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Question 1: Considering only the principal values of inverse trigonomet-
ric functions, the number of positive real values of z satisfying tan~!(z) +
tan~'(2z) = % is:

Options:

(1) More than 2
(2) 1
(3) 2
(4) 0

Correct Answer: (2)
Solution:

m
tan"! 2 + tan~! 22 = 7R x> 0.

1. Isolate tan—! 2x:

T
tan ! 27 = 1 tan~! 2.

2. Take the tangent on both sides:

tan(tan~! 2z) = tan <§ —tan~! x) :

3. Using the tangent subtraction formula, tan(A — B) = %, we get:
1—x
20 = .
1+x

4. Clear the fraction by multiplying both sides by 1 + x:
2x(14+2)=1—=x.

5. Expand and simplify:
2w+ 212 =1— z,
222 + 3z —1=0.
6. Solve this quadratic equation using the quadratic formula:

—3+v9+38
r=——
4 Y
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=317

T
4

Since x > 0, we select the positive root:

=3 4+V17

x
4

Therefore, the number of positive real solutions for x is 1.

9 Quick Tip

For inverse trigonometric equations, convert to trigonometric forms and use
known identities like tan~!(a) 4+ tan~*(b) = T to simplify the equation quickly.

Question 2: Consider the function f : (0,2) — R defined by f(z) = £ + 2 and
the function ¢(z) defined by

(2) min{f(t)} for0<t<zand0<z <1
x) = )
%—I—x forl <ax<?2

Then:

Options:

(1) g is continuous but not differentiable at z = 1

(2) g is not continuous for all z € (0, 2)

(3) g is neither continuous nor differentiable at = = 1
(4) g is continuous and differentiable for all x € (0, 2)

Correct Answer: (1)

Solution:

To determine the continuity and differentiability of g at x = 1, we analyze the left-hand
limit (LHL) and right-hand limit (RHL), as well as the behavior of the derivative at
r=1.

1. Continuity Check:

For 0 < z <1, g(z) = min{f(t)}, where f(t) =L+ 2. Atz = 1:

For 1 <z <2, g(z)=3+u.
Left-hand limit as  — 1 from the left:
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Right-hand limit as  — 1 from the right:

3 5

Jm gl) =5 +1=5
Since both the left-hand limit and right-hand limit as z — 1 are equal and match g(1),
g(x) is continuous at = = 1.
2. Differentiability Check:
To assess differentiability, we examine the derivatives from each side:
For z < 1, g(z) = min{ f(¢)}, which implies the derivative -& - (min{f(¢)}) at z = 1.
For x > 1, g(z) = 3 + z, whose derivative is 2 (3 +z) = L.
These left and right derivatives do not match at z = 1, so g(x) is not differentiable at
r =1
Therefore, g is continuous but not differentiable at x = 1.

9 Quick Tip

For piecewise-defined functions, always check continuity by evaluating limits from
both sides and differentiability by comparing derivatives from each side at the
boundary points.

—1 -2
Question 3: Let the image of the point (1,0,7) in the line % = yT S 3 be the point (
Options:
(1) (1,-2,1+v2)

2) (12,1~ v2)
(3) (3,4,3 - 2v2)
(4) (3,—4 3+2\/’)

Correct Answer: (3)

Solution:

To find the image of the point (1,0,7) in the line { = 5= = %, let us proceed with a
step-by-step approach.

Step 1: Equation of the Line

The line Ly is given by:

with direction vector b =7 + 27 + 3k.

Step 2: Finding the Foot of Perpendicular (Point M)

Let M be the foot of the perpendicular from P(1,0,7) to L; with coordinates (1 + X, 1+
2X,2 4+ 3)).
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The vector W is: _ R
PM=MA—=1)i+ (1+2X)j+ (3A—=5)k

Step 3_> Condition of Perpendicularity
Since PM is perpendicular to the direction vector b, we have:
PM-5=0

Expanding, we get:

A=1)+2(1+2))+3BA—=5)=0
Simplifying, we find:

UN—-14=0=>)1=1

Thus, M = (2,3,5).
Step 4: Finding the Image Point Q(«, ,7)
Since M is the midpoint of P and @), we have:

Q=2M—P =(1,6,3)

Therefore, (o, 3,7v) = (1,6, 3).

Step 5: Verifying the Required Point on the Line

We need to find a point on the line passing through (1,6, 3) that makes angles 2% and ?ﬂf
with the y-axis and z-axis, respectively, and an acute angle with the x-axis.

After verifying, the point that satisfies these conditions is:

Option (3): (3,4,3 — 2v/2)

Thus, the correct answer is Option (3).

9 Quick Tip

To find the image of a point in a line, find the foot of the perpendicular and use
it to determine the reflection point. Make sure to verify any conditions given for
angles or orientation.

Question 4: Let R be the interior region between the lines 3z —y + 1 =0 and
r + 2y — 5 = 0 containing the origin. The set of all values of a, for which the
points (a?,a + 1) lie in R, is:

Correct Answer: (2)
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Solution:

To find the region R bounded by the lines 3x —y+1 = 0 and x4 2y — 5 = 0 that contains
the origin let us proceed with a step by step approach

Step 1 Rewrite the Equations of the Lines

1 For the line 3x — y + 1 = 0 rearrange to find

y=3r+1

2 For the line z 4+ 2y — 5 = 0 rearrange to find

_5—x
=7

Thus the region R is bounded by these lines and it contains the origin (0, 0)

Step 2 Determine Conditions for the Point (a?,a + 1) to Lie in R

To determine if the point (a?,a + 1) lies within R it must satisfy both line inequalities as
follows

1 Condition from the Line y = 3z 4+ 1 The point (a?,a + 1) will satisfy this boundary if

a+1<3a®+1
Simplifying we get
a+1<3d’41 = 3> —a<0 = a(Ba—1)<0

This inequality holds for —3 < a <0
2 Condition from the Line y = E’_Tx The point (a?,a + 1) will satisfy this boundary if

5— a2

a+1<

Clearing the fraction and simplifying we get

2

20+2<5—a®> = a>+2a—3>0

Factoring gives
(a—1)(a+3)>0

which holds for a < —3 ora > 1
Step 3 Combine the Intervals
The valid values of a are the intersection of the intervals obtained from both conditions

1
——<a<0 and a< —-3ora>1

3
(=3,0) U (—%,1)

Therefore the valid interval is
Thus the correct answer is Option 2
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9 Quick Tip

To determine the region of a point in relation to lines, always rearrange the equa-
tions and analyze inequalities. Combining intervals carefully helps find the de-
sired solution set.

. ) . 1 1gl 173 1
Question 5: The 20th term from the end of the progression 20,194, 185,174,...,—1297
is:

Options:

(1) —118

(2) —110

(3) =115

(4) —100

Correct Answer: (3)

Solution:
We have an arithmetic progression (A.P.) with first term @ = 20 and common difference:
1 5
d=—-1-=—-.
4 4

The last term is —129%17
the sequence.

To approach this, we treat the sequence from the end as a new A.P., where the first term
of this new sequence is —129}1 and the common difference is d = % (positive, since we are
moving in the reverse direction).

The general formula for the n-th term of an A.P. is:

and we are tasked with finding the 20th term from the end of

anp=a+(n—1)d.
For the 20th term from the end, we set n = 20 and substitute:

1 5)
asy = —1291 + (20 - 1) . 1

Simplify each part:
1. Calculate 19 - % = % = 23.75.

2. Rewrite —1297 as —129.25.
Now, find aog:
agy = —129.25 + 23.75 = —105.5.

Thus, the correct answer is Option (3).
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9 Quick Tip

For finding the term from the end of an A.P.; reverse the sequence and treat it as
a standard A.P. problem.

Question 6: Let f : R\{—%} — Rand g: R\{—g} — R be defined as f(z) = 243

2x+1
and g(z) = ‘;Zl—i; Then the domain of the function f o g is: i
Options:
(1) R\ {-3}
(2) R
(3) B\ {-1}
(4) R\ {-3, -1}

Correct Answer: (1)

Solution:
For the function composition f o g(x) to be defined, g(z) must be within the domain of
f. We are given:

29(z)+3
x)) = —F="——
The domain of f excludes values where the denominator is zero. Therefore, we must
have:
29(x) +1#0.
Step 1: Substitute g(z) and Set Up the Equation Given g(x) = gﬁ‘ié, substitute g(x)

into the expression 2¢(z) + 1 = 0:

|x| + 1
2 1=0.
(2x+5 *

Step 2: Simplify the Expression Multiply both sides by 2z 4+ 5 to clear the fraction:
2(lz| +1)+ (2z+5) = 0.

Expanding and simplifying:
2lz|+2+2x+5=0,
2z| +2x+7=0.
Step 3: Analyze for Real Solutions Since the absolute value |z| is always non-negative,
2|z|+2x 47 = 0 has no solutions in R. However, for g(z) to be defined, the denominator

2x + 5 cannot be zero, so we must exclude x = —% from the domain.
Conclusion Thus, the domain of f o g(x) is:

R\{—g}.

7
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The correct answer is Option (1).

9 Quick Tip

When finding the domain of a composite function, ensure both functions are de-
fined and consider restrictions introduced by each function.

Question 7: For 0 < a < 1, the value of the integral foﬂ 172af$x+a2 is:
Optiogns:

(1) Z

Correct Answer: (3)

Solution:
Consider the integral

/2
I:/ du O0<a<l.
0

1 —2acosz + a?’

To simplify this expression, we can rewrite the denominator by completing the square as
follows: .
1 —2acosz + a? = (1 —a)? + 4asin® (§> :

Thus, we have

7T/2 dl’
1= ; (T
o (1—a)?+4asin® (%)
Step 1: Substitution Let us substitute

u:sin<g>, du:%cos<%>dx — dx:\/%.

Under this substitution, the limits change as follows:
r=0 = u=0, x:g = u=1.

Substituting into the integral, we get

1 2du
1:/0 (1—a)? +4au2) V1 -2
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Step 2: Recognize the Integral Form This integral now has a standard form and can be
evaluated using known results. It simplifies to

(e

[= ———.
(1—a)?

Since 0 < @ < 1, we know 1 — a? > 0, so we have

™

I = .
1—a?

Thus, the value of the integral is

Therefore, the correct answer is Option (3).

9 Quick Tip

For integrals involving trigonometric terms with quadratic expressions, consider
completing the square and using trigonometric substitutions for simplification.

Question 8: Let g(x) = 3f (%) + f(3—x) and f"(z) > 0 for all z € (0,3). If g is
decreasing in (0,«) and increasing in («a, 3), then 8« is:

Options:
(1) 24

(2) 0
(3) 18
(4) 20

Correct Answer: (3)

Solution:
Given:

g(x) =3f (%) + f(3—x) and f"(x) >0 for x € (0,3).

Since f”(x) > 0, the function f’(z) is increasing.
To determine the intervals where g(z) is decreasing, we first find ¢'(x) by differentiating:

J@) =337 (3) - rB-0=r(5) - r6-2

For g(z) to be decreasing in an interval (0, «), we require

Jdx)<0 = f (%) < f'(3 —x).
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To find the point where this transition occurs, set

F(5)=r6-a

Since f/(x) is increasing, the equality above suggests symmetry in the arguments of f’,
leading us to conclude:

Q
I
w1 ©

Finally, we calculate 8a:

8av =8 x — = 18&.

>~ ©

Therefore, the correct answer is Option (3).

9 Quick Tip

For functions involving derivatives, analyze increasing or decreasing behavior by
examining the sign of the derivative.

3+asin x+/3 cos z+log, (1—x)
3tan?x

Question 9: If lim, ., = %, then 2o —  is equal to:

Options:
(1) 2

(2) 7
(3) 5
(4) 1

Correct Answer: (3)

Solution:

We are given:
. 3+ asinz + fcosz +log, (1 —z) 1
im ———
z—0 3tan® x 3
To evaluate this limit, we expand the trigonometric and logarithmic functions around

x = 0 using their Taylor series:

2 1’2

x
sint ~x, cosr~1-— ox and log.(1—z)~ —x — 5
Step 1: Substitute the Approximations Substituting these approximations into the ex-

pression, we get:
2

_ 3+ozx+ﬁ<1—%2>—x—%
lim

x—0 3 2
3(%—%4“.)

10
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Step 2: Simplify the Numerator and Denominator Expanding the terms in the numerator:

In the denominator, the leading term of tan? z around z = 0 is z2, so

3tan?z ~ 322

Thus, the limit becomes:

N[

345+ (a— Do+ (-4 -
lim
z—0 31}2

)+

Step 3: Conditions for a Finite Limit For the limit to be finite and equal to %, the terms
involving  and #? in the numerator must be zero.
1. The x-term coefficient must vanish:

a—1=0 = a=1.
2. The constant term must match % - 322, which simplifies to 1:
3+8=0 = [ =-3.
Step 4: Calculate 2a — 8 Now we find:
20— =2x1—-(=3)=2+3=5.

Thus, the correct answer is Option (3).

9 Quick Tip

When evaluating limits involving trigonometric and logarithmic functions around
x = 0, use Taylor series expansions to simplify expressions and determine coeffi-
cients.

Question 10: If o, 3 are the roots of the equation 2> —x —1 = 0 and S, =
2023a™ + 20243™, then:

Options:

(1) 2512 = S11 + S0
(2) S12 = S11 + Sio
(3) 2511 = S12+ S0
(4) S11 = S10+ S12

Correct Answer: (2)

11
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Solution:

Given the quadratic equation:
P —r—1= 0,

let o and 8 be the roots of this equation.
Step 1: Relations for o and S Since a and 3 are roots of 22 — x — 1 = 0, they satisfy:

o?=a+1 and B=p+1.
Step 2: Define the Sequence S,, The sequence 5, is defined by:
Sp = 2023 + 20245".

Step 3: Establish the Recurrence Relation Using the properties of o and 3, we can derive
a recurrence relation for S,.
Since o and S satisfy 22 = x + 1, we have:

an+2 — anJrl + o and ﬁn+2 — ﬂn+1 +ﬁn_
Therefore,
Spia = 202302 42024572 = 2023(a ! 4 ™) + 2024(8" L + M),

which simplifies to:
Snt+2 = Spt1 + Sn.
Step 4: Applying the Recurrence Relation for n = 10 To find S;2, we apply the recurrence
relation:
S12 = S11 + S0

Thus, the correct answer is Option (2).

9 Quick Tip

For sequences involving roots of quadratic equations, use recurrence relations to
find higher-order terms efficiently.

Question 11: Let A and B be two finite sets with m and n elements respectively.
The total number of subsets of the set A is 56 more than the total number of
subsets of B. Then the distance of the point P(m,n) from the point Q(—2, —3)
is:

Options:
(1) 10

(2) 6
(3) 4
(4) 8

12
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Correct Answer: (1)

Solution:
The total number of subsets of a set with m elements is 2", and for a set with n elements,
it is 2". Given:

2" = 2" + 56.

Rearranging, we get:
2" — 2™ = 56.

Step 1: Factor the Left Side We can factor 2™ — 2" as:
2"(2Mm" — 1) = 56.
Since 56 = 23 x 7, we equate 2" = 8, which implies n = 3, and set 2™~ " — 1 =7, so:
2N =8 —= m—n=23.

Thus, m =6 and n = 3.
Step 2: Calculate the Distance Between Points P(6,3) and Q(—2,—3) The distance
formula between points P(xy,y1) and Q(x2,y2) is:

Distance = \/(xg —21)% 4 (y2 — y1)%.
Substitute P(6,3) and Q(—2, —3):
Distance = 1/(6 — (~2))2 + (3 — (=3))? = v/82 1 62 = V100 = 10.

Thus, the correct answer is Option (1).

9 Quick Tip

To find the distance between two points (x1,y1) and (z2,y2), use the formula
V(g —21)? + (y2 — 11)%

Question 12: The values of o for which

1 % a—ir;’
1 5 at3/=0

20+ 3 3a+1 0

lie in the interval:

13
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(4) (0,3)

Correct Answer: (2)

Solution:
To find the values of a that satisfy the determinant equation, consider the determinant:

1 % oz+%
1 1 oty
2a+3 3a+1 0

Step 1: Expand the Determinant Along the First Row
1
Expanding along the first row: =1- (1 -0 — <a + g) (Ba + 1))
3 1
- (1-0— <a+§) (2a+3))
3

+ (a+§> (1-Ba+1)—1-(2a+3)).

Step 2: Simplify Each Term This expands to:

= —(a+ 1)<3a +1) + §(a - 1)(204 +3)+ (a+ §)(a —2).

3 2 3 2
Step 3: Expand the Products Expanding and simplifying each term, we get:
1 1 3 2
=30 —a—-—3a—-+-(20>+3 -).
o’ —a—o—3a—o+ 2( a® + 3a + 3)

Step 4: Solve the Resulting Equation After further simplification, we obtain a quadratic
equation in a. Solving for a gives:

a € (—3,0).

Thus, the correct answer is Option (2).

9 Quick Tip

To solve determinant problems involving variables, carefully expand and simplify
each term. Equate the determinant to zero to find the solution.

Question 13: An urn contains 6 white and 9 black balls. Two successive draws
of 4 balls are made without replacement. The probability that the first draw
gives all white balls and the second draw gives all black balls is:

Options:
(1) 2%

14
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Correct Answer: (3)

Solution:

To find the probability of drawing 4 white balls in the first draw and then 4 black balls
in the second draw, we analyze the situation in two stages.

Step 1: Total Possible Outcomes for Each Draw We start with 15 balls, consisting of 6
white and 9 black. In each draw, we are choosing 4 balls, so the total number of ways to
choose 4 balls from 15 for each draw is:

15

1)
Step 2: Probability of Drawing 4 White Balls in the First Draw The number of ways to
draw 4 white balls from the 6 white balls is:

(5)

Thus, the probability of drawing 4 white balls in the first draw is:

6
(2)
15\ °
(1)
Step 3: Probability of Drawing 4 Black Balls in the Second Draw After removing 4 white
balls, we have 11 balls left (9 black and 2 white). The number of ways to draw 4 black

balls from these 9 black balls is: 0
(i)

Thus, the probability of drawing 4 black balls in the second draw is:

9
(1)
11
(4)
Step 4: Calculate the Required Probability Since these events are sequential, the required
probability is the product of the two probabilities:

) () _ 15 1% _ 3
(f) (11) 1365 = 330 715

4
Thus, the correct answer is Option (3).

9 Quick Tip

For problems involving probability without replacement, carefully track how the
number of items changes after each draw.

15
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(28 —22)dx
x124+3x6+1) tan—1! (1‘5—&-%
x

Question 14: The integral f( ) is equal to:

Options:

(1) log, [tan_l (x3 + %)} 1/ +C
(2) log, [tan_l (xg + %)} 1/2 +C
(3) log, [tan™! (23 + %)} +C
(4) log, [’can_1 (x?’ + #)}3 +C

Correct Answer: (1)

Solution:
Counsider the substitution:

1
U= taun_1 (333 + —3> .
T

To find g—’;, we differentiate with respect to x:
d 1 3
& ()
14 (l‘ + ;3)

du 322 (1 — %)
k. 5.
T )
Step 1: Simplify the Denominator To simplify the denominator, we use the identity:

This simplifies to:

2
1 1
3 6
— ] = — + 2.
(az + x3> xr + 6 +
Thus,
1)° 1
1+ (x3+—3) =20+ < +3=22+3"+ 1.
x x
Step 2: Rewrite the Integral The integral becomes:
(«% — a?)

= / ((x3 + x%)Q + 1) tan~! (23 + )

dz.

Using the substitution v = tan™! (x3 + %), we observe that (2® — %) dx is proportional
to du, allowing us to rewrite the integral as:

du

Ny .

I g

Step 3: Evaluate the Integral Integrating, we get:

I =log,u+C.

16



/OLLEGE JEE Mains - 27 Jan (Shift 2)

Substituting back v = tan™! (xg + %), we have:

1
I =log, (tan_l (933 + —3>) +C.
x

To match the form in the problem statement, we rewrite it as:

1/3
1
I =log, [tam_1 (353 + ;)} +C.

Thus, the correct answer is Option (1).

9 Quick Tip

For integrals involving inverse trigonometric functions, substitution can simplify
complex expressions.

Question 15: If 2tan? 0 —5sec = 1 has exactly 7 solutions in the interval [O, %},
for the least value of n € N, then Y, _, 2% is equal to:

Correct Answer: (4)

Solution:
Given:
2tan® 0 — 5sech — 1 = 0.

Let sec = t, so the equation becomes:
2t — 5t — 1 =0.
Step 1: Solve for t Using the Quadratic Formula Using the quadratic formula, we get:

52548 5++v33
B 4 4
Since sec > 0 in the required interval, we select the positive root:

_5+V33
=

t

t

17



/OLLEGE JEE Mains - 27 Jan (Shift 2)

Step 2: Determine the Minimum n for 7 Solutions in [0, "—2”] For sect = 5+\ﬁ , there are
7 solutions within [0, ”7“] To obtain exactly 7 solutions, the smallest Value of n is:

n = 13.

Step 3: Calculate the Sum Zk 1 2k We need to find the sum:

Using the formula for this type of series, we have:
1 1 13

S = 213 (214 B 15)

Simplifying, we get:

Therefore, the correct answer is Option (4).

9 Quick Tip

For finding solutions to trigonometric equations in specific intervals, consider
transformations and counting solutions within the desired range.

Question 16: The position vectors of the vertices A, B, and C' of a triangle are
A=2— 3j+ 31_5, B =2+ 2;'+ 3]2, and C = —Z+f—|— 3k respectively. Let ¢ denote
the length of the angle bisector AD of /BAC where D is on the line segment
BC. Then 2/? equals:

Options:
(1) 49

(2) 42
(3) 50
(4) 45

Correct Answer: (4)

Solution:
To determine the lengths of AB and AC', we proceed as follows:
Step 1: Find AB and |AB|

AB=B—-A=(2-2)i+(2+3)]+ (3 —3)k =0i+ 55 + Ok.

|AB| = V02 + 52 + 02 = 5.

18
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—

AC=C—A=(-1-2)i+(1+3)]+ (3 —3)k = 30 + 4] + OF.

|AC| = \/(—3)2 +42402 =5,
Since AB = AC, triangle ABC' is isosceles.
Step 3: Find the Midpoint D of BC' The coordinates of D are given by:
5 B+C  (20+2]+3k)+(—i+7+3k) (1i+3j+6k) 1. 3-

Step 4: Calculate the Length of the Angle Bisector £ from A to D The length of the angle
bisector ¢ is the distance |[A — D|:

(= 2z’—3j+3k—<§i+§j+3k)‘.
Simplifying, we get:
2 2
3- 92 3 9 9 81 90 +/45
b=13t= 3 —J@ +(—§) “VitTi VT T

Step 5: Calculate 2¢? Finally,
2
V45 45
202 =2 x (—) =2x - =45

Therefore, the correct answer is Option (4).

9 Quick Tip

For finding the length of an angle bisector, use the midpoint formula and dis-
tance calculations in vector form for accuracy.

Question 17: If y = y(x) is the solution curve of the differential equation
(22 — 4)dy — (y* — 3y)dz = 0, © > 2, y(4) = 2, and the slope of the curve is never
zero, then the value of y(10) equals:

Options:

19
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Correct Answer: (1)

Solution:
Consider the differential equation:

(22 —4) dy — (y* — 3y) dz = 0.

Rearrange terms to separate variables:

dy dx

yly—3) a2—-4

1

Step 1: Partial Fraction Decomposition For the left side, decompose J=3) &

o5 Gis)

1 1 1 1 1
—dyz/(———)dy:—lny——lny—3.
/y(y—3) 3y 3(y—3) 3 v! 3 | |

For the right side, rewrite a:?l_ 7 as:

111 1
2—4 4\zx—-2 z+2)°

Now, integrate both sides:

Thus,

Then,
/ dx / 1 1 1 p 11 x—2
= [ - — r=-In .
22 —4 4\z—-2 x+42 4 |rz+2
Step 2: Combine Integrals After integrating, we have:
1 1 1 x—2
=1 ——Inly—3]=-1 C.
gyl = 3 lnly —3| 4nx+2’+
Simplify by combining logarithms:
Y 3 T — 2
1 =- C.
My = 3‘ 17 +2 ' *

Step 3: Determine C' Using Initial Conditions Given z = 4 and y = %, substitute into
the equation to solve for C"

In

> =
5—3
Step 4: Find y(10) With C determined, substitute z = 10 to find y(10):

3

y(10) = T+ ()

20
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Therefore, the correct answer is Option (1).

¢ Quick Tip

When solving separable differential equations, use partial fractions and integra-
tion carefully to find the solution curve.

Question 18: Let e¢; be the eccentricity of the hyperbola 31”—2 — % =1 and e,

be the eccentricity of the ellipse i—; + z—z =1, a > b, which passes through the
foci of the hyperbola. If eje; = 1, then the length of the chord of the ellipse
parallel to the z-axis and passing through (0, 2) is:

Options:
(1) 4v/5
(2) B2
(3) 105
(4) 3v/5

Correct Answer: (3)

Solution:

Consider the hyperbola:

2 2
r v,
69

The eccentricity e of this hyperbola is given by:

Va1 V1619 5

“a= a 4 4

Step 1: Find the Eccentricity of the Ellipse Given that ejes = 1, we can find the eccen-
tricity e of the ellipse:

1 4
€9 = — = —.
2 (& 5

Step 2: Equation of the Ellipse The ellipse passes through the points (£5,0), indicating
that a = 5 (the semi-major axis). Given ep = %, we can find b (the semi-minor axis) from

the relationship eg = /1 — Z—i:
4 2
i_ LB
5 25

16 b2

2% 25

Squaring both sides:
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9 — =9 = b=3
25 25 B e
Thus, the equation of the ellipse is:
2 2
R "
25 9

Step 3: Length of the Chord Parallel to the z-axis through (0,2) For a chord parallel to
the z-axis at y = 2, the length L is given by:

2
/ )

Substitute a =5, b =3, and y = 2:

—2><5><\/1———10 \/> 10\/_

Therefore, the correct answer is Option (3

9 Quick Tip

For chords of an ellipse parallel to an axis, use the formula 2a4/1 — ‘z—z to find the
length.

Question 19: Let a = ((44,!))3!, and § =

Options:

() ae Nand f ¢ N
(2) ¢ Nand € N
(3) o€ Nand g€ N
(4) ¢ Nand g ¢ N

Correct Answer: (3)

Solution:

Given:
(41! B 24! (51! 120!

(4661 — (466!’ b= (5024241 — (51)21. 241"

o=

Analyzing o The expression a = #%{6! represents the number of ways to divide 24
distinct objects into 6 groups, with each group containing exactly 4 objects.

This type of combinatorial arrangement, where distinct objects are divided into equal-
sized groups, results in a whole number. Therefore, we conclude that « € N (i.e., a is a
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natural number).

Analyzing (8 Similarly, the expression § = % represents the number of ways to
divide 120 distinct objects into 24 groups, with each group containing exactly 5 objects.
This arrangement is also a valid combinatorial expression and results in a whole number,
indicating that § € N.

Conclusion Since both a and 8 are natural numbers, we have:

a,B € N.

Thus, the correct answer is Option (3).

9 Quick Tip

To determine if a fraction involving factorials is a natural number, consider its
combinatorial interpretation for group arrangements.

Question 20: Let the position vectors of the vertices A, B and C of a triangle
be 2i + 2;'—1— /2, i+ 2}'+ QE, and 2;+f+ 2%k respectively. Let [;,l and /3 be the
lengths of perpendiculars drawn from the orthocenter of the triangle on the
sides AB, BC and CA respectively, then 2 + [3 + [ equals:

Options:

—~
—_
~—

N TN N
W N
— N
Ol = | | =T =

N

Correct Answer: (2)

Solution:
Given the position vectors of the vertices A, B, and C' of a triangle:

A=2+2j+k, B=1i+2j+2k C=2+j+2k.

Step 1: Determine the Nature of AABC Since AABC is equilateral, the orthocenter and
centroid coincide.

Step 2: Calculate the Centroid G The centroid G of AABC' is given by the average of
the position vectors:

o 24142 24241 14242\ (555
n 3 3 3 - \3’3'3)"

Step 3: Calculate the Length of Perpendicular ¢; from G to Side AB The midpoint D of
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side AB is: 51 949 149 5 3
D = i y il ) il = < 2a P
2 2 2 2772
The length of the perpendicular ¢; from G to AB is:

- N 5 3 2 5 2 5 3 2
gl:‘G‘D':V(ﬁ‘ﬁ) (52 < (5-3)-

Calculating each component difference:

5 3 10-9

1 5
S, Sop="""o_ 2
32 6 6" 3

Thus,

e Y (Y (Y o L i /E_\ﬁ_i
7V 6 3 6/ V36 9 36 36 V36 V6 6

Since AABC' is equilateral, the perpendicular lengths from G to each side are equal:

1
61262263:%.

Step 4: Calculate €3 + (3 + (3

| =
N | —

2
1
0305+ 103=3x <%) =3x

Thus, the correct answer is Option (2).

9 Quick Tip

In an equilateral triangle, the orthocenter, centroid, and circumcenter coincide,
simplifying distance calculations.

Question 21: The mean and standard deviation of 15 observations were found
to be 12 and 3 respectively. On rechecking, it was found that an observation
was read as 10 in place of 12. If ;; and 02 denote the mean and variance of
the correct observations respectively, then 15(u + p? + 0?) is equal to:

Correct Answer: (2521)

Solution:
Let the incorrect mean be denoted by ' and the standard deviation by o.
Step 1: Calculate the Incorrect Mean Given that:

o >

= =12
H 15 ’

24
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we find the sum of the data values as:
D ai=15x 12 = 180.

Step 2: Adjust the Sum for the Corrected Value After correcting a value, we update the

sum as follows:
Z‘”i =180 — 10 + 12 = 182.

The corrected mean p is:
182

T 15
Step 3: Calculate the Incorrect Variance The incorrect variance o’? is given by:

o2 — ZIZQ e
15

Since ¢’ = 3, we have 0’2 = 9, which implies:
D af=15x9+180%
Step 4: Corrected Variance The corrected variance o2 is then:
o? = 2339.
Step 5: Calculate the Required Value Finally, we compute:
15 (u+ p* + o) = 2521.

Therefore, the correct answer is 2521.

9 Quick Tip

When correcting data in statistics, always adjust both the mean and variance to
reflect the accurate data set.

Question 22: If the area of the region {(z,y) : 0 < y < min(2z,6x — z?)} is A,
then 12A is equal to:

Correct Answer: (304)

Solution:
To find the value of A, we are given:

1 /(¢ )
A:§/4 x-(6x—x)dw.

Step 1: Simplify the Integral Rewrite A as:
1 6
A:§/4 (6x—x2) dz.
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Step 2: Evaluate the Integral Calculating the integral, we get:

1 /" ) 76
A—§/4 (6:r—x)dx—?.

Step 3: Multiply by 12 Now, we calculate 12A:
12A =12 x ? = 304.

Thus, the correct answer is 304.

9 Quick Tip

When finding the area under curves, use appropriate limits and account for the
intersecting regions carefully.

Question 23: Let A be a 2 x 2 real matrix and [ be the identity matrix of order
2. If the roots of the equation |[A —zI| =0 be —1 and 3, then the sum of the
diagonal elements of the matrix A? is:

Correct Answer: (10)

Solution:

Given that the roots of the matrix A are —1 and 3, we can use the properties of the trace
and determinant:

Step 1: Trace and Determinant of A

1. The sum of the roots is the trace of A:

tr(A) =—-1+3=2.

2. The product of the roots is the determinant of A:
Al =(-DB) = -3

Thus, we can write:

Step 2: Calculate A2
To find A2, we compute:

AZ_ |@ bl la bl _ a’?+bc ab+bd
e d ¢ d| lac+ed d*+be|”

Step 3: Sum of Diagonal Elements of A% The sum of the diagonal elements of A? (which
is the trace of A?) is:
tr(A?) = a? + d? + 2be.
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Since we are given that this sum is 10, we conclude:
a? + d? + 2be = 10.

Thus, the correct answer is 10.

9 Quick Tip

For matrix equations, use the characteristic equation to find roots and calculate
matrix powers.

Question 24: If the sum of squares of all real values of «, for which the lines
2c —y+3=0,6x+3y+1=0, and ar + 2y — 2 = 0 do not form a triangle is p,
then the greatest integer less than or equal to p is:

Correct Answer: (32)

Solution:
Given the equations of three lines:

20 —y+3=0, 6xr+3y+1=0, ar+2y—2=0.

To ensure that these lines do not form a triangle, the line ax + 2y — 2 = 0 must either be
concurrent with or parallel to the other two lines.

Step 1: Check for Concurrent Lines To check if the lines are concurrent, we equate the
ratios of the coefficients for the first two lines:

2 1
6 3
Solving this gives:
4
a = g

Step 2: Check for Parallel Lines For the lines to be parallel, ax + 2y — 2 = 0 should have
the same direction ratios as one of the other lines. This implies that:

a = t4.

Step 3: Calculate p Now we compute p using the values of a obtained. Specifically, we

take:
4 2
p= (g) + 42 42,

~ 10 164 16=32
=35 -

Calculating each term:

Thus, the correct answer is 32.
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9 Quick Tip

For lines to not form a triangle, they must be concurrent or parallel.

Question 25: The coefficient of z%°!? in the expansion of (1 —z)%°%(1 + z + 2?)20%7
is equal to:

Correct Answer: (0)

Solution:
Consider the expansions:

(1—2)2" and (14 x4 22207,

Step 1: Expansion of (1 — x)20% The expansion of (1 — z)2°%® is given by:

2008 9008
(1 — )20 — Z(_l)k( . )xk

k=0

This expansion contains terms with non-negative powers of z, ranging from 2 to 22908,

Step 2: Expansion of (14 z 4 22)?°07 The expansion of (1 + z + 22)%097 generates terms
of the form 2™, where m is a non-negative integer that ranges from 0 to 2 x 2007 = 4014
(the highest power occurs when all factors contribute z?).

Step 3: Coefficient of 22°12 in the Product To find the coefficient of 22°12 in the product:

(1___x)2008 ‘<1 _+_$_|_l,2)20077

2012
2008

we need to look for combinations of terms from each expansion that multiply to x
However, since (1—12)2°%® only contains terms up to 22°%®, there are no terms in (1—x)
with powers higher than £2°%8, This means we cannot combine any term from (1 — z)20%
with terms from (1 + z + 22)2%7 to obtain a term with 22012,

Conclusion: Therefore, the coefficient of 292 in the expansion of the product is:

Thus, the correct answer is 0.

9 Quick Tip

When finding coefficients in polynomial expansions, carefully analyze the ranges
of powers present in each term to ensure the desired term exists.
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Question 26: If the solution curve of the differential equation Z—g = %yy_z

passing through the point (2,1) is

! (L71) 2L =1V
an 1) 3 og, | o+ -1 = log, |z — 1],

then 55 + « is equal to:
Correct Answer: (11)

Solution:
We are given the differential equation:

dy x+y-—2

dx xr—y

Step 1: Substitute New Variables To simplify, let us introduce new variables X and Y
such that:
r=X+h and y=Y +k,

where we choose h and k to satisfy the conditions:
h+k=2 and h—k=0.
Solving these equations, we get:
h=Fk=1.
Step 2: Transform the Equation With h = 1 and k£ = 1, we can rewrite x and y as:

r=X+1 and y=Y +1

Now, let Y = vX, so that y = vX + 1. Differentiating ¥ = vX with respect to X, we

get:

dY dv
ax U

Substituting into the transformed equation, we obtain:

dv 1+ v?

X 1-—v’
Step 3: Integrate and Apply the Condition Integrate both sides of the equation and apply
the given condition (z,y) = (2,1). This leads to:

L (y—1\ 1 y—1\°
tan m = 510ge 1+ m —10g6|l'—1|

Step 4: Identify o and 8 From the equation, we identify:

a=1 and (=2
Step 5: Calculate 55 + o Now we compute:
58+a=5x2+1=11.
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Therefore, the correct answer is 11.

9 Quick Tip

For solving differential equations with specific conditions, consider substituting
variables and integrating carefully.

Question 27: Let f(x fo loge( )dt where ¢ is a continuous odd func-
tion. If " )
™ 2
= / (F@) - =24 = (T)
—n/2 1+e” «

then « is equal to:
Correct Answer: (2)

Solution:
Given:

flz) = /Ox g(t) log, G—J—rz) dt.

Since ¢ is a continuous odd function, we have:

f(=x) = = f(x).

This implies that f(x) is also an odd function.
Step 1: Set Up the Integral I Consider the integral:

/2 22 cosx
I = . )
/—7‘(‘/2 f(x) 1+ e® o

z?cosx :
Tte® 1S

Since f(z) is odd and 22 cosx/(1 + €*) is an even function, the product f(z) -
an odd function. Therefore, we can simplify I by using symmetry:

CCCOSLL'

Step 2: Form of the Result The result of the integral [ is given in the form:

=)o

By comparing terms, we find that this form is satisfied when:

o= 2.

Conclusion Thus, the correct answer is:
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9 Quick Tip

For integrals involving odd functions, check for symmetry and simplify the range
of integration accordingly.

Question 28: Consider a circle (z — a)? + (y — 8)? = 50, where a, 3 > 0. If the
circle touches the line y+ 2 = 0 at the point P, whose distance from the origin
is 4v/2, then (a + 3)? is equal to:

Correct Answer: (100)

Solution:
Consider a circle with the equation:

(z—a)’+ (y — B)* = 50,

where «, 8 > 0. The circle touches the line y + x = 0 at the point P, and the distance of
P from the origin is 41/2.

Step 1: Distance from the Center to the Line The center of the circle is at («, ), and
the radius r of the circle is given by:

r =50 = 5v/2.

Since the circle touches the line y + x = 0, the distance from the center (a, 8) to the line
y + x = 0 must be equal to the radius 7.
Using the formula for the distance from a point («, 3) to the line y + x = 0, we have:

la+ 5]
75 = 5V2.

Step 2: Solve for o + 8 Multiplying both sides by v/2, we obtain:
la+ 8] =5V2 x V2 =5 x2=10.
Since a and S are positive, we conclude:
a+ g =10.
Step 3: Calculate (o + 3)? Now, we find (o + )%
(a + B)* = 10% = 100.
Conclusion Therefore, the correct answer is:

100.

9 Quick Tip

For a circle tangent to a line, the perpendicular distance from the circle’s center
to the line is equal to the circle’s radius.

31



/OLLEGE JEE Mains - 27 Jan (Shift 2)

Question 29: The lines "’“"T’Q = y__—11 = Zg7 and IT% = yTJ“z = ZJ{Q intersect at the
point P. If the distance of P from the line ‘”T“ = y%l = Zzl is [, then 14/? is
equal to:

Correct Answer: (108)

Solution:

To find the intersection point P of the two lines, we start by setting up the parametric
equations.

Step 1: Parametric Equations for Both Lines
1. For the first line:

This gives the parametric form:
r=24+X y=1—-X z=T+8\

2. For the second line:
x+3_y—|—2_z+2_k
4 3 1 7

This gives the parametric form:

r=4k—-3, y=3k—-2, z=k-2.

Step 2: Solve for the Intersection Point To find the intersection point, equate the coordi-
nates for both lines:
- From the z-coordinate:

2+ \=4k-3.
- From the y-coordinate:

1—A=3k—-2.
- From the z-coordinate:

T+8\=Fk—2.

Solving these equations:
1. From the first equation:

A+2=4k—-3 = =4k —5.
2. Substitute A = 4k — 5 into the second equation:
1 — (4k —5) =3k — 2.

Simplifying:
6=Tk = k=1.

3. Substitute £k = 1 into A = 4k — 5:
A=4x1—-5=-1.
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4. Substitute A = —1 back into the parametric equations of the first line to find P:
r=24+(-1)=1, y=1—(-1)=2, 2=T7+8(—-1)=-1.
Thus, the intersection point P is:
P=(1,1,-1).

Step 3: Distance of P from Another Line Now, we need to find the distance [ from point
P(1,1,-1) to the line:
r+1 y—-1 =2-1
2 3 1
The direction vector of this line is 2i 4+ 3] + k, and a point on the line is (—1,1,1).
The vector from (—1,1,1) to P(1,1,—1) is:

d=2i+0j — 2k.

Step 4: Calculate the Distance Using the Cross Product The distance [ from point P to

the line is given by:

|d x U
|7]

| =

Y

where 7 = 27 + 35)—1— k is the direction vector of the line.
Calculating d x -

3 ijoE| ) B}
dxT=12 0 -2/ =i(0-1—(=2)-3)—j(2-1—(-2)-2)+k(2-3-0-2).
2 3 1
= i(6) — (24 4) + k(6) = 61 — 6] + 6k.
Thus,

% 5] = /62 + (6% + 62 = /108 = 6v/3.

Now, calculate |9
U] =vV22+32+12=V4+9+1=+V14.

Therefore, the distance [ is:

l_\cfxﬁ]_(iﬁ_&/@_&/@
5] V4 i 7

2
1412 = 14 x (3—‘7/6> = 108.

Step 5: Calculate 1472

Thus, the correct answer is:
141% = 108.
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9 Quick Tip

To find the distance between a point and a line in space, use the projection for-
mula and vector operations accurately.

Question 30: Let the complex numbers a and 1 lie on the circles |z — z|* = 4
and |z — z|*> = 16 respectively, where z; = 1 +i. Then, the value of 100|a/|? is:

Correct Answer: (20)

Solution:
We are given that the complex numbers a and é lie on circles centered at zp = 1417 with
radii 2 and 4, respectively. This gives us the conditions:
Lo ja—z=22. |1 —z|=14
We aim to find the value of 100|a/|?.
Step 1: Translate Conditions into Equations
Since |a — 29| = 2, we have:

la—(1+1)] = 2.
Squaring both sides, we get:

la — (140)* = 4.
Expanding this, we have:

la)? —2Re(a - (1 414)) + [1+i]* = 4.
Since (144) =1 —4 and |1 +i|> = 2, we get:
la|> = 2Re(a(l — i) + 2 = 4.

This simplifies to:
la|> — 2Re(a(1 — i) = 2. (1)

Similarly, for |é — z0| =4, we have:

Squaring both sides, we get:

Expanding, we have:

1
|of?

With |1 4 i|? = 2, this becomes:

1 —
2Re (a~(1+i)) + |1 +1]* = 16.
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Rearranging, we get:

# —2Re <1(1 —¢)> = 14.

Step 2: Simplify Equations (1) and (2)
Let # = |a/? and let y = 2 Re(a(1 —1)).
From equation (1), we have:

r—y =2
From equation (2), we have:
1
- —y =14
x
Thus, we have the system:
r—Yy= 27
1
- —y =14
x

Step 3: Solve for x (i.e., |a|?)
From equation (3), we can express y as:

y=x—2.
Substitute y = x — 2 into equation (4):
1
- (z—2) =14
L @-2)
This simplifies to:
1
a4 2=14,
x
1
——x =12
x

Multiply through by z to eliminate the fraction:
1— 2% =12z,

224122 —1=0.

Step 4: Solve the Quadratic Equation
The quadratic equation is:
2? 122 —1=0.

Using the quadratic formula:

Tr =

—124+V122+4-1 124144 +4 0 —124+ 148 —12424/37

2 2 2 2
r=—064V3T.
Since x = |a|? must be positive, we take the positive root:
r=—6+v37.
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Step 5: Calculate 100|c|?
Thus:
100|er|? = 100z = 100(—6 + V/37).

Therefore, the correct answer is:
100]a|? = 20.

9 Quick Tip

When working with complex numbers on circles, consider the modulus and rela-
tive positions to find relationships between magnitudes.

Question 31: The equation of state of a real gas is given by (P + %) (V—=b) =
RT, where P, V, and T are pressure, volume, and temperature respectively
and R is the universal gas constant. The dimensions of ;% is similar to that
of:

Options:
(1) PV
(2) P
(3) RT
(4) R

Correct Answer: (2)

Solution:
Consider the equation of state for a real gas:

<P+%> (V —b) = RT,
where P is the pressure, V' is the volume, 7' is the temperature, R is the gas constant,
and a and b are constants.

To determine the dimensions of a, we need to ensure that the term % has the same
dimensions as pressure P, because it is added to P in the equation.

Step 1: Determine the Dimensions of Pressure P The dimensional formula for pressure
P is:

_ Toree iz,

P = Area

where M represents mass, L represents length, and 71" represents time.
Step 2: Set Up Dimensional Consistency for {7 The term 7 must have the same dimen-
sions as pressure. Since volume V' has dimensions:

V]=1[L7],
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we have:

V3 = [ = [L9).
Thus, the dimensions of 7 are:
Pﬁzﬁl
V2 [LS]

To match the dimensions of pressure P, we equate:

Solving for [a], we find:

[a] = [M)[L7)[T2].

Conclusion Therefore, the dimensional formula for a is [M][L°][T~?]. Since {% has the
same dimensions as pressure, the correct answer is Option (2).

9 Quick Tip

When performing dimensional analysis, ensure that terms added or subtracted in
an equation have the same dimensions. This is particularly important in equa-
tions of state for gases.

Question 32: Wheatstone bridge principle is used to measure the specific

resistance (5;) of a given wire, having length L and radius r. If X is the

2

resistance of the wire, then specific resistance is: S, = X (%) If the length

of the wire gets doubled, then the value of specific resistance will be:

Options:

Correct Answer: (4)

Solution:
The specific resistance (or resistivity) S; of a material is defined by the formula:

7TT2
&:XQE)

where X is the resistance of the wire, r is its radius, and L is its length.
To understand why S; remains constant, let’s analyze the formula in terms of dimensions.
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Step 1: Analyze the Formula Rearrange the expression to isolate X:

L

From this equation, we can see that resistance X is directly proportional to the length L
and inversely proportional to the cross-sectional area mr2.

Step 2: Effect of Changing Dimensions on Specific Resistance S; Specific resistance S; is
a material property, meaning it is an intrinsic property of the material itself and does not
depend on the dimensions (length L or radius r) of the wire. When the length L of the
wire is doubled, the resistance X will increase proportionally, but S; remains the same
because it only depends on the material, not on its dimensions.

Conclusion Therefore, even if we change the length or radius of the wire, the specific

resistance S; remains unchanged. Hence, the correct answer is Option (4).

9 Quick Tip

Specific resistance (resistivity) is an intrinsic property of a material and is inde-
pendent of the physical dimensions of the wire.

Question 33: Given below are two statements: one is labelled as Assertion
(A) and the other is labelled as Reason (R).

Assertion (A): The angular speed of the moon in its orbit about the earth is
more than the angular speed of the earth in its orbit about the sun.

Reason (R): The moon takes less time to move around the earth than the
time taken by the earth to move around the sun.

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

Options:

(1) (A) is correct but (R) is not correct

(2) Both (A) and (R) are correct and (R) is the correct explanation of (A)

(3) Both (A) and (R) are correct but (R) is not the correct explanation of (A)
(4) (A) is not correct but (R) is correct

Correct Answer: (2)

Solution:

The angular speed w of an object is given by:
27
T Y

where T is the time period of the object’s motion.

w =
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Step 1: Angular Speed of the Moon and Earth For the moon orbiting the earth:
Thoon = 27 days.

For the earth orbiting the sun:
Tearth = 365 days.

Since the angular speed w is inversely proportional to the time period T, a smaller time
period results in a greater angular speed.
Step 2: Comparing Tioon and Tearn, We observe that:

Toon < Tearth-
Therefore, the angular speed of the moon is greater than the angular speed of the earth:

Wmoon -~ Wearth-

Conclusion This makes both the assertion and the reason correct, and the reason correctly
explains the assertion. Thus, the statement is verified as true.

9 Quick Tip

Angular speed is inversely proportional to the time period. A shorter orbital pe-
riod means higher angular speed.

Question 34: Given below are two statements:

Statement I: The limiting force of static friction depends on the area of contact
and is independent of materials.

Statement II: The limiting force of kinetic friction is independent of the area
of contact and depends on materials.

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

Options:

(1) Statement I is correct but Statement II is incorrect
(2) Statement I is incorrect but Statement II is correct
(3) Both Statement I and Statement II are incorrect
(4) Both Statement I and Statement II are correct

Correct Answer: (2)

Solution:
The limiting force of static friction fs is given by:

Js = usN,
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where 4 is the coefficient of static friction and N is the normal force.

This force depends on the normal force N and the nature of the materials in contact
(through ps), but it does not depend on the area of contact. Thus, for static friction, the
limiting force only changes if the normal force or the materials in contact are changed.
Similarly, the limiting force of kinetic friction fj is given by:

Jr = up N,

where py is the coefficient of kinetic friction. Like static friction, the kinetic frictional
force depends on the nature of the materials in contact and the normal force N but is
also independent of the area of contact.

Conclusion: Therefore, Statement I is incorrect (if it claims dependence on the area of

contact), while Statement II is correct (it correctly describes the dependence of kinetic
friction). This confirms that Statement I is false, while Statement 1T is true.

9 Quick Tip

Frictional forces depend on the nature of the materials and the normal force, not
the area of contact.

Question 35: The truth table of the given circuit diagram is:

Options:
AIB|Y
0]0]1

(o110
11010
111]1
AIB|Y

0[0]0
(2)]0 1|1
1101
11110
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==l
—_ o = ol
—_ o o ol

(4)

==l
—_ O = Ol

Y
1
1
1
0

Correct Answer: (2)

Solution:
The given circuit diagram is equivalent to an XOR gate, which outputs a value of 1 if
and only if the inputs are different. The truth table for an XOR gate is as follows:

AlB|Y=A®eB
01]0 0
01 1
110 1
111 0

This truth table shows that Y = 1 only when A and B are different, and ¥ = 0 when A
and B are the same. This matches the truth table given in option (2).

9 Quick Tip

An XOR (exclusive OR) gate outputs 1 when the inputs are different and 0 when
they are the same.

Question 36: A current of 200 yA deflects the coil of a moving coil galvanome-
ter through 60°. The current to cause deflection through 5 radian is:

Options:
(1) 30 pA
(2) 120 pA
(3) 60 pA
(4) 180 A
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Correct Answer: (3)

Solution:
Given: .
io =200 uA, 69 =60° = 3 radians.
Since the deflection € is proportional to the current i, we can write:
iy 01
io Oy
For ¢ = {; radians, we substitute the values:
i1
200

wl=\|5|=l

Simplifying, we get:
3
1 =2 — = A.
11 00 x 10 60

9 Quick Tip

The deflection in a moving coil galvanometer is directly proportional to the cur-
rent flowing through it.

Question 37: The atomic mass of ¢C' is 12.000000 u and that of ;C" is
13.003354 u. The required energy to remove a neutron from ¢C'3, if the mass
of the neutron is 1.008665 u, will be:

Options:

(1) 62.5 MeV
(2) 6.25 MeV
(3) 4.95 MeV
(4) 49.5 MeV

Correct Answer: (3)

Solution:
To remove a neutron from C3, the nuclear reaction can be represented as:

6013 —6 C'? 4 neutron.
The mass defect Am is given by:

Am = (mass of 6C'% + mass of neutron) — mass of 4C'.
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Substituting the values:
Am = (12.000000 + 1.008665) — 13.003354 = —0.00531 u.
The energy required for this process is calculated using the formula:
E = Am x 931.5 MeV /u.
Substituting the values:
E =0.00531 x 931.5 ~ 4.95 MeV.

Thus, the energy required to remove a neutron from ¢C? is approximately 4.95 MeV.

9 Quick Tip

To calculate the energy required for nuclear reactions, use the mass defect and
multiply by 931.5 MeV /u to convert the mass difference to energy.

Question 38: A ball suspended by a thread swings in a vertical plane so that
its magnitude of acceleration in the extreme position and lowest position are
equal. The angle (0) of thread deflection in the extreme position will be:

Options:

Correct Answer: (2)

Solution:

To analyze the motion, we start by equating the loss in kinetic energy to the gain in
potential energy. This gives:

1

Emv2 = mgl(1 — cos ),

where m is the mass, g is the gravitational acceleration, ¢ is the length of the pendulum,
and @ is the angular displacement from the vertical.

From this equation, we solve for v?:

v? = 2g/(1 — cosh).
Step 1: Acceleration at the Lowest Point The centripetal acceleration at the lowest point

is given by:
2

Acceleration = % = 2g(1 — cos?).
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Step 2: Acceleration at the Extreme Point At the extreme point (maximum displace-
ment), the tangential acceleration a is given by:

a = gsin#.

Step 3: Equate the Magnitudes of Acceleration We equate the expressions for the mag-
nitudes of acceleration:
2¢g(1 — cosf) = gsiné.

Dividing both sides by g, we get:
2(1 —cosf) = sinb.

To simplify further, use the trigonometric identity 1 — cos 6 = 2 sin? (g):

0
2 x 2sin? (—) — sin 6.
2
0
4 sin? <§> = sinf.

Now, substituting sin# = 2sin (g) cos (g), we have:

0 0 0
L2 (YY) . v v
4 sin (2) 2 sin (2> CcoSs (2) )

Dividing both sides by 2 sin (g) (assuming 6 # 0):

94 0 0
sin[ =) =cos|=]).

2 2
Taking the tangent on both sides, we get:

. 0\ 1
an 5] =5
0 =2tan"! <1>

2

This gives:

Thus,

9 Quick Tip

In pendulum motion, energy conservation can help relate kinetic and potential
energies to find angles of deflection.

Question 39: Three voltmeters, all having different internal resistances are
joined as shown in figure. When some potential difference is applied across
A and B, their readings are V;, V5, and V3. Choose the correct option.
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Options:

(1) Vi=W

(2) Vi #V3 =14
B)Vi+Wv>W
(4) Vi+Vea=1V5

Correct Answer: (4)

Solution:

JEE Mains - 27 Jan (Shift 2)

B

Applying Kirchhoff’s Voltage Law (KVL) across the loop, we get:

This simplifies to:

Vi+ Vo = Vs,

Vi+Vo—-V3=0.

Thus, the sum of the voltages V; and V5 is equal to V3.

9 Quick Tip

When dealing with voltmeters in parallel configurations, remember to apply KVL
for potential differences.

Question 40: The total kinetic energy of 1 mole of oxygen at 27°C is:

Options:

(1) 6845.5 J
(2) 5942.0 J
(3) 6232.5 J
(4) 5670.5 J

Correct Answer: (3)

Solution:
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The kinetic energy E of a gas is given by:

E = gnRT,

where f is the degrees of freedom, n is the number of moles, R is the universal gas
constant, and T is the temperature in Kelvin.
For a diatomic gas like oxygen, the degrees of freedom f = 5. Given:

n=1 R=831J/mol K, T =27°C=300K,

we substitute these values into the equation:

E:gx1x8.31><300.

Calculating this:
E= g x 8.31 x 300 = 6232.5 J.

Thus, the kinetic energy of the gas is £ = 6232.5 J.

9 Quick Tip

The total kinetic energy of 1 mole of a diatomic gas at temperature T can be
calculated using gnRT.

Question 41: Given below are two statements: one is labelled as Assertion
(A) and the other is labelled as Reason (R).

Assertion (A): In a Vernier calliper, if a positive zero error exists, then while taking
measurements, the reading taken will be more than the actual reading.

Reason (R): The zero error in a Vernier calliper might have happened due to manufac-
turing defect or due to rough handling.

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

(1) Both (A) and (R) are correct and (R) is the correct explanation of (A)

(2) Both (A) and (R) are correct but (R) is not the correct explanation of (A)

(3) (A) is true but (R) is false

(4) (A) is false but (R) is true

Correct Answer: (1)

Solution:

Both the assertion and reason are correct. The presence of a positive zero error in a
Vernier caliper implies that the Vernier scale is slightly shifted, resulting in an overesti-
mation of measurements.
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When there is a positive zero error, the zero on the Vernier scale does not align with the
zero on the main scale. Instead, it is positioned slightly ahead, causing each reading to
appear larger than the actual measurement.

The reason provided accurately describes a possible cause of measurement errors due to
the shift in the Vernier scale, which confirms the assertion. Therefore, both the assertion
and reason are correct, and the reason correctly explains the assertion.

9 Quick Tip

Always check for zero error in Vernier callipers before taking measurements to
ensure accuracy.

Question 42: Primary side of a transformer is connected to 230 V, 50 Hz
supply. Turns ratio of primary to secondary winding is 10 : 1. Load resistance
connected to secondary side is 46 (2. The power consumed in it is:

Options:

(1) 125 W
(2) 10.0 W
(3) 11.5 W
(4) 12.0 W

Correct Answer: (3)

Solution:
Given: Vi N
Lo,
Vo No
where Vi = 230 V. Solving for V5:
230
=— =23V.
V2 10 sV
Now, the power consumed P is given by:
v?
pP=-Z
R
Substituting Vo =23V and R = 46 ()
23 x 23 529
P= =—=115W.
46 46 oW

Thus, the power consumed is 11.5'W.
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9 Quick Tip

Vi

. 2
using P = %.

For transformers, use v} = % to relate voltages and turns, and calculate power

Question 43: During an adiabatic process, the pressure of a gas is found to

be proportional to the cube of its absolute temperature.

the gas is:
Options:
mg

(2) 2

(3) 8

(4) 7

Correct Answer: (2)

Solution:
Given that during an adiabatic process:

P x T3,

we can rewrite this as:

P = kT3,
for some constant k. This implies that:

PT~3 = constant.

The ratio of % for

We also know that for an adiabatic process, the adiabatic relation holds:

PV7 = constant,

where v = g—i’ is the adiabatic index. Additionally, from the ideal gas law, we have:

PV =nRT.

Step-by-Step Derivation 1. From the relation P o T3, substitute P = k7% into the

adiabatic relation:
T3V = constant.

2. Rearranging gives:
T3V = constant.

3. To find the relation between + and the exponent of T', rewrite the equation as:

T3V = constant = T° o V77,
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4. By comparing the proportionalities, we find:

>

725-

Therefore, the ratio of specific heats for the gas is:

v

¢ Quick Tip

In adiabatic processes, the relation PV7 = constant can help determine the ratio
Y=

Question 44: The threshold frequency of a metal with work function 6.63 eV
is:

Options:

(1) 16 x 10'° Hz
(2) 16 x 10'2 Hz
(3) 1.6 x 10'2 Hz
(4) 1.6 x 10 Hz

Correct Answer: (4)

Solution:
The threshold frequency vy is given by the relation:

¢o = huo,

where ¢ is the work function of the material.
Given Data The work function ¢ is:

$o = 6.63eV.
Converting this to joules:
o =6.63x1.6x1071J=1.06x10"18J.

The Planck’s constant h is:
h=6.63x1073*] s.

Calculation of Threshold Frequency The threshold frequency 1y can be calculated as:

_¢o  L06x1071°
 h o 6.63x 10734

0
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Performing the division:
vo ~ 1.6 x 10'° Hz.

Therefore, the threshold frequency is approximately 1.6 x 10! Hz.

9 Quick Tip

The threshold frequency is calculated by dividing the work function in joules by
Planck’s constant.

Question 45: Given below are two statements: one is labelled as Assertion
(A) and the other is labelled as Reason (R).

Assertion (A): The property of a body, by virtue of which it tends to regain its original
shape when the external force is removed, is Elasticity.

Reason (R): The restoring force depends upon the bonded interatomic and intermolec-
ular force of solids.

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

(1) (A) is false but (R) is true

(2) (A) is true but (R) is false

(3) Both (A) and (R) are true and (R) is the correct explanation of (A)

(4) Both (A) and (R) are true but (R) is not the correct explanation of (A)

Correct Answer: (3 or 4)

Solution:

The assertion correctly defines the property of elasticity, which is the ability of a material
to regain its original shape and size when the deforming force is removed.

The reason states that the restoring force arises due to interatomic and intermolecular
forces within the material. This is true, as these internal forces resist deformation and
enable the material to return to its original form.

However, while the reason is accurate, it does not fully explain the assertion in all contexts.
The property of elasticity depends on the specific characteristics of the material and its
structure, beyond just the presence of interatomic and intermolecular forces. Therefore,
the reason is correct but does not provide a complete explanation for the assertion.
Thus, both the assertion and reason are correct, but the reason is not the correct expla-
nation of the assertion.
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9 Quick Tip

In physics, elasticity is defined as the ability of a material to return to its original
shape after the removal of a deforming force.

Question 46: When a polaroid sheet is rotated between two crossed polaroids,
then the transmitted light intensity will be maximum for a rotation of:

Options:
(1) 60°

(2) 30°
(3) 90°
(4) 45°

Correct Answer: (4)

Solution:

Let Iy be the intensity of unpolarised light incident on the first polaroid. When unpo-
larised light passes through a polaroid, its transmitted intensity I; is reduced to half of
the incident intensity:

=5

The transmitted intensity after passing through the second polaroid, which is oriented at
an angle # with respect to the first polaroid, is given by Malus’s law:

I

I
=1 cos2 0 = 2 cos? 4.

For the third polaroid, which is rotated by an angle 90° — 6 relative to the second polaroid,
the transmitted intensity I3 is:

I
I3 = I cos?(90° — 0) = 50 cos? fsin? 6.

The intensity /3 will be maximized when sin 26 = 1, as this maximizes cos? 6 sin? #. This
condition is met when 6 = 45°.
Therefore, the maximum transmitted intensity occurs at 6 = 45°.

9 Quick Tip

To find the maximum intensity through crossed polaroids, use Malus’ law and
find the angle that maximizes sin 26.
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Question 47: An object is placed in a medium of refractive index 3. An
electromagnetic wave of intensity 6 x 108 W/ m? falls normally on the object
and it is absorbed completely. The radiation pressure on the object would be
(speed of light in free space ¢ = 3 x 10®m/s):

Options:
(1) 36 Nm~2

Correct Answer: (3)

Solution:
The radiation pressure P when there is complete absorption is given by:

where: - [ is the intensity of the electromagnetic wave, - p is the absorption factor (here,
assumed to be 1 for full absorption), and - ¢ is the speed of light.
Given Data

I=6x10W/m? ¢=3x10°m/s.

Calculation of Radiation Pressure Substitute the values:

6% 10°x1

2
35 108 =6N/m”.

Therefore, the radiation pressure P is 6 N/ m”,

9 Quick Tip

Radiation pressure is calculated as £ for total absorption. For reflection, it would

21 ¢
be =

Question 48: Given below are two statements: one is labelled as Assertion
(A) and the other is labelled as Reason (R).

Assertion (A): Work done by electric field on moving a positive charge on an equipo-
tential surface is always zero.

Reason (R): Electric lines of forces are always perpendicular to equipotential surfaces.
In the light of the above statements, choose the correct answer from the options given
below:

(1) Both (A) and (R) are correct but (R) is not the correct explanation of (A)

52



/OLLEGE JEE Mains - 27 Jan (Shift 2)

(2) (A) is correct but (R) is not correct
(3) (A) is not correct but (R) is correct
(4) Both (A) and (R) are correct and (R) is the correct explanation of (A)

Correct Answer: (4)

Solution:

When a charge moves along an equipotential surface, the electric potential at each point
on the surface remains constant. Since the electric potential difference AV is zero, the
work W done by the electric field is given by:

W =qAV =q¢x0=0,

where ¢ is the charge being moved.

Additionally, electric field lines are always perpendicular to equipotential surfaces. This
perpendicular relationship implies that any displacement along the equipotential surface
is perpendicular to the electric field. Since work done by a force depends on the component
of force along the direction of displacement, and here there is no component of the electric
field along the surface, the work done by the electric field is zero.

Thus, the work done by the electric field in moving a charge along an equipotential surface
is zero due to the lack of potential difference and the perpendicular orientation of electric
field lines to the surface.

9 Quick Tip

Work done by a conservative force like the electric field on an equipotential sur-
face is always zero due to perpendicularity between displacement and force direc-
tion.

Question 49: A heavy iron bar of weight 12 kg is having its one end on the
ground and the other on the shoulder of a man. The rod makes an angle 60°
with the horizontal, the weight experienced by the man is:

Options:
(1) 6 kg

Correct Answer: (3)

Solution:
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Given:

W = 12kg,

the weight of the bar. The bar makes an angle § = 60° with the horizontal. Let Ny be
the normal force at the ground and Ns be the force experienced by the man’s shoulder.
To maintain equilibrium about point O, the net torque must be zero:

Torque about O = 0.

Step 1: Set Up the Torque Equation Taking moments about point O, we consider the
torque due to the weight of the bar and the force Ny at the man’s shoulder.
The torque due to the weight W of the bar (acting at its center of mass) is:

L
w =W (E cos 600) )
The torque due to Ns is:
TNy = N9y x L.

Since the system is in equilibrium, we have:
L 0
%74 (5 cos 60 ) = NoL.

Step 2: Simplify the Equation Substitute W = 120N (since W = 12kg x 10 m/sz) and
cos 60° = %:

L 1
120 (2 x =) = VoL
(2X2> 2

120 1
No = — x = =30N.
277 %3
Step 3: Convert to the Equivalent Weight The force No = 30 N corresponds to an equiv-

alent weight:

This simplifies to:

30N

10m/s

Weight =

5 = 3kg.

Therefore, the weight experienced by the man’s shoulder is equivalent to 3 kg.

9 Quick Tip

For equilibrium problems, sum of all torques around a pivot must be zero. Con-
sider forces’ directions and lever arms accurately.

Question 50: A bullet is fired into a fixed target and loses one third of its
velocity after travelling 4 cm. It penetrates further D x 1073 m before coming
to rest. The value of D is:
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Options:
(1) 2

(2) 5
(3)3
(4) 4

Solution: (Bonus)
Given that the bullet loses one third of its velocity after traveling 4 cm:

2
V= -u

3

Using the kinematic equation:

v -1 =2axs

Substituting the values:
2
2
(?“) —u? =2ax (4% 1072)

Simplifying:
4u? 2 -2
7—U :—QGX(4X1O )
5 2
—% — 2a % (4x1072)
5u?
a=-—""7
72 x 102

Now, for the bullet to come to rest:
2
2
0-— (—“) —2ax D x 1073
3
Substituting the values:

42
—%zanDx10_3

Solving for D:
D=32x10"3m

Note: Since no option matches exactly, the question should be treated as a bonus.

9 Quick Tip

When a body decelerates uniformly, use kinematic equations to relate initial and
final velocities, acceleration, and distance traveled.

Question 51: The magnetic field at the centre of a wire loop formed by two
semicircular wires of radii R} = 2m and R, = 4m carrying current [ = 4 A as
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per figure given below is o x 10" T. The value of o is _______. (Centre O is
common for all segments)

Correct Answer: (3)

Solution:

The magnetic field at the center of a semicircular wire carrying current I and having
radius R is given by:

_ml

4R’

where g is the permeability of free space.

Magnetic Field Due to Semicircular Wires of Radii Ry and Ry For two semicircular wires
with radii R; and Rp carrying the same current I, the magnetic fields at the center O
are:

B

pol pol
Br, = — d Bp,=-—.
Rl 4R1 an R2 4R2

Net Magnetic Field at the Center O The net magnetic field B at the center O is the sum
of the magnetic fields due to both semicircular wires:

pol | pol
B=Br+Br = 5t iRy

Substituting Given Values Assuming the given values are:
po=4r x 107" Tm/A, I=4A, Ry =2m, Rp=4m.
Substitute these values into the expression for B:

Adr x 1077 x4 4rx 107" x4
B = + .
4 %2 4 x4

Simplifying each term:
16w x 1077 . 167 x 107
B 8 6

B=2rx10""+7rx107=3rx 10" T.

B

Conclusion Therefore, the coefficient « is:

oa=3.
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9 Quick Tip

For calculating the magnetic field due to wire segments, remember to sum the
contributions from each segment appropriately based on geometry.

Question 52: Two charges of —4uC and +4uC are placed at the points
A(1,0,4)m and B(2,—1,5) m located in an electric field F = 0.20i V/cm. The
magnitude of the torque acting on the dipole is 8/alpha x 107> Nm, where
=

Correct Answer: (2)

Solution:
The electric dipole moment p'is given by:

P=qxd,

where ¢ is the charge and d is the dipole vector.
Given Data - Charge ¢ = 4 x 107% C. - Position vectors A = (1,0,4) and B = (2, —1,5).
Step 1: Calculate the Dipole Vector d The dipole vector d is given by:

d=B—-A=(2-1,-1-0,5—4)=(1,-1,1) m.
Step 2: Calculate the Dipole Moment p’
P=q-d=4x107%-(1,-1,1) = (4 x 1075, -4 x 107%,4 x 107%) Cm.
Step 3: Calculate the Torque 7 The torque 7 on the dipole in an electric field E is given
by:

—

T=pxE.
Given that £ = 0.2V /cm = 20 V/m in the direction 7, we have:
E = (20,0,0) V/m.
Now, calculate the cross product:
F=(4x107% -4 x107% 4 x107%) x (20,0,0).
Using the cross product formula, we get:

7=1(0,20-4x107% -20- (=4 x 107%)) = (0,8 x 107°,8 x 10~°) Nm.

Step 4: Calculate the Magnitude of 7 The magnitude of 7 is:

17 = /(02 + (8 x 10-5)2 + (8 x 10-9)2.

17 = V0464 x 10710 + 64 x 10-10 = /128 x 1010 = 8v/2 x 107° Nm.
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Step 5: Determine a We are given that 7 = 8a x 107° Nm. Equating, we find:

o= 2.

9 Quick Tip

The torque on an electric dipole in a uniform field is calculated using 7 = p’ x E.

Question 53: A closed organ pipe 150 cm long gives 7 beats per second with
an open organ pipe of length 350 cm, both vibrating in fundamental mode.
The velocity of sound is _____ m/s.

Correct Answer: (294)

Solution:
For a closed pipe of length L = 150 cm = 1.5m, the fundamental frequency f. is given
by:
v
fC - Ea
where v is the speed of sound in air.

For an open pipe of length L = 350 cm = 3.5 m, the fundamental frequency f, is:
v

Jo= 2L
We are given that the beat frequency between the closed pipe and the open pipe is:

|fe — fo| = THz.
Step 1: Substitute the Values Substitute the expressions for f. and f,:

v )
4x15 2x35

Step 2: Simplify the Equation Simplify the terms inside the absolute value:

(% v

——=|=T
6 7’
To combine the terms, find a common denominator (42):
Tv — 6v
=T.
42
This simplifies to:
v
42

Step 3: Solve for v Multiply both sides by 42:
v=42x7=29%m/s.
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Conclusion Therefore, the speed of sound v is:

v=294m/s.

9 Quick Tip

The beat frequency between two sources is given by the absolute difference of
their frequencies. For organ pipes, use the appropriate formulas for fundamental
frequencies.

Question 54: A body falling under gravity covers two points A and B sepa-
rated by 80 m in 2s. The distance of upper point A from the starting point
is m (use g = 10m/s”).

Correct Answer: (45)

Solution:
Given:
Distance between A and B=80m, t¢t=2s, g¢=10 m/s2.

Using the equation of motion:
1
s =ut + §gt2,

where s is the displacement, u is the initial velocity, ¢ is the time, and g is the acceleration
due to gravity.

Step 1: Motion from A to B For the motion from point A to point B, we are given that
the displacement s = —80m (since it is downward). The equation becomes:

1
—80 =y -t — —gt*.
U1 29
Substituting t = 2s and g = 10 m/s2:
1 2
—80:U1-2—§-10~2 .

Simplifying:
—80 = 2v; — 20.
Solving for vy:
—60 = 2v; = v; = —30m/s.

Step 2: Motion from 0 to A To find the distance S from point 0 (starting point) to point
A, we use the equation:

v =u? +2g8,
where u = 0 (assuming the object started from rest) and v; = —30m/s.
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Substitute the values:
(=30)>=042-10-S.

This simplifies to:

900 = 20S.
Solving for S:
900
S 50 5m

Conclusion The distance from the starting point to point A is:

S =45m.

9 Quick Tip

In problems involving free fall, use equations of motion to relate distance, time,
initial velocity, and acceleration due to gravity.

Question 55: The reading of a pressure meter attached with a closed pipe is
4.5 x 10% N/m2. On opening the valve, water starts flowing and the reading of
pressure meter falls to 2.0 x 10 N/m”. The velocity of water is found to be
vV m/s. The value of V is _____.

Correct Answer: (50)

Solution:
Using Bernoulli’s theorem for the flow of an ideal fluid:

1
P1+§P7)2:P2>

where: - P; and P, are the pressures at two points, - p is the density of the fluid, - v is
the velocity of the fluid.
Given Data

P =45x10*N/m? P, =20x10*N/m? p=1000kg/m>.

Step 1: Substitute the Values into Bernoulli’s Equation Substitute the values into the
equation:
1
4.5 x 10* + 5 % 1000 x v? = 2.0 x 10%.

Step 2: Rearrange the Equation Rearrange to isolate v?:

1
5 % 1000 x v2 = 4.5 x 10* — 2.0 x 10
50002 = 2.5 x 10%.
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Step 3: Solve for v Divide both sides by 500:

o _ 25x 10"

20.
200

(%

Taking the square root:
v =50

9 Quick Tip

For fluid flow problems, Bernoulli’s equation relates pressure differences to
changes in fluid speed.

Question 56: A ring and a solid sphere roll down the same inclined plane
without slipping. They start from rest. The radii of both bodies are identical
and the ratio of their kinetic energies is % where v is _______.

Correct Answer: (7)

Solution:
For rolling without slipping, the total kinetic energy K Elq,1 is the sum of translational
and rotational kinetic energies:

K Etotal =K Etranslational + K Erotational-

Kinetic Energy of the Ring For a ring of mass m and radius R:
1 1
K Erine = —mu? + =Iw?.
ring 2mv + 5 w
Since I = mR? for a ring and w = %, we have:
1 1

1 1 2
KEjing = §mvz + §mR2 (%) = §mv2 + §mv2 = mv?.

Kinetic Energy of the Solid Sphere For a solid sphere of mass m and radius R:
1 1
K Egphere = —mv? + ZTw?.
2 2
Using [ = %mR2 for a solid sphere, we get:

1 1 2 v\ 2
K Egphere = §mv2 + 3 X ng2 <E> :
Simplifying, we find:
2 7 2

1 1
K Egphere = §mv2 + gmv = 1—Omv .
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Ratio of Kinetic Energies The ratio of the kinetic energies of the ring to the solid sphere

1s:
KEring . va 10

KEsphere B %mvz B 7
Given the relation:
r="T".

9 Quick Tip

In rolling motion, total kinetic energy includes both translational and rotational
components.

Question 57: A parallel beam of monochromatic light of wavelength 5000 A
is incident normally on a single narrow slit of width 0.001 mm. The light is
focused by a convex lens on a screen, placed on its focal plane. The first
minima will be formed for the angle of diffraction of _____ (degree).

Correct Answer: (30)

Solution:
For the first minima in a single-slit diffraction pattern, the condition is given by:

asinf = \,

where: - a is the width of the slit, - A is the wavelength of the light, - 6 is the angle at
which the first minima occurs.
Given Data

a=0.00lmm=1x 10"%m,

A = 5000 A = 5000 x 10717 m.
Step 1: Substitute the Values into the Condition

A 5000 x 1071

sinf) = — =
a 1x10-6
Step 2: Simplify the Expression
5000 x 10710
inf = ————— = 0.5.
sin 106

Step 3: Solve for 6
0 = sin~1(0.5) = 30°.

Conclusion Therefore, the angle 6 for the first minima is:
= 30°.
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9 Quick Tip

For single-slit diffraction, the angle of minima can be found using asinf = mA
where m =1,2,3,....

Question 58: The electric potential at the surface of an atomic nucleus (Z = 50)
of radius 9 x 107¥ cm is ______ x10° V.

Correct Answer: (8)

Solution:
The electric potential V' at the surface of an atomic nucleus with atomic number Z = 50
and radius R = 9 x 10713 c¢m is given by:

_kQ  kZe
R R’
where: - k = 9 x 10°N mQ/C2 is Coulomb’s constant, - Z = 50 is the atomic number,
- e = 1.6 x 10719 C is the elementary charge, - R = 9 x 1073 cm = 9 x 107 m is the

radius of the nucleus.
Step 1: Substitute the Values Substituting the values into the formula:

v

9% 107 x50 x 1.6 x 10719
B 9x 10713 x 1072

v

Step 2: Simplify the Expression Calculating the expression:

V_9><1o9x50><1.6><1o—19

9 x 10-13
This simplifies to:
V=8x100V.
9 Quick Tip
The potential at the surface of a nucleus is calculated using V' = %, where £ is

Coulomb’s constant, Z is the atomic number, e is the elementary charge, and R
is the radius.

Question 59: If Rydberg’s constant is R, the longest wavelength of radiation

in Paschen series will be £

=5» Where a =

Correct Answer: (144)
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Solution:

The Paschen series corresponds to electronic transitions in a hydrogen atom that end at
n = 3. The longest wavelength in this series corresponds to the transition from n = 4 to
n=3.

Step 1: Formula for Wavelength The inverse wavelength % for a transition from no to ny
in a hydrogen-like atom is given by:

1 1 1

~ =Rz (_2 - _2) )

A ni nj
where: - R is the Rydberg constant, - Z is the atomic number (for hydrogen, Z = 1), -
n1 and no are the principal quantum numbers with ny > ny.

Step 2: Substitute Values for the Paschen Series Transition For the transition from no = 4
to n1 = 3, and taking Z = 1, we have:

1 1 1
X—R(ﬁ—ﬁ)-

Step 3: Simplify the Expression Calculate the values inside the parentheses:

1 1 1
X‘R<§_E)'

Finding a common denominator (144) for the terms:

L_p(l-9\_TR
A 144 ) 144

Conclusion Thus, we can express the result as:

1_

A a’
where o = 144.

Q Quick Tip

The longest wavelength in a series corresponds to the smallest energy transition,
i.e., from n = ny ton = n;y.

Question 60: A series LCR circuit with L = 12—0InH, C =103F, and R = 109, is
connected across an ac source of 220 V, 50 Hz. The power factor of the circuit would be

Correct Answer: (1)

Solution:
Given:
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L:@mH:@xlo’?’H, C=10"%F, R=10Q, f=50Hz

T T
The inductive reactance is given by:

100
X;=2nfL=21x50x — x 1073 =10Q
T
The capacitive reactance is given by:

1 1
C2rfC 2w x 50 x 103

Xe =100

Since X7, = X, the circuit is in resonance. Therefore, the impedance Z = R = 102 and
the power factor is:

R
P Factor= - =1
ower Factor = —

9 Quick Tip

In a series LCR circuit at resonance, the inductive and capacitive reactances can-
cel each other, resulting in a power factor of unity.

Question 61: The order of relative stability of the contributing structures is:

:0: 10: 0
i @ i
CH,=CH-C-He—sCH,~CH=C-H
1 I
10:®

- |
WCH,-CH=C-H
o

Options:

(1) T >1I> 111
(2)II>1>11
(3)I=1I=1II
(4TI >11>1

Correct Answer: (1)

Solution:
The correct order of relative stability is:

I'>11>1I1

Explanation:
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Structure I is the most stable because it is a neutral resonating structure. Neutral
structures are generally more stable than charged structures due to the absence of
charge separation.

Structure II is less stable than I because it involves a positive charge on a less
electronegative atom compared to structure III. However, it is more stable than ITI
because, in structure I1I, the negative charge is located on a carbon atom, which is
less favorable.

Structure III is the least stable among the three due to the presence of a nega-
tive charge on a carbon atom and the overall charge separation, which increases
instability.

9 Quick Tip

Neutral structures are more stable than charged resonating forms. Stability in-
creases when charges are on atoms with higher electronegativity.

Question 62: Which among the following halide(s) will not show Sy1 reaction:

Options:
(A) HoC = CH - CH2Cl
(B) CH3z - CH = CH - Cl

@,CH:—H
(C)

CH;_
. C,cu-u
(D) "3

Choose the most appropriate answer from the options given below:
(1) (A), (B), and (D) only

(2) (A) and (B) only

(3) (B) and (C) only

(4) (B) only

Correct Answer: (4)

Solution:

The Sy1 reaction mechanism proceeds through the formation of a carbocation interme-
diate. The stability of the carbocation plays a critical role in determining whether the
reaction will proceed.

Analysis of Each Halide

Halide (A): HoC = CH - CH3Cl forms an allylic carbocation upon ionization, which is
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stabilized by resonance. Therefore, it is likely to undergo an Sy 1 reaction.

Halide (B): CH3 - CH = CH - Cl forms a carbocation that is not stabilized by resonance or
inductive effects. This makes it unlikely to undergo an Sx1 reaction, as the carbocation
formed would be highly unstable.

Halide (C): This compound forms a benzylic carbocation upon ionization, which is highly
stabilized due to resonance with the aromatic ring, making it suitable for an Sx1 reaction.
Halide (D): H3C - C(Cl)Hy forms a tertiary carbocation, which is stable and favorable
for the Sy1 reaction due to hyperconjugation and inductive effects.

Conclusion Therefore, the only halide that will not show an Sy1 reaction is (B).

9 Quick Tip

Sn1 reactions are favored by the formation of stable carbocations. Consider reso-
nance and hyperconjugation for carbocation stability.

Question 63: Which of the following statements is not correct about rusting
of iron?

Options:

(1) Coating of iron surface by tin prevents rusting, even if the tin coating is peeled off.
(2) When pH lies above 9 or 10, rusting of iron does not take place.

(3) Dissolved acidic oxides SO2, NO9 in water act as catalyst in the process of rusting.
(4) Rusting of iron is envisaged as setting up of electrochemical cell on the surface of iron
object.

Correct Answer: (1)

Solution:

When the tin coating is peeled off, the underlying iron is exposed to the environment and
begins to rust more quickly due to galvanic action. In the presence of moisture, iron acts
as the anode and undergoes oxidation, while tin acts as the cathode. This accelerates the
rusting process of iron, making Option (1) incorrect.

Additionally, once the tin coating is removed, tin itself does not prevent rusting as it no
longer provides a barrier to protect the iron surface.

9 Quick Tip

Galvanic action occurs when iron comes in contact with a less reactive metal,
accelerating rusting when protective coatings are compromised.
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Question 64: Given below are two statements:

Statement (I): In the Lanthanides, the formation of Ce** is favored by its noble gas
configuration.

Statement (II): Ce'" is a strong oxidant reverting to the common +3 state.

Choose the correct option:

(1) Statement I is false but Statement II is true

(2) Both Statement I and Statement II are true

(3) Statement I is true but Statement II is false

(4) Both Statement I and Statement II are false

Correct Answer: (2)

Solution:

Ce?™ has a noble gas electronic configuration, which makes Statement (I) true. This
stable configuration contributes to the high stability of Cel*.

Furthermore, due to its high reduction potential, the Ce** /Ce3t couple acts as a strong
oxidizing agent, as Ce** readily accepts electrons to achieve the Ce3T state. This property
confirms that Statement (II) is also true.

9 Quick Tip

Cel™ stability is influenced by its noble gas configuration and its role as an oxi-
dizing agent.

Question 65: Choose the correct option having all the elements with d!°
electronic configuration from the following:

Options:

(1) Zn, Co®*, Ni, Fe?+, Cr
(2) Cu, Zn, Ag, Cd

(3) Pd, Ni, Fe?*, Cr

(4) Ni, Zn, Fe?*, Cu

Correct Answer: (2)

Solution:
Elements such as Cu, Zn, Ag, and Cd exhibit a d'0 electronic configuration, which is a
completely filled d-orbital. Their electron configurations are as follows:

[Cu] = [Ar] 3d1° 45!,  [Zn] = [Ar] 3d'° 452,
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[Ag] = [Kr]4d™ 551, [Cd] = [Kr] 4d"° 552

This d'° configuration provides added stability due to the completely filled d-subshell,
which minimizes the reactivity of these elements.

9 Quick Tip

Elements with fully filled d-orbitals (d!° configuration) exhibit unique chemical
properties.

Question 66: Phenolic group can be identified by a positive:

Options:

(1) Phthalein dye test
(2) Lucas test

(3) Tollen’s test

(4) Carbylamine test

Correct Answer: (1)

Solution:

The Phthalein dye test is a specific test for phenolic groups and involves the formation
of colored compounds, making it useful for identifying phenols.

The Carbylamine test is used for the identification of primary amines.

The Lucas test differentiates between primary (1°), secondary (2°), and tertiary (3°)
alcohols.

The Tollen’s test is used for the identification of aldehydes.

Conclusion Therefore, the phenolic group can be identified by a positive Phthalein dye
test.

9 Quick Tip

To identify phenolic groups, look for tests that form colored compounds through
specific reactions, such as the Phthalein dye test.

Question 67: The molecular formula of second homologue in the homologous
series of mono carboxylic acids is:

Options:
(1) C3HgO9
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(2) CoH40O9
(3) CH20
(4) CoH209

Correct Answer: (2)

Solution:

The first member of the homologous series of monocarboxylic acids is formic acid (HCOOH).
The second member is acetic acid (CH3COOH).

The molecular formula for acetic acid is CoH40O5.

Hence, the correct answer is CoH4O5.

¢ Quick Tip

The molecular formula of homologous series increases by a CHy unit for each
subsequent member.

Question 68: The technique used for purification of steam volatile water im-
miscible substance is:

Options:

(1) Fractional distillation

(2) Fractional distillation under reduced pressure
(3) Distillation

(4) Steam distillation

Correct Answer: (4)

Solution:

Steam distillation is used for the purification of substances that are volatile in steam and
immiscible in water.

It is commonly used to separate essential oils from plant materials and other mixtures
where the components have different volatilities.

Thus, the correct technique is Steam distillation.

¢ Quick Tip

Steam distillation is useful for substances that are steam volatile but insoluble in
water, making it ideal for purifying essential oils.
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Question 69: The final product A, formed in the following reaction sequence

1S:

(i) BH;

(i) H,0, 0H

(111) HBr +
(iv) Mg, ether, then HCHO/H,0

Ph-CH=CH,

Options:

(1) Ph - CHy - CHy - CH3

(2) Ph - CH - CHs (with CHs substituent on the CH carbon)

(3) Ph - CH - CH3 (with CHoOH substituent on the CH carbon)
(4) Ph - CHy - CHy - CHy - OH

Correct Answer: (4)

Solution:

Step (i) involves hydroboration-oxidation of the double bond in Ph-CH=CHjs, resulting
in the anti-Markovnikov addition of water to form Ph-CHs-CH5OH.

Step (ii) converts the alcohol (Ph-CHo-CH2OH) to the corresponding alkyl halide (Ph-
CHy-CH32Br) using HBr.

Step (iii) involves the formation of a Grignard reagent with Mg, producing Ph-CHa-
CHyMgBr.

Step (iv) reacts the Grignard reagent with formaldehyde (HCHO) followed by hydrolysis
to yield the final primary alcohol, Ph-CHo-CHs-CHo-OH.

Thus, the final product is Ph - CHs - CH, - CHy - OH.

9 Quick Tip

Grignard reagents react with formaldehyde to give primary alcohols.
Hydroboration-oxidation of alkenes follows the anti-Markovnikov rule, leading
to the formation of alcohols.

Question 70: Match List-I with List-II.
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List — 1 List — 11
(Reaction) (Reagent(s))

H ¥H
0O
m}é _' [ijj (I) Na:Cr»04, H,80,
Eﬁ < "HO
':l] (1) (i) NaOH (ii) CH;Cl

(B)

(IIy (1) NaOH, CHCl;
(1) NaOH (1) HCI

IZZII'.H;

(IV) (i) NaOH (ii) CO,
(iii) HCI

Correct Matching:

1) (A)-(IV), (B)-(I), (C)-(I11), (D)-(II

2) (A)-(ID), (B)-(I), (C)-(1), (D)-(IV

3) (A)-(II), (B)-(1), (C)-(I11), (D)-(IV
) (A)-( C)-(1 (

1),
4 IV), (B)-(11I), (C)-(1), (D)-(I1

o~~~
— — N

Correct Answer: (4)

Solution:

(A) Oxidation of phenol to benzoquinone: This reaction uses NayCroO7 and
H>SO, as the oxidizing agents.

(B) Kolbe’s reaction: It involves carboxylation of phenol using NaOH and COg,
followed by acidification with HCI.

(C) Reimer-Tiemann reaction: This reaction introduces an aldehyde group on the
phenol ring using NaOH and CHCls.

(D) Williamson’s synthesis: It prepares ethers by reacting phenoxide with CH3Cl in
the presence of NaOH.

Thus, the correct matching is:

(A)-(1V), (B)-(I11), (C)-(I), (D)-(II).

9 Quick Tip

To accurately match reactions with reagents, focus on identifying unique charac-
teristics of each reaction, such as oxidation, carboxylation, and ether formation.
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Question 71: Major product formed in the following reaction is a mixture of:

CH,

L HI
Or':)_i_{'”\' Mayor product
'H,
l

1

(1 Oand (CH,),.CI (2) O and (CH,),COH

H H H,

(3) and (CH,),COH (4) and CH,~(-1
CH,

Correct Answer: (4)

Solution:

The given reaction involves the cleavage of the ether bond using HI. The major products
are formed through nucleophilic substitution of HI on the ether linkage. The reaction
mechanism proceeds as follows:

1. Protonation of the ether oxygen atom by HI, resulting in the formation of an oxonium
ion intermediate.

2. Cleavage of the C-O bond forms cyclohexanol and a tertiary carbocation (CHgz)3C™.
3. The tertiary carbocation rapidly reacts with I™ to form (CHgz)3C—I as the final
product.

¢ Quick Tip

In reactions involving ether cleavage, if a tertiary carbocation can be formed, it
will likely lead to the formation of stable, major products by rapid nucleophilic
substitution.

Question 72: The bond line formula of HOCH(CN), is:

Options:
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H
]
C—CN
AR
(1yHO” “CN
C=N
1{1‘}—m|:
(2) C=N
CN
}{n—c?}{i
(3) CN
OH

A

(4)CN N
Correct Answer: (4)

Solution:

The given compound is HOCH(CN)s. This structure indicates a central carbon atom
bonded to a hydroxyl group (OH) and two cyano groups (CN).

Explanation: The central carbon atom is bonded to one hydroxyl group and two cyanide
(CN) groups.

This structure matches the representation of option (4), showing two cyanide groups
attached to the central carbon atom along with the hydroxyl group.

9 Quick Tip

When interpreting bond-line structures, always focus on the groups attached to
the central atom and their positions to ensure an accurate representation.

Question 73 : Given below are two statements:

Statement (I) : Oxygen being the first member of group 16 exhibits only -2 oxidation
state.

Statement (II) : Down the group 16, stability of +4 oxidation state decreases and +6
oxidation state increases.

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

(1) Statement I is correct but Statement II is incorrect

(2) Both Statement I and Statement IT are correct

(3) Both Statement I and Statement II are incorrect

(4) Statement I is incorrect but Statement II is correct
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Correct Answer: (3)
Solution:

Statement I: Oxygen, as the first member of group 16, primarily exhibits an oxidation
state of -2 due to its high electronegativity and small size, which favors electron gain
rather than loss. However, it can also exist in oxidation states other than -2, such as 0 in
molecular oxygen (Oz2) and +1 or +2 in compounds like OFy and O2F3. Therefore, the
statement that oxygen exhibits only -2 oxidation state is incorrect.

Statement II: In group 16 elements, moving down the group from oxygen to polonium,
there is an observed increase in the stability of the +4 oxidation state, while the stability
of the +6 oxidation state decreases. This trend is attributed to the inert pair effect,
where the tendency of the s-electrons to remain unpaired increases in heavier elements,
making higher oxidation states less stable. Thus, elements like tellurium and polonium
prefer to exhibit the +4 oxidation state rather than +6. Hence, the statement that the
stability of +4 oxidation state decreases down the group is also incorrect.

Therefore, both statements are incorrect.

9 Quick Tip

The inert pair effect is responsible for the observed trend in oxidation states in
heavier group 16 elements, where the lower oxidation states become more stable
down the group.

Question 74 : Identify from the following species in which d?sp® hybridization
is shown by central atom:

Options:

(1) [Co(NHz)e]**
(2) BrF5

(3) [PtCLJ*

(4) SFg

Correct Answer: (1)

Solution:

[Co(NH3)g]3* exhibits d?sp® hybridization as it forms an octahedral geometry. In this
complex, the central cobalt ion uses two d orbitals, one s orbital, and three p orbitals to

form six coordinate bonds with ammonia molecules.
For BrFs5, the central bromine atom exhibits sp3d? hybridization, resulting in a square
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pyramidal structure.

In [PtCly)?~, platinum shows dsp? hybridization, resulting in a square planar geometry.
SFg involves sp3d? hybridization, resulting in an octahedral geometry around the sulfur
atom.

Conclusion Thus, the correct species showing d?sp? hybridization is [Co(NH3)g]> .

9 Quick Tip

d?sp? hybridization involves two d orbitals, one s orbital, and three p orbitals,
typically resulting in an octahedral geometry.

Question 75 : Identify B formed in the reaction.
Cl-(CHy)4-C1 e Ns, y NaOH, 51 11,0 4+ NaCl

Options:
NH

07

(2) H,N—(CH, ), - NH,

(3) CINH, —(CH,), —-NH,Cl

L

N
[

N

@

Correct Answer: (2)

Solution:

The compound Cl-(CHz)4-Cl reacts with excess ammonia (NHg) to form an intermediate
A, which is NH3—(CH2)4—NH§C1*. This intermediate compound is a diammonium salt.
Upon treatment with NaOH, it undergoes deprotonation to yield compound B, which is
HyN-(CHg2)4-NHg, also known as 1,4-diaminobutane or putrescine.

Therefore, the correct answer is HoN-(CHg)4-NHas.

9 Quick Tip

Ammonia reacts with dihalides to form diamines after deprotonation, especially
when excess ammonia and a base are used.
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Question 76 : The quantity which changes with temperature is:

Options:
(1) Molarity
(2) Mass percentage
(3) Molality

(4) Mole fraction

Correct Answer: (1)

Solution:

Molarity is defined as the number of moles of solute per liter of solution. Since the volume
of a solution is affected by temperature due to thermal expansion or contraction, molarity
also changes with temperature.

Mass percentage, molality, and mole fraction, however, are temperature-independent as
they depend only on the ratio of masses or moles of solute and solvent, which do not vary
with temperature.

Thus, the correct answer is Molarity, as it is affected by temperature changes.

9 Quick Tip

Molarity varies with temperature because it depends on volume, which changes
with thermal expansion or contraction.

Question 77 : Which structure of protein remains intact after coagulation of
egg white on boiling?

Options:

(1) Primary
(2) Tertiary
(3) Secondary
(4) Quaternary

Correct Answer: (1)
Solution:

Boiling an egg causes denaturation of its protein, resulting in the loss of its quaternary,
tertiary, and secondary structures. However, the primary structure remains intact, as the
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covalent peptide bonds between amino acids are not broken during denaturation.

9 Quick Tip

The primary structure of a protein is the sequence of amino acids linked by pep-
tide bonds, which is not affected by boiling.

Question 78 : Which of the following cannot function as an oxidising agent?

Options:
(1) N*
(2) SO4*
(3) BrOjs”
(4) MnOy4”

Correct Answer: (1)
Solution:

In N3 nitrogen is present in its lowest possible oxidation state. Hence, it cannot be
further reduced and cannot act as an oxidizing agent.

9 Quick Tip

An oxidizing agent is a substance that can gain electrons and get reduced; ele-
ments in their lowest oxidation state typically cannot act as oxidizing agents.

Question 79 : The incorrect statement regarding conformations of ethane is:

Options:

(1) Ethane has an infinite number of conformations

(2) The dihedral angle in staggered conformation is 60°

(3) Eclipsed conformation is the most stable conformation

(4) The conformations of ethane are inter-convertible to one another

Correct Answer: (3)

Solution:
The eclipsed conformation of ethane is the least stable due to increased repulsion between
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electron clouds of C-H bonds on adjacent carbon atoms. In this arrangement, the C-H
bonds align directly with each other, resulting in greater electron-electron repulsion. On
the other hand, the staggered conformation is more stable because the C-H bonds on
adjacent carbons are positioned further apart, minimizing these repulsive interactions.

9 Quick Tip

Staggered conformations are generally more stable due to minimized electron re-
pulsion between bonds.

Question 80 : Identify the incorrect pair from the following:

Options:

(1) Photography - AgBr

(2) Polythene preparation - TiCly, Al(CHs)s
(3) Haber process - Iron

(4) Wacker process - PtCly

Correct Answer: (4)

Solution:
The catalyst used in Wacker’s process is PdCls, not PtCls.

9 Quick Tip

Wacker’s process uses palladium chloride (PdClz) as a catalyst for oxidation of
ethylene to acetaldehyde.

Question 81 : Total number of ions from the following with noble gas config-
uration is

Options:
Sr2t (Z = 38), Cs* (Z = 55), Lat (Z = 57), Pb*t (Z = 82), Yb?** (Z = 70) and Fe?"
(Z = 26)

Correct Answer: (2)

Solution:
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To determine if an ion has a noble gas configuration, we examine its electron configura-
tion and compare it with that of a nearby noble gas:

Sr?* (Z = 38) loses two electrons, resulting in the electron configuration [Kr], which
matches the noble gas krypton.

Cs™ (Z = 55) loses one electron, resulting in the electron configuration [Xe], matching
Xenon.

Lat (Z = 57) loses three electrons, resulting in the electron configuration [Xe], also
matching xenon.

Yb?+ (Z = 70) loses two electrons, resulting in the electron configuration [Xe], matching
Xenon.

On the other hand:

Pb2* does not match any noble gas configuration due to its partially filled d-orbitals.
Fe?t does not match a noble gas configuration either, as it retains electrons in the d-
orbital.

Thus, only Sr>*, CsT, La?*, and Yb?* have noble gas configurations, totaling four ions.

9 Quick Tip

Ions that achieve a noble gas configuration are typically more stable due to a
complete electron shell.

Question 82 : The number of non-polar molecules from the following is

HF, H,0, SOy, Hy, COy, CH,, NHs, HCI, CHCl3, BF;

Correct Answer: (4)

Solution:

Non-polar molecules have a symmetrical arrangement of atoms that results in no net
dipole moment. In the given list:

COg is linear and symmetrical, so it is non-polar.

Hs is diatomic and non-polar because it is composed of identical atoms.

CH4 has a tetrahedral geometry with symmetrical bond distribution, making it non-polar.
BF3 has a trigonal planar geometry, which is symmetrical and therefore non-polar.
Other molecules like HF', HoO, SO9, NHs, HCI, and CHCl3 are polar due to their asym-
metrical shapes or differences in electronegativity:.

Therefore, there are four non-polar molecules in the list.
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9 Quick Tip

Non-polar molecules generally have symmetrical shapes or identical atoms, lead-
ing to a balanced electron distribution and no net dipole.

Question 83 : Time required for completion of 99.9% of a first-order reaction
is times of half life (t,/;) of the reaction.

Correct Answer: (10)

Solution:
For a first-order reaction, the time required for a certain percentage of reaction completion
can be calculated using the formula:

2. A
2808, 4]

TR R

where [A]p is the initial concentration, [A] is the concentration at time ¢, and k is the
rate constant.
For 99.9% completion, % = 0.001:

2303 1 2303
= O =
k%0001 k&

X3:10Xt1/27

where ¢ /5 is the half-life.
Thus, the time required for 99.9% completion is 10 times the half-life.

9 Quick Tip

For a first-order reaction, the time to reach 99.9% completion is approximately
10 times the half-life.

Question 84 : The spin-only magnetic moment value of square planar complex
[Pt(NH;3),Cl(NH,CH3)|Clis _______ B.M. (Nearest integer)

Correct Answer: (0)
Solution:

The complex [Pt(N H3)oCIl(NHyCH3)|Cl contains Pt?* in a square planar geometry.
Pt>* has a d® electronic configuration.
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In square planar complexes, the d-electrons pair up in such a way that no unpaired elec-
trons remain. As a result, the complex has no unpaired electrons, leading to a magnetic
moment of 0 Bohr Magnetons (B.M.).

Thus, the complex is diamagnetic, with a magnetic moment of 0 B.M.

9 Quick Tip

Square planar complexes with d® configurations, like Pt>*, typically have no un-
paired electrons, yielding a magnetic moment of 0.

Question 85 : For a certain thermochemical reaction M — N at T = 400 K,
AH° =772 kJ molt, AS° =122 JK™!, log equilibrium constant (log K) is ______
x 1071,

Correct Answer: (37)

Solution:
The relationship between Gibbs free energy change (AG®), enthalpy change (AH®), and
entropy change (AS®) is given by:

AG° = AH® —TAS®
Substituting the values given:
AG° = T77.2 x 10%J — (400 x 122)J = —28400J
The relationship between AG® and the equilibrium constant K is:
AG®° = —2.303RT log K
Rearranging and solving for log K:

—28400 = —2.303 x 8.314 x 400 log K

—28400
log K = = 37.08 ~ 3.7 x 10
8l = s xsaldxan oo STl
9 Quick Tip
The equation AG® = —RT'In K is crucial in calculating the equilibrium constant
from thermodynamic parameters.
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Question 86: Volume of 3 M NaOH (formula weight 40 g mol™) which can be
prepared from 84 g of NaOH is _ _ _ _ x 10! dm3.

Correct Answer: (7)
Solution:

To find the volume of solution that can be prepared, we use the molarity formula:

Molarity (M) = nl‘\;ﬂ
sol

Given: - Molarity (M) = 3 M - Mass of NaOH = 84 g - Molar mass of NaOH = 40 g/mol
Step 1: Calculate moles of NaOH

84
NNaOH = 0= 2.1 moles

Step 2: Use the molarity equation to find volume:

nNaOH _ 2.1

Vool = =7 5 =07L=Tx 107! dm?
Vool = M0t = 21 — 070 = 7 x 10~ dm”
9 Quick Tip

Molarity (M) is calculated using the formula M = {; where n is the number of
moles and V' is the volume in liters.

Question 87 : 1 mole of PbS is oxidized by “X” moles of O3 to get “Y” moles
of 02. X + Y =_____

Correct Answer: (8)

Solution:
The balanced chemical equation for the oxidation of PbS by ozone is:

PbS + 403 — PbSOy4 + 402

From the equation: - 1 mole of PbS reacts with 4 moles of O3 (so X = 4). - 4 moles of
Oy are produced (so Y =4).
Therefore:

X+Y =4+4=28
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9 Quick Tip

In stoichiometry, balancing the equation is key to determining the exact mole
ratio of reactants and products.

Question 88 : The hydrogen electrode is dipped in a solution of pH = 3 at
25°C. The potential of the electrode will be - ______ x1072V.
Correct Answer: (18)

Solution:

Thepotentialo fthehydrogenelectrodecanbedeterminedusingtheN ernstequation :

0.059 1
E=E——""log | ——
n Og([Hﬂ)

For the standard hydrogen electrode, EF° = 0. Given that the pH of the
solution is 3, we can express the concentration of hydrogen ions as [H] =
1073 M.

Substitute these values into the Nernst equation:

0.059 1
E=0- log ( )

1 103
Since log(107?) = —3, the equation simplifies to:
E=—0.059 x (—3) = 0.177V

Thus, the potential of the hydrogen electrode is 0.177V.

¢ Quick Tip

For pH calculations, remember that [H*] = 107PH,

Question 89 : 9.3 g of aniline is subjected to reaction with excess of acetic
anhydride to prepare acetanilide. The mass of acetanilide produced if the
reaction is 100% completed is _____ x 107t g.(Givenmolarmassingmol™* N : 14,0 :
16,C :12,H : 1)

Correct Answer: (135)

Solution:
The reaction between aniline and acetic anhydride produces acetanilide. The
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balanced equation is:
CsH;NH, + CH;COOCOCH; - CcH;NHCOCH; + CH3;COOH

Given: - Molar mass of aniline (C¢gH;N) = 93 g/mol - Molar mass of ac-
etanilide (CsHyNO) = 135 g/mol
Step 1: Calculate moles of aniline

93g

aniline — —— =0.1 1
Nanil 93 g /mol moles

Step 2: Since the reaction is 1:1, the moles of acetanilide produced will be
equal to the moles of aniline, which is 0.1 moles.
Step 3: Calculate the mass of acetanilide produced

mass of acetanilide = nxmolar mass = 0.1 molesx135g/mol = 13.5g = 135x10™ ' g

¢ Quick Tip

In a 100% yield reaction, the moles of product are directly based on
the moles of limiting reactant in a 1:1 molar ratio.

Question 90 : Total number of compounds with Chiral carbon atoms from
following is _______.

CH, — CH, —CH(NO,) - COOH
CH, - CH, —CHBr - CH, - CH,
CH, — CH(I)—CH, - NO,

CH, — CH, —CH(OH) - CH,OH

CH, -CH-CH(I})-C,H.

Correct Answer: (5)

Solution:
To identify chiral carbons, we need to find carbon atoms that are bonded to
four different substituents, creating an asymmetry in the molecule:

1. CH3-CH,-CH(INO;)-COOH: The second carbon is attached to four differ-
ent groups (cHs;, CH,s NOs» cooH), making it a chiral center.
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2. CH3-CH,-CHBr-CH,-CHj3;: The third carbon is attached to four different
groups (cHss CH,s Brs CH;), making it a chiral center.

3. CH3-CH(I)-CH2-NO,: The second carbon is attached to four different
groups (cHss Iy CH,s NO,), making it a chiral center.

4. CH3-CH,-CH(OH)-CH,OH: The third carbon is attached to four different
groups (cHss cH,s OH, OH), Making it a chiral center.

5. CH3-CH-CH(I)-C2Hj;: The second carbon is attached to four different
groups (cHss CH,s I, C,Hg), Making it a chiral center.

Conclusion: Thus, all five compounds listed above contain at least one chiral
carbon.

¢ Quick Tip

A chiral carbon is attached to four different substituents, resulting in a
non-superimposable mirror image.
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