lies on AC such that AD = 2 cm, DB = 3 cm, AE = 4 cm and

EC = 6 cm. By the converse of the Basic Proportionality Theorem, ________.

(A) DE ⊥ BC

(B) DE ∥ AB

(C) DE bisects BC

(D) DE ∥ BC

Correct Answer: (D) DE ∥ BC

Solution:

Step 1: Understanding the Question:

This question is from Geometry, focusing on the application of the Converse of the Basic

Proportionality Theorem (BPT).
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We are given the lengths of the segments on sides AB and AC created by a line segment DE.

We need to determine the geometric relationship between DE and BC .

Step 2: Key Formula or Approach:

The Converse of the Basic Proportionality Theorem states:

If a line divides any two sides of a triangle in the same ratio, then the line must be parallel to

the third side of the triangle.

Thus, if:

AD
DB
=

AE
EC

then:

DE ∥ BC

Step 3: Detailed Explanation:

We are given the following lengths:

AD = 2 cm

DB = 3 cm

AE = 4 cm

EC = 6 cm

Let us calculate the ratio of the segments on the left side (side AB):
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AD
DB
=

2
3

Next, let us calculate the ratio of the segments on the right side (side AC):

AE
EC
=

4
6

Simplify the fraction 4
6 by dividing the numerator and denominator by their greatest common

divisor, which is 2:

AE
EC
=

2
3

Comparing the two ratios:

AD
DB
=

AE
EC
=

2
3

Since the line segment DE divides both sides AB and AC in the same ratio, the condition for

the converse of BPT is fully satisfied.

Therefore, the line segment DE is parallel to the third side BC .

Step 4: Final Answer:

By the converse of BPT, DE ∥ BC.

Quick Tip: Whenever you are given BPT-like segment values, quickly compute and compare the two

ratios.

If they are equal, the lines are parallel.

Here, 2/3 is obviously equal to 4/6, leading directly to DE ∥ BC .

122. In △ABC and △PQR, ∠A= ∠P and ∠B = ∠Q. If AB = 4 cm, BC = 6 cm and PQ = 8 cm,

then QR is

Jharkhand Polytechnic 2026 Page 207 of 268 © Collegedunia.com



(A) 9 cm

(B) 10 cm

(C) 12 cm

(D) 3 cm

Correct Answer: (C) 12 cm

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically dealing with Similar Triangles.

We are given information about equal angles in two triangles and some side lengths. We need

to calculate a missing side length of the second triangle.

Step 2: Key Formula or Approach:

According to the Angle-Angle (AA) Similarity Criterion, if two angles of one triangle are equal

to two angles of another triangle, then the triangles are similar.

If △ABC ∼△PQR, then the ratios of their corresponding sides are equal:

AB
PQ
=

BC
QR
=

AC
PR

Step 3: Detailed Explanation:

In △ABC and △PQR:

∠A= ∠P

∠B = ∠Q

By the AA similarity criterion:
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△ABC ∼△PQR

Since the triangles are similar, their corresponding sides are proportional. Thus, we can write:

AB
PQ
=

BC
QR

We are given:

AB = 4 cm

BC = 6 cm

PQ = 8 cm

Substitute these values into the proportion:

4
8
=

6
QR

Simplify the left fraction:

1
2
=

6
QR

Cross-multiply to solve for QR:

QR= 6× 2

QR= 12 cm
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Step 4: Final Answer:

The length of the side QR is 12 cm.

Quick Tip: Notice that the side PQ is exactly twice the corresponding side AB (8 cm= 2× 4 cm).

Because the triangles are similar, all sides of △PQR must be exactly twice the corresponding sides of

△ABC .

Thus, QR= 2× BC = 2× 6= 12 cm. This mental calculation takes only a few seconds.

123. In △ABC and △DEF , ∠A= ∠D. For △ABC ∼ △DEF by the SAS similarity criterion, the

additional condition required is

(A) AB/DE = BC/EF

(B) AB/DE = AC/DF

(C) AB/EF = AC/DF

(D) BC/DF = AC/DE

Correct Answer: (B) AB/DE = AC/DF

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically about similarity criteria for triangles.

We need to determine the required condition for two triangles to be similar via the Side-Angle-

Side (SAS) Similarity Criterion, given that one pair of angles is equal.

Step 2: Key Formula or Approach:

The SAS (Side-Angle-Side) Similarity Criterion states:

If one angle of a triangle is equal to one angle of another triangle, and the sides including

these angles are proportional, then the two triangles are similar.

The key phrase is "sides including these angles". This means the two sides that form the given
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equal angle.

Step 3: Detailed Explanation:

We are given two triangles, △ABC and △DEF , with ∠A= ∠D.

Let us identify the sides that form these angles in each triangle:

In △ABC , ∠A is included between the sides AB and AC .

In △DEF , ∠D is included between the sides DE and DF .

For the triangles to be similar under the SAS criterion, the ratio of these including sides must

be equal:

Side containing ∠A in △ABC
Corresponding side containing ∠D in △DEF

This translates to:

AB
DE
=

AC
DF

Thus, this is the precise condition needed to satisfy the SAS similarity criterion.

Step 4: Final Answer:

The additional condition required is AB/DE = AC/DF.

Quick Tip: The letters in the similarity name "SAS" show that the angle (A) must be strictly in the

middle of the two sides (S).

Always write down the two sides meeting at the vertex of the given angle:

For vertex A: sides are AB and AC .

For vertex D: sides are DE and DF .

Match them up as AB
DE =

AC
DF .

124. Which of the following is rational number ?
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(A)
p

8

(B)
p

8−
p

4

(C)
p

2+
p

2

(D)
p

63×
p

7

Correct Answer: (D)
p

63×
p

7

Solution:

Step 1: Understanding the Question:

This question is from the topic of Number Systems.

We need to evaluate each mathematical expression to determine which one results in a rational

number.

Step 2: Key Formula or Approach:

A rational number is any number that can be expressed as a fraction p
q of two integers, where

q ̸= 0.

An irrational number cannot be expressed in this form. Typically, the square root of a

non-perfect square is irrational.

We will simplify each option and examine the result.

Step 3: Detailed Explanation:

Let us evaluate each option:

Option (A):
p

8

Simplify the radical:

p
8=
p

4× 2= 2
p

2

Since
p

2 is irrational, 2
p

2 is also irrational.

Option (B):
p

8−
p

4

Simplify both terms:

p
8−
p

4= 2
p

2− 2
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Since
p

2 is irrational, subtracting an integer from it still results in an irrational number.

Option (C):
p

2+
p

2

Add the like terms:

p
2+
p

2= 2
p

2

This is irrational.

Option (D):
p

63×
p

7

Combine under a single radical:

p

63×
p

7=
p

63× 7

Let us factor 63:

63= 9× 7= 32 × 7

Substitute this back:

p

63× 7=
p

9× 7× 7=
p

9× 49=
p

441

We know that 441= 212. Therefore:

p

441= 21

Since 21 is an integer, it is a rational number (it can be written as 21
1 ).

Step 4: Final Answer:

The expression that represents a rational number is
p

63×
p

7.
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Quick Tip: When multiplying square roots, combine them:
p

a×
p

b =
p

a× b.

Check if 63× 7 is a perfect square.

63= 9× 7 =⇒ 63× 7= 9× 72.

Since both 9 and 72 are perfect squares, their product must also be a perfect square, making the result a

rational number instantly.

125. If R (5, 6) is the midpoint of the line segment AB joining the points A (6, 5) and B (4, y),

then y equals to

(A) 5

(B) 7

(C) 6

(D) 12

Correct Answer: (B) 7

Solution:

Step 1: Understanding the Question:

This question is from Coordinate Geometry, focusing on the midpoint of a line segment.

We are given the coordinates of one endpoint A, the midpoint R, and the coordinates of the

other endpoint B with an unknown y-coordinate. We need to find y .

Step 2: Key Formula or Approach:

The Midpoint Formula states that the coordinates of the midpoint (xm, ym) of the segment

joining A(x1, y1) and B(x2, y2) are given by:

xm =
x1 + x2

2

ym =
y1 + y2

2
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Step 3: Detailed Explanation:

Here, the coordinates are:

Endpoint A(x1, y1) = (6, 5)

Endpoint B(x2, y2) = (4, y)

Midpoint R(xm, ym) = (5, 6)

Let us apply the midpoint formula for the y-coordinate:

ym =
y1 + y2

2

Substitute the known values:

6=
5+ y

2

Multiply both sides by 2 to eliminate the denominator:

12= 5+ y

Subtract 5 from both sides to solve for y:

y = 12− 5

y = 7

We can also verify the x-coordinate:

xm =
6+ 4

2
=

10
2
= 5

This matches the given midpoint x-coordinate of 5, confirming our calculation.
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Step 4: Final Answer:

The value of y is 7.

Quick Tip: The coordinates of the endpoints and the midpoint form an arithmetic progression.

For the y-coordinates: the sequence from A to R to B is 5→ 6→ y .

Since the step from 5 to 6 is +1, the next step from 6 to y must also be +1.

Thus, y = 6+ 1= 7 instantly.

126. Solution of the system of linear equations 2x − 5y = 7 and y − 1= 0 is :

(A) (6, 1)

(B) (0, 1)

(C) (1, -1)

(D) There is No solution

Correct Answer: (A) (6, 1)

Solution:

Step 1: Understanding the Question:

This question belongs to the topic of System of Linear Equations in Two Variables.

We are given two equations: a linear equation in two variables and a simple horizontal line

equation.

Our objective is to find the unique point (x , y) that satisfies both equations simultaneously.

Step 2: Key Formula or Approach:

We can use the substitution method.

The second equation gives the value of y directly.

By substituting this value into the first equation, we can determine the corresponding value of x .
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Step 3: Detailed Explanation:

Given equations:

Equation 1:

2x − 5y = 7

Equation 2:

y − 1= 0

From Equation 2, we directly get the value of y:

y = 1

Substitute y = 1 into Equation 1:

2x − 5(1) = 7

2x − 5= 7

Add 5 to both sides:

2x = 7+ 5

2x = 12

Divide by 2:

x = 6
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Thus, the solution is the coordinates (6,1).

Step 4: Final Answer:

The solution to the system of linear equations is (6,1).

Quick Tip: Since y − 1= 0 =⇒ y = 1, the y-coordinate of the answer must be 1.

This immediately eliminates options (C) and (D).

Plugging x = 6, y = 1 into 2x − 5y yields 12− 5= 7, which matches option (A).

127. A cylindrical pencil sharpened at one edge is the combination of :

(A) A Cone and a Cylinder

(B) Frustum of a Cone and a Cylinder

(C) A Hemisphere and a Cylinder

(D) Two Cylinders

Correct Answer: (A) A Cone and a Cylinder

Solution:

Step 1: Understanding the Question:

This question belongs to the topic of Solid Geometry (Mensuration).

We are asked to identify the constituent 3D shapes that form a standard sharpened pencil.

Step 2: Key Formula or Approach:

Visualizing the components of the object:

1. The main unsharpened length of the pencil is a long uniform cylinder.

2. The sharp, pointed tip used for writing is a conical surface tapering to a point.

Step 3: Detailed Explanation:

A standard pencil starts as a cylinder of uniform circular cross-section.
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When one end is sharpened, wood is shaved off symmetrically to form a pointed end.

This pointed tip has a flat circular base joining the body and tapers down to a single vertex.

Geometrically, this shape is a right circular cone.

Therefore, the total shape is the union of a right circular cylinder and a right circular cone

sharing a common base.

Step 4: Final Answer:

A cylindrical pencil sharpened at one edge is a combination of a cone and a cylinder.

Quick Tip: Identify the characteristic geometric features of the object:

A uniform shaft represents a cylinder.

A sharp pointed tip represents a cone.

Thus, the combination is a cylinder and a cone.

128. Which of the following is an equation ?

(A) x + 1

(B) x − 1= 0

(C) x − 1

(D) x + 1> 0

Correct Answer: (B) x − 1= 0

Solution:

Step 1: Understanding the Question:

This question is from Basic Algebra, focusing on the terminology and definitions of mathemati-

cal statements.

We need to distinguish between expressions, equations, and inequalities.

Step 2: Key Formula or Approach:

Jharkhand Polytechnic 2026 Page 219 of 268 © Collegedunia.com



1. An algebraic expression consists of variables, numbers, and operations, but lacks a relation

symbol (e.g., x + 1).

2. An equation is a mathematical statement asserting the equality of two expressions,

indicated by an equal sign (=).

3. An inequality expresses a relationship of order, indicated by symbols like >, <, ≥, or ≤

(e.g., x + 1> 0).

Step 3: Detailed Explanation:

Let us evaluate each of the given options:

Option (A): x + 1

This is a polynomial of degree one. It is an expression, not an equation, because it lacks an

equality relation.

Option (B): x − 1= 0

This statement equates the linear expression x −1 to the constant 0. The presence of the equal

sign (=) makes it a linear equation.

Option (C): x − 1

This is also an algebraic expression, lacking any relational sign.

Option (D): x + 1> 0

This is a mathematical statement containing a inequality sign (>). Therefore, it is an inequality,

not an equation.

Step 4: Final Answer:

The statement that represents an equation is x − 1= 0.

Quick Tip: An equation MUST contain the equality sign (=).

If there is no "=", it is either an expression (no relation symbol) or an inequality (contains order

symbols).

This single check immediately identifies x − 1= 0 as the correct answer.
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129. Point (0, -7) lies :

(A) On the X-Axis

(B) On the Y-Axis

(C) In the Fourth Quadrant

(D) In the Second Quadrant

Correct Answer: (B) On the Y-Axis

Solution:

Step 1: Understanding the Question:

This question is from Coordinate Geometry, dealing with the position of points in the Cartesian

coordinate system.

We need to determine the location of the point (0,−7).

Step 2: Key Formula or Approach:

In a Cartesian coordinate plane:

1. Any point on the X-axis has a y-coordinate of 0, represented as (x , 0).

2. Any point on the Y-axis has an x-coordinate of 0, represented as (0, y).

3. Points in the quadrants have both coordinates non-zero.

Step 3: Detailed Explanation:

Let the given point be P(x , y) = (0,−7).

Here, the x-coordinate is x = 0 and the y-coordinate is y = −7.

Since the x-coordinate is exactly 0, the point lies on the vertical axis (Y-axis) of the coordinate

system.

Specifically, since the y-coordinate is negative (−7), it is located on the negative side of the

Y-axis, 7 units below the origin.

Since it lies exactly on the axis, it does not belong to any of the four quadrants.

Step 4: Final Answer:

The point (0,−7) lies on the Y-axis.
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Quick Tip: If the first coordinate (x) is 0, the point is on the Y-axis.

If the second coordinate (y) is 0, the point is on the X-axis.

This simple rule makes finding the location of axial points instant.

130. In △ABC & △PQR, if AB =QR, BC = PR and CA= PQ, then :

(A) △ABC ∼=△PQR

(B) △CBA∼=△PRQ

(C) △BAC ∼=△RPQ

(D) △PQR∼=△BCA

Correct Answer: (B) △CBA∼=△PRQ

Solution:

Step 1: Understanding the Question:

This question is from Triangle Geometry, specifically focusing on the congruence of triangles

under the SSS (Side-Side-Side) criterion and the correct order of matching vertices.

Step 2: Key Formula or Approach:

If three sides of one triangle are equal to the corresponding three sides of another triangle,

then the two triangles are congruent (SSS Congruence Rule).

When writing the congruence statement, the vertices must be written in the exact corresponding

order:

If vertex X corresponds to vertex Y , then they must occupy the same relative position in the

names of the congruent triangles.

Step 3: Detailed Explanation:

We are given:

1.

AB =QR
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2.

BC = PR

3.

CA= PQ

Let us find the vertex-to-vertex correspondence:

- Look at AB =QR and CA= PQ. Vertex A is common to AB and CA, and vertex Q is common

to QR and PQ. Thus, vertex A corresponds to vertex Q (A↔Q).

- Look at AB =QR and BC = PR. Vertex B is common to AB and BC , and vertex R is common

to QR and PR. Thus, vertex B corresponds to vertex R (B↔ R).

- Look at BC = PR and CA= PQ. Vertex C is common to BC and CA, and vertex P is common

to PR and PQ. Thus, vertex C corresponds to vertex P (C↔ P).

Now, write the congruence relation matching the vertices in order:

If we write the first triangle as △CBA:

- The first letter C corresponds to P.

- The second letter B corresponds to R.

- The third letter A corresponds to Q.

Therefore, the correct congruence statement is:

△CBA∼=△PRQ

Let us verify the sides from this statement:

- CB = PR (Given as BC = PR)

- BA= RQ (Given as AB =QR)

- CA= PQ (Given as CA= PQ)

This confirms that the statement is correct.

Step 4: Final Answer:

The correct congruence statement is △CBA∼=△PRQ.
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Quick Tip: To quickly verify congruence options, check the corresponding segment pairs.

For option (B) △CBA∼=△PRQ, the first two letters give segment CB corresponding to PR.

The given data says BC = PR, which matches.

The last two letters give BA corresponding to RQ (AB =QR), which also matches.

This systematic check helps avoid mistakes with vertex ordering.

131. A school has five houses A, B, C, D and E. A class has 23 students, 4 from house A, 8 from

house B, 5 from house C, 2 from house D and rest from house E. A single student is selected at

random to be the class monitor. The probability that the selected student is not from house A,

B and C is :

(A) 4
23

(B) 6
23

(C) 8
23

(D) 17
23

Correct Answer: (B) 6
23

Solution:

Step 1: Understanding the Question:

This question is from the topic of Probability.

We are given the total number of students in a class and their distribution among five different

school houses.

We need to calculate the probability of selecting a student who is not from house A, B, or C.

Step 2: Key Formula or Approach:

The probability of an event E is given by the formula:

P(E) =
Number of favorable outcomes

Total number of possible outcomes

Total possible outcomes equals the total number of students.
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Favorable outcomes are the students who do not belong to house A, B, or C, which means they

must belong to house D or E.

Step 3: Detailed Explanation:

Total number of students in the class = 23.

The students are distributed as follows:

- House A: 4 students

- House B: 8 students

- House C: 5 students

- House D: 2 students

- House E: Rest of the students.

Let us calculate the number of students in House E:

House E= 23− (House A+House B+House C+House D)

House E= 23− (4+ 8+ 5+ 2)

House E= 23− 19= 4 students

We want the probability that the selected student is not from House A, B, and C.

These students must be from either House D or House E:

Favorable students= House D+House E

Favorable students= 2+ 4= 6

Now, compute the probability:
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P(Not A, B, C) =
Favorable students

Total students

P(Not A, B, C) =
6

23

Step 4: Final Answer:

The probability that the selected student is not from house A, B and C is 6
23 .

Quick Tip: An alternative method uses the complementary probability:

Total students from A, B, C = 4+ 8+ 5= 17.

The probability of selecting a student from A, B, C is 17
23 .

Therefore, the probability of NOT selecting from A, B, C is:

1−
17
23
=

6
23

This avoids calculating the number of students in House E.

132. If the roots of the quadratic equation 5x2 − 10x + k = 0 are real and equal, then the value

of k is :

(A) 4

(B) 5

(C) 6

(D) 7

Correct Answer: (B) 5
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Solution:

Step 1: Understanding the Question:

This question is from the topic of Quadratic Equations, specifically concerning the nature of

roots.

We are given a quadratic equation with an unknown constant k. We need to find k such that

the equation has real and equal roots.

Step 2: Key Formula or Approach: For a standard quadratic equation ax2 + bx + c = 0, the

nature of its roots depends on the value of the discriminant (D):

D = b2 − 4ac

The condition for the roots to be real and equal is:

D = 0 =⇒ b2 − 4ac = 0

Step 3: Detailed Explanation:

Given quadratic equation:

5x2 − 10x + k = 0

Identify the coefficients:

a = 5, b = −10, c = k

Apply the condition for real and equal roots:

b2 − 4ac = 0
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Substitute the values of a, b, and c:

(−10)2 − 4(5)(k) = 0

Calculate the terms:

100− 20k = 0

Rearrange the equation to solve for k:

20k = 100

k =
100
20

k = 5

Step 4: Final Answer:

The value of k is 5.

Quick Tip: For a quadratic equation ax2 + bx + c = 0 to have equal roots, it must be a perfect square

trinomial.

Rewriting: 5(x2 − 2x) + k = 0 =⇒ 5(x2 − 2x + 1) = 0 =⇒ 5x2 − 10x + 5= 0.

By comparing this directly with the given equation, we immediately see that k = 5.

133. Find the sum of the odd numbers between 0 and 50.
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(A) 635

(B) 675

(C) 625

(D) 650

Correct Answer: (C) 625

Solution:

Step 1: Understanding the Question:

This question is from Arithmetic Progressions (AP), specifically focusing on calculating the

sum of a sequence of odd integers.

Step 2: Key Formula or Approach:

The sum of the first n odd natural numbers is given by the standard formula:

Sn = n2

Alternatively, we can use the general AP sum formula:

Sn =
n
2
[a+ l]

where a is the first term, l is the last term, and n is the number of terms.

Step 3: Detailed Explanation:

The odd numbers between 0 and 50 form the following arithmetic progression:

1,3, 5,7, . . . , 49

Here, the first term is:

a = 1
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The common difference is:

d = 2

The last term is:

l = 49

Let us find the number of terms n using the formula for the n-th term of an AP:

an = a+ (n− 1)d

Substitute the values:

49= 1+ (n− 1)2

48= 2(n− 1)

n− 1= 24 =⇒ n= 25

Now, compute the sum of these 25 terms:

Using the formula Sn = n2:

S25 = 252 = 625

Let us verify using the other sum formula:

S25 =
25
2
[1+ 49]
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S25 =
25
2
[50] = 25× 25= 625

Both methods yield the same result.

Step 4: Final Answer:

The sum of the odd numbers between 0 and 50 is 625.

Quick Tip: There are exactly 50 integers from 1 to 50, of which exactly half (25) are odd.

The sum of the first n odd numbers is always n2.

Thus, the sum is simply 252 = 625. This is a standard identity worth memorizing.

134. Area of a sector of a circle of radius 36 cm is 54π cm2. Find the central angle (in degrees)

for corresponding arc of the sector.

(A) 15◦

(B) 45◦

(C) 75◦

(D) 105◦

Correct Answer: (A) 15◦

Solution:

Step 1: Understanding the Question:

This question is from the topic of Mensuration, specifically dealing with the area of a sector of

a circle.

We are given the radius of the circle and the area of the sector. We need to find the measure of

the central angle θ in degrees.
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Step 2: Key Formula or Approach:

The area of a sector of a circle with radius r and central angle θ (in degrees) is given by:

Area of Sector=
θ

360◦
×πr2

Step 3: Detailed Explanation:

Given parameters:

Radius of the circle, r = 36 cm

Area of the sector = 54π cm2

Substitute these values into the sector area formula:

54π=
θ

360◦
×π× (36)2

We can cancel π from both sides of the equation:

54=
θ

360◦
× 1296

Rearrange the terms to solve for θ :

θ =
54× 360◦

1296

Simplify the calculation:

First, divide 1296 by 36:

1296
36

= 36

Rewrite the equation using this simplification:

θ =
54× 10◦

36

Further simplify:
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Divide 54 and 36 by 18:

54
18
= 3,

36
18
= 2

This gives:

θ =
3× 10◦

2

θ = 3× 5◦ = 15◦

Step 4: Final Answer:

The central angle of the sector is 15◦.

Quick Tip: To simplify the algebra, write (36)2 as 36× 36:

54=
θ

360
× 36× 36

Since 36
360 =

1
10 , the equation becomes:

54=
36θ
10

=⇒ 5.4= 0.36θ =⇒ θ = 15◦

This method reduces large division steps.

135. What will be the perimeter of semicircle of diameter of 14 cm ? (Take π= 22
7 )

(A) 77 cm

(B) 28 cm
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(C) 36 cm

(D) 22 cm

Correct Answer: (C) 36 cm

Solution:

Step 1: Understanding the Question:

This question is from the topic of Mensuration, focusing on the boundary length (perimeter) of

a 2D geometric shape, specifically a semicircle.

Step 2: Key Formula or Approach:

A semicircle consists of a curved boundary (half the circumference of a circle) and a straight

flat boundary (the diameter of the circle).

Therefore, the perimeter (P) of a semicircle of radius r and diameter d is:

P = πr + d

or, using radius r:

P = πr + 2r = r(π+ 2)

Step 3: Detailed Explanation:

We are given:

Diameter of the semicircle, d = 14 cm.

First, calculate the radius r:

r =
d
2
=

14
2
= 7 cm

Now, compute the length of the curved boundary (arc length):

Arc Length= πr
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Substitute π= 22
7 and r = 7 cm:

Arc Length=
22
7
× 7= 22 cm

Next, add the straight boundary (the diameter) to find the total perimeter:

P = Arc Length+ d

P = 22+ 14= 36 cm

Step 4: Final Answer:

The perimeter of the semicircle is 36 cm.

Quick Tip: For a semicircle of radius r = 7 cm, the curved part is always 22 cm (since 22
7 × 7= 22).

Simply add the diameter to this value: 22+ 14= 36 cm.

This is a standard dimension combination that appears frequently.

136. The angle which makes a linear pair with an angle of 61◦ is :

(A) 29◦

(B) 61◦

(C) 119◦

(D) 122◦

Correct Answer: (C) 119◦
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Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically concerning lines, angles, and their relations.

We need to find the angle that forms a linear pair with a given angle of 61◦.

Step 2: Key Formula or Approach:

Two angles form a linear pair if they are adjacent angles formed by two intersecting lines.

By the Linear Pair Postulate, the sum of the angles in a linear pair is always equal to 180◦

(they are supplementary).

If the two angles are α and β:

α+ β = 180◦

Step 3: Detailed Explanation:

Let the given angle be α= 61◦.

Let the unknown angle that forms a linear pair with it be β .

Using the linear pair property:

α+ β = 180◦

Substitute the value of α:

61◦ + β = 180◦

Subtract 61◦ from both sides to find β:

β = 180◦ − 61◦

β = 119◦
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Step 4: Final Answer:

The angle that makes a linear pair with 61◦ is 119◦.

Quick Tip: Linear pair angles always sum to 180◦.

To subtract 61 from 180 quickly in your head, subtract 60 first to get 120, then subtract 1 to get 119◦.

137. Relation between x and y such that the point (x, y) is equidistant from the points (-7, -1)

and (3, 5) is :

(A) 5x + y = 2

(B) 5x + 3y = −4

(C) x − y = 2

(D) x − 2y = 2

Correct Answer: (B) 5x + 3y = −4

Solution:

Step 1: Understanding the Question:

This question is from Coordinate Geometry, focusing on the concept of equidistance.

We need to find the algebraic relationship between the coordinates x and y of a point that is

located at equal distances from two given points.

Step 2: Key Formula or Approach:

The distance d between two points P(x , y) and Q(x1, y1) is given by the distance formula:

d =
Æ

(x − x1)2 + (y − y1)2
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If P(x , y) is equidistant from A(−7,−1) and B(3, 5), then:

PA= PB =⇒ PA2 = PB2

Step 3: Detailed Explanation:

Using the squared distance formula to avoid square roots:

For PA2:

PA2 = [x − (−7)]2 + [y − (−1)]2 = (x + 7)2 + (y + 1)2

For PB2:

PB2 = (x − 3)2 + (y − 5)2

Set them equal:

(x + 7)2 + (y + 1)2 = (x − 3)2 + (y − 5)2

Expand both sides using the identity (a± b)2 = a2 ± 2ab+ b2:

(x2 + 14x + 49) + (y2 + 2y + 1) = (x2 − 6x + 9) + (y2 − 10y + 25)

Combine constant terms:

x2 + y2 + 14x + 2y + 50= x2 + y2 − 6x − 10y + 34

Subtract x2 + y2 from both sides:

14x + 2y + 50= −6x − 10y + 34
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Bring all variable terms to the left side and constants to the right:

14x + 6x + 2y + 10y = 34− 50

20x + 12y = −16

Divide the entire equation by 4 to simplify:

20x
4
+

12y
4
=
−16

4

5x + 3y = −4

Step 4: Final Answer:

The relation between x and y is 5x + 3y = −4.

Quick Tip: The locus of a point equidistant from two points is the perpendicular bisector of the

segment joining them.

The midpoint of A(−7,−1) and B(3,5) is:

M =
�

−7+ 3
2

,
−1+ 5

2

�

= (−2, 2)

Since the midpoint must lie on this line, substitute x = −2, y = 2 into the options:

For (B): 5(−2) + 3(2) = −10+ 6= −4. This matches, confirming Option (B) is correct.

138. If △ABC ∼ △DEF such that DE = 3 cm, EF = 2 cm, DF = 2.5 cm, BC = 4 cm, then the

perimeter of △ABC is :
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(A) 7.5 cm

(B) 15 cm

(C) 11.5 cm

(D) 9.5 cm

Correct Answer: (B) 15 cm

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically focusing on the properties of Similar Triangles.

We are given the side lengths of one triangle and one side of a similar triangle. We need to

find the perimeter of the second triangle.

Step 2: Key Formula or Approach:

When two triangles are similar, the ratio of their corresponding sides is equal to the ratio of

their perimeters:

Perimeter of △ABC
Perimeter of △DEF

=
Corresponding side of △ABC
Corresponding side of △DEF

Since △ABC ∼△DEF , the corresponding side of BC is EF .

Thus, the ratio is BC
EF .

Step 3: Detailed Explanation:

First, calculate the perimeter of △DEF :

Perimeter of △DEF = DE + EF + DF

Substitute the given values:

Perimeter of △DEF = 3+ 2+ 2.5= 7.5 cm
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Now, identify the corresponding sides:

The side corresponding to BC in △ABC is EF in △DEF .

We are given:

BC = 4 cm

EF = 2 cm

Calculate the ratio of these corresponding sides:

Ratio=
BC
EF
=

4
2
= 2

Now, apply the similarity-perimeter relation:

Perimeter of △ABC
Perimeter of △DEF

= 2

Perimeter of △ABC = 2× Perimeter of △DEF

Substitute the perimeter of △DEF :

Perimeter of △ABC = 2× 7.5= 15 cm

Step 4: Final Answer:

The perimeter of △ABC is 15 cm.
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Quick Tip: Notice that side BC is exactly twice the corresponding side EF (4 cm= 2× 2 cm).

This means the scale factor of similarity is 2.

Therefore, the perimeter of △ABC must be exactly twice the perimeter of △DEF :

2× (3+ 2+ 2.5) = 2× 7.5= 15 cm

139. A pole 6 m high casts a shadow 2
p

3 m long on the ground, then the Sun’s angle of

elevation is :

(A) 60◦

(B) 45◦

(C) 30◦

(D) 90◦

Correct Answer: (A) 60◦

Solution:

Step 1: Understanding the Question:

This question is from Trigonometry, specifically Heights and Distances.

We have a vertical pole of a given height and its shadow of a given length on the ground. We

need to find the angle of elevation of the Sun.

Step 2: Key Formula or Approach:

A vertical pole forms a right-angled triangle with the ground and the line of sight to the Sun.

The height of the pole is the perpendicular side, and the length of the shadow is the base side

of this triangle.

The tangent of the angle of elevation θ is:

tanθ =
Perpendicular

Base
=

Height of Pole
Length of Shadow
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Step 3: Detailed Explanation:

Given:

Height of the pole, h= 6 m

Length of the shadow, s = 2
p

3 m

Let the angle of elevation of the Sun be θ .

Using the trigonometric ratio:

tanθ =
h
s

Substitute the values:

tanθ =
6

2
p

3

Simplify the fraction:

tanθ =
3
p

3

Rationalize the denominator by multiplying the numerator and denominator by
p

3:

tanθ =
3
p

3
3

tanθ =
p

3

We know from standard trigonometric values that:

tan 60◦ =
p

3

Since θ is an acute angle, we have:
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θ = 60◦

Step 4: Final Answer:

The Sun’s angle of elevation is 60◦.

Quick Tip: Remember the standard ratios for 30◦ − 60◦ − 90◦ triangles:

If the side opposite 60◦ is x
p

3, the side opposite 30◦ is x .

Here, the height is 6 and base is 2
p

3.

Dividing both by
p

3 reveals the ratio of sides is
p

3 : 1.

Since the vertical side is larger (multiple of
p

3), the opposite angle must be 60◦.

140. The Prime factorization of the number 2304 is:

(A) 32 × 28

(B) 31 × 28

(C) 32 × 27

(D) 31 × 27

Correct Answer: (A) 32 × 28

Solution:

Step 1: Understanding the Question:

This question is from Number Systems, focusing on the prime factorization of a composite

number.

We need to express the integer 2304 as a product of powers of its prime factors (which are 2

and 3).

Step 2: Key Formula or Approach:
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We perform successive division of 2304 by prime numbers, starting with the smallest prime, 2,

until we obtain 1.

Step 3: Detailed Explanation:

Let us divide 2304 successively by 2:

2304÷ 2= 1152

1152÷ 2= 576

576÷ 2= 288

288÷ 2= 144

144÷ 2= 72

72÷ 2= 36

36÷ 2= 18

18÷ 2= 9

Since 9 is not divisible by 2, we divide by the next prime number, 3:
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9÷ 3= 3

3÷ 3= 1

Now count the number of times each prime factor was used:

- The prime number 2 was used 8 times.

- The prime number 3 was used 2 times.

Therefore, the prime factorization is:

2304= 28 × 32

Step 4: Final Answer:

The prime factorization of 2304 is 32 × 28.

Quick Tip: We can write 2304 as a product of known squares:

2304= 482

Factor 48:

48= 16× 3= 24 × 31

Therefore, its square is:

482 = (24 × 31)2 = 28 × 32

This method is much faster than doing ten successive divisions.
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141. For which of the following figures, diagonals don’t bisect each other?

(A) Trapezium

(B) Rhombus

(C) Parallelogram

(D) Rectangle

Correct Answer: (A) Trapezium

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically concerning the properties of quadrilaterals.

We need to identify which of the given quadrilaterals does not have the property that its

diagonals bisect each other.

Step 2: Key Formula or Approach:

We recall the defining properties of diagonals for different classes of quadrilaterals:

1. In any parallelogram, the diagonals always bisect each other.

2. Special types of parallelograms (Rectangle, Rhombus, Square) inherit this property.

3. In a general trapezium, the diagonals do not bisect each other.

Step 3: Detailed Explanation:

Let us analyze the properties of each option:

- Parallelogram (Option C): By definition, a parallelogram has opposite sides parallel and

equal. A fundamental theorem states that the diagonals of a parallelogram bisect each other.

- Rhombus (Option B): A rhombus is a special parallelogram with all four sides equal. Since it

is a parallelogram, its diagonals bisect each other (and they do so at right angles).

- Rectangle (Option D): A rectangle is a special parallelogram with four right angles. Since it is

a parallelogram, its diagonals bisect each other (and they are equal in length).

- Trapezium (Option A): A trapezium is a quadrilateral with only one pair of parallel sides.

Because it is not a parallelogram, its diagonals do not bisect each other. Instead, they divide

each other in the same ratio.
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Step 4: Final Answer:

The quadrilateral for which the diagonals do not bisect each other is the Trapezium.

Quick Tip: Remember that Rectangle, Rhombus, and Square are all subsets of Parallelograms.

Since they share basic parallelogram properties, if one of them has bisecting diagonals, they all must.

This leaves Trapezium as the odd one out.

142. If the radius of a sphere is 2r, then its volume will be :

(A) 4
3πr3

(B) 32πr3

3

(C) 2πr3

3

(D) 4πr3

Correct Answer: (B) 32πr3

3

Solution:

Step 1: Understanding the Question:

This question is from Mensuration, dealing with the volume of a sphere.

We are given the radius of a sphere in terms of a variable r, and we need to calculate its volume.

Step 2: Key Formula or Approach:

The volume V of a sphere of radius R is given by the formula:

V =
4
3
πR3

We substitute the given radius R= 2r into this formula.
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Step 3: Detailed Explanation:

Let the radius of the sphere be:

R= 2r

Using the standard volume formula:

V =
4
3
πR3

Substitute R= 2r:

V =
4
3
π(2r)3

First, calculate the cube of 2r:

(2r)3 = 23 × r3 = 8r3

Now, substitute this back into the expression:

V =
4
3
π× 8r3

Multiply the constants:

V =
4× 8

3
πr3

V =
32
3
πr3

Step 4: Final Answer:

Jharkhand Polytechnic 2026 Page 249 of 268 © Collegedunia.com



The volume of the sphere is 32πr3

3 .

Quick Tip: When the radius of a 3D object is multiplied by a factor of k, its volume is multiplied by k3.

Here, the radius is doubled (k = 2), so the volume increases by a factor of 23 = 8.

Multiplying the standard volume 4
3πr3 by 8 gives 32

3 πr3 instantly.

143. For the following distribution, the modal class is :

(A) 10-20

(B) 20-30

(C) 30-40

(D) 50-60

Correct Answer: (B) 20-30

Solution:

Step 1: Understanding the Question:

This question is from Statistics, focusing on grouped data analysis.

We are given a cumulative frequency table of the "less than" type. We need to convert it into a

standard frequency table to find the modal class.
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Step 2: Key Formula or Approach:

The modal class is the class interval that has the highest individual frequency.

Since the table lists cumulative frequencies ("Below 10", "Below 20", etc.), we must subtract

consecutive cumulative values to find the actual frequency of each interval.

Step 3: Detailed Explanation:

The given cumulative frequency table is:

- Below 10: 12

- Below 20: 27

- Below 30: 57

- Below 40: 75

- Below 50: 80

Let us construct the frequency table for each interval:

1. Class 0-10:

Frequency= 12

2. Class 10-20:

Frequency= (Below 20)− (Below 10) = 27− 12= 15

3. Class 20-30:

Frequency= (Below 30)− (Below 20) = 57− 27= 30

4. Class 30-40:

Frequency= (Below 40)− (Below 30) = 75− 57= 18

5. Class 40-50:

Frequency= (Below 50)− (Below 40) = 80− 75= 5
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Comparing the frequencies of the class intervals:

- 0-10: 12

- 10-20: 15

- 20-30: 30

- 30-40: 18

- 40-50: 5

The highest frequency is 30, which belongs to the class interval 20-30.

Therefore, the modal class is 20-30.

Step 4: Final Answer:

The modal class is 20-30.

Quick Tip: To find the modal class from a cumulative table quickly, look for the largest difference

between consecutive cumulative frequency values.

The jump from 27 to 57 is 30, which is the largest increase in the list.

This corresponds directly to the interval 20-30.

144. Two identical solid cubes of volume 8 cm3 are joined end to end. Then the length of

diagonal of the resulting cuboid is :

(A) 3
p

6 cm

(B) 2
p

6 cm

(C) 2
p

2 cm

(D) 4 cm

Correct Answer: (B) 2
p

6 cm

Solution:

Step 1: Understanding the Question:
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This question is from Mensuration, dealing with the properties of cubes and cuboids.

Two identical cubes are combined to form a single solid cuboid. We need to determine the

length of the space diagonal of this new cuboid.

Step 2: Key Formula or Approach:

1. The volume of a cube with side length a is:

V = a3

2. When two cubes are joined end-to-end, only one dimension (the length) doubles, while the

other two dimensions (width and height) remain equal to a.

3. The diagonal D of a cuboid with dimensions l, b, and h is:

D =
p

l2 + b2 + h2

Step 3: Detailed Explanation:

We are given that each cube has a volume of 8 cm3:

a3 = 8 =⇒ a = 2 cm

So, the side of each cube is 2 cm.

When two such cubes are joined end-to-end:

- The length of the resulting cuboid is:

l = 2a = 2× 2= 4 cm

- The breadth of the cuboid is:

b = a = 2 cm

- The height of the cuboid is:
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h= a = 2 cm

Now, calculate the diagonal of this cuboid:

D =
p

l2 + b2 + h2

Substitute the values:

D =
p

42 + 22 + 22

D =
p

16+ 4+ 4

D =
p

24

Simplify the radical:

D =
p

4× 6= 2
p

6 cm

Step 4: Final Answer:

The length of the diagonal of the resulting cuboid is 2
p

6 cm.
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Quick Tip: For any cuboid formed by joining n identical cubes of side a end-to-end, the diagonal is

always:

D = a
p

n2 + 2

Here, a = 2 and n= 2, so:

D = 2
p

22 + 2= 2
p

6 cm

This formula saves calculation time for multi-cube questions.

145. If the perimeter of a circle is equal to that of a square, then the ratio of their areas is :

(A) 22 : 7

(B) 11 : 14

(C) 7 : 22

(D) 14 : 11

Correct Answer: (D) 14 : 11

Solution:

Step 1: Understanding the Question:

This question is from Mensuration, dealing with the comparison of areas and boundaries of

different shapes (circle and square).

We are given that their boundaries are equal, and we need to find the ratio of their areas.

Step 2: Key Formula or Approach:

Let the radius of the circle be r, and the side length of the square be a.

1. Perimeter of the circle (circumference) is:

C = 2πr
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2. Perimeter of the square is:

P = 4a

Given that C = P, we can express a in terms of r.

Then, we compute the ratio of their areas:

Ratio=
Area of Circle
Area of Square

=
πr2

a2

Step 3: Detailed Explanation:

Set the perimeters equal:

2πr = 4a

Simplify to express a in terms of r:

a =
2πr

4
=
πr
2

Now, write the formula for the areas:

- Area of the circle:

Acircle = πr2

- Area of the square:

Asquare = a2

Substitute a = πr
2 into the square’s area formula:
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Asquare =
�πr

2

�2
=
π2r2

4

Calculate the ratio of the areas:

Acircle

Asquare
=
πr2

π2r2

4

Cancel r2 and simplify the fraction:

Acircle

Asquare
=
π
π2

4

=
4
π

Substitute π= 22
7 :

Acircle

Asquare
=

4
22
7

=
4× 7
22

Acircle

Asquare
=

28
22
=

14
11

Step 4: Final Answer:

The ratio of their areas is 14 : 11.

Quick Tip: For any given perimeter, a circle always encloses the maximum area compared to any

polygon.

This means the ratio of circle area to square area must be greater than 1.

Among the options, only (A) 22:7 and (D) 14:11 are greater than 1.

Since 22:7 is much too large, 14:11 is the correct geometric ratio.

146. Volumes of two spheres are in the ratio 64 : 27. The ratio of their surface areas is :
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(A) 22 : 7

(B) 11 : 14

(C) 16 : 9

(D) 9 : 16

Correct Answer: (C) 16 : 9

Solution:

Step 1: Understanding the Question:

This question is from Mensuration, focusing on the scaling properties of spheres.

We are given the ratio of the volumes of two spheres, and we need to determine the ratio of

their surface areas.

Step 2: Key Formula or Approach:

Let the radii of the two spheres be R1 and R2.

1. The volume V of a sphere scales with the cube of its radius:

V1

V2
=
�

R1

R2

�3

2. The surface area A of a sphere scales with the square of its radius:

A1

A2
=
�

R1

R2

�2

Step 3: Detailed Explanation:

We are given the volume ratio:

V1

V2
=

64
27

Using the volume-radius scaling relationship:
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�

R1

R2

�3

=
64
27

Take the cube root of both sides to find the ratio of the radii:

R1

R2
= 3

√

√64
27

Since 64= 43 and 27= 33:

R1

R2
=

4
3

Now, compute the ratio of their surface areas:

A1

A2
=
�

R1

R2

�2

Substitute the radius ratio:

A1

A2
=
�

4
3

�2

A1

A2
=

16
9

Step 4: Final Answer:

The ratio of their surface areas is 16 : 9.
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Quick Tip: For any similar 3D shapes, the ratio of areas is always the cube root of the volume ratio

squared:

Area Ratio= (
3
p

Volume Ratio)2

With a volume ratio of 64 : 27, take the cube root to get 4 : 3, then square it to get 16 : 9 instantly.

147. A die was rolled 120 times and the number of times 6 came up was noted. If the experi-

mental probability calculated from this information is 1/3, then how many times 6 came up ?

(A) 20

(B) 30

(C) 40

(D) 60

Correct Answer: (C) 40

Solution:

Step 1: Understanding the Question:

This question is from the topic of Probability, specifically concerning experimental (or

empirical) probability.

We are given the total number of trials and the calculated experimental probability of an event.

We need to find the number of times that specific event occurred.

Step 2: Key Formula or Approach:

Experimental probability of an event is defined as:

Experimental Probability=
Number of times the event occurred

Total number of trials
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Step 3: Detailed Explanation:

Let x be the number of times the face with ’6’ came up.

We are given:

- Total number of rolls (trials) = 120

- Experimental probability of getting a ’6’ = 1
3

Using the probability formula:

Experimental Probability=
x

120

Substitute the given value:

1
3
=

x
120

Solve for x by multiplying both sides by 120:

x =
120

3

x = 40

Therefore, the number ’6’ came up 40 times.

Step 4: Final Answer:

The number 6 came up 40 times.
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Quick Tip: An experimental probability of 1
3 means that the event happens exactly once every 3 trials.

For 120 trials, it must happen:

120×
1
3
= 40 times

This is a straightforward multiplication that can be done mentally.

148. Given the linear equation y = 2x + k, determine the value of k if the point P(3, 7) lies on

the line.

(A) 1

(B) 3

(C) 0

(D) 2

Correct Answer: (A) 1

Solution:

Step 1: Understanding the Question:

This question is from Coordinate Geometry and Linear Equations.

We are given a line equation with an unknown constant k. We are also given a point that lies

on this line, and we need to solve for k.

Step 2: Key Formula or Approach:

If a point P(x1, y1) lies on a line represented by an equation, the coordinates of the point must

satisfy the equation when substituted.

Step 3: Detailed Explanation:

The given equation of the line is:

y = 2x + k
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The point lies on this line is:

P(x , y) = (3, 7)

This means we can substitute:

x = 3, y = 7

Substitute these coordinates into the equation:

7= 2(3) + k

Calculate the product:

7= 6+ k

Isolate k by subtracting 6 from both sides:

k = 7− 6

k = 1

Step 4: Final Answer:

The value of k is 1.
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Quick Tip: Simply substitute the given coordinates directly:

y − 2x = k =⇒ 7− 2(3) = k =⇒ k = 1.

Rearranging the equation before substitution makes the arithmetic very clear.

149. If sin 3A= cos(A− 26◦), where 3A is an acute angle, find the value of A.

(A) 29◦

(B) 61◦

(C) 51◦

(D) 39◦

Correct Answer: (A) 29◦

Solution:

Step 1: Understanding the Question:

This question is from Trigonometry, focusing on complementary trigonometric ratios.

We are given an equation relating the sine of one angle to the cosine of another, and we need

to determine the value of A.

Step 2: Key Formula or Approach:

We use the co-function trigonometric identity that relates sine and cosine:

sinθ = cos(90◦ − θ )

This allows us to convert the equation so that both sides have the same trigonometric function

(cosine), which allows us to equate the angles directly.

Step 3: Detailed Explanation:

Given equation:

sin3A= cos(A− 26◦)
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Using the identity sin3A= cos(90◦ − 3A), rewrite the left side:

cos(90◦ − 3A) = cos(A− 26◦)

Since both angles are acute, we can equate the arguments directly:

90◦ − 3A= A− 26◦

Rearrange the equation to group the terms of A on one side and constants on the other:

90◦ + 26◦ = A+ 3A

116◦ = 4A

Divide both sides by 4 to solve for A:

A=
116◦

4

A= 29◦

Step 4: Final Answer:

The value of A is 29◦.
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Quick Tip: For any equation of the form sin X = cos Y where both are acute angles, the angles must be

complementary:

X + Y = 90◦

Here, 3A+ (A− 26◦) = 90◦ =⇒ 4A− 26◦ = 90◦ =⇒ 4A= 116◦ =⇒ A= 29◦.

This shortcut saves steps in matching co-functions.

150. Which of the following cannot be the sides of a triangle ?

(A) 3 cm, 4 cm, 5 cm

(B) 2 cm, 4 cm, 6 cm

(C) 2.5 cm, 3.5 cm, 4.5 cm

(D) 2.3 cm, 6.4 cm, 5.2 cm

Correct Answer: (B) 2 cm, 4 cm, 6 cm

Solution:

Step 1: Understanding the Question:

This question is from Geometry, specifically concerning the Triangle Inequality Theorem.

We are given four sets of side lengths and need to determine which set cannot form a valid

closed triangle.

Step 2: Key Formula or Approach:

The Triangle Inequality Theorem states that for any triangle, the sum of the lengths of any two

sides must be strictly greater than the length of the remaining third side.

If a, b, and c are the side lengths (with c being the longest side), the triangle is valid if and

only if:

a+ b > c
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Step 3: Detailed Explanation:

Let us test each set of sides:

- Option (A): 3 cm, 4 cm, 5 cm

The longest side is 5. Sum of the two shorter sides:

3+ 4= 7

Since 7> 5, these sides can form a triangle (specifically a right-angled triangle).

- Option (B): 2 cm, 4 cm, 6 cm

The longest side is 6. Sum of the two shorter sides:

2+ 4= 6

Since 6 is not strictly greater than 6 (6= 6), these sides cannot form a triangle. They would

form a straight line segment.

- Option (C): 2.5 cm, 3.5 cm, 4.5 cm

The longest side is 4.5. Sum of the two shorter sides:

2.5+ 3.5= 6.0

Since 6.0> 4.5, these sides can form a triangle.

- Option (D): 2.3 cm, 6.4 cm, 5.2 cm

The longest side is 6.4. Sum of the two shorter sides:

2.3+ 5.2= 7.5

Since 7.5> 6.4, these sides can form a triangle.
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Step 4: Final Answer:

The set of sides that cannot form a triangle is 2 cm, 4 cm, 6 cm.

Quick Tip: To quickly test triangle validity, find the two smallest numbers in the set and add them

together.

If their sum is less than or equal to the largest number, a triangle cannot be formed.

For 2,4, 6: 2+ 4= 6, which is equal to 6, failing the inequality immediately.
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