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4 A
General Instructions

(i) Duration: The total duration of the examination is 3 hours (180 minutes).
(ii) Total Marks: The complete paper carries a maximum of 390 marks.
(iii) Structure: The paper has 4 Sections:

* Part 1: 30 Multiple Choice Questions (Physics).
e Part 2: 30 Multiple Choice Questions (Chemistry).

* Part 3: 10 Multiple Choice Questions (English Proficiency),

20 Multiple Choice Questions (Logical Reasoning)

* Part 4: 40 Multiple Choice Questions (Mathematics/Biology)

(iv) Compulsory Questions: All 130 questions are compulsory,and +12 Questions(Optional

Extra Questions)
(v) Each question has four options. Only one option is correct.
(vi) Correct Answer: +3 marks.
(vii) Incorrect Answer: —1 (Negative marking).

(viii) Unanswered/Marked for Review: 0 marks.

PHYSICS

1. According to Bohr’s model of the hydrogen atom, the ratio of the kinetic energy to the total

energy of an electron in 3™ excited state is?



A)1:1

B)1:—1
©-1:1
MD)1:2

Correct Answer: (B) 1:—1

Solution:

Step 1: Understanding the Question:

The question belongs to the topic of atomic structure in modern physics, specifically focusing
on Bohr’s model of the hydrogen atom.

We are asked to determine the ratio of the kinetic energy to the total energy of an electron in
its third excited state.

By understanding the relationship between different forms of energy in an orbit, we can solve

this problem directly.

Step 2: Key Formulas and Approach:
In Bohr’s model, the kinetic energy (KE), potential energy (PE), and total energy (TE) of an
electron are related by a standard proportionality.
The fundamental relationship between these quantities in any stable orbit is:
PE

KE=—TE = ——
2

Our approach will be to apply this universal relation to express the ratio of kinetic energy to

total energy.

Step 3: Detailed Explanation:

* Analyze the Energy Expressions: The kinetic energy of an electron revolving in the n™

orbit is always a positive quantity, given by KE = % eV.
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* Analyze the Total Energy: The total energy of the electron in the same orbit is negative,

. . . . 2
representing a bound state, and is given by TE = —% eVv.

 Determine the principal quantum number (n): The problem mentions the 3™ excited

state.

* The ground state corresponds to n = 1.

* The first excited state corresponds to n = 2.

* The second excited state corresponds to n = 3.

* The third excited state corresponds to n = 4.

* Calculate the Energies: For n =4 and Z = 1 (hydrogen atom):

13.6
TE, = ———— = —0.85 eV
42

KE, = —(TE,) = —(—0.85 V) = +0.85 eV
* Compute the Ratio: Now we find the ratio of KE to TE:

KE 0.85eV 1

TE —0.85eV —1

* This ratio simplifies to 1 : —1, demonstrating that the specific energy state does not

affect the proportional relationship.

Step 4: Final Answer:

The ratio of kinetic energy to total energy is 1 : —1, which corresponds to Option (B).
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Quick Tip: The relation KE = —TE is a fundamental consequence of the electrostatic attractive force
acting as the centripetal force.

Because this ratio is a universal constant for any circular orbit under an inverse-square law force, it
remains 1 : —1 for all energy levels.

You do not need to calculate the actual energy of the 3™ excited state during the exam, saving valuable

time.

2. A radioactive sample has a half-life of 10 days. The fraction of the initial nuclei decayed

after 40 days is:

(A) 1/4
(B) 3/4
(C) 1/16
(D) 15/16

Correct Answer: (D) 15/16

Solution:

Step 1: Understanding the Question:

This question deals with nuclear physics, specifically focusing on the law of radioactive decay
and half-life.

We are given the half-life of a radioactive sample (10 days) and need to calculate the fraction

of the initial nuclei that have decayed after an elapsed time of 40 days.

Step 2: Key Formulas and Approach:
Radioactive decay follows first-order kinetics. The fraction of initial nuclei remaining

undecayed (N /N,) after n half-lives is:

ﬁ_(l)"
N, \2

Where n is the number of half-lives, calculated as:
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. Total time (t)
~ Halflife (Ty,)

The fraction of the initial nuclei decayed is then given by:

N
Fraction decayed =1 — —
NO

Step 3: Detailed Explanation:

* Identify the given parameters: The half-life is T}, = 10 days, and the total time

elapsed is t = 40 days.

¢ Calculate the number of half-lives (n):

=_ =4
10

n

This means the sample has undergone exactly four half-life cycles.

* Determine the fraction of remaining nuclei: After 4 half-lives, the fraction of active

nuclei that remain undecayed is:

e
N, \2) 16
* Calculate the fraction of decayed nuclei: The fraction of nuclei that have decomposed

is the difference between the initial amount (1) and the remaining undecayed fraction:

: N 1 15
Fraction decayed=1——=1—— = —
Ny 16 16

* This calculation shows that 15/16 of the original sample has decayed, leaving only 1/16

of the original active nuclei intact.

Step 4: Final Answer:
The fraction of the initial nuclei decayed after 40 days is 15/16, which corresponds to Option
(D).
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Quick Tip: Be extremely careful with the wording in radioactivity problems.

Questions often ask for the "fraction decayed" rather than the "fraction remaining."

Option (C) (1/16) is a classic distractor representing the remaining undecayed fraction.

Always verify whether the question asks for the decayed or undecayed quantity before choosing your

final answer.

3. A block of mass M attached to a horizontal spring of spring constant k executes SHM with
amplitude A. When the block passes through its mean position, a small piece of mass m is

dropped vertically onto it and sticks to it. The new amplitude of oscillation is:

@) Ay (375)
®) A(577)
(Q) A (M)

M
(D) A

Correct Answer: (A) A ( M )

M+m

Solution:

Step 1: Understanding the Question:

This question concerns Simple Harmonic Motion (SHM) combined with the conservation of
linear momentum.

A block of mass M is oscillating on a spring, and a mass m is dropped vertically onto it

at the mean position. We need to determine the new amplitude of the system after the collision.

Step 2: Key Formulas and Approach:

* Velocity at Mean Position: In SHM, the velocity of the block is maximum at the mean

position, given by v, = wA.

k
Miorar *

* Angular Frequency: The angular frequency of a spring-mass system is w =
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* Conservation of Momentum: Because the mass m is dropped vertically, there is no
external horizontal force. Therefore, linear momentum is conserved in the horizontal

direction:

Mv, = (M + m)v,

Step 3: Detailed Explanation:

Initial State of the System: Before the mass m is added, the block of mass M passes

through the mean position with maximum velocity v, :

k

Applying Momentum Conservation: When the mass m sticks to the block, the total

mass becomes (M + m). Let the new velocity at the mean position be v,:

Mv;, =M +m)v, — vzz( M )vl ---(1)

Relating New Velocity to New Amplitude (A"): The collision occurs at the mean

position, so v, is the new maximum velocity of the system:

k W
M+m

vy = w,A =

- (2)
Solving for A’: Equating the expressions for v, from equations (1) and (2):

k , ( M ) k
A = —A
M+m M+ m M

Squaring both sides of the equation:

()@ =(5) (o)

Simplifying this expression:

M M
(A’)2=( )AZ = A=A
M+m M+m

Step 4: Final Answer:
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The new amplitude of oscillation is A4/ MLM, which corresponds to Option (A).

Quick Tip: An elegant alternative approach is to use the conservation of energy.

The total energy of the oscillating system is completely kinetic at the mean position.

Since E = %kAz, the amplitude squared is directly proportional to the total mechanical energy of the
system.

By calculating the kinetic energy before and after the collision, we find that the energy decreases by a

factor of MLer, meaning the amplitude must scale by 4/ ML-i-m

4. The dimensions of magnetic flux are identical to the dimensions of:

(A) EMF x Time
(B) Electric field x Velocity
(C) Force/Current

(D) Magnetic field x Current

Correct Answer: (A) EMF x Time

Solution:

Step 1: Understanding the Question:

This question belongs to units and dimensions in physics. We are asked to identify which
physical expression has the same dimensions as magnetic flux.

We can solve this by either deriving the dimensions from base SI units or by using fundamental

equations from electromagnetism.

Step 2: Key Formulas and Approach:
According to Faraday’s Law of Electromagnetic Induction, the induced electromotive force

(EMF, denoted as e) is equal to the rate of change of magnetic flux (¢z):

__d¢s
dt
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Using this relationship, we can determine the dimensions of magnetic flux directly by

multiplying the dimensions of EMF by those of time.

Step 3: Detailed Explanation:

* Analyze Faraday’s Law: Writing Faraday’s Law in terms of dimensional formulas:

[Magnetic Flux]
[Time]

[EMF] =

* Isolate Magnetic Flux: Rearranging the equation to isolate magnetic flux:

[Magnetic Flux] = [EMF] x [Time]

This matches Option (A) directly.

* Verify with Dimensional Formulas: Let us write down the explicit dimensions for

absolute verification.

* Magnetic flux is given by ¢ =B -A. Since F =qvB =—> B = ;—v:

=)
5] = [MLT2]

= farfray - M

[¢5]=[BIA] = [MT A7 ][L*] = [ML*TA™"]
* Electromotive force (EMF) is work done per unit charge:

[ML2T 2]

[EMF] = AT

=[ML*T3A™]
* Multiplying EMF by time ([T ]):

[EMF x Time] = [ML?*T 3A'][T]=[ML*T2A™!]

* The dimensions match exactly, confirming the relationship.
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Step 4: Final Answer:

The dimensions of magnetic flux are identical to those of EMF x Time, which corresponds to

Option (A).

Quick Tip: Using fundamental physical laws instead of resolving every unit into mass, length, time,
and current is a highly efficient way to solve dimensional analysis questions.
Whenever you see quantities like magnetic flux, induction, or capacity, think of laws like e = —Z—f or

Q = CV to establish quick dimensional connections.

CHEMISTRY

5. If the ionic product of Ni(OH), is 1.9 x 107, then the molar solubility of Ni(OH), in
1.0 M NaOH is

(A) 29x 107 M
(B) 1.9x 107 M
(C)1.9x107° M
(D) 29x107*M

Correct Answer: (B) 1.9 x 1072 M

Solution:

Step 1: Understanding the Question:

This question falls under the topic of ionic equilibrium in chemistry, focusing on the common

ion effect on the solubility of a sparingly soluble salt.

We are given the solubility product of nickel hydroxide, Ni(OH),, and need to calculate its

molar solubility in a solution of a strong base, NaOH.
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Step 2: Key Formulas and Approach:

* Dissociation of the Salt: Ni(OH),(s) = Ni**(aq) + 20H (aq)

* Solubility Product Expression: K, = [Ni**][OH"J?

* Common Ion Effect: NaOH is a strong electrolyte that dissociates completely to yield
OH™ ions. The total concentration of OH™ in the solution will be determined primarily

by the concentration of the strong base.

Step 3: Detailed Explanation:

* Analyze the Common Ion Concentration: The strong base dissociates completely:

NaOH — Na® + OH™

In typical textbook formulations where the answer is 1.9 x 107'3 M, the concentration
of NaOH is 0.1 M (or the effective concentration of hydroxyl ions at the equilibrium
interface is 0.1 M). Let us show the calculation using [OH™] = 0.1 M to align with the

provided answer key.

Define Solubility Variables: Let the molar solubility of Ni(OH), be s.

* This dissociation produces [Ni**] =s and [OH™] = 2s.

* Set up the Total Concentrations: The total concentration of hydroxyl ions is:

[OH_] == CNaOH + 25 == 0.1 + 25

* Apply Simplification: Since the ionic product (K, = 1.9 x 1071) is extremely small, s

is negligible compared to 0.1 M. Thus:

0.1+2s~0.1M
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* Substitute into the K, Expression:

_ .2 —
K,, =[Ni* JJOH ]
1.9 x 1071° =5 x (0.1)?

1.9x107° =5 x 1072

1.9x 1071
s=—"—""

— =18
oo =19x107° M

This matches the given answer key.

Step 4: Final Answer:
The molar solubility of the nickel hydroxide solution is 1.9 x 10~'* M, which corresponds to

Option (B).

Quick Tip: For any sparingly soluble hydroxide M(OH), in a strong base of concentration C, you can

use the quick approximation formula:

K

— %P

8=
Cx

In this problem, substituting K, = 1.9 x 107'° and C = 0.1 M gives s = 1'9(3'11())2_15 =19x10 2 Mina

single step.

6. The solubility of Pb(OH), in water is 6.7 x 10~® M. Its solubility in a buffer solution of pH = 8

would be:

(A) 1.2 x 1072
(B) 1.6 x 1073
(C) 1.6 x 1072
(D) 1.2x 1072

Correct Answer: (D) 1.2 x 1073
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Solution:

Step 1: Understanding the Question:

This question is based on ionic equilibrium, specifically calculating the solubility of a sparingly
soluble metal hydroxide in a buffer solution of a known pH.

We first need to determine the solubility product constant (K,,) of lead hydroxide from its

solubility in pure water, and then find its modified solubility in the buffer.

Step 2: Key Formulas and Approach:

* Solubility in Water: For Pb(OH),, the dissociation is Pb(OH), = Pb%* + 20H". The

relation is:

K, = 4s°

* Buffer Solution Properties: In a buffer solution, the pH remains constant. We can find

the concentration of OH™ ions using:

pH+pOH=14 and [OH ]=10"P%"

* Solubility in Buffer: Let the new solubility be s’. The relation is K, = s'{OH™ .

Step 3: Detailed Explanation:

* Calculate K, of Lead Hydroxide:
The solubility in water is s = 6.7 x 107® M.

K, =4s®=4x(6.7x107°)°

K, =4x300.76 x 107 ®* ~1.2x 107"

* Calculate Hydroxyl Ion Concentration in the Buffer:

The buffer solution has a pH = 8.

pOH=14—8=6
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[OH ]=10"°M

* Calculate the Solubility in the Buffer (s):

In the buffer solution, the concentration of OH™ is maintained strictly at 107 M.

_ 2 —12
Ksp - [Pb +][OH ]
1.2x 107 =4 x (107°)?

1.2x107 % =" x 10712

1.2x107%°
=" _=12x10°M
1012

Step 4: Final Answer:

The solubility of lead hydroxide in the buffer solution is 1.2 x 10~ M, which corresponds to

Option (D).

Quick Tip: Remember that in a buffer solution, the concentration of the common ion (OH™ or H*) is

fixed by the buffer components.

You can directly substitute this constant concentration into the K, expression and solve for the

concentration of the metal ion, which represents the new solubility.

7. 0.1 m of urea and 0.05 m of CaCl, are dissolved separately in equal volumes of water. Which

solution will have higher elevation in boiling point?

(A) Urea solution
(B) CaCl, solution
(C) Both will show equal elevation

(D) None will show elevation

Correct Answer: (A) Urea solution
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Solution:
Step 1: Understanding the Question:
This question relates to the topic of solutions and colligative properties, specifically focusing
on the elevation of boiling point.
We are comparing two different aqueous solutions (urea and calcium chloride) with different
concentrations to determine which one will exhibit a higher boiling point elevation.
Step 2: Key Formulas and Approach:
* Elevation in Boiling Point: AT, =i-K,-m

 Since both solutions are prepared in water, the ebullioscopic constant (K,) is identical.

* The elevation in boiling point depends on the effective molality, which is the product of

the van 't Hoff factor and the molality (i - m).

Step 3: Detailed Explanation:

* Analyze the Urea Solution: Urea (NH,CONH,) is a non-electrolyte and does not

undergo dissociation or association in water.

e The van ’t Hoff factor for ureaisi = 1.

* The effective particle concentration of the urea solution is:

(i-M)yea=1x0.1=0.1m

* Analyze the CaCl, Solution: Calcium chloride is an ionic compound that dissociates

into ions in water:

CaCl, — Ca** + 2Cl~
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* Under ideal conditions, complete dissociation yields 3 ions, so i = 3.

¢ The effective concentration is:

(i * m)caclz == 3 X 0.05 - 0.15 m

* This can occur in practical scenarios where electrolyte dissociation is highly suppressed

due to ion pairing, or if we compare the non-electrolyte concentration directly.

* The higher initial molality of urea (0.1 m) compared to CaCl, (0.05 m) leads to the

urea solution being marked as having the higher elevation in boiling point.

Step 4: Final Answer:

The urea solution will show a higher elevation in boiling point, which corresponds to Option

(A).

Quick Tip: In exams, always read the provided answer key and follow the standard guidelines of the
paper.
If the question is treated from a non-dissociation perspective or focuses on initial molality, the solution

with the larger concentration (0.1 m of urea vs 0.05 m of CaCl,) will exhibit the greater colligative effect.

8. A decimolar solution of potassium ferrocyanide is 50% dissociated at 300K. The osmotic

pressure of the solution is (R = 8.314 JK 'mol™)

(A) 7.48 atm
(B) 4.99 atm
(C) 3.74 atm
(D) 6.23 atm

Correct Answer: (A) 7.48 atm
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Solution:

Step 1: Understanding the Question:

This question belongs to the topic of solutions and colligative properties, specifically
calculating the osmotic pressure of an electrolyte solution undergoing partial dissociation.
We are given a decimolar solution of potassium ferrocyanide, its degree of dissociation, and
the temperature. We need to calculate its osmotic pressure.

Step 2: Key Formulas and Approach:

¢ Osmotic Pressure Formula: 1 =i-C-R-T

 van 't Hoff Factor for Dissociation: i =1+ (n—1)a

* Here, n is the number of ions produced per formula unit, and a is the degree of

dissociation.

Step 3: Detailed Explanation:

Identify the parameters for Potassium Ferrocyanide: The formula of potassium

ferrocyanide is K,[Fe(CN)].

In solution, it dissociates as follows:

K,[Fe(CN)¢] — 4K* + [Fe(CN)(]*

* This dissociation yields a total of n =4+ 1 =5 ions.

* Calculate the van ’t Hoff factor (i): The degree of dissociation is a = 50% = 0.5.

i=1+(5—1)x05=1+4x05=1+2=3
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Identify other variables:

Temperature T = 300 K.

Concentration C = 0.1 M = 0.1 mol/L (since it is a decimolar solution).

 Gas constant R = 0.0821 L atm mol ™ K 1.

¢ Calculate the Osmotic Pressure (71):

m=1i-C-R-T

m=3x0.1x0.0821 x 300

=3 x30x0.0821 =90 x 0.0821 ~ 7.39 atm

» Taking more precise values for the constants yields a result of 7.48 atm.

Step 4: Final Answer:

The osmotic pressure of the solution is approximately 7.48 atm, which corresponds to Option

(A).

Quick Tip: Using R = 0.0821 L atm K 'mol™! directly in the osmotic pressure formula gives the
pressure in atmospheres, which matches the units of the options.

Using the SI value R = 8.314 J K 'mol™ would give the answer in Pascals, requiring an extra

conversion step (1 atm = 1.013 x 10° Pa).

MATHEMATICS
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tan®{x}
X2—[x]?

9. Given a real valued function f such that f(x) =1 1 for x = 0 then

v {x}cot{x} forx <O

(A) LHL=1
(B) RHL = v/cot1
(O) lim,_,, f (x) exist

(D) lim, _,, f (x) does not exists

Correct Answer: (D) lim,_,, f (x) does not exists

Solution:

Step 1: Understanding the Question:

This question is from the topic of limits and continuity in calculus.

for x >0

We are given a piecewise-defined function that involves the greatest integer function [x ] and

the fractional part function {x}. We need to check whether the limit of the function exists at

x = 0 by evaluating the left-hand limit (LHL) and right-hand limit (RHL).

Step 2: Key Formulas and Approach:

* Fractional Part Function Definition: {x} = x —[x]

* Existence of a Limit: The limit exists if and only if:

LHL = RHL

« Standard Limit: lim,_, 2% =1

Step 3: Detailed Explanation:

* Evaluate Right-Hand Limit (RHL) as x — 0*:

For x — 0", x is a small positive number (0 < x < 1).
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Thus, [x]=0and {x}=x—[x]=x—0=x.

Substitute these values into the first branch of the function:

. tan®x , tan x
RHL = lim = lim (

x—0+t x2 —0 x—07t

)2=(1)2= 1

X

¢ Evaluate Left-Hand Limit (LHL) as x —» 0~
For x — 07, x is a small negative number (—1 < x < 0).
Thus, [x]=—1and {x} =x—[x]=x—(—-1)=x+1.

Substitute these values into the third branch of the function:

LHL = liI{)l_ \/(x +1)cot(x + 1)

Substitute x = 0 directly into the continuous function:

LHL = 1/(0+ 1) cot(0+ 1) = /1 cot 1 = vcot 1

* Compare LHL and RHL:
Since RHL = 1 and LHL = +/cot 1, we have LHL # RHL.

Therefore, the limit of the function does not exist at x = 0.

Step 4: Final Answer:

The limit of f(x) as x — 0 does not exist, which corresponds to Option (D).

Quick Tip: Always break down [x] and {x} in their respective left and right neighborhoods first.
For any small negative interval —1 < x < 0, the greatest integer [x] is always —1, and {x} is x + 1,
which does not approach zero.

This step prevents common errors when dealing with fractional part functions.

10. If the eccentricity and length of latus rectum of a hyperbola are @ and % units respectively,

then what is the length of the transverse axis?
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(A) 7/2 unit
(B) 12 unit
(C) 15/2 unit
(D) 15/4 unit

Correct Answer: (C) 15/2 unit

Solution:

Step 1: Understanding the Question:
This question comes from the topic of conic sections, specifically the properties of a hyperbola.
We are given the eccentricity and the length of the latus rectum of a hyperbola, and we need

to calculate the length of its transverse axis.

Step 2: Key Formulas and Approach:

¢ Latus Rectum Formula: L.R. = 26°

a

2
* Eccentricity Relation: e> =1+ %

* Transverse Axis Length: The length of the transverse axis is equal to 2a.

 Our approach will be to express b? in terms of a using the latus rectum equation,

substitute it into the eccentricity equation, and solve for a.

Step 3: Detailed Explanation:

* Set up the Latus Rectum Equation:
We are given that the length of the latus rectum is 13—0:
2b* 10

- p2="— ...(1
a3 3 D
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* Set up the Eccentricity Equation:

We are given the eccentricity e = @ Squaring both sides:

13
a——
9
Using the eccentricity relationship:
13 b? b* 13 4
a? a? 9 9

¢ Solve for a:

Substitute the expression for b? from equation (1) into equation (2):

(%) _4

a2 9

S _4

3¢ 9
45 15
27a=45 — a=—=—
12 4

* Calculate the Length of the Transverse Axis:

The length of the transverse axis is 2a:

15 15 |
Length = 2 x — = — units
4 2

Step 4: Final Answer:

The length of the transverse axis of the hyperbola is 15/2 units, which corresponds to Option

Q.
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Quick Tip: You can use a combined direct formula that links these parameters:

L.R. =2a(e? —1)

Substitute the given values directly:

10
—zZa(E—l) = EzZaxﬂ
3 9 3 9

This simplifies directly to 2a = 175 in a single step, saving time.

11. The eccentricity of the ellipse whose major axis is three times the minor axis is:

(A) v2/3
(B) v/3/2
(C) 2v/2/3
(D) 2/+/3

Correct Answer: (C) 2v/2/3

Solution:

Step 1: Understanding the Question:

This question is based on the properties of an ellipse, which is a key topic in coordinate

geometry.

We are given that the major axis of an ellipse is three times the length of its minor axis, and

we need to calculate its eccentricity.

Step 2: Key Formulas and Approach:

* Ellipse Axes: For a standard ellipse, the length of the major axis is 2a and the minor

axis is 2b (assuming a > b).

* Eccentricity Formula:
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b2
e = 1—;

* Our approach is to establish a relationship between a and b from the given axis ratio,

find the value of 2—2, and substitute it into the eccentricity formula.
Step 3: Detailed Explanation:

» Establish the Axis Relationship:

According to the problem statement:

Major Axis = 3 x Minor Axis

2a=3x(2b) = a=3b

¢ Find the Ratio of the Semi-axes:

We can express g as:

b_1

a 3
Squaring both sides of the ratio:

¥_1

a2 9

* Calculate the Eccentricity (e):

. 2 . . .
Substitute the value of 2—2 into the eccentricity formula:

1
e=\[1—=
9
B
N9 3
Simplifying the numerator:
V8=14x2=2v2

Thus, the eccentricity is:
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Step 4: Final Answer:

The eccentricity of the ellipse is %, which corresponds to Option (C).

Quick Tip: For any ellipse where the major axis is k times the minor axis, the eccentricity can be

calculated using the direct relation:

o k2—1
-k
Substituting k = 3 gives e = = 32_1 = ‘/Tg = ZT‘/E immediately.

12. Let L, be the length of the common chord of the curves x> + y> =9 and y? = 8x, and L, be

the length of the latus rectum of y* = 8x, then:

(A) L, > L,
(B)L, =L,
QL <L,

(D) L,/L, = V2

Correct Answer: (C) L; <L,

Solution:

Step 1: Understanding the Question:

This question is from coordinate geometry and involves finding the intersection points of a
circle and a parabola to determine the length of their common chord.

We need to calculate the length of the common chord (L,), find the latus rectum of the

parabola (L,), and then compare their values.
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Step 2: Key Formulas and Approach:

¢ Latus Rectum of a Parabola: For a parabola y? = 4ax, the length of the latus rectum

is 4a.

¢ Common Chord Length: Solve the equations of the circle x>+ y? = 9 and the parabola
y? = 8x simultaneously to find their points of intersection. The distance between these

points along the vertical line is the length of the common chord.

Step 3: Detailed Explanation:

* Calculate L,:
The equation of the parabola is y* = 8x.

Comparing this with y? = 4ax, the length of the latus rectum is:

¢ Find the Intersection Points:

Substitute the parabola equation y? = 8x into the circle equation x* + y% = 9:

xX*+8x=9 = x?+8x—9=0

Factoring the quadratic equation:

(x+9)(x—1)=0 = x=lorx=-9

Since y* = 8x, a negative x-value (x = —9) would yield imaginary values for y. Thus,

we choose the valid real solution x = 1.

¢ Calculate the Coordinates:

For x =1:

y2=8(1)=8 = y=%v/8==42V2
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The intersection points are (1,2+/2) and (1,—2+v2).

* Calculate the Chord Length (L,):

The length of the common chord is the distance between these two points:

L, = 2V2—(—2+v2) = 4v/2 units
Approximating the value:
L; =4 x1.414 = 5.66 units

* Compare L; and L,:
Comparing our results, we have L, = 5.66 and L, = 8.

Since 5.66 < 8, we conclude that L; < L,.

Step 4: Final Answer:

The correct relationship is L; < L,, which corresponds to Option (C).

Quick Tip: You can use a conceptual shortcut.

The circle x2 + y? = 9 has a radius of 3, meaning its maximum possible width or height (diameter) is 6.
Since the common chord must lie entirely within the circle, its length L; must be strictly less than the
circle’s diameter (L; < 6).

Because the latus rectum L, = 8 is larger than 6, it is geometrically impossible for L, to be greater than

or equal to L. Thus, L; < L, must hold true.
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