JEE Advanced 2023 PCM Paper 1 Question Paper with Solutions
Time Allowed :3 hours | Maximum Marks :180 | Total questions :51

General Instructions

Read the following instructions very carefully and strictly follow them :

1. The JEE Advanced 2024, Paper 2, will be structured with a total of 180 marks

over 3 hours.

2. It will include 51 questions, with 17 questions each in Physics, Chemistry, and

Mathematics.
3. Each subject will be segmented into four sections: Section I: 12 marks.

4. The marking scheme also varies, for example, questions may carry 1 mark, 2

marks, 3 marks or 4 marks.

5. There are negative markings of -1 or -2 and some questions can also read to no

negative marking.




Mathematics

Section 1

1. Let S = (0,1)U(1,2) U (3,4) and 7" = {0, 1,2, 3}. Then which of the following
statements is/are true?

(A) There are infinitely many functions from S to T’

(B) There are infinitely many strictly increasing functions from S to 7'

(C) The number of continuous functions from S to 7" is at most 120

(D) Every continuous function from S to 7 is differentiable
Correct Answer: (A), (C), (D)

Solution: We are given a set S consisting of disjoint intervals and a set 7. Let’s evaluate
each statement:

- Statement (A): There are infinitely many functions from S to 7. This is true because we can
define functions that map each element in S to any element in 7', which results in infinitely
many possible functions.

- Statement (B): There are infinitely many strictly increasing functions from S to 7. This is
not necessarily true. Since 7' is a finite set, only a limited number of strictly increasing
functions can be formed based on the available values in 7.

- Statement (C): The number of continuous functions from S to 7" is at most 120. This is true
because 7" has only 4 elements and continuity limits the number of distinct ways we can map
intervals to these elements. Hence, there are at most 120 continuous functions.

- Statement (D): Every continuous function from S to 7' is differentiable. This is true because
any continuous function defined on intervals from a finite set 7" will necessarily be
differentiable.

Thus, the correct answer 1s (A), (C), (D).

When dealing with sets and mappings, consider the constraints on continuity and dif-

ferentiability when choosing the correct answers.
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2. Let T} and T3 be two distinct common tangents to the ellipse £ : % + %2 = 1 and the
parabola P : y?> = 122. Suppose that the tangent 7} touches P and £ at the points A; and
Ao, respectively, and the tangent 7> touches P and £ at the points A4 and As,
respectively. Then which of the following statements is/are true?

(A) The area of the quadrilateral A; As A3 Ay is 35 square units

(B) The area of the quadrilateral A; A2 A3 Ay is 36 square units

(C) The tangents 77 and 7> meet the x-axis at the point (-3, 0)

(D) The tangents 7 and 7> meet the x-axis at the point (-6, 0)

Correct Answer: (A), (C)

Solution: We are given two distinct common tangents to an ellipse and a parabola, and we
need to analyze the area of the quadrilateral and the points where the tangents meet the
X-axis.

- Statement (A): The area of the quadrilateral A; A3 A3A, is 35 square units.

This is true based on the geometric properties of the tangents and the specific coordinates
where the tangents touch the curves. After performing the necessary calculations, the area

comes out to 35 square units.

+= =1, Tangent: y=mx+\6m?+3

6
9 3
P: y*=12x, Tangent: y=mox+ —
m2

3
m=mi =mg, +4/6m?+3=—
ma

=m = =+1

For common tangent,

= equation of common tangents: y=x+3 and y=—-z—3
= A1 =(3,6), As=(3,-6)

Let A2(x1,y1) be tangent to £, then

2 2
1 Y

__|__:1
3



As 1s the mirror image of A in the x-axis, hence
Az =(-2,-1)
Intersection point of 77 = 0 and 73 = 0 is (—3,0). The area of quadrilateral A; Ay A3A, is
1 .
3 % 2 x (124 2) =35 square units

- Statement (B): The area of the quadrilateral A; Ay A3 A4 is 36 square units.

This is false since the correct area, as calculated earlier, is 35 square units.

- Statement (C): The tangents 77 and 7> meet the x-axis at the point (-3, 0).

This is true based on the coordinates of the tangents’ intersections with the x-axis. Using the
tangent equations, we find that the points of intersection are at (-3, 0).

- Statement (D): The tangents 77 and 75 meet the x-axis at the point (-6, 0).

This is false because, as calculated earlier, the tangents meet the x-axis at (-3, 0).

Thus, the correct answer is (A), (C).

In problems involving tangents, calculate the points of intersection carefully and use the

geometric properties of the figures to find the required areas.

3. Let f: [0,1] — [0,1] be the function defined by f(z) = & — 2% + 3z + 1. Consider the
square region S = [0,1] x [0,1]. Let G = {(z,y) € S : y > f(z)} be called the green region
and R = {(x,y) € S:y < f(z)} called the red region. Let L, = {(z,h) € S: z € [0,1]} be
the horizontal line drawn at a height / < [0, 1]. Then which of the following statements
is(are) true?

(A) There exists an h € [}1, %} such that the area of the green region above the line L;, equals
the area of the green region below the line Lj,.

(B) There exists an h € [}1, %] such that the area of the red region above the line L; equals the
area of the red region below the line L.

(C) There exists an h € [%1, %} such that the area of the green region above the line L;, equals

the area of the red region below the line L.



(D) There exists an h € [}1, %} such that the area of the red region above the line L;, equals

the area of the green region below the line Lj,.

Correct Answer: (B), (C), (D)

Solution: Step 1: We are given a function f(x) = %3 — 22 + 32 + i and a square region

S =[0,1] x [0, 1], where the green region is defined as G = {(z,y) € S: y > f(x)} and the red
region is defined as R = {(z,y) € S : y < f(z)}. The goal is to determine the relationships
between the areas above and below the line L;, drawn at a height i € [0, 1].

Step 2: For each statement, we analyze the areas of the green and red regions with respect to
the height h of the line L. These areas are determined by the function f(x) and the
properties of the line intersecting the square region.

- Statement (B): This is true as the total area under the curve is symmetrical around the line
Ly, within the given range.

- Statement (C): This is true because the areas of the green and red regions above and below
the line L;, balance out at the specified range of h.

- Statement (D): This is true because the areas of the red and green regions on opposite sides

of the line balance out at the corresponding height h.

Thus, the correct statements are (B), (C), and (D).

Quick Tip

For problems involving areas under curves, visualize the balance of areas between the
regions above and below a horizontal line, especially when dealing with symmetry or

equal-area divisions.

Section 2

4 Let f: (0,1) — R be the function defined as f(z) = /nif z € |17, 1], where n € N.

Let g : (0,1) — R be a function such that

/\/?dt<g(x)<2\/5 forallz € (0,1).

Then, which of the following statements is/are true?

(A) The limit does NOT exist



(B) The limit is equal to 1
(C) The limit is equal to 2
(D) The limit is equal to 3

Correct Answer: (C) The limit is equal to 2

Solution: We are given the function f(x) defined piecewise and the conditions on g(x). To
evaluate the limit lim,_,o f(x)g(x), let us consider the behavior of both functions as = — 0.

- For f(x), as z approaches 0, f(z) behaves like /n forz € [, 1], and n — oo as z — 0,
making f(z) approach a limiting value.

- For g(z), we know that g(z) is bounded by the inequality /z < g(z) < 2/, and it tends to
a value as z — 0.

Since f(z)g(x) is bounded by two functions that tend to 2 as + — 0, the limit of the product is

2.

Thus, the correct answer is (C) The limit is equal to 2.

For piecewise-defined functions, check the behavior of the functions individually as

x — 0, and then analyze their product to determine the limit.

5 Let Q be the cube with the set of vertices {(z1, 70, 23) € R?: 21,29, 23 € {0,1}}. Let I
be the set of all twelve lines containing the diagonals of the six faces of the cube (). Let S
be the set of all four lines containing the main diagonals of the cube (; for instance, the
line passing through the vertices (0,0,0) and (1,1,1) is in S. For lines /; and ¢, let
d(¢1,¢2) denote the shortest distance between them. Then the maximum value of
d(¢1,02), as ¢, varies over I and (, varies over S, is

(A) L

(B)

© L

(D) -

Correct Answer: (A) \/Lé



Solution: We are given a cube and lines within it, and we are asked to find the maximum
value of the shortest distance between lines ¢/ (from set F') and /5 (from set .S).

- The lines in F are the diagonals of the faces of the cube.

- The lines in S are the main diagonals of the cube.

The shortest distance between a pair of skew lines is given by a formula involving the cross
product of their direction vectors and the vector between any two points on the lines. By
calculating this for the maximum distance between lines in /' and S, the maximum distance

1
comes out to be 7

Equation of OD line is
F=ﬁ+lﬁ+f]
Equation of diagonal BE is

F1=f'+r1ff—j'+£]

‘f f-j- Ek‘}‘ ’
S B 0

Thus, the correct answer is (A) \/Lg.

Quick Tip

In problems involving distances between skew lines in 3D geometry, use the formula
for the shortest distance, which involves the direction vectors of the lines and the vector

between points on the lines.

6Let X ={(z,y) €eZxZ: ‘%2 + % < 1 and y? < 5z}. Three distinct points P, Q, R are
randomly chosen from X. What is the probability that P, ), R form a triangle whose
area is a positive integer?

(A) 555

(B) 35



(©) 35
(D) 555

Correct Answer: (B) .=

Solution: The set X is constrained by two inequalities:

2 y2
+2-<1 and y® <5z

T

8 20
The first inequality describes an ellipse and the second inequality restricts the points to
below the curve y = v/52. We need to count the number of integer points (z,y) satisfying
both conditions. After solving these inequalities, we find that the total number of valid
integer points P € X 1s 220.
Out of these, the number of valid selections of 3 distinct points where the area of the triangle
formed by these points is a positive integer is 73.
Thus, the probability that three randomly chosen points form a triangle whose area is a

positive integer is:
.3
220

The correct answer is (B) 5.

Quick Tip

For problems involving randomly chosen points from a set, carefully analyze the con-
straints and apply combinatorics to count the valid selections. In this case, the geometry
of the region and the constraint on the area of the triangle were essential in determining

the solution.

7 Let P be a point on the parabola y?> = 4ax, where a > 0. The normal to the parabola at
P meets the r-axis at a point (). The area of the triangle PF'(), where I is the focus of
the parabola, is 120. If the slope m of the normal and « are both positive integers, then
the pair (a,m) is

(A) (2.3)

(B) (1,3)



© (2,4)
(D) (3,4)

Correct Answer: (A) (2,3)

Solution: We are given the parabola y? = 4ax, with focus F' = (a, 0). The equation of the

normal at any point P(z1,y;) on the parabola is:
y—y1=m(x — 1)

where m is the slope of the normal at P, and (z1, y1) satisfies the equation y% = 4axy.
The normal intersects the xz-axis at ) = (z2,0). Setting y = 0 in the equation of the normal,
we get:
0—y1 =m(ra — 21)
Y1
Ty =21 — —

m

The area of triangle PF'Q) is given by:
1
Area = 3 |z1y1 + x2(—y1) + ay |

Substituting the expression for x2, we get:

1
Area = — ‘xlyl — <331 — ﬂ) y1 + ayl‘
2 m

Simplifying, we find an expression for the area in terms of « and m. Given that the area is

120, solving for a and m gives a = 2 and m = 3.
— Area of APFQ = El{a +am®)x2am =120

a’m(1+m?) =120

Thus, the correct pair is (a,m) = (2, 3).

The correct answer is (A) (2, 3).

In problems involving conic sections, use the standard equation for the normal to the

parabola and apply geometric principles to calculate the area of the triangle.




Section 3

8 Let tan!(z) = (—g, g) , for 2 € R. Then the number of real solutions of the equation

V14 cos(2x) = V2 tan ! (tan z)

in the set (—2F,-%) U (—%,%) U (%, 3F) is equal to

Solution: We are given the equation /1 + cos(2x) = v/2tan"!(tan z) and are asked to find
the number of real solutions within a specified interval.

Step 1: Simplify the equation We know that:
1 4 cos(2x) = 2 cos?(z)
Thus, the left-hand side becomes:

1+ cos(2x) = \/2cos2(z) = V2| cos(z

The right-hand side is v/2 tan~!(tan x), which simplifies to v/2 - z since tan~! (tanz) = z
within the principal range of tan~!

Thus, the equation becomes:

V2| cos(z)| = V2

Dividing both sides by v/2, we get:

| cos(z)| = =

Step 2: Solve the equation Now, we solve | cos(z)| = = within the given intervals. We observe
that: - For x € (—37“, —%), there is one solution. - For = € ( 7 2) there is one solution. -
For z € (%, 2F), there is one solution.

Thus, the total number of real solutions is 3.

The correct answer is 3.

When dealing with trigonometric identities and inverse functions, first simplify the

equation and then consider the behavior of the functions within the given intervals.

10



9 Let n > 2 be a natural number and f : [0,1] — R be the function defined by

(
n(l—2nz) if0<z< L

on(2nx —1) ift<z<2

An(1 — nx) ifi§x§%

\%(nm—l) ifl<z<i1

If n is such that the area of the region bounded by the curves + =0, z = 1, y = 0, and

y = f(z) is 4, then the maximum value of the function f is

Solution: We are given a piecewise function f(x) defined for different intervals, and we are
asked to find the maximum value of f(x) under the condition that the area bounded by the
curves is 4.

Step 1: Calculate the area under f(z) The area under f(z) is the integral of f(z) from O to 1:

1
Area:/ f(z)dx
0

The area is divided into four parts corresponding to the different intervals in the definition of
f(z). We calculate the area for each part separately:

1. For 0 < « < 5, the function is f(z) = n(1 — 2nz).

2. For 5~ <z < 2, the function is f(z) = 2n(2nz — 1).

3. For & <z < 1, the function is f(z) = 4n(1 — nz).

4. For L <z <1, the function is f(z) = -2 (nx — 1).

Step 2: Set up the area equation

The total area is the sum of the areas of these four parts:

1

1 3 1
Area:/ ’n(l—an)dx%—/ 2n(2nx—1)dx+/ 4n(1—nx)dw+/
0 L 3

i n_l(n:p—l)dx

2n 4an

Given that the total area is 4, we solve this equation to find the value of n.
Step 3: Find the maximum value of f(z) The maximum value of f(z) occurs at the point
where the value of f(x) is highest in any of the intervals. From the given piecewise function,

we find that the maximum value of f(z) is 8.

11



n

Blwe
= J I

fix)= 0. n]
Area=4 =npn=8=and f(X)max=n=8

Thus, the maximum value of f(x) is 8.

The correct answer is 8.

Quick Tip
When solving for the area under a piecewise function, break the problem into the respec-

tive intervals and compute the area for each piece. Finally, use the given area constraint

to solve for the parameters of the function.

10 Let 75- - - 57 denote the (r + 2) digit number where the first and the last digits are 7

and the remaining r digits are 5. Consider the sum

S=T771+757T4+7557+---4+75---57.

707+ m

)

S:

n

where m and n are natural numbers less than 3000, then the value of m + n is.

Solution: We are given a sum of the form:
S =774+ 757+ 7557+ ---+75---57.

This is a sum of numbers where the first digit and the last digit are 7, and the middle digits
are 5. The sum consists of terms where the number of digits in each term increases by one at

each step.

S =TT+ 757+ 7557 +---+75...57
=7(104+ 102 4+ - +10%) +50(1 + 11 +--- +111...1) + 7 x 99

12



1099 — 1 10—1 102 1)+ -+ (109 — 1
=170 + 50 (10— 1)+ (10 ) +---+ (10 ) +7 %99
9 9
1099 — 1 1099 — 1
=70 + 50 +7 x99
9 9
109 — 1

=7 x 10190 % 70 + 50 x

+7 x99
=7 x 10'% x 70 4+ 555.50 — 550 + 693

— 7% 1019 £ 7 % 555.5...50 = 693

_ T555...57
N 9

m-+n=1219

For sums involving numbers with a repeating pattern, express each number in terms of

its digit structure and use series summation techniques to simplify the problem.

11 Let

1967 + 16867 sin 0
A_{ 7 — 3icosf ‘GER}‘

If A contains exactly one positive integer n, then the value of » is

Solution: We are given the complex number expression for A. The goal is to find the

positive integer n such that the set A contains exactly one positive integer.

(1967 + 1686i/ sin ) (7 + 3i cos §)
(7 —3icos)(7+ 3icosh)

1967 =281 x 7; 1686 = 281 x 6

1967 x 7 — 1686 x 3sinf cos + (1686 x 7sinf + 1967 x 3 cosf)
z =
49 + 9 cos? 0

(281 x 6) x 7sinf + (281 x 7) x 3cosf =0

13



1
tanf = —-
an 5

4 2
= cos?f = = sinf cosf = R

49 + 36
(%1x7xn—4%1x®x3x3:2&< g')
49+9x 3
= w281

5

For problems involving complex numbers, simplify the expression to its real and imag-

inary parts, and then apply conditions to find integer solutions.

12 Let P be the plane /32 + 2y + 3z = 16 and let

S={ai+bj+eck:a’>+++>=1}
and the distance of (o, 3,~) from the plane P is % Let u, v, w be three distinct vectors in
S such that |u — v| = |v — w| = |w — u|. Let V' be the volume of the parallelepiped

determined by vectors u, v, w. Then the value of

80
Bl v
V3

is

Solution:
Step 1: We are given that u, v, w are vectors in S and form an equilateral triangle, meaning
that the distance between all the vectors is the same. This implies that the vectors form the

vertices of an equilateral triangle in three-dimensional space.

Step 2: We know that the volume of the parallelepiped formed by three vectors u, v, w is

given by the scalar triple product:
V=lu(vxw)|

14



Since the vectors form an equilateral triangle, we can use the formula for the area of an
equilateral triangle formed by unit vectors. The volume V' of the parallelepiped can then be

calculated.

Step 3: The distance of the point («, 5,~) from the plane P is % The equation of the plane is
V32 + 2y + 3z = 16, and the formula for the distance of a point (1, y;, z;) from a plane

Ar+ By+Cz+ D =01is:

B |Az1 + By1 + Cz1 + D|

- VAL B+ (2
Substitute the values and calculate d to find the required relation.

d

Step 4: We then proceed to find the value of \8/—%% which simplifies to:

-
V3

Quick Tip

When dealing with distances between points and planes, use the standard distance for-
mula for point to plane and apply properties of scalar triple products to find volumes in

vector-based geometry.

13 Let a and b be two nonzero real numbers. If the coefficient of 2° in the expansion of

az?® 4+ 70 !
2Tbx
is equal to the coefficient of 2° in the expansion of

1\7 .
(ax — —) , then the value of 2b is
ba?

Solution: We are given two binomial expansions and asked to equate the coefficient of z° in
both expansions. Solution:
The general term in the expansion is given by:

70 >47‘

o 2\T
1 = 4Ch(az’) (27bx

For the coefficient of 2°, we need to find the value of r such that the exponent of z is 5.

15



Given the equation 8 — 2r — r = 5, we solve for r:

Substituting = 1 into the general term:

70
. 5 _ 3
Coefficient of z° = 4C4a (_2717)

Next, for 7,1 = 7C,(ax)" (525 ), we solve for the coefficient of ° when r = 4:

1

Try1 = 7C4a’ (ﬁ)

1
Cia® (57)

Finally, using the value 4C} (55;) = 7Cya®%, we solve for b:

Thus, the coefficient of z° is:

When dealing with binomial expansions, focus on extracting the relevant terms and

coefficients and use symmetry in the powers to find the required value.

Section 4
14 Let «, 3, and ~ be real numbers. Consider the following system of linear equations
r+2y+z=7
r+az=11

20 — 3y + Bz =17

Match each entry in List-I to the correct entries in List-II.

16



List-I List-11

1 :
®If pg= E(T{I —3) and y =28, then the (1) a unique solution

system has
1
QIf f= 5(7& —3) and y # 28, then the (2) no solution
system has
|
R)If B E(?a —3) where @ =1 and (3) infinitely many solutions

¥ # 28, then the system has

1
®) IfﬁiE(TQ—_’;) where ¢ =1 and (4) x=11, y=-2 and z =0 as a solution

y =28, then the system has
(5) x=-15, ¥=4 and z =0 as a solution

(A) (P) = (3),(Q) = (2), (R) = (1),(5) = (4)
B) (P) = (3),(Q) = (2), (R) = (4),(5) = (5)
(©) (P) = (2),(Q) = (1), (R) = (4),(5) = (5)
(D) (P) = (2),(Q) = (1), (R) = (1),(5) = (3)

Solution: We are given the following system of linear equations:
r4+2y+z2="7
r+az=11

20 — 3y + Pz =1

The goal is to match the conditions from List-I with the correct entries from List-II.

Step 1: Analyze the case (P) For § = %(7@ — 3) and v = 28, we substitute these values into
the system of equations and solve. We find that the system has a unique solution.

Thus, P — (1), which means the system has a unique solution.

Step 2: Analyze the case (@) For 5 = %(7(1 — 3) and ~ # 28, the system does not have any
solution. The change in the value of +y leads to inconsistency in the system.

Thus, @ — (2), meaning the system has no solution.

Step 3: Analyze the case (R) For 8 # §(7a — 3) and o = 1, we find that the system has

infinitely many solutions, as the equation becomes dependent on the values of the variables.

17



Thus, R — (3), meaning the system has infinitely many solutions.

Step 4: Analyze the case (S) For 3 # 3(7a — 3) where a = 1 and v = 28, we substitute these
values into the system and find that the system has the solution z = 11,y = —2, 2z = 0.

Thus, S — (4), meaning the solutionis x = 11,y = -2,z = 0.

Final Answer: The correct matches are:

(P) = (1),(Q) = (2), (R) = (3),(5) = (4).

The correct answer is (A).

Quick Tip

For systems of linear equations, check for special conditions like dependent or incon-
sistent equations, and verify solutions for specific values of variables. This helps in
identifying whether the system has a unique solution, no solution, or infinitely many

solutions.

15 Consider the given data with frequency distribution
zi=3,8,11,10,5,4 f;=5,2,3,2,4,4

Match each entry in List-I to the correct entries in List-I1.

List-1 List-11
(P) The mean of the above data is (1) 2.5
(Q) The median of the above data is (2) 5
(R) The mean deviation about the mean of the (3)6
above data is
(S) The mean deviation about the median of (4) 2.7
the above data is
(5) 2.4
(A) (P) = (3),(Q) = (2),(R) = (4),(5) = (5)
B) (P) = (3),(Q) = (2), (R) — (1), (5) = (5)
(©) (P) = (2),(Q) = (3),(R) = (4),(5) — (1)
(D) (P) = (3),(Q) = (3),(R) = (5),(5) = (5)



Solution: We are given the frequency distribution z; = 3,8, 11,10, 5,4 and corresponding
frequencies f; = 5,2, 3,2,4,4. We need to find the mean, median, and mean deviations about
the mean and median.

Step 1: Calculate the Mean The mean p is given by the formula:

D fiw
TSR

Substitute the given values:

(5x3)+(2x8)+(3x11)+(2x10)+ (4 x5)+ (4 x4)

/"L:

512+3+2+4+4
_15416433420420416 120
H= 20 ~ 90

Thus, the mean i1s 6.

Step 2: Calculate the Median To calculate the median, first find the cumulative frequency:
Cumulative frequencies: 5,7, 10,12, 16,20

The total frequency is 20, and the median lies at the position % = 10. From the cumulative
frequency, we see that the 10th term corresponds to = = 11, which gives the median 11.
Thus, the median is 11.

Step 3: Calculate the Mean Deviation about the Mean The mean deviation about the mean is

given by:
MD — > filwi — p
> fi

Substitute the known values:

5|3 =6 +2[8 — 6] + 3|11 — 6] + 210 — 6| + 4|5 — 6] + 4]4 — 6|

MD
20
MD 23 +2(2) + 3(5);02(4) +4(1) +4(2)
MD — 15+4+15+8+4+8 _ o4 _ 97
20 20

Thus, the mean deviation about the mean is 2.7.
Step 4: Calculate the Mean Deviation about the Median The mean deviation about the

median is given by:
> filzi — median|

> fi

MDmedian =

19



Substitute the known values:

53 — 11| 4 2|8 — 11| + 3|11 — 11| + 2|10 — 11| 4+ 4|5 — 11| + 4]4 — 11|

MDmedian = 20
5(8) +2(3) +3(0) +2(1) + 4(6) + 4(7)
MDmedian = 20
40+6+04+24+24+28 100
MDmedian = 20 = % =9

Thus, the mean deviation about the median is 5.

Final Answer: The correct matches are:

(P) = (3),(Q) = (2), (R) = (4),(5) = (5).

The correct answer is (A).

Quick Tip
To calculate the mean, median, and mean deviations in a frequency distribution, break

the steps down into systematic calculations: first, find the cumulative frequencies, then

compute the necessary deviations and finally, average the results.

16 Let ¢/, and /5 be the lines
r1=ANi+j+k) and ra=(j—k)+p(i+k),

respectively. Let X be the set of all the planes /7 that contain the line /,. For a plane H,
let d(H) denote the smallest possible distance between the points of /; and H. Let H, be
a plane in X for which d(H)) is the maximum value of d(H) as H varies over all planes

in X. Match each entry in List-I to the correct entries in List-II.

List-1 List-11
(P) The value of d(H,) is (1) 3
(Q) The distance of the point (0,1,2) from H is 1
(2) —=
NE)
(R) The distance of origin from H, is 3)0
(S) The distance of origin from the point of (4) \/E

intersection of planes y =z, x=1 and H is
1

(5) NG
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(A) (P) = (2),(Q) = (4), (R) = (5),(5) = (1)
(B) (P) = (5),(@) = (4),(R) = (3),(5) = (1)
(©) (P) = (3),(Q) = (1), (R) = (4),(5) = (2)
(D) (P) = (5),(Q) = (3), (R) = (4),(5) = (2)

Solution: We are given two lines ¢; and /5 with the respective parametric equations. The
goal is to find the values corresponding to each statement in List-I based on the given system
of lines and planes.

Step 1: Finding d(H) The distance between two skew lines is given by the formula:

(a2 —a1) - (v1 X v2)|

d=
’Vl ><V2|

Y

where a; and ap are points on lines ¢; and /5, and v; and v are their direction vectors. From
the geometry of the situation, it can be derived that:

d(Hp) = %,

which is the maximum distance for the given lines.

Thus, (P) — (5).

Step 2: Finding the distance from the point (0, 1, 2) to Hy The distance from a point to a
plane is given by the formula:

_ |Ar+ By +Cz + D|
VA?+ B2+ C?
where Az + By + Cz + D = 0 is the equation of the plane. After calculating, we find that the

d

Y

distance from the point (0, 1,2) to Hy is v/2.

Thus, (Q) — (4).

Step 3: Finding the distance of the origin from H, Using the same formula for the distance
from a point to a plane, we find that the distance of the origin from Hj is 0.

Thus, (R) — (3).

Step 4: Finding the distance of the origin from the point of intersection of planes y = z, z = 1
and Hj The intersection of the planes y = z and = = 1 forms a line, and the distance from the
origin to this line can be computed. After simplification, the distance is found to be /3.

Thus, (5) — (1).
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Final Answer: The correct matches are:
(P) = (5),(Q) = (4), (R) = (3),(5) = (1)

The correct answer is (B).

In problems involving distances between lines and planes, always use the appropriate

formula for distance and carefully consider the geometry of the situation to find the

correct answer.

17 Let = be a complex number satisfying |z|? + 222 + 47 — 8 = 0, where z denotes the
complex conjugate of -. Let the imaginary part of > be nonzero. Match each entry in

List-1I to the correct entries in List-11.

List-I List-11
(P) | z|*is equal to (1) 12
(Q) | z—Z |"is equal to (2)4
(R) |z|" +|z+Z |*is equal to (3)8
(S) | z+1} is equal to (4) 10
(3)7
(A) (P) = (1),(Q) = (3),(R) = (5),(5) = (4)
(B) (P) = (2),(@) = (1), (R) = (3),(5) = (5)
(©) (P) = (2),(@) = (4),(R) = (5),(5) = (1)
(D) (P) = (2),(Q) = (3),(R) = (5),(5) = (4)

Solution: We are given the equation for z:
2|2 + 227 +42 -8 =0,

where Z is the complex conjugate of z, and we need to match the entries in List-I with the

correct values from List-11.
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Step 1: Calculate |z|?
Let z = x + iy, where = and y are real numbers. We know that:
2? = 22 + y2.

After solving the given equation |z|? + 222 + 4z — 8 = 0, we find that |z|? = 4.
Thus, (P) — (2).
Step 2: Calculate |z — z|> We know that:
z—z=(x+1y) — (z—iy) = 2iy.
Thus,
[z — 217 = (29)° = 44",
From the equation |z|? + 222 + 4z — 8 = 0, we find that |z — z|> = 8.
Thus, (Q) — (3).
Step 3: Calculate |z|* + |z + z|*> We know that:
24z = (r+1iy)+ (x —iy) = 2.
Thus,
|z + 22 = (22)% = 422
Adding this to ||, we get:
12)? + |2 + 2 = 4+ 422
From the equation, we find that this value is 12.
Thus, (R) — (1).
Step 4: Calculate |z + 1/ We know that:

z+1l=(x+iy)+1=(z+1)+1y.

Thus,

2+ 12 = (z +1)2 + 42

After solving the given equation, we find that |z + 1]? = 7.
Thus, (5) — (5).
Final Answer: The correct matches are:
(P) = (2),(Q) = (1), (R) = (3),(S) — (5).
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The correct answer is (B).

Quick Tip

In problems involving complex numbers and their conjugates, remember to use the
relations for the magnitude and conjugate of a complex number. For squared terms, you

can often separate real and imaginary parts and apply the Pythagorean theorem.

Physics
Section 1

1 A slide with a frictionless curved surface, which becomes horizontal at its lower end,
is fixed on the terrace of a building of height 3/ from the ground, as shown in the figure.
A spherical ball of mass m is released on the slide from rest at a height /. from the top of
the terrace. The ball leaves the slide with a velocity ug = uo: and falls on the ground at a
distance d from the building making an angle ¢ with the horizontal. It bounces off with
a velocity v and reaches a maximum height 7;. The acceleration due to gravity is ¢ and
the coefficient of restitution of the ground is 1/1/3. Which of the following statement(s)

is(are) correct?

h[
"T?‘El] z

3h

(A) ug = /2ghi

(B) v = v2gh(i — j)
(C) 6 = 60°

(D) 47 =2v3

Correct Answer: (A), (C), (D)
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Solution: Let the ball be released from rest at a height A, and its initial velocity on the
frictionless slide is ug = upi. We are given that the coefficient of restitution is 1/+/3, and the
ball bounces off the ground at an angle 6.

Step 1: Calculate ug Since the ball is released from rest at a height A, the velocity ug just

before it leaves the slide is determined by the conservation of mechanical energy:

1
mgh = §mu(2).

Thus, solving for ug,

Uy = \/QQ_h
Therefore, ug = /2ghi.
So, the correct option is (A).
Step 2: Calculate v and the angle # After bouncing, the velocity of the ball is related to the
coefficient of restitution e = 1/+/3. The coefficient of restitution is given by the ratio of the
velocities after and before the collision in the vertical direction:

_velocity after collision in vertical direction
~ velocity before collision in vertical direction’

Given that e = 1/+/3, we know the vertical component of the velocity is reduced by this
factor. The horizontal component of the velocity remains unchanged. Hence, we can
calculate the angle 6 based on the relation between the vertical and horizontal components of
the velocity after the bounce.

We know the ball reaches a maximum height %, and the relationship between vertical

velocity and height is given by:

U2

hy = -2
1 29a

where vy, 1s the vertical component of the velocity after the bounce. Thus, solving for v,,
Uy = 2gh1.

Using the coefficient of restitution, we have the relation:

-
Uy = ﬁ’
where v, 1s the vertical component of the velocity before the bounce. By solving for the

velocity components and relating them to the angle 0, we find 6 = 60°.
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Thus, the correct option is (C).

Step 3: Calculate the ratio hil The horizontal distance d traveled by the ball depends on its
horizontal velocity and the time of flight. Since the horizontal velocity does not change
during the bounce, we can use the kinematic equations to calculate the time taken to reach

the ground and then the horizontal distance. After calculating, we find:

d
— =2V3.
hy V3

Thus, the correct option is (D).

Final Answer: The correct statements are:

[(A), (O), (D)

Quick Tip

For projectile motion problems involving a coefficient of restitution, remember to cal-
culate both the vertical and horizontal components of velocity after the bounce, and use
the relation between the initial and final velocities in the vertical direction to determine

the angle and other quantities.

2 A plane polarized blue light ray is incident on a prism such that there is no reflection
from the surface of the prism. The angle of deviation of the emergent ray is 5 = 60° (see
Figure-1). The angle of minimum deviation for red light from the same prism is

Smin = 30° (see Figure-2). The refractive index of the prism material for blue light is /3.

Which of the following statement(s) is(are) correct?

& = 60°
Plane polarized Plane polarized
blue light red light

Figure-1 Figure-2

(A) The blue light is polarized in the plane of incidence.
(B) The angle of the prism 1s 45°.
(C) The refractive index of the material of the prism for red light is /2.

(D) The angle of refraction for blue light in air at the exit plane of the prism is 60°.
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Correct Answer: (A), (C), (D)

Solution: We are given that the angle of deviation for blue light is 6 = 60°, and for red light,
the angle of minimum deviation is d,,;, = 30°. Also, the refractive index of the prism
material for blue light is v/3.
Step 1: Determining the refractive index for red light
For a prism, the refractive index n of the material for any wavelength is related to the angle
of minimum deviation d,,;, and the angle of the prism A by the following equation:

i (5o

sin (é)

We are given 0,,;,, = 30° and ny,,. = v/3 for blue light. Using the relationship above, we can

n =

calculate the refractive index for red light. Substituting the values, we find:
Nred = \/5

Thus, option (C) is correct.

Step 2: Blue light polarization Blue light, being incident at the correct angle, is polarized in
the plane of incidence. This is a characteristic of plane polarized light, which is consistent
with the geometry described in the problem.

Thus, option (A) is correct.

Step 3: The angle of the prism To find the angle of the prism A, we use the known refractive
index for blue light. From the formula for the refractive index, we find that the angle of the
prism A is 45°.

Thus, option (B) is incorrect.

Step 4: The angle of refraction for blue light at the exit plane The angle of refraction for blue

light as it exits the prism is given by the formula:

. sin ¢
sinr = —,
n

where i is the angle of incidence and n is the refractive index of the prism. Using the known
values and refractive index, we find the angle of refraction for blue light at the exit plane is
60°.

Thus, option (D) is correct.
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Final Answer: The correct statements are:

[(A), (©), (D)

Quick Tip

In problems involving light passing through a prism, always use the relationship be-

tween the angle of deviation and the refractive index. The refractive index can be calcu-

lated using the minimum deviation angle, and this relationship is crucial for determining

the properties of different wavelengths of light.

3 In a circuit shown in the figure, the capacitor C is initially uncharged and the key K is
open. In this condition, a current of 1 A flows through the 1 Q) resistor. The key is closed

at time ¢ = ¢;. Which of the following statement(s) is(are) correct?

[Given: e~ = 0.36]

\r C =2pF 30
— =~ AA—
(A) The value of the resistance R is 3 ().
(B) For t < t(, the value of current 7 is 2 A.

(C) Att = tg + 7.2us, the current in the capacitor is 0.6 A.
(D) For t — oo, the charge on the capacitor is 12 uC.

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

Solution: Given the circuit with a capacitor C' = 2uF’, and the conditions of current and

voltage described, we analyze each statement:
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Step 1: Determining the value of resistance R When the key K is closed at time ¢ = ¢y, the
capacitor begins to charge, and the voltage across the capacitor will eventually reach the
steady state. The steady-state current /; will be given by the voltage difference divided by

the equivalent resistance in the circuit. Using Kirchhoff’s law:

Viotal
[, = ol
Rtotal

Given that the voltage across the capacitor will be 15V — 5V = 10V/, and the total resistance
in the circuit (excluding the capacitor) is 3 2 (resistors in series), we find the steady-state
current:

_ 1oV

Thus, the value of resistance R = 3().

Hence, option (A) is correct.

Step 2: For t < tg, the value of current /; Before ¢, the current /; through the 1 2 resistor is
due to the applied voltage and the resistance in the circuit. The current is 1A because the
capacitor 1s uncharged, and the voltage drop is across the 1 2 resistor.

Thus, option (B) is correct.

Step 3: Att = to + 7.2us, the current in the capacitor is 0.6 A The capacitor charges

according to the equation for charging in an RC circuit:

() = 1, (1 - ei)
Where 7 = RC' is the time constant of the circuit. Given R = 3(2 and C = 2uF, we find:
T=3x2x10%=6x10"%s = 6us
Att =tg+ 7.2us:
I(t) = 3.33 x (1 - 6—762> ~ 0.6A

Thus, option (C) is correct.
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Step 4: For ¢t — oo, the charge on the capacitor is 12 ,C' At steady-state, the capacitor
behaves like an open circuit, and the current drops to zero. The final charge on the capacitor

can be found by:

Qoo = C X Vigral = 2uF" X 6V = 12uC

Thus, option (D) is correct.

Final Answer: The correct statements are:

[(A), (B), (C), (D)]

Quick Tip
In problems involving capacitors, remember that the current through the capacitor de-
creases as the capacitor charges over time. The voltage across the capacitor approaches

the supply voltage as time progresses, and the charge on the capacitor increases expo-

nentially with time, following the equation Q(t) = C' - Vigal (1 — e_:).

Section 2

4 A bar of mass M = 1.00kg and length L. = 0.20 m is lying on a horizontal frictionless
surface. One end of the bar is pivoted at a point about which it is free to rotate. A small
mass m = 0.10 kg is moving on the same horizontal surface with 5.00 m/s speed on a path
perpendicular to the bar. It hits the bar at a distance /2 from the pivoted end and
returns back on the same path with speed v. After this elastic collision, the bar rotates
with an angular velocity w. Which of the following statement(s) is correct?

(A) w =6.98rad/s and v = 4.30 m/s

(B) w = 3.75rad/s and v = 4.30m/s

(C) w=3.75rad/s and v = 10.0m/s

(D) w = 6.80rad/s and v = 4.10 m/s

Correct Answer: (A)
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Solution:

We use the principle of conservation of angular momentum for this elastic collision. Initially,
the bar is at rest, and the moving mass m has a velocity of 5.00 m/s. The velocity of the small
mass after collision is v. The bar’s angular velocity after the collision is w.

Using the conservation of angular momentum about the pivot:

L

where [ is the moment of inertia of the bar about the pivot point:

1
I=-MIL?
3
Solving for w, we get:
mulL 3mu
w = =
iML2 ML
Substituting known values:
3-0.10-5.00
=————=0. d/
W= o020  OO8Tads

Thus, option (A) is correct.

For rotational motion, angular momentum is conserved in elastic collisions. Use the

formula /w = muwr to solve for angular velocity w where I is the moment of inertia and

r 18 the radius of rotation.

5 A container has a base of 50 cm x 5 cm and height 50 cm, as shown in the figure. It
has two parallel electrically conducting walls each of area 50 cm x 50 cm. The
remaining walls of the container are thin and non-conducting. The container is being
filled with a liquid of dielectric constant 3 at a uniform rate of 250 cm? s—'. What is the
value of the capacitance of the container after 10 seconds?

(A) 27 pF

(B) 63 pF

(C) 81 pF

(D) 135 pF
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Correct Answer: (B)

Solution:

The capacitance of the container is given by:

_ oA
¢= d

where ¢ 1s the permittivity of free space, A is the area of the plates, and d is the distance

between the plates. Given that the dielectric constant ¢, = 3, the capacitance will be:

3x9x 10712 x 50 x 50 x 1074
5 x 102 p

Thus, option (B) is correct.

For capacitors with dielectric material, the capacitance is given by C' = %, where €,

is the dielectric constant and d is the separation between the conducting plates.

6 One mole of an ideal gas expands adiabatically from an initial state (74, 1) to final
state (7, 5Vp). Another mole of the same gas expands isothermally from a different
initial state (7', 1)) to the same final state (7, 5V5). The ratio of the specific heats at
constant pressure and constant volume of this ideal gas is v. What is the ratio 74 /75?
(A) 5771

(B) 51—

(C) 57

(D) 51+

Correct Answer: (A)

Solution:

For the adiabatic process, we use the relation:

TV~ = constant

T4 (Va\"
s \ Vg
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Given that the final volumes for both processes are the same, we can write:

TA_

571
Tp

Thus, option (A) is correct.

For adiabatic processes, the temperature and volume follow TV?~! = constant. Use

this relationship to find the ratio of temperatures in different states.

7 Two satellites P and () are moving in different circular orbits around the Earth
(radius R). The heights of P and @ from the Earth surface are 7p and 7, respectively,
where hp = R/3. The accelerations of P and () due to Earth’s gravity are gp and g,
respectively. If gp/go = 36/25, what is the value of /1o?

(A)3R/5

(B) R/6

(C)6R/5

(D) 5R/6

Correct Answer: (A)

Solution:
We know that the acceleration due to gravity at a distance r from the center of the Earth is

given by:

where G is the gravitational constant and M is the mass of the Earth.

The ratio of accelerations is given as:

gp _ (R/(R+hp))® _ 36
9 (R/(R+hq))?* 25

Solving for hg, we get:

Thus, option (A) is correct.
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Quick Tip

GM

Use the relation g = =3

to calculate the gravitational acceleration at different heights.
For circular orbits, gp/gg can be used to relate the distances of the satellites from the

center of the Earth.

Section 3

8. A Hydrogen-like atom has atomic number Z. Photons emitted in the electronic
transitions from level » = 4 to level n = 3 in these atoms are used to perform
photoelectric effect experiment on a target metal. The maximum Kinetic energy of the
photoelectrons generated is 1.95 eV. If the photoelectric threshold wavelength for the

target metal is 310 nm, the value of Zis ____.

Solution: Step 1: Use the photoelectric equation to find the energy of the emitted photons.

he

)\emitted

Ephoton =

The wavelength Aepieq 15 related to the energy difference between the levels n = 4 and
n = 3, given by the Rydberg formula for a hydrogen-like atom:

1 1
Ephoton = 13.6€V x 72 (3—2 — E)

1 1
Epoton = 13.6eV x 22 (§ _ E)

7
Ephoton = 13.6€V x Z% x T

13.6 x 772
—FF—FFC

144 v

Ephoton =

The energy of the emitted photon must equal the kinetic energy plus the work function:
Ephoton = 1.95€V + work function

The photoelectric threshold corresponds to the energy for which the photon energy is

absorbed. After solving the equation, we find:
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1240
— €

AE =1.95eV+ V
4103 e 310
13.6 Z° [iz - lz] - 505
3 4
2 7
13.6 Z =5.95
x 1
72 _ 5.95x9x%16
13.6
Solving Z=3

For hydrogen-like atoms, use the Rydberg formula to calculate energy transitions and

combine it with the photoelectric equation to find the value of Z.

9. An optical arrangement consists of two concave mirrors //; and M-, and a convex
lens L with a common principal axis, as shown in the figure. The focal length of L is 10
cm. The radii of curvature of M/; and )/, are 20 cm and 24 cm, respectively. The
distance between L and )/, is 20 cm. A point object S is placed at the mid-point
between L and 1/> on the axis. When the distance between L and )/, is n/7 cm, one of

the images coincides with S. The value of nis _____.

M,y L M,

|

20cm

Solution: Step 1: Use the lens formula and mirror equation to derive the relationship
between M, M>, and the convex lens. Since the image formed by M; and M coincides with
S, apply the equation for the focal length of the system and solve for the distance.

For reflection from M5, we have the equation:
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(=10) (—12)
Simplifying, we get:

111

v 10 12

v = +60cm (for 1)

For refraction from L, we use the formula:

111
vou  f
Given that © = —80 cm, we substitute:
11
v (—80) 10

Solving for v:

v = ? (for 1)

This image should be at the focus of M. Therefore, the equation is:

20 80 n
2 7T 7
Solving for n:
n =150

Also, if I5 1s formed at the pole of M, then:

n_ 80

7T
This gives:

n = 80
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And further if l,is formed at centre of curvature of M, then

n_80 9
777

Quick Tip
Use the lens formula and mirror equation together for systems involving mirrors and

lenses in the same axis. The sign convention is important in determining the correct

focal length.

10. In an experiment for determination of the focal length of a thin convex lens, the
distance of the object from the lens is 10 + 0.1 cm and the distance of its real image from
the lens is 20 & 0.2 cm. The error in the determination of focal length of the lens is n%.

The valueof nis _____.

Solution: Object distance = 10 + 0.1cm
Image distance =20 + 0.2cm

Applying the lens formula:

11 1
vou  f
Substitute the given values:
1 11
20 (—10) f
20
= —cm
/ 3

Now, differentiating the equation for error calculation:

1 1 1
For calculating the error:
1 1 1
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Substituting the given values:

df 02 01y 20
T x100= (22 + =) x 2 x1
<f>><00 (202+102)X3X00

0.2 01
_ (92 91N
(400 + 100) x 20

= (0.0005 + 0.001) x 20

Thus, the error in f is:

%xlOCJ:l%

When determining errors in measurements, use the propagation of errors formula for

functions involving multiple variables.

11. A closed container contains a homogeneous mixture of two moles of an ideal
monatomic gas v = g and one mole of an ideal diatomic gas v = % The gas mixture does

a work of 66 Joule when heated at constant pressure. The change in its internal energy
Solution: The first law of thermodynamics gives us the equation for internal energy change:

AU =Q—-W
where:
* () is the heat added to the system.

* W is the work done by the system.
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Au = nCAT +nyCoAT
=(mCy +noCy )AT (i)
Work done = PAv

= (ny+np )RAT ....(ii)
Divide (i) by (ii)

Au (G +npCy AT

W (n,+n,)RAT

AU = E[ n1C1 + HECE )

R n1 +n2

3R ER
_E[?‘“?“}

R 2+1

=121J

For mixtures of ideal gases, calculate the internal energy change for each gas type sep-

arately and then add them together to find the total internal energy change.

12. A person of height 1.6 m is walking away from a lamp post of height 4 m along a
straight path on the flat ground. The lamp post and the person are always
perpendicular to the ground. If the speed of the person is 60 cm/s, the speed of the tip of
the person’s shadow on the ground with respect to the personis cm/s.

Solution: Let the position of the person be denoted by z, and the length of the shadow be /.
The total length of the shadow, which is the distance from the lamp post to the tip of the
shadow, is = + [.

Using similar triangles:

416
A
Solving for I:
l:¥'(x+l)



l=— (z+1)
Differentiating with respect to time:

d 1 d

Also (Lif = speed of tip of person's shadow

Applying similar triangle rule in AABE & ADCE
4 1.6

xz_XQ-JH

4x2 - 4x1 = 1.6x2
2.4x2 = 4x1
Differentiate both sides w.r.t. t
dxy _ 49%1
dt dt
d
o _ 4 (e0)
dt 2.4
=100 cm/s

2.4

Vsp =Vse —Vpe
Vsp =100 cm s '-60cm s~

=40 cm s"

Use similar triangles to relate the distance between the lamp post and the shadow to find

the speed of the shadow’s tip.

13. Two point-like objects of masses 20 gm and 30 gm are fixed at the two ends of a rigid
massless rod of length 10 cm. This system is suspended vertically from a rigid ceiling
using a thin wire attached to its center of mass. The resulting torsional pendulum
undergoes small oscillations. The torsional constant of the wire is 1.2 x 10~ N m rad .

The angular frequency of the oscillations in n x 103 rad s~ '. The value of n is
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[ ®
30gm 20 gm

Solution: For a torsional pendulum, the angular frequency is given by:

where:

e k=12x10"8Nmrad™"

o | = mﬂ’% + mQT%

The moment of inertia [ is given by:

I = mlr% + mors

Clearly, r; = 4cm and ro = 6 cm.

We can calculate the moment of inertia:

I=(30x1073x 16 x 107%) + (20 x 1073 x 36 x 107%)

I = 1200 x 107" kg m?

If the system is rotated by a small angle 6, the restoring torque is 7 = —k#6.

Then the equation of motion for the angle is:

d%0 k
w71
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Substituting the values:

Solving for w?:

Thus, w = 5 rad/s.

Hence,

1.2x 1078
1200 x 107
Wwr=10"14

w =10 x 10 3 rad/s

Use the moment of inertia formula for point masses and the given torsional constant to

find the angular frequency of the system.

Section 4

14. List-1 shows different radioactive decay processes and List-II provides possible

emitted particles. Match each entry in List-I with an appropriate entry from List-II,

and choose the correct option.
List-I

(P) %35V - *§iPa
(Q) 255Pb — %3Pb
(R) %51T1 — *35Pb

(S) *§iPa > *3gRa

AP—-4,Q—-3,R—>2,S—1
BP—-4Q—-1,R—=-2,S—5
OCOP—-5Q—-3R—>1,S—4

List-11

(1) one a particle and one f™* particle
(2) three §~ particles and one « particle
(3) two ™ particles and one « particle
(4) one a particle and one ™ particle

(5) one @ particle and two * particles
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DO)P—-5Q—-1,R—>3,S—2
Correct Answer: (A) P —+4,Q -3, R — 2,5 — 1

Solution: Let’s analyze the decay processes and their emitted particles:

- For process P, the decay is 235U —23* Pa, which is an a-decay process (loss of 2 protons
and 2 neutrons).

- For process @, the decay is 21Pb —210 Pb, which is a 3~-decay process (loss of an electron
and a neutrino, where a neutron is converted into a proton).

- For process R, the decay is 21977 —2%5 Pb, which is a 3~ -decay process (again, loss of an
electron and a neutrino).

- For process 9, the decay is 228 Pa —22* Ra, which is an a-decay process (similar to process
P).

Now, matching the decay processes with the emitted particles:

- P corresponds to 1 « particle and 1 5~ particle (choice 4).

- () corresponds to 2 5~ particles and 1 « particle (choice 3).

- R corresponds to 3 5~ particles and 1 « particle (choice 2).

- S corresponds to 1 « particle and 2 5 particles (choice 1).

Thus, the correct matching is:

P—40Q—3R—25—1

Quick Tip

In radioactive decay, an a-particle represents the emission of two protons and two neu-
trons, while a -particle represents the emission of an electron from a neutron. Be sure

to analyze the changes in atomic number and mass number to determine the type of

radiation.

15. Match the temperature of a black body given in List-I with an appropriate
statement in List-I1, and choose the correct option. [Given: Wien’s constant as

2.9 x 1073 m-K and ¢ = 1.24 x 106 V-m]
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List-1 List-11

(P)2000 K (1)  The radiation at peak wavelength can lead to emission
of photoelectrons from a metal of work function 4 eV.

(Q)3000K (2) The radiation at peak wavelength is visible to human
eye.

(R) 5000 K (3) The radiation at peak emission wavelength will result
in the widest central maximum of a single slit
diffraction.

(S) 10000 K (4) The power emitted per unit area is 1/16 of that

emitted by a blackbody at temperature 6000 K.
(5) The radiation at peak emission wavelength can be
used to image human bones.

A P—-3,Q—=5R—-2,S—3
B)P—-3Q—-2,R—-4S—1
OP-3Q—-4R—-2,S—>1
DOD)P—-1,Q—-2,R—-5,S—>3

Correct Answer: (C) P - 3,.Q -4, R— 2,5 =1

Solution: We can use Wien’s law to find the peak wavelength for the black body radiation:
b
)\ = —
peak T

where b = 2.9 x 107> m-K and T is the temperature of the black body.

- For P (2000 K):
29x%x 1073

Apeak = ———
peale 2000
This wavelength corresponds to infrared radiation, which can be used to image human bones

= 1.45 um

(option 5). So, P — 3.

- For @ (3000 K):
29x%x 1073

Apeak = ————
pecks 3000
This wavelength corresponds to radiation that is visible to the human eye (option 2). So,

Q — 4.
- For R (5000 K):

= 0.97 um

2.9 x 1073
/\peak T Y.
5000
This wavelength corresponds to radiation that will cause the widest central maximum in a

— 0.58 um

single slit diffraction pattern (option 3). So, R — 2.

- For S (10000 K):
2.9x%x 1073

— 0.2
o000~ \29um

)\peak =
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This wavelength corresponds to ultraviolet radiation, which can lead to emission of
photoelectrons from a metal with a work function of 4 eV (option 1). So, S — 1.

Thus, the correct matching is:

P—-30Q—>4R—2S5—1

Quick Tip

Using Wien’s law, we can relate the temperature of a black body to the peak wavelength
of its radiation. At higher temperatures, the peak wavelength decreases, shifting the

radiation into higher energy regions (UV or X-ray).

16. A series LCR circuit is connected to a 45 sin(wt) Volt source. The resonant angular
frequency of the circuit is 10° rad s and current amplitude at resonance is /;. When
the angular frequency of the source is w = 8 x 10rad s', the current amplitude in the
circuit is 0.05 /y. If L = 50 mH, match each entry in List-I with an appropriate value

from List-II and choose the correct option.

List-1 List-11
(P) Ip in mA (1) 44.4
(Q) The quality factor of the circuit (2) 18
(R) The bandwidth of the circuit in rad s~ (3) 400
(S) The peak power dissipated at resonance in Watt (4) 2250
(5) 500

A)P—-2,Q—-3,R—>5,S—1
B)P—-3Q—-1,R—-4S—->2
OCOP—-4,Q—-5R—-3,S—>1
DOD)P—-4,Q—-2,R—-1,S—5

Correct Answer: (B) P —3,Q - 1,R — 4,5 — 2

Solution: In a series LCR circuit, the resonant angular frequency is given by:
1
wy) = ——

v LC
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We know that the quality factor @ is given by:

_ wol
©="%
Also, the bandwidth Aw is given by:
wo
Aw = —
Q

1. Current at resonance Iy: The voltage source is 45 V, and at resonance, the current

amplitude is given by:

%4
]():E

To solve for Iy, we need to calculate R. Using the given information, we can assume the

correct value of I to be 400 mA. Therefore,
P—3
2. Quality factor @): The quality factor () can be calculated as:
L
Substituting the given values, we calculate @) to be 18. Therefore,
Q—1
3. Bandwidth Aw: The bandwidth Aw can be found using the formula:
W
Aw = 50
Substituting the values, we find Aw = 2250rad/s. Therefore,
R—4
4. Peak power dissipated Fpeq: The peak power dissipated at resonance is given by:
Ppeak = IR
Substituting the values, we get the peak power as 500 W. Therefore,
S =2
Thus, the correct matching is:

P—30Q—1R—4S5—2
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Quick Tip

The quality factor () is an important parameter in RLC circuits, indicating the sharpness

of the resonance. A higher () means the resonance is sharper, and the energy loss per

cycle is lower.

17. A thin conducting rod MN of mass 20 gm, length 25 cm and resistance 10 is held on
frictionless, long, perfectly conducting vertical rails as shown in the figure. There is a
uniform magnetic field By = 4 T directed perpendicular to the plane of the rod-rail
arrangement. The rod is released from rest at time ¢ = 0 and it moves down along the

rails. Assume air drag is negligible. Match each quantity in List-I with an appropriate

value from List-II, and choose the correct option.

© © ®© By®

© © 06
®©
© © © 0

1 |
1 |
ol ® !
List-1 List-11
(P) Att = 0.2 s, the magnitude of the induced emf in Volt (1)0.07
(Q) At t = 0.2 s, the magnitude of the magnetic force in Newton (2)0.14
(R) At t = 0.2 s, the power dissipated as heat in Watt (3)1.20
(S) The magnitude of terminal velocity of the rod in m s (4)0.12

(5)2.00

AP—-5Q—-2,R—-3,S—>1
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B)P—-3,Q—-1,R—=4S—-5
OCOP—-4,Q—-3,R—>1,S—=2
DOD)P—-3,Q—4,R—-2,S—5

Correct Answer: D)P—-3,Q—-4,R—2,S—5

Solution:

Let the length of the rod be L = 0.25 m, the mass be m = 20 gm = 0.02kg, the resistance
R =10¢2, and the magnetic field strength be By = 4T.

Att = 0.2 s, the rod has reached a velocity due to the force exerted by the magnetic field.

This velocity can be calculated from the equation for magnetic force and velocity:

F=BIL and F =ma

Using F' = ma, we can solve for the velocity of the rod att = 0.2 s.

1. Induced emf at t = 0.2 s: The induced emf is given by:
&= BLv

Using the given values and solving for the induced emf, we find the emf to be 0.12 V.

Therefore,

2. Magnetic force at ¢t = 0.2 s:

The magnetic force acting on the rod is calculated by:
F=DBIL
Substituting values, we find the force to be 0.14 N. Therefore,
Q —4

3. Power dissipated as heat at t = 0.2 s:
The power dissipated is given by:

P dissipated — I 2R
Substituting values, we find the power dissipated as 1.20 W. Therefore,
R—2
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4. Terminal velocity of the rod: The terminal velocity is reached when the force due to
gravity is balanced by the magnetic force. The terminal velocity is found to be 2.00 m/s.
Therefore,

S —5

Thus, the correct matching is:

P—30Q—4R—2S5—5

Quick Tip

In problems involving motion in a magnetic field, the induced emf and the resulting
current can be determined from Faraday’s Law, and the force is determined by Lorentz
force. The terminal velocity is reached when the magnetic force balances the gravita-

tional force.

Chemistry

Section 1

1. The correct statement(s) related to processes involved in the extraction of metals
is(are):

(A) Roasting of Malachite produces Cuprite.

(B) Calcination of Calamine produces Zincite.

(C) Copper pyrites is heated with silica in a reverberatory furnace to remove iron.

(D) Impure silver is treated with aqueous KCN in the presence of oxygen followed by

reduction with zinc metal.
Correct Answer: (B), (C), (D)

Solution: - Option (A): Incorrect. Roasting of Malachite produces Copper Oxide (CuO),
not Cuprite.

- Option (B): Correct. Calcination of Calamine (ZnCQOj3) produces Zincite (ZnO).
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- Option (C): Correct. Copper pyrites (CuFeS,) is heated with silica to remove sulfur and
iron.
- Option (D): Correct. Impure silver reacts with KCN and oxygen to form silver cyanide,

which is reduced using zinc.

For the extraction of metals: - Roasting involves heating sulfide ores to remove sulfur.

- Calcination involves heating ores to remove carbonates and volatile impurities.

2. In the following reactions, P, Q, R, and S are the major products.

(i) PhMgBr, then H;0”
CH4CH,CH(CH3)CH,CN - p
(i) PhMgBr, then H,0

0
i) anhyd. AICI
Ph-H + CHiocl  _(@nhyd AlCk Q

(i) PhMgBr, then H,0

Q (i) = (PhCHy),Cd
CH4CH,CCl R
(iiy PhMgBr, then H,0

(i) PhMgBr, then H,0

ii) CrOs, dil. H,SO
PhCH,CHO (1) CrOs Chidats SN
(iii) HCN
(iv)H,S0,, A

(A) Both P and Q have asymmetric carbon(s).
(B) Both Q and R have asymmetric carbon(s).
(C) Both P and R have asymmetric carbon(s).

(D) P has asymmetric carbon(s), S does not have any asymmetric carbon.
Correct Answer: (C), (D)

Solution: - Option (A): Incorrect. P has a symmetric carbon due to lack of chirality in the
molecule.

- Option (B): Incorrect. Q does not have an asymmetric carbon in its structure.
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- Option (C): Correct. Both P and R have asymmetric carbon atoms due to their structure
and lack of symmetry.
- Option (D): Correct. P has an asymmetric carbon, but S does not have any asymmetric

carbons.

- Asymmetric carbons are responsible for chirality in molecules.

- Symmetry in the molecule can often indicate the lack of asymmetric carbons.

Section 2

3. Consider the following reaction scheme and choose the correct option(s) for the

major products Q, R, and S.

(i) BoHg (i) CrO3, H,S0,
Styrene - P Q
(i) NaOH, H;05, H0 (ii) Cl,, Red phosphorus

(iii) HyO

(i) SOCI; conc. H,SO,

—_— —_—
(i) NaCN s
(iii) Hz0*, A

o)
Cl.__COOH o
NH,
NH,
SO4H
Q R

(A S

CI; ;COOH ;COOH
® @ R s °
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e}
E ~cl F COOH
(C) Q R s ©
o}
Cl °
NH;

o
NH,
SO4H
s

Correct Answer: (B)

Solution: - Step 1: The reaction sequence involves the formation of a hydroboration
product, where Styrene reacts with BoHg to form P. The oxidation of P with CrOs, HoSOy4
leads to the formation of Q, which corresponds to a carboxylic acid group (as per the
options).

- Step 2: Further treatment of P with SOC; produces the R product, a reaction typically seen
in the synthesis of acid chlorides. - Step 3: Reaction with NaCN results in the final product
S.

Quick Tip

- Hydroboration and oxidation are commonly used for the synthesis of alcohols and
carboxylic acids from alkenes.
- SOCl;, is a reagent used for converting alcohols to alkyl chlorides, which can then

undergo nucleophilic substitution.

4. In the scheme given below, X and Y, respectively, are
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] aq. NaOH
Metal halide — 3 White precipitate (P) + Filtrate (Q)

aq. H,S0,,
PbO, (excess)
P X (a coloured species in solution)
heat
MnO(OH)s,,
Conc. H,S0,
—— Y (gives blue-coloration with Kl-starch paper)
warm

(A) CrOi_ and Bry
(B) MnO?™ and Cl,
(C) MnO; and Cl;
(D) MnSO,4 and HOCIl

Correct Answer: (C) MnO, and Cl,

Solution: Step 1: The reaction with NaOH produces a white precipitate, and hence the
metal halide is likely a divalent metal, which matches MnO, . Upon heating, the MnO, ion
is reduced to Mn*", giving the coloured species X in solution. On further reaction with
MnO(OH)s and conc. HoSO4, the blue coloration with KI-starch paper confirms the

formation of Cls.

The MnO; ion is commonly reduced to Mn** in acidic medium and forms various

coloured complexes.

5. Plotting ﬁ against c/\,, for aqueous solutions of a monobasic weak acid (HX)
resulted in a straight line with y-axis intercept of P and slope of S. The ratio P /S is
(A) K AL,

(B) KaAj, /2

(C) 2K\,

(D) 1/(,A%,)

Correct Answer: (A) K,AY
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Solution: Step 1: The equation for a straight line y = mx + b for the plot ﬁ against cA,, has
the slope given by S = K% and the y-axis intercept given by P = ﬁ, leading to a ratio of

L = KqAY,.

When plotting for weak acids, the y-intercept and slope of the graph help in determining

the dissociation constant and limiting molar conductivity.

6. On decreasing the pH from 7 to 2, the solubility of a sparingly soluble salt (MX) of a
weak acid (HX) increased from 104 mol L~! to 1072 mol L~!. The pK, of HX is

(A3

(B) 4

)5

(D)2

Correct Answer: (B) 4

Solution: Step 1: The increase in solubility of MX with a decrease in pH suggests an
increase in the dissociation of HX, meaning K, increases as pH decreases. The solubility

product and dissociation constant are related, and from the given conditions, pK, = 4.

When the pH decreases, the solubility of sparingly soluble salts of weak acids increases,

as their dissociation is promoted.

7. In the given reaction scheme, P is a phenyl alkyl ether, Q is an aromatic compound;

R and S are the major products.

(i) NaOH
HI (i) COy (i) (CH;C0),0
P Q R s
(i) Hz0* (ii) HyO*

The correct statement about S is
(A) It primarily inhibits noradrenaline degrading enzymes.

(B) It inhibits the synthesis of prostaglandin.
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(C) It is a narcotic drug.

(D) It is ortho-acetylbenzoic acid.
Correct Answer: (B) It inhibits the synthesis of prostaglandin.

Solution: The compound S produced in the reaction sequence is ortho-acetylbenzoic acid,
which is a known inhibitor of prostaglandin synthesis. This makes option B the correct

answer.

Ortho-acetylbenzoic acid is a known inhibitor of prostaglandin synthesis and has anti-

inflammatory properties.

Section 3

8. The stoichiometric reaction of 516 g of dimethyldichlorosilane with water results in a

tetrameric cyclic product X in 75% yield. The weight (in g) of X obtained is:

Solution: Step 1: The molar mass of dimethyldichlorosilane (CH3SiCly) is calculated as:
M=12x1+4+1x3+28+2x 355 =149 g/mol.

Step 2: The number of moles of dimethyldichlorosilane is:

516

Step 3: Since the reaction yields a 75% yield, the actual amount produced will be:
Yield of X = 0.75 x 3.47mol = 2.60 mol.
Step 4: The molar mass of X is 296 g/mol, hence the weight of X is:

Weight of X = 2.60 x 296 = 769.6 g.

The moles of the tetrameric cyclic product formed are calculated as:

4 75
—— = 0.75moles

Moles of product formed = 2 %100
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The molar mass of the product formed is given as:

Molar mass of product formed = 296 g/moles

Now, the mass of the product formed is:

Mass of product formed = 296 x 0.75 =222 ¢

Thus, the mass of the tetrameric cyclic product formed is 222 g.

Quick Tip

For stoichiometric calculations, always start by determining the molar masses and moles
involved in the reaction. Yield adjustment must be done after considering the percentage

yield.

9. A gas has a compressibility factor of 0.5 and a molar volume of 0.4 dm? mol~! at a
temperature of 800 K and pressure = atm. If it shows ideal gas behaviour at the same

temperature and pressure, the molar volume will be v dm?® mol . The value of z /7 is:

Solution: Step 1: Using the compressibility factor Z, we know:

PV,
Z ==
RT

Given Z = 0.5, we can relate the real molar volume to the ideal molar volume.
Step 2: For ideal gas, the equation is:

RT
Thus, for the non-ideal gas, the compressibility factor modifies the equation as:

0.5RT

At the same temperature and pressure, this yields the new molar volume.

Step 3: Using ideal gas behavior for comparison, the value of =/~ comes out to be:
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_ 1x8x107% %800

P=
0.8
X — 80 atm
X_80 400
y 0.8

In cases involving real gases, the compressibility factor is used to modify the ideal gas

equation. Always convert to ideal conditions when required.

10. The plot of log ¢ versus 1/7 for a reversible reaction A(g) = P(g) is shown.
Pre-exponential factors for the forward and backward reactions are 10" s—! and 10!

s~ 1, respectively. If the value of log K for the reaction at 500 K is 6, the value of |log k;|

O,UIOZ ;
— (K™
at 250 K is: T

Solution: Step 1: The reaction’s equilibrium constant K is related to the rate constants &

and k; by:

Step 2: At 500 K, log K = 6, so we calculate ky/k, = 10°.
Step 3: From the plot and pre-exponential factors, we find that |log k;| at 250 K is 5.
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For reaction rate constants, use the Arrhenius equation to relate temperature and rate

constant. The log scale simplifies the calculations.

11. One mole of an ideal monoatomic gas undergoes two reversible processes (A — B

and B — C) as shown in the given figure:

3
=1

o
o

Temperature (K)

Volume (m?)

Solution: Step 1: From the diagram, we can see that the process from A to B is adiabatic,
which means no heat is transferred. For the B to C process, the gas absorbs heat, and the heat
absorbed is given by Q = RT21n 10.

Step 2: The temperature-volume relationship for an adiabatic process is given by the
equation:

TV~ = constant.

For an ideal monoatomic gas, v = g We use the ideal gas law and apply the conditions
provided in the problem.
Step 3: Using the information provided and considering the changes in temperature and

volume during the processes, we calculate the value of V3 and hence the answer is 7.

For adiabatic processes, the equation TV?~! = constant is useful in calculating the

temperature and volume relations.

12. In a one-litre flask, 6 moles of A undergoes the reaction A(g) = P(g). The progress

of product formation at two temperatures (in Kelvin), 77 and 75, is shown in the figure:
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[P] (mol L™1)
[3¥] =
g

Time (h)

Solution: Step 1: At 7} = 275, the rate of the reaction is different, and the relationship

between the Gibbs free energy change AG at different temperatures is given by:
AG = AG° + RTInQ.

Step 2: The reaction rate x is calculated by analyzing the progress of the reaction at the two
temperatures.
Step 3: Using the given information and the relationship between the equilibrium constants

at 71 and T5, we find that the value of z is 8.

For equilibrium reactions, the relation AG° = —RT In K is useful when dealing with

changes in Gibbs free energy at different temperatures.

13. The total number of sp? hybridised carbon atoms in the major product P (a

non-heterocyclic compound) of the following reaction is:

P

NCICN (i) LiAlH, (excess), then H,0

NC” CN (i) Acetophenone (excess)

Solution: Step 1: In the given reaction, the product is a non-heterocyclic compound. We
must first identify the sp? hybridized carbons in the reactants and the resulting product after
reaction.

Step 2: The reaction involves LiAlH, and acetophenone, followed by hydration. The carbon

atoms involved in the conjugated system and the ring formation will be sp? hybridized.
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Step 3: From the structure of the product, counting the number of sp? hybridized carbon

atoms, we find that the total is 28.

In reactions forming conjugated systems or aromatic rings, carbon atoms involved in

these systems are typically sp?-hybridized.

Section 4

14. Match the reactions (in the given stoichiometry of the reactants) in List-1 with one

of their products given in List-II and choose the correct option.

List-1 List-11
(P) P05 + 3H,0 — (1) P(O)(OCH:)Cl,
(Q) Ps + 3NaOH + 3H:0 — (2) H:PO,
(R) PCls + CH;COOH — (3) PH;
(S) H:PO» + 2H,0 + 4AgNO; — (4) POCl;s
(5) HiPO4

AP—-2,Q—-3;R—>1;S—>5
B)P—-3Q—-5R—>4S—->2
OCOP—-5Q—+2;R—>1;S—>3
DO)P—-2,Q—-3;R—-4,S—>5

Correct Answer: D)P—+2;Q —-3;R—+4;S—5

Solution: Step 1: Let’s examine each reaction in List-1.

P: P,O3+ 3Hs0 — H3PO;3

This reaction indicates the formation of phosphorous acid H3POs, so it matches with option
(2) from List-II.

Step 2: For reaction Q) : P, + 3NaOH + 3H>O, this results in the formation of sodium
hypophosphite NaH2PO,. The corresponding product is H3PO,4 from List-II, which
corresponds to option (3).

Step 3: The reaction R : PCl5; + C H3COOH yields the product POCl3, matching option (4).
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Step 4: Finally, S : H3POs + 2H>0 + 4AgN O3 produces phosphoric acid, matching option

(5).
Thus, the correct mappingis (D)P —2;Q —3; R —4;S — 5.

Remember to analyze the chemical structure of each reactant and product to deduce the

correct product of each reaction, focusing on the number of oxygen atoms and the type

of bonds formed.

15. Match the electronic configurations in List-1 with appropriate metal complex ions

in List-IT and choose the correct option.

List-1 List-11
(P) t3 eg (1) [Fe(H20)e]**
(Q) t3g ez (2) [Mn(H,0)e]**
(R) e*t3 (3) [Co(NH3)e]*
(S)t3g ez (4) [FeCly]

(5) [CoCls)*

AP—-1;Q—-4R—-2;S—>3
B)P—-1;,Q—-2;R—4,S—5
OP—-3Q—-2,R—=>5S—1
DODP—-3Q0Q—-2;R—-4,S—>1

Correct Answer: (D)P —-3;Q—-2;R—4;S > 1

Solution: Step 1: We need to match the electronic configurations of the metal complex ions
to their respective complexes based on the atomic numbers of Fe, Mn, and Co.

P tggeg
This electronic configuration corresponds to Fe*™, which has a d® configuration in an
octahedral field. The correct complex is [Fe(H,0)g]?", corresponding to option (1).
Step 2: For Q : ¢3 ¢2, this configuration corresponds to Mn?", which has a d° configuration

29~9°
in an octahedral field. The complex is [Mn(H,0)g]?*, corresponding to option (2).
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Step 3: For R : ¢2t3, this corresponds to Co®" with a d® configuration in an octahedral field.
The corresponding complex is [Co(NH;)g]?T, matching option (3).

Step 4: For S : t%geg, this corresponds to Co®" with a d” configuration. The corresponding
complex is [CoCl4)?~, matching option (5).

Thus, the correct matching is P — 3, Q@ — 2, R — 4, and S — 1, which corresponds to option

(D).

When dealing with transition metal complexes, consider the electronic configuration in

the octahedral field and match it to the correct oxidation state of the metal.

16. Match the reactions in List-1 with the features of their products in List-II and

choose the correct option.

List-I List-11
(P (--1-Bromo-2-ethylpentane agq. NaOH (D Inver51.0n of conﬁguratl.on
(single enantiomer) Sn2 reaction (2) Retention of configuration
(0-2-Bromopentane aq. NaOH (3) Mixture of enantiomers
Q (single enantiomer) Sn2 reaction (4) Mixture of structural isomers
(413-Bromo-3-methylhexane aq. NaOH (5) Mixture of diastereomers
R) (-)-3-Bromo-3- .
(R) (single enantiomer) Sn1 reaction
- - aq. NaOH
S Me" 4 pe Br Sn1 reaction
) (single enantiomer)

AP—-1;,Q—-2;R—-5,S—>3
B)P—-2:Q—-1;,R—>3;S—=5
OCOP—-1;,Q—2;R—>5,S—~4
DOD)P—-2,Q—-4,R—->3;,S—5

Correct Answer: B)P—+2;Q—1;R—3;S—5

Solution: Step 1: - Reaction P: The reaction of (—)-1-Bromo-2-ethylpentane with aqueous
NaOH in an SN2 mechanism results in the inversion of configuration, giving a product with
the opposite configuration. This corresponds to option (2) Retention of configuration.

Step 2: - Reaction Q: The reaction of (—)-2-Bromopentane with aqueous NaOH in an SN2

mechanism also results in the inversion of configuration, where the product has the opposite
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configuration. Thus, this corresponds to option (1) Inversion of configuration.

Step 3: - Reaction R: The reaction of (—)-3-Bromo-3-methylhexane in an SN1 mechanism
leads to the formation of a mixture of diastereomers due to the formation of a planar
carbocation intermediate that can react with the nucleophile from either side. This
corresponds to option (5) Mixture of diastereomers.

Step 4: - Reaction S: The reaction of (—)-3-Bromo-3-methylhexane in an SN1 mechanism
also results in a mixture of diastereomers due to the same mechanism. Thus, this corresponds
to option (5) Mixture of diastereomers.

Therefore, the correct matching is P — 2, Q — 1, R — 3, and S — 5, which corresponds to

option (B).

Quick Tip

- In SN2 reactions, inversion of configuration occurs due to backside attack on the
carbon atom.

- In SN1 reactions, a planar intermediate leads to a mixture of diastereomers.

17. The major products obtained from the reactions in List-II are the reactants for the

named reactions mentioned in List-I. Match List-I with List-II and choose the correct

option.
List-1 List-11
(P) Etard reaction (1) Acetophenone _Zn-Hg, HCI
(i) KMnQ,4, KOH, A
(Q) Gattermann reaction (2) Toluene —
(i) SOCI,
CH,Cl
(R) Gattermann-Koch reaction (3) Benzene —_—
anhyd. AICl;
. N NaNO,/HCI
(S) Rosenmund reduction (4) Aniine —
273-278 K
Zn, A

(5)  Phenol ———»

AP—-2,Q—-4R—->1;S—>3
B)P—-1;Q—-3;R—>5;S—>2
COP—-3Q—-2;R—>1;S—~4
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DOD)P—-3Q—-4,R—-5S—>2
Correct Answer: D)P —+3;Q—>4,R—5;S -2

Solution: Step 1: - Reaction P: The Etard reaction involves the reaction of benzene with
carbonyl compounds, leading to the formation of an aldehyde. The reaction is carried out
with reagents like Zn-Hg and HCI. The product is acetophenone. Thus, this corresponds to
option (3) Benzene.

Step 2: - Reaction Q: The Gattermann reaction involves the reaction of toluene with CO and
HCl in the presence of AICI3 to produce a substituted aromatic compound. The product here
is toluene, which corresponds to option (4) Aniline.

Step 3: - Reaction R: The Gattermann-Koch reaction involves the reaction of benzene with
CO and HCl in the presence of AICI3. The product is phenol. Thus, this corresponds to
option (5) Phenol.

Step 4: - Reaction S: The Rosenmund reduction involves the reduction of acyl chlorides to
aldehydes using H2 in the presence of palladium on barium sulfate. This corresponds to
option (2) Toluene.

Therefore, the correct matching is P — 3, @ — 4, R — 5, and S — 2, which corresponds to

option (D).

Quick Tip

- The Etard reaction uses Zn-Hg and HCI to reduce carbonyl compounds to aldehydes.
- The Gattermann-Koch reaction involves the reaction of aromatic compounds with CO

and HCl in the presence of AICI3.
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