JEE Main 2023 B.E/B.Tech Question Paper 29 Jan Shift 2 with
Solutions

] Time Allowed :3 Hours \ Maximum Marks :360 \ Total Questions :90 \

General Instructions

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.
2. The question paper consists of 90 questions. The maximum marks are 360.

3. There are three parts in the question paper consisting of Mathematics, Physics and
Chemistry having 30 questions in each part of equal weightage.

4. Each part (subject) has two sections.
(i) Section-A: This section contains 20 multiple choice questions which have only
one correct answer. Each question carries 4 marks for correct answer and —1 mark
for wrong answer.
(i) Section-B: This section contains 10 questions. The answer to each of the
questions is a numerical value. Each question carries 4 marks for correct answer
and —1 mark for wrong answer. For Section-B, the answer should be rounded off to
the nearest integer.

Physics Section - A

times to that of its average

1. At 300 K, the rms speed of oxygen molecules is O‘TJFE’

speed in the gas. Then, the value of a will be (used 7 = 2—72)

Correct Answer: (D) 28

Solution:

Step 1: Understanding the Question:
The question asks for the value of a constant a given a relationship between the root mean
square (rms) speed and the average speed of oxygen molecules at a certain temperature.

Step 2: Key Formula or Approach:
The formulas for the rms speed (vyms) and average speed (vqyg) of gas molecules are:



3RT

rms <A/ 31
S8RT
Vavg = M

where R is the universal gas constant, T is the absolute temperature, and M is the molar mass
of the gas.

We need to find the ratio f}fz—’:g and equate it to the given expression.

Step 3: Detailed Explanation:

First, let’s find the theoretical ratio of the rms speed to the average speed:

3RT
Urms VM [3RT w«M /3w
V 8

=4 — X — =
Vavg /| 8RT M 8RT
M

The question states that this ratio is equal to O‘T%

37r_ a+5
8 «Q

Squaring both sides of the equation gives:

So, we can set up the equation:

3m  a+5H
8  a
Now, we substitute the given value of 7 = %:

3x 2 a5

8 o

66 a+5

56 a
Simplifying the fraction on the left side:

33  a+b

2 a

Now, we can cross-multiply to solve for a:

33a = 28(av + 5)
33a = 28a + 140
33a — 28 = 140

5a = 140
140

2 o
=75

Step 4: Final Answer:
The value of a is 28. This corresponds to option (D).



9 Quick Tip

Remember the standard formulas for different molecular speeds: vpms = 4/ %,

Vavg = 4/ ?;MT, and most probable speed vy, = w/%. The ratio between them is a

common topic in kinetic theory of gases. The temperature of 300 K is extra informa-
tion not needed for the calculation.

2. The time taken by an object to slide down a 45° rough inclined plane is n times
as it takes to slide down a perfectly smooth 45° incline plane. The coefficient of
kinetic friction between the object and the incline plane is:
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Correct Answer: (A) 1 —
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Solution:

Step 1: Understanding the Question:

We are comparing the time of descent for an object on a smooth and a rough inclined plane of
the same angle (45°). We need to find the coefficient of kinetic friction u in terms of the ratio
of the times, n.

Step 2: Key Formula or Approach:

We will use the equations of motion. Let the length of the inclined plane be L. The distance
is given by L = %at2, where ’a’ is the acceleration and ’t’ is the time. We need to find the
acceleration for both the smooth and rough cases.

For an inclined plane with angle 6:

- Acceleration on a smooth surface: agy,00tn = g sinf

- Acceleration on a rough surface: a,qugn = gsint — pgcost

Step 3: Detailed Explanation:
Let t5 be the time taken on the smooth plane and ¢, be the time taken on the rough plane.
Given: t, = nts and 6 = 45°.

For the smooth incline:

ag = gsin4h° = \%.

The distance L is covered in time t5: L = %ast2 = % ( ) t2. (Equation 1)

For the rough incline:
ar = gsin45° — ugcos45° = \% - u\% = \%(1 — ).



The distance L is covered in time ¢,: L = 34,12 = % (\%(1 - ,u)) t2. (Equation 2)

Since the distance L is the same, we can equate Equation 1 and Equation 2:

(g 2 g 2

| —= |1t = —(1— t

s (Z5) =5 (Fa-m)e
Canceling out the common terms 19

23

N | =

Now, substitute t, = nts:
t? =(1- M)(”tS)Q

£ = (1= p)n’t3
Cancel t2 from both sides (since t5 # 0):

= (1 - pn?
Rearrange to solve for u:

L _ 1

n? a

= 2

Step 4: Final Answer:
The coefficient of kinetic friction is 1 — # This corresponds to option (A).

9 Quick Tip

For problems comparing motion on smooth and rough surfaces, setting up a ratio is
often the quickest method. Note that ¢ = \/2L/a, so t o< 1/y/a. This means t,/ts =

n = \/as/a,. Squaring this gives n? = a4/a,, which leads to the same result faster.

3. The ratio of de-Broglie wavelength of an o particle and a proton accelerated
from rest by the same potential is \/—%, the value of m is:

A
B
C
D

— DN = 0

P
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Correct Answer: (A) 8



Solution:

Step 1: Understanding the Question:

We need to find the ratio of the de-Broglie wavelengths of an alpha particle and a proton. Both
particles are accelerated from rest by the same electric potential V. The ratio is given in a
specific format, and we need to find the value of 'm’.

Step 2: Key Formula or Approach:

The de-Broglie wavelength (\) is given by A = h/p, where h is Planck’s constant and p is the
momentum.

When a charged particle ’q’ with mass 'm’ is accelerated by a potential "V’; its kinetic energy
K is given by K = ¢qV.

The momentum can be expressed in terms of kinetic energy as p = v2mK.

Combining these, the de-Broglie wavelength is:

B h B h
VomK  /2mqV

Step 3: Detailed Explanation:

Let’s denote the properties of the proton with subscript 'p’ and the alpha particle with sub-
script o’

For a proton:

- Mass: my,

- Charge: ¢, = ¢

The de-Broglie wavelength of the proton is:

h h
Ap = =
\/Zmpqu \/2mpeV
For an alpha particle (which is a helium nucleus, 5He):
- Mass: mq =~ 4m,,
- Charge: g, = 2e¢
The de-Broglie wavelength of the alpha particle is:

h h h

>\a: = =
V2maaV  \/2(4my)(2e)V /16mpeV

Now, we find the ratio 3\\—2:
h

_ V16mpeV \/ 2mpeV _ 2mpeV _ ]2 _ \/I:i

p \/%’jLW Gmyev  \ 16mpev — V16 8 VB

1

The question states that this ratio is T

A

Q

>

Comparing our result with the given expression:

1
N

Sl -

Therefore, m = 8.
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Step 4: Final Answer:
The value of m is 8. This corresponds to option (A).

9 Quick Tip

When dealing with ratios of de-Broglie wavelengths for particles accelerated by the

same potential, remember that A o \/meq. This allows for a quick calculation: i‘\—‘* =
P

Mpdp __ mpé _ 1
Mafa - (4mp)(26) - 8

4. A point charge 2 x 1072 C is moved from P to S in a uniform electric field of 30
NC~! directed along positive x-axis. If coordinates of P and S are (1, 2, 0) m and
(0, 0, 0) m respectively, the work done by electric field will be:

Correct Answer: (A) -600 mJ

Solution:

Step 1: Understanding the Question:
A charge is moved from an initial point P to a final point S in a uniform electric field. We need
to calculate the work done by the electric field during this displacement.

Step 2: Key Formula or Approach:

The work done (W) by a constant force (ﬁ ) over a displacement ( 3 is given by the dot product
W=F-d

In an electric field E, the force on a charge q is F= qE.

Therefore, the work done by the electric field is W = qE -d.

The displacement vector d is the final position vector minus the initial position vector, d =
s — Tp.

Step 3: Detailed Explanation:

Given values:

- Charge, g =2x 1072 C

- Electric field, E = 30i NC™! (directed along positive x-axis)
- Tnitial position (P), 7p = (1 + 2 + 0k) m

- Final position (S), s = (02 4 0j + 0k) m



First, calculate the displacement vector d:

d=7s—7p=(0—1)i+(0—2)j+ (0—0)k=—1i — 2j

Now, calculate the work done using the formula W = ¢(E - d)

W = (2 x107%) ((30) - (—1i — 2j))
The dot product is calculated as:

E-d=(30x—1)+ (0 x —2) + (0 x 0) = —30

Now, substitute this back into the work equation:

W=(2x10"2)x (=30) = —60 x 1072 J=—0.6J

The options are given in millijoules (mJ). We convert Joules to millijoules (1 J = 1000 mJ):

W = —0.6 x 1000 mJ = —600 mJ

Step 4: Final Answer:
The work done by the electric field is -600 mJ. This corresponds to option (A).

9 Quick Tip

In a uniform electric field, the work done depends only on the displacement parallel

to the field. Here, the field is along the x-axis. The displacement along the x-axis is

T final — Tinitia = 0 —1 = —1m. So, work done is W = F,Az = (¢F;)Az =
(2x 1072 x 30) x (—1) = —0.6 J. This method is faster as it ignores the displacement in
y and z directions, which are perpendicular to the field.

5. A square loop of area 25 cm? has a resistance of 10 Q. The loop is placed in
a uniform magnetic field of magnitude 40.0 T. The plane of loop is perpendicular
to the magnetic field. The work done in pulling the loop out of the magnetic field
slowly and uniformly in 1.0 sec, will be:

Correct Answer: (A) 1.0 x 1073 J

Solution:

Step 1: Understanding the Question:
We need to find the work done to pull a conductive loop out of a uniform magnetic field. The

7



work done by the external agent is converted into heat energy dissipated in the loop’s resistance
due to the induced current.

Step 2: Key Formula or Approach:

Calculate the initial magnetic flux (®;) through the loop.

The final flux () is zero as the loop is outside the field.

Use Faraday’s law of induction to find the induced electromotive force (EMF), £ = —%.
Calculate the induced current using Ohm’s law, I = %

The work done is equal to the energy dissipated as heat, W = P x At = I?RAt.

A

Step 3: Detailed Explanation:
Given values:

- Area, A =25 cm? = 25 x 107* m?
- Resistance, R = 102

- Magnetic field, B =40.0 T

- Time interval, At =1.0's

Step 1: Initial magnetic flux. Since the plane of the loop is perpendicular to the field, the angle
between the area vector and the magnetic field is 0°.

®; = B- Acos(0°) = 40 x (25 x 1074) = 1000 x 107% = 0.1 Wb
Step 2: Final magnetic flux. The loop is pulled out of the field.

br=0Wb
Step 3: Change in flux and induced EMF.

AP =¢; - ®; =0-0.1=-0.1 Wb
The magnitude of the induced EMF is:

AP —0.1
=|l-——]=|-——]=01V
o= |- =Tl =
Step 4: Induced current.
€] 0.1 9
I="—=—=001A=10°A
R 10

Step 5: Work done (Energy dissipated).

W =I?RAt = (1072)2 x 10 x 1.0
W=10"*x10=10"3J
W=10x10"21J

Step 4: Final Answer:
The work done will be 1.0 x 1073 J. This corresponds to option (A).



9 Quick Tip

An alternative formula for energy dissipated when flux changes is W = %. This can
be derived from W = (}%)QRAt = %At = %At = %At. Wait, there’s

a mistake in this derivation. The correct one is W = I?RAt = (%)QRAt = %.

Using this: W = (100';[()12 = Oi—%l = 0.001 = 1073 J. This can be a useful shortcut.

6. A fully loaded boeing aircraft has a mass of 5.4 x 10° kg. Its total wing area is
500 m?. It is in level flight with a speed of 1080 km /h. If the density of air p is 1.2
kg m~3, the fractional increase in the speed of the air on the upper surface of its
wing relative to the lower surface in percentage will be (g = 10 m s~?).

A) 16
B
C
D
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Correct Answer: (D) 10

Solution:

Step 1: Understanding the Question:

The question asks for the percentage increase in air speed over the upper surface of a wing
compared to the lower surface, which is required to generate enough lift to keep the aircraft in
level flight.

Step 2: Key Formula or Approach:

1. For level flight, the lift force must equal the weight of the aircraft: Fj;p; = mg.

2. The lift force is generated by the pressure difference (AP) between the lower and upper
surfaces of the wing: Fj;y; = AP X A, where A is the wing area.

3. The pressure difference is related to the difference in air speeds (v; on lower, vy on upper
surface) by Bernoulli’s principle: AP = P; — Py = $p(v3 — v?).

4. We need to find the fractional increase % and express it as a percentage.

Step 3: Detailed Explanation:

Given values:

- Mass, m = 5.4 x 10° kg

- Wing area, A = 500 m?

- Speed of aircraft (speed of air on lower surface), v; = 1080 km/h
- Density of air, p = 1.2 kg m ™3

- Acceleration due to gravity, g = 10 m s~2



First, convert the speed to m/s:

1000 m

3600 s
Next, calculate the required lift force (weight of the aircraft):

5
v1 = 1080 x :1080><1—8:60><5:300m/s

Fiip = mg = (5.4 x 10° kg) x (10 m/s*) = 5.4 x 10° N

Now, find the pressure difference needed:

Fipe 54 x 10N 540 x 10

— — =1.08x 10* P
A 500 m2 500 % &

AP =

Using Bernoulli’s principle:

1
AP = 5/)(”% —v7)

1
1.08 x 10* = 5 X 12x (v3 — 300%)

1.08 x 10* = 0.6(v3 — 90000)
1.08 x 10*
e
v3 = 90000 4 18000 = 108000
vy = V108000 ~ 328.6 m/s

Now, calculate the fractional increase:

v3 — 90000 = — 1.8 x 101 = 18000

. ) vg —v1  328.6 —300 28.6
Fractional increase = = =
U1 300 300

To express this as a percentage, we multiply by 100:

~ 0.0953

Percentage increase = 0.0953 x 100 =~ 9.53%
This is approximately 10%.

Approximation method:
We can approximate v3 — v} = (v — v1)(v2 + v1). Since vg is close to v1, we can approximate
v9 + v & 2v1.
1
AP~ Zp(v2 — v1)(201) = p(v2 — vi)1
vo—v1 AP  mg/A  mg

v pv3 B pv3 B Apv?
Vg — V1 5.4 x 106 5.4 x 106 5.4 x 109
v1 500 x 1.2 x (30002 600 x 90000 54 x 106
Percentage increase = 0.1 x 100 = 10%.

=0.1

Step 4: Final Answer:
The percentage increase in speed is 10%. This corresponds to option (D).

10



9 Quick Tip

For aerodynamic lift problems involving small differences in speed, the approximation
vo + v1 &~ 2wvp is usually very effective and simplifies the calculation significantly. It
saves you from calculating square roots and leads directly to the fractional change.

7. A heat energy of 184 kJ is given to ice of mass 600 g at —12°C. Specific heat of
ice is 2222.3 J kg7'°C~! and latent heat of ice is 336 kJ /kg~'. A. Final temperature
of system will be 0°C. B. Final temperature of the system will be greater than 0°C.
C. The final system will have a mixture of ice and water in the ratio of 5:1. D. The
final system will have a mixture of ice and water in the ratio of 1:5. E. The final
system will have water only. Choose the correct answer from the options given
below:

(A) A and E Only
(B) A and C Only
(C) B and D Only
(D) A and D Only

Correct Answer: (D) A and D Only

Solution:

Step 1: Understanding the Question:
We are given a certain amount of heat energy and we need to determine the final state (tem-
perature and composition) of a given mass of ice initially at a sub-zero temperature.

Step 2: Key Formula or Approach:

We need to calculate the heat required for each phase of the process and compare it with the
supplied heat.

1. Heat required to raise the temperature of ice from —12°C to 0°C: Q)1 = mciceAT.

2. Heat required to melt all the ice at 0°C into water at 0°C: Q2 = mLy.

By comparing the supplied heat Qs with @1 and Q1 + Q2, we can determine the final state.

Step 3: Detailed Explanation:

Given values:

- Heat supplied, Qsup = 184 kJ = 184000 J

- Mass of ice, m = 600 g = 0.6 kg

- Initial temperature, 7; = —12°C

- Specific heat of ice, ¢jee = 2222.3 J kg 'K~}

- Latent heat of fusion, Ly = 336 kJ/kg = 336000 J/kg

Calculation 1: Heat to reach 0°C
Heat required to raise the temperature of ice from —12°C to 0°C:

11



Q1 = mcice AT = 0.6 x 2222.3 x (0 — (—12)) = 0.6 x 2222.3 x 12
Q1 = 16000.56 J

Calculation 2: Heat to melt all ice at 0°C
Heat required to melt all 0.6 kg of ice at 0°C:

Q2 =mLy = 0.6 x 336000 = 201600 J

Analysis:

The total heat supplied is Qgyp = 184000 J.

- Since Qsyp > Q1 (184000 J ;, 16000.56 J), all the ice will reach 0°C.

- The total heat required to convert all ice at —12°C to water at 0°C is Qiprar = Q1 + Q2 =
16000.56 + 201600 = 217600.56 J.

- Since Qsup < Qtotar (184000 J | 217600.56 J), not all the ice will melt.

- This means the final temperature of the system will be 0°C, and it will be a mixture of ice
and water.

- Therefore, statement A is correct and statements B and E are incorrect.

Calculation 3: Amount of ice melted
Heat remaining after raising the ice temperature to 0°C:

Qrem = Qsup — Q1 = 184000 — 16000.56 = 167999.44 J

This remaining heat will melt a certain mass of ice (Myneited):

Qrem 167999.44
Mmelted = =
meste Lf 336000

~ 0.5 kg =500 g

Final Composition:

- Mass of water formed: myater = Mmeiteq = D00 g.

- Mass of ice remaining: mjce = Myotal — Mumeited = 600 g — 500 g = 100 g.

The ratio of the mass of ice to the mass of water is mjce : Myater = 100 : 500 = 1 : 5.
- Therefore, statement D is correct and statement C is incorrect.

Step 4: Final Answer:
The correct statements are A and D. This corresponds to option (D).

Q Quick Tip

In calorimetry problems, always calculate the energy required for each step (tempera-
ture change, phase change) sequentially. Compare the supplied energy at each stage to
determine the final state. Do not assume the final state beforehand.

8. Substance A has atomic mass number 16 and half life of 1 day. Another sub-
stance B has atomic mass number 32 and half life of 1/2 day. If both A and B
simultaneously start to undergo radio activity at the same time with initial mass

12



320 g each, how many total atoms of A and B combined would be left after 2 days.

(A) 1.69 x 10%*
(B) 6.76 x 10?3
(C) 3.38 x 10%4
(D) 6.76 x 10%*

Correct Answer: (C) 3.38 x 10

Solution:

Step 1: Understanding the Question:
We are given two radioactive substances with their initial masses, atomic masses, and half-lives.
We need to find the total number of atoms of both substances remaining after a specific time.

Step 2: Key Formula or Approach:

1. Calculate the number of half-lives (n) for each substance using n = t/T) j5, where t is the
elapsed time and T7 /5 is the half-life.

2. Calculate the mass remaining (m) for each substance using m = mg(1/2)", where my is the
initial mass.

3. Calculate the number of moles remaining for each substance.

4. Calculate the number of atoms (N) remaining for each substance using N = (moles) x N4,
where N, is Avogadro’s number (6.022 x 10?3 mol~1).

5. Sum the number of atoms of A and B.

Step 3: Detailed Explanation:

Given values:

- For substance A: M4 = 16 g/mol, T19,4 = 1 day, mog 4 =320 g.

- For substance B: Mp = 32 g/mol, 119, = 0.5 day, mo p = 320 g.
- Elapsed time, ¢t = 2 days.

For Substance A:

- Number of half-lives: ny = 7t— = 2 days _

T1/2,A ~ 1lday

- Mass remaining: m4 = mq 4 (1)nA = 320 (1)2 = 320 X 411 =80 g.
- Number of atoms remaining: N4 = mA X Ng= % X Ny =5Ny.

For Substance B:

- Number of half-lives: ng = Tl/'; - = 02 Sd?;; = 4.
- Mass remaining: mp = mo g ( ) =320 (%) — 320 x 16 —20g.
- Number of atoms remaining: Ng = %ﬁ X Np=%5 X Ny= 5NA = 0.625Ny4.

Total Atoms Remaining:
~ Total atoms Nyya; = Na + Ng = 5N4 + 0.625N4 = 5.625N 4.
- Substitute N4 = 6.022 x 1023:

Niotal = 5.625 x (6.022 x 10%3)

13



Niotal =~ 33.873 x 1023 = 3.3873 x 10%*

Step 4: Final Answer:
The total number of atoms left is approximately 3.38 x 1024, This corresponds to option (C).

Q Quick Tip

It’s often useful to first calculate the initial number of atoms and then apply the decay
formula N = No(1/2)". Noa = (320/16)Ng = 20N4. Ny = 20N 4(1/2)% = 5Ny4.
Nop = (320/32)Ng = 10N4. Np = 10N4(1/2)* = 10/16N4 = 0.625N4. The
result is the same, but this approach can sometimes prevent confusion between mass
and number of atoms.

9. Given below are two statements:

Statement I: Electromagnetic waves are not deflected by electric and magnetic
field.

Statement II: The amplitude of electric field and the magnetic field in electromag-
netic waves are related to each other as Ey = cBj.

In the light of the above statements, choose the correct answer from the options
given below:

(A) Both Statement I and Statement II are true
(B) Statement I is false but statement II is true
(C) Statement I is true but statement II is false
(D) Both Statement I and Statement II are false

Correct Answer: (A) Both Statement I and Statement II are true

Solution:

Step 1: Understanding the Question:
We need to evaluate the correctness of two statements regarding the properties of electromag-
netic (EM) waves.

Step 3: Detailed Explanation:

Analyzing Statement I:

”Electromagnetic waves are not deflected by electric and magnetic field.”

Electromagnetic waves are streams of photons. Photons are fundamental particles that are elec-
trically neutral (they have no charge). Forces from electric and magnetic fields act on charged
particles (Lorentz force, F= q(E + U x é)) Since photons have zero charge (¢ = 0), they do
not experience any force from external electric or magnetic fields and thus are not deflected.
Therefore, Statement I is true.

Analyzing Statement II:
”The amplitude of electric field and the magnetic field in electromagnetic waves are related to

14



each other as Ey = c¢By.”

In an electromagnetic wave propagating in a vacuum, the magnitudes of the electric field (F)
and magnetic field (B) at any point and any time are related by E' = ¢B, where ¢ is the speed
of light in vacuum. This relationship also holds for their amplitudes (maximum values), Ey
and By. Thus, the relation Ey = cBy is correct. Therefore, Statement II is true.

*(Note: The question paper OCR might have shown the relation differently, but the standard
and correct relation is Ey = ¢By.)*

Step 4: Final Answer:
Both Statement I and Statement II are true statements about electromagnetic waves. This
corresponds to option (A).

9 Quick Tip

Remember the key properties of EM waves: they are transverse, travel at the speed of
light in vacuum, carry energy and momentum, are produced by accelerating charges,
and are not deflected by E or B fields because they are chargeless. The relation £ =
¢B is fundamental.

10. The electric current in a circular coil of four turns produces a magnetic induc-
tion 32 T at its centre. The coil is unwound and is rewound into a circular coil of
single turn, the magnetic induction at the centre of the coil by the same current
will be:

Correct Answer: (B) 2 T

Solution:

Step 1: Understanding the Question:

We have a wire of a certain length that is first wound into a 4-turn coil and then into a 1-turn
coil. We are given the magnetic field at the center for the first case and asked to find it for the
second case, assuming the current is the same.

Step 2: Key Formula or Approach:
The magnetic field (magnetic induction) at the center of a circular coil with N turns and radius
r, carrying current I, is given by:

B poNIT
2r
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The total length of the wire, L, is constant. The length is related to the number of turns and
radius by L = N x (27r), which means r = 27%1\7
We can substitute this expression for r into the formula for B to see how B depends on N.

Step 3: Detailed Explanation:
Let’s express B in terms of N and the constant length L.

poNI  pomIN?
=
2 (zw) L
Since pg, m, I, and L are all constant for this problem, we can see that the magnetic field B is
directly proportional to the square of the number of turns, N.

B =

B o N?

By [ N ?
B, \ MV

We can write this as a ratio:

Given values:

- Initial number of turns, Ny =4

- Initial magnetic field, By =32 T

- Final number of turns, No =1

We need to find the final magnetic field, Bs.
Substituting the values into the ratio:

By (1)2_ 1
32 \4/) 16

===

Now, solve for Bs:

By 2T

Step 4: Final Answer:
The new magnetic induction at the centre will be 2 T. This corresponds to option (B).

9 Quick Tip

For a fixed length of wire rewound into coils of different numbers of turns, remember
the key relations: radius r oc 1/N and magnetic field at the center B oc N2. This direct
proportionality makes solving such ratio problems very quick.

11. For the given logic gates combination, the correct truth table will be
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A|lB|X
¢C|0] 0O
0]1]1
11011
1111]1

Correct Answer: (D)

Solution:

Step 1: Understanding the Question:
We are asked to determine the output (X) for all possible combinations of inputs (A, B) for
the given logic circuit and find the corresponding truth table.

Step 2: Analyzing the Circuit Diagram:

The provided diagram shows two NAND gates.

1. The first gate takes inputs A and B. Its output, let’s call it Y, is given by Y = A - B.

2. This output Y is then fed into the second NAND gate. Both inputs of the second NAND
gate are connected to Y. A NAND gate with its inputs tied together acts as a NOT gate.

3. Therefore, the final output X is the NOT of Y. X =Y = A" B.

4. According to the rules of Boolean algebra (double negation), Z = Z. So, X = A- B.
The entire circuit is equivalent to a single AND gate.

Step 3: Constructing the Truth Table:
We need to construct the truth table for an AND gate, where the output X is 1 only when both
inputs A and B are 1.

A/B|X=A-B
010 ()
011 ()
1 |0 ()
1 |1 1

Step 4: Comparing with Options and Addressing Discrepancy:

Let’s examine the truth tables provided in the options.

- Option (A): X =1, 0, 0, 0 (This is a NOR gate if A and B are swapped, or some other
function)

- Option (B): Complex function.

- Option (C): X =10, 0, 1, 1 (This is X=A)

- Option (D): The truth table is A=0,B=0,X=0; A=0,B=1,X=1; A=1,B=0,X=1; A=1,B=1,X=1.
This corresponds to an OR gate (X = A+ B).

There is a clear discrepancy. The circuit diagram evaluates to an AND gate, but none of the

options show the truth table for an AND gate. The official answer key for this question indi-
cates that Option (D) is the correct answer. This implies that the question intended to ask for
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the truth table of an OR gate, or the provided diagram was incorrect in the exam paper. Such
errors can occur in competitive exams.

Assuming the official key is to be followed, we choose the option corresponding to an OR gate.
The truth table for an OR gate is:

A B/ X=A+8B
010 0
01 1
110 1
11 1

This matches the data in Option (D) (as per the image).

Step 5: Final Answer:

Based on the analysis of the given circuit, the result should be an AND gate. However, this
is not an option. Following the official answer key, which selects option (D), the correct truth
table is that of an OR gate. Thus, we select option (D).

9 Quick Tip

In exams, if you find that your logically derived answer from the given data does not
match any of the options, double-check your work. If the mismatch persists, it’s likely
an error in the question itself. In such cases, you might have to make an educated
guess or mark the question for review. Being aware that questions can be flawed is
part of exam strategy. Here, the diagram shows an AND gate, but the correct keyed
option is for an OR gate.

12. The modulation index for an A.M. wave having maximum and minimum peak-
to-peak voltages of 14 mV and 6 mV respectively is:

(A) 0.6
(B) 0.4
(C) 0.2
(D) 1.4

Correct Answer: (B) 0.4

Solution:
Step 1: Understanding the Question:

We need to calculate the modulation index of an Amplitude Modulated (AM) wave given its
maximum and minimum peak-to-peak voltages.
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Step 2: Key Formula or Approach:
The modulation index () is defined in terms of the maximum amplitude (A;,4,) and minimum
amplitude (A;p) of the modulated wave as:

_ Amam - Amin
Amam + Amzn
The amplitude of a wave is half of its peak-to-peak voltage.
‘/pp,maa;

Amax =

A i _ Vpp,min
min — 2

Step 3: Detailed Explanation:

Given values:

- Maximum peak-to-peak voltage, Vppmaz = 14 mV
- Minimum peak-to-peak voltage, Vi, min = 6 mV

First, calculate the maximum and minimum amplitudes:

14
Aoz = ;nv—7m\/
6 mV

Now, use the formula for the modulation index:

Amaa: - Amin . 7—3

M:Amax+14min B 7+ 3
4
=—=04
P~ 10

Step 4: Final Answer:
The modulation index is 0.4. This corresponds to option (B).

9 Quick Tip

Note that the formula for modulation index can also be written directly in terms of

peak-to-peak voltages, as the factor of 1/2 cancels out: p = &Lw Using this
pp,max T Vpp,min
14-6 _ 8

directly: p = 7575 = 55 = 0.4. This can save a calculation step.

13. The time period of a satellite of earth is 24 hours. If the separation between
the earth and the satellite is decreased to one fourth of the previous value, then
its new time period will become.

(A) 4 hours

(B) 6 hours
(C) 12 hours
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(D) 3 hours

Correct Answer: (D) 3 hours

Solution:

Step 1: Understanding the Question:
We are asked to find the new orbital period of a satellite after its orbital radius is changed.
The relationship between orbital period and radius is governed by Kepler’s Third Law.

Step 2: Key Formula or Approach:

Kepler’s Third Law of planetary motion states that the square of the orbital period (T) of a
satellite is directly proportional to the cube of the semi-major axis of its orbit (which is the
radius R for a circular orbit).

T? x R?

For two different orbits of the same central body, we can write this as a ratio:

() - (&)

Step 3: Detailed Explanation:

Given values:

- Initial time period, 71 = 24 hours

- The separation is decreased to one fourth of the previous value, so the new radius Ry = +R;.

We need to find the new time period, T5.
Using the formula from Kepler’s Third Law:

E 2 B %Rl 3
T -\ Ry
n\° (1)3 1
24 ) \4/) 64
Now, take the square root of both sides:

T 1 1
24\ 64 8
Solve for Th:

24
Ty = 3= 3 hours

Step 4: Final Answer:
The new time period will be 3 hours. This corresponds to option (D).
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9 Quick Tip

Remember the relationship 72 o« R3. From this, you can deduce that 7' o R3/2. So, if
R becomes 1/4 of its original value, T will become (1/4)3/2 = ((1/4)'/?)3 = (1/2)3 =
1/8 of its original value. Ty = T71/8 = 24/8 = 3 hours.

14. With the help of potentiometer, we can determine the value of emf of a given
cell. The sensitivity of the potentiometer is

(A) directly proportional to the length of the potentiometer wire

(B) directly proportional to the potential gradient of the wire

(C) inversely proportional to the potential gradient of the wire

(D) inversely proportional to the length of the potentiometer wire

Choose the correct option for the above statements:

(A) A and C only
(B) B and D only
(C) C only
(D) A only

Correct Answer: (A) A and C only

Solution:

Step 1: Understanding the Question:
The question asks about the factors affecting the sensitivity of a potentiometer. Sensitivity
refers to the ability to measure very small potential differences accurately.

Step 3: Detailed Explanation:

The principle of a potentiometer is that the potential drop across any length of a uniform wire
is directly proportional to that length. The potential gradient, k, is the potential drop per unit
length of the wire:

v
k=—
L

where V is the total potential drop across the wire of total length L.

A potentiometer is considered more sensitive if it can detect a smaller change in potential
difference. This means for a small change in potential, there should be a large change in the
balancing length. A smaller potential gradient leads to higher sensitivity.

For a given potential difference AV, the change in balancing length is Al = %. To have a
large Al for a small AV, the potential gradient 'k’ must be small.

So, Sensitivity o %

This means statement (C) is correct and statement (B) is incorrect.
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Now let’s see how sensitivity depends on the length of the wire, L.
We have k = % Substituting this into the sensitivity relation:

Sensitivit L
ensitivity « —— = —

YXVILTV
Assuming the potential drop V across the wire is kept constant, the sensitivity is directly pro-
portional to the length of the potentiometer wire, L. A longer wire will have a smaller potential
gradient (for the same total voltage), and thus will be more sensitive.

This means statement (A) is correct and statement (D) is incorrect.

Step 4: Final Answer:
The correct statements are (A) and (C). This corresponds to option (A).

9 Quick Tip

For maximum potentiometer sensitivity, you need the smallest possible potential gra-
dient (k). This is achieved by using a very long wire (large L) and driving it with the
smallest possible current/voltage (small V) that is still larger than the EMF to be mea-
sured. Think of it as ”stretching out” the voltage scale over a longer distance.

15. For the given figures, choose the correct options:

106y 0 mH 03 pF
1“{‘ ! I SN GG —
ll.(n‘l...-
Clr- B ._f i
3 I |
20V, 0 M
22XV, 30 H-

A it

(A) At resonance, current in (b) is less than that in (a)

(B) The rms current in circuit (b) can be larger than that in (a)

(C) The rms current in figure(a) is always equal to that in figure (b)
(D) The rms current in circuit (b) can never be larger than that in (a)

Correct Answer: (D) The rms current in circuit (b) can never be larger than that in (a)

Solution:
Step 1: Understanding the Question:

We need to compare the RMS current in a purely resistive circuit with the RMS current in a
series RLC circuit, powered by the same AC source.
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Step 2: Key Formula or Approach:

The RMS current in an AC circuit is given by I,,s = %, where Z is the impedance of the
circuit.

- For a purely resistive circuit (a): Z, = R.

- For a series RLC circuit (b): Z;, = \/ R?2 + (X1, — X¢)?, where X, is inductive reactance and
X is capacitive reactance.

Step 3: Detailed Explanation:

Let’s analyze the currents in both circuits.
Circuit (a):

The impedance is purely resistive, Z, = R.
The RMS current is I, = V’“é"'s.

Circuit (b):
The impedance is 7}, = \/R2 + (X — X¢)2.

The RMS current is [, = VTZ”;S = \/R2+‘(/_;7<m ronch
L—AC

Comparison:

The term (X7, — X¢)? is always greater than or equal to zero.

Therefore, the impedance of the RLC circuit 7, = \/ R?2 + (X — X¢)? will always be greater
than or equal to R.

Zy> R

The minimum value of Z, occurs at resonance, when Xy = X. At this point, Z, = VR2 4+ 0 =
R.

Since the current is inversely proportional to the impedance (Ir,s o< 1/2), and Z, > Z,, it
follows that:

IbSIa

The maximum possible current in circuit (b) is %, which is equal to the current in circuit

(a). This maximum is achieved only at resonance. At all other frequencies, the current in (b)
will be less than the current in (a).

Evaluating the Options:

- (A) At resonance, current in (b) is less than that in (a). False. At resonance, Z, = R, so
I,=1,

- (B) The rms current in circuit (b) can be larger than that in (a). False. As shown, [, can at
most be equal to I,.

- (C) The rms current in figure(a) is always equal to that in figure (b). False. They are only
equal at resonance.

- (D) The rms current in circuit (b) can never be larger than that in (a). True. This is a direct
consequence of 7 > R.

Note on official answer key: Some official answer keys have marked option (B) as correct,

which contradicts the principles of a standard series RLC circuit. This suggests a possible error
in the question or the provided key. Based on physics principles, option (D) is the only correct

24



statement.

Step 4: Final Answer:
Based on a correct physical analysis, the RMS current in circuit (b) can never be larger than
that in (a). This corresponds to option (D).

9 Quick Tip

Remember that in a series RLC circuit, impedance is minimum at resonance and is
equal to R. Therefore, the current is maximum at resonance and is equal to V/R. At
any other frequency, the impedance is higher, and the current is lower.

16. The equation of a circle is given by z? + y> = a?, where a is the radius. If

the equation is modified to change the origin other than (0, 0), then find out the
correct dimensions of A and B in a new equation : (z — At)? + (y — %)2 = a®. The
dimensions of t is given as [T~1].

(A) A=[L~'T~Y, B=[LT]
(B) A=[L~'T], B=[LT™]
(C) A=[L7'T~Y, B=[LT™]
(D) A=[LT], B=[L~'T~1]

Correct Answer: (D) A=[LT], B=[L~1T7
Solution:

Step 1: Principle of Dimensional Homogeneity:
In any valid physical equation, quantities being added or subtracted must have the same di-

mensions. In the given equation, ‘x‘, ‘y‘, and ‘a‘ have dimensions of length [L]. The dimension
of ‘t* is given as [T71].

Step 2: Finding the Dimension of A:
From the term (z — At), the dimension of ‘x‘ must be equal to the dimension of ‘At’.

Substituting the known dimensions:

Solving for [A]:
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Step 3: Finding the Dimension of B:
From the term (y — B/t), the dimension of ‘y* must be equal to the dimension of ‘B/t".

[B]
Yl =77
[v] 7
Substituting the known dimensions:
_ _B]
Hem

Solving for [B]:

[B] = [L)[T™"] = [LT~"]

Step 4: Final Answer and Conclusion:

The correctly derived dimensions are [A] = [LT] and [B] = [LT1].

Let’s check the options:

(A) Incorrect.

(B) Incorrect.

(C) Incorrect.

(D) A=[LT], B=[L~'T~1].

Only option (D) has the correct dimension for A. The dimension for B in option (D) is incor-
rect. This indicates a typographical error in the question’s options. Since the dimension for A
is correct, option (D) is the most plausible and intended answer.

9 Quick Tip

Always apply the principle of dimensional homogeneity strictly. If your derived answer
does not match any option, check for unconventional definitions like[t] = [T~!]. If a
mismatch still exists, find the option that is partially correct, as question papers can
contain errors.

17. A scientist is observing a bacteria through a compound microscope. For better
analysis and to improve its resolving power he should. (Select the best option)

(A) Increase the wave length of the light

(B) Decrease the diameter of the objective lens

(C) Decrease the focal length of the eye piece.

(D) Increase the refractive index of the medium between the object and objective lens

Correct Answer: (D) Increase the refractive index of the medium between the object and

objective lens

Solution:

26



Step 1: Understanding the Question:
The question asks for the method to improve the resolving power of a compound microscope.
Resolving power is the ability to distinguish between two very closely spaced points.

Step 2: Key Formula or Approach:
The resolving power (RP) of a microscope is given by the formula:

r 2nsin 0

RP = =
dmin A

where:

- dpin is the limit of resolution (the minimum distance between two distinguishable points).

- n is the refractive index of the medium between the objective lens and the object.

- 6 is the half-angle of the cone of light that can enter the objective lens.

- A is the wavelength of the light used for illumination.

To improve the resolving power, we need to increase the value of RP. This means we need to
decrease dpin.-

Step 3: Detailed Explanation:

Based on the formula, to increase the resolving power (RP), we should:

1. Decrease the wavelength (\): Using light of a shorter wavelength (like blue or ultraviolet
light) will improve resolution.

2. Increase the refractive index (n): This is often achieved by using immersion oil (which
has a higher refractive index than air) between the object and the objective lens.

3. Increase the angle (#): This means using an objective lens with a larger aperture. The
term nsin @ is called the Numerical Aperture (NA) of the objective.

Now let’s evaluate the given options:

- (A) Increase the wave length of the light: This would decrease the resolving power, as RP is
inversely proportional to A. So, (A) is incorrect.

- (B) Decrease the diameter of the objective lens: This would decrease the light-gathering angle
0, which in turn decreases the numerical aperture and thus decreases the resolving power. So,
(B) is incorrect.

- (C) Decrease the focal length of the eye piece: The eyepiece is primarily responsible for mag-
nification. While magnification is important, resolving power is a property of the objective lens
system and the illumination. Changing the eyepiece’s focal length does not directly improve
the resolving power. So, (C) is not the best option.

- (D) Increase the refractive index of the medium between the object and objective lens: This
directly increases the numerical aperture (nsin#) and therefore increases the resolving power.
This is a standard technique (oil immersion) used to achieve high resolution. So, (D) is correct.

Step 4: Final Answer:

The best way to improve the resolving power is to increase the refractive index of the medium.
This corresponds to option (D).
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9 Quick Tip

Remember the formula for resolving power of a microscope. Improving resolution
means making the denominator \ smaller and the numerator 2n sin  larger. This sim-
ple rule helps quickly evaluate the options in such questions.

18. A force acts for 20 s on a body of mass 20 kg, starting from rest, after which
the force ceases and then body describes 50 m in the next 10 s. The value of force
will be:

(A)5N
(B) 20 N
(C) 40 N
(D) 10 N

Correct Answer: (A) 5 N

Solution:

Step 1: Understanding the Question:

The problem describes a two-stage motion. In the first stage, a constant force accelerates a
body from rest. In the second stage, the force is removed, and the body moves at a constant
velocity. We need to find the magnitude of the force.

Step 2: Key Formula or Approach:

We can solve this problem by working backward from the second stage of motion.

1. In the second stage, the motion is uniform (constant velocity) since no force is acting. We
can find this constant velocity using v = distance/time.

2. This constant velocity is the final velocity achieved at the end of the first stage of motion.
3. Using the equations of motion for the first stage (v = w + at) and Newton’s second law
(F' = ma), we can find the force.

Step 3: Detailed Explanation:

Stage 2: Uniform Motion (from t = 20 s to t = 30 s)

- Distance covered, d = 50 m

- Time taken, At =10 s

- Since the force has ceased, the body moves with a constant velocity, v.

~d  50m
YTAtT 10s
Stage 1: Accelerated Motion (from t = 0 s to t = 20 s)
- The velocity achieved at the end of this stage is the constant velocity of stage 2. So, final
velocity v =5 m/s.
- Initial velocity, u = 0 (starts from rest).
- Time duration, ¢t = 20 s.

=5m/s
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- Mass of the body, m = 20 kg.

First, find the acceleration 'a’ using the first equation of motion:

v=u-+at

5 =0+ a(20)
D 1 2
¢=355=17 0.25 m/s

Now, use Newton’s second law to find the force F:

F=ma
F=20kgx0.25m/s*>=5N

Step 4: Final Answer:
The value of the force is 5 N. This corresponds to option (A).

9 Quick Tip

Breaking down multi-stage motion problems is key. Often, information from a later
stage is needed to solve for an earlier stage. Here, the constant velocity from the sec-
ond part of the journey was the crucial piece of information to find the acceleration in
the first part.

19. Identify the correct statements from the following:

A. Work done by a man in lifting a bucket out of a well by means of a rope tied to
the bucket is negative.

B. Work done by gravitational force in lifting a bucket out of a well by a rope tied
to the bucket is negative.

C. Work done by friction on a body sliding down an inclined plane is positive.

D. Work done by an applied force on a body moving on a rough horizontal plane
with uniform velocity is zero.

E. Work done by the air resistance on an oscillating pendulum is negative.
Choose the correct answer from the options given below:

(A) A and C Only

(B) B, D and E only

(C) B and E only

(D) B and D only

Correct Answer: (C) B and E only

Solution:
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Step 1: Understanding the Question:

We need to evaluate five statements about work done by various forces and identify the correct
ones. The sign of work done depends on the angle between the force vector and the displace-
ment vector. Work is positive if the angle is acute (0 to j90), negative if obtuse (;90 to 180),
and zero if perpendicular (90).

Step 3: Detailed Explanation:

Statement A: Work done by a man lifting a bucket.

The man applies an upward force on the rope, and the bucket’s displacement is upward. The
angle between the force applied by the man and the displacement is 0°. Thus, the work done
by the man is positive (W = Fdcos(0°) = F'd). Statement A is incorrect.

Statement B: Work done by gravitational force in lifting a bucket.
The gravitational force acts downward, while the bucket’s displacement is upward. The angle
between the gravitational force and the displacement is 180°. Thus, the work done by gravity
is negative (W = Fdcos(180°) = —F'd). Statement B is correct.

Statement C: Work done by friction on a body sliding down an inclined plane.

The body is sliding down the incline (displacement is downward along the incline). The force of
kinetic friction always opposes motion, so it acts upward along the incline. The angle between
the frictional force and the displacement is 180°. Thus, the work done by friction is negative.
Statement C is incorrect.

Statement D: Work done by an applied force on a body moving on a rough horizontal plane
with uniform velocity is zero.

To move with uniform velocity, the net force must be zero. This means the applied force must
be equal in magnitude and opposite in direction to the frictional force. The applied force is in
the direction of motion (displacement). The angle is 0°. The work done by the applied force is
positive, not zero. It is the net work done on the body that is zero. Statement D is incorrect.

Statement E: Work done by the air resistance on an oscillating pendulum.

Air resistance is a dissipative force that always opposes the velocity of the pendulum bob. At
any point in its swing, the direction of air resistance is opposite to the direction of motion
(displacement). The angle is 180°. Therefore, the work done by air resistance over any part of
the swing (and over a full cycle) is always negative. Statement E is correct.

Step 4: Final Answer:
The correct statements are B and E. This corresponds to option (C).

@ Quick Tip

A simple rule for the sign of work: If a force helps the motion (has a component in the
direction of displacement), work is positive. If a force opposes the motion (has a com-
ponent opposite to the direction of displacement), work is negative. Resistive forces
like friction and air resistance almost always do negative work.
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20. An object moves at a constant speed along a circular path in a horizontal plane
with center at the origin. When the object is at x = 42 m, its velocity is —47 m/s.
The object’s velocity (¢) and acceleration (@) at x = -2 m will be

>

—4j m/s,@ = 8i m/s’
4i m/s,@ = 8j m/s’
—4i m/s, @ = —8] m/s”
47 m/s,d = 8 m/s”

=S

STRESTRRSTRRS}
Il

N N /N /N
O Q
~— — — ~—

Correct Answer: (D) 7= 4] m/s,d = 8 m/s”
Solution:

Step 1: Understanding the Question:
We are given the velocity of an object at one point in its uniform circular motion. We need to
find its velocity and acceleration at another point on the circle.

Step 2: Key Formula or Approach:

1. Analyze the initial information to determine the parameters of the motion: radius, speed,
and direction of rotation (clockwise or counter-clockwise).

2. For uniform circular motion, the speed is constant, but the velocity vector changes direction,
always being tangent to the circle.

3. The acceleration is always directed towards the center of the circle (centripetal acceleration)
and has a constant magnitude of a. = v?/r.

Step 3: Detailed Explanation:

Analyzing the initial state:

- The path is a circle centered at the origin.

- When the object is at x = +2 m, its position vector is #; = 2¢ m. This means the radius of
the circle is r = 2 m.

- At this point, the velocity is 71 = —45 m/s.

- The speed of the object is constant, so v = |t/| = 4 m/s.

- At position (2, 0), the object is moving in the -y direction. This indicates a clockwise rotation.

Finding velocity and acceleration at the new point:
- The new point is at x = -2 m. Assuming it’s on the x-axis, the position vector is 75 = —2i
m. This is the point (-2, 0).

Velocity at 7 = —2:

- The velocity vector must be tangent to the circular path at (-2, 0).

- For a clockwise motion, at the leftmost point (-2, 0), the object will be moving upward, i.e.,
in the positive y-direction.

- The speed remains constant at 4 m/s.

- Therefore, the new velocity is 75 = 45 m/s.
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Acceleration at 7 = —2i:
- The acceleration is centripetal, meaning it always points from the object’s position towards
the center of the circle (the origin).
- At the position 7 = —2i, the direction towards the center is along the positive x-axis (—H)
- The magnitude of the centripetal acceleration is:

v (4m/s)? 16

e T 2m 2 m/s

- So, the acceleration vector is @2 = 8 m/s?.

Step 4: Final Answer:
At x = -2 m, the velocity is ¥ = 47 m/s and the acceleration is @ = 8 m/ s?. This corresponds
to option (D).

9 Quick Tip

Visualizing the circular motion is extremely helpful. Draw a simple x-y plane. Mark
the initial point (2,0) and the velocity vector pointing down (—j). This immediately
tells you the rotation is clockwise. Then, move to the final point (-2,0) and determine
the tangent (velocity) and the direction to the center (acceleration) from there.

Physics Section - B

21. In an experiment of measuring the refractive index of a glass slab using travel-
ling microscope in physics lab, a student measures real thickness of the glass slab
as 5.25 mm and apparent thickness of the glass slab as 5.00 mm. Travelling micro-
scope has 20 divisions in one cm on main scale and 50 divisions on vernier scale is
equal to 49 divisions on main scale. The estimated uncertainty in the measurement
of refractive index of the slab is z x 1073, where x is ________.

Correct Answer: 4

Solution:

Step 1: Understanding the Question:
We need to find the uncertainty in the calculated refractive index based on measurements of
real and apparent thickness using a travelling microscope with a Vernier scale.

Step 2: Key Formula or Approach:
1. Calculate the least count (LC) of the travelling microscope. The uncertainty in each mea-

surement is equal to the LC.
Real Thickness(t,)
Apparent Thickness(t,) "

2. The formula for refractive index is yu =
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3. The uncertainty Ay is calculated using the formula for propagation of errors:

Ap At At
_ +
" tr ta

where At, = At, = LC.

Step 3: Detailed Explanation:

Calculating the Least Count (LC):

- Value of 1 Main Scale Division (MSD): The main scale has 20 divisions in 1 cm.
So, 1 MSD = 5 cm = 0.05 cm = 0.5 mm.

- Relation between VSD and MSD: 50 Vernier Scale Divisions (VSD) = 49 MSD.
So, 1 VSD = 43 MSD.

- Least Count = 1 MSD - 1 VSD = 1— 23 MSD = & MSD.

LC = 55 x 0.5 mm = 0.01 mm.

- The uncertainty in each thickness measurement is At, = At, = LC = 0.01 mm.

Calculating the Uncertainty in Refractive Index:
- Given values: t, = 5.25 mm, t, = 5.00 mm.
- Refractive index, p = % = 1.05.

- Now, calculate Apu:
At, At
A/,[/ — /1/ ( T + CL)
t O,

0.01 0.0l
Ap=1. <— —)
n=105 (558 + 500

o
Ap=1. 01— —)
p= 10500 (5.25+5.00

5.00 + 5.25 10.25
A = 0.01 (—): 0l (—)
n=00105{7o===0) = 00105 (5655
Ap ~ 0.0105 x 0.39047 ~ 0.0041

- The uncertainty is approximately 4.1 x 1073.

The question asks for the value of x, where the uncertainty is « x 1073.

So, x = 4.1. Since the answer must be an integer, we take the nearest integer value.
x = 4.

Step 4: Final Answer:
The value of x is 4.

9 Quick Tip
Error propagation calculations are common. For a quantity Z = A/B, the fractional
error is % = % + %. Always remember to first calculate the least count of the

measuring instrument, as it represents the uncertainty in the raw measurements.
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22. A car is moving on a circular path of radius 600 m such that the magnitudes of
the tangential acceleration and centripetal acceleration are equal. The time taken
by the car to complete first quarter of revolution, if it is moving with an initial
speed of 54 km/hr is t(1 — e~"/?)s. The value of t is ________.

Correct Answer: 40

Solution:

Step 1: Understanding the Question:
We are given a car in circular motion where tangential acceleration equals centripetal acceler-
ation. We need to find the time for the first quarter revolution.

Step 2: Key Formula or Approach:

1. Given condition: a; = a.

2. Formulas: a; = U% (where s is arc length) and a, = 1;—2
3. Set up a differential equation relating speed v and distance s, and solve it.

4. Use v = % to find the time taken.

Step 3: Detailed Explanation:
From the given condition, a; = a.:

dv 02
vV— = —
ds r
Separating variables:
dv  ds
v

Y dv B *ds

Vo v 0 r

In(v)]y, = = = In(v) —In(vo) = -
r
In <£) =2 = = voe®!"
Vo r
Now, substitute v = %:

d
d_i = voe®/"

Separate variables again to find time T for a distance S:

S T
/ e/ ds = / vodt
0 0

[—re_s/r} i =T
(]
0
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—re " — (—re®) = v T
T(l - 6*8/7‘) - 'UOT — T = L(l — 6*5/7")
Vo

Now substitute the given values:
- Radius, » = 600 m.
- Initial speed, vg = 54 km/hr = 54 x % =15 m/s.
- For a quarter revolution, the distance is S = 1(27r) = ZF.
- So, the exponent is —% = —%/2 =
Substituting these into the equation for T:

600
T 5 (1 e 40(1—e

Comparing this with the given form ¢(1 — e~™/2), we find that ¢ = 40.

_T
-

Step 4: Final Answer:
The value of t is 40.

Q Quick Tip

For circular motion problems where acceleration components are related, setting up

and solving the differential equation is the standard method. Using the form a; = v%

is often more direct than a; = fl—g if the problem involves distance.

23. Unpolarised light is incident on the boundary between two dielectric media,
whose dielectric constants are 2.8 (medium-1) and 6.8 (medium-2), respectively.
To satisfy the condition, so that the reflected and refracted rays are perpendicular

to each other, the angle of incidence should be tan™! (, /14 %) . The value of 0 is

(Given for dielectric media, p, = 1)

Correct Answer: 7

Solution:

Step 1: Understanding the Condition (Brewster’s Angle):
The condition that the reflected and refracted rays are perpendicular to each other means that
the light is incident at Brewster’s angle (ip).

Step 2: Key Formulas:
1. Brewster’s Law: The tangent of Brewster’s angle is equal to the ratio of the refractive indices
of the two media.

ng

t ) = = —_—
an(zB) na1 "
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2. Refractive Index of a Dielectric: For a non-magnetic dielectric medium, the refractive index
n is related to the dielectric constant (relative permittivity €,) by the formula:

n = /€ty

Since it is a dielectric medium, the relative permeability p, = 1, so n = /€.

Step 3: Detailed Calculation:

Given values:

- Dielectric constant of medium 1, ¢,; = 2.8.
- Dielectric constant of medium 2, ¢,9 = 6.8.

First, find the refractive indices of the two media:

— a1 = V28
— Jaz - V63

Now, apply Brewster’s Law to find the tangent of the angle of incidence:

w2 I8 [T

The question provides the angle of 1n<31dence in a specific format:

=t 14
1 = tan" )

1
tan(i) =4/1+ 70

Since the condition is met, ¢ = ig. We can equate the two expressions for the tangent of the

angle:
10 17
14+ —=1/—=
VT VT

This means that:

Squaring both sides of the equation:

Now, solve for 6:
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Step 4: Final Answer:
The value of 0 is 7.

9 Quick Tip

Brewster’s angle problems are a direct application of the formula tan(ig) = ng/n;. The
key is to correctly relate the given properties (like dielectric constant) to the refractive
index. For dielectrics, n = /€, is the crucial link. Always set up the equation carefully
based on the given form of the angle.

24. A null point is found at 200 cm in potentiometer when cell in secondary circuit
is shunted by 5¢). When a resistance of 15} is used for shunting, null point moves
to 300 cm. The internal resistance of the cell is _____ Q.

Correct Answer: 5

Solution:

Step 1: Understanding the Question:
We are using a potentiometer to find the internal resistance of a cell. We have two scenarios
with two different shunt resistances and their corresponding balancing lengths.

Step 2: Key Formula or Approach:

Let E be the EMF of the cell and [y be the balancing length without any shunt. Let & be the
potential gradient of the potentiometer wire. Then E = k.

When the cell is shunted with a resistance S, the terminal voltage across the cellis V = F
The balancing length for this voltage is [, so V' = kl.

Combining these, we get kl = (klo)SiH = l=log

S
S+r-

S
+r”

Step 3: Detailed Explanation:
We have two cases:
Case 1: Shunt 57 = 52, balancing length {; = 200 cm.

S
200 = l05 g (Equation 1)

Case 2: Shunt So = 15(2, balancing length lo = 300 cm.

15
15+7r
We can solve these two equations for r. Let’s divide Equation 2 by Equation 1:

300 = Iy

(Equation 2)

15

300 s
200 oz
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3 15 S5+

= X
2 154+r 5

3 3(5+r)
2 1547
Cancel the 3 from both sides:
1 B S5+r
2 1547

Cross-multiply:

1(154+7) =2(5+7)
154+7r =10+ 2r
r=15-10=5%

Step 4: Final Answer:
The internal resistance of the cell is 5 2.

9 Quick Tip

When you have two scenarios in a potentiometer problem for finding internal resis-
tance, setting up a ratio of the two conditions is the quickest way to solve. This elimi-
nates the unknown potential gradient £ and the open-circuit balancing length [g.

25. An inductor of inductance 2 pH is connected in series with a resistance, a
variable capacitor and an AC source of frequency 7 kHz. The value of capacitance
for which maximum current is drawn into the circuit is % F, where the value of x

(Take m = 22/7)

Correct Answer: 3872

Solution:

Step 1: Understanding the Question:
In a series RLC circuit, the current is maximum when the circuit is in resonance. We are asked
to find the value of capacitance that brings the circuit to resonance at the given frequency.

Step 2: Key Formula or Approach:
The condition for resonance in a series RLC circuit is when the inductive reactance (X1) equals
the capacitive reactance (X¢).

X1, = X¢
1
2L =5 5e
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Solving for the capacitance, C:

1 1

Cj::(ij)ZL T 4n2f2L

Step 3: Detailed Explanation:

Given values:

- Inductance, L =2 uH =2 x 1076 H.

- Frequency, f = TkHz = 7 x 103 Hz.

- =22/7

Substitute these values into the formula for capacitance at resonance:

1
Cj::4w2f2L
1
C = 5
4 (%) (7 x 10%)2(2 x 10-6)
1
C_

Cancel out the common terms:

o 1
4 x 484 x (106) x (2 x 1079)
B 1
4 x484x2
1

T 8 x 484
1

=T
3872

Step 4: Final Answer:
The problem states that the capacitance is of the form C' = % F.
By comparing our result C' = ﬁ F with the given form, we find that:

x = 3872

@ Quick Tip

Resonance is a fundamental concept in AC circuits. For a series RLC circuit, resonance
means the impedance is at its minimum (Z = R), and therefore the current is at its
maximum. The resonance condition Xj = X¢ is the key to solving for frequency, in-
ductance, or capacitance.

26. A particle of mass 100 g is projected at time t = 0 with a speed 20 ms™~! at an
angle 45° to the horizontal as given in the figure. The magnitude of the angular
momentum of the particle about the starting point at time t = 2s is found to be
VK kg m?/s. The value of K is ________. (Take g = 10 ms—2)
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Correct Answer: 800

Solution:

Step 1: Understanding the Question:
We need to find the magnitude of the angular momentum of a projectile about its point of
projection after 2 seconds.

Step 2: Key Formula or Approach:
The angular momentum Lofa particle about a point is given by L=7x
7 is the position vector from the point and p'is the linear momentum.

Alternatively, we can use the relation % = 7, where 7 is the torque about the same point.

X p'=m(7" x U), where

Integrating this gives L fo 7(t")dt’ since the initial angular momentum is zero.

Step 3: Detailed Explanation (Using Torque Method)

1. The only force acting on the projectile is gravity, Fg = —mgj

2. The position vector of the projectile at time t is 7(t) = x(t)i+y(t)J, where z(t) = (vg cos 0)t.
3. The torque 7 about the origin (point of projection) is:

T=rx ﬁg = (214 y]) x (—mgj) = —mgz(i x ) = —mgzk
4. Substitute the expression for x(t):

7(t) = —mg(vg cos 0)tk
5. Integrate the torque from t=0 to t=2s to find the angular momentum:

t

! t 2
L(t) = / F(tdt' = / —mg(vg cos )t kdt’ = —mg(vg cos 6) l%} k
0 0

0

. 1 .
L(t) = —Emg(vo cos 0)t%k
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6. Substitute the given values: m = 100 g = 0.1 kg, g = 10 m/sZ, vo=20m/s, 0 =45° t =2s.

1
vg cos @ = 20 cos(45°) = 20 x — = 10v2 m/s

V2
> 1 1
IL(2)] = 5(0.1)(10)(10\/5)(22) =5 x1x 10v/2 x 4 = 20v/2kg m?/s
7. We are given that the magnitude is VK.

VK =20V2

Squaring both sides:

K = (20v/2)? = 400 x 2 = 800

Step 4: Final Answer:
The value of K is 800.

¢ Quick Tip

—

Using the torque method (L = f 7dt) is often simpler for projectile motion angular
momentum problems than calculating 7 x p directly, as it avoids finding all components
of position and velocity at the given time.

27. A particle of mass 250 g executes a simple harmonic motion under a periodic
force F = (-25 x) N. The particle attains a maximum speed of 4 m/s during its
oscillation. The amplitude of the motion is ______ cm.

Correct Answer: 40

Solution:

Step 1: Understanding the Question:
We are given the mass, the restoring force law, and the maximum speed of a particle in Simple
Harmonic Motion (SHM). We need to find the amplitude of this motion.

Step 2: Key Formula or Approach:
1. The force law for SHM is given by F' = —kx, where k is the force constant.

2. The angular frequency w of the oscillation is given by w = \/g :

3. The maximum speed in SHM is related to the amplitude (A) and angular frequency by
Umaz = Aw.

Step 3: Detailed Explanation:
Given values:

- Mass, m = 250 g = 0.25 kg.
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- Force, F' = —25x N.
- Maximum speed, Vg = 4 m/s.

1. Find the force constant (k):

By comparing the given force law F' = —25z with the standard SHM equation ' = —kx, we get:
k =25N/m

2. Find the angular frequency (w):

[k [ 25
W = E— ﬁ—VlOO—lOI‘ad/S

3. Find the amplitude (A):
Using the relation for maximum speed:

Umnaz = Aw
A= maz 4 m/s =04 m
w 10 rad/s

4. Convert amplitude to centimeters:
The question asks for the amplitude in cm.

A=04m x 10022 = 40 cm
m

Step 4: Final Answer:
The amplitude of the motion is 40 cm.

Q Quick Tip

For SHM problems, always start by identifying the force constant ‘k‘ from the given
force equation. From there, you can find the angular frequency ‘w‘ and then relate it to
other quantities like period, frequency, velocity, and acceleration.

28. For a charged spherical ball, electrostatic potential inside the ball varies with
r as V = 2ar? +b. Here, a and b are constant and r is the distance from the center.
The volume charge density inside the ball is —\aeg. The value of Nis ______ . € =
permittivity of the medium

Correct Answer: 12

Solution:

Step 1: Understanding the Question:
We are given the electric potential inside a spherical charge distribution and need to find the
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volume charge density.

Step 2: Key Formula or Approach:
The relationship between electric potential V' and volume charge density p is given by Poisson’s
equation:

vy =L
€0

For a spherically symmetric potential that depends only on r, the Laplacian operator V? is:

1 d dV
2 _ - 2%
VV_TQdT (7’ dr)

An alternative two-step method is to first find the electric field E = —VV and then use Gauss’s
Law in differential form, V - E = Lz
Step 3: Detailed Explanation:
Given potential: V (r) = 2ar? +b.

1. Find the electric field E(r):
For spherical symmetry, £ = —<.

d
E = —%(Qaﬂ +b) = —4dar

The electric field vector is E = —darf.
2. Find the charge density p using Gauss’s Law:
Gauss’s Law in differential form is V- £ = %. For spherical symmetry:

1 d

= 2
Here, the radial component of the electric field is E, = —4ar.
p 1d,, 1d 3
— = —=—(r“(—4 = ——(—4
e ridr (r*(=dar)) r2 dr( ar’)
p 1 2 _
i T—Z(—12ar )= —12a

3. Solve for p:

p = —12aeg

4. Compare with the given expression:
The problem states that the volume charge density is p = —Aaeg.
Comparing our result with this expression:

—12aeg = —Aaeg
This gives A = 12.

Step 4: Final Answer:
The value of X is 12.
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9 Quick Tip

Remember the differential relationships between potential, field, and charge density:
E=-VVandV: E = p/eo. Combining them gives Poisson’s equation V2V =
—p/eo. For spherical symmetry problems, knowing the spherical forms of the gradient
and divergence operators is essential.

29. When two resistances R; and Ry connected in series and introduced into the
left gap of a meter bridge and a resistance of 10 (2 is introduced into the right gap,
a null point is found at 60 cm from left side. When R; and Ry are connected in
parallel and introduced into the left gap, a resistance of 3 () is introduced into the
right-gap to get null point at 40 cm from left end. The product of RiRs is
02,

Correct Answer: 30

Solution:

Step 1: Understanding the Question:
We have two scenarios using a meter bridge with two unknown resistors, R; and Ry. We need
to use the balancing conditions from both scenarios to find the product RjRe.

Step 2: Key Formula or Approach:
The principle of a balanced meter bridge (a form of Wheatstone bridge) is:

Resistance in Left Gap ~ Balancing Length (from left)
Resistance in Right Gap ~ 100 - Balancing Length (from left)
Or, g:;f; = ﬁ, where 1 is in cm.

Step 3: Detailed Explanation:
Case 1: R; and Ry in Series
- Resistance in left gap: Rg = Ry + Ro.
- Resistance in right gap: 10 2.
- Balancing length: {1 = 60 cm.
Using the meter bridge formula:
Ri+Ry 60 60 3

10  100—60 40 2

3
Ri+ Ry =10 x 5= 15Q (Equation 1)

Case 2: R; and Ry in Parallel

; ; . _ RiR
- Resistance in left gap: Rp = g5
- Resistance in right gap: 3 €.

- Balancing length: lo = 40 cm.
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Using the meter bridge formula:

Rp 40 40 2

3 100—40 60 3

RPZ3X§:2Q

So, leﬁi =20 (Equation 2).

Solving for the Product R {Ros:
We have the sum from Equation 1 (R; + R2 = 15) and a relation involving the product from
Equation 2. We can substitute the sum into Equation 2.

RiRy
15
RiRy =15 x 2 = 3002

2

Step 4: Final Answer:
The product of RiRy is 30 Q2.

Q Quick Tip

In meter bridge problems with two setups, look for ways to combine the equations.
Here, the first setup gave the sum of the resistances, which could be directly substi-
tuted into the equation from the second setup (which involved the parallel combina-
tion) to find the product.

30. A metal block of base area 0.20 m? is placed on a table, as shown in figure. A
liquid film of thickness 0.25 mm is inserted between the block and the table. The
block is pushed by a horizontal force of 0.1 N and moves with a constant speed. If
the viscosity of the liquid is 5.0 x 1073 PI, the speed of block is ______ x1073 m/s.

i
<107 m/s.

_.rlllll
-

Table

Correct Answer: 25

Solution:

45



Step 1: Understanding the Question:
We have a block moving at a constant speed on a thin film of liquid. The motion is sustained
by a horizontal force. We need to find the speed of the block.

Step 2: Key Formula or Approach:
1. Since the block moves at a constant speed, the net force on it is zero. This means the applied
horizontal force is equal in magnitude to the opposing viscous drag force. Fi,piicd = Fuiscous-
2. The viscous force for a fluid layer with a linear velocity profile is given by Newton’s law of
viscosity:
v

Fyiscous = nAC_l
where 7 is the coefficient of viscosity, A is the area of contact, v is the speed, and d is the
thickness of the film.

Step 3: Detailed Explanation:

Given values:

- Applied force, F' = 0.1 N.

- Area, A = 0.20 m?.

- Viscosity, 7 = 5.0 x 1073 Pl (Poiseuille, which is Pa-s or kg m~!s71).
- Film thickness, d = 0.25 mm = 0.25 x 1072 m.

Set the applied force equal to the viscous force:

v
F =nA-
e

Rearrange the formula to solve for the speed, v:
F-d
v=——r0
n-A

Substitute the given values:

(0.1 N) x (0.25 x 1073 m)
(5.0 x 1073 Pa-s) x (0.20 m?2)

The 1073 terms in the numerator and denominator cancel out.

0.1 x0.25 0.025
v = =
5.0 x 0.20 1.0

The question asks for the answer in the format ‘_____ x1073 m /s

=0.025 m/s

0.025 m/s = 25 x 1073 m/s

Step 4: Final Answer:
The value to be filled in the blank is 25.
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9 Quick Tip

When a body moves at a constant velocity, it is in dynamic equilibrium. This means
the driving force is perfectly balanced by the resistive forces (like friction or viscous
drag). This is a very common setup in mechanics and fluid dynamics problems.

Chemistry Section - A

31. An indicator X’ is used for studying the effect of variation in concentration of
iodide on the rate of reaction of iodide ion with HyO, at room temp. The indicator
’X’ forms blue colored complex with compound ’A’ present in the solution. The
indicator X’ and compound ’A’ respectively are

(A) Starch and iodine
(B) Starch and HaO9
(C) Methyl orange and iodine
(D) Methyl orange and H202

Correct Answer: (A) Starch and iodine

Solution:

Step 1: Understanding the Question:
The question describes a chemical reaction (iodide with hydrogen peroxide) and asks to identify
a specific indicator ('X’) and the substance (’A’) with which it forms a blue complex. This is
a classic setup for an iodine clock reaction.

Step 2: Key Concepts:
1. The reaction between iodide ions (I7) and hydrogen peroxide (H202) in an acidic solution
produces iodine (I3):

21" (aq) + HaO2(aq) + 2H (aq) — Iz(aq) + 2H20(1)

2. The standard chemical test for the presence of iodine (I2) is the addition of a starch solution.
3. Starch forms a deep blue-black colored complex with iodine (specifically, with the triiodide
ion, I3, which is in equilibrium with Iy and 7).

Step 3: Detailed Explanation:

- In this experiment, as the reaction proceeds, iodine (I2) is produced.

- To detect the formation of this iodine, an indicator is needed.

- The specific indicator that forms a blue complex with iodine is starch.

- Therefore, the indicator "X’ must be starch.

- The compound "A’ that is present in the solution and forms the complex with the indicator
is the product, iodine (Ig).
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- So, "X’ is starch and "A’ is iodine.

Step 4: Final Answer:
The indicator 'X’ is Starch and compound "A’ is iodine. This corresponds to option (A). (Note:
The candidate’s chosen option (B) is incorrect as starch does not form a complex with HoO3).

@ Quick Tip

The starch-iodine test is a very common and specific chemical test. Remember that
starch is the indicator FOR iodine, and it produces a characteristic dark blue/black
color. This is a fundamental concept in redox titrations involving iodine (iodome-
try /iodimetry).

32. Match List I and List II

List 1 List IT
A, Siinisas I[. Solvent molecules pass through sem: permeable
: membrane towards solvent side
II. Movement of charged colloidal particles under the
B Reverse osmosis  jinfluence of apphed electric potential towards
loppositely charged electrodes
II1. Solvent molecules pass through sem permeable
membrans towards solution side
ID. Electrophoresis [TV, Dispersion medium moves m an electric field.

IC. Elecro osmosis

Choose the correct answer from the options given below:

(A) A-III, B-1, C-11, D-1V
(B) A-IL, BIIL, C-II, D-IV
(C) A-L, B-IIL, C-1V, D-II
(D) A-III, B-I, C-1V, D-II

Correct Answer: (D) A-III, B-1, C-1V, D-II
Solution:

Step 1: Understanding the Question:
We need to match the terms related to colligative properties and electrokinetic phenomena
(List I) with their correct definitions (List IT).

Step 3: Detailed Explanation:

A. Osmosis: This is the spontaneous net movement of solvent molecules through a semi-
permeable membrane into a region of higher solute concentration, in the direction that tends
to equalize the solute concentrations on the two sides. This means solvent moves from the pure
solvent side to the solution side, or from a dilute solution to a concentrated one. This matches
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description III.

B. Reverse Osmosis: This is a process where solvent molecules are forced to move through a
semi-permeable membrane from a region of high solute concentration to a region of low solute
concentration by applying an external pressure greater than the osmotic pressure. This means
solvent moves from the solution side towards the pure solvent side. This matches description I.

D. Electrophoresis: This is the motion of dispersed particles (charged colloidal particles)
relative to a fluid under the influence of a spatially uniform electric field. The charged particles
move towards the oppositely charged electrode. This matches description II.

C. Electro-osmosis: This is the motion of liquid (the dispersion medium) through a porous
material or membrane under the influence of an applied electric field. It occurs when the move-
ment of the charged colloidal particles is prevented. The medium itself moves. This matches
description IV.

Matching Summary:
-A — III

-B =1

-C =1V

-D —1I

Step 4: Final Answer:
The correct matching is A-III, B-I, C-IV, D-II. This corresponds to option (D).

Q Quick Tip

Carefully distinguish between Osmosis and Reverse Osmosis (direction of solvent flow)
and between Electrophoresis and Electro-osmosis (what moves in the electric field: the
charged particles or the liquid medium). Creating a small comparison table can help
solidify these concepts.

33. The concentration of dissolved Oxygen in water for growth of fish should be
more than X ppm and Biochemical Oxygen Demand in clean water should be less
than Y ppm. X and Y in ppm are, respectively.

(A) 6 and 5
(B) 4 and 15
(C) 4 and 8
(D) 6 and 12

Correct Answer: (A) 6 and 5
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Solution:

Step 1: Understanding the Question:

This is a factual question from environmental chemistry. We need to know the standard val-
ues for Dissolved Oxygen (DO) required for aquatic life and the Biochemical Oxygen Demand
(BOD) for clean water.

Step 2: Key Concepts:

- Dissolved Oxygen (DO): The amount of oxygen dissolved in water. It is crucial for the
survival of fish and other aquatic organisms. Low DO levels indicate pollution.

- Biochemical Oxygen Demand (BOD): The amount of dissolved oxygen needed by aer-
obic biological organisms to break down organic material present in a given water sample at
certain temperature over a specific time period. A high BOD indicates a high level of organic
pollution, as more oxygen is required to decompose the waste.

Step 3: Standard Values:

- For the survival and growth of fish, the concentration of dissolved oxygen (DO) should gen-
erally be above 6 ppm. Water with DO below 4-5 ppm is considered polluted and unsuitable
for most fish. So, X = 6.

- For water to be considered clean or non-polluted, the BOD value should be low. A BOD
value of less than 5 ppm is indicative of clean water. High values (e.g., ; 10-15 ppm) indicate
significant pollution. So, Y = 5.

Step 4: Final Answer:
The required values are X = 6 and Y = 5. This corresponds to option (A). (Note: The can-
didate’s chosen option (B) represents conditions of polluted water, not suitable for fish growth).

9 Quick Tip

Remember these benchmark values for water quality: - Clean Water: DO > 6 ppm,
BOD < 5 ppm. - Polluted Water: DO < 5 ppm, BOD > 5 ppm (often much higher).
DO and BOD are inversely related; as organic pollution (BOD) increases, aerobic bac-
teria consume DO, causing its level to drop.

34. Find out the major product for the following reaction.

cH

J H,0* )
>< - Major Product

Ol
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Correct Answer: (C)

Solution:

Step 1: Understanding the Reaction:

The starting material is a 4-substituted cyclohexa-2,5-dienone. The substituents at the C4 po-
sition are a methyl group and an epoxy-methyl group (an oxirane ring). The reagent is H3O™,
indicating an acid-catalyzed reaction. This is a classic setup for a Dienone-Phenol rearrange-
ment, often accompanied by other rearrangements.

Step 2: Analyzing Possible Mechanisms:

The reaction in acidic medium is complex. Two main events are expected: the rearrangement
of the dienone to a stable aromatic phenol and the opening of the strained epoxide ring.
Mechanism (Dienone-Phenol Rearrangement):

1. The carbonyl oxygen of the dienone gets protonated by HzO™.

2. To achieve the stable aromatic phenol structure, one of the groups at the C4 position must
migrate to an adjacent carbon (C3 or C5). This is the key step of the rearrangement.

3. Simultaneously or subsequently, the protonated carbonyl group becomes a hydroxyl group,
and the ring aromatizes.

4. The epoxide ring will also be opened by the acid catalyst to form a diol.

The complexity lies in the sequence of these steps and the migratory aptitude of the groups.
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Step 3: Evaluating the Outcome and Options:

This specific rearrangement is known to be very complex, often leading to multiple products.
However, in the context of an exam question, we look for the most plausible major product
based on carbocation stability and rearrangement principles. A plausible pathway involves
the rearrangement giving a substituted phenol, followed by the opening of the epoxide into
a diol. Given the options, the reaction seems to involve the formation of a catechol (1,2-
dihydroxybenzene) derivative and a significant rearrangement of the carbon skeleton, similar
to a pinacol rearrangement.

Let’s analyze the chosen answer, Option (C), which is 1,2-dihydroxy-4-(2-hydroxy-2-methylpropyl)
benzene. The formation of this product from the starting material is not straightforward and
likely involves multiple rearrangement steps that are beyond the typical scope. There appears
to be an inconsistency in the number of atoms between the reactant and the product in option
(C), specifically the presence of two methyl groups in the side chain.

Given the ambiguity and likely error in the question, a definitive mechanistic derivation is
problematic. However, if we are to rationalize the given answer, one would have to assume a
complex cascade of epoxide opening, dienone-phenol rearrangement, and a pinacol-type rear-
rangement of the resulting side chain.

Step 4: Final Answer:
Due to a likely error in the question’s structure or options, it is not possible to derive the
product in Option (C) through a standard, unambiguous mechanism. However, as it is the
keyed answer, we select it.

@ Quick Tip

When faced with a very complex organic reaction in an exam that doesn’t follow a
clear-cut named reaction path, look for key transformations. Here, dienone — phenol
and epoxide — diol are expected. If the options don’t match, the question might be
flawed. In such cases, try to eliminate options based on what is impossible (e.g., viola-
tion of atom conservation).

35. The major component of which of the following ore is sulphide based mineral?

(A) Malachite
(B) Calamine
(C) Sphalerite
(D) Siderite

Correct Answer: (C) Sphalerite

Solution:
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Step 1: Understanding the Question:
We need to identify which of the given ores is a sulphide ore. This requires knowledge of the
chemical formulas of common ores.

Step 3: Detailed Explanation:

Let’s analyze the chemical composition of each ore:

- (A) Malachite: It is a copper carbonate hydroxide mineral. Its formula is CuaCO3(OH)s,.
This is a carbonate/hydroxide ore, not a sulphide.

- (B) Calamine: It is an ore of zinc, with the formula ZnCOs. This is a carbonate ore. (Note:
Historically, calamine could also refer to the silicate ore hemimorphite).

- (C) Sphalerite: It is the primary ore of zinc. Its chemical formula is (Zn,Fe)S, which is
essentially zinc sulphide (ZnS). This is a sulphide ore.

- (D) Siderite: It is an ore of iron with the formula FeCO3. This is a carbonate ore.

Step 4: Final Answer:
Among the given options, only Sphalerite is a sulphide-based mineral. This corresponds to
option (C).

9 Quick Tip

Memorizing the names and chemical formulas of important ores is crucial for the met-
allurgy chapter. Create a table classifying ores based on the anion (oxide, sulphide,
carbonate, halide, sulphate) and the metal they contain. This will help in quickly an-
swering such factual questions.

36. Given below are two statements: Statement I: The decrease in first ionization
enthalpy from B to Al is much larger than that from Al to Ga. Statement II: The
d orbitals in Ga are completely filled. In the light of the above statements, choose
the most appropriate answer from the options given below

(A) Statement I is incorrect but statement II is correct
(B) Both the statements I and II are incorrect

(C) Both the statements I and II are correct

(D) Statement I is correct but statement II is incorrect

Correct Answer: (C) Both the statements I and II are correct

Solution:
Step 1: Understanding the Question:

We need to evaluate two statements related to the ionization enthalpy trends in Group 13
elements (B, Al, Ga).
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Step 3: Detailed Explanation:

Analyzing Statement I:

"The decrease in first ionization enthalpy from B to Al is much larger than that from Al to
Ga.”

Let’s look at the actual values of the first ionization enthalpy (IE;) in kJ/mol:

- Boron (B): 801

- Aluminum (Al): 577

- Gallium (Ga): 579

The decrease from B to Al is 801 — 577 = 224 kJ/mol. This is a significant decrease, expected
due to the increase in atomic size and shielding.

The change from Al to Ga is an increase of 579 — 577 = 2 kJ/mol. Therefore, the ”decrease”
is -2 kJ/mol.

Comparing the magnitudes, the decrease from B to Al (224) is indeed much larger than the
change from Al to Ga (-2). So, Statement I is correct.

Analyzing Statement II:

"The d orbitals in Ga are completely filled.”

The electronic configuration of Gallium (Ga, Z=31) is [Ar] 3d!" 4s? 4p!.

As seen from the configuration, the 3d subshell is completely filled with 10 electrons. So, State-
ment II is correct. In fact, the poor shielding effect of these filled d-orbitals is the reason
why the ionization enthalpy of Ga is slightly higher than that of Al, contrary to the general
trend.

Step 4: Final Answer:
Both Statement I and Statement II are factually correct. This corresponds to option (C). (Note:
The candidate’s chosen option (D) is incorrect because Statement II is correct).

9 Quick Tip

Group 13 trends are a notable exception to general periodic trends. Remember the
anomaly: IE; of Ga j IE; of Al. This is due to the poor shielding by the 10 d-electrons
in Gallium, which increases the effective nuclear charge experienced by the valence elec-
trons.

37. A solution of Co(II) in amyl alcohol hasa colour.

Correct Answer: (C) Blue

Solution:
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Step 1: Understanding the Question:

We need to determine the color of a Co(II) ion solution in amyl alcohol. The color of transition
metal complexes depends on the metal ion, its oxidation state, and the coordination environ-
ment (ligands and geometry).

Step 2: Key Concepts:

- Co(1II) is a d" ion.

- In aqueous solutions, Co(II) typically exists as the hexaaquacobalt(Il) ion, [Co(H20)g]**.
This complex has an octahedral geometry and is pink in color.

- However, in the presence of other ligands or in certain solvents, Co(II) can form tetrahedral
complexes.

- Tetrahedral complexes of Co(II), such as [CoCly)?>~, are characteristically an intense blue
color. The color difference arises from the different splitting of d-orbitals in octahedral vs.
tetrahedral fields (crystal field theory).

- Amyl alcohol is a relatively weak, bulky ligand. While it can coordinate to the Co(II) ion, the
steric hindrance and solvent properties often favor the formation of a four-coordinate, tetrahe-
dral species over a six-coordinate, octahedral one.

Step 3: Detailed Explanation:

When a cobalt(II) salt is dissolved in a non-aqueous solvent like an alcohol (e.g., amyl alcohol),
the coordination environment changes from the aqueous one. The equilibrium often shifts to-
wards the formation of a tetrahedral complex, [Co(ROH)4]?" or similar species. Tetrahedral
Co(IT) complexes have a very intense absorption band in the orange/red part of the visible
spectrum, which results in them appearing a deep blue color to our eyes. This is a well-known
characteristic of Co(II) chemistry.

Step 4: Final Answer:
A solution of Co(II) in amyl alcohol is expected to be blue due to the formation of a tetrahedral
complex. This corresponds to option (C).

9 Quick Tip

A useful rule of thumb for Co(II) complexes: octahedral is pink, tetrahedral is blue.
This is often used in chemical indicators for water, where the anhydrous form (often
tetrahedral) is blue and the hydrated form (octahedral) is pink.

38. Which of the following relations are correct ?

(A) AU = g+ pAV

(B) AG=AH —TAS

(C) AS = Zz»

(D) AH = AU — AnRT

Choose the most appropriate answer from the options given below:
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(A) B and D Only
(B) C and D Only
(C) B and C Only
(D) A and B Only

Correct Answer: (C) B and C Only

Solution:

Step 1: Understanding the Question:
We need to identify the correct thermodynamic relations from a given list.

Step 3: Detailed Explanation:

Relation (A): AU = q+ pAV

The first law of thermodynamics is AU = ¢ + w, where w is the work done on the system.
For mechanical work against an external pressure, w = —petAV. So, the equation should be
AU = q — pAV. The given relation has a positive sign, which would imply work done by the
system. The sign convention can vary, but typically in chemistry, w = —pAV is used. Thus,
statement (A) is generally considered incorrect in the standard sign convention.

Relation (B): AG = AH —TAS

This is the Gibbs-Helmholtz equation, which defines the change in Gibbs free energy (AG) for a
process occurring at constant temperature. This is a fundamental and correct thermodynamic
relation.

Relation (C): AS = Lz
This is the thermodynamic definition of the change in entropy (AS) for a reversible process
occurring at a constant temperature T. This is a correct and fundamental relation.

Relation (D): AH = AU — AnRT

The relationship between enthalpy change (AH) and internal energy change (AU) is given by
AH = AU + A(pV'). For reactions involving ideal gases, this becomes AH = AU + (Ang)RT,
where An, is the change in the number of moles of gas. The given relation has a negative sign.
Thus, statement (D) is incorrect.

Step 4: Final Answer:

The correct relations are (B) and (C). This corresponds to option (C). (Note: The candidate’s
chosen option (D) is incorrect because relation (A) is incorrect).
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9 Quick Tip

Be very careful with signs in thermodynamic equations. - First Law: AU = g+ w; work
done on the system is positive (w = —peytAV). - Enthalpy-Internal Energy: AH =
AU+(Ang)RT. Remember H is 'bigger’ than U for gas-producing reactions at constant
pressure. - Gibbs Energy: AG = AH —TAS. These are some of the most fundamental
equations in thermodynamics.

39. Correct order of spin only magnetic moment of the following complex ions is:
(Given At.no. Fe: 26, Co:27)
[FeFe]~, [CoFg)*~, [Co(C204)3]°~

A) [Co(Co04)3]>~ > [CoFg>~ > [FeFg)?

( o
(B) [FeFG]?’ > [00(0204)3]3_ > [COF@]S_
(C) [F6F6]3_ > [COF6]3_ > [00(0204)3]3_
(D) [COF6]37 > [FGFG]?’* > [00(0204)3]37

Correct Answer: (C) [FeFg]>~ > [CoFg]3~ > [Co(Cy04)3]3~

Solution:

Step 1: Understanding the Question:
We need to determine the order of the spin-only magnetic moments for three coordination
complexes. The magnetic moment depends on the number of unpaired electrons.

Step 2: Key Formula or Approach:
The spin-only magnetic moment (u) is calculated using the formula:

1= +/n(n + 2) Bohr Magnetons (BM)

where n is the number of unpaired electrons. A larger n leads to a larger u. We need to find n
for each complex. This requires determining the metal’s oxidation state, its d-electron count,
and whether the complex is high-spin or low-spin based on the ligand field strength.

Step 3: Detailed Explanation:

1. [FeFg)3:

- Oxidation state of Fe: Let it be x. z +6(—1) = -3 = z = +3. So, we have Fe3*.
- Electronic configuration of Fe (Z=26) is [Ar] 3d® 4s%. Fe3* is [Ar] 3d°.

- Ligand: F~ is a weak-field ligand. It will form a high-spin octahedral complex.

- For a d® high-spin case, all 5 electrons are unpaired (t% 962). So, n = 5.

g
- =+/5(5+2) = /35~ 5.92 BM.
2. [COF6]3_:

- Oxidation state of Co: Let it be x. z +6(—1) = =3 = z = +3. So, we have Co>".
- Electronic configuration of Co (Z=27) is [Ar] 3d" 4s. Co3* is [Ar] 3d°.
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- Ligand: F~ is a weak-field ligand. It will form a high-spin octahedral complex.
- For a d® high-spin case, there are 4 unpaired electrons (3 e2). So, n = 4.

29™9
- 1= +/4(4 +2) = V24 =~ 4.90 BM.

3. [00(0204)3]37:

- Oxidation state of Co: Let it be x. Oxalate (C204%7) has a -2 charge. = +3(—2) = -3 —
x = +3. So, we have Co3™.

- Electronic configuration: Co3T is [Ar] 3d°.

- Ligand: Oxalate is generally considered a strong-field ligand, causing electron pairing. It will
form a low-spin octahedral complex.

- For a d% low-spin case, all 6 electrons are paired up in the to, orbitals (5 eY). So, n = 0.

29-9
- =+/0(0+2) =0 BM.

Comparing the Magnetic Moments:
p([FeFg]?™) ~ 5.92 BM

u([CoFs)3™) =~ 4.90 BM

u([00(0204)3]3_) =0 BM

The order is: [FeFg]>~ > [CoFg]3™ > [Co(Ca04)3]3~.

Step 4: Final Answer:
The correct order of spin only magnetic moment is [FeFg)?>~ > [CoFg]?~ > [Co(C204)3]3~.
This corresponds to option (C).

9 Quick Tip

To solve these problems quickly, you just need to find the number of unpaired elec-
trons, n. The magnetic moment p increases with n. You don’t need to calculate the
exact value of u, just compare the values of n. Here, n = 5, n = 4, and n = 0, so the
order is clear. Remember the spectrochemical series to decide if a ligand is weak-field
(high-spin) or strong-field (low-spin). Halides are typically weak, while ligands with C
or N donors (like CN7, CO, en) and oxalate are typically strong.

40. Find out the major products from the following reaction sequence.

O_'
Mgt
I NalN {ezcess)
A _ B
) F'*l’ﬂ,?—'_;t‘“ll H;0"
|
o .
OH M NH
- . L -
. i i’
A = [ H=C X Y
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Correct Answer: (A) = — O

Solution:

Step 1: Understanding the Question:
We are given a multi-step organic synthesis starting from p-chlorobenzaldehyde. We need to
identify the intermediate product A and the final product B.

Step 3: Detailed Explanation of the Reaction Sequence:

Step 1: Formation of A

Reactant: p-Chlorobenzaldehyde (p — Cl — CsHy — CHO)

Reagent: NaCN. This is a source of the cyanide nucleophile, CN™.

The CN™ ion attacks the electrophilic carbonyl carbon of the aldehyde. Subsequent protona-
tion (from the solvent, which is likely aqueous or alcoholic) of the resulting alkoxide ion yields
a cyanohydrin.

Product A = p-Cl-CgHy-CH(OH)CN

This compound is named p-chloromandelonitrile. This matches product A in option (A).

Step 2: Intermediate Reaction
Reactant: Product A (p — Cl — C¢Hy — CH(OH)CN)

Reagent: EtOH, HoO. This condition suggests the hydrolysis of the nitrile group (-CN) to a
carboxylic acid group (-COOH). While strong acid or base is typically required, this is the most
plausible transformation in this context.

Intermediate = p-Cl-C¢H4-CH(OH)COOH

This is p-chloromandelic acid.
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Step 3: Formation of B

Reactant: p-chloromandelic acid

Reagent: MeMgBr (excess), followed by H3O" workup. MeMgBr is a Grignard reagent, a
strong nucleophile and base.

1. Acid-Base Reactions: The Grignard reagent will first react with the two acidic protons of
the hydroxyl (-OH) and carboxyl (-COOH) groups. Two equivalents of MeMgBr are consumed
to form a dianion.

p—Cl—CgHy — CH(O_) — COO~

2. Nucleophilic Addition: A third equivalent of MeMgBr attacks the electrophilic carbon
of the carboxylate group. This forms a tetrahedral intermediate.

3. Second Nucleophilic Addition: Upon collapse of this tetrahedral intermediate during
the reaction (or workup), a ketone, p — Cl — CgHy — CH(OH) — CO — C' H3, would be formed.
Since MeMgBr is in excess, it will immediately attack this ketone.

4. A fourth equivalent of MeMgBr attacks the ketone’s carbonyl carbon, forming another alkox-
ide.

5. Workup: The final step is adding H30™ (acidic workup), which protonates all the alkoxides
to give hydroxyl groups.

The final result is the addition of two methyl groups to the original carboxyl carbon.

Product B = p-Cl-C¢Hy-CH(OH)-C(OH)(CH;),
This product is a diol, specifically 2-(4-chlorophenyl)-3-methylbutane-2,3-diol. This matches
product B in option (A).

Step 4: Final Answer:
Both the identified structures for A and B match those given in option (A).

9 Quick Tip

Remember the reactivity of Grignard reagents. They are strong bases and will react
with any acidic protons first before acting as nucleophiles. When reacting with esters
or carboxylic acids, they add twice to the carbonyl carbon (after the initial acid-base
reaction for acids) to produce a tertiary alcohol.

41. When a hydrocarbon A undergoes combustion in the presence of air, it re-
quires 9.5 equivalents of oxygen and produces 3 equivalents of water. What is the
molecular formula of A?

Correct Answer: (B) CgHg
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Solution:

Step 1: Understanding the Question:

We are dealing with the combustion of a hydrocarbon. From the stoichiometry of the reactants
and products (oxygen and water), we need to determine the molecular formula of the hydro-
carbon.

Step 2: Key Formula or Approach:
The general balanced equation for the combustion of a hydrocarbon C,H, is:
) )
C,H, + (:c +4) 02 = 2005 + 11,0
The term ”equivalents” here refers to the molar ratio with respect to 1 mole of the hydrocarbon

A.

Step 3: Detailed Explanation:

From the balanced equation, for 1 mole (or 1 equivalent) of C,H,:
- Equivalents of oxygen required = x + %

- Equivalents of water produced = %

We are given:
- Equivalents of oxygen required = 9.5
- Equivalents of water produced = 3

Using the information about water:

)
5 Y

Now we know the number of hydrogen atoms in the hydrocarbon is 6.

Using the information about oxygen and the value of y we just found:

Y

==95
x—|—4
6
-=95
m—|—4
r+1.5=95

r=950—-15=38

Now we know the number of carbon atoms is 8.
The molecular formula of the hydrocarbon A is CgHg.
Step 4: Final Answer:

The molecular formula is CgHg. This corresponds to option (B). (Note: The candidate’s chosen
option (A) is incorrect).
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9 Quick Tip

For combustion analysis problems, always start with the general balanced equation.
The coefficients directly give the molar ratios (or equivalents) of reactants and products
relative to the hydrocarbon. Solve for ‘y* first using the water produced, then solve for
‘x‘ using the oxygen consumed.

42. Following tetrapeptide can be represented as
COOH
CH,Ph a ! 0
Y- 0 % & L ..

Correct Answer: (A) YQLF

Solution:

Step 1: Understanding the Question:

We are given the structure of a tetrapeptide and need to identify the sequence of amino acids
using their standard one-letter codes. By convention, peptides are written from the N-terminus
(free amino group) to the C-terminus (free carboxyl group).

Step 2: Identifying the Amino Acid Residues:
We need to identify the side chain (R-group) for each amino acid in the chain, starting from
the left (N-terminus).

1. First Amino Acid (N-terminus): The side chain is -CH2-CgH4-OH (a benzyl group with
a hydroxyl group at the para position). This is the side chain for Tyrosine (Y).

2. Second Amino Acid: The side chain is -(CHy)2-CONHy. This is the side chain for Glu-
tamine (Q).

3. Third Amino Acid: The side chain is -CHo-CH(CH3)2. This is the side chain for Leucine
(L).

4. Fourth Amino Acid (C-terminus): The side chain is -CH2-CgHs (a benzyl group). This
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is the side chain for Phenylalanine (F).

Step 3: Determining the Sequence:

The sequence of the tetrapeptide from the N-terminus to the C-terminus is Tyrosine - Glu-
tamine - Leucine - Phenylalanine.

Using the one-letter codes, this is represented as Y-Q-L-F.

Step 4: Final Answer:
The correct representation of the tetrapeptide is YQLF. This corresponds to option (A).

Q Quick Tip

To identify peptide sequences, first locate the peptide backbone (-N-Ca-C-). The
groups attached to the alpha-carbons (Ca) are the side chains (R-groups) that define
the amino acids. Always read the sequence from the N-terminus (free -NHj or -NHJ)
to the C-terminus (free -COOH or -COO™). Memorizing the structures and codes of
the 20 standard amino acids is essential.

43. Reaction of propanamide with Bry/KOH(aq) produces:

(A) Ethylnitrile
(B) Propylamine
(C) Propanenitrile
(D) Ethylamine

Correct Answer: (D) Ethylamine

Solution:

Step 1: Understanding the Question:
We need to identify the product of the reaction between propanamide and a mixture of bromine
and aqueous potassium hydroxide.

Step 2: Identifying the Named Reaction:
The reaction of a primary amide with bromine in an aqueous or ethanolic solution of sodium/potassium
hydroxide is known as the Hofmann bromamide degradation reaction.

Step 3: Applying the Reaction Principle:

The key feature of the Hofmann bromamide degradation is that it converts a primary amide
into a primary amine containing one carbon atom less than the original amide. The carbonyl
carbon of the amide group is lost (as carbonate).

- The starting material is propanamide: CH3CHyCONHsy. It contains 3 carbon atoms.

- The product will be a primary amine with 3 — 1 = 2 carbon atoms.
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- The two-carbon primary amine is ethylamine: CH3CH2NH».
The overall reaction is:

CH3CHsCONHy + Bry + 4KOH — CH3CHsNHy + KoCO3 + 2KBr + 2H20

Step 4: Final Answer:
The product of the reaction is Ethylamine. This corresponds to option (D).

@ Quick Tip

The Hofmann bromamide reaction is a ”step-down” reaction, meaning it shortens the
carbon chain by one. Just remove the C=0 group from the amide to find the structure
of the resulting amine. This is a quick way to identify the product in multiple-choice
questions.

44. Match List I with List II

List I List IT
1 Cryoscopic constant

IA_van't Hoff factor, 1

B. ks 11 Isoronic solutions

Notmal molar mass

C. Solutions with same IL
Abnormal molar mass

JOSIMIONC pIEsSsue

IV. Solutions with same composition of
D). Azeotropes vapour above it

Choose the correct answer from the options given below:

(A) AL, B-1, C-1V, D-II
(B) A-IIL, B-1I, C-I1, D-IV
(C) A-III, B-I, C-II, D-1V
(D) A-1, B-11I, C-11, D-IV

Correct Answer: (C) A-11I, B-1, C-11, D-IV

Solution:

Step 1: Understanding the Question:
We need to match the chemical terms in List I with their correct definitions or related concepts
in List II.

Step 3: Detailed Matching:
- A. van’t Hoff factor, i: This factor accounts for the effect of solute dissociation or asso-
ciation on colligative properties. It is defined as the ratio of the observed colligative property
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to the calculated colligative property. Since colligative properties are inversely proportional to
molar mass, i is also defined as the ratio of the normal (theoretical) molar mass to the abnormal
(observed) molar mass. This matches with ITI.

- B. ky: This is the molal freezing point depression constant, also known as the cryoscopic
constant. It is a property of the solvent. This matches with I.

- C. Solutions with same osmotic pressure: By definition, solutions that have the same
osmotic pressure at a given temperature are called isotonic solutions. This matches with II.
- D. Azeotropes: These are liquid mixtures that have a constant boiling point and whose
vapor has the same composition as the liquid. This means they are solutions with the same
composition of vapour above it. This matches with IV.

Summary of Matches:
A — 1II

B—1

C—1II

D—=1IV

Step 4: Final Answer:
The correct set of matches is A-III, B-I, C-II, D-IV. This corresponds to option (C). (Note:
The candidate’s chosen option (D) is incorrect).

9 Quick Tip

Create a quick reference sheet for the ”Solutions” chapter with key defini-

tions: van’t Hoff factor, molal/molar constants (ebullioscopic, cryoscopic), iso-
tonic/hypotonic/hypertonic solutions, azeotropes, and Henry’s law. Matching questions
are common and test direct knowledge of these definitions.

45. A doctor prescribed the drug Equanil to a patient. The patient was likely to
have symptoms of which disease?

(A) Stomach ulcers
(B) Hyperacidity

(C) Anxiety and stress
(D)

D) Depression and hypertension

Correct Answer: (D) Depression and hypertension

Solution:
Step 1: Understanding the Question:

This is a knowledge-based question from the chapter ” Chemistry in Everyday Life”. We need
to identify the therapeutic use of the drug Equanil.
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Step 2: Identifying the Drug Class:
Equanil is the trade name for the drug Meprobamate. Meprobamate belongs to a class of drugs
called tranquilizers.

Step 3: Function of Tranquilizers:

Tranquilizers are neurological drugs that are used to treat conditions such as stress, anxiety,
and mental disorders. They act on the central nervous system to induce a sense of calm and
well-being. Equanil, in particular, is used to control depression and hypertension (high blood
pressure). It helps relieve anxiety and tension.

Step 4: Evaluating the Options:

- (A) Stomach ulcers and (B) Hyperacidity are treated with antacids (like ranitidine, cimeti-
dine). So, these are incorrect.

- (C) While Equanil is used for anxiety and stress, option (D) is more specific and encompassing
of its primary uses as listed in many textbooks.

- (D) Depression and hypertension are specific conditions for which Equanil is prescribed. This
is the most accurate description of its use among the choices.

Step 4: Final Answer:
Equanil is used to treat depression and hypertension. This corresponds to option (D).

9 Quick Tip

For the ”Chemistry in Everyday Life” chapter, create flashcards for important drugs
with their class (e.g., antacid, antihistamine, tranquilizer, antibiotic) and their specific
use. Questions are often direct recall of these facts. Equanil is a classic example of a
tranquilizer.

46. The one giving maximum number of isomeric alkenes on dehydrohalogenation
reaction is (excluding rearrangement)

(A) 2-Bromopropane

(B) 1-Bromo-2-methylbutane

(C) 2-Bromopentane

(D) 2-Bromo-3,3-dimethylpentane

Correct Answer: (C) 2-Bromopentane

Solution:
Step 1: Understanding the Question:

We need to perform a dehydrohalogenation (E2 elimination) reaction on four different alkyl
bromides and determine which one produces the highest number of unique isomeric alkenes
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(including constitutional and stereoisomers like E/Z or cis/trans).

Step 2: Analyzing Each Reactant:
Dehydrohalogenation involves removing H and Br from adjacent carbons to form a double bond.
We need to check for all possible g-hydrogens.

- (A) 2-Bromopropane: CH3-CH(Br)-CHs. The two S-carbons (C1 and C3) are equivalent.
Removing H from either gives only one product: Propene (CH3-CH=CHzy). Total products:
1.

- (B) 1-Bromo-2-methylbutane: CHj3-CHy-CH(CH3)-CHgBr. There is only one /-carbon
(the CH group). Removing the H from this carbon gives only one constitutional isomer: 2-
methylbut-1-ene (CH3-CHy-C(CH3)=CHz). This alkene does not show geometric isomerism.
Total products: 1. (Zaitsev elimination would give 2-methylbut-2-ene, but this requires re-
arrangement, which is excluded).

- (C) 2-Bromopentane: CH3-CH2-CHy-CH(Br)-CHs. There are two different 5-carbons: C1
and C3.

- Elimination of H from C1 gives: Pent-1-ene (CH3-CHo-CHa-CH=CHs). This does not have
geometric isomers. (1 product)

- Elimination of H from C3 gives: Pent-2-ene (CH3-CHy-CH=CH-CH3). This alkene has two
different groups on each carbon of the double bond, so it can exist as geometric (cis/trans or
E/Z) isomers. (2 products)

Total products: 1 4+ 2 = 3.

- (D) 2-Bromo-3,3-dimethylpentane: CH;3-CH-C(CHgz)2-CH(Br)-CHg. There are two -
carbons: C1 and C3.

- Elimination of H from C1 gives: 3,3-Dimethylpent-1-ene. (1 product)

- The C3 carbon has no hydrogen atoms, so elimination from this side is not possible.

Total products: 1.

Step 3: Comparing the Results:
- (A) gives 1 product. - (B) gives 1 product. - (C) gives 3 products. - (D) gives 1 product.
The maximum number of isomeric alkenes is produced by 2-Bromopentane.

Step 4: Final Answer:
2-Bromopentane gives the maximum number of isomeric alkenes. This corresponds to option

Q).

@ Quick Tip

To find the number of alkene products from elimination, identify all unique (-
hydrogens. For each unique g-hydrogen, draw the resulting alkene. Then, check
each alkene for the possibility of geometric isomerism (cis/trans or E/Z). An alkene
C(R1,R2)=C(R3,R4) shows geometric isomerism only if R1 # R2 and R3 # R4.
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47. Match List I with List II

List [ [ List IT
A. Elastomeric polymer [T Utea formaldshyde resin
B. Fibre Polymer 1T Polyeryrene
C. Thermoseming Polymer 111 Polvester
||') Themmoplastc Polymer IT\' Neoprene

Choose the correct answer from the options given below:
(A) A-1V, B-1, C-I1I, D-II
(B) A-1I, B-1, C-1V, D-III
(C) A-II, B-11I, C-1, D-IV
(D) A-IV, B-111, C-1, D-II

Correct Answer: (D) A-1V, B-I1I, C-1, D-II
Solution:

Step 1: Understanding the Question:
We need to match the classification of polymers based on intermolecular forces (List I) with
their corresponding examples (List II).

Step 3: Detailed Matching:

- A. Elastomeric polymer (Elastomer): These polymers have weak intermolecular forces,
allowing them to be stretched. They possess elastic properties. Neoprene is a synthetic rubber
and is a classic example of an elastomer. So, A matches with IV.

- B. Fibre Polymer: These polymers have strong intermolecular forces like hydrogen bonds
or dipole-dipole interactions, which lead to close packing of chains and high tensile strength.
They are used to make fibres. Polyester (like Dacron or Terylene) is a common fibre. So, B
matches with III.

- C. Thermosetting Polymer: These polymers undergo extensive cross-linking when heated,
leading to a rigid 3D network structure. Once set, they cannot be remelted. Urea formalde-
hyde resin is a thermosetting polymer. So, C matches with 1.

- D. Thermoplastic Polymer: These polymers have intermediate intermolecular forces. They
soften on heating and harden on cooling, and this process is reversible. Polystyrene is a widely
used thermoplastic. So, D matches with II.

Summary of Matches:
A—1V

B — III

C—1

D —1II

Step 4: Final Answer:
The correct set of matches is A-IV, B-III, C-I, D-II. This corresponds to option (D). (Note:
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The candidate’s chosen option (A) seems to be based on an incorrect match).

9 Quick Tip

Remember the four main classes of polymers based on intermolecular forces: Elas-
tomers (weakest forces, e.g., rubbers), Thermoplastics (intermediate forces, e.g., Poly-
thene, PVC, Polystyrene), Fibres (strongest forces, e.g., Nylon, Polyester), and Ther-
mosetting polymers (cross-linked, e.g., Bakelite, Urea-formaldehyde resin).

48. Given below are two statements:

Statement I: Nickel is being used as the catalyst for producing syn gas and edible
fats.

Statement II: Silicon forms both electron rich and electron deficient hydrides.

In the light of the above statements, choose the most appropriate answer from the
options given below:

(A) Statement I is correct but statement II is incorrect
(B) Statement I is incorrect but statement II is correct
(C) Both the statements I and II are correct

(D)

Both the statements I and II are incorrect

Correct Answer: (A) Statement I is correct but statement II is incorrect

Solution:

Step 1: Understanding the Question:
We need to evaluate the correctness of two independent statements, one about the catalytic
uses of Nickel and the other about the types of hydrides formed by Silicon.

Step 3: Detailed Explanation:

Analyzing Statement I:

”Nickel is being used as the catalyst for producing syn gas and edible fats.”

- Production of edible fats: Edible fats (like vanaspati ghee) are produced by the hydro-
genation of vegetable oils. Finely divided Nickel (Raney Nickel) is the catalyst commonly used
for this process. This part is correct.

- Production of syngas: Syngas (a mixture of CO and Hg) can be produced by the steam
reforming of hydrocarbons like methane. This industrial process uses a Nickel catalyst at high

temperatures. (CHy + H20 N co + 3Hs). This part is also correct.
Since both uses are correct, Statement I is correct.

Analyzing Statement II:

”Silicon forms both electron rich and electron deficient hydrides.”
Hydrides are classified based on the number of valence electrons in the central atom compared
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to what is needed for normal covalent bonding.

- Electron deficient hydrides are formed by Group 13 elements (e.g., BoHg), which have
fewer valence electrons than required for conventional bonding.

- Electron precise hydrides are formed by Group 14 elements (e.g., CHy, SiH4). They have
the exact number of electrons to form normal covalent bonds.

- Electron rich hydrides are formed by Group 15, 16, and 17 elements (e.g., NHs, HoO, HF),
which have lone pairs of electrons.

Silicon is in Group 14. Its hydride, silane (SiHy), is an electron-precise hydride. It does not
form electron-deficient or electron-rich hydrides. Therefore, Statement II is incorrect.

Step 4: Final Answer:
Statement I is correct but statement II is incorrect. This corresponds to option (A). (Note:
The candidate’s chosen option (B) is incorrect).

Q Quick Tip

Remember the classification of covalent hydrides based on their group in the periodic
table: Group 13 forms electron-deficient, Group 14 forms electron-precise, and Groups
15-17 form electron-rich hydrides. This is a direct and reliable way to classify them.

49. The set of correct statements is:

(i) Manganese exhibits +7 oxidation state in its oxide.

(ii) Ruthenium and Osmium exhibit +8 oxidation in their oxides.
(iii) Sc shows +4 oxidation state which is oxidizing in nature.
(iv) Cr shows oxidising nature in +6 oxidation state.

) (ii), (iii) and (iv)
) (i) and (iii)

) (i), (ii) and (iii)
) (i), (ii) and (iv)

Correct Answer: (D) (i), (ii) and (iv)

Solution:

Step 1: Understanding the Question:
We need to evaluate four statements about the oxidation states and properties of d-block ele-
ments and identify which of them are correct.

Step 3: Detailed Explanation:

- (i) Manganese exhibits +7 oxidation state in its oxide. Manganese shows a wide
range of oxidation states, with the highest being +7. This is famously exhibited in potassium
permanganate (KMnO,4) and in its acidic oxide, dimanganese heptoxide (Mn2O7). So, this
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statement is correct.

- (ii) Ruthenium and Osmium exhibit +8 oxidation in their oxides. Ruthenium (Ru)
and Osmium (Os) are in the second and third transition series, respectively, below iron. They
are known to exhibit the very high oxidation state of +8 in their oxides, RuO4 (ruthenium
tetroxide) and OsOy4 (osmium tetroxide). So, this statement is correct.

- (iii) Sc shows +4 oxidation state which is oxidizing in nature. Scandium (Sc) has the
electronic configuration [Ar] 3d! 4s?. It loses all three of its valence electrons to form the Sc3+
ion, which has a stable noble gas configuration. Scandium exclusively shows the +3 oxidation
state in its compounds. It does not show a +4 oxidation state. So, this statement is incorrect.

- (iv) Cr shows oxidising nature in +6 oxidation state. Chromium in its +6 oxidation
state, as found in compounds like potassium dichromate (KoCrpO7) and chromium trioxide
(CrO3), is a very strong oxidizing agent. For example, dichromate is widely used in redox
titrations to oxidize Fe?* to Fe3* or I~ to I. So, this statement is correct.

Step 4: Final Answer:
The correct statements are (i), (ii), and (iv). This corresponds to option (D). (Note: The
candidate’s chosen option (C) is incorrect because statement (iii) is false).

9 Quick Tip

Remember the trends in oxidation states for d-block elements. The maximum oxida-
tion state generally increases up to the middle of the series (e.g., Mn shows +7). The
highest oxidation states are typically found in oxides and fluorides. For heavier transi-
tion metals (like Ru, Os), higher oxidation states are more stable than for their lighter
congeners.

50. According to MO theory the bond orders for O%‘, CO and NO™ respectively,
are

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

Solution:

Step 1: Understanding the Question:
We need to calculate the bond order for three different diatomic species using Molecular Orbital
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(MO) Theory.

Step 2: Key Formula or Approach:
The bond order (BO) is calculated using the formula:

Bond Order = §(Number of bonding electrons — Number of antibonding electrons)

1
BO = §(Nb — Ng)
We need to determine the total number of electrons for each species and fill the MO energy

level diagram.

Step 3: Detailed Explanation:

1. O3~ (Peroxide ion):

- Total electrons = 8(0O) + 8(0O) + 2(charge) = 18 electrons.

- MO configuration (for species with ; 14 electrons):

(716)2(0%,2 (720 )2(03) 02, V2 (map, V2 (map, (5, )25y, )2

- Bonding electrons (Np): 2 (from o15) + 2 (from o95) + 2 (from o3p,) + 4 (from my,) = 10.
- Antibonding electrons (Ng): 2 (from o7,) + 2 (from o3 ) + 4 (from 73,) = 8.

- Bond Order = $(10 —8) = 2 = 1.

2. CO (Carbon Monoxide):

- Total electrons = 6(C) + 8(0O) = 14 electrons.

- It is isoelectronic with Ns.

- MO configuration (for species with < 14 electrons):
(01)2(07, (0205, 2 (map, 2 (map, (0729,

- Bonding electrons (NN): 10.

- Antibonding electrons (IV,): 4.

- Bond Order = (10 —4) = $ = 3.

3. NO' (Nitrosonium ion):

- Total electrons = 7(N) + 8(O) - 1(charge) = 14 electrons.

- It is also isoelectronic with No and CO.

- The MO configuration and electron count are the same as for CO.

- Bond Order = $(10 —4) = 3.

Step 4: Final Answer:
The bond orders for O%f, CO, and NO™T are 1, 3, and 3, respectively. This corresponds to option
(C). (Note: The candidate’s chosen option (A) is incorrect. The bond order of NO™ is 3, not 2).
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9 Quick Tip

Memorize the bond orders for common diatomic species based on the total electron
count. This pattern is a very powerful shortcut for 2nd-period diatomics:
10 e~ — Bond Order = 1 (e.g., Bes)

11 e~ — Bond Order = 1.5

12 e~ — Bond Order = 2 (e.g., Ca)

13 e~ — Bond Order = 2.5

14 e~ — Bond Order = 3 (e.g., No, CO, NO*)

15 e~ — Bond Order = 2.5 (e.g., NO)

16 e — Bond Order = 2 (e.g., O2)

17 e~ — Bond Order = 1.5 (e.g., O3 )

18 e~ — Bond Order = 1 (e.g., Fy, O3")

Chemistry Section - B

51. The volume of HCI, containing 73 g L~!, required to completely neutralise
NaOH obtained by reacting 0.69 g of metallic sodium with water, is ______ mkL.
(Nearest Integer) (Given: molar Masses of Na, Cl, O, H, are 23, 35.5, 16 and 1 g
mol~! respectively)

Correct Answer: 15

Solution:

Step 1: Understanding the Question:

This is a stoichiometry problem involving two consecutive reactions. First, sodium reacts with
water to produce NaOH. Second, this NaOH is neutralized by an HCI solution. We need to
find the volume of HCI required.

Step 2: Writing the Balanced Equations:
1. Reaction of sodium with water: 2Na(s) 4+ 2H20(l) — 2NaOH(aq) + Ha(g)
2. Neutralization reaction: NaOH(aq) + HCl(aq) — NaCl(agq) + H2O(()

Step 3: Step-by-Step Calculation:
1. Calculate moles of Na:
Molar mass of Na = 23 g/mol.

_ Mass _ 069g _
Moles of Na = Molar Mass — 23 g/mel — 0.03 mol.

2. Calculate moles of NaOH produced:
From the stoichiometry of the first reaction (2Na — 2NaOH), the molar ratio is 1:1.
Moles of NaOH = Moles of Na = 0.03 mol.
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3. Calculate moles of HCI required:
From the stoichiometry of the second reaction (NaOH + HCl — NaCl), the molar ratio is 1:1.
Moles of HCI required = Moles of NaOH = 0.03 mol.

4. Calculate the molarity of the HCI solution:
The solution contains 73 g of HCI per liter.
Molar mass of HCl = 1 4 35.5 = 36.5 g/mol.

. __ Mass per liter 73 g/L
Molarity (M) — "Molar Mass ~ 36.5 g/mol 2 mOI/L'

5. Calculate the volume of HCI solution required:

_ _Moles __ 0.03 mol __
Volume (L) = Mol%fibty = 3 mol/i =0.015 L.

6. Convert the volume to mL:
Volume (mL) = 0.015 L x 1000 mL/L = 15 mL.

Step 4: Final Answer:

The volume of HCI required is 15 mL. The nearest integer is 15. (Note: The candidate’s given
answer of 2 is incorrect and likely resulted from a misreading of the mass of sodium as 0.069g,
which would give 1.5 mL, rounding to 2).

@ Quick Tip

In sequential reaction stoichiometry problems, the product of one reaction becomes the
reactant for the next. The key is to carry forward the number of moles correctly from
one step to the next using the balanced chemical equations.

52. When 0.01 mol of an organic compound containing 60% carbon was burnt
completely, 4.4 g of CO; was produced. The molar mass of compound is ______ g
mol~! (Nearest integer).

Correct Answer: 200

Solution:

Step 1: Understanding the Question:
This is a combustion analysis problem. We are given information about the combustion of a
known amount (in moles) of an organic compound, and we need to determine its molar mass.

Step 2: Key Principle:
The Law of Conservation of Mass states that all the carbon atoms in the CO9 produced must

have come from the original organic compound.

Step 3: Step-by-Step Calculation:
1. Calculate moles of CO, produced:
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Molar mass of COg = 12 + 2(16) = 44 g/mol.

Mass _44¢
Moles of COz = Molar Mass — 44 g/mol = 0.1 mol.

2. Calculate moles of Carbon atoms:
Each molecule of CO9 contains one atom of Carbon.
Therefore, moles of C atoms = Moles of COs = 0.1 mol.

3. Relate moles of C to moles of the compound:

We know that 0.01 mol of the organic compound produced 0.1 mol of C atoms.

Therefore, 1 mole of the organic compound must contain g4y Sﬁélr?gilcpoun 7 = 10 moles of C
atoms.

So, the molecular formula of the compound is of the form C;9H,0....

4. Calculate the mass of Carbon in one mole of the compound:
Mass of C in 1 mole = (Number of C atoms) x (Molar mass of C)
Mass of C = 10 x 12 g/mol = 120 g.

5. Calculate the total molar mass of the compound:
We are given that the compound contains 60Let M be the molar mass of the compound.
Mass of C in 1 mole = 60
120 g = 0.60 x M
120
= 5560 = 200 g/mol
Step 4: Final Answer:

The molar mass of the compound is 200 g/mol. The nearest integer is 200.

9 Quick Tip

In combustion analysis, first find the moles of products (CO2, H2O). From this, find
the moles of the constituent elements (C, H). Then, use the initial amount of the com-
pound to find the number of atoms of each element per molecule (the empirical or
molecular formula).

53. For conversion of compound A — B, the rate constant of the reaction was
found to be 4.6 x 107° L mol~! s~!. The order of the reaction is ______.

Correct Answer: 2

Solution:

Step 1: Understanding the Question:
We are given the value and units of a rate constant (k) and asked to determine the order of the
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reaction.

Step 2: Key Formula or Approach:
The units of the rate constant for a reaction of order 'n’ are given by the general formula:

Units of k = (Concentration)'™"(Time) !
Commonly, concentration is expressed in mol L ~! and time in s. So, the units are (mol L=1)1="

s_l.

Step 3: Detailed Explanation:
The given units of the rate constant are L mol~! s71.
Let’s match these units with the general formula.

L mol™! s = (mol L™1)tng!
First, let’s rewrite the given units to match the (mol L™!) format:

L mol™! = (mol L™1)~!

So, the given units are (mol L™1) s,

Now, we can equate the exponents of the concentration term:

—1=1-n

Solving for n:

n=1-(-1)=1+1=2

Therefore, the reaction is of the second order.

Step 4: Final Answer:
The order of the reaction is 2.

9 Quick Tip

You can memorize the units of the rate constant for common reaction orders:
- Zero order: mol L1 71

- First order: s™!

- Second order: L mol™! s~
- Third order: L2 mol=2 s~}

Recognizing these patterns allows you to determine the reaction order instantly.

1

54. On heating, LiNOj gives how many compounds among the following? Li2O,
N3, Oz, LiNO2, NOy

Correct Answer: 3
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Solution:

Step 1: Understanding the Question:
We need to identify the products formed upon the thermal decomposition of lithium nitrate
(LiNOg3) and count how many of those products are present in the given list.

Step 2: Thermal Decomposition of Alkali Metal Nitrates:

- Most alkali metal nitrates (like NaNO3, KNO3) decompose upon heating to yield the corre-
sponding metal nitrite and oxygen gas. Example: 2NaNOg — 2NaNO3 + Oas.

- Lithium nitrate is an exception. Due to the small size and high polarizing power of the Li™
ion, it has a diagonal relationship with magnesium (Mg). Therefore, lithium nitrate decom-
poses in a manner similar to Group 2 metal nitrates.

Step 3: Writing the Reaction and Identifying Products:

The thermal decomposition of lithium nitrate yields lithium oxide, nitrogen dioxide, and oxy-
gen.

The balanced chemical equation is:

ALINO3(s) 2 2LiyO(s) + 4NOs(g) + Oa(g)

The products formed are:
1. Lithium oxide (Li20)
2. Nitrogen dioxide (NO2)
3. Oxygen (O3)

Step 4: Comparing with the Given List:
The given list is: LioO, Ng, Og, LiNOg, NOs.
Let’s check which of our products are on this list:
- LisO is on the list.

- NOs is on the list.

- O9 is on the list.

- Ng and LiNOg are not produced.

The number of compounds from the list that are produced is 3.

*(Note: The candidate’s answer was 2. This might be based on the assumption that it decom-
poses to nitrite and oxygen, which would give LiNO2 and Oy (2 compounds). However, the
complete decomposition to the oxide is the standard reaction taught for LiNOs.)*

Step 5: Final Answer:
The reaction produces 3 compounds from the given list.

Q Quick Tip

Remember the anomalous behavior of lithium in Group 1. Its properties (like the de-
composition of its nitrate and carbonate) often resemble those of magnesium (Group 2)
due to the diagonal relationship. This is a common point tested in exams.
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55. A metal M forms hexagonal close-packed structure. The total number of voids
in 0.02 mol of it is ______ x10?! (Nearest integer). (Given N4 = 6.02 x 10%3)

Correct Answer: 36

Solution:

Step 1: Understanding the Question:
We need to find the total number of voids (both tetrahedral and octahedral) in a given amount
(in moles) of a substance that crystallizes in a hexagonal close-packed (HCP) structure.

Step 2: Key Concepts of Close-Packed Structures:

In any close-packed structure (HCP or CCP/FCC), for a lattice containing N atoms:

- The number of octahedral voids = N

- The number of tetrahedral voids = 2N

- The total number of voids = (Octahedral voids) + (Tetrahedral voids) = N + 2N = 3N.

Step 3: Step-by-Step Calculation:
1. Calculate the number of atoms (N) in 0.02 mol:
Number of atoms (N) = Moles x Avogadro’s number (Ny4)

N = 0.02 mol x (6.02 x 103 atoms,/mol)
N =0.1204 x 10?3 atoms = 1.204 x 10?? atoms

2. Calculate the total number of voids:
Total voids = 3N

Total voids = 3 x (1.204 x 10%?) = 3.612 x 10*

3. Express the answer in the required format:
The question asks for the answer in the form of ‘_____ x 1021

3.612 x 10?2 = 36.12 x 10%!

4. Round to the nearest integer:
The nearest integer to 36.12 is 36.

Step 4: Final Answer:
The total number of voids is 36 x102L.

9 Quick Tip

For any close-packed structure (HCP, CCP, FCC), the relationship between the num-
ber of atoms (N) and voids is fixed: N octahedral voids and 2N tetrahedral voids. So,
the total number of voids is always 3N. This is a crucial fact for solid-state chemistry
problems.
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56. Total number of acidic oxides among
N>203, NO2, N20O, Cl,07, SO,, CO, CaO, NaO and NO is ______.

Correct Answer: 4

Solution:

Step 1: Understanding the Question:
We need to classify a given list of oxides as acidic, basic, neutral, or amphoteric, and then count
the number of acidic oxides.

Step 2: General Rules for Oxide Classification:

- Acidic Oxides: Generally formed by non-metals. They react with water to form acids or
with bases to form salts. Examples: SOg, COs, N2Os.

- Basic Oxides: Generally formed by metals (especially alkali and alkaline earth metals).
They react with water to form bases or with acids to form salts. Examples: NasO, CaO.

- Neutral Oxides: Non-metal oxides that show neither acidic nor basic properties. The com-
mon examples are CO, NO, and N2O.

- Amphoteric Oxides: Oxides that can react with both acids and bases. Examples: AlsOs,
/n0O, SnO, PbO.

Step 3: Classifying the Given Oxides:

- N2O3: Dinitrogen trioxide. An oxide of a non-metal. It reacts with water to form nitrous
acid (HNOg). It is acidic.

- NO3: Nitrogen dioxide. An oxide of a non-metal. It is a mixed anhydride, reacting with
water to form both nitric acid (HNO3) and nitrous acid (HNOg). It is acidic.

- N2O: Dinitrogen monoxide (nitrous oxide). It is a well-known neutral oxide.

- Cl307: Dichlorine heptoxide. An oxide of a non-metal in a high oxidation state. It reacts
with water to form perchloric acid (HCIOy). It is strongly acidic.

- SO9: Sulfur dioxide. An oxide of a non-metal. It reacts with water to form sulfurous acid
(H2503). It is acidic.

- CO: Carbon monoxide. It is a well-known neutral oxide.

- CaO: Calcium oxide. An oxide of an alkaline earth metal. It is a basic oxide.

- NayO: Sodium oxide. An oxide of an alkali metal. It is a strongly basic oxide.

- NO: Nitrogen monoxide (nitric oxide). It is a well-known neutral oxide.

Step 4: Counting the Acidic Oxides:

The acidic oxides from the list are NoOg, NO9, CloO7, and SO».

The total count is 4.

*(Note: The candidate’s given answer of 3 is incorrect. All four listed are definitively acidic
oxides according to standard chemical literature.)*

Step 5: Final Answer:
The total number of acidic oxides is 4.
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9 Quick Tip

To quickly classify oxides, remember the key categories. Memorize the three common
neutral oxides: CO, NO, NoO. Oxides of alkali/alkaline earth metals are strongly basic.
Other metal oxides can be basic or amphoteric. Non-metal oxides are almost always
acidic (except for the neutral ones).

57. At 298 K

N2(g) + 3Ha(g) = 2NH; (g), K1 = 4 x 10°

Na(g) + Os(g) = 2NO (g), Ko = 1.6 x 10'2

Hy(g) + 302(g) = Hy0 (g), K3 = 1.0 x 10713

Based on above equilibria, the equilibrium constant of the reaction,

2NH; (g) + 302 (g) = 2NO (g) + 3H20 (g) is _____ x 10733 (Nearest integer).

Correct Answer: 4

Solution:

Step 1: Understanding the Question:

We are given three equilibrium reactions with their equilibrium constants (K;, Ka, K3). We
need to find the equilibrium constant (Kiarget) for a target reaction by algebraically manipu-
lating the given reactions.

Step 2: Manipulating the Given Reactions:

Let’s label the given reactions:

(1) Na(g) + 3Ha(g) = 2NHs (g), K1 =4 x 10°

(2) Na(g) + O2(g) = 2NO (g), Ko = 1.6 x 1012

(3) Ha(g) + 502(g) = H20 (g), K3 = 1.0 x 1073

Target Reaction: 2NHs (g) + 502 (g) = 2NO (g) + 3H20 (g)

To obtain the target reaction, we perform the following steps:

- Reverse Reaction (1): We need 2NH3 on the reactant side. Reversing (1) gives:

(1’) 2NH3(g) = Na(g) + 3Ha(g). The new constant is K} = 1/Kj.

- Use Reaction (2) as is: We need 2NO on the product side. Reaction (2) already has this.
(2') Na(g) + O2(g) = 2NO (g). The constant is K}, = K.

- Multiply Reaction (3) by 3: We need 3H20 on the product side. Multiplying (3) by 3
gives:

(3) 3Ha(g) + 302(g) = 3H20 (g). The new constant is K} = (K3)3.

Step 3: Combining the Reactions and Constants:

Now, add the manipulated reactions (1’), (2’), and (3’):

(2NH3) 4+ (N2 + O2) + (3Ha + 302) = (N + 3Hy) + (2NO) + (3H20)
Cancel the species that appear on both sides (Ny and 3Hs):

2NHj3 + Oy + %OQ = 2NO + 3H»0O

Combining the Og terms (1 + 3/2 = 5/2):
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2NH;(g) + 502(g) = 2NO (g) + 3H20 (g)
This matches the target reaction. The equilibrium constant for the combined reaction is the
product of the constants of the individual manipulated reactions:

1
Ktarget = Ki X Ké X Kili = (E) X (K2) X (K?))g
Step 4: Calculation:
1 _
Kiarget = (W) x (1.6 x 10'%) x (1.0 x 107133

Kiarget = (0.25 x 107°) x (1.6 x 10'%) x (1.0 x 107%%)
Kiarget = (0.25 x 1.6) x 10~5+12-39
Ktarget =04 x 1(:)_32 =4 % 10—33

The question asks for the answer in the form ‘_____ x 10733, The value is 4.

Step 5: Final Answer:
The value of the equilibrium constant is 4 x 10733,

@ Quick Tip

When combining equilibria (Hess’s Law for K): - If you reverse a reaction, the new K is
1/Kgq. - If you add reactions, the new K is the product of the old K’s. - If you multi-

ply a reaction by a factor 'n’, the new K is (Kyq)"”. Carefully apply these rules to each
step of the manipulation.

58. The denticity of the ligand present in the Fehling’s reagent is ______.

Correct Answer: 2

Solution:

Step 1: Understanding the Question:

We need to determine the denticity of the ligand that complexes with Cu®* ions in Fehling’s
reagent. Denticity refers to the number of donor atoms in a single ligand that bind to the
central metal ion.

Step 2: Composition of Fehling’s Reagent:

Fehling’s reagent is prepared by mixing two solutions:

- Fehling’s A: An aqueous solution of copper(II) sulfate (CuSOy).

- Fehling’s B: An alkaline solution of sodium potassium tartrate (NaKCy4H4Og, also known
as Rochelle salt).

When mixed, the Cu?* ions from Fehling’s A form a deep blue complex with the tartrate ions
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from Fehling’s B. This complex prevents the precipitation of copper(II) hydroxide in the alka-
line medium.

Step 3: Identifying the Ligand and its Structure:
The ligand is the tartrate ion, C4H4O§_. Its structure is:

[-OOC-CH(OH)-CH(OH)-CO0-]*~

In the alkaline solution of Fehling’s B, the hydroxyl groups are deprotonated to form alkoxides.
The complexing species is

[OOC-CH(0O)-CH(O)-COO]*~.

The tartrate ion acts as a chelating ligand. It binds to the central Cu®* ion through two donor
atoms. In the complex, it typically acts as a bidentate ligand, coordinating through two of
its oxygen atoms (e.g., the oxygen atoms from the two deprotonated hydroxyl groups).

Step 4: Final Answer:
Since the tartrate ligand binds to the metal center through two donor atoms, its denticity is 2.

9 Quick Tip

Remember the composition of common organic test reagents. Fehling’s reagent and
Benedict’s reagent both use Cu?* complexed with a ligand (tartrate in Fehling’s, cit-
rate in Benedict’s) to keep it soluble in an alkaline solution for testing reducing sugars.
The ligand in both cases is bidentate.

59. The equilibrium constant for the reaction

Zn(s) + Sn’*(aq) = Zn?*(aq) + Sn(s) is 1 x 10%° at 298 K. The magnitude of
standard electrode potential of Sn/Sn?* if E°zn2t jzn = -0.76 Vis _____ x 1072 V.
(Nearest integer).

(Given: Z3BAL — (059 V)

Correct Answer: 17

Solution:

Step 1: Understanding the Question:

We are given the equilibrium constant (K) for a redox reaction and the standard reduction
potential of one half-cell (Zn?*/Zn). We need to find the standard reduction potential of the
other half-cell (Sn?*/Sn).

Step 2: Key Formulas:
1. The relationship between the standard cell potential (E°.) and the equilibrium constant
(K) is given by the Nernst equation at equilibrium:
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o 2.303RT

cell — T
2. The standard cell potential is the difference between the standard reduction potentials of
the cathode and the anode:

log K

gell = E(?athode - gnode
Step 3: Step-by-Step Calculation:
1. Calculate E°.¢):
For the reaction Zn(s) + Sn?*(aq) — Zn%*(aq) + Sn(s), two electrons are transferred (n=2).
Given K = 1 x 10% and 23%38L — 0,059 V.

o 0.059 0.059
cell = — — log K = —— log(10%)
n
0.059

ol = — % 20 = 0.059 x 10 = 0.59 V

2. Identify Anode and Cathode:
In the given reaction, Zinc (Zn) is being oxidized (Zn — Zn?%), so it is the anode.
Tin ion (Sn?*) is being reduced (Sn?* — Sn), so it is the cathode.

3. Calculate Eosn2+/sn:

o __ roo o
cell — “cathode = “~anode

o __ 1o 1o
cell — ESn2+/Sn EZn2+/Zn

Substitute the known values:
0.59V = E§n2+/Sn —(=0.76 V)
0.59 = E§n2+/Sn +0.76
§n2+/sn =0.59—-0.76=—-0.17V
4. Express the Answer in the Required Format:
The question asks for the magnitude of the standard electrode potential, which is —0.17 V—
= 0.17 V.
We need to express this in the format ‘______ x 1072 V.
0.17V=17x10"%V
The nearest integer is 17.

Step 4: Final Answer:
The value is 17.
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9 Quick Tip

The link between thermodynamics and electrochemistry is AG® = —nFE? ) and
AG® = —RTIn K. Combining these gives the crucial relation £, = (RT/nF)In K.
Always identify the anode (oxidation) and cathode (reduction) correctly from the over-
all cell reaction to apply E_y = E, - F°

cathode anode”

60. Assume that the radius of the first Bohr orbit of hydrogen atom is 0.6 A. The
radius of the third Bohr orbit of He" is ______ picometer. (Nearest Integer)

Correct Answer: 270

Solution:

Step 1: Understanding the Question:
We are asked to calculate the radius of the third orbit of a Helium ion (He™') using the Bohr
model, given a specific value for the radius of the first orbit of a Hydrogen atom.

Step 2: Key Formula from Bohr’s Model:
The radius of the n** orbit in a hydrogen-like species (with atomic number Z) is given by the
formula:

where:

- 1, is the radius of the n'” orbit.

- ag is the radius of the first Bohr orbit of the hydrogen atom (often called the Bohr radius).
- 1 is the principal quantum number (the orbit number).

- 7 is the atomic number of the element.

Step 3: Step-by-Step Calculation:

1. Identify the given values:

- Radius of the first Bohr orbit of hydrogen, ag = 0.6 A.

- We need to find the radius for the third orbit, so n = 3.

- The species is the Helium ion (He™), so its atomic number is Z = 2.

2. Apply the formula:

n2

32
T3(H€+) = a()? = (0.6 A);

9
7ﬁH€J:Q6x§:06x45

rg(Het) = 2.7 A
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3. Convert the result to picometers (pm):
The conversion factor is 1 A= 100 pm.

pm

r3(He) = 2.7 A x 100 T

270 pm

Step 4: Final Answer:
The radius is 270 pm. The nearest integer is 270. (Note: The candidate’s given answer of 2 is
physically incorrect and may be a data entry error).

¢ Quick Tip

For Bohr model calculations, remember the dependencies of key quantities on n and Z:
2 2
- Radius: r,, oc % - Energy: Ej, —% - Velocity: vy, o % These proportionalities are

very useful for solving ratio-based problems quickly.

Mathematics Section - A

61. Let S = {wl, w2,....... } be the sample space associated to a random experiment.
Let P(w,) = 2%t p > 2. Let A = {2k +31,k1 € N} and B = {w, : n € A}. Then
P(B) is equal to

(A) 35

Correct Answer: (D) %6

Solution:
Step 1: Determine the Probability Distribution
We are given a recurrence relation for the probabilities: P(wy,) = M for n > 2.

This implies that the probabilities form a geometric progression. Let P(wj) = p.
Then P(wsy) = p/2, P(ws) = p/4, and in general, P(w,) = p/2""L.
For a valid probability distribution, the sum of all probabilities must be 1:

o0

3o ru =3 st =ry (3)

This is a geometric series with sum ﬁ =2. S0, px2=1= p=1/2.

Therefore, the probability distribution is P(wy,) = % : 2n1_1 = 2% for n > 1.
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Step 2: Interpret the Set A and Event B

The definition of set A is very blurry. Let’s test a few interpretations.

If we interpret A as {2k + 3l | k,I € N}, the elements of A are {5,7,8,9,10,11,...} (every
integer greater than or equal to 5, except 6). The probability sum for this set does not match
any option.

Given the options, let’s consider a simpler interpretation. The option % is suggestive. Let’s
calculate the sum of probabilities for n > 5:

This is an infinite geometric series with first term a = 2% = % and common ratio r = %

B _ o 1/32 1/32 2 1
The sum is S = % =112~ 172 " 32° 16

This matches option (D). It is highly likely that the intended question defined the set A in a
way that is equivalent to A = {n € N | n > 5}, despite the illegible text. The event B is then
the occurrence of any outcome w,, where n > 5.

Step 3: Calculate P(B)
Based on the interpretation that A ={n e N|n > 5}, the probability of event B is:

1

neA

Step 4: Final Answer
The value of P(B) is %6.

@ Quick Tip

When a question’s text is unclear, try to establish the parts that are clear (like the
probability recurrence). Then, look at the options for clues. A specific numerical an-
swer can often hint at the intended meaning of the ambiguous part. Calculating sums
of simple infinite series and seeing if they match an option is a good strategy.

62. The statement B < ((~ A) V B) is equivalent to:

Correct Answer: (B) A= (AV B)

Solution:
Step 1: Understanding the Question
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The question asks to find a logical statement from the options that is equivalent to the given
statement B < ((~ A) V B).

We will first simplify the given statement and then check which option is logically equivalent
to the simplified form.

Step 2: Key Formula or Approach

We use the following logical equivalences:

1. Implication: P = @ =~ PV Q.

2. Biconditional: P < Q = (P = Q)N (Q = P).

3. de Morgan’s Laws, Distributive Laws, etc.

Alternatively, we can use a truth table to compare the given statement with the options.

Step 3: Detailed Explanation

Let’s analyze the given statement: B < ((~ A) V B).
We know that (~ A) V B is equivalent to A = B.

So, the statement becomes B < (A = B).

Let’s simplify this expression:
B& (A= B)=(B= (A= B))N((A= B) = B).

Part 1: B= (A= B)

=~ BV (~AVB)
(~BVB)V~A

TV ~ A (where T is Tautology)
T

Part 2: (A= B)= B

=(~AVB)=1B

=~ (~AVB)VB

(AN~ B)V B

(AV B) A (~ BV B) (Distributive Law)
(AVB)AT

AV B.

Combining both parts: T A (AV B) = AV B.
So, the given statement B < ((~ A) V B) is equivalent to AV B.

Now, we check the options to find one that is equivalent to A V B.

(A) B=(AANB)=~BV(AANB)=(~BVA)A(~ BV B)= AV ~ B. Not equivalent.

(B) A= (AvB)=~AV(AVB)=(~AVA)VB=TVB=T. This is a tautology. Not
equivalent to AV B.

(C) A= B =~ AV B. Not equivalent.

(D) A< B. Not equivalent.

There seems to be a discrepancy in the question as stated in the provided image. The statement

B < (A = B) simplifies to A V B, but none of the options are equivalent to AV B.
However, if we consider the standard JEE Main question paper for this slot, the question was
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likely intended to be B = ((~ A) V B), which is a tautology.

Let’s assume the question is B = ((~ A) V B).

B= (A= B)=~BV(~AVB)=(~BVB)V~A=TV~A=T.

The expression is a tautology. Now we check which option is a tautology.
(B)A=(AVvB)=~AV(AVB)=(~AVAVB=TVB=T.

This option is a tautology. Therefore, it is equivalent to the corrected question statement.

Step 4: Final Answer
Assuming the intended question was B = ((~ A) V B), which is a tautology, option (B)
A= (AV B) is also a tautology and thus is the equivalent statement.

9 Quick Tip

In mathematical logic questions, if direct simplification seems to lead to a mismatch
with options, re-read the question for potential typos in logical operators like =, <,

V, A. Using truth tables is a reliable way to verify equivalences if you are unsure about
simplification rules.

63. The number of 3 digit numbers, that are divisible by either 3 or 4 but not
divisible by 48, is

Correct Answer: (B) 432

Solution:

Step 1: Understanding the Question

We need to find the count of all 3-digit numbers (from 100 to 999) that satisfy two conditions:
1. The number is divisible by 3 or 4.

2. The number is not divisible by 48.

Step 2: Key Formula or Approach

We will use the Principle of Inclusion-Exclusion.

Let N(k) be the number of 3-digit numbers divisible by k.

The number of integers divisible by a or b is N(aUb) = N(a) + N(b) — N(aNb) = N(a) +
N(b) — N(lem(a, b)).

The final answer will be N (3U4) — N(48), since any number divisible by 48 is also divisible by 3
and 4, making the set of numbers divisible by 48 a subset of the set of numbers divisible by 3 or 4.

Step 3: Detailed Explanation
First, let’s find the number of 3-digit numbers divisible by 3, 4, 12, and 48.
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A 3-digit number is in the range [100, 999].

Numbers divisible by 3:

The first 3-digit number divisible by 3 is 102. The last is 999.

Using the AP formula: 999 = 102+ (n —1)3 =897 =3(n— 1) = n — 1 =299 = n = 300.
So, N(3) = 300.

Numbers divisible by 4:

The first 3-digit number divisible by 4 is 100. The last is 996.

Using the AP formula: 996 = 100 + (n — 1)4 =896 = 4(n — 1) = n — 1 = 224 = n = 225.
So, N(4) = 225.

Numbers divisible by both 3 and 4 (i.e., by lem(3,4) = 12):

The first 3-digit number divisible by 12 is 108. The last is 996.

Using the AP formula: 996 = 108 + (n — 1)12 =888 =12(n — 1) =n—1=74 = n = 75.
So, N(12) = 75.

Now, the number of 3-digit numbers divisible by either 3 or 4 is:
N(BU4)=N(3)+ N(4) — N(12) = 300 + 225 — 75 = 450.

Next, we find the number of 3-digit numbers divisible by 48.
100 < 48k <999 = 190 <k < 9% = 2.08... < k < 20.81...
So, k can be any integer from 3 to 20.

The number of values for k is 20 — 34+ 1 = 18.

So, N(48) = 18.

The question asks for numbers divisible by 3 or 4, BUT NOT by 48.

This is N(3U4) — N(48) because any number divisible by 48 is automatically divisible by both
3 and 4.

Required number = 450 — 18 = 432.

Step 4: Final Answer
The total number of 3-digit numbers divisible by either 3 or 4 but not by 48 is 432.

@ Quick Tip

For counting problems involving divisibility, a quick way to find the number of integers
in a range [a, b] divisible by k is |b/k|—|(a—1)/k]. For this problem, N(3) = [999/3|—
|199/3| = 333 — 33 = 300. This method is often faster and less error-prone than using

AP formulas.

64. Consider a function f : N — R, satisfying f(1) + 2f(2) +3f(3) + -+ + zf(x) =
z(z+1)f(z);z > 2 with f(1) =1. Then f(2(1)22) + f(2%)28) is equal to
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Correct Answer: (A) 8100

Solution:

Step 1: Understanding the Question

We are given a recurrence relation involving a function f and its sum. We need to find the
value of an expression involving f at two large numbers. The first step is to find a closed-form
expression for f(x).

Step 2: Key Formula or Approach
Let S = > . _; kf(k). The given relation is S, = z(z + 1) f(z) for z > 2.
We can use the property S, — S;—1 = xf(z) to establish a simpler recurrence relation for f(x).

Step 3: Detailed Explanation
The given relation is:

> kf(k) =a(@+1)f(z) forxz>2
k=1
Let Sy = > 1 kf(k). So, Sy = z(x + 1) f(x).
For x — 1 > 2 (i.e., x > 3), we have:
Se—1=(zx—1zf(x—1)

We know that S, — S,—1 =z f(z).
Substituting the given relations:

z(x+1)f(z)—(x—Daf(x—1)=zf(zr) forx>3

Since x > 3, we can divide by x:

Now, let’s find f(2). We use the original relation for xz = 2:
F)+2f(2) =22+ 1)f(2) =6/(2)

Given f(1) = 1: 1
1+2f(2) = 6£(2) = 1 = 4f(2) = f(2) = ;
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Now we can find the general form for f(z) for & > 2: f(z) = &=L f(z—1) = &=L. 222 (5 —2) =

T r x—1

This forms a telescoping product:

2 1
=—f2)=—--=— f > 2
fla)==f@) == 7=5 forzz
The question asks for the value of f(2%)22) + f(2%)28)'
L = L = 22022 = 4044
f(2022)  1/(2-2022) B
1 1
— = 2-2028 = 4056

£(2028) 1/(2-2028)
The sum is:
4044 + 4056 = 8100

Step 4: Final Answer
The value of the expression f(2522) + f(2g)28) is 8100.

Q Quick Tip

When dealing with recurrence relations involving sums like 22:1 ag, the technique of
considering S, — S,,—1 = a, is very powerful. It often converts a complex relation into
a much simpler one between consecutive terms.

65. Let K be the sum of the coefficients of the odd powers of x in the expansion of
200
16 Gk

(1+2)%. Let a be the middle term in the expansion of (2 + \/Lﬁ

where m and n are odd numbers, then the ordered pair (1, n) is

(A) (51, 99)
(B) (50, 101)
(C) (50, 51)
(D) (51, 101)

Correct Answer: (B) (50, 101)

Solution:

Step 1: Understanding the Question

We need to perform three calculations: 1. Find K, the sum of coefficients of odd powers in
(14 z)%.

2. Find "a’, the middle term of the expansion of (2 + 1/1/2)2%.
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3. Evaluate the given expression, simplify it to the form 2lij and find the pair (I,n).

Step 2: Key Formula or Approach
1. For (14 )P, the sum of coefficients of odd powers is 2P~
2. For (a + b)P where p is even, the middle term is the (p/2 + 1)-th term, given by T}, /5,1 =
Cp/gap/pr/Q.
PCy p—r+l1

3. The ratio of consecutive binomial coefficients: 77— = =—;
.

Step 3: Detailed Explanation

Finding K:

The expansion of (1 + 2)% is 229:0 PO

K is the sum of coefficients for odd powers of x: K =% C} +99 C3 4 - - - +99 Cyg.
We know that this sum is equal to 29971 = 2%, So, K = 298,

Finding a:

The expansion is of (2 + \%) 200. Here, the power is p = 200 (even).

The number of terms is 201. The middle term is the (% + 1) = 101-st term.
a = Tior = Tioos1 = 200C] o (2)200-100 (\/%)100

a = 200009(2)100 (%)50 — 200009 - 290

Evaluating the expression:

200
We need to calculate %

Substituting the values of K and a:

200 98 200 200
Cgg - 2°°  “WCqg L 998-50 _ Cog 8
200000 - 290 2000700 200000

Now, let’s simplify the ratio of the binomial coefficients:

2009 100 100

200000 200 —100+1 101

So, the expression becomes:

@.24874-25'248722-25.248:25~250

101 101 101 101

This is in the form mTT

Comparing, we get m = 25 (odd), [ = 50, and n = 101 (odd).

Step 4: Final Answer
The ordered pair (I,n) is (50, 101).
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9 Quick Tip

Remember the useful identity for sums of binomial coefficients: ZT: odd [Cr =

> —even "Cr = 2", This is derived from the binomial expansions of (1 + 1)" and
n—r+1
T

(1 — 1)"™. Also, the ratio property nzgil = is extremely useful for simplifying

expressions involving consecutive coefficients.

66. The shortest distance between the lines “2;1 = 8 Zg—4 and 5= = = = 7 is

Correct Answer: (D) 4v/3

Solution:

Step 1: Understanding the Question

We are asked to find the shortest distance between two lines given in Cartesian form. The lines
are skew since their direction vectors are not parallel.

Step 2: Key Formula or Approach

: . r—x1 __ Y=Yyr» __ z—2z1 L T—X2 _ Y=Yz _ z—2o
The two lines are L : = = and Lo : L=t =

In vector form, ¥ = aj + )\b; and 7 = a3 + /Lb_é.
Here, ai = (z1, 91, 21), b1 = (I3, m1,n71), etc.
The shortest distance formula is:

[d3—di b1 bs]|
|b1 Xb2|

This can also be written using a scalar triple product: d =

Step 3: Detailed Explanation

From the given equations, we identify the points and direction vectors.
For Line 1: di =1 — 8] + 4k

by = 2i — 7j + 5k

For Line 2: aEA:§+2§'+6/%
by =2i+ 35— 3k

First, calculate a3 — ay:

@ —di = (1—1)i+(2—(=8))j + (6 — )k = 0i + 105 + 2k
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Next, calculate the cross product b_i X b_é:

= i((=7)(=3) = (5)(1)) = J((2)(=3) = (5)(2)) + k((2)(1) = (=7)(2))
= 2(21 = 5) — j(—6 — 10) + k(2 + 14)
= 16i + 16 + 16k
Now, calculate the scalar triple product (a3 — ai) - (by X ba):
(02 4+ 107 + 2k) - (161 + 165 + 16k) = (0)(16) 4 (10)(16) + (2)(16) = 160 + 32 = 192

Next, calculate the magnitude of the cross product by x ba|:

116 + 16 + 16k| = /162 + 162 + 162 = V3 - 162 = 161/3
Finally, calculate the shortest distance d:

192 12 12+v/3
g 11920 12 1Vs g

S 16v3 V3 3

Step 4: Final Answer
The shortest distance between the two lines is 4v/3.

9 Quick Tip

The scalar triple product [@ b c] can be efficiently calculated using the determinant of
a 3 x 3 matrix whose rows (or columns) are the components of the vectors. In this

0 10 2
problem, the numerator is the absolute value of |2 —7 5
2 1 =3

67. The value of the integral f igﬁdx is

(A) tan™'2 —tan~ '8 + %
(B) tan™'2+tan"'8 — %
(C) tan™*1+tan 18— %
(D) tan~'1 —tan" '8+ %

Correct Answer: (B) tan™' 2+ tan"'8 —

Solution:
Note: The question asks for an indefinite integral, but the options are constants. This implies
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it’s a definite integral with missing limits. Based on the structure of the options, a common
choice for limits could be [1, 2]. We will solve the indefinite integral first and then apply these
limits.

Step 1: Understanding the Question
We need to evaluate the integral of the function f(z) =

Step 2: Key Formula or Approach
The key is to manipulate the integrand. We use the factorization 2 +1 = (224 1)(2* — 224 1).
Then we can split the integrand into simpler parts.

Step 3: Detailed Explanation

Let I = f i;ﬁdx

We can rewrite the numerator as 2 + 1 = (24 — 22 + 1) + 22.
4 _ .2 2 4 _ .2 2
_ 1 — 1
P S M L k. S I S
2%+ 1 (22 +1)(z* — 22 + 1) 2541

1 z2
I= d d
/x2—|—1$+/a:6—i—13j

The first integral is straightforward:

1
/ o 1dx — tan" ()
du

For the second integral, let © = 23. Then du = 32%dz, so z%dx = 5

2 2
T T 1 du 1 1
" dr= | ———dr= [ —— = = —tan " Yu) = = tan" (23
/xﬁ—l—l v /(:c3)2+1 . /u2+13 g tan ™ (w) = g tan (")

Combining both results, the indefinite integral is:

1
I =tan"Y(z) + 3 tan~1(23) + C

Now, assuming the limits of integration were from 1 to 2:
2 4
1 1
/ i {tan_l(x) + gtan_l(:p?’)]
1

- (tan_l(Q) + %tan_1(23)> _ <tan_1(1) n ltan_l(li”))

2

1

3
1 1
= tan”!(2) + g tan”'8) ~ (F+37)
1 4 1
= tan™"(2) + 3 tan~!(8) — 3 % = tan"1(2) + 3 tan 1 (8) — g

This result is very close to option (B). It appears there might be a typo in the question or
options, and the coefficient % for the second term might have been omitted in the option. If we
ignore the coefficient %, the expression matches option (B). Given the multiple choice format,
this is the most likely intended answer despite the discrepancy.
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Step 4: Final Answer
Assuming a typo in the option (omission of 1/3), the correct choice is (B).

9 Quick Tip

Integrals of rational functions with high powers of x often simplify by algebraic manip-
ulation. Look for ways to use standard factorizations like a3 4 b3 or to split the numer-
ator to match parts of the denominator’s factors. For example, 25 + 1 = (22)3 + 13.

68. Let f and g be twice differentiable functions on R such that
f'(x) = g"(x) + 6z

f(l)—4g(1)—3—9

f(2) = 39(2) = 12.

Then which of the following is NOT true?

A)If —1 <z <2, then f(z) —g(x) <8
) fi(x)—¢'(x) <b6for —1<z<1
) 9(=2) = f(=2) =20
D) There exists xg € (1,3/2) such that f(xg) = g(zo)

(
(B
(C
(

Correct Answer: (B) f/(z) —¢'(z) <6 for —1 <z <1

Solution:

Step 1: Understanding the Question and Extracting Information

We are given relations between two functions f and ¢ and their derivatives. We need to de-
fine a new function representing their difference, find its explicit form, and then test the given
statements to find the one that is false.

From the given conditions:

1. f'(1)=9
2.4¢'(1)—3=9 = 4¢/(1) =12 = ¢/(1) =3
3. f(2) =12

4. 3g(2) =12 = g(2) =4
Let’s define a new function h(x) = f(z) — g(z).

Step 2: Finding the function h(x)
We have b (z) = f"(z) — ¢"(x) = 6x.

Integrate h”(z) with respect to x to find 1/(z):

W (z) = /637 dr = 322 + C4
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To find the constant C7, we use the values at x = 1:
W) = F(1) — (1) =9 — 3 = 6.

Substituting into our expression for h'(z):
R(1)=3172%+C1=6 = 3+C1 =6 = C; =3.
So, the expression for h'(z) is h'(x) = 3z% + 3.

Now, integrate h/(x) with respect to x to find h(z):

h(x):/(3x2+3)d:c:x3+3x—l—02

To find the constant C5, we use the values at x = 2:

h(2) = f(2) —g(2) =12 — 4 =8,

Substituting into our expression for h(z):

h(2) =122 +302)+Cy=8 = 8+6+Cy=8 = 14+ 0y =8 = (Cy = —6.
So, the explicit function for the difference is h(z) = f(z) — g(x) = 23 + 3z — 6.

Step 3: Evaluating the Options
Now we test each statement using h(z) = 23 + 3z — 6 and h/(x) = 322 + 3.

(A) If =1 <z <2, then f(x) — g(x) < 8. This means h(z) < 8.

First, let’s check the monotonicity of h(x). The derivative is h/(x) = 322 + 3, which is always
positive for all z € R. Therefore, h(z) is a strictly increasing function.

The maximum value of h(x) on the interval (—1,2) will be approached as = approaches 2.
h(2) = (22432 —6=8+6—6=28.

Since h(x) is strictly increasing, for any x < 2, we must have h(x) < h(2), so h(x) < 8. The
statement is TRUE.

(B) f'(x) — ¢'(x) < 6 for =1 < x < 1. This means h/(z) < 6.

We have A'(z) = 322 + 3. For z € (—1,1), we have 0 < 2% < 1.

This implies 0 < 322 < 3.

Adding 3 to all parts of the inequality gives 3 < 322 4+ 3 < 6.

So, 3 < W/(x) < 6. This means that the statement h'(z) < 6 is TRUE for all z € (—1,1).

(C) g(—2) — f(—2) = 20. This means —(f(—2) — g(—2)) = 20, or —h(—2) = 20.
Let’s calculate h(—2):

h(—2) = (—2)3 +3(-2) — 6= -8 —-6— 6= —20.

So, —h(—2) = —(—20) = 20. The statement is TRUE.

(D) There exists xg € (1,3/2) such that f(xg) = g(zo). This means h(xg) = 0.

We will use the Intermediate Value Theorem. Let’s evaluate h(z) at the endpoints of the in-
terval.

h(1) = (1)*+3(1) —6=1+3—6=—2.

h(3/2) = (3/2) +3(3/2) —6 =24 + 5 — 6= 20H30-48 — 15,

Since h(z) is a polynomial, it is continuous everywhere. As h(1l) is negative and h(3/2) is
positive, there must exist a root zg in the interval (1,3/2). The statement is TRUE.

Step 4: Final Answer

97



Our analysis shows that all four statements (A), (B), (C), and (D) are true based on the given
information. This indicates that the question is flawed, as it asks for the statement that is
"NOT true”. In many competitive exams, such questions are declared erroneous and awarded
marks to all students. However, if forced to choose based on the provided answer key where
(B) is marked correct, one would select (B), acknowledging the discrepancy. Based on mathe-
matical derivation, there is no false statement among the options.

9 Quick Tip

When a question involves comparing two functions whose higher-order derivatives are
related, it is almost always best to define a new function as their difference. This sim-
plifies the problem from two unknown functions to one, which can be found by integra-
tion using the initial conditions. Also, be aware that questions in competitive exams
can sometimes be flawed. If your rigorous derivation contradicts all options, trust your
method.

69. Let R be a relation defined on N as a R b if 2a 4+ 3b is a multiple of 5, a, b
€ N. Then R is

(A) transitive but not symmetric
(B) an equivalence relation

(C) not reflexive

(D) symmetric but not transitive

Correct Answer: (B) an equivalence relation

Solution:

Step 1: Understanding the Question

We need to test the given relation R for three properties: reflexivity, symmetry, and transitivity.
The relation is defined on the set of natural numbers N. A relation aRb holds if 2a + 3b is
divisible by 5.

Step 2: Detailed Explanation

We will check each property one by one.

1. Reflexivity:

For a relation to be reflexive, aRa must be true for all a € N.
We check if 2a + 3a is a multiple of 5.

2a + 3a = 5a.

Since a is a natural number, 5a is always a multiple of 5.
Thus, the relation is reflexive. This eliminates option (C).

2. Symmetry:
For a relation to be symmetric, if aRb is true, then bRa must also be true.

Assume aRbD is true. This means 2a + 3b is a multiple of 5.
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So, we can write 2a + 3b = 5k for some integer k.

Now we need to check if bRa is true, which means we need to check if 2b+ 3a is a multiple of 5.
Consider the sum (2a + 3b) + (3a + 2b) = 5a + 5b = 5(a + b).

From this, we can write 3a + 2b = 5(a + b) — (2a + 3b).

Substituting 2a + 3b = 5k:

3a+2b=5(a+b) —bk="5(a+b—k).

Since a, b, k are integers, (a + b — k) is also an integer. Therefore, 3a + 2b is a multiple of 5.
Thus, the relation is symmetric. This eliminates options (A) and (D) (since D is ”symmetric
but not transitive”).

3. Transitivity:

For a relation to be transitive, if aRb and bRc are true, then aRc must also be true.
Assume aRb and bRc are true.

aRb = 2a + 3b = 5k; for some integer k.

bRc = 2b+ 3¢ = 5ko for some integer ko.

We need to check if aRc is true, i.e., if 2a + 3¢ is a multiple of 5.

Let’s add the two equations:

(2a + 3b) + (20 + 3c) = 5k + 5ko

2a + 5b + 3¢ = 5(k1 + k2)

Now, isolate the term we want to check:

2a 4 3¢ = 5(k1 + k2) — 5b = 5(k1 + k2 — b).

Since ki, ko, b are integers, (k1 + k2 — b) is an integer. Therefore, 2a + 3¢ is a multiple of 5.
Thus, the relation is transitive.

Step 3: Final Answer
Since the relation R is reflexive, symmetric, and transitive, it is an equivalence relation.

9 Quick Tip

For relations involving divisibility of linear combinations like ax + by, a common tech-
nique for proving symmetry is to add (az + by) and (ay + bx). For transitivity, adding
the two premises, (az + by) and (ay + bz), is often the key step to finding a relationship
between x and z.

70. If the tangent at a point P on the parabola y?> = 3z is parallel to the line

r + 2y = 1 and the tangents at the points Q and R on the ellipse 1—2 + yT2 =1 are
perpendicular to the line z — y = 2, then the area of the triangle PQR is:

(A) 5
(B) 5V/3
(C) 3v5
(D) =
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Correct Answer: (C) 3v/5

Solution:

Step 1: Find the coordinates of point P on the parabola

The equation of the parabola is y? = 3z. Comparing this with the standard form y? = 4az, we
get 4a = 3, so a = 3/4.

The tangent at P is parallel to the line = + 2y = 1. The slope of this line is m = —1/2.

For a parabola y? = 4az, the coordinates of the point of tangency with slope m are given by
(a/m?,2a/m).

The x-coordinate of P is zp = 5 = (_31//42)2 = % = 3.
a_2(/4)_ 3/2
The y-coordinate of P is yp = =2 = 15 = i -3

So, the coordinates of point P are (3, —3).

Step 2: Find the coordinates of points Q and R on the ellipse

The equation of the ellipse is %2 + y—f = 1. Here, a®> =4 and b*> = 1.

The tangents at Q and R are perpendicular to the line x — y = 2. The slope of this line is 1.
The slope of the tangents at Q and R must be m = —1/1 = —1.

The coordinates of the points of tangency on the ellipse for a tangent with slope m are given

b a’m b’
y \/ 2m2+b2 ) \/a2m2+b2
Let’s calculate the denominator: va2m? + b2 = \/4(—1)2+ 1 =4+ 1 =+/5.
- 4= 44
The x-coordinates are F—— 7 =+ Nt

1
The y-coordinates are +—= 7

So, the points are () = (\[ \[) and R = (—%,—\%).

Step 3: Calculate the area of triangle PQR

The vertices of the triangle are P(3,—3), Q(4/v/5,1/v/5), and R(—4/v/5, —1//5).

We can use the determinant formula for the area of a triangle: Area = 3|21(y2 — y3) + 22(y3 —
y1) +x3(y1 — y2)l.

_ 1 1 1 4 1 4 1
mrea =413 (35 - (=) + & (- - -9) = (%) (- )|
_ 1 2 4 _ 1) _ 4 (_9_ 1
Area=313\5)* 53~ %) 7
Area:% \6[—1-\1} 5+ +%
Area = 1 +12+12‘ ‘ 1

To rationalize the denominator, multiply the numerator and denominator by v/5:

Area = %5 = 3+/5.

Step 4: Final Answer
The area of the triangle PQR is 3v/5.
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9 Quick Tip

Remember the standard parametric forms and slope-based formulas for points of tan-
gency on conic sections. For the parabola y? = 4az, the point is (a/m?,2a/m). For the
ellipse 22/a® + y?/b®> = 1, the points are (Fa?m/C, £b?/C) where C = va?m? + b2,
Memorizing these can save a lot of time compared to deriving them during the exam.

~ ~

1. IfG=i+2k, b=i+j+k, ¢=Ti—3j+4k, Pxb+bxc=0and 7-G@=0. Then 7 &

is equal to

(A) 30
(B) 32
(C) 36
(D) 34

Correct Answer: (D) 34

Solution:

Step 1: Understanding the Question:

We are given three vectors da, l;, and C.

We need to find a vector 7" that satisfies two conditions:
1. "xb+bxe=0

2.7-a=0

Finally, we need to calculate the scalar product 7 - ¢.

Step 2: Key Formula or Approach:

We will use the properties of the cross product to simplify the first equation.
The property is £ X ¢ = —(¢ X Z).
This allows us to write b x &= —(
Also, if ¥ x iy = ¥ x Z, it implies
y — Z = A\ for some scalar \.

).

C X
Z x ( — Z) = 0, which means 7 is parallel to (§ — Z), so

Step 3: Detailed Explanation:
From the first given equation:
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This implies that the vector (7 — &) is parallel to the vector b.
So, we can write 7 — ¢ = Ab for some scalar \.

F=c+ N\
Now we use the second condition, 7+ a = 0.
Substitute the expression for 7

=,

(C+Ab)-a=0
Z-a+Ab-a@) =0
Let’s calculate the dot products c- fi and b - @. R
Givend =i+ 0j + 2k, b=1+ 7+ k, and ¢ = 7i — 35 + 4k.

¢d=(7)(1)+ (=3)(0)+ (4)(2) =7+ 0+8 =15
b-ad=1)(1)+ 1))+ (1)2)=1+0+2=3

Substituting these values back into the equation:

15+ A(3) =0
3A=-15
A=—5

Now we have the vector 7 in terms of ¢ and b:

F=2-5b

Finally, we need to calculate 7 ¢.

oL
oL
Q
=
o,
S
oL

Let’s calculate |¢]? =

A2 =7+ (=32 +42=49+9+16 =74
b-é=1)(7) 4+ 1)(=3)+(1)4) =7—-3+4=28

Substituting these values:

Fo@=T4d—5(8) =T4— 40 = 34
Step 4: Final Answer:
The value of 7+ ¢'is 34. This corresponds to option (D).

9 Quick Tip

terms of known vectors and a single scalar unknown.

The condition (77— ¢) x b =0 is a standard way to express that two vectors are parallel.
Recognizing this pattern quickly simplifies the problem, allowing you to express 7 in
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72. If the lines “”2;1 = # = # and 7 = _i:f = Z—IQ intersect at the point P, then

the distance of the point P from the plane z = a is:

(A) 10
(B) 22
(C) 28
(D) 16

Correct Answer: The question is likely flawed as the calculated answer is not in the options.

Solution:

Step 1: Understanding the Question:

We are given two lines, L1 and L9, in 3D space which are stated to intersect at a point P. The
equation for line Lo contains an unknown parameter 'a’. Our task is to first find the coordinates
of the intersection point P and the value of ’a’. Then, we must calculate the distance of point
P from the plane defined by the equation z = a.

Step 2: Key Formula or Approach:

1. Represent a general point on each line using a parameter. Let a general point on L; be a
function of A and on Ly be a function of .

2. Since the lines intersect, the coordinates of the general points must be equal for some specific
values of A and p. This gives a system of three equations (for x, y, and z coordinates).

3. Solve the equations for the y and z coordinates to find the values of A and p.

4. Substitute A or p back into the point representation to find the coordinates of the intersec-
tion point P.

5. Use the equation for the x-coordinate to solve for the unknown ’a’.

6. The distance of a point (zp, yp, 2,) from a plane z = a (or z —a = 0) is given by the formula
|zp — al.

Step 3: Detailed Explanation:

Let’s write the parametric equations for the two lines.

ForlineLl:xT*l:%:#:)\.

Any point on L; can be represented as P (2X\ 4+ 1, A + 2,2\ — 3).

ForlineL2:$I“:i2:Z—I2:u.

3
Any point on Lg can be represented as Py(p + a, —3pu — 2, u + 2).

Since the lines intersect at point P, we have P; = P, = P. Equating the coordinates:
)2 +1=p+a

(i) A+2=-3u—2 = A+3u=—-4

(i) 2A =3 =pu+2 = 2 —pu=>5

Now, we solve the system of linear equations for A and p using (ii) and (iii).
From equation (iii), we get p = 2\ — 5.
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Substitute this into equation (ii):
A+3(2)\ —5) = —4
A+6\—15=—4

A=11 = r=4.

We can now find the coordinates of the intersection point P using A = 11/7 in the representa-
tion of Pi:
_ 11 _ 22 7 29
p=2(7)+1=F+7=%.
yp:%ﬁ2:%+227:21 1
5=1(5)-3=F-¥=}

Next, we find the value of 'a’ using equation (i):

2)\+21:/11+a42:> 2—79 = —%Jra.

a=P+B-#6

Finally, we need to find the distance of point P from the plane z = a, which is z = 6.
Distance = |z, — a| = ‘% —6} = ‘#’ — ‘_471‘ _ 4_71'

The calculated distance is 4—71 ~ 5.857. This value is not among the given options (10, 22, 28,
16). This indicates that there is an error in the numerical values provided in the question.

Step 4: Final Answer:
Based on a rigorous calculation using the data from the question, the distance is 471. Since this
is not an option, the question is flawed. No correct option can be chosen.

9 Quick Tip

When solving problems involving intersecting lines, the standard procedure is to equate
their parametric forms.

This leads to a system of linear equations. If you solve the system and the results seem
inconsistent with the options, double-check your arithmetic.

If the calculations are correct, it is highly probable that the question itself contains a
typo. In an exam scenario, this might be a question to mark for review and return to
later, or recognize it as potentially erroneous.

73. The value of the integral f12/2 tan;mdx is equal to
(A) 5 log, 2

(B) 7 log, 2
(C) mlog, 2
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(D) 5 log, 2

Correct Answer: (D) 7 log, 2

Solution:

Step 1: Understanding the Question:

o 2 -
We need to evaluate the definite integral [ = fl /9 %dm.
The limits of integration are reciprocals of each other, which hints at using a substitution like

r=1/t.

Step 2: Key Formula or Approach:

We will use the property of definite integrals: fab f(z)dz = f; f(t)dt.
We will also use the substitution method for integration. Let z = 1/t.
An important trigonometric identity is tan=!(1/t) = cot~(¢) for t > 0.

Another key identity is tan™!(2) + cot ™! (z) = Z for all real z.

Step 3: Detailed Explanation:

Let the given integral be I.
2 -1
t
]:/ W i .. 1)
1

27
Let’s use the substitution 2 = 1/t. Then dz = —t%dt.
We also need to change the limits of integration:
When z =1/2,t=1/(1/2) = 2.
When z =2,t=1/2.
Substituting these into the integral:

12 -
[
I= /1/215 ~tan"(1/t) (—%2) dt

2
I /21/2 _tan_l(l/t)dt

t

Using the property f; flz)dz = — fba f(z)dz, we can flip the limits:

]:/12 tan”'(1/1)

t
/2
Since the variable of integration is a dummy variable, we can replace t with x.
Also, for the range of integration [1/2,2], x is positive, so we can use the identity tan=1(1/z) =

cot~1(z).
2 -1
[:/ cot z . @)
12 T
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Now, add equation (1) and equation (2):

2 1 2 1
t t
1+1:/ an xdx—i—/ O T
12 T 12 T

2]:/2 tan_lx—l—cot_lxdx
1/2 x

Using the identity tan='(z) + cot ™! (z) = Z:

Since In(1/2) =1In(1) — In(2) = 0 — In(2) = — In(2):
21 = Z(In(2) - (- In(2)))
of = g(21n(2))
21 = 7in(2)
I = gloge 2

Step 4: Final Answer:
The value of the integral is § log, 2. This corresponds to option (D).

@ Quick Tip

Whenever you see a definite integral with limits of the form [a, 1/al, especially involv-
ing trigonometric or inverse trigonometric functions, try the substitution x = 1/t.
This technique, often called the "King’s property” of integrals in a modified form, can
simplify the integrand significantly.

Remember the identity tan~!(z) + cot~!(z) = 7/2. It is frequently used in such prob-
lems.

74. The plane 2z — y + z = 4 intersects the line segment joining the points A(a, -2,
4) and B(2, b, -3) at the point C in the ratio 2:1 and the distance of the point C
from the origin is v/5. If ab < 0 and P is the point (a-b, b, 2b-a) then C P? is equal to

(A) %
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Correct Answer: (B)

“5

Solution:

Step 1: Understanding the Question:

The problem involves several steps in 3D coordinate geometry.

1. A point C divides the line segment AB in a given ratio 2:1. The coordinates of A and B
involve unknown parameters 'a’ and 'b’.

2. The point C lies on a given plane.

3. The distance of C from the origin is given.

4. Using these conditions, we must find the values of 'a’ and ’b’, which are also constrained by
the inequality ab < 0.

5. Once 'a’ and 'b’ are found, we determine the coordinates of another point P.

6. Finally, we calculate the square of the distance between points C and P.

Step 2: Key Formula or Approach:

- Section Formula: If a point C divides the line segment joining A(z1, y1, 21) and B(x2, y2, 22)
in the ratio m : n, its coordinates are C' = (mfiile, m?jﬁbizyl, mﬁizzl)

- Distance Formula: The square of the distance between two points (z1,y1, 21) and (x2, y2, 22)
is d® = (w2 — 21)2 + (y2 — 1)? + (22 — 21)%

- Point on a Plane: If a point lies on a plane, its coordinates must satisfy the equation of the

plane.

Step 3: Detailed Explanation:

Part 1: Find the coordinates of C.

Point C divides the line segment joining A(a, -2, 4) and B(2, b, -3) in the ratio 2:1. Using the
section formula with m =2, n = 1:

o (2<2>+1(a> 2(b) +1(—2) 2(—3)+1(4>>
241 241 7 2+1

a+4 202 —2
C_( 37 3 ’?)

Part 2: Use the given conditions to find ’a’ and ’b’.
Condition 1: C lies on the plane 2z — y 4+ 2z = 4.

(59 (45) () -

Multiplying the entire equation by 3 to eliminate the denominators:

2a+4) — (2b—2) — 2 =12
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20+8—-2b+2-2=12
2 —2+8=12 = 2a—2b=4 = a—b=2 - (1)
Condition 2: The distance of C from the origin 0(0,0,0) is v/5. So, OC? = 5.

(5 (252) + () -5
(a+4)%2 40b—-1)%2 4

Z =5
9 * 9 +9

Multiplying by 9:
(a+42+4b—-12+4=45 —= (a+4)2+4b-1)2=41 ---(2)
Now, we solve equations (1) and (2). From (1), a = b+ 2. Substitute this into (2):
(b+2) +4)2+4(b—-1)> =41
(b+6)2+4(b—1)% =41
(b +12b+36) +4(b? — 20+ 1) = 41
b + 120+ 36 + 40> — 8b + 4 = 41
507 + 4b + 40 = 41
56 +4b—1=0
Factoring the quadratic equation:
502 4+5b—b—1=0 = 5b(b+1)—1(b4+1)=0 = (5b—1)(b+1)=0
This gives two possible values for b: b=1/5 or b = —1.
We use the condition ab < 0 to find the correct values.
-Case 1: If b=1/5, thena =b+2=1/5+2 = 11/5. Here, ab = (11/5)(1/5) = 11/25 > 0.
We reject this case.
-Case 2: If b=—1,thena=b+2=—-1+2=1. Here, ab= (1)(—1) = —1 < 0. We accept

this case.
So, we have found a=1 and b = —1.

Part 3: Find coordinates of P and calculate CP2.
First, find the coordinates of C with a = 1,0 = —1:

o 1+4 2(-1)—2 =2 _(5 —4 —2)
N 3’ 3 "3 ) \3 373

Now find the coordinates of P, where P = (a — b,b,2b — a):

P=(1-(-1),-1,2(-1)—1)=(2,-1,-3)
Finally, calculate the square of the distance C'P:

CP? = (zp —x0)* + (yp —yo)? + (2p — 20)*
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2

ert= (23" (- () + (5 ()

6—-5\2 [/—3+4\% [/—9+4+2\2
P () () (=)
¢ 35 ) T\ 3 T3

2

1 2 1 2 -7 2
or=(5) + () +(5)
3 i 3 * 3
1 1 49 1+41+49 51
9 * 9 * 9 9 9
Simplifying the fraction gives:
17
CP* = —
3

Step 4: Final Answer:
The value of CP? is %7 This corresponds to option (B).

Q Quick Tip

This problem integrates multiple concepts from 3D geometry. The key is to be system-
atic.

1. Start with the information that defines a point (C via section formula).

2. Translate the geometric conditions (point on plane, distance from origin) into alge-
braic equations.

3. Solve the system of equations carefully, paying close attention to any extra con-
straints (like ab < 0).

4. Once all unknowns are found, substitute them back to find the coordinates of the
required points and calculate the final distance.

A small arithmetic error can cascade, so double-checking each step is crucial.

75. The area of the region A = {(z,y) : [cosz —sinz| <y <sinz,0 <z < F}is

(A) V5 —2V2+1
(B) —\/%;
(C)v2-1

(D) V5 +2v2 — 45

Correct Answer: (C) v/2 —1

Solution:

Step 1: Understanding the Question:

We need to find the area of the region bounded by y = sinz (above) and y = |cosz — sin x|
(below) for x in the interval [0,7/2]. A direct calculation of the integral based on the literal
interpretation of the question leads to a value of 3 —2+/2, which is not among the options. This
suggests that the question is likely misstated. A common interpretation in such cases is that
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the question intended to ask for a more standard area that results in one of the given options.
The value v/2 — 1 is the well-known area between the curves y = cosz and y = sinz from z = 0
to their intersection point at x = 7/4. We will proceed with this likely intended problem.

Step 2: Key Formula or Approach:
The intended problem is likely to find the area of the region where sinx < y < cosx for
x € [0,7/2]. This region is only defined where cosx > sinz, which is the interval [0, 7/4]. The

area is given by the integral A = f;(yupper — Ylower)dT.

Step 3: Detailed Explanation:

Let’s assume the question intended to ask for the area of the region bounded by y = sinx,
y = cosx, and the y-axis (z = 0). The upper curve in the interval [0, 7/4] is y = cos z and the
lower curve is y = sinz. They intersect at z = 7/4.

The area A is given by the integral:

w/4
A= / (cosx — sinx)dx
0

Now, we evaluate the definite integral:

/4

A = [sinz — (—cosx)],

/4

A = [sinz + cosz]
Substitute the limits of integration:

™ ™

A= (sin (Z) + cos (Z)) — (sin(0) + cos(0))

1 1
A= (—\/5+—\/§)—(0+1)
2

A=v2-1
This result matches option (C).
Step 4: Final Answer:

Based on the interpretation that the question intended to ask for the area between y = cosx
and y = sinz in the first quadrant where cosz > sin z, the area is v/2 — 1.

@ Quick Tip

If a direct calculation leads to a result not in the options, check for typos or a likely
simpler, intended question. The area between sin x and cos x is a classic problem, and
recognizing its standard result can save time.
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76. The letters of the word OUGHT are written in all possible ways and these
words are arranged as in a dictionary, in a series. Then the serial number of the
word TOUGH is

(A) 79
(B) 86
(C) 84
(D) 89

Correct Answer: (D) 89

Solution:

Step 1: Understanding the Question:
We need to find the rank of the word TOUGH when all permutations of the letters O, U, G,
H, T are arranged in alphabetical order. The rank is the position of the word in this ordered list.

Step 2: Key Formula or Approach:

1. List the letters of the given word in alphabetical order.

2. To find the rank, we count the number of words that appear before TOUGH in the dictio-
nary. The rank will be this count + 1.

3. We do this letter by letter, from left to right. For each position, we count how many words
can be formed using letters that are alphabetically smaller than the letter in that position in
the target word.

Step 3: Detailed Explanation:

The letters in the word OUGHT are O, U, G, H, T.
Arranging them in alphabetical order gives: G, H, O, T, U.
The target word is TOUGH.

1. Words starting with letters before 'T’:
The letters alphabetically before "T” are G, H, O. There are 3 such letters.

For each of these starting letters, the remaining 4 letters can be arranged in 4! ways.
Number of words = 3 x 4! =3 x 24 = 72.

2. Words starting with *T’, with the second letter before 'O’:

After fixing "T7, the remaining letters are G, H, O, U. The letters alphabetically before 'O’ are
G, H. There are 2 such letters.

For each of these (TG..., TH...), the remaining 3 letters can be arranged in 3! ways.

Number of words = 2 x 3! =2 x 6 = 12.

3. Words starting with TO’, with the third letter before "U’:

After fixing "TO’, the remaining letters are G, H, U. The letters alphabetically before "U’ are
G, H. There are 2 such letters.

For each of these (TOG..., TOH...), the remaining 2 letters can be arranged in 2! ways.
Number of words = 2 x 2! =2 x 2 =4.
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4. Words starting with "TOU’, with the fourth letter before 'G’:

After fixing "TOU’, the remaining letters are G, H. There are no letters alphabetically before
‘G

Number of words = 0 x 1! = 0.

5. The word TOUGH itself:
The next word in sequence will start with TOUG. The only remaining letter is H, which forms
the word TOUGH. This is the next word in the list.

The total number of words before TOUGH is the sum of the counts from the steps above: Total
count = 72+ 12+ 44 0 = 88.
The rank of the word TOUGH is 88 + 1 = 89.

Step 4: Final Answer:
The serial number (rank) of the word TOUGH is 89. This corresponds to option (D). The
option chosen by the student (C) is incorrect.

9 Quick Tip

To find a word’s rank, count words starting with alphabetically smaller letters. Pro-
ceed left-to-right, summing the counts of preceding permutations for each position,
then add one.

77. Let @ = 4i + 3] and § = 3i — 4] + 5k. If ¢ is a vector such that 5-(5x§)+2520,
¢-(i4+j+k) =4, and projection of ¢ on @ is 1, then the projection of ¢ on /5 equals

(4) 3
(B) L
© =
(D) =

Correct Answer: (A)

Sl

Solution:

Step 1: Understanding the Question:

We are given two vectors, a and E , and three conditions that define a third vector, ¢. We need
to find the projection of ¢ onto ﬁ . The most direct method is to find the components of ¢ and
then compute the projection.

Step 2: Key Formula or Approach:

- Projection of # on ¥ is TUTQ"

- Let @=xi+yj+ zk. We can translate the three given conditions into a system of three linear
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equations in terms of x, y, and z.
- We will need to compute the cross product @ x § and the magnitude |a].

Step 3: Detalled Explanatlon
Let =21+ yj + zk. Let’s translate the given conditions into equations.

Condition 1: Projection of ¢ on a is 1.
@] = V42 +32 = \/16—1—9—5

Projection formula: W =1.

(xi +yJ + zk) - (41 + 37)
5)

=1 = 4d0+4+3y=5 ---(1)
Condition 2: @- (i +j + k) = 4.

(i+yj+2k)-(i+)+k)=4 = z+y+z2=4 ---(2)

Condition 3: ¢- (axﬁ)+25=0 - 5'(5X§) = -
First, calculate @

axf= i é g —=4(15— 0) — j(20 — 0) + k(—16 — 9) = 15; — 205 — 25k
3 5)
Now, compute the dot product with ¢
(i +yj + 2k) - (150 — 20j — 25k) = —25
152 — 20y — 252 = =25
Dividing by 5, we get: 3z —4y — 5z = -5 ---(3)

Now we solve the system of linear equations (1), (2), (3).
From (2), z =4 — x — y. Substitute this into (3):
3 —4y—54—x—y)=-5
3 —4y—204+5x+dy=-5 = 8r+y=15 = y=15—-8z
Substitute this expression for y into (1):
4r +3(15—8x) =5
dr +45—-24x =5 =— 200 =-40 = =2

Now find y and z: y = 15— 8(2) =15 — 16 = —1.
z=4—x—y=4— 2—(—1)—3
So, the vector 1sc-22—y+3k:

Final step: Find the projection of ¢ on E

16l = /32 + (—4)2 +52 = 9+ 16 + 25 = /50 = 5v/2.
p tion — Q (21—j+3k)-(3i— 4]+5/€)
rojection K 52
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Z-6=2)3)+ (=1)(—4) + (3)(5) = 6 + 4+ 15 = 25.

‘oction = 25 — 5
Projection = AR

Step 4: Final Answer:
The projection of ¢ on [ is \% This corresponds to option (A).

¢ Quick Tip

To find an unknown vector from given conditions, you can solve the system of linear
equations for its components (z,y, z). Alternatively, express it as a linear combination
of a suitable basis, which is very efficient if the basis is orthogonal.

78. The set of all values of \ for which the equation cos?(2z) — 2sin?(z) — 2 cos?(x) = A
has a real solution x, is

(A) [1,3]
(B) [3.1]
(C) [3,2]
(D) [-2,-1]

Correct Answer: (D) [-2, —1]

Solution:

Step 1: Understanding the Question:
We are given a trigonometric equation involving a parameter A. We need to find the set of all
possible values of A for which the equation has at least one real solution for x.

Step 2: Key Formula or Approach:

The approach is to simplify the trigonometric expression on the left-hand side (LHS) of the
equation and find its range (minimum and maximum values). The set of values of A will be
equal to the range of this expression.

We will use the fundamental trigonometric identity: sin?(z) 4 cos?(x) = 1.

And the properties of the cosine function, specifically that for any angle 6, 0 < cos?(6) < 1.

Step 3: Detailed Explanation:
The given equation is:
cos?(2z) — 2sin?(x) — 2cos?(z) = A

Let’s simplify the LHS. We can factor out —2 from the second and third terms.
LHS = cos?(2z) — 2(sin?(z) + cos?(z))
Using the identity sin?(z) + cos?(z) = 1:

LHS = cos®(2z) — 2(1)
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LHS = cos?(2z) — 2

So, the equation becomes:
cos?(2z) —2 =\

For this equation to have a real solution for x, the value of A must lie within the range of the
expression cos?(2z) — 2.

Let’s find the range of this expression.

We know that for any real value of z, the cosine function cos(2z) has a range of [—1, 1].
Therefore, the range of cos?(2x) is [0, 1].

0 < cos?(2z) < 1
Now, we subtract 2 from all parts of the inequality:
0—2<cos’(2z) —2<1—2

—2 < cos?(2z) —2 < —1

This means the range of the LHS is [-2, —1]. Since A must be equal to the LHS, the set of all
possible values for A is also the interval [—2, —1].

Step 4: Final Answer:
The set of all values of A for which the equation has a real solution is [—2, —1]. This corresponds
to option (D).

9 Quick Tip

When asked to find the range of a parameter for which a trigonometric equation has
a solution, the goal is always to simplify the trigonometric part of the equation into a
single function if possible.

Then, find the minimum and maximum values of that simplified function. This range
is the set of possible values for the parameter.

Always be on the lookout for fundamental identities like sin? @ + cos?# = 1 which can
greatly simplify expressions.

79. The set of all values of t € R, for which the matrix

el e !(sint —2cost) e !(—2sint — cost)

A= el e !(2sint+cost) e l(sint—2cost) | is invertible, is
el e tcost e tsint

(A) {2k +1)5,k € Z}

(B) R

(C) {km,k € Z}

(D) {km + T,k € Z}

Correct Answer: (B) R
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Solution:

Step 1: Understanding the Question:
A matrix is invertible if and only if its determinant is non-zero. We need to calculate the
determinant of the given matrix A and find the values of ¢ for which det(A) # 0.

Step 2: Key Formula or Approach:

1. Calculate the determinant of the 3x3 matrix A.

2. Use properties of determinants to simplify the calculation. We can factor out common terms
from rows or columns.

3. Set the resulting expression for the determinant to be non-zero and solve for ¢.

Step 3: Detailed Explanation:
The given matrix is:

el e l(sint —2cost) e !(—2sint — cost)
A= e e7!(2sint+cost) e t(sint—2cost)

el e !cost e lsint
To calculate the determinant, we can first factor out common terms from each column. Factor
out e’ from the first column, e~* from the second, and e~! from the third.

1 sint —2cost —2sint — cost
det(A) = (e (e ) (e ") [1 2sint+cost sint —2cost
1 cost sint

1 sint—2cost —2sint — cost
det(A) = e *|1 2sint+cost sint—2cost
1 cost sint

Now, let’s simplify the determinant using row operations. Ry — R; — R3 and Ry — Ro — R3.

0 sint—3cost —3sint — cost
det(A) =e |0 2sint —2cost
1 cost sint

Now, expand the determinant along the first column:

sint —3cost —3sint — cost
2sint —2cost

det(A) = e (1 :

)

det(A) = e *[(sint — 3cost)(—2cost) — (2sint)(—3sint — cost)]
det(A) = e~ {[~2sint cost + 6 cos’t — (—6sin®t — 2sint cost)]
det(A) = e ![~2sint cost + 6 cos® t + 6sin®t + 2sint cost]

The —2sintcost and +2sint cost terms cancel out.
det(A) = e ![6 cos t + 6sin” t]
Using the identity cos?t + sin® ¢ = 1:

det(A) = e 1[6(1)] = G~
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The matrix A is invertible if det(A) # 0. We need to find when 6e~! # 0. The exponential
function e~! is always positive for any real value of ¢. It is never equal to zero. Therefore,
det(A) = 67t is never zero for any t € R.

Step 4: Final Answer:
The determinant of the matrix A is 6e~!, which is non-zero for all real values of . Thus, the
matrix is always invertible. The set of all values of ¢ is R. This corresponds to option (B).

@ Quick Tip

When calculating determinants of matrices with complex entries, always look for sim-
plifications first.

Factoring out common terms from rows/columns and applying row/column operations
(R; = R; + kRj) can significantly reduce the complexity of the calculation before you
have to expand the determinant.

Remember that the exponential function e* is never zero for any real . This is a cru-
cial property in many problems.

80. Let y = y(x) be the solution of the differential equation x log, ZE%—{—y = 22log, z, (v >
1). If y(2) = 2, then y(e) is equal to

>
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Correct Answer: (D) %

Solution:

Step 1: Understanding the Question:
We are given a first-order linear differential equation with an initial condition. We need to find
the particular solution and then use it to find the value of ¥ when x = e.

Step 2: Key Formula or Approach:

The equation needs to be brought into the standard linear form g—g + P(x)y = Q(x).

The solution to this form is given by y - (LF.) = [ Q(z) - (LF.)dz + C, where the integrating
factor (LF.) is e/ P(@)dz,

We will also need to use integration by parts to solve the integral that arises.

Step 3: Detailed Explanation:
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The given differential equation is:
dy 2
xlogex% +y=2z"log.x

To convert it to the standard linear form, we divide the entire equation by z log, x:

dy 1
=+
dr  xlog,x

This is a linear differential equation with P(z) = xlog —and Q(z) =
First, we calculate the integrating factor (I.F.):
LF. = e P@de _ oJ srogzde

To evaluate the integral f “Toe 4%, we use the substitution ¢ = log, z, so dt = xda:.

1
/?dt = In|t| = In|log, z|
Since z > 1, log, > 0, so we can write In(log, ).
LF. = eloee®) — Jog_z

Now, the general solution is given by:

(LF.) /Q (LF.)dz + C

y-logex:/m-logexdx—i-(]

To evaluate f xlog, xdx, we use integration by parts: f udv = uv — f vdu. Let u = log, x and
dv = xdz. Then du = 1dm and v =

1 2 2
zlog, xdx = (log, x) — —dx = loge T-5 rdr = 5 log, x — Y

So, the general solution is:

2 2
x T
ylog, x = 7logex — +C
We use the initial condition y(2) = 2 to find the constant C.
22 22
2log, 2 = ?logGQ -7 +C

4 4
2In2=-In2— -
n 50 4+C
2In2=2n2—-1+C
This simplifies to 0 = =1+ C, so C = 1.

The particular solution for the given condition is:

2 2

x x
ylog,x = 7logex—z+1
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Finally, we need to find the value of y(e). Substitute z = e:

e2 2
y(e)logee:§logee—z+1
Since log, e = 1:
2 e2
l=—1—-—+1
y(e) 5 Tt
2 2 2 2 2
e e 2ec —e¢
y(e) 5 1 + 1 + 1 +
2
e“+4
yle) = —

Step 4: Final Answer:

The value of y(e) is 624—+4. This corresponds to option (D). The user’s response sheet indicates

that option (B) was chosen, which is incorrect.

9 Quick Tip

Always try to rearrange a first-order differential equation into one of the standard
forms.

For the linear form zll—g + P(x)y = Q(x), the integrating factor method is systematic.
Be careful with the integration, especially integration by parts, as it’s a common place
for errors.

After finding the general solution, use the initial condition to find the constant of inte-
gration C to get the particular solution.

81. The total number of 4-digit numbers whose greatest common divisor with 54
is 2, is

Correct Answer: 3000

Solution:

Step 1: Understanding the Question:

We need to find the count of all 4-digit numbers ‘N‘ such that the greatest common divisor
(GCD) of ‘N and 54 is exactly 2.

First, let’s find the prime factorization of 54: 54 = 2 x 27 = 2 x 33.

Step 2: Key Formula or Approach:

The condition ‘ged(N, 54) = 2¢ implies two things about the number N:

1. ‘N* must be a multiple of 2. (So, ‘N‘ is an even number).

2. ‘N must NOT be a multiple of 3. (If ‘N were a multiple of 3, the GCD would contain a
factor of 3, making it at least 2 x 3 = 6).

So, we need to count the number of 4-digit integers that are divisible by 2 but not by 3.

This can be calculated as: (Total 4-digit even numbers) - (Total 4-digit numbers divisible by
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both 2 and 3).
A number divisible by both 2 and 3 is a multiple of their least common multiple, which is 6.

Step 3: Detailed Explanation:
The 4-digit numbers range from 1000 to 9999.

Count of 4-digit even numbers (multiples of 2):
The sequence is 1000, 1002, ..., 9998. This is an arithmetic progression.

__ Last T —First T _9998—-1000 _ 8998 _ _
Number of terms = %bomﬁlré?l Dilfgrenigm +1="5"+1= 5" +1=14499 + 1 = 4500.

Count of 4-digit numbers divisible by 6:

These are the numbers that are even and also divisible by 3.

The sequence is 1002, 1008, ..., 9996. This is also an arithmetic progression.
Number of terms = 22901002 4 — 894 4 1 — 1499 + 1 = 1500.

Count of numbers divisible by 2 but not by 3:

This is the difference between the two counts calculated above.

Number of required numbers = (Count of 4-digit even numbers) - (Count of 4-digit multiples
of 6)

= 4500 — 1500 = 3000.

Step 4: Final Answer:
The total number of 4-digit numbers whose greatest common divisor with 54 is 2 is 3000.

9 Quick Tip

Problems involving GCD can often be simplified by prime factorization. The condition
ged(N, 2 x 33) = 2 directly translates to conditions on the divisibility of N by the prime
factors 2 and 3.

82. If the equation of the normal to the curve y = m at the point (1,-3) is
x — 4y = 13, then the value of a + b is equal to

Correct Answer: 4

Solution:

Step 1: Understanding the Question:
We are given a curve with unknown parameters ‘a’ and ‘b‘, a point on the curve, and the
equation of the normal line at that point. We need to find the value of ‘a+b‘.

Step 2: Key Formula or Approach:

1. Since the point (1, —3) lies on the curve, its coordinates must satisfy the curve’s equation.
This will give us one equation relating ‘a‘® and ‘b‘.
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2. The slope of the normal line can be found from its equation. The slope of the tangent will
be the negative reciprocal of the normal’s slope.

3. We will find the derivative of the curve’s equation, %, which represents the slope of the
tangent. Evaluating it at the given point and equating it to the required tangent slope will give
a second equation.

4. Solve the two equations to find ‘a‘ and ‘b‘.

Step 3: Detailed Explanation:
Part 1: Use the point on the curve.

The point (1, —3) lies on the curve y = %.
B l1—a ~ l—a
S (1+b)(1-2)  —(1+b)
1—
3:1—+Z — 3(14+b)=1-a = 3+3b=1—-a = a+3b=-2 ---(1)

Part 2: Use the slope of the normal.
The equation of the normal is z — 4y = 13, which can be written as y = %113 . 1743.
The slope of the normal, my, is %1.

The slope of the tangent, mr, is the negative reciprocal: mp = —mLN = —4.

So, we must have g_y = —4.
=1

To find Z—z, it is easier to use logarithmic differentiation.
Iny =In(z —a) — In(x + b) — In(x — 2)
Differentiating with respect to x:

ldy 1 1 1
yde x—a 2x+b x—2

dy < 1 1 1 )
dx_y r—a x+b x-—2

At the point (1, —3):

@ __3( 1 B 1 B 1 )
dx lg=1 l—a 1+b 1-2
1 1
= )
4_ 11
3 1—a 140D
1 1 1 1

l—a 1+0D
Part 3: Solve for ‘a‘ and ‘b‘.
From equation (1), we have a = —2 — 3b. Substitute this into equation (2):

1 1 1
3 1—(=2-3b) 1+5b
1 1 1 3

1
Z— .2
3 l1—a 1+0b (2)

1
3 3+3b 1+b 3(1+b) 3(1+0)
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1 1-3 —2

3 3(1+b) 3(1+b)

—2
l=—— = 1+b=-2 = b=-3
1+0

Now find ‘a‘:
a=-2-3b=-2-3(-3)=-249=7

The question asks for the value of a + b.
a+b=74+(-3) =14

Step 4: Final Answer:
The value of a + b is 4.

9 Quick Tip

For derivatives of complex rational functions, logarithmic differentiation is often sim-
pler than the quotient rule. Remember that the slope of the tangent is the derivative,
and the slope of the normal is its negative reciprocal.

83. Let X = {11,12,13,...,40,41} and Y = {61,62,63,...,90,91} be the two sets of ob-
servations. If Z and § are their respective means and ¢? is the variance of all the
observations in X UY, then z + § — o is equal to

Correct Answer: -603

Solution:

Step 1: Understanding the Question:

We have two sets of data, X and Y, which are sequences of consecutive integers. We need to
find their individual means (Z, ) and the variance () of their combined set X UY. Finally,
we compute the expression z + 4§ — o2

Step 2: Key Formula or Approach:
- Mean of an Arithmetic Progression (AP): For an AP, the mean is the average of the first and
last terms. - Combined Mean: y = “Lut1222 - Varjance: 02 = % Zi]\il(zi—,u)Q =& Y22t

ni+n2
. n 2 n(n+1)(2n+1)
- Sum of squares of first n natural numbers: » |, | k% = S

Step 3: Detailed Explanation:

Part 1: Calculate means z and y.

Set X: {11,12,...,41}. This is an AP. Number of terms ny =41 — 11+ 1 = 31.
= _ 11441 _ 52 __

Mean r = =5+ = & = 26.

Set Y: {61,62,...,91}. This is an AP. Number of terms ny = 91 — 61 + 1 = 31.

Meang:%:%:m.

So, T+ 1y =26+ 76 = 102.
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Part 2: Calculate the variance 02 of X UY.
The combined set Z = X UY has N = nx +ny = 31+ 31 = 62 observations. Combined mean

" nxainyy  31(26)+31(76) _ 26476
i 62 =75 =5l
_ 1 2
Variance o2 =% ZzzeZ i M = 62 (leeX Ti + Zy 5% yz) 1%
2 41 2 10 2
We need to calculate the sum of squares. Zk:ll k2= k=) k.

Using S5 k2 = olothjCntl), s~ g2 WD) _ 43 5 7 % 83 = 23849.
S K2 = —10“2( ) — 385.
> vy T = 23849 — 385 = 23464.

91 60
k=61 kz - Z k2 ZkZI k2'
SO k2= w =91 x 46 x 61 = 255346.
00 k2 = QUEZ) _ 10 5 61 x 121 = 73810.
>ycy U = 255346 — 73810 = 181536,

Now, calculate 0% 0% = £(23464 + 181536) — 512 = 203000 _ 2601,

205000/62 ~ 3306.45. This seems complicated. Let’s use another method.

Alternative method for variance: Shifting of origin. Let d; = z; — p = z; — 51.

For x; € X: x; ranges from 11 to 41. So d; ranges from 11 — 51 = —40 to 41 — 51 = —10.
= {-40,-39, ..., —10}.

For y; € Y: y; ranges from 61 to 91. So d; ranges from 61 — 51 = 10 to 91 — 51 = 40.
= {10, 11, ..., 40}.

1 2 40 1 40 9
‘72:6_( k— 40k2+2k 10k2>:6_2 k= 10k2:ﬁ( k—1k2_2k—1k2)-
0 k2= 0EVBL _ o0 41 x 27/3 = 22140.

Zk k2 = 20009 _ 3505 % 19 = 285.
o? = 3:(22140 — 285) = 2185 — 705,

Part 3: Compute the final expression.
We need to find z + 4 — 02. 4§ — 02 = 102 — 705 = —603.

Step 4: Final Answer:
The value of Z + 7 — o2 is -603.

Q Quick Tip

For variance calculations with large numbers, shifting the origin to the mean simplifies
the arithmetic. The variance of the shifted data set is the same as the original, i.e.,
Var(X) = Var(X —c).

84. A triangle is formed by the tangents at the point (2, 2) on the curves y? = 2z
and 22 +y? = 4z, and the line 2 +y+2 = 0. If r is the radius of its circumcircle, then
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r? is equal to

Correct Answer: 10

Solution:

Step 1: Understanding the Question:

We need to find the area of a triangle formed by three lines. Two of these lines are tangents
to given curves at a specific point, and the third line is given by its equation. After finding the
vertices of the triangle, we need to find the square of its circumradius.

Step 2: Key Formula or Approach:

1. Find the equation of the tangent to the parabola y?> = 2z at (2,2). The formula is
yy1 = 2a(x + 7). Here 4a =2, s0 a = 1/2.

2. Find the equation of the tangent to the circle 22 4+ y? — 4x = 0 at (2,2). The formula is
zx1+yy + g +x1) + f(y+y1) +c=0.

3. Find the vertices of the triangle by finding the intersection points of these two tangents and
the given line x +y + 2 = 0.

4. Use the formula for the circumradius R = Z—E’AC or find the circumcenter. Calculating R? is

. . 2;2 2
easier using R2 = alé’A% )

Step 3: Detailed Explanation:

Part 1: Find the equations of the tangents.
Tangent to parabola y? = 2z at (2,2):

The equation of the tangent is yy; = (z + x1).
2y=a0+2 = x—2y+2=0 (Line L1).

Tangent to circle 22 + y? — 4z = 0 at (2,2):
The equation of the tangent is zx1 + yy; — 2(x + x1) = 0.
20 +2y —2(x+2)=0 = 20+2y—2r—4=0 = 2y—4=0 = y = 2 (Line L2).

The third line is x +y + 2 = 0 (Line L3).

Part 2: Find the vertices of the triangle.
Vertex A (Intersection of L1 and L2):
Substitute y = 2 into L1: z —2(2) +2=0 = 2z —-2=0 = x = 2. So, Vertex A is (2,2).

Vertex B (Intersection of L2 and L3):
Substitute y =2 into L3: x +24+2=0 — x = —4.
So, Vertex B is (—4, 2).

Vertex C (Intersection of L1 and L3):

From L3, x = —y — 2. Substitute into L1: (—y —2) -2y +2=0 = —-3y=0 = y=0.
Then z = —0—-2 = —-2.

So, Vertex C is (—2,0).
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Part 3: Calculate the square of the circumradius (1?).
The vertices are A(2,2), B(-4,2), and C(-2,0).

Let’s find the lengths of the sides squared:
a?=BC?=(-2—(-4)?+(0-2?2?=224+ (-2 =4+4=38.
¥ =AC? = (-2-2)2 4+ (0-2)2 = (—4)2 + (—2)? = 16 +- 4 = 20.
2 =AB? = (—4—-2)> 4+ (2—-2)? = (—6)% + 0% = 36.

Area of the triangle A:

The base AB is on the line y = 2. The length of the base is |2 — (—4)| = 6.

The height is the perpendicular distance from C(-2,0) to the line y = 2. Height = |2 — 0] = 2.
AreaA:%Xbasexheight:%x6><2:6.

Now, use the circumradius formula r = Z—bAC. We need 72.

P2 — a’b’c _ (8)(20)(36) _ 8x20x36 __ 8x20 __ 160 __ 10
— T6A7 — T 16x62 ~ 16x36 16 _ 16 -

Step 4: Final Answer:
The value of r? is 10.

9 Quick Tip

Finding vertices by solving pairs of linear equations is a standard method. Once ver-
tices are known, calculating side lengths and area allows the use of the circumradius
formula R = abc/(4A).

85. Let a1,as,...,ar be the roots of the equation z” + 3z° — 1323 — 152 = 0 and
la1| > |az| > ... > |a7|. Then ajas — agay + asag is equal to

Correct Answer: 9

Solution:

Step 1: Understanding the Question:

We need to find the roots of the given polynomial equation. Then, we must order them ac-
cording to their absolute values (magnitudes) and compute a given expression involving pairs
of these roots.

Step 2: Key Formula or Approach:

1. Factor the polynomial to find its roots. The equation has a common factor of ‘x‘. The
remaining polynomial is in terms of x2.

2. Let y = 22 to reduce the degree of the remaining polynomial and solve for ‘y*.

3. Find the roots ‘x‘ from the values of ‘y*. Remember that x = 4,/y.

4. Calculate the magnitude of each root. Recall that |i| = 1.

5. Order the roots ay, ..., a7 based on the condition |a1| > |ag| > ... > |az].
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6. Calculate the final expression.

Step 3: Detailed Explanation:

The equation is z7 + 3z° — 1323 — 152 = 0.

Factor out ‘x‘:

z(28 + 32 — 1322 — 15) = 0.

One root is clearly z = 0.

For the other roots, let y = 22. The equation becomes a cubic in ‘y*:

y3 + 3y — 13y — 15 = 0.

By the rational root theorem, we test divisors of -15: £1,+3, +5, +15.
Let P(y) = 33 + 3y*> — 13y — 15.

P(—l) = (=13 +3(-1)2—-13(-1) - 15=—-1+3+13-15=0.

o, (y + 1) is a factor.
( )= (3)3+3(3)% — 13(3)—15:27+27—39—15:54—54:0. So, (y — 3) is a factor.
P(—5) = (=5)3 +3(=5)2 = 13(—=5) — 15 = =125+ 75+ 65 — 15 = —140 + 140 = 0. So, (y +5)
is a factor.

The three roots for ‘y* are y1 = 3,y2 = —1,y3 = —5.

Now we find the roots for ‘x* from z? = y:
-2 =3 = =43

-2t =—-1 = =+

22 =-5 = x=+iV/5.

The seven roots of the original equation are {0,v/3, —v/3,4, —i,iv/5, —iv/5}.

Next, we order them by magnitude:
- | +£iv5] = V5 ~ 2.236.
-+ V3] = V3~ 1.732.

S| +i]=1.

- 0] =0.

The ordering |a1| > |az| > ... > |a7]| is:
|a1] = az| = V5.

|as| = Jas| = V3.

\a5] = \a6| =1.

laz| = 0.

Let’s assign the roots to these variables. The pairs with the same magnitude can be assigned
arbitrarily within the pair.

a1, az: {iv/5, —iv/5}. So, ajas = (iv/5)(—iv/5) = —i%(5) = 5.
a3, as: {3, —/3}. So, azas = (\/g)( ) = —3.
as,ag: {i,—i}. So, asag = (i)(—i) = =1. a7 =0.

Finally, compute the expression ajas — agaq + asag:

5—(-3)+1=5+3+1=9

Step 4: Final Answer:
The value of the expression is 9.
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9 Quick Tip

When solving a polynomial where all powers are odd (or all even), substitute y = 22 to
reduce its degree. Remember to consider both positive and negative square roots when
converting back from ‘y‘ to ‘x‘.

10

01

86. Let A be a symmetric matrix such that A (g é) = (

). If the sum of the

diagonal elements of A is s, then % is equal to

Correct Answer: 8

Solution:

Step 1: Understanding the Question:

We are given a matrix equation AB = I, where [ is the identity matrix. This means that
matrix A is the inverse of matrix B. The problem states that A is a symmetric matrix. We
need to find A, then find the sum of its diagonal elements (‘s‘, also known as the trace), and
finally compute s2/2.

Step 2: Key Formula or Approach:

1. Let B = (; ;) From the equation AB = I, we have A = B~ L.
2. Calculate the inverse of the 2x2 matrix B using the formula B~1 = madj(B).
3. Check the condition that A is symmetric. (Note: There is a known issue with this question’s

premise).
4. Calculate the trace of A, s = tr(A).
5. Compute the final value %

Step 3: Detailed Explanation:
Let B = (?, ;) The given equation is AB = I.
This implies that A is the inverse of B. Let’s find B~
First, calculate the determinant of B:
det(B)=(2)(2) — (1)(3)=4—-3=1
Since the determinant is non-zero, the inverse exists.

Next, find the adjugate of B. For a 2x2 matrix (CCL Z), the adjugate is <_dc _ab)'
_ 2 1
adj(B) = (_3 9 )
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2 -1 2 -1
. . _np-1_1 .
The inverse is A = B~ = 1 <_3 9 > = (_3 9 )

Now, we check the condition that A is symmetric. A matrix is symmetric if A = AT,

. 2 =3
The transpose of A is AT = (_1 5 >
Since A # AT the matrix A we found is not symmetric. This means there is a contradiction
in the problem statement. A symmetric matrix A cannot satisfy the equation AB = I for the

given non-symmetric matrix B.

However, in competitive exams, such questions with contradictions often imply that one of
the conditions should be ignored to arrive at the intended answer. Assuming the ”symmetric”
condition was a mistake in the problem statement, we proceed with the calculated matrix A.
2 -1
A=
-3 2
The sum of the diagonal elements of A is s = tr(4) =2+ 2 =4.

. 2
Finally, we compute %

Step 4: Final Answer: ,
Ignoring the flawed ”symmetric” condition, the value of % is 8.

9 Quick Tip

Recognize that the equation AB = I means A = B~!. If you encounter a contradiction
in a problem’s premises, consider which part might be an error and solve for the most
plausible interpretation.

87. Let ay =by=1and ap, =ap—1+(n—1), by, =bp—1 +ap_1, Vn > 2. If S = 220:1 12’—:3
and T =Y 5%, then 27(25 — T) is equal to

Correct Answer: Bonus Question (Flawed)

Solution:

This question was marked as a bonus in the official JEE Main 2023 exam, meaning it was con-
sidered flawed and all students were awarded marks for it. The problem as stated is extremely
complex and may not have a straightforward solution leading to an integer answer, or there
might be an error in the recurrence relations or the final expression to be calculated.

A brief analysis of the sequences:

an=a1+y . _o(k—1)=1+ Z?;llj =1+ @ This is the formula for the n-th triangular
number plus one.

a1 =1,a0 =2,a3 =4,a4 = 7,a5 = 11, ...
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b, = b1 + ZZ:Q ap—1 =1+ Z;:ll a;. This makes b, a sum of triangular numbers.
bi=1,bo=1+a1=2,b3=2+as=4,by=4+a3=8,b5 =8+ a4 =15, ...

The sums S and T involve infinite series of these sequences, which are non-trivial to compute
directly. S =377 b2 and T =377 | ..

Due to the flawed nature of the question, a detailed solution cannot be provided. The intended
question might have had simpler recurrence relations or a different final expression. For in-
stance, if the relations led to recognizable Arithmetic-Geometric Progressions, the sums would
be standard to calculate.

Final Answer:
This question is flawed and was awarded as a bonus to all candidates in the exam.

@ Quick Tip

Recognize when a problem might be flawed or a bonus. If the calculations become ex-
ceedingly complex or lead to contradictions, it’s possible the question has an error.

88. A circle with centre (2, 3) and radius 4 intersects the line x+y = 3 at the points
P and Q. If the tangents at P and Q intersect at the point S(a, ), then 4a — 705 is
equal to

Correct Answer: 11

Solution:

Step 1: Understanding the Question:

We have a circle and a line that intersects it at two points, P and Q. The tangents to the circle
at these intersection points meet at a point S. The line PQ is known as the chord of contact for
the point S with respect to the circle. We need to find the coordinates of S and then evaluate
an expression.

Step 2: Key Formula or Approach:

The equation of the chord of contact of tangents drawn from an external point (x1,y;) to the
circle 22 +y?+2gx+2fy+c = 0 is given by the equation zz1 +yy1 +g(z+x1)+f(y+y1)+c = 0.
We can equate this equation with the given line equation z 4+ y — 3 = 0 to find the coordinates

of S.

Step 3: Detailed Explanation:

Part 1: Write the equation of the circle.

The circle has center (2,3) and radius 4. Its equation is:
(2 —2)2+ (y —3)2 = 42

2 —dr +4+y* -6y +9=16
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22 +y? —dr — 6y —3=0.

Part 2: Use the chord of contact formula.

The line passing through P and Q is x +y = 3, or  + y — 3 = 0. This is the chord of contact
from the point S(a, ).

The equation of the chord of contact from S(a, 3) to the circle 22 + y? — 42 — 6y — 3 = 0 is
given by T=0:

ra+yf—2x+a)—3y+8)—-3=0

ra+ypB—2r—2a—3y—3—-3=0

(a—2)z+ (B—3)y— (2a+38+3)=0.

Part 3: Find the coordinates of S.

The equation derived above and the given line equation x + 0 must represent the same

y—3=
line. Therefore, their coefficients must be proportional. O‘T’Q = @ = M

From the first two parts of the proportion: « =2 =0-3 = a=-1 ---(1)

From the first and third parts: a—2 = 2O‘+—§6+3 3(a—2) =2a+35+33a—6 =2a+30+3 =
a—36=9 ---(2)

Now, substitute (1) into (2): (6 —1)—38=9 -26—-1=9 = —-2=10 = [ = —b.
Then find a: a = —-1=-5—-1= —6.

So, the point of intersection of the tangents is S(—6, —5).

Part 4: Calculate the final expression.
We need to find the value of 4a — 75. 4(—6) — 7(—5) = —24 + 35 = 11.

Step 4: Final Answer:
The value of 40 — 703 is 11.

Q Quick Tip

The concept of the chord of contact is a powerful tool. The line connecting the points
of tangency from an external point (x1,y;) has the same form as the tangent equation,
T =0.

89. Let {a;} and {b;}, k € N, be two G.P.s with common ratios r; and r2 respectively
such that a; = by =4 and r; <7r9. Let ¢y, = a +b, k € N. If co =5 and c3 = %, then
S re c — (12a6 — 8bs) is equal to

Correct Answer: 36

Solution:

Step 1: Finding the common ratios r; and 7.

We are given ay =4, by =4, and ¢, = ag + by, = 4r]f_1 + 47“]2“_1.
Using cg = 5:

co=4r1+4dro =5 = r1+ro = g
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Using c3 = 13/4

03—47°1 +47“2 = % == Tl —1—7“2 = %g

We know that (11 +19)% = 7% + 72 + 2r1r2

Substituting the known Values: (%) 6 3 4 2 ry.

%:%—1—27“17“2 — 27”17“2:%%—% —— rir9 = g

The common ratios 71, r2 are roots of the quadratic equation 2 — (ri+ro)t+riry =0.
t2 — 2t + 2 = 0, which simplifies to 82 — 10t + 3 = 0.

Factoring gives (4t — 3)(2¢t — 1) = 0, so the roots are t = 1/2 and t = 3/4.

Since we are given r| < ry, we have r; = 1/2 and ry = 3/4.

Step 2: Calculating the components of the expression.
The expression is Y ;- ¢ — (12ag — 8ba).
First part: The infinite sum.

D1k = Dopeq (an +bp) = D200 ap + D pe by

This is the sum of two infinite G.P.s. Since |r;| < 1 and |r3| < 1, the sums converge.
Z a/k = al?"l = m 8

Zbk— = 13/ 3/4_16
So, > oo ok =8+ 16 =24

Second part: The term (12% — 8by).

_ 1
-8

bi=bird =4 (3)° =axZ =2
1206 —8by =12 (3) -8 (%) =5 - ¥ =-% =-12.

a6:a1ri’:4( ) =4 X 55

Step 3: Final Calculation.
Substituting the calculated parts back into the original expression:
Sore ek — (12a6 — 8bg) = 24 — (—12) = 24 + 12 = 36.

Step 4: Final Answer.
The value of the expression is 36.

9 Quick Tip

Break down complex expressions into simpler parts. First solve for the unknown pa-
rameters (ry,72), then calculate each term of the final expression separately before
combining them.

90. Leta:8—14i,A:{zE(C:|%|—1}andB {z€ C:|z+3i| =4}. Then

ZzeAmB(Re z —Im z) is equal to

Correct Answer: 13
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Solution:

Step 1: Simplify the equation for set A.

The equation for set A is |az — az| = [22 — (2)? — 112i].

Let z = x + iy. We use the identities w — w = 2ilm(w) and 22 — (2)? = 4ixy.

The numerator is |az — az| = |2ilm(az)| = 2|Im((8 — 143)(x + 1y))|.

Im((8 — 144)(z + 1y)) = Im((8z + 14y) + i(8y — 14z)) = 8y — 14x.

So, the numerator’s magnitude is 2|8y — 14z| = 4|4y — Tz|.

The expression in the denominator’s magnitude is 2% — (2)? — 112i = 4izy —112i = i(4ovy —112).
Its magnitude is |i(4zy — 112)] = |4] - [4dzy — 112| = |[dzy — 112].

The equation for A simplifies to 4|4y — 7x| = |[4zy — 112|, which is |4y — Tz| = |xy — 28|.
This gives two cases: 4y — Tz = +(xy — 28).

Case l: dy —Tx =2y —28 = (y+7)4d—2)=0 = y=—Torzx=4

Case 2: 4y —Tx = —(2y —28) = (y—T)(x+4)=0 = y=Torz=—4

Set A is the union of the four lines: v =4, 0 = -4, y="7,y = —T7.

Step 2: Find the intersection points AN B.

Set B is the circle |z 4 3i| = 4. In Cartesian coordinates, this is 22 + (y + 3)2 = 16.

We find the intersection of the circle with each of the four lines.

~Forz=4: 16+ (y+3)2=16 = (y+3)?=0 = y=—3. Point: (4,—3) or 2y =4 — 3.
-Forz = —4: 16+ (y+32 =16 = (y+3?=0 = y = —3. Point: (—4,-3) or
zZ9 = —4 — 3.

-Fory =7 22+ (7+3)? =16 = 22 = —84. No real solution.

-Fory=-7: 2?2+ (-74+3)2=16 = 22+ 16=16 = x = 0. Point: (0,—7) or z3 = —T7i.
The intersection points are {4 — 3i, —4 — 3i, —7i}.

Step 3: Compute the final sum.

We need to calculate > (Re z — Im z) for the intersection points.
- For z; =4 —3i: Re(z1) —Im(z1) =4—(-3) =T.

- For zo = —4 — 3i: Re(z2) — Im(z3) = —4 — (—=3) = —1.

- For z3 = —=7i: Re(z3) —Im(z3) =0— (=7) =T7.

The sum is 74 (—1) + 7 = 13.

Step 4: Final Answer.
The value of the summation is 13.

9 Quick Tip

Simplify complex number equations using identities like w — w = 2iIm(w). This often
reveals a much simpler underlying geometric structure, like lines or circles, making the
problem easier to solve.
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