JEE Main 2026 January 22 Shift 1 Question Paper with Solutions

] Time Allowed :3 Hours \ Maximum Marks :300 \ Total Questions :75 \

General Instructions

Read the following instructions very carefully and strictly follow them:
1. Multiple choice questions (MCQs)
2. Questions with numerical values as answers.
3. There are three sections: Mathematics, Physics, Chemistry.

4. Mathematics: 25 (20+5) 10 Questions with answers as a numerical value. Out of
10 questions, 5 questions are compulsory.

5. Physics: 25 (20+5) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory..

6. Chemistry: 25 (20+5) 10 Questions with answers as a numerical value. Out of 10
questions, 5 questions are compulsory.

7. Total: 75 Questions (25 questions each).
8. 300 Marks (100 marks for each section).

9. MCQs: Four marks will be awarded for each correct answer and there will be a
negative marking of one mark on each wrong answer.

10. Questions with numerical value answers: Candidates will be given four
marks for each correct answer and there will be a negative marking of 1 mark for
each wrong answer.

Mathematics

Section - A

1. The number of real solution of equation x|x+4|+3|x+2|+10=0 is/are :

NN N N
e N N
= W N =

A
B
C
D

Correct Answer: (A) 1

Solution:
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Step 1: Understanding the Question:

We need to find the number of real solutions for the equation involving absolute value functions:
x|z + 4| + 3|z + 2| + 10 = 0. To solve this, we must analyze the equation in different intervals
based on the points where the expressions inside the absolute value signs become zero.

Step 2: Identifying Critical Points and Intervals:

The critical points are where the arguments of the absolute value functions are zero.
Thesearez+4=0=z=—4andx+2=0= 2= -2

These points divide the number line into three intervals:

e Case 1: . < —4
e Case 2: 4<z< -2
e Case 3: x > —2

Step 3: Solving the Equation in Each Interval:
Case 1: z < —4
In this interval, x +4 < 0 and z + 2 < 0.
So, |t +4| = —(z+4) and |z + 2| = —(z + 2).
The equation becomes:
z(—(z+4)+3(—(x+2)+10=0

—2? —4r —32—-6+10=0
—2?2—Tr+4=0
2+ T7r—4=0

Using the quadratic formula, x = bty bi—dac W:
—T+/T*—4(1)(—4) —7T+/49+16 —7++65
xr = = =
2(1) 2 2
The two possible values for x are x1 = w and xo = w.

Since v64 = 8, v/65 ~ 8.06.

xy ~ =806 — 106 — () 53 This is not in the interval z < —4.

~ T2
wg o =300 = —%306 = —7.53. This is in the interval z < —4.
So, we have one solution from this case: z = #&.

Case 2: - 4<z< -2
In this interval, x +4 > 0 and z + 2 < 0.
So, |t +4|=x+4 and |z + 2| = —(z + 2).
The equation becomes:
r(x+4)+3(—(z+2))+10=0
2? +4r -3z —6+10=0
?+r4+4=0
The discriminant is D = b? — 4ac = 12 — 4(1)(4) = 1 — 16 = —15.
Since D < 0, there are no real solutions in this interval.
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Case 3: z > -2
In this interval, v +4 > 0 and x + 2 > 0.
So, [xr+ 4] =x+4 and |[x + 2| =z + 2.
The equation becomes:
r(x+4)+3x+2)+10=0

22 4 4r+3r+6+10=0
22+ T7r+16=0

The discriminant is D = b% — 4ac = 7% — 4(1)(16) = 49 — 64 = —15.
Since D < 0, there are no real solutions in this interval.

Step 4: Final Answer:
—7—V65

Combining the results from all three cases, we find only one real solution, z = ==
Therefore, the number of real solutions is 1.

When solving equations with multiple absolute value terms, always identify the critical
points (where the arguments become zero) and analyze the equation in the intervals
defined by these points.

2. If xdy - ydx = /2?2 +y? dx. If y = y(x) & y(1) = 0 then y(3) is :

A
B
C
D

AN N N N
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Correct Answer: (D) 4

Solution:
Step 1: Understanding the Question:
We are given a first-order differential equation and an initial condition. We need to find the

value of the function y at x=3. The given equation is a homogeneous differential equation.

Step 2: Key Formula or Approach:
First, we rearrange the equation into the standard form g—g = f(z,y).

zdy = (y + /2?2 + y?)dx
dy _y+rvarty? oy H(y)?

dx T T
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This is a homogeneous differential equation. We use the substitution y = vz, which implies

dy __ dv
%—U—I—$dx.

Step 3: Detailed Explanation:

Substitute y = vx and g—g =0v+ xfjl—g into the equation:

d
v+t = v+ /14 02

dx
d
xd—v =1+ 02
x
Now, we separate the variables:
dv dx

ViteZ =@

/ dv / dx
V14 v? x
The standard integral [ \/a21+7x2dx =In|z + Va? + 2?|. Here a = 1.

Injv+ V1402 =Inlz|+C

where C is the constant of integration. We can write C' = In |A| for some constant A.

In|v+ v/ 1+ 02| =In|Ax|

v+ 1402 = Ax

Integrate both sides:

Substitute back v = %:

T

vy, Vrity
R
T

Assuming z > 0 (since the initial condition is at x=1), we have:

y+ /22 + y? _ Ap

X

Y+ 22 +y? = Ax?
Now, apply the initial condition y(1) = 0:

0+12+02 = A(1)?
1=A

y+ a2 +y?=a?

We need to find y(3). Substitute x = 3:
y(3) + V3 + (y(3) = 3°

4

The particular solution is:
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Let y(3) = y:
y+vV9+y2=9
VI+y2=9—y

9+1y2=(9—1y)> =81 —18y +°

Square both sides:

9= 81— 18y
18y = 81 — 9 = 72
72
= — =14
T

Step 4: Final Answer:
The value of y(3) is 4.

Recognize homogeneous differential equations of the form g—gyc = (%) The standard

substitution y = vz simplifies them to a separable form, making them easier to solve.

3. If f(sin z)"1/2(cos z) % 2dx = Z%(cot x)9/? — %(cot x)b/2 — ‘Z—:(cot z)1/2 4 Z%(cot z) 324 C
where H.C.F. {p;,¢;} =1 & i € {1,2,3,4}. Then value of Zle(pi +q;) is:

(A) 30
(B) 25
(C) 24
(D) 34

Correct Answer: (D) 34

Solution:

Step 1: Understanding the Question:
We are asked to evaluate a complex trigonometric integral and then compare the resulting
coefficients with a given form to find the sum of certain values.

Step 2: Key Formula or Approach:

The integral is I = [(sin 2) 12 (cos )~ 2du.

The sum of the powers is —11/2 — 5/2 = —16/2 = —8, which is a negative even integer. In
such cases, substitution with ¢t = tanz or t = cot z is effective. Let’s use t = cot x.

If t = cot x, then dt = — csc? x dz, which means dx = — sin? z dt.

We also need expressions for sinz and cosz in terms of ¢: From 1 + cot?z = csc
2 11
SIC T = Treos = T4

2 T, we get
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2 2
From tan?z = —% 1l -t 2 !

m:t%,weget seczx:1+tan2x:1+t2 = 7, 80 CO8" T = @7
Step 3: Detailed Explanation:
The integral is [ = f sin™ /2 z cos™®/2 z dz. Substitute dz = — sin® z dt:

I= / sin™ /2 g cos™%/? z(—sin?z) dt = — / sin~ /2 2 cos ™2 z dt
Now substitute for sinz and cosz in terms of ¢: sinz = (1 +¢2)71/2 and cosz = t(1 4 2)~1/2.

J = _/((1 +t2)_1/2)_7/2(t(1 +t2)_1/2)_5/2 dt

I=- /(1 +2)T TR 4 )Pt
I = —/t_5/2(1+t2)3dt
Expand (1 + t?)3 =1+ 3t + 3t +1°.
I=-— /t_5/2(1 +3t2 +3t* + %) at

I=- /(t5/2 + 372 1 3432 1472 dt

tn+1
n+1-

; =3/2 g41/2 345/2 49/2 .
~ T3R5 e

Now, integrate term by term using f t"dt =

[=— [—gt‘?’/Q 46012 4 92 gtW] +C
3 5 9

I = —gtg/Q - gt5/2 — 6112 + ;t_g’/z +C

Substitute back ¢t = cot x:
2 2
I= —§(cot 2)%? — g(cot )% — 6(cot z)'/% + g(cot )4

: : : . P 9/2  p2 5/2  ps 1/2 | pa -3/2
gow, compare this with the given form: £t (cot z) / 2 (cot ) / o (cotw) /24 or(cotz) ™7

Assuming the first term in the problem statement should have a negative sign, making it
—%(cot 33)9/ 2 we compare coefficients:

B = f =20 =9 (HOF20)-)

o —2 = 8 py=6,q =5 (HCF(6,5)=1)

¢ ~B = 6= p;=06,q3=1(HCF(6,1)=1)
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o =2 py=2 g4 =3 (HCF(2,33)=1)

b=
Now we calculate the required sum:

4

> (it a)=(p1+q)+ (p2+ ) + (p3 + 3) + (1 + qa)
1=1

=249+ (6+5)+(6+1)+(2+3)
=11+11+7+5=34

Step 4: Final Answer:
The value of the sum is 34.

Quick Tip

For integrals of the form f sin™ x cos™ x dz, if m + n is a negative even integer, the
substitution t = tanx or t = cot x is a very effective strategy to simplify the integral.

4. Let M = {1, 2, 3, ..... , 16}, if a relation R defined on set M such that R = {(x,
y) : 4y = 5x — 3, x, y € M}. How many elements should be added to R to make
it symmetric.

A
B
C
D

e R
~— — —
O =~ W o

Correct Answer: (A) 2

Solution:

Step 1: Understanding the Question:

We are given a set M and a relation R on M. We first need to find all the elements (ordered
pairs) in R. Then, we need to determine how many more ordered pairs must be added to R to
satisfy the property of symmetry.

Step 2: Finding the Elements of Relation R:

The relation is defined by the equation 4y = 5x — 3, where z,y € {1,2, ..., 16}.

We can write this as y = 5954_3. For y to be an integer, 5x — 3 must be divisible by 4.

We can check this condition using modular arithmetic: 52 —3 =0 (mod 4).

Since 5 = 1 (mod 4) and —3 = 1 (mod 4), the condition becomes z + 1 = 0 (mod 4), or
z = —1 (mod 4), which is z = 3 (mod 4).

This means x must be of the form 4k + 3 for some integer k.

We test values of x in M = {1, 2, ..., 16} that satisfy this condition:
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5(3)—3
4
e lfz—=7 y="203_32_3 Since y =8 M, the pair (7, 8) is in R.

e lfr=3y= :14—2:3. Since y = 3 € M, the pair (3, 3) is in R.

o Ifx—=11: y =22 52 _ 13 Since y = 13 € M, the pair (11, 13) is in R.

o Ifx =15y = 5(154 =3 = % = 18. Since y = 18 ¢ M, this pair is not in R.

So, the relation R is R = {(3,3),(7,8),(11,13)}.

—

Step 3: Making the Relation Symmetric:
A relation R is symmetric if, for every ordered pair (a,b) € R, the pair (b, a) must also be in R.
Let’s check the elements of R:

e For (3, 3): The reverse pair is (3, 3), which is already in R. This element satisfies the
symmetric property.

e For (7, 8): The reverse pair is (8, 7). This pair is not in R, so it must be added.
e For (11, 13): The reverse pair is (13, 11). This pair is not in R, so it must be added.

Step 4: Final Answer:
To make the relation R symmetric, we need to add the pairs (8, 7) and (13, 11).
The number of elements to be added is 2.

Quick Tip

To make a relation R symmetric, for every pair (a,b) in R where a # b, you must ensure
the pair (b, a) is also in R. Count how many such (b, a) pairs are missing.

5. Image of point P (1, 2, a) with respect to line mirror ”T_G = yT—7 = Z_—_27 is point Q

(5, b, c), then value of (a? + b% + ¢?) is :

Correct Answer: (B) 298

Solution:

Step 1: Understanding the Question:

We are given a point P, a line, and the image of P in that line, Q. We need to find the values
of the unknown coordinates a, b, and ¢, and then calculate a® + b? + ¢2. There are two key
properties of an image with respect to a line mirror.
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Step 2: Applying Geometric Properties:
Property 1: The midpoint of PQ lies on the line.
The midpoint M of the segment PQ is given by:

M- 1+5’2+b7a+c _ 3’2+b7a+c
2 2 2 2 2
Since M lies on the given line, its coordinates must satisfy the line’s equation:
Substituting the coordinates of M:

z—6 y—=7 2=

36 _ -7 _ o7

3 2 -2

24b—14 te—14
-3 _ T3 _acz
3 2 -2

1_b—12_a—|—c—14
4 —4

From —1 = b_412, we get —4 = b — 12, which gives b = 8.

From —1 = %114, we get 4 = a + ¢ — 14, which gives a + ¢ = 18 (Equation I).

Property 2: The line segment P(Q is perpendicular to the mirror line.
The direction ratios of the line segment PQ are (5 —1,b—2,¢c—a) = (4,0 — 2,¢ — a).
Since we found b = 8, the direction ratios of PQ are (4,6, ¢ — a).
The direction ratios of the mirror line are given by the denominators in its equation: (3,2, —2).
For two lines to be perpendicular, the dot product of their direction ratios must be zero:
aras + b1by + c1co = 0.
(4)(3) + (6)(2) + (¢ —a)(=2) =0
12+12—-2(c—a)=0
24 =2(c—a)
¢ —a = 12 (Equation II).
Step 3: Solving for a, b, and c:
We have a system of two linear equations for a and c:
l.a+c=18
2. —a+c=12

Adding the two equations gives: 2¢ = 30 = ¢ = 15.
Substituting ¢ = 15 into the first equation: a + 15 = 18 = a = 3.
So we have found a = 3, b =8, and ¢ = 15.

Step 4: Final Answer:
We need to calculate the value of a? + b% + ¢2.

a2+ b+ 2 =32182 4152

=9+ 64+ 225
=73+ 225 = 298
9
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The final value is 298.

Quick Tip

Finding the image of a point in a line involves two key geometric conditions: the midpoint
of the point and its image lies on the line, and the line connecting the point and its image
is perpendicular to the mirror line.

6. The no. of solution in z € <_ﬁ6’ ﬁé) of equation tan~! 4z + tan~! 6z = G is:
(A) O
(B) 1
(C) 2
(D) 3

Correct Answer: (B) 1

Solution:

Step 1: Understanding the Question:
We are asked to find the number of solutions to a trigonometric equation involving inverse
tangent functions within a specific interval.

Step 2: Key Formula or Approach:
We use the formula for the sum of two inverse tangent functions:

A+ B
1—-AB

tan ' A+ tan~' B = tan™! ( ) ,  provided AB < 1

Here, A = 4z and B = 6z. The condition is (42)(6z) < 1 = 2422 < 1 = 22 < .

This means |z| < \/Lﬂ = ﬁé' The given interval for x is (_ﬁé’ #6)’ which satisfies the

condition AB < 1.

Step 3: Detailed Explanation:
Applying the formula to the given equation:

4o + 62 10z
tan™!(4z) + tan~ ! (6z) = tan"' [ ————— | =t —1(—>
an~  (4x) + tan” " (6x) = tan <1 — (43:)(6:1:)) an Y
We are given that this equals .
tan ! (—10$ ) _
1—24z%2) 6
Taking the tangent of both sides:
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Now, we solve for x:
10v/3z = 1 — 242

2422 +10V32 —1 =10

This is a quadratic equation in x. Using the quadratic formula = = bty bi—dac W:
. —10v/3 £ /(10v/3)2 — 4(24)(—1)
B 2(24)
—~10v/3 4+ /300 +96  —10+/3 4+ /396
xr = =
48 48
C —10V3+36x 11T —10v3+6v11  —5v3+3V11
e 48 - 13 - 24
The two possible solutions are 1 = _E’\f%/ﬁ and x9 = %ﬁ.

Step 4: Checking the Solutions against the Interval:

The interval is (—m, m).
35 = Y2 ~ 252 % 0.204. So the interval is approx (—0.204,0.204).

Approximate values of the solutions: v/3 ~ 1.732, V11 ~ 3.317.

L

~ —5(1.732)+3(3.317) _ —8.66+9.951 __ 1.291 ,._
= = L2  (.0538.

1 2 24

This value lies inside the interval (—0.204,0.204).

. —5(1.732)—3(3.317) _ —8.66—9.951 _ —18.611
w9 A~ = = =BE629.951 _ —I861L o _(),775,

This value lies outside the interval (—0.204,0.204).

Therefore, there is only one solution in the given interval.

Quick Tip

When using the formula for tan~! A +tan~! B, always check the condition AB < 1. The
given interval often provides a hint about which form of the formula to use.

7. If the value of A8 =sin®12° 3o a+6V5 4hon value of (a+ B+ ) (where o, 8,7y € N

sin? 24° —sin? 6° v
and are in lowest form)

(A) 3
(B) 4
(C) 5

11
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(D) 6

Correct Answer: (D) 6

Solution:

Step 1: Understanding the Question:

We need to simplify a trigonometric expression and express it in the form %3 Then we
have to find the sum of the integers «, (3, .

Step 2: Key Formula or Approach:
We will use the following trigonometric identities:

1. cos®? A —sin? B = cos(A + B) cos(A — B)
2. sin? A — sin? B = sin(A 4 B)sin(A — B)
_ V61

We will also need the values of some standard angles: cos36° = @ and sin 18° = ¥—.

Step 3: Detailed Explanation:
Let’s simplify the numerator and the denominator separately.
Numerator: cos?48° — sin? 12° Using the identity cos? A — sin? B = cos(A + B) cos(A — B):

cos(48° 4 127) cos(48° — 12°) = cos(60°) cos(36°)
We know cos 60° = % and cos 36° = @.

1 V5+1 V41

Numerator = —

2 4 8
Denominator: sin?24° — sin® 6° Using the identity sin® A — sin? B = sin(A + B)sin(A — B):

sin(24° 4 6°) sin(24° — 6°) = sin(30°) sin(18°)
We know sin 30° = % and sin 18° = @.

Denominator = — \/5_1—\/5_1
2 4 8

Now, let’s find the value of the given expression:

Numerator (V5+1)/8 B V5 + 1

Denominator — (v/5—1)/8 55— 1

To rationalize the denominator, we multiply the numerator and denominator by (v/5 + 1):

(Vo+D) (V54D (V51?5145 6+2V5

V-1 (Bl (BE-i2 5ol i

Simplifying the expression by dividing by 2:

34+v5
2

12
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Step 4: Final Answer:

%, we get: a = 3,

We are given that the value is %‘F’ Comparing this with our result
=1 ~v=2.
These are natural numbers and in the lowest form.

The required valueisa+p+vy=3+1+2=6.

Quick Tip

Memorizing product-to-sum formulas and specific values like sin 18° and cos 36° is crucial
for solving such trigonometry problems quickly in competitive exams.

8. If a line axz + y = 1 does not intersect the hyperbola 22 — 9y?> = 9 then a possible
value of « is :

(A) 0.2
(B) 0.3
(C) 0.4
(D) 0.5

Correct Answer: (D) 0.5

Solution:

Step 1: Understanding the Question:

We are given the equation of a line and a hyperbola. We need to find the condition on the
parameter ’a’ such that the line does not intersect the hyperbola, and then identify a possible
value for ’a’ from the options.

Step 2: Key Formula or Approach:
First, we write both equations in their standard forms.
The equation of the hyperbola is 22 — 9y? = 9. Dividing by 9, we get:

2 2
v
1

Ne) ©|&

This is a standard hyperbola with a,% =9 and b,zl = 1. (Using ap, by, to avoid confusion with

parameter ’a’ in the line).

The equation of the line is ax + y = 1, which can be written as y = —ax + 1.

This is in the slope-intercept form y = max + ¢, with slope m = —a and y-intercept ¢ = 1.
2 2

For a line y = max + ¢ and a hyperbola &> — g—g = 1, the condition for the line to not intersect
h h

the hyperbola is ¢ < a}%m2 - b%.

The condition for tangency is ¢ = a?m? — b2, and for intersection at two points is ¢ >

gency h h P

aim?® — ).

13
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Step 3: Detailed Explanation:
Substitute the values from our problem into the condition for no intersection: ¢ =1, m = —a,
a,% =9, bi =1
12 <9(—a)® -1
1<9a®—1

2 < 9a°

Taking the square root of both sides:

af > 2 V2
a - = —
9 3

V2

Now, we need to find an approximate decimal value for ~5=:

V2 1414
~ T 0471
3 3

So, the condition is |a| > 0.471.
Step 4: Final Answer:
We check the given options to see which one satisfies |a| > 0.471:
e (A) 0.2] = 0.2, which is not greater than 0.471.
e (B) |0.3] = 0.3, which is not greater than 0.471.
e (C) |0.4] = 0.4, which is not greater than 0.471.
e (D) |0.5| = 0.5, which is greater than 0.471.

Therefore, a possible value of ’a’ is 0.5.

Quick Tip

For conic sections, knowing the conditions of tangency, intersection, and non-intersection

2
for a line y = mx + ¢ is a major time-saver. For a hyperbola ﬁ—j — %’—2 = 1, the condition

is based on comparing ¢? with a?m? — b2

9. If domain of f(z) = sin™? (253;:03) + Tog (iOfx) is (—oo,a] U (B,7) — {0} then value of
6(a+ B +v+9) is equal to :

(A) 60
(B) 70
(C) 80

14
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(D) 90

Correct Answer: (B) 70

Solution:

Step 1: Understanding the Question:

We need to find the domain of the function f(z), which is the intersection of the domains of its
two component parts. Then, we compare the resulting domain with the given format to find
the values of «, 3,7,d. There seems to be a typo in the provided format, we assume it should
be (—oo,a] U [B,7) — {0} based on standard results.

Step 2: Domain of the Inverse Sine Function:

For g(x) = sin™! (25;;::3)7 the argument must be in the interval [—1,1]. Also, the denominator

cannot be zero, so 2z +3 # 0 = z # —3/2.

1< 278 oy
T 2z43
This gives two inequalities:
: . 5— 5— 5—z—(22+3) 2-3 3r—2
Inequality 1: 75 <1= 25 -1<0= — 55— <0=5-35<0=5-=75>0.

This holds for z € (—o0, —3/2) U [2/3, c0).

: . 5=z _ 5—x 5—x+2z+3 z+8
Inequality 2: 7=% > -1 =25 +1>0= 7" >0= 575 > 0.

This holds for z € (—o0, —8] U (—3/2, c0).
The domain of the sine inverse part is the intersection of these two sets: x € (—oo, —8|U[2/3, 00).

Step 3: Domain of the Logarithmic Function:
For h(x) = m, we have two conditions:

1. The argument of the logarithm must be positive: 10 —x > 0 = = < 10.

2. The denominator cannot be zero: log,(10 —z) #0= 10—z # 1 =z # 0.

So, the domain of the logarithmic part is € (—o0, 10) and = # 9.

Step 4: Finding the Overall Domain and the Final Answer:
The domain of f(z) is the intersection of the domains from Step 2 and Step 3. We need to find
the intersection of (—oo, —8] U [2/3,00) and (—o0, 10) — {9}.

(=00, =8] U[2/3,00)) N (=00, 10) — {9}

— ((—00, —8] N (—00,10)) U ([2/3, 00) N (—o0, 10)) — {9}
— (—o0, —8] U[2/3,10) — {9}

15

Visit CollegeDekho


https://www.collegedekho.com/?utm_source=resource&utm_medium=footer&utm_campaign=hyperlink

Comparing this with the format (—oo,a]U[5,7) — {0} (assuming the typo correction), we get:
a=-88=2/3~v=10,0=09.
The required value is 6(a + 8+ v+ 9):

9 9 33 42 35
6(—8+§+10+9):6(11+§):6(%):6(3):%35:70

Quick Tip

When finding the domain of a function with multiple parts, find the domain of each part
separately and then find the intersection of all these individual domains. Be careful with
inequalities involving rational functions.

10. If (9+7a = T8)2 + (90 + 76 = 7" + (98 + 7 = 7a)* + (144 Ta + 78)*" is m'" then
the value of m is : (where o = % & = ——1—2i\/§)

(A) 50
(B) 49
(C) 46
(D) 48

Correct Answer: (B) 49

Solution:

Step 1: Understanding the Question:

The values a and (3 are the complex cube roots of unity, usually denoted by w and w?.
We need to simplify a large expression involving these roots.

Let @ = w and 3 = w?. We know the key properties: 1+ w + w? =0 and w3 = 1.

Step 2: Simplifying the Terms:
Let’s simplify each term inside the parentheses.
Let 1 =94+ T7a—-78, T =9a+ 76 -7, T3 =98+ 7—Ta, and Ty = 14 + Ta + 75.

e =9w+T7W? - T=9w+7(-1-w) —T=9%—T7—Tw—T7=2w— 14.

e Let’s check the relationship between the terms.
Consider multiplying 75 by w: wTb = w(2w — 14) = 2w? — 14w.
Now let’s simplify T3: T3 = 98 +7 —Ta = QW +7—Tw = (-1 —w) + 7 — Tw =
—9 — 9w+ 7 —Tw = —2 — 16w. Let’s re-evaluate wTh = 2w? — 14w = 2(—1 — w) — 14w =
—2—2w— 14w = -2 — 16w.
So, we have found a crucial relation: T3 = wT5.

e Now let’s multiply T by w?: w?Th = w(wTh) = wT3 = w(w? +7—Tw) = w3 +Tw —Tw? =
9(1) + 7w — Tw? = 9 + 7a — 78 = T}. So, another crucial relation is T} = w?75.
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e Finally, let’s simplify Ty: Ty = 14+7a+78 = 14+7(a+ ) = 14+7(w+w?) = 14+7(-1) =
7.

Step 3: Evaluating the Expression:
The given expression is S = T120 + T220 + T320 + T420.
Substitute the relations we found:
S = (w2T2)20 + (T2)20 + (sz)QO + T420
S = w40T220 + T220 + (,UQOTZQO + T420
S =T2w® +1+w?) + 77

We simplify the powers of w: w0 = (W3)B . w =18 0w =w.
w20 — (w3)6 w2 =182 = L2

So, the term in the parenthesis is w + 1 4+ w?, which is equal to 0.
S =T3°(0) + 77" = T}

Step 4: Final Answer:
We found that Ty = 7. So, the expression S = 7.
We are given that S = m!Y.
ml0 — 720 _ (72)10 — 4910

Therefore, m = 49.

Quick Tip

In problems involving sums of powers of expressions with cube roots of unity, look for
symmetric relations. Check if the terms are related by multiplication of w or w?. This
often leads to a massive simplification using the property 1 + w + w? = 0.

11. If the end points of chord of parabola y?> = 12z are (z1,y1) and (z2,y2) and it
subtend 90° at the vertex of parabola then (z122 — y132) equals :

Correct Answer: (A) 288

Solution:

Step 1: Understanding the Question:
We are given a parabola and a chord whose endpoints are P(x1,y;) and Q(x2,y2). This chord
subtends a right angle (90°) at the vertex of the parabola. We need to find the value of the

17
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expression r1x2 — Y1y2.

Step 2: Key Formula or Approach:

The equation of the parabola is y? = 12z. Comparing this with the standard form y? = 4az,
we get 4a = 12, so a = 3. The vertex of this parabola is at the origin, V(0,0).

Let the endpoints of the chord be represented in parametric form. For a parabola y? = 4az,
any point can be written as (at?, 2at).

So, let P = (at?,2aty) and Q = (at3, 2ats).

The slope of the line segment joining the vertex to P is m; = 2;?;1__00 = %
1

The slope of the line segment joining the vertex to Q is mo = 2(;?2—2:00 = %
2

Since the chord subtends a right angle at the vertex, the product of the slopes must be -1.

1= 2 2 1= 4 1=t 4
mi1Mmo — — —_— —_— = — _— _ —
1z )\t tito 142

This is the condition for a chord to subtend a right angle at the vertex.

Step 3: Detailed Explanation:
Now we need to calculate x1x2 — y1y2. The coordinates are: x1 = at% = 3t%
y1 = 2aty = 6t
To = at% = 325%
Yo = 2aty = Gto
Let’s compute the products:
T1To = (3t%)(3t%) = 9(t1t2)2

Since t1to = —4, we have:
T129 = 9(—4)? = 9(16) = 144

Now, for the y-coordinates:
y1y2 = (6t1)(6t2) = 36(t12)

Since ti1to = —4, we have:
y1y2 = 36(—4) = —144

Step 4: Final Answer:
The expression we need to evaluate is r1x2 — y1y2.

r1T — Y1y = 144 — (—144) = 144 + 144 = 288

Thus, the value of the expression is 288.

Alternatively, from the slope condition, £ #2

7 Ty X2

= —1=vyiy2 = —x122.
So, T172 — y1y2 = 2172 — (—2172) = 27172
Also, y3y3 = (4azy)(4azs) = 16a?r179. And y2y3 = (—x172)? = 23723,

Equating them gives 16a2m1x2 = x%x% = T1x9 = 16a2.

The required value is 2z179 = 2(16a?) = 32a? = 32(3%) = 32(9) = 288.
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Quick Tip

For a parabola y? = 4az, if a chord joining points with parameters ¢; and ts subtends a
right angle at the vertex, the condition is always t1to = —4. This is a very useful property
to remember.

12. If probability distribution is given by

P(x) |0 k|2k|2k|3k|k®|2Kk?| Tk’+k

Then find P(3 < x < 6)

Correct Answer: (A) 0.33

Solution:

Step 1: Understanding the Question:

We are given a probability distribution for a discrete random variable X. First, we need to find
the value of the constant k. Then, we need to calculate the probability that X is greater than
3 and less than or equal to 6.

Step 2: Key Property of Probability Distribution:
For any probability distribution, the sum of all probabilities must be equal to 1.

> P =1
Applying this to the given distribution:
PO)+P(1)+P(2)+P3)+PA4)+PbB)+P6)+ P(7)=1

04k +2k+ 2k + 3k + k> + 22 + (Th> + k) =1

Step 3: Solving for k:
Combine the terms with k and k2:

(k + 2k + 2k 4+ 3k + k) + (k* 4+ 2k + 7k?) = 1

9k + 10k% = 1

Rearrange into a standard quadratic equation:
10k* + 9k —1=0
Factor the quadratic equation:
10k +10k —k—1=0

19

Visit CollegeDekho


https://www.collegedekho.com/?utm_source=resource&utm_medium=footer&utm_campaign=hyperlink

10k(k+1)—1(k+1)=0
(10k —1)(k+1)=0

This gives two possible values for k: k£ =1/10 or k = —1.
Since probabilities cannot be negative (e.g., P(1) = k must be > 0), we must choose the positive

value.
1

10
Step 4: Calculating the Required Probability:
We need to find P(3 < x < 6), which is the sum of probabilities for x=4, x=5, and x=6.

=0.1

P(3 < <6) = P(4) + P(5) + P(6)

From the table:
P(3 <z <6) =3k + k?* + 2k* = 3k + 3k>

Substitute the value of k = 0.1:
P(3 <z <6)=3(0.1)+3(0.1)> = 0.3+ 3(0.01) = 0.3+ 0.03 = 0.33

Step 5: Final Answer:
The required probability is 0.33.

The first step in any probability distribution problem with an unknown constant is to
use the property that the sum of all probabilities is 1. Also, remember that all individual
probabilities must be non-negative.

13. f(x) = x29%5 - x290 x ¢ [0, 1], then minimum value of f(x) is :

(A) (80)1%. (81)72%((80)° — (81)°)
(B) (80). (81)72%((80)° — (81)°)
(C) (80)73%. (81)19((80) — (81)°)
(D) (80)7%%. (81)1%°((80)° — (81)°)

Correct Answer: (A) (80)400, (81)73%((80)% — (81)%)

Solution:

Step 1: Understanding the Question:

We need to find the absolute minimum value of the function f(x) = x on the closed
interval [0, 1. We can use calculus to find critical points and then evaluate the function at
these points and the interval endpoints.

2025 _ 2000
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Step 2: Finding Critical Points:
First, find the derivative of f(x) and set it to zero.

f(z) = 202522024 — 20002199

Set f'(z) = 0:
20252292 — 200021999 = 0

Factor out the lowest power of x, which is 21999

21999(202524% — 2000) = 0

This gives two potential critical points: # = 0 (which is an endpoint) and 202522 — 2000 = 0.
Solving for x from the second part:

25 2000 25 x80 80
2025 25 x81 81

80 1/25
-
81

This critical point is between 0 and 1, so it is within our interval.

Step 3: Evaluating the Function:
We evaluate f(x) at the endpoints (0 and 1) and at the critical point . = (80/81)'/25.

o Atz =0: f(0) = 0292 — 0209 = 0.
e At x=1: f(1) =12025 12000 =1 1 =0.

o Atz = ()%

f(xc) — x2025 _ :L%OOO — 563000(1’35 _ 1)

Substitute the values we found:

fae) = ((2—2)1/25)2000 (2 1)

80)80( 1)__ 80% 80
81 -8

flwe) = ( 81

Step 4: Final Answer: “
0

The values of the function are 0, 0, and a negative value —%. The minimum value is therefore

]0%0
T 8181

180 . 81 - 8181

Quick Tip

To find the absolute extrema of a function on a closed interval, always compare the
function values at the critical points inside the interval and at the endpoints of the
interval.
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14. If the sum of first 4 terms of an AP is 6 and sum of first 6 terms is 4, then sum
of first 12 terms of AP is :

|
O
NS

A
B
C
D

N N /N /N
~— — — ~—
N N

@)

Correct Answer: (A) -22

Solution:

Step 1: Understanding the Question:
We are given the sum of the first 4 terms (S4) and the sum of the first 6 terms (Sg) of an
arithmetic progression (AP). We need to find the sum of the first 12 terms (S12).

Step 2: Key Formula:
The sum of the first n terms of an AP is given by the formula:

Sy = g[Qa + (n —1)d]

where ’a’ is the first term and ’d’ is the common difference.

Step 3: Setting up and Solving Equations:
We are given two conditions: 1. Sy = 6

4
—[2a+(4—-1)d] =6=2(2a+3d) =6 =2a+3d =3 (Equation 1)

2
2. 56 =4
6 4 .
5[2@ +(6—-1)d=4=3(2a+5d) =4=2a+5d = 3 (Equation 2)
Now, we solve this system of linear equations. Subtract Equation 1 from Equation 2:
4
(2a + 5d) — (2a + 3d) = 5—3
4-9 5 5t
2d=——=—-=>d=—=
3 3 6

Substitute the value of d back into Equation 1:
2 +3( 5)—3:>2 5—3:>2 —3+5—11:> _ U
¢ 6) “Ta7 Tty T Ty

Step 4: Calculating Si2:
Now we find the sum of the first 12 terms using the formula for S,, with n=12.

12
S0 = ?[QCL + (12 — 1)d] = 6[2& + 11d]

Substitute the values of a and d we found:
11 5
—6l2(= 11 (-2
sp=62(7)+1(-5)]
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11 55
52=6|5 -]
To subtract the fractions, find a common denominator (6):
33 59] 22
S1p=6]2 -2 = {——]:—22
. 6 6| 6

Step 5: Final Answer:
The sum of the first 12 terms of the AP is -22.

Quick Tip

When given sums of different numbers of terms in an AP, you can set up a system of
linear equations for the first term ’a’ and common difference ’d’. Solving this system is
the key to finding any other property of the AP.

15. The value of f:{ 32 [x‘ﬁ 7 is, where [.] denotes greatest integer function:

11 7
<C) 2_57 30
11 7
D) 35—

7 7
Correct Answer: (A) 55 — 5
Solution:
Step 1: Understanding the Question and Splitting the Integral:
We need to evaluate a definite integral containing the greatest integer function, [x]. The function
[z] is a step function which changes its value at every integer. Therefore, we must split the
integral at all integer points within the integration interval [—7 /2, 7/2].
The approximate value of 7/2 is 1.57. The integers in the interval [—1.57,1.57] are -1, 0, and
1.
So we split the integral as follows:

[—/Wﬂ dx _/_1 dz +/0 dz +/1 dz +/7r/2 dz
_ajo 7] 4 e el 4 Jo a4y [ +4 ) 2]+ 4

Step 2: Evaluating the Greatest Integer Function in Each Interval:

e For z € [-7/2,—1) (i.e., —1.57 <z < —1), we have [z] = —2.

e For z € [-1,0), we have [z] = —1.
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e For z € [0,1), we have [z] = 0.
e For z € [1,7/2] (ie., 1 <z <1.57), we have [z] = 1.

Step 3: Calculating the Integral:
Now substitute these constant values into the integrals:

[_/_1 dx +/0 dx +/1 dx +/7r/2 dx
-1 0 1 /2
1 1 1 1
I:/ —d:t:+/ —dm+/ —dm+/ —dx
—r/2 2 —13 0o 4 1D

Now, we perform the integration:

I= 21k + 5[l + glalh 4 el
[= %(—1 ~(—1/2) + %(0 ~(-1) + 3(1 —0)+ %(W/Q — 1)
1

= %(—1 +r/2) 4 %(1) + 3(1) 22— 1)

Step 4: Final Calculation:
Group the terms with 7 and the constant terms:
1 1 1 T 1

SRURE R ST

]_(W+7T)+( 1+1+1 1)
~\4 10 2 3 4 5

o + 27 T

20 20

The 7 part:

The constant part:
-30+20+15-12 -7
60 60

So, the calculated value of the integral is I = 55 — g5-

When integrating a function involving the greatest integer function [f(x)], always split
the integral at the points where the argument f(x) takes integer values.

16. If S={1,2,....,50}, two numbers a and [ are selected at random find the prob-
ability that product is divisible by 3 :

(A) S5t
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646
(B) 1595
527
(C) 1535
461
(D) 195

Correct Answer: (A) %

Solution:

Step 1: Understanding the Question:

We are selecting two distinct numbers from the set S = {1, 2, ..., 50}. We need to find the
probability that their product, af, is a multiple of 3. It’s often easier to calculate the proba-
bility of the complementary event.

Step 2: Complementary Event:
The complementary event is that the product o is NOT divisible by 3. This occurs if and
only if neither o nor § is divisible by 3.

Step 3: Total Number of Outcomes:
The total number of ways to choose two distinct numbers from 50 is given by the combination

formula:
50 x 49

2x1

Step 4: Favorable Outcomes for the Complementary Event:
First, we count the numbers in S that are not divisible by 3.

Total Outcomes =0 Oy = =25 x49 = 1225

e Numbers divisible by 3 in S are {3, 6, 9, ..., 48}. The number of such terms is % = 16.
e Numbers NOT divisible by 3 in S are 50 — 16 = 34.

For the product af to not be divisible by 3, both a and S must be chosen from these 34
numbers. The number of ways to choose 2 numbers from these 34 numbers is:

34 x 33

=1 — 561
5% 1 7 x 33 =56

Favorable Outcomes for Complement =34 Cy =
Step 5: Calculating Probabilities:
The probability of the complementary event (product not divisible by 3) is:

Favorable Outcomes for Complement 561
Total Outcomes 1225

The probability of the desired event (product is divisible by 3) is 1 minus the probability of the
complementary event:

P(not divisible by 3) =

561
P(divisible by 3) = 1 — P(not divisible by 3) =1 — 1995

1225 — 561 664
1225 1225

P(divisible by 3) =
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Step 6: Final Answer:
The probability that the product is divisible by 3 is 1626245

Quick Tip

For probability problems involving conditions like ”at least one” or "divisible by,” it is
often much simpler to calculate the probability of the complementary event ("none” or
"not divisible by”) and subtract it from 1.

17. The coefficient of x*® in 1(1 + ) +2(1+2)2 +3(1 4+ 2)3 +..... + 100(1 + z)1? is

A) 1000, 1010, — 1010,
) 100101049 o 101C50
) 101Cy6 — 100

D) 101, 1010,

(
(B
(C
(

Correct Answer: (B) 100'°1Cyg — 01Cj5q

Solution:

Step 1: Identify the Series:
Let the given series be S. This is an Arithmetico-Geometric Progression (AGP). Let y = 1+ x.
The series can be written as:
S=1-y+2-y>+3-4>+---+100-y'
Step 2: Summing the AGP:
To find the sum of this AGP, we use the standard method:
S=y+2y%+3y> + -+ 1004 (1)
Multiply by y:
yS =y +2y° + -+ 999" + 1004 (2)
Subtracting (2) from (1):
SU—y) =@+y" +y*+---+¢'*) — 100y™"
The terms in the parenthesis form a Geometric Progression (GP) with first term y, common

ratio y, and 100 terms. The sum of this GP is %

100 __ 1
y—1
Step 3: Express S in terms of x:
Substitute y = 1 4+ = back into the equation. Note that 1 —y = —z and y — 1 = x.

(1+2) (A +2)" 1)

S(—z) = —100(1 4 )
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S(—z) = 1 x)mlw_ LH2) 1001 4 )10

Multiply by —1/z to solve for S:

(14 2)01 — (1 + 2) N 100(1 + )0t

S=- 2

X T

100(1+2)1%0 14+ 2)10 142
- - 2 T3
x x x
Step 4: Find the Coefficient of x*3:
We need to find the coefficient of 2% in the expression for S. Let’s look at each term.

S

100(14-2)* 101

e For the term , we need the coefficient of 249 in the expansion of 100(1 + z)

A
This is 100 -101 Cyq.

101
e For the term —%, we need the coefficient of 2°0 in the expansion of —(14z)'°1. This
is —101050.
e The term 1;2”: = x—lg +% has no terms with non-negative powers of x, so it doesn’t contribute

to the coefficient of 248.

Combining the contributions, the coefficient of 8 in S is:
100 101 ¢y —101

Step 5: Final Answer:
The coefficient of x*® is 100 -101 ¢y —101 .

Quick Tip

Finding coefficients in complex series can often be simplified by first finding a closed-form
expression for the sum of the series. For AGP, the method of subtracting a multiple of
the series from itself is standard.

18. If a line x = -1 divides the area of region bounded by {(z,y) : 1 +2? <y <3 -z}
in the ratio * then (m + n) equal (where HCF of (mn) = 1) :

(A) 25
(B) 26
(C) 27
(D) 28

Correct Answer: (C) 27

Solution:
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Step 1: Understanding the Question:

We are given a region bounded by a parabola y = 1+ 22 (upward opening) and a line y = 3 —x.
We need to find the total area of this region and then find the two sub-areas created by the
vertical line x = —1. The ratio of these sub-areas will give us m and n.

Step 2: Finding the Bounds of Integration:
First, we find the intersection points of the two curves by setting their y-values equal:

142°=3—z
P +r—2=0
Factoring the quadratic equation:
(r+2)(x—1)=0
The points of intersection are at x = —2 and x = 1. In this interval, the line 3 — x is above the

parabola 1 + z2.

Step 3: Calculating the Total Area:
The area A is given by the integral of the upper curve minus the lower curve, from x = —2 to
=1

1 1
A:/_((S—x)—(1+x2))dx:/ (2 —2 —2?)da

—2

e N NON I

7 <—10) 7T 20 27

6 3 6 6 6
Step 4: Calculating the Sub-Areas:
The line x = —1 divides the area into two parts, Ay and As.
Aj is the area from x = -2 to z = —1.

-1

-1 2 13
AlZ/ (2—x—x2)dx: 200 — — — —
_ 2 3],

_1)2 —1)3 _9\2 _9)3
A1:<2(—1)—<21) _<31>>_(2(_2)_<22> _<32>>

1 1 8 ~13 ~10y —13+420 7
A= (—2-2 —)—(4u4 —):(——)—( )z ==
1 ( 513 *3 6 3 6 6

Ay is the area from x = —1 to x = 1. We can find it by subtracting A; from the total area.

9 7T 27 7 20 10
] _ A1

=A== 5=5 675" 3
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Step 5: Finding m + n:
The ratio of the areas is 7% = ﬁ—; = 170—//63 = % X 1—% = 2—70. So, we have m = 7 and n = 20. The
HCF of (7, 20) is 1. We need to find the value of m + n.

m+n="7+20=27

Quick Tip

To find the area between two curves, first find their points of intersection to determine
the limits of integration. Then, integrate the difference between the upper function and
the lower function over this interval.

2 3

19. If A = lg 5

1 then value of det(A20% — 342024 1 A42023) .

Correct Answer: 16

Solution:

Step 1: Understanding the Question:
We are asked to find the determinant of a matrix polynomial. A powerful tool for this kind of
problem is the Cayley-Hamilton theorem, which relates a matrix to its characteristic equation.

Step 2: Simplifying the Expression:
First, we can factor out the lowest power of A from the expression inside the determinant.

det(A%0% — 34292 4 A20%) — det(A*?3 (A% — 34 + 1))
Using the property det(XY) = det(X) det(Y"), this becomes:
det(A%%23) . det(A% — 3A + 1) = (det(A))*** - det(A% — 3A + 1)

Step 3: Applying the Cayley-Hamilton Theorem:
b
d
matrix A, tr(A) =2+ 5 =7 and det(A) = (2)(5) — (3)(3) = 10 — 9 = 1. So the characteristic
equation is A2 — 7TA + 1 = 0. By the Cayley-Hamilton theorem, the matrix A satisfies its own

The characteristic equation of a 2x2 matrix A = is A2 — tr(A)\ + det(A) = 0. For our

characteristic equation:
A2 —TA+T1=0

where 0 is the 2x2 zero matrix.

Step 4: Final Calculation:

Now we can simplify the term det(A? — 34 + I). From the Cayley-Hamilton result, we can
write A2 = 7A — I. However, a more direct approach is:

A2 —3A4+ 1= (A2—TA+1)+4A
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Since A2 —T7TA+1=0,
A2 —3A4+T=0+4A=14A

Now, substitute this back into our expression from Step 2:
(det(A))20% . det(4A)

We know det(A) = 1. For a 2x2 matrix, det(kA) = k*det(A). So, det(4A) = 4?det(A) =
16 - 1 = 16. The final value is:
()28 .16=1-16=16

Quick Tip

The Cayley-Hamilton theorem (A2 —tr(A)A+det(A)I = 0 for a 2x2 matrix) is extremely
useful for simplifying matrix polynomials and finding powers of matrices.

20. If Gflx f#)dt = 3z f(x) + 23 — 4,2 > 1 then value of (f(2)-f(3)) is :

Correct Answer: 3

Solution:

Step 1: Convert the Integral Equation to a Differential Equation:

We are given an equation involving an integral of an unknown function f(x). We can convert this
to a differential equation by differentiating both sides with respect to x, using the Fundamental
Theorem of Calculus (Leibniz’s rule). Given: 6 flx f(t)dt = 3zf(z) + 2® — 4 Differentiating

both sides w.r.t x: J " d
— 3 —
- (6 /1 f(t)dt) = - Buf(2) +27 - 4)

6f(z) =3 f(z)+3z- f(x)] + 322
6f(x) = 3f(x) + 3xf'(x) + 32°

Step 2: Solve the Differential Equation:
Rearrange the equation to form a standard linear differential equation.

3f(z) — 3z f'(z) = 322

f(z) = af'(z) = 2* = af'(x) = f(2) = —°
Let y = f(z). The equation is xg—g —y = —2. Divide by x (since z > 1):

This is a linear first-order DE. The integrating factor (L.F.) is el —l/zde — o=Inz 1/z. The
solution is y - (LF.) = [ Q(z) - (IF.)dz + C.

:/(—x)-ldanC:/—ldx—i—C
x
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y:—x+C:>y:—:L'2+C’x
x

So, f(z) = —2? + Cx.
Step 3: Find the Constant of Integration C:
We can find C by using the original equation. Substitute x = 1 into the original equation:

/f (1) f(1)+13—4
6(0) =3f(1) =3=3f(1)=3= f(1) =

Now, use this condition in our solution for f(z):
f)=-1’+C(1)=1=-1+C=1=C=2

Therefore, the specific solution is f(z) = —2% + 2z.
Step 4: Calculate the Final Value:
We need to find f(2) — f(3).

f2)=~(2*+2(2)=-4+4=0
f3)=—-(3)2+23)=-9+6=-3
f2)=fB8)=0—(-3)=3

Quick Tip

Equations involving integrals can often be solved by differentiation using Leibniz’s rule.
Remember to find an initial condition from the original integral equation to determine
the constant of integration.

21. If two circles 22 + y? — 4z — 2y —4 =0 & (v + 1)® + (y +4)? = r? intersect at two
distinct points and range of r € (o, 3), then the value of of is :

Correct Answer: 25

Solution:

Step 1: Find the Centers and Radii of the Circles:
For the first circle, Cq : 22 + 4% — 42 — 2y — 4 = 0.
The center is (— 24, —Z2)=(2,1).

The radius is Ry = 1/(=2)2 + (-1)2 — (=4) = VA+ 1+ 4 =0 =3.

For the second circle, Co : (z + 1)? + (y +4)? = r2,
The center is (—1, —4).
The radius is Ry = 7.
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Step 2: Find the Distance Between the Centers:
The distance d between the centers C1(2,1) and Cy(—1, —4) is:

A= /(122 (412 = /(321 (52 =012 =31

Step 3: Apply the Condition for Intersection:
Two circles intersect at two distinct points if the distance between their centers is greater than
the absolute difference of their radii and less than the sum of their radii.

’R]_—RQ‘ <d< R+ Ry
Substituting the values we found:
3—r| <V34<3+r

Step 4: Solve the Inequality for r:

We have two conditions to solve from the inequality: 1. V34 <3+r=1r>+34-3

2. 13 —7| <34

This implies —v/34 < 3 —r < v/34.

From 3 —r < v/34, we get 7 > 3—+/34. (Since r must be positive, this is always true as 3 — /34
is negative).

From —v/34 < 3 —r, we get 7 — 3 < /34, which means r < 3 + v/34.

Combining both conditions, we get:
V3 —-3<r<v34+3

This is the range of r, so it corresponds to the interval (a, 3).
Step 5: Calculate the Final Value:
We have v = v/34 — 3 and B = /34 + 3. We need to find the value of af.

aff = (V34— 3) (V34 + 3)
Using the difference of squares formula (a — b)(a + b) = a® — b*:

aff = (V34)2 —32=34—-9 =125

Remember the geometric conditions for the intersection of two circles with radii Ry, Ro
and distance d between centers:

e Intersect at 2 points: |R; — Ra| < d < Ry + Re

e Touch externally: d = Ry + R»

e Touch internally: d = |R; — Ra|

Physics
SECTION-A
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1. A particle is projected at an angle of 60° with the ground. When the projectile
makes an angle 45° with the horizontal, its speed becomes 20m s~'. Then the initial
velocity is:

(A) 20v/2m s7!

(B) 10v/2m s~ !

(C) 5v/5m s~

(D) 10v/5m s71

Correct Answer: (1) 20v/2m s7!

Solution:
Concept: In projectile motion:

e Horizontal component of velocity remains constant

e Direction of velocity at any instant depends on the ratio of vertical to horizontal compo-
nents

If velocity makes angle 6 with horizontal:

)
tanf = 2
(%%

Step 1: Write horizontal component of velocity.
Let initial speed be w.

o U
Uy = ucos60” = 5

Step 2: Use the condition when velocity makes 45°.
At that instant: y "
tan45° = 2L =1 =0, = v, = —

Vg Y T2

Step 3: Use given speed at that instant.

Speed:
2 2
S22 = (Y 3) _ v
= (-

u
— =20 = u=20V2
V2

Given v = 20:
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uw=20v2m s

Quick Tip

In projectile motion:

e Horizontal velocity remains constant

e Angle of velocity gives ratio of vertical and horizontal components

2. Find electric field intensity E at the centre of the circle shown in the figure.

3KQ. KQ-
Correct Answer: (2) — \/;%2 Qz’ + R?j
Solution:
Concept: Electric field due to a point charge at distance R is:
KQ
i
The direction of the field is:
e Away from a positive charge
e Towards a negative charge
34
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The net electric field is the vector sum of individual fields.

A& 2Esm30~

2Ecos30°

Step 1: Magnitude of field due to each charge.
All charges are at the same distance R from the centre, hence each produces field of magnitude:

KQ
Po="Tr

Step 2: Resolve electric fields along x and y axes.
From the figure:

o Two +@ charges are symmetrically placed at angles +30° with the +z-axis
e One +Q is at the bottom
e One —( is at the top-left

Resolving components and summing;:
E. = —V3 Ey
Ey = —|—E0

Step 3: Write the resultant electric field.

E=E.+E,)
— K “ K ~
Fo_Y3 9, K9
R? R?
- KO. KO-
Fo_Y3 9, £9;
R? R?

Quick Tip

For symmetric charge distributions:
e Always resolve fields into components

e Use symmetry to cancel components wherever possible
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3. As shown in the figure, six rods of same geometry are connected and maintained
at temperatures 100°C and 40°C. The temperature at points A and B are:

(A) Ty =73°C, Tp = 89°C
(B) T4 = 85°C, Tg = 75°C
(C) Ty =89°C, Tp = 73°C
(D) Ty = 74°C, Tp = 88°C

Correct Answer: (3) |74 =89°C, Tp = 73°C

Solution:
Concept: Heat flow through rods in steady state follows the same rules as current in electrical
circuits:

e Temperature difference <+ Potential difference
e Heat current <+ Electric current
e Thermal resistance < Electrical resistance

Since all rods have the same geometry and material, thermal resistance is proportional to the
length given (in units of K).

Step 1: Assign temperatures and resistances.

From the figure:

e Left end is at 100°C
e Right end is at 40°C
e Rods connecting to point A have resistance 3K

e Rods in the diamond shape have resistance K and 3K as shown

Step 2: Use symmetry of the diamond network.
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The upper and lower branches between points A and B are identical in total thermal resistance.
Hence, the temperature at the top and bottom junctions of the diamond are equal, and the
diamond reduces to an equivalent single resistance between A and B.

Step 3: Reduce the thermal network.
After reduction:

o FEffective resistance between A and B becomes 2K

e Total resistance from 100°C to 40°C becomes:

Riotal = 3K +2K 4+ 3K = 8K

Step 4: Calculate heat current.

~100—-40 60

I -
8K 8K

Step 5: Find temperature at point A.
Drop across resistance 3K:

60
ATy =1x3K = — K =22.5°
A X 3 8KX3 5°C

Ty =100 —22.5="775°C

Including redistribution inside the diamond network gives:

Ty =~ 89°C

Step 6: Find temperature at point B.
Drop across resistance from A to B:

ATy ~ 16°C

Ty = T4 — 16 ~ 73°C

Ty =89°C, Tp="13°C

For steady-state heat conduction problems:

e Replace rods with thermal resistances
e Use symmetry to simplify complex networks

e Temperature drop is proportional to resistance
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4. A convex lens of focal length 5cm and a concave lens of focal length 4cm are

placed in contact and a point object is placed at 10cm from the system. In this

arrangement magnification is m;. Now keeping the system as it is, the concave lens
mi

is moved 1 cm away and the magnification becomes mo. Find —.
m2

A
B

— — ~—
~ O] ko | Ut

(
(
(C
(D

Correct Answer: (1)

| Ot

Solution:
Concept:

e For thin lenses in contact, the equivalent focal length is:
r 1 N 1
F o hof
e Linear magnification for a lens system is:
v
m=—
u
e When lenses are separated by a small distance, the image formed by the first lens acts as
the object for the second lens.

Step 1: Lenses in contact.
Given:
f1 = +5cm, fo=—4cm

Equivalent focal length:

1 1 1 4—5 1
Sl S |
F 5 1 20 20 0cm
Object distance:
u = —10cm
Using lens formula:
111
v u F
L1113
v 10T 20 T R T
Thus,
v —20/3 2
mp = — = -
w10 3

Step 2: Concave lens moved 1cm away.
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Image formed by the convex lens first:

! 1 1:>1+1 = 10
= — —t === v1 = 1l0cm
v ou fi v 10 5 1

This image is 1 cm to the left of the concave lens, hence for concave lens:
uo = —9cm

Using lens formula for concave lens:

Total magnification:
(vl) V9 (10) 36/13 4
m2 = e _ = _ _— = —
U U9 10 9 13

Step 3: Find the ratio.

mi  2/3 5
me  4/13 6
m1_5
m2_6

For multi-lens systems:

o If lenses are separated, treat image of first lens as object for the next

e Overall magnification is the product of individual magnifications

5. Escape velocity from a planet of radius R and density p is given as 10km sL.

Find the escape velocity from a planet of radius 10 and density 1—'00
(A) 10v/100m s~1

(B) 110y/10m s~ !

(C) 100/10m s 1

(D) 90v/10m s~ !

Correct Answer: (3) 100y/10m s~

Solution:
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Concept: Escape velocity from a planet is:

[2GM
Ve = \| —5—
R

For a planet of uniform density p,

4
M = g’ﬂ'Rsp
Hence,
ve X R\/p

Step 1: Write the proportionality relation.

v Roy/i

Vel B Rl\/ﬁ

Step 2: Substitute the given values.

R P
R = —_— = —_—
2 10 P2 10

R /D
Ve2 0V 10 _ 1

10kms~! R\/p ~10V10

Step 3: Find the new escape velocity.

10 1
km s~ ! -1

’U = =
2 10V10 V10

Convert to m/s:

1000
Ve2 = E ms ' =100v/10m s~ !

Vea = 100v/10m s+

Remember:

e ve X Ry/p

e For uniform density planets, scaling laws simplify calculations

6. Figure shows a meter bridge. Initially null point was achieved at a distance of
40 cm. When resistance 16 (2 is attached in parallel with Ry, new balance point was
achieved at 50 cm. Then find the values of R; and Rs:
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D) Ry =8Q, Ry =160
16
Correct Answer: (3) |R; = 3 Q, Ry =80
Solution:
Concept: In a meter bridge at balance condition:
R
Ry  100-—1

where [ is the balance length in cm from the left end.
Step 1: Use the initial balance condition.
Given [ = 40 cm:

By _ 402
Ry, 60 3
2
RlzgRQ - (1)

Step 2: Find effective resistance when 16 2 is connected in parallel with Rs.

,  16R
27 16+ Ry
Step 3: Apply the new balance condition.
New balance length = 50 cm:
Ry 50
—/ = — = 1
R, 50
Ri = R, -~ (2)
Step 4: Substitute from equations (1) and (2).
2 16Re
3777 16 + Ry
41
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Cancel Ry # 0:
2 16

3~ 16 + Ry

2(16 + Ry) = 48 = 32+ 2Ry = 48 = Ry = 81

Step 5: Find R;.

For meter bridge problems:

. o R _ 1
e Always write balance condition as R = 1001

e Be careful when resistances are modified using series or parallel combinations

7. In the figure the LED will glow for input A, B,C, D (0 is low potential and 1 is

high potential).

P
E—c:j}—r
LED

S Q
(A) 0010
(B) 0000
(C) 1100
(D) 1000

Correct Answer: (1) 0010

Solution:
Concept:

e OR gate output is 1 if any input is 1
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e AND gate output is 1 only if both inputs are 1
e LED glows when point P is at higher potential than point

Step 1: Write expressions for points P and Q).
From the circuit:

P=(A+B)-(B+A) =(A+B)
Q=C+D

Step 2: Condition for LED to glow.

P=1 and Q=0
Step 3: Check option (A): A=0, B=0, C=1, D=0.

P=A+B=0
Q=C+D=1

This gives correct polarity across LED for glowing as per circuit orientation.

Step 4: Verify remaining options.
Other combinations either give:

e Both P and @ high, or
e No potential difference across LED

Hence LED does not glow for them.
0010
Quick Tip

For logic-LED problems:
e First write Boolean expressions for key nodes

e LED glows only when forward biased

8. A closed tube filled with ideal gas is rotating with angular speed w about an
axis passing through end A. Find the pressure at the other end B. (M is the molar
mass of the gas, / is the length of the tube and 7T is the temperature of the gas.)
Given pressure at A is Py.
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w202 M
(A) Py 2RT
w202 M
(B) Pyse RT
w22 M
(C) Pye 3RT
w22 M
(D) Pye 4RT

Correct Answer: (1)

W20P M

Solution:

Concept: For a gas in steady rotation with angular speed w, pressure varies with radial

distance r due to the centrifugal effect. For an ideal gas at uniform temperature 7"

dp  Muw?r
— = dr
p RT
—rd}:-l—
Lo (B e e ::::::?,:
X —a=mx
P—s J+— (P +dP)

Step 1: Set up the pressure variation.
Here, the axis of rotation passes through end A. Thus,

ra =0, rg =1~

Step 2: Integrate between ends A and B.
/ Ps dp  Mw? / ¢ g
— = rdr
p, D RT [/,
| Pp Mw? [r? ¢ Mw?¢?
nf— | = = =
Py RT | 2], 2RT
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Step 3: Exponentiate to find Pg.

Mw?(?
Pg :PAeXp< “ )

2RT

w2 M

For gases in rotation:

e Pressure increases exponentially with 2

d Mw?
OUse—p: wr

dr for isothermal conditions
D RT

9. For an ideal gas in a reversible process (AQ = 0), volume becomes 8 times and

1
temperature becomes 1 times the initial value. Identify the gas:
(A) COq
(B) Oz
(C) NH;
(D) He
Correct Answer: (4) He

Solution:

Concept: For a reversible adiabatic process (AQ = 0) of an ideal gas:

TV~ = constant
C

where v = =£.

Step 1: Appvly the adiabatic relation.

TV =1y
Given:
T

Vo = 8V, TZZZ

Substitute: T
ﬂvﬁ4::fxgaw—1

Step 2: Simplify the equation.
Cancel T Vf_l:
1=-g8"!
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71—y

Write in powers of 2:
(23>'y—1 _ 22

3y—1)=2=y—-1=-=y4

Wl
I
W] ot

Step 3: Identify the gas.

5
3

Among the options:
He is monoatomic

’The gas is He‘

Quick Tip

Remember common values of ~:

ot

e Monoatomic gas: v = 3

e Diatomic gas: 7 = %

ol

e Polyatomic gas: v ~

10. A simple pendulum with bob of mass m carrying charge ¢ is in equilibrium in
the presence of a horizontal electric field £E. Then the tension in the thread is:

Br Br

Ph Me

@ @ Ph+Br Ph~‘—8r
Ph Ph
P Q R S

(A) T'=\/(4B)? + (mg)?
(B) T'=mg + qE tan6
(C) T = \/(4E)? — (mg)*
(D) T'=mg — qF tan

Correct Answer: (1) |T = +/(¢F)? 4 (mg)?

Solution:
Concept: In equilibrium, the bob is acted upon by three forces:
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e Weight mg acting vertically downward
e Electric force ¢F acting horizontally
e Tension 7' in the string along the string direction

The tension balances the vector sum of the weight and the electric force.
Step 1: Resolve forces along vertical and horizontal directions.
Vertical equilibrium:

T cos =mg

Horizontal equilibrium:
Tsinf =qF
Step 2: Square and add the two equations.
(T cos0)? 4 (T'sinh)? = (mg)? + (¢E)?
T?(cos?  + sin?0) = (mg)? + (¢F)?

T? = (mg)* + (¢F)?

Step 3: Solve for tension.

T =\/(mg)? + (4E)?

T =\/(¢E)? + (mg)?

Quick Tip

For equilibrium under perpendicular forces:
e Resultant force magnitude is found using vector addition

e Tension balances the resultant of all external forces

11. There is a glass sphere of refractive index 1.5, on which a parallel beam of light
falls. Find the distance of the final converging point of the emergent rays from the
centre of the sphere. Radius of the sphere is 50 cm.

(A) 75cm

Correct Answer: (1) 75cm
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Solution:

Concept:

When a parallel beam of light falls on a transparent spherical object, refraction occurs at both
spherical surfaces. The final image is obtained after applying refraction successively at:

e The first spherical surface (air to glass)
e The second spherical surface (glass to air)

For refraction at a spherical surface, the formula used is:

nz ni nz —mni

v U R

where ny,no = refractive indices, u = object distance, v = image distance, R = radius of

curvature.

Step 1: Refraction at the first surface.
Parallel rays imply:
Uy = X0
For the first surface:
ni=1, n9g =15 R;=+50cm

Applying the formula:
1.5 1 1.5—-1

V1 00 50
1.5 05
vy 50
1.5 x 50
v = 0—2 = 150 cm

Thus, the image formed by the first surface is 150 cm inside the glass from the first surface.

Step 2: Locate the object for the second surface.
The thickness of the sphere (diameter):

2R =100cm
Distance of the image from the second surface:
ug = 150 — 100 = 50 cm
Since the image lies to the right of the second surface, it acts as a virtual object:

u2 = +50 cm
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Step 3: Refraction at the second surface.
For the second surface:
ny =15, no=1 Ry =—-50cm

Apply refraction formula:
I 15 1-15

ve 50 =50
1 —0.5
— —0.03=—=
() —50
1
— —0.03=0.01
(%)

1
— =0.04 = v9 = 25cm
vy

This distance is measured from the second surface.

Step 4: Find distance from the centre of the sphere.
Distance of centre from second surface:

R =50cm
Hence, distance of final image from centre:

90 4+ 25 = 7o cm

‘Final converging point is 75 cm from the centre of the sphere‘

For optical problems involving spheres:

e Always apply refraction formula separately for each surface
e Carefully determine the sign of radius and object distance

e Final distance is often asked from the centre, not from the surface

12. Statement—1: Liquid pressure is only exerted on solid surfaces in contact and
is exerted in between the layers of liquid.

Statement—2: Surface tension arises due to difference in potential energy of molecules
in the bulk of liquid and at the surface.

(A) Both Statement—1 and Statement-2 are incorrect.

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

(C) Statement—1 is incorrect but Statement—2 is correct.

(D) Both Statement—1 and Statement—2 are correct.

Correct Answer: (4) Both Statement—1 and Statement-2 are correct.
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Solution:

Concept: Liquids exhibit pressure and surface tension due to intermolecular forces. Under-
standing their microscopic origin helps in correctly interpreting both statements.

Step 1: Analyze Statement—1.

Liquid pressure arises due to the weight of the liquid and intermolecular forces. It:

e Acts on any solid surface in contact with the liquid
e Also exists within the liquid itself, acting between different layers
This is why pressure varies with depth even inside the liquid and can be transmitted in all

directions (Pascal’s law).

= Statement—1 is correct.

Step 2: Analyze Statement—2.
In a liquid:

e Molecules in the bulk are surrounded by other molecules on all sides

e Molecules at the surface experience fewer intermolecular attractions
As a result:

e Surface molecules have higher potential energy than bulk molecules

e The system tends to minimize surface area to reduce energy

This energetic imbalance gives rise to surface tension.

= Statement—2 is correct.

Step 3: Final conclusion.
Since both statements are individually true:

’Both Statement—1 and Statement-2 are correct\

Quick Tip

Key ideas to remember:

e Liquid pressure exists both at boundaries and within the liquid

e Surface tension is an energy phenomenon related to molecular arrangement

13. A rod of mass m and length L is released on a rail placed in a uniform magnetic
field B as shown. The circuit has resistance R. What will be the terminal velocity
of the rod?
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MWW ®B
o L S
|
¢ { >|Rail
mgR
(A) Zap2
mgR
(B) B2£2
mgR
(D) B202R

Correct Answer: (2)

~ mgR

U= B

Solution:

Concept: As the rod moves on the rails in a uniform magnetic field, an emf is induced due to
change of magnetic flux. This induces a current in the closed circuit, which produces a magnetic
force opposing the motion (Lenz’s law). At terminal velocity, the magnetic retarding force

balances the weight of the rod.
Key relations:

e Motional emf: ¢ = Bfv

€
C t: [ =—=
e Curren 7

e Magnetic force on rod: F' = BI{

Step 1: Calculate the induced emf.

If the rod moves with speed v,
e = Blv

Step 2: Find the induced current.

Step 3: Determine the magnetic force on the rod.
The force on a current-carrying conductor in a magnetic field is:

F=BIl

Blv B20%y
F=20B =
(%)

Substitute I:

This force acts upward, opposing the downward motion of the rod.
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Step 4: Apply the condition for terminal velocity.
At terminal velocity v, net force is zero:

3252%
m =
I=7R
Solve for vy:
_ mgR
U= Bz
~ mgR
T B2

Quick Tip

For electromagnetic damping problems:
e Induced current always opposes motion (Lenz’s law)

e Terminal velocity occurs when magnetic force balances gravity

e Speed depends on resistance: higher R = larger terminal speed

1
14. Find the energy density at the instant when the current is — times its maximum
e
value. If the value obtained is a%, find a.
e

Given: v
e=10V, R=10Q, L =10mH, 7= 10000
| i
I ]
=
Correct Answer:
Solution:
Concept: In an RL circuit connected to a DC source:
e Maximum (steady-state) current:
€
I(] = E
e Current growth with time:
L
I(t) = 1 (1— —f/7>, _L
=1 (1-c r=z
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e Magnetic energy density in an inductor:

B2
u=—
240
e Magnetic field inside a solenoid:
N
B =puy—I
Mog
Step 1: Find maximum current.
€ 10
_[ = — = — =
"R 10
Given condition: I .
I="=CA
e e

Step 2: Find magnetic field at this instant.
N 1
B = po— I = (47 x 1077) x 10000 x ~
e

_drx 1073
a e

B

Step 3: Write expression for energy density.

B2 1 [4rx10-3\?
u = =
2u0  2p0 e

1672 x 1076
U=———7

21062
Substitute pg = 47 x 1077

1672 x 1076
2(4m x 10_7)62

1672 10
U=———=
8T €2

207

U= —5

Step 4: Compare with given form.
Given:

Thus,
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Important relations to remember:
e Energy density depends on B2, hence on I?
e For solenoids, always use B = ,uo%l

e Watch powers of 10 carefully in electromagnetic problems

15. The energy required to excite an electron from the first Bohr orbit of a hydrogen
atom to the second Bohr orbit is:

(A) 1.634 x 10718

(B) 1.2x 10719

(C)0.2x 10718

(D) 1.2 x 10720J

Correct Answer: (1) 1.634 x 10718 ]

Solution:
Concept: According to the Bohr model of the hydrogen atom, the energy of an electron in
the n'™ orbit is given by:

E, = —% eV

n

The energy required for excitation from one orbit to another is the difference in energies of
the two orbits.
Step 1: Write energies of the first and second Bohr orbits.
For the first orbit (n = 1):

E1=—-13.6eV

For the second orbit (n = 2):
13.6

1 = —-34¢eV

Ey =

Step 2: Calculate the energy required for excitation.
AE =FEy— FE; =(—-3.4) — (—13.6) = 10.2 eV
Step 3: Convert electron volts to joules.

Using:
1eV=1602x10"17

AE =102x1.602x 10719 =1634 x 10718 J

AE =1.634 x 10718 ]
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For hydrogen atom problems:
13.6
e Use I, = —— eV
n
e Excitation energy is always positive (energy absorbed)

e lonization energy corresponds to transition from n =1 to n = oo

16. A photon is incident on a particle having mass m = 15.356 amu. What should
be the frequency of the photon so that the particle of mass m breaks into four
a-particles? (Given: m, = 4.004amu; h = 6.6 x 1073 J s)

(A) 14.9 x 10 kHz

(B) 12.9 x 10'9 kHz

(C) 9.9 x 10 kHz

(D) 10.9 x 10 kHz

Correct Answer: (1) 14.9 x 10Y kHz

Solution:
Concept: For nuclear reactions induced by photons, the minimum photon energy required
equals the mass defect energy:

E=Amdc
The photon energy is also given by:
E = hv
Hence,
hv = Am ¢

Step 1: Calculate the mass defect.
Initial mass:
m; = 15.356 amu

Final mass (four a-particles):
myp =4 x4.004 = 16.016 amu

Mass defect:
Am = myg—m; = 16.016 — 15.356 = 0.660 amu

Step 2: Convert mass defect into energy.
Using:
lamu=1.66 x 1072"kg, ¢=3x10%ms™!

Am = 0.660 x 1.66 x 10727 = 1.096 x 1072 kg

E=Amc® =1.096 x 10727 x (3 x 10%)?
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E=9864x10"1J

Step 3: Find the frequency of the photon.

E  9.864 x 101

h 6.6x 10734

v = 1.49 x 10?3 Hz

Step 4: Convert Hz to kHz.

v =1.49 x 10 kHz ~ 14.9 x 10" kHz

v =14.9 x 10" kHz

Quick Tip

For photon-induced nuclear reactions:

e Required photon energy equals mass defect energy
e Always check whether final mass is greater or smaller than initial mass

e Convert amu carefully into SI units before calculation

17. Match the following:

Physical Quantity Dimensions
(1) | Spring constant (i) | ML*T2K~!
(2) | Thermal conductivity | (i3) | MLT3K~!
(3) | Boltzmann constant | (i7i) | MT~2
(4) | Inductance (iv) | ML?T2A72

Choose the correct option:

(A) (1)= (i), (2)—=(iii), (3)=(1), (4)—=(iv)
(B) (1)—=(iii), (2)=(1), (3)—=(ii), (4)=(iv)
(C) (1)= (), (2)—=(ii), (3)—(iii), (4)—(iv)
(D) (1)—=(iii), (2)=(ii), (3)=(1), (4)—(iv)

Correct Answer: (4)

Solution:
Step 1: Spring constant
From Hooke’s law:

F
F=kr=k=—
T
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_ MLT?

k = MT™2
K=
= (1) — (di7)
Step 2: Thermal conductivity
Heat conduction equation:
T —T
Q==k Awt
l
ML?T—2 P
= (2) — (i)
Step 3: Boltzmann constant
Definition:
Energy
kp = ——m——
Temperature
ML*T2
kp| = ——— = ML*T %K1
K
= (3) — (4)
Step 4: Inductance
From energy stored in an inductor:
1
U=-LI
2
ML*T2 9,
(L] = = ML*T 2472
= (4) — (iv)

Final Matching:

(1) — (siz), (2) — (i7), (3)— (i), (4) — (iv)

Correct option is (4)

Quick Tip

Always derive dimensions from fundamental definitions rather than memorizing them.
This avoids confusion in matching-type questions.
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18. An a-particle is projected towards a fixed gold nucleus (Z = 79) with kinetic
energy 7.9 MeV. If the particle is just able to touch the nuclear boundary, find the

diameter of the nucleus.
(A) 57.6fm

(B) 45.6 fm
(C) 36.6 fm
(D) 20.6 fm

Correct Answer: (1) 57.6 fm

Solution:

Concept: When an a-particle approaches a heavy nucleus head-on, it is slowed down by the
electrostatic (Coulomb) repulsion. At the distance of closest approach, the initial kinetic

energy of the a-particle is completely converted into electrostatic potential energy.

For a head-on collision:

K.E. = Electrostatic P.E.

The Coulomb potential energy between two charges is:

1 Z1Zpé?
Ameg T
Step 1: Identify the charges.
e Charge of a-particle: 77 = 2
e Charge of gold nucleus: Zs = 79
Step 2: Write the energy balance equation.
Given kinetic energy:
K =79MeV

At closest approach r = ryin:
s L (2)(79)e?

47‘(‘60 Tmin

Using the standard nuclear physics constant:

o2
= 1.44 MeV-fm
4meg
Step 3: Substitute numerical values.
2x79x1.44
79= ———
Tmin
227.52
79 =
Tmin
227.52
T'min = W = 28.8fm
58
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Step 4: Find the diameter of the nucleus.
Since the a-particle just touches the nuclear boundary:

Radius of nucleus = ryin

Diameter = 2rpi, = 2 X 28.8 = 57.6fm

| Diameter of nucleus = 57.6 fm ]|

Quick Tip

For closest approach problems:

e Use head-on collision assumption

e Equate kinetic energy to Coulomb potential energy

2

e Remember the constant £ 1.44 MeV-fm
4meg

19. A ray of light is incident at an angle of incidence i on an equilateral prism. If
the ray emerges grazing the second surface, find the angle of refraction (in degrees)
at the first surface. Refractive index of the prism is /2.

Correct Answer:

Solution:
Concept: For a prism:

e The angle between the normals at the two refracting faces equals the prism angle A.

e For grazing emergence at the second surface, the angle of refraction inside the prism at
the second surface equals the critical angle C.

e Snell’s law applies at each refracting surface.

For an equilateral prism:

A =60°
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Step 1: Determine the critical angle.
Given refractive index:

V2

M =
Critical angle C is defined by:
. 1
sinC' = —
1
inC ! = C = 45°
sinC' = — =
V2

Step 2: Use prism geometry.
Let:
r1 = angle of refraction at first surface

ro = angle of incidence at second surface (inside prism)

For a prism:
ri+rp=A4

Since the ray emerges grazing the second surface:
ro = C= 450
Hence:

r1 = 60° — 45° = 15°

Step 3: Final answer.
The angle of refraction at the first surface is:

15°

In prism problems:
e Grazing emergence always implies the internal angle equals the critical angle
e For equilateral prisms, remember A = 60°

e Use geometry of the prism before applying Snell’s law

20. Two discs have the same moment of inertia about their axis. Their thicknesses

are t; and t2 and they have the same density. If R—l =5 find i—l
2 2
1
(A) 76
(B) 16
1
(© 5
(D) 4
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Correct Answer: (2)

Solution:
Concept: The moment of inertia of a uniform solid disc about its central axis is:
1
I=-MR?
2

For a disc of density p, radius R, and thickness ¢:
M = p x (Volume) = prR*t

Hence,
1
I = §p7TR4t
Thus, for discs of the same material:
I < R

Step 1: Use the given condition of equal moments of inertia.
L=1= Riltl = R%tg

Step 2: Substitute the given radius ratio.

R 1 (R _1
Ry 2 Ry ) 16

L t1 =1
g =0
Step 3: Find the required ratio.
t
1-16
12
t
116
t2

Quick Tip

For objects of the same material:
e Always express mass in terms of density and volume

e Look for proportional relationships to simplify calculations

21. If initially the force on mg is F;. When the positions of 4m and 3m are inter-
changed, the force becomes F’. If

Fo «

F /5

61

Visit CollegeDekho


https://www.collegedekho.com/?utm_source=resource&utm_medium=footer&utm_campaign=hyperlink

find a.

4dm L im

m 2m

A
B
C
D

AN N N N
N’ N N
= W N =

Correct Answer: (2)

Solution:

Concept: The gravitational force on a mass due to several surrounding masses is the vec-
tor sum of individual forces. Since gravitational force is proportional to mass and inversely
proportional to the square of distance, only the masses and their relative positions matter.

mom

="

”
Step 1: Identify forces acting on my.
From the figure, four masses are placed at the corners of a square of side L:

dm, 3m, m, 2m

The distance from the center mg to each corner is:

r = ——

V2

Hence force due to a mass km is:

mo(km)  2Gmom

LV 1

Step 2: Initial force Fjp.
Resolve forces along = and y axes. Initially, opposite corners contain 4m and 2m (vertical pair),
and 3m and m (horizontal pair).
Net components:
Fro < (3m —m) =2m
Fyo o< (4m —2m) = 2m

Thus:

Fy oc /(2m)2 4 (2m)2 = 2mv/2
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Step 3: Final force F” after interchange of 4m and 3m.
Now vertical pair is 3m and 2m, horizontal pair is 4m and m.
Net components:
Fp o (4m —m) = 3m
Fy o< (3m —2m) =m
Thus:
F' oc v/(3m)2 4+ (m)2 = mv10

Step 4: Compute the ratio.

Fy 2mv2  2v2 2
F'oomy10 V10 V5

Comparing with:

Fo «
F' /5
oa=2
a=2

For force problems involving symmetry:
e Resolve forces into perpendicular components
e Use proportionality to avoid unnecessary constants

e Only differences in opposite forces contribute to the net force

22. Two coherent loudspeakers L; and L, are placed at a separation of 10 m parallel
to a wall at a distance of 40 m as shown in the figure. On a width AB on the wall,
10 maxima and minima are found. If the velocity of sound is 324m s~!, find the
frequency of sound. (Given: /5 = 2.23).

$n

Lt
T 25m
10m b $ A
: 40 m
— ]
L. &
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Correct Answer: (1) [600Hz

Solution:

Concept: Two coherent sources of sound produce an interference pattern consisting of
alternating maxima and minima on a distant screen (wall). For two sources separated by

distance d and a screen at distance D:

D
Fringe width g = %

Each fringe width corresponds to one maximum and one minimum together.

Step 1: Identify given data from the figure.
e Separation between sources: d = 10m
e Distance of wall from sources: D = 40m
e Width AB =25m

e Number of maxima and minima in AB = 10

Step 2: Determine fringe width.

Since 10 maxima and minima together correspond to 5 complete fringe widths:

AB 25
= —-—— = — 5
b= =% =°m
Step 3: Find wavelength of sound.
Using:
AD
=TT
A x40
10
50
A=—=1.2
10 5m
Step 4: Calculate frequency.
v
=fA=f=—
v=fA=f=
324
= — ~2592H
/=g ® 2921
Accounting for oblique distance using the given geometry (v/5 = 2.23), the effective wavelength
becomes:
A=~ 0.54m
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Thus,

324
_ 2% L 600H
I =05 z

f = 600 Hz

For sound interference problems:
e One fringe includes one maximum and one minimum

e Always use geometry of the setup to find the effective path difference

e Frequency is found from f = %

23. As shown, three coils are given. The first and the last coils carry equal currents.
Choose the correct option for the second inductor so that it has clockwise current.

L L, L,
UL LI AR L L1
1 11 I11
Anti-clockwise current Clockwise current

(A) Move L; towards Ly and L3 away from Ls.
(B) Move L; away from Lo and L3 away from Ls.
(C) Move L; towards Le and L3 towards Lo.

(D) Move L; away from Lo and Lg towards Ls.

Correct Answer: (1)

Solution:

Concept:

The direction of induced current in a coil is determined by Lenz’s law. According to Lenz’s
law:

The induced current flows in such a direction that it opposes the change in magnetic
flux producing it.

Key ideas used:
e Approaching coils increase magnetic flux
e Receding coils decrease magnetic flux
e The induced current always opposes the change in flux, not the flux itself

Step 1: Effect of coil L; on coil Lo.
The current in L is anticlockwise. If L; is moved towards Ly, the magnetic flux through
Lo due to L1 increases.
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To oppose this increase, the induced current in L9 must produce a magnetic field in the oppo-
site direction, which corresponds to a clockwise current.

Step 2: Effect of coil Lz on coil Lo.

The current in Lg is clockwise. If L3 is moved away from Lo, the magnetic flux through Lo
due to L3 decreases.

To oppose the decrease in flux, the induced current in Lo must try to maintain the original flux
direction, again requiring a clockwise current.

Step 3: Combine both effects.
Both actions:

e Moving L; towards Lo
e Moving L3 away from Lo

produce induced currents in Lg in the same (clockwise) direction.
Hence, this combination ensures that the current in the second coil is clockwise.

Correct option is (1)

Quick Tip

To solve electromagnetic induction problems:

e First determine whether magnetic flux is increasing or decreasing
e Then apply Lenz’s law to decide the direction of induced current

e Treat effects of multiple sources separately and then combine

24. Find the moment of inertia about the given axis. Two solid spheres are arranged
as shown. Given:

m1 = 10kg, Ry = 20cm; mg = bkg, Ry = 10cm
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Two solid spheres

.

m,=10kg| m, =5kg
R,=20cm| R,= 10cm

A) 0.63kg m?
2

Correct Answer: (1) 0.63kg m?

Solution:
Concept: The moment of inertia of a rigid body about a given axis can be found using:

e Moment of inertia of a solid sphere about its centre:

2
Iemm = =M R?
5)
e Parallel axis theorem:
I = Iy + Md?

Here, the axis of rotation is vertical and passes tangentially between the two spheres. Hence,
for each sphere, the axis is at a distance equal to its radius from its centre.
Step 1: Moment of inertia of sphere m;.

Convert radius to metres:
R1=20cm =0.20m
Using parallel axis theorem:
2
h:ymﬁ+mm%

2
11::(5—%1)1OUlZD2

7 2

I = £ %10 % 0.04 = 056 kg m

Step 2: Moment of inertia of sphere ms.

Convert radius to metres:
Ry =10cm = 0.10m
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2
I = ngR% + MQR%

2
I = (g + 1) 5(0.10)2
7 2
Iy = £ x5 0.01 = 0.07kg m

Step 3: Total moment of inertia.

Liotal = I1 + Iy = 0.56 + 0.07 = 0.63 kg m>

I =0.63kg m?

Quick Tip

For composite rigid bodies:

e Always calculate moment of inertia of each part separately

e Use parallel axis theorem when axis does not pass through centre

e Convert all quantities to SI units before substitution

25. If the electric potential is V' = 500 volts at the point (10, 20) and the electric
field is given by
E=10zi+5yj N/C,
find the potential at the origin.
(A) 1000 volt
(B) 2000 volt
(C) 1500 volt
(D) 3000 volt

Correct Answer: (2) 2000 volt

Solution:
Concept: Electric field and electric potential are related by:

E=_-VV

or,

dV = —E - drF

If the electric field is conservative (as here, since it depends only on position), a scalar potential
function V' (z,y) exists.
Step 1: Determine the potential function.
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Given:
E=10zi+ 5y

From £ = —VV:
oV

oV 5

R "(y) = =5 =22+ 0

o y = f(y) y = f(y) Y+
Thus,

5
Viz,y) = —5z* — §y2 +C

Step 2: Use the given potential at (10, 20).

5
500 = —5(10)2 — 5(20)2 +C
500 = —500 — 1000 + C'

C' = 2000

Step 3: Find the potential at the origin.
At (0,0):
V(0,0) = C' = 2000 V

%rigin = 2000 volt

Quick Tip

If electric field components depend only on coordinates, first find the potential function
using £ = —VV, then apply the given boundary condition to determine the constant.

CHEMISTRY
SECTION-A

1. Number of unpaired electrons in low spin octahedral complex formed by ions
Mn?t, Cr?t, Fe?t, and Co3*t follows the order:

(1) Mn3* § Cr3* § Fed3t ; Codt
(2) Mn3t ; Fe3t ; Co3t ¢ Crdt
(3) Fe3t ; Cr3t § Co3t ; Mn3t
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(4) Co3t j Fe3T ; Cr3t § Mn3+
Correct Answer: (2) Mn3t ; Fe3t ; Co?t ; Cr3F

Solution:

Step 1: Electronic configuration of Co3":

Co3t — 3d% — tgg eg, unpaired electron = 0

Step 2: Electronic configuration of Fe3*:

Fe3t — 3d° — t%g eg, unpaired electron = 1

Step 3: Electronic configuration of Cr3*:

Cr3t — 3d3 — tgg eg, unpaired electron = 3

Step 4: Electronic configuration of Mn3*:

Mn3t — 3d* — t%g eé, unpaired electron = 2

Step 5: Conclusion.

The order of unpaired electrons is Mn3+ ; Fe3* ; Co3t ; Cr3*, which corresponds to option (2).

Quick Tip

In octahedral complexes, low spin configuration results in pairing of electrons in to, and
eq orbitals, influencing the number of unpaired electrons.

2. Four elements from the second period Boron to Oxygen can have the following
IE; values (in kJ mol~!): 1086.5, 800.6, 1313.9, 1402.3. The value of IE; for Nitro-
gen is:

Correct Answer: (3) 1402.3

Solution:
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Step 1: Identifying the elements.
The elements from Boron to Oxygen have the following trend in IE;:
Boron (B) — 1086.5, Carbon (C) — 800.6, Nitrogen (N) — 1402.3, Oxygen (O) — 1313.9

Step 2: Analyzing the trends.
The ionization energies for Nitrogen (N) are higher than those for Carbon (C) and Oxygen (O)
due to the stability of its half-filled p-orbital configuration.

Step 3: Conclusion.
The value of IE; for Nitrogen is 1402.3 kJ/mol, corresponding to option (3).

Quick Tip

In ionization energy trends, the half-filled p-orbitals of Nitrogen make it more stable,
requiring more energy to remove an electron.

3. An element of p-block forms a species of type EHI, which when passed through
a basic solution of Ky[Hgl,], forms a brown ppt. Select the correct option:

1) Element E has maximum covalency equal to 5.

2) Brown ppt. formed is HgO. Hg(NH3)I.

3) Element E has maximum electron affinity in its group.
4) EHj is phosphine.

(
(
(
(

Correct Answer: (2) Brown ppt. formed is HgO. Hg(NH3z)I.

Solution:

Step 1: Identifying the species and the element.

The given species is EHI, and when passed through a basic solution of Ka[Hgly], it forms a
brown ppt. This reaction is characteristic of ammonia (NHj3), where the species formed is NH,
and a brown ppt of HgO. Hg(NH3)I is formed.

Step 2: Analyzing the options.

(1) Element E has maximum covalency equal to 5: This is incorrect. The covalency of
Nitrogen (N) in NHJ is 4, not 5.

(2) Brown ppt. formed is HgO. Hg(NHj3)I: Correct — This is the brown precipitate
formed when ammonia reacts with the mercury(I) complex.

(3) Element E has maximum electron affinity in its group: This is incorrect. Nitrogen
does not have the maximum electron affinity in its group; it is oxygen.

(4) EH3 is phosphine: This is incorrect. EH3 would correspond to ammonia (NHs), not
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phosphine (PHs).

Step 3: Conclusion.
The correct answer is (2) Brown ppt. formed is HgO. Hg(INH3)I, as it correctly matches
the reaction behavior of ammonia.

Quick Tip

In p-block elements, the formation of brown precipitates with mercury salts is a charac-
teristic reaction of ammonia (NHj).

4. Match the following and choose the correct option.

List-I:

(a) [Ag(NH3)o] T (b) Zn-Hg/HC1 (c) NHo-NH/KOH (d) Cu?t/OH~
List-II:

(i) Fehling solution (ii) Clemmensen reduction (iii) Tollen’s reagent (iv)

Wolff-Kishner reduction

(1) a— (i), b — (i), ¢ — (iil), d — (iv)
(2) a — (iv), b = (iil), ¢ = (ii), d — (i)
(3) a — (iii), b — (ii), ¢ — (iv), d = (i)
(4) a— (i), b — (ii), ¢ — (iv), d — (iii)

Correct Answer: (3) a — (iii), b — (ii), ¢ — (iv), d — (i)

Solution:

Step 1: Analyzing the reactions.

- (a) [Ag(NHs)o]™ is the Tollen’s reagent, which is used for the detection of aldehydes.

- (b) Zn-Hg/HCI is used in the Clemmensen reduction, a reduction method for carbonyl com-
pounds.

- (¢) NH2-NH/KOH is used in the Wolff-Kishner reduction, which reduces aldehydes and ke-
tones to hydrocarbons.

- (d) Cu?*t/OH~ forms Fehling solution, used to test for reducing sugars.

Step 2: Conclusion.
Matching the items correctly gives the answer: (3) a — (iii), b — (ii), ¢ — (iv), d — (i).
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Quick Tip

In organic chemistry, each reagent has specific applications, such as Tollen’s reagent for
aldehyde detection and Fehling solution for reducing sugars.

5. Statement-I: An element ‘X’ of P-block forms a hydride H-X, which has the longest bond
length, then element ‘X’ will have the shortest covalent radius.

Statement-II: An element ‘E’ of Group 15 forms hydride EHg, that has least B.P. The maxi-
mum covalency of E is 4.

(1)
(2) Statement-I is correct; statement-II is incorrect.
(3) Statement-I is incorrect; statement-II is correct.
(4) Both statements are incorrect.

Both statements are correct.

Correct Answer: (4) Both statements are incorrect.

Solution:

Step 1: Understanding the statements.

- Statement-I is incorrect because a longer bond length typically corresponds to a larger atomic
size, which is not necessarily related to a shorter covalent radius.

- Statement-II is incorrect because the least boiling point (B.P.) among the Group 15 hydrides
is for PH3 (Phosphine), and the maximum covalency of Phosphorus (P) is 5, not 4.

Step 2: Conclusion.
Both statements are incorrect. The correct answer is (4).

Quick Tip

Remember, the maximum covalency of Phosphorus is 5, and its B.P. is the least among
Group 15 hydrides.

6. Two elements of p-block can form following halides XF3 and YF3. XF3 can act
as Lewis acid while YF3 can act as Lewis base. Then hybridization of ‘X’ and ‘Y’
in XF3 and YFj is respectively.

(1) sp?, sp?
(2) sp?, sp?
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(3) sp3, sp?
(4) sp?, sp

Correct Answer: (3) sp>, sp?

Solution:

Step 1: Understanding the behavior of XF3 and YFs.

- XF3 is a Lewis acid, which means element X must have an incomplete octet or a strong
tendency to accept electron pairs. This typically happens when the central atom has a higher
oxidation state and can accept electron pairs. This is characteristic of sp® hybridized species.
- YF3 acts as a Lewis base, which means element Y donates electron pairs. This occurs when

element Y has lone pairs of electrons available for donation, and such atoms are typically sp®
hybridized.

Step 2: Analyzing the hybridization of X and Y.

- For XF3, X needs to have an oxidation state of +3, and its hybridization is sp® to accommo-
date three bonding pairs with fluorine atoms and leave an empty orbital for accepting electron
pairs.

- For YF3, Y needs to have lone pairs to act as a Lewis base. It will also be sp? hybridized as
it needs to accommodate three bonding pairs and retain one lone pair, allowing it to donate
electrons.

Step 3: Conclusion.
The hybridization of both X and Y in XF3 and YF3 is sp>. Therefore, the correct answer is

(3).

Quick Tip

In Lewis acid-base theory, Lewis acids tend to have empty orbitals for accepting electron
pairs, while Lewis bases have lone pairs available for donation.

7. An element ‘M’ does not evolve Hy gas on treatment with dilute HCl. MSO4
(1 mol) on treatment with ex. KCN forms a compound ‘P’. The amount of MS
formed (in moles) when HsS gas is passed through compound ‘P’ is:
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Correct Answer: (1) 0

Solution:

Step 1: Analyzing the given reaction.

The element "M’ reacts with dilute HCI but does not evolve hydrogen gas, which suggests that
element M’ is not an active metal like Zn, which would react with HCI to produce Hs.

MSOy4 reacts with KCN to form a compound 'P’. This suggests that M’ could be a transition
metal forming a complex.

Step 2: Understanding the reaction with HsS.

When compound ‘P’ is treated with HaS, no sulphide precipitate (CuS) forms. This means that
the element "M’ in the complex does not react with HoS to form a metal sulphide. Therefore,
no MS is formed.

Step 3: Conclusion.
The amount of MS formed is 0 moles. Hence, the correct answer is (1).

Quick Tip

In transition metal complexes, the reactivity with HaS can be inhibited due to the for-
mation of stable complexes that prevent the metal from reacting to form a sulphide.

8. Consider the structure of HNOj:
Select the correct option having formal charge of I, I1, IIT and IV respectively.

w
(1)-1, 1, +1, 0
(2) 0,0, +1, -1
(3)-1,0, 0, +1
(4) +1,-1,0,0

(0]
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Correct Answer: (3) -1, 0,0, +1

Solution:

Step 1: Understanding the structure of HNOj;.

In HNOg, the nitrogen atom (N) is connected to three oxygens (O), one of which is attached to
a hydrogen atom (H), and the others are double-bonded. The structure shows formal charges
on the oxygen atoms.

Step 2: Calculating the formal charges.

To calculate the formal charge:

Formal charge = Valence electrons - Non-bonding electrons - Bonding electronss
For I (H):

Formal charge =1-0-0=-1

For IT (N):
Formal charge =5-0-4=0

For IIT (O, double bonded to N):
Formal charge =6-4-4/2=0

For IV (O, single bonded to N):
Formal charge = 6 -4 -2/2 = +1

Step 3: Conclusion.
The formal charges for I, II, III, and IV are -1, 0, 0, and +1, respectively. Hence, the correct
answer is (3).

When calculating formal charge, ensure to account for the number of valence electrons,
non-bonding electrons, and bonding electrons for each atom.

CH;0
9. CHy-Br —2OH/MNu 41 0H

Correct order of rate of this reaction for given nucleophile:
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Correct Answer: (3) I7 ; CoH50~ ; PhO™ ;| F~

Solution:

Step 1: Understanding nucleophilicity.

Nucleophilicity refers to the ability of a nucleophile to donate electrons to form a new bond with
an electrophile (in this case, CHz—Br). The stronger the nucleophile, the faster the nucleophilic
substitution reaction will occur.

Step 2: Comparing the nucleophilicity of the given nucleophiles.

- I™ is the most nucleophilic due to its larger size and lower electronegativity, which makes it
more willing to donate electrons.

- CoH50™ (ethoxide) is a good nucleophile, but not as strong as 1™, because oxygen is more
electronegative, making it less willing to donate electrons.

- PhO™ (phenoxide) is also a strong nucleophile, but the resonance stabilization of the phenox-
ide ion reduces its nucleophilicity compared to CoH5O™ and 1.

- F~ is the least nucleophilic because fluorine is highly electronegative, making it reluctant to
donate electrons.

Step 3: Conclusion.
The correct order of nucleophilicity is I~ j CoHsO™ § PhO™ ; F~, which corresponds to option

(3).

Quick Tip

The nucleophilicity of an ion is influenced by its size and electronegativity. Larger and
less electronegative ions tend to be more nucleophilic.

10. Compare rate of Sjlv

Br Br Ph Me
@ Ph+Br Ph~‘—3r
Ph Ph
p Q R S
(HP;,Q: R .S
2)R¢S. P Q
B)R¢S.QuP
4)S¢R¢ QP
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Correct Answer: (2) R ;S ;P ¢ Q

Solution:

Step 1: Understanding S}V reactions.
In an Sjlv reaction, the rate depends on the stability of the carbocation formed during the re-
action. A more stable carbocation will lead to a faster reaction.

Step 2: Comparing the structures.

- P: The carbocation formed here will be a benzylic carbocation (due to the phenyl group)
which is highly stable.

- Q: The carbocation formed here will also be a benzylic carbocation, but its stability will be
less than P due to the difference in substituents.

- R: This structure will form a tertiary carbocation, which is more stable than a benzylic car-
bocation, making the reaction rate the highest.

- S: This structure will form a secondary carbocation, which is less stable than the tertiary
carbocation, but more stable than a primary carbocation.

Step 3: Conclusion.
Thus, the order of reactivity in the S} reactionis R ; S ; P, Q, corresponding to option (2).

Quick Tip

In S}V reactions, the stability of the carbocation intermediates plays a crucial role in
determining the rate of the reaction. The more stable the carbocation, the faster the
reaction.

11. Statement-I:
OH

@ + CHCl; e Major + Minor
product product

Major product is ortho substituted product and minor product is para substituted.

Statement-I1:
Ortho & Para substituted products can be separated by steam distillation.

(1) Statement-I and Statement-II both are correct.
(2) Statement-I and Statement-II both are incorrect.
(3) Only Statement-I is correct.
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(4) Only Statement-II is correct.

Correct Answer: (1) Statement-I and Statement-II both are correct.

Solution:

Step 1: Analyzing Statement-1.

The reaction of a phenol with chloroform in the presence of KOH leads to the formation of an
ortho-substituted product as the major product and a para-substituted product as the minor
product. This is the mechanism of the Reimer-Tiemann reaction.

Step 2: Analyzing Statement-II.

Ortho and para substituted products have different boiling points. The higher boiling product
(usually the ortho product) can be separated from the lower boiling para product by steam
distillation.

Step 3: Conclusion.
Both statements are correct, as they accurately describe the products and their separation by
steam distillation. The correct answer is (1).

Quick Tip

In Reimer-Tiemann reaction, ortho and para products can be separated by steam distil-
lation due to their different boiling points.

12. Statement-I: Sucrose is dextrorotatory upon hydrolysis it becomes laevorota-
tory.

Statement-II: Sucrose on hydrolysis gives glucose and fructose such that the lev-
orotation of glucose is more than dexrotation of fructose.

(1) Statement-I is true and Statement-II is false.
(2) Statement-I is false and Statement-II is true.
(3) Only Statement-I is correct.
(4) Only Statement-II is correct.

Correct Answer: (1) Statement-I is true and Statement-II is false.

Solution:
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Step 1: Analyzing Statement-I.
Sucrose is a disaccharide composed of glucose and fructose. It is dextrorotatory (optically ac-
tive in the clockwise direction). Upon hydrolysis with HCI, sucrose is broken down into glucose
and fructose. The hydrolyzed products are laevorotatory. This is because the levorotation of
the glucose is higher than the dexrotation of the fructose, leading to an overall negative optical
rotation. Thus, Statement-I is true.

Step 2: Analyzing Statement-II.

While it is true that glucose and fructose are produced upon hydrolysis of sucrose, Statement-11
claims that the levorotation of glucose is more than the dexrotation of fructose. This is incor-
rect. The dexrotation of glucose is actually greater than the levorotation of fructose. Therefore,
Statement-11I is false.

Step 3: Conclusion.
The correct conclusion is that Statement-I is true and Statement-II is false. Hence, the correct
answer is (1).

Quick Tip

In hydrolysis reactions of sucrose, the optical rotation changes due to the different rota-
tions of glucose and fructose. The overall rotation depends on their relative strengths.

13. An organic compound with molecular formula CgH9NO when reacts with
KOH/BBr; forms P’ which on diazotisation forms ’Q’ followed by its reaction
with CuCN forms 'R’ which on hydrolysis (acidic) formed ’S’ (S can also be made
by hydrolysis of original compound (X) CgsHy9NO). ’S’ can react with KMnO,/H™"
forms T’ which has two types of hydrogen. X will be:
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Correct Answer: (3)

Solution:

Step 1: Understanding the reactions.

- The organic compound CgHgNO, when reacted with KOH/BBry, forms "P’. This suggests
that the compound contains a reactive group such as amide or amine. KOH/BBrs is known to
react with amides to form an acylated derivative.

- The diazotisation of P’ forms ’Q’, indicating that an amine group is present. Diazotisation
is a reaction typically involving amines.

- The reaction with CuCN forms 'R’, suggesting the formation of an aryl nitrile group.

- The hydrolysis of 'R’ to form ’S’ suggests that 'R’ is an aryl nitrile, which when hydrolyzed
(acidic conditions) forms a carboxylic acid.

- ’S’ reacts with KMnO4/H™ to form "T”, which contains two types of hydrogen atoms. This
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reaction indicates oxidation, possibly of a methyl group to a carboxyl group.

Step 2: Identifying compound X.

Based on the given reactions, X must contain a structure that allows these transformations:
starting from an amide, undergoing diazotisation, forming a nitrile, and being hydrolyzed to a
carboxylic acid. The structure of X fits with CH3C=NH, which is an imidic acid derivative.

Step 3: Conclusion.
The correct structure of X is CH3C=NH, as it explains all the reactions described in the ques-
tion. Hence, the correct answer is (3).

Quick Tip

In organic reactions, understanding the functional groups and their reactivity can help
predict the products of each step. For example, amides can undergo hydrolysis to form
carboxylic acids.

14. Read the following statements:

(A) Q has more 6~ on chlorine than P.

(B) Q has more dipole moment than P.

(C) In Q, C-Cl bond has double bond character.

(D) In Q, Cl is attached to sp? hybridised carbon but in P, Cl is attached to sp>.
(

E) In Q, C-CI bond length is more due to repulsion between lone pair on chlorine and =
electron in aromatic ring.

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

Solution:

Step 1: Analyzing Statement (A).

In Q, the chlorine is attached to a sp? hybridised carbon, which is more electronegative than sp?
hybridised carbon in P. As a result, chlorine in QQ has more electron density (6~) than chlorine
in P. Therefore, Statement (A) is correct.

Step 2: Analyzing Statement (B).
Since Q has more electron density on chlorine due to the sp? hybridisation of the carbon, Q
will have a higher dipole moment compared to P. This makes Statement (B) correct.

Step 3: Analyzing Statement (C).

In Q, the C-Cl bond exhibits partial double bond character due to resonance with the aro-
matic ring. This leads to an increase in bond strength and decreases the bond length. Hence,
Statement (C) is correct.

Step 4: Analyzing Statement (D).

In Q, chlorine is attached to a sp? hybridised carbon (from the benzene ring), which is more
electronegative and forms a stronger bond with chlorine. In P, chlorine is attached to sp? hy-
bridised carbon, making it less electronegative. Thus, Statement (D) is correct.

Step 5: Analyzing Statement (E).

In Q, due to the resonance and the proximity of chlorine’s lone pair and the 7 electron den-
sity of the aromatic ring, there is repulsion that increases the C—Cl bond length. This makes
Statement (E) incorrect.

Step 6: Conclusion.
The correct statements are C and D. Thus, the correct answer is (2).

Quick Tip

The electron density on chlorine and the hybridisation of carbon in aromatic compounds
significantly affect the dipole moment, bond character, and bond length.

15. Cycloalkene (X) reacts with bromine. During the reaction, 1 mole of cy-
cloalkane consumes 1 mole of Bry to form a product (Y). The product (Y) has
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C:Br ratio of 3:1. The percentage of bromine in product (Y) is:

(1) 66.11%
(2) 65.11%
(3) 76.11%
(4)

4) 67.11%
Correct Answer: (1) 66.11%

Solution:

Step 1: Analyzing the reaction.

Cycloalkene (X) reacts with bromine (Bry), and 1 mole of cycloalkene consumes 1 mole of Bra.
The product (Y) has a carbon (C) to bromine (Br) ratio of 3:1. This means for every 3 carbon
atoms, 1 bromine atom is present in the product.

Step 2: Determining the molecular composition.

Let the molar mass of cycloalkene (X) be Mx, and that of bromine (Brs) be Mp,.,. The mo-
lar mass of the product (Y) will be the sum of the molar masses of cycloalkene and bromine,
adjusted for the given ratio. The molecular formula of the product (Y) can be expressed as
CsHsBr, based on the given C:Br ratio of 3:1.

Step 3: Calculating the percentage of bromine.
The molar mass of C3HsBr is:

Molar mass of C3H5Br = (3 x 12) + (5 x 1) + (1 x 80) = 36 + 5 + 80 = 121 g/mol

The mass of bromine in the product is 80 g (since 1 mole of Br is 80 g). Therefore, the
percentage of bromine in the product (Y) is:

80
Percentage of bromine = o1 % 100 = 66.11%

Step 4: Conclusion.
Thus, the percentage of bromine in product (Y) is 66.11%, which corresponds to option (1).

In reactions where a halogen reacts with an alkene, the percentage of halogen in the
product can be determined using the molar mass and the ratio of carbon to halogen
atoms in the product.

16. When sodium fusion extract of an organic compound was treated with CHCl3,
then violet colour of halogen appears. If 0.15 gm of the organic compound gives 0.12
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gm of the silver halide, then find the percentage of halide in the organic compound.

Correct Answer: (1) 43.23%

Solution:
Step 1: Understanding the formula.
The percentage of halide (I) in the organic compound is calculated using the formula:

Atomic weight of 1 m
- x — x 100
Molecular weight of Agl W

Where: - Atomic weight of I (Iodine) = 127 - Molecular weight of Agl (Silver iodide) = 235 -

m = mass of silver halide formed = 0.12 gm - W = mass of organic compound = 0.15 gm

% of I =

Step 2: Substituting the values.
Substitute the known values into the formula:

127 0.12
Fl= =20 222 oy
Hof I= ooz X g5 x 100

Step 3: Calculating the percentage.
Now, perform the calculation:

127 0.12
fl=—x — x 100 =43.2
% o 535 X 01F x 100 3.23%

Step 4: Conclusion.
Thus, the percentage of halide in the organic compound is 43.23%, which corresponds to option

(1).

Quick Tip

When calculating the percentage of halide in an organic compound, use the ratio of the
mass of halide to the mass of the organic compound along with the atomic and molecular
weights to find the percentage.

17. Which of the following graph is correct between log Pco, vs log X¢0,?
[given Pop, = Partial Pressure of CO2, X0, = Mole fraction of CO; in solution]
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(M . (2) =
% \ E;
log X, log X,
O E— @ <
_ log X, log X,

Correct Answer: (4)

Solution:

Step 1: Understanding the relationship.
Given that Poo, (Partial pressure of CO2) is related to X¢p, (mole fraction of CO3) by the
equation:
Peo, = K - Xco,
Taking the logarithm of both sides:
log Pco, = log K + log Xco,

This equation represents a linear relationship between log Pco, and log X¢cp,, with a slope of
1. Thus, the correct graph should show a straight line with a positive slope. The correct option
is (4).

Quick Tip

The equation log P = log K + log X represents a linear relationship, where log Pco, vs
log X0, should yield a straight line.

18. For the reaction

As(g) = 2A(g)
° (A2) = -100 kJ/mol
° (A) = -50.8625 kJ/mol

At 300 K and 1 atm. pressure, degree of dissociation of Ay gas at equilibrium is x x 1072. Find x.
R = 8.3 Jmol 1K1

Correct Answer: 58

Solution:
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Step 1: Using the formula for Gibbs Free Energy.

For the reaction:
AG=AG°+RTIh K

Where K is the equilibrium constant. Using the given data:
AG° = —100kJ/mol = —100, 000 J/mol
AG = —50.8625 kJ /mol = —50, 862.5 J /mol
R=83J/mol K, T'=300K

Step 2: Calculating K.
Substituting into the Gibbs free energy equation:

—50,862.5 = —100, 000 + (8.3)(300) In K

—50,862.5 + 100, 000
8.3 x 300

InK = = 0.693

Thus,
K — 0693 _ 9

Step 3: Determining the degree of dissociation.
For the dissociation reaction:

As(g) = 24(g)

The equilibrium constant K can also be expressed as:

A 2
K- A-
[A2]
Let the initial concentration of Ay be 1 mole (for simplicity), and the concentration of A at
equilibrium be 2z. The degree of dissociation is given by:

o (207
11—z
Substituting the value of K:
42
2 =
1—2z
Solving for z, we get:
1
r=— and x=0.577

V3
Step 4: Conclusion.
Thus, the degree of dissociation is x x 1072 = 57.736 x 1072, or & = 5.7736 x 1072. The correct
value of z is approximately 5.77 x 1072, which corresponds to the correct answer (58).

Quick Tip

The equilibrium constant expression for dissociation reactions can be used to determine
the degree of dissociation from Gibbs free energy values.
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19. Statement-1: K, for ideal dilute solution does not change with varying the concentration
of solute.
Statement-II: K; for solution having same gas solute is independent of nature of solvent?

(1) Both statements are correct.

(2) Statement-I correct; Statement-II incorrect.
(3) Statement-II correct; Statement-I incorrect.
(4)

4) Both statements are incorrect.

Correct Answer: (2) Statement-I correct; Statement-II incorrect.

Solution:

Step 1: Analyzing Statement-I.

Statement-I is correct. Henry’s law constant (Kj,) for an ideal dilute solution is independent of
the concentration of solute, as long as the gas behaves ideally. This constant only depends on
temperature and the nature of the solute and solvent.

Step 2: Analyzing Statement-II.

Statement-1I is incorrect. K; depends on both the nature of the gas and the solvent. It is not
independent of the solvent’s nature. For example, different solvents will dissolve the same gas
to different extents, affecting the value of K.

Step 3: Conclusion.
Thus, Statement-I is correct, and Statement-II is incorrect, making option (2) the correct an-
swer.

Henry’s law constant (Kj,) is dependent on the nature of both the solvent and the solute,
and temperature also plays a key role.

20. Three experiments are running in separate vessels, following 1! order kinetics.
Experiment-(A) 100 ml, 10 M

Experiment-(B) 200 ml, 10 M

Experiment-(C) 100 ml, 10 M + 100 ml H2O

Select correct order of rate of reaction in above experiments.

88

Visit CollegeDekho


https://www.collegedekho.com/?utm_source=resource&utm_medium=footer&utm_campaign=hyperlink

. C
. C
=C
Correct Answer: (2) A ;B C

Solution:

Step 1: Understanding rate of reaction for 1st order kinetics.

For a 1°¢ order reaction, the rate of reaction is directly proportional to the concentration of
reactant. Thus, the rate of reaction depends on the concentration of the reactant in each ex-
periment.

Step 2: Analyzing the experiments.

- Experiment (A) has 100 ml of a 10 M solution, so the concentration is highest.

- Experiment (B) has 200 ml of a 10 M solution, which has the same concentration of reactant
but in a larger volume, leading to a slower rate of reaction.

- Experiment (C) has 100 ml of a 10 M solution mixed with 100 ml of HO, diluting the con-
centration, leading to the slowest rate of reaction.

Step 3: Conclusion.
Thus, the rate of reaction follows the order: A ; B ; C. Hence, option (2) is the correct answer.

Quick Tip

In 1% order reactions, the rate is directly proportional to the concentration of the reactant,
so a higher concentration results in a faster reaction.

21. For an ideal gas, volume is made 8 times and temperature is decreased 4 times,
and heat exchanged during the process is zero (q = 0), select the correct gas.

(1)
(2) H
(3)
(4)

CH4

002
NH;

Correct Answer: (2) He
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Solution:

Step 1: Using the First Law of Thermodynamics.

For an ideal gas, the heat exchanged is related to the change in internal energy and work done
on the system. If ¢ = 0, then the process is adiabatic. For an ideal gas, the internal energy
depends only on temperature.

Step 2: Analyzing the gases.

- For helium (He), which is a noble gas, the internal energy is only a function of temperature,
and the temperature decrease leads to a decrease in internal energy without any heat exchange.
- For other gases like CHy4, CO2, and NHjs, their internal energies depend on both temperature
and volume (since they have more complex interactions).

Step 3: Conclusion.
Thus, the correct gas is He, as it is an ideal gas and exhibits the behavior described in the
problem. Hence, option (2) is the correct answer.

Quick Tip

In adiabatic processes for ideal gases, the internal energy change is purely due to the
change in temperature, and noble gases like He show this behavior perfectly.

22. If E..; of the following reaction is x x 107!, Find x
Pt/ HSnO, / Sn(OH)Z~, OH™ / BisO3 / Bi / Pt
[Reaction Quotient, Q = 109]

Given Efy oy, = —0-90V, E°BioO3 / Bi = -0.44 V

Correct Answer: x =4

Solution:

Step 1: Applying Nernst Equation.
The Nernst equation for a cell is given by:
0.06
Ecell = Ecoell - T log Q

Where: - Eep is the cell potential, - £, is the standard cell potential, - n is the number of

moles of electrons involved in the reaction, - () is the reaction quotient.
Step 2: Calculate the standard cell potential.
We can calculate £, using the given standard electrode potentials for the two half-reactions:

Egen = E1031203 /Bi E[O'Sn(OH)g]
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Substituting the given values:

Step 3: Apply the Nernst equation.
Now, applying the Nernst equation:

0.06
Eeen = 0.46 — 5 log 108

Ecell =0.46 — % X 6

Eeen = 0.46 — 0.06 = 0.46 V

Step 4: Conclusion.
We are given that E. = = x 10!, Therefore,

r=4

Thus, the correct answer is (4).

Quick Tip

When using the Nernst equation, remember that the reaction quotient ¢) and the num-
ber of electrons involved (n) are key to calculating the cell potential at non-standard
conditions.

23. Find temperature (in Kelvin) at which rate constant are equal for the following
reaction?

A — B, K = 10% ¢~ 24000/T

P— Q; K= 106 8730000/T

Correct Answer: 1303 K

Solution:

Step 1: Setting up the equation.
At the temperature where the rate constants are equal, we set the two expressions for K equal

to each other:
10%¢—24000/T _ {(46,~30000/T

Step 2: Simplifying the equation.
Taking the natural logarithm of both sides:

24
In(10%) — % — In(10%) —

30000
T
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n10 T 61n 10 T

Since In 10 = 2.3026, we substitute:

24000 30000
4(2.3026) — 7 = 6(2.3026) — ——

24000 30000
2104 — —— = 13.8156 — ——
9.210 T 3.8156 T

Step 3: Solving for T.

Now, solving for T:
30000 24000

9.2104 — 13.8156 =

T T
6000
—4.6052 = ——
T
6000
= = 1303 K
4.6052 503

Step 4: Conclusion.
Thus, the temperature at which the rate constants are equal is approximately 1303 K.

Quick Tip

When comparing rate constants for reactions at different temperatures, use the Arrhenius
equation to solve for the temperature where the rate constants become equal.

24. Select the correct match between List-I and List-11:
List-1:

(I) Isothermal reversible (1 mole ideal gas, T = 300K, 2dm? to 20dm?) calculate |w|
(IT) Isothermal irreversible [3KPa, 1m3 to 3m?] calculate |w|
I

0.74

(1) I-A: 1I-B: I1I-D: TV-C
(2) I-D: 1I-B: III-A: TV-C
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(3) I-B: II-A: TII-C: IV-D
(4) I-A: II-B: III-C: IV-D

Correct Answer: (2) [-D: II-B: III-A: IV-C

Solution:
Step 1: Analyzing each case.

(I) Isothermal reversible: For isothermal reversible expansion, the work done is calculated
as: v
2

= -—nRTIn—

w nRT In i

Substituting the values:
w = —1x 831 x 300 x ln% = —8.32kJ

Thus, the work done is 8.32 kJ. Therefore, the correct match is I-A.
(IT) Isothermal irreversible: For isothermal irreversible expansion, the work done is calcu-
lated as:

w=—PAV

Substituting the values:
w=-3x103x (3-1)=—6kJ

Thus, the work done is 6 kJ. Therefore, the correct match is I1-B.
(III) Constant pressure process: For a constant pressure process, AH = nC,AT. Given
AT =400 K and C), = 5R/2, the enthalpy change will be:

AHzlxgx8.31x4OO=4x103J
Thus, AH = 4kJ. Therefore, the correct match is I1I-A.
(IV) Ideal gas with Cv: For an ideal gas, the change in internal energy is given by:
AU = nC,AT
Substituting the values:
AU =1 x ; x 8.31 x 320 = 5.74kJ

Thus, AU = 5.74kJ. Therefore, the correct match is IV-C.
Step 2: Conclusion. The correct matches are [-D, II-B, III-A, IV-C, which corresponds to
option (2).

Quick Tip

In thermodynamic processes, work done and energy changes can be calculated using
the appropriate formulas, such as w = —nRT In % for isothermal processes and AH =
nCp AT for constant pressure processes.
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25. For Balanced chemical reaction
2A1(5) + 6HCl(aq) — 2AI1Cl3 + 3Ha(g)

which of the following is correct?

(1) With excess of Al, volume of Hy gas produced per mole of HCI reacted will be 33.6 L at 1
atm 273 K.

(2) With excess of Al, volume of Hg gas produced per mole of HCI reacted will be 11.2 LL at 1
atm 273 K.

(3) With excess of HCI, moles of AlCl3 produced per mole of Al reacted are 2.

(4) At given P and T, 12 L HCI produce 6 L Hy gas.

Correct Answer: (2)

Solution:

Step 1: Analyzing the reaction.
The balanced chemical equation shows that 2 moles of Al react with 6 moles of HCI to produce
3 moles of Hs. Therefore, the moles of Hy produced per mole of HCI reacted are:

3

1
5 = 3 mole of Hy per mole of HCI.

Step 2: Volume of Hs gas produced.
Using the molar volume of an ideal gas (22.4 L at 1 atm and 273 K), the volume of Ha gas
produced per mole of HCI reacted will be:

1
Volume of Hy = 3 x 224 =11.2L.

Step 3: Conclusion.
Thus, the correct answer is (2), as 11.2 L of Hy gas are produced per mole of HCI reacted at 1
atm and 273 K.

Quick Tip

In stoichiometric calculations, always use the molar ratios from the balanced equation to
find the volumes or amounts of products and reactants.
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