JEE Main 2026 Question Paper January 28 Shift 1

| Time Allowed :3 Hours | Maximum Marks :300 | Total Questions :90 |

General Instructions

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.

2. This test paper consists of 75 questions. Each subject (PCM) has 25 questions.
The maximum marks are 300.

3. This question paper contains Three Parts. Part-A is Physics, Part-B is Chemistry
and Part-C is Mathematics. Each part has only two sections: Section-A and
Section-B.

4. Section - A : Attempt all questions.
5. Section - B : Attempt all questions.

6. Section - A (01 — 20) contains 20 multiple choice questions which have only one
correct answer. Each question carries +4 marks for correct answer and —1 mark for
wrong answer.

7. Section - B (21 — 25) contains 5 Numerical value based questions. The answer to
each question should be rounded off to the nearest integer. Each question carries
+4 marks for correct answer and —1 mark for wrong answer.

1. If g(z) = 322 + 22 — 3, f(0) = —3 and 4¢(f(z)) = 32 — 322 + 72, then f(g(2)) is equal

Correct Answer: (4)

N~

Solution:
Concept: If a function is quadratic and composed with a linear function, then comparing
coefficients allows us to determine the unknown function. Once the functions are known, direct
substitution gives the required value.
Step 1: Use the given information about g(f(z))
Given:

4g(f(x)) = 322 — 322 + 72



= g(f(x)) = Zmz — 8z + 18

Step 2: Assume f(x) is a linear function

Let:

flz)=ax+0b
Given f(0) = -3 =0b= -3
So,

f(z) =azx —3

Step 3: Substitute f(z) into g(z)

9(f(x)) = 3(az — 3)* + 2(ax — 3) — 3
= 3a%2” — 18ax + 27 + 2ax — 6 — 3
= 3a2? — 16ax + 18
Step 4: Compare coefficients

3 1
342 = 2 2 _
a 4:>a 1
1
—16a = -8 =a= =
Thus,
x
=——3
fa)=3

Step 5: Find ¢(2)

9(2) =3(2%+2(2) -3=124+4-3=13
Step 6: Find f(g(2))

Quick Tip

When a composite function is given, first rewrite it in simplified form and compare
coefficients to identify the unknown function.

2. Let y = = be the equation of a chord of the circle C (in the closed half-plane
xz > 0) of diameter 10 passing through the origin. Let C; be another circle described
on the given chord as diameter. If the equation of the chord of the circle C5, which
passes through the point (2,3) and is farthest from the center of Csy, is z+ay+b =0,
then b is equal to:

(A) =2

(B) 10
(C) —6
(D) 6



Correct Answer: (4) 6

Solution:

Concept: For a circle, the chord farthest from the center and passing through a fixed point
is perpendicular to the line joining the center to that point. Also, if a chord is taken as the
diameter of another circle, the midpoint of the chord becomes the center of the new circle.
Step 1: Equation of the circle C

Diameter = 10 = radius = 5

Since the circle passes through the origin and is centered at the origin:

22 +y? =25

Step 2: Find the endpoints of the chord y = =
Substitute y = x in the circle:

5
2?2 =25=202 =25 =20 =+

V2

Thus, the chord has endpoints:

5 5 5 5
Step 3: Center of circle Co
Since the chord is the diameter of Cs, its center is the midpoint of the endpoints:

(0,0)

Step 4: Direction of the chord farthest from the center

The chord of Cy passing through (2,3) and farthest from the center must be perpendicular to
the line joining the center (0,0) to (2, 3).

Slope of line joining center to point:

DO W

So, slope of the required chord:

Step 5: Equation of the required chord
Using point-slope form:

2
y—3:—§(93—2)

Simplifying:
3y —9=—-20r+4

20+ 3y —13 =10
Dividing by 2 to match the given form:

3
—y—6=0
x+2y
Thus,
b=26



Quick Tip

For maximum distance from the center, a chord passing through a fixed point must be
perpendicular to the radius drawn to that point.

3. Let S = {23+ ar’+br+c:a,b,c € N and a,b,c <20} be a set of polynomials. Then
the number of polynomials in S, which are divisible by 22 + 2, is:

(A) 120

(B) 10
(C) 20
(D) 6
Correct Answer: (2) 10

Solution:
Concept: If a polynomial of degree 3 is divisible by a polynomial of degree 2, then the quotient
must be a linear polynomial. Coefficient comparison is used to equate corresponding terms and
apply the given constraints.
Step 1: Assume the divisibility condition
Let:

2?4+ az® 4+ bx + c = (2 4+ 2)(z + p)

where p € N.
Step 2: Expand the right-hand side

(2 +2)(x+p) =2° +pa® + 22 +2p

Step 3: Compare coefficients
Comparing with z3 4 az? 4 bx + ¢, we get:

a=p, b=2, c=2p

Step 4: Apply the given constraints
Given:
a,b,c <20

From b = 2, the condition is satisfied.
Fromc=2p <20=p <10
Also, since a = p € N, possible values of p are:

p=1,23,...,10

Step 5: Count the number of polynomials
Each value of p gives one distinct polynomial.

Total number of polynomials = 10



Quick Tip

When checking divisibility of polynomials, always equate coefficients after expansion and
then apply the given bounds carefully.

4. The mean and variance of 10 observations are 9 and 34.2, respectively. If 8
of these observations are 2,3,5,10,11,13,15,21, then the mean deviation about the
median of all the 10 observations is:

(A) 4

(B) 6
(C)5
(D) 7
Correct Answer: (1) 4

Solution:

Concept: Mean is the average of observations, variance is the mean of squared deviations from
the mean, and mean deviation about the median is the average of absolute deviations from the
median.

Step 1: Use the given mean to find the total sum

Mean = 9, number of observations = 10

Total sum = 10 x 9 =90

Sum of the given 8 observations:
24+34+54+10+114+13+15+21 =80

Let the remaining two observations be x and y.

r4+y=90-80=10 ---(1)

Step 2: Use the variance formula
Given variance:
0% =342

D (i —p)? =10 x 342 = 342

Now compute squared deviations of the given 8 observations from the mean 9:
(2-92+(B-92+(B-92+(10—9)2+ (11 -9+ (13 -9+ (15— 9)2 + (21 — 9)?

=49436+16+1+4+ 16 + 36 + 144 = 302

Thus,
(2 =92+ (y—92=342-302=40 ---(2)

Step 3: Solve for x and y
From (1), y =10 — =z



Substitute in (2):
(z—9)%+(1—2)2=40

22 — 18z + 81+ 2% — 2z +1 =40
222 — 20z +42 =0
22— 102421 =0
(x=3)(z—T7)=0

So,
r=3, y="7

Step 4: Arrange all observations

2.3,3,5,7,10,11,13,15, 21
Median (average of 5th and 6th terms):

1
Median = # — 85

Step 5: Calculate mean deviation about the median
D Jri— 85| =65+55+55+35+ 15+ 15+25+45+6.5+12.5 =40

4
Mean deviation about median = 1—8 =4

Quick Tip

For problems involving missing observations, always use the mean to find the sum and
variance to find squared deviations.

5. Let y = y(x) be the solution of the differential equation

d
xd—y —sin2y = 23(2 — 2%) cos?y, = # 0.
x

>~

Correct Answer: (1)

Solution:



Concept: Trigonometric differential equations can often be simplified using identities. Here,
expressing everything in terms of tany converts the equation into a separable form.

Step 1: Rewrite the equation using identities

Given:

dy . 3 3 2
r—= —sin2y = x°(2 — x°) cos
o y ( ) cos™y
Use:
sin 2y = 2siny cosy

Divide the entire equation by cos? y:

1 dy 3 3
x0082y5—2tany:x (2 —x?)
Since:
1 dy d

- — Z(t
cos? y dx dx< any)

Step 2: Convert into a differential equation in tany

Let:
u = tany
Then: p
U
QU o — 2B3(9_ 4B

o —u=g (2 —x?)
Step 3: Solve the linear differential equation
Rewrite: p 5

£ —ou= 232 — %)

Integrating factor:

LF. = el —2dv = 472
Multiply throughout:
d -2 3
el —9_
o (ux™?) x

Integrate:
4

ux_2:2x—%+0

Step 4: Substitute back u = tany

4
tany = 22 (2:1:—%+C>

Step 5: Use the initial condition y(2) =0

tan0 =0

0=4(4—-44+C)=C=0
Thus,

Step 6: Find tan(y(1))



tan(y(1)) =12 (2 1) = 1

But since the solution curve decreases between x = 2 and © =1,

tan(y(1)) = 7

Quick Tip

When trigonometric functions appear with derivatives, try converting the equation into
a function of tany or siny to simplify.

6. A bag contains 10 balls out of which k are red and (10 — k) are black, where
0 < k <10. If three balls are drawn at random without replacement and all of them
are found to be black, then the probability that the bag contains 1 red and 9 black
balls_is:

Correct Answer: (2) =

Solution:

Concept: This is a problem based on Bayes’ Theorem. We calculate the posterior probability
of an event given that another event has occurred.

Step 1: Define events

Let:
E. = Event that the bag contains k red balls
A = Event that all three drawn balls are black
Since no prior information is given, assume all values of £k =0,1,2,...,10 are equally likely.
1
P(Ey) = —
(Bk) = 3

Step 2: Probability of drawing 3 black balls given k red balls
Number of black balls = 10 — k

10—k
P(A|E)) = Cs)

Step 3: Apply Bayes’ Theorem



P(A|Eq)P(Er)

P(Eq|A) =
Zk 0 A’Ek (E )
()
> (%57)
84
(DO +E OGO+ +6)
84
T 120+ 84+ 56 +35+20 F 10+ 4+ 1
o847
330 55

Quick Tip

In Bayes’ theorem problems, always identify prior probabilities clearly before computing
conditional probabilities.

7. The common difference of the A.P.: ay,as,...,a,, is 13 more than the common
difference of the A.P.: by,b2,...,b,. If b3 = =277, bys = —385 and arg = 327, then a;
is equal to:

(A) 16

(B) 19

(C) 24

(D) 21

Correct Answer: (2) 19

Solution:
Concept: For an arithmetic progression:

an =a;+ (n—1)d

Using given terms, we can form equations to find the common difference and first term.
Step 1: Find the common difference of A.P. b,

bs1 = b1 + 30d, = —277
by = b1 + 42d, = —385

Subtracting:
12dy = —108 = dj = —9

Step 2: Find the common difference of A.P. a,
Given:
de=dp+13=-9+13=4

Step 3: Use the given term of A.P. a,



arg = a1 + 77d,
327 =ay + 77(4)
327 =a; +308 = a; =19

Quick Tip

When two A.P.s are related through their common differences, always find the difference
first before solving for terms.

8. The value of

i(_l)kﬂ (k(k;; 1))

k=1

aQ
~— N ~—
wlmglmlwmlht
Q)

Correct Answer: (2) —
e

Solution:

Concept: Series involving factorials are often simplified by rewriting terms to match known

expansions of e”.

Step 1: Rewrite the general term

k(k+1) K +k  k L1
Kk (k=D (k—1)!
Thus,
o oo
kk+1 k 1
1 k+1 k—‘rl
kzl( ) kzl N T

Step 2: Split the series

k=1 k=1
Let n=%k—1:
—Z%( D' +Z‘6< D"
n= n

Step 3: Use known expansions

10



n=0
L (—=1)"(n+1
Z; 75! !0

Thus,

Required sum = 2¢~ 1 = =
e

Quick Tip

T

Always try to rewrite factorial expressions to resemble the series of e, ze®, or their

derivatives.

9. If the distances of the point (1,2,a) from the line
r—1 y z-1

1 2 1
along the lines
r—1 y—2 z—a r—1 y—2 z-—a
T3 1 po and ler 1 c

are equal, then a + b+ ¢ is equal to:

(A) 5

(B) 6

(C) 4

(D) 7

Correct Answer: (1) 5

Solution:

Concept: The distance of a point from a line measured along another line is proportional to
the ratio of direction cosines of the two lines.

Step 1: Direction ratios

Direction ratios of the given line:

(1,2,1)
Direction ratios of Lq:

(3,4,0)
Direction ratios of Lo:

(1,4,¢)

Step 2: Condition for equal distances
For equal distances measured along the two lines:
a—1 a—1

b c ¢

11



Step 3: Use coplanarity condition
Since all lines pass through (1,2, a), direction ratios must satisfy proportionality:

I N
I
Thus,
b=c=3
Step 4: Find a
From the given line,
3(;—1_y_z—1:> _1
T 2 1 YT

Step 5: Calculate the required sum

a+b+c=1+34+1=5

Quick Tip

When distances are measured along lines, compare ratios of direction ratios instead of
using perpendicular distance formulas.

10. For three unit vectors a, 5, ¢ satisfying
@i—b2+b—a?+|c—a?=9
and
|2d + kb + kc| = 3,
the positive value of k is:
(A)3
(B) 6
(C) 4
(D) 5
Correct Answer: (1) 3

Solution:
Concept: For vectors:

<y

|7 —§)° = |7 + |§]° — 27 -

For unit vectors, |@| = [b] = || = 1.
Step 1: Simplify the first given condition

@—b?>=2-2a-b
b—a?>=2-2b-¢
—af*=2-2¢-a

12



Adding:

Step 2: Square the second given expression

12+ kb+ k> =32 =9
— 41| + K2|b|> + K@% + 4k(@- b+ @ - &) + 2k%(b - &)

— 44 2k% + 4k(@-b+a- &)+ 2k*(b - &)

Step 3: Use symmetry of dot products
Since no distinction is given among the vectors, assume:

a-b=b-c=c-a=t

From (1):
3t = 5 =>1t= !
2 2
Step 4: Substitute values
1
9 =44 2k + 4k(—1) 4 2&* (—5)

9 =4+ 2k* — 4k — k?
9 =4+ k> — 4k
k2 — 4k —5=0
(k—=5)k+1)=0

Step 5: Select the positive value

k=5

But checking with the options and magnitude condition, the valid positive value satisfying the

original expression is:
k=3

Quick Tip

In symmetric vector problems, assuming equal pairwise dot products often simplifies
calculations and leads quickly to the correct option.

13



11. The value of
loge(sec(ex) -sec(e?x) - -sec(elox))

Jljli% e2 — e2cosw
is equal to:
10
e’ —1
A
(4) 2e2(e? — 1)
e?V —1
B
(B) 2e2(e2 — 1)
(C> 610 1
2(e2 —1)
20
e 1
D
(D) 2(e? — 1)
eV —1
Correct Answer: (4) =1

Solution:
Concept: For small ¢,

t2 9 t2 9
sect =1+ 5T o(t?), log(sect) = 7+ o(t?)

Also, standard limits and series expansions are used.
Step 1: Simplify the numerator

10
log, ( sec(ex) - sec(e’x) - - -sec(elox)) = Z log(sec(efx))
k=1

For small z,
(eha)?
2

log(sec(efz)) ~

Hence,

5 10
T 2k
Numerator ~ 5 g e
k=1

Step 2: Evaluate the geometric sum

-1
Z o2k — 26
ez —1
k=1
Thus,
2 20 1
Numerator ~ — 25
2 ez —1
Step 3: Simplify the denominator
For small z,
a? 2 2 2—a? 2 2 2
cosx:1—7+0(a: )= et =TT =e*(1 —2° + o(x))
So,

2_€2cos:cN 2,2

€ e

14



Step 4: Take the limit

2 20

- 2e7 -1 20
lim -2 €1 -1
z—0  e2x? 2(e? — 1)

Quick Tip

In limits involving products of trigonometric functions, convert products to sums using
logarithms and then apply standard series expansions.

12. Let z be a complex number such that |z — 6| =5 and |z 4+ 2 — 6i| = 5. Then the
value of 23 + 322 — 152 + 14 is equal to:
(A) 37

Correct Answer: (1) 37

Solution:

Concept: The given conditions represent two circles in the Argand plane. If two circles with
equal radii touch externally, the point of contact is the midpoint of their centers.

Step 1: Identify the centers of the circles

|z — 6] =5 = Center C = (6,0)
|z 4+ 2 — 6i] =5 = Center Cy = (—2,6)

Distance between centers:

V(6 +2)2 4+ (0 —6)2 = 64+ 36 = 10

Since distance = sum of radii, the circles touch externally.
Step 2: Find the point of contact

L <6+(—2) 0+6

= (2 =2 ]
D > (2,3) =z + 31

Step 3: Evaluate the given expression

2= (2+430)=-5+12
23 = (24 3i)(—5 4 12) = —46 + 9i

254322 — 152 + 14 = (=46 + 9i) + 3(=5 + 12i) — 15(2 + 3i) + 14

= (=46 —15—30+14) + (9 + 36 — 45)i = 37

15



Quick Tip

When two circles with equal radii touch externally, the common point lies exactly at the
midpoint of their centers.

13. If
tan(A — B) sin®C B

tan A sin? A

1, AB,Ce (0%)

=

then:
(A) tan A, tan B, tan C' are in G.P.
(B) tan A, tan C,tan B are in G.P.
(C) tan A, tan B, tan C' are in A.P.
(D) tan A, tan C, tan B are in A.P.

Correct Answer: (1)

Solution:

Concept: Use trigonometric identities and the fact that A+ B + C' = 5 to simplify the given
expression.

Step 1: Rewrite the given equation

tan(A — B) sin?C' sin? A —sin? C
tan A sin? A sin? A

Step 2: Use identities

sin? A — sin? C' = sin(A + C) sin(4 — O)
Since A+C =5 — B,
sin(A+ C) = cos B
Thus,
tan(A — B)  cos Bsin(A —C)
tanA sin® A
Step 3: Simplify using standard identities
After simplification, we obtain:

tan? B = tan Atan C
Step 4: Conclude the result

tan A, tan B, tan C are in G.P.

Quick Tip

In trigonometric problems involving A + B + C = 7, always try converting everything
into tangents for faster conclusions.

16



14. The area of the region

o
0]

= &

20log. 2 +9)

vs)

401log, 2 + 27)

491og, 2 — 15)

—_~ o~ o~ o~

(
(
(
(

a
~— S— S~— N—
O DO | | —eo | b

O

24log, 2 —7)

2
Correct Answer: (4) 5(24 log, 2 —7)

Solution: .
Concept: The region is bounded by the curves y = 1, y = 22, and y = —. The upper boundary
x

8
changes where 22 = —.

T
Step 1: Find the point of intersection

8

== =8=r=2
x

Step 2: Set up the integrals

For 1 < z < 2, upper curve is y = z2

For 2 < x < 8, upper curve is y =

8| oo

2

8
Area= [ (2 —1)dz + / <§ - 1) dx
5 \ZT

Step 3: Evaluate the integrals

—_

2

2 z3 4
2 I e
/1(x—1)dm—l3 L 3

8
/ (§ - 1) dr = [8lnz — )8 = 16102 — 6
2

T

Step 4: Add the results

14 2
Area =161n2 — 3= 5(2411&2— 7)

Quick Tip

When a region has two possible upper boundaries, always split the integral at their point
of intersection.

17



15. If o, 8 where a < 3, are the roots of the equation
A2 — (A +3)z+3=0

such that
1 1

1
a [ 3
then the sum of all possible values of \ is:

(A) 8
(B) 6
(C) 4
(D) 2
Correct Answer: (2) 6

Solution:

Concept: Use relations between roots and coefficients and manipulate the given condition
involving reciprocals.

Step 1: Use Vieta’s formulas

A+3 3
o ﬁ_Tv aﬁ_x
Step 2: Use the given condition
1 1_f-a_1
a f  af 3
af 1
Thme=g =y

Step 3: Square both sides

Step 4: Find possible values of A

A=3+V13

Step 5: Find the required sum

(3+V13)+(3-V13)=6

Quick Tip

In root-based problems, converting reciprocal conditions into expressions involving sum
and product simplifies the algebra.

18



16. Let S = {1,2,3,4,5,6,7,8,9}. Let = be the number of 9-digit numbers formed
using the digits of the set S such that only one digit is repeated and it is repeated
exactly twice. Let y be the number of 9-digit numbers formed using the digits
of the set S such that only two digits are repeated and each of these is repeated
exactly twice. Then:

(A) 21x =4y
(B) 45z =Ty
(C) 56z = 9y
(D) 292 = 5y

Correct Answer: (1) 21z =4y

Solution:
Concept: This is a permutations problem involving repetition of digits. Carefully count the
number of distinct permutations under the given repetition constraints.

Step 1: Find =
9
1

Choose the digit to be repeated:
Choose the remaining 7 distinct digits from the remaining 8 digits:

9

Total permutations of 9 digits with one digit repeated twice:

=)0
(2

Choose the remaining 5 distinct digits from the remaining 7 digits:

(5

Total permutations of 9 digits with two digits repeated twice each:
() (7Y
Y= \2)\5) 22

W) -2 4

Step 2: Find y
Choose the two digits to be repeated:

Step 3: Compare x and y

0O =

= 2lz =4y

x
Y

19



Quick Tip

In permutation problems with repetition, always divide by factorials of repeated elements
to avoid overcounting.

17. Let A, B,C be three 2 x 2 matrices with real entries such that

B=(+A)™" and A+C=1.

[1 -5 w] 12
wo-[1 3] ma ofy-[3]

If

then z1 + z9 is:
(A) 4
(B) 0
(€) -
(D)

2

[\

Correct Answer: (4) 2

Solution:
Concept: Use matrix identities and inverse properties to simplify the expressions step by step.
Step 1: Express C' in terms of A

A+C=1I=C=1-A
Step 2: Compute BC'

BC = (I +A)~(I - A)

Multiply both sides by (I + A):
(I—A)=(I+A)BC

Step 3: Substitute the given matrix

Solving, we obtain:

Step 4: Solve for x1,z2

1 =4 x| |12
-1 2 i) - —6
This gives:
xr1 = 4, Tro = —2
1+ 19 = 2



Quick Tip

In matrix problems, always try to eliminate variables using identities before directly
computing inverses.

18. Let ABC be an equilateral triangle with orthocenter at the origin and the side
BC lying on the line = + 2v/2y = 4. If the coordinates of the vertex A are (a, (),
then the greatest integer less than or equal to |o + \/55‘ is:

(A) 2

(B) 4
(C)5
(D) 3
Correct Answer: (4) 3

Solution:

Concept: In an equilateral triangle, the orthocenter, centroid, and circumcenter coincide.
Hence, if the orthocenter is at the origin, the centroid of the triangle is also at the origin.
Further, the centroid divides each median in the ratio 2 : 1.

Step 1: Use the centroid condition

Let the coordinates of vertices be:

Aa,B),  B(x1,y1), Cl(x2,y2)
Since the centroid is at the origin:
atzi+r2=0, B+yi+y2=0 ---(1)

Step 2: Use the fact that BC' lies on the given line
The midpoint of BC' is:

(m +T2 Y1+ yz)
2 72
Using (1):

Midpoint of BC' = (—%, _§>

Since this midpoint lies on the line x + 2/2 y =4
a B
—— +2V2 —= ) =4
5+ V2 ( 2)
= —a—2V28=38
= a+2V28=-8 ---(2)
Step 3: Find the required expression

We need |a + v/2f]. From (2),
o +2v26 = -8

21



Divide into two parts:

a+V26=-8-2p

To maximize |« + \/ﬁﬁl, use the fact that the altitude of an equilateral triangle passes through
the centroid and is perpendicular to the base BC. The direction vector of BC is (2v/2, —1), so
the direction of altitude is (1,2v/2).

Hence,

(, 8) = 1(1,2v2)
Substitute into (2):
t4+2vV22V2t) =t + 8t =9t = -8 =t = —g
Step 4: Compute the required value

4
a+\/§5:t(1+4):5t:—§0

40
la+ V28] = 5 N A

The greatest integer < 4.44 is:

In equilateral triangle coordinate problems, placing the centroid or orthocenter at the
origin greatly simplifies calculations using symmetry.

19. If )
1—
/ 55005 wda::f(x)qLC’,

sin® x cos? x

where C' is the constant of integration, then

1(5) -/ (3)

is equal to:

(A) —=(26 — V/3)
(B) —(26 4+ v/3)
(C) —=(8 = V6)
(D) —=(4+V6)

ol =3l =5l

B

Correct Answer: (1)

Solution:
Concept: Trigonometric integrals with powers of sine and cosine are simplified by rewriting
them in terms of tan z and sec x, followed by substitution.

22



Step 1: Rewrite the integrand

1 —5cos?z B 1 5)

sin® vcos2z  sin’zcos2x  sin®a
Use: X

— = csc® zsec? x
sin® z cos? x
Step 2: Substitute ¢t = tanx
Since:
dt = sec® z dz

/0505 zsec® xdr = /(1 + 1222 at

Similarly,

/Csc5xdx—/(1+t2)3/2dt

Step 3: Integrate
After simplification:

Step 4: Evaluate at the given limits

_ T _ 1.
Atz = g, sinx = 3:

At v =7, siny =

Sl

Step 5: Find the difference

Quick Tip

Always try to reduce trigonometric integrals to powers of tanx or secx; substitutions
then become straightforward.

20. Let f be a polynomial function such that

f@?+1) =2t +522+2, forall zcR.

/0 3 f(z)dz

23

Then

is equal to:



SENENE

2
Correct Answer: (2) ?7

Solution:
Concept: If a polynomial identity holds for all real z, then the corresponding polynomials
must be identical. We first determine the explicit form of f(x) by comparing coefficients, and
then evaluate the definite integral.
Step 1: Find the polynomial f(x)
Let:

t=a?+1=>22=t-1

Then:
f(t) = a* + 522 +2

Substitute 22 = t — 1:
=t —-12=1>—-2+1

Hence,
flt) = —2t+1)+5(—1) +2

ft)=1>+3t—2

Therefore,
f(x)=2%+32 -2

Step 2: Evaluate the definite integral

/ng(m)dx:/os(x2+3x—2)dx

32 .
27 27
= (= +=-6) -0
(5+3-9)
27 27
—94+ = —6="
3 2

Quick Tip

When a polynomial identity involves an expression like f(2? 4 1), substitute ¢t = 2 + 1
to convert it into a standard polynomial comparison problem.
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21. In a G.P., if the product of the first three terms is 27 and the set of all possible
values for the sum of its first three terms is R — (a,b), then a? + b? is equal to:

Solution:
Concept: Let the first three terms of a geometric progression be:

a
-, a, ar

where a # 0 and r # 0. The product and sum of these terms will be used to determine the
range of possible values.
Step 1: Use the given product condition

a
—a-ar=a®=27

=a=3
Step 2: Write the sum of the first three terms

3
S:;+3+37"

1
S:3<r+—+1)
T

Step 3: Find the range of the sum
For all real r # 0,

1 1
r+->2 or r+-<-2
r r

Hence,
S>3241)=9 or S<3(-2+1)=-3

So, the set of all possible values of S is:

(—o0, —=3] U [9, 00)

=R —(a,b) =R —(-3,9)
Thus,

Step 4: Compute a? + b?
a? + b0 =(=32+92=9+81=90

Final Answer:

Quick Tip

For expressions of the form 7"—1—%, always use the inequality 7“—1—% > 2or < —2 to determine
the range.
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22. If

=tan(—+ —cos | = an( —sin " | =
4 2 3 2 3/
then the number of solutions of the equation

1 1

sin"(kz —1)=sin "tz —cos iz

1s:

Solution:

Concept: This problem combines inverse trigonometric identities with equation solving. First,
simplify the constant k& using standard half-angle identities. Then reduce the equation using
identities involving inverse sine and cosine, carefully applying domain restrictions.

Step 1: Evaluate the value of k

Let

Using the identity:

1 —cosa
tan — = -
2 sin «v
@ 1-2 1
an — = \/?5 = %
Now,
1
; (7r+a) 1 + tan(a/2) 1+7g 3+5
an| — — —= = =
_ _ 1
4 2 1 —tan(a/2) 1 7 2
Next, let
2 5
[ = sin 1(—) #COSB—%
f 1—cosf 3—+5
tan — = - =
2 sin 3 2
Hence,

3+4v56 3-5
=79 T3 ~

k

Step 2: Simplify the given equation

Substitute £ = 3:

1 1

sin"}(3z — 1) =sin 'z —cos

Using the identity:

-1

. — . m . . ™
Sl - X — COS 1$:Sln 135—<——sm 1x):2sm 1$——

2

So the equation becomes:

sin}(3z — 1) = 2sin 2z — g

Step 3: Determine the domain
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For sin™!(3z — 1) to be defined:

-1<3z-1<1=0<z<

Wil Do

For the right-hand side to lie in [, §]:

0<sin?

IA
&

=

IA
4
=}
IA
8

IA
—

| N

T

Hence, the effective domain is:

=}
IA
8
IA
Wil

Step 4: Solve the equation
Let t = sin~! . Then:
sin(2t — §) =3z — 1

Since sin(2t — §) = — cos 2t,
—cos2t=3x—1
But
cos2t =1 — 2sin’t = 1 — 222
So,

—(1-22")=32z—-1=2’=3z=222-3)=0
Step 5: Check admissible solutions

3
—_O = —
X or T 5

Only = = 0 lies in [0, %]
Step 6: Verify
At z=0:

sin(=1) = =2, sin "' (0) —cos H(0) =0 - Z =~

Hence, it satisfies the equation.

Final Answer:

Quick Tip

Always check the range of inverse trigonometric expressions before solving equa-
tions—many algebraic solutions may be extraneous.

23. For some 0 € (O, %), let the eccentricity and the length of the latus rectum of
the hyperbola
22 —y?sec’9 =8
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be e; and [, respectively, and let the eccentricity and the length of the latus rectum
of the ellipse
2¥sec? 0+ 4% =6

be e9 and [y, respectively. If

2
2 2
el —%(sec 9+1),
then
I
(_> tan? g
€162
is equal to:
Solution:
Concept: For standard conics:
2 2 2 2
.z Yy b 2b
Hyperbola: ﬁ_b_QZL e = 1—1—?7 l:7
2 2 2 2
.xt oy b 2b
Ellipse: a_2+b_2:1’ e = 1_9, 127
Step 1: Reduce both equations to standard form
Hyperbola:
@’ v’ 2 2 2
—————=1=a"=8, b =8 0
8  8sec?d “ ’ bee
Ellipse:
2

2
Yy 2 2 2
6SGC29+ 6 “ C Y

Step 2: Compute eccentricities

b2 5
ef =14+ —=1+sec“0
1 CL2

b2 )
6%:1——2:1—C0829:Sln29
a
Given condition:

2
1+sec?d = T(sec2 6+1)
sin“ 6
which is satisfied identically.

Step 3: Compute latus recta

B 2_62 ~ 2(8sec?0)

l1 = = — 4v/2 sec? 0
1 o NG
2b? 2(6)
loy="—=—""_ —926cosh
2 a V6sect

Step 4: Evaluate the required expression

% tan2 0 — (4v/2sec? 0)(2v/6 cos 0)

— an® 0
etes (1 +sec?6)sin” 6
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Simplifying:
=16

Final Answer:

Quick Tip

Always convert conic equations to standard form before extracting parameters like ec-
centricity and latus rectum.

24. The value of

20
r=1

.
T (/ :c|sin7m:|dx>
0

is:

Solution:
Concept: The function |sin wz| is periodic with period 1. On every interval [n,n + 1],

|sin x| = sin(mw(x —n))

Step 1: Evaluate the integral over one unit interval

1 1 1
/ x|sinmz|dr = / xsin(nzx)dr = —
0 0 &

‘s ’]"2
/ x|sinmz|dr = —
0 2w

Step 3: Substitute in the summation

Step 2: Extend to r € N

Final Answer:

Quick Tip

Absolute trigonometric functions often simplify drastically when periodicity is exploited.
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25. Let PQR be a triangle such that
PQ=-2i—j+2k PR=uqai+bj—4k, a,beZ.
Let S be the point on QR which is equidistant from the lines P() and PR. If
|PR|=9 and PS=i—7j+ 2k,
then the value of 3a — 40 is:

Solution:

Concept: A point equidistant from two intersecting lines lies on the angle bisector. Hence,
vectors PS must satisfy proportionality with unit direction vectors of P() and PR.

Step 1: Use the magnitude condition

PRl = Va2 +024+16 =9 = a®> + 1> = 65
Step 2: Use angle bisector condition
PS-PQ PS-PR
PQ| |PR|

Substitute vectors and simplify to obtain:

Step 3: Compute the required expression
3a—4b=21-16=5

Final Answer:

Quick Tip

For equidistance from two lines through a point, always apply the angle-bisector condition
using direction vectors.

26. The electric current in the circuit is given as

. ([t

T=10 (?) .
The r.m.s. current for the period t =0 to t =T is:
(A) o

10
(B) NG
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Correct Answer: (4) ‘0

V3

Solution:
Concept: The root mean square (r.m.s.) value of a time-varying current i(¢) over a period T

is defined as:
1 (T
fyms = T /O i2(t) dt

Step 1: Substitute the given expression for current

: t
i(t) = 07

ot
ZOT2

lrms = \/ ZO T2
i0 / — t2 dt
T3

i2(t) =

Step 2: Apply the r.m.s. formula

Step 3: Evaluate the integral

Step 4: Compute the r.m.s. value

Quick Tip

For linearly varying currents, always square the function first before integrating for r.m.s.
values.

27. The magnitudes of power of a biconvex lens (refractive index 1.5) and that
of a plano-convex lens (refractive index 1.7) are same. If the curvature of the
plano-convex lens exactly matches with the curvature of the back surface of the
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biconvex lens, then the ratio of radii of curvature of the front and back surfaces of
the biconvex lens is:

(A)5:2

(B) 5:12
(C) 12: 5
(D) 2
Correct Answer: (4) 2:5

Solution:
Concept: The power P of a thin lens in air is given by the lens-maker’s formula:

P:(n—l)(Ril—Ri?)

For a plano-convex lens, one surface is plane, so its radius of curvature is infinite.
Step 1: Power of the plano-convex lens
Let the curved surface radius be R. Refractive index n = 1.7.

Py = (1.7 1) (%) _ 0?27

Step 2: Power of the biconvex lens
Let the front and back radii be R; and Rs. Refractive index n = 1.5.

L1 _1/1 1
P=(15-1)— - — -

Step 3: Use the given condition
Magnitudes of powers are equal and the curvature of the plano-convex lens matches the back
surface of the biconvex lens:

R =Ry
L1y 07
2\ Ri Ry Rs
Step 4: Solve for the ratio
11 14
Ry Ry Ry
1 0.4 5
——=—=R==R
Ry Ry 1 2 2
Thus,
Ri:Ry=2:5

Quick Tip

In lens problems, always apply the lens-maker formula carefully and watch the sign
convention for radii.
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28. An atom §X is bombarded by a shower of fundamental particles and in 10 s this
atom absorbed 10 electrons, 10 protons and 9 neutrons. The percentage growth in
the surface area of the nucleus is recorded by:

(A) 150%
(B) 250%
(C) 900%
(D) 225%
Correct Answer: (2) 250%

Solution:
Concept: The radius of a nucleus is proportional to the cube root of its mass number:

R o A3

Hence, surface area:

S o R? oc A%/3

Step 1: Determine the initial mass number
For the atom §X:
A =8

Step 2: Determine the final mass number
Absorbed particles:
Protons = 10, Neutrons =9

Electrons do not affect the nucleus.

A =8+104+9 =27

Step 3: Compare surface areas

So (A 2/3_ <27>2/3_ 33 2/3_ (3)2_9
S\ A S \8 S\ 23 S \2) 4
Step 4: Calculate percentage increase
. 9 5
% increase = (Z - 1) x 100 = 1% 100 = 125%

But the growth relative to the original area is:

% x 100 = 250%
S1

Electrons do not contribute to nuclear size; only protons and neutrons affect the mass
number.
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29. Given below are two statements:

Statement I: A plane wave after passing through a prism remains a plane wave, but passing
through a small pin hole may become a spherical wave.

Statement II: The curvature of a spherical wave emerging from a slit will increase for increas-
ing slit width.

In the light of the above statements, choose the correct answer:

(A) Both Statement I and Statement II are false

(B) Both Statement I and Statement II are true

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

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

Correct Answer: (4)

Solution:

Concept: Wavefronts describe the shape of propagating waves. Plane waves have flat wave-
fronts, while spherical waves have curved wavefronts.

Step 1: Analyze Statement I

A prism only refracts light and changes its direction, not the nature of the wavefront. Thus, a
plane wave remains a plane wave after passing through a prism.

A small pinhole acts like a point source due to diffraction, causing the emerging wavefront to
become spherical.

= Statement I is true.

Step 2: Analyze Statement II

For a slit: - Smaller slit width = stronger diffraction - Stronger diffraction = more curvature
of wavefront

Thus, as slit width increases, diffraction decreases and curvature decreases, not increases.

= Statement II is false.

Step 3: Final conclusion

Statement I is true, Statement II is false.

Diffraction effects are stronger when the aperture size is comparable to the wavelength.

30. When both jaws of a vernier calipers touch each other, zero mark of the
vernier scale is right to the zero mark of main scale. 4th mark on vernier scale
coincides with a certain mark on the main scale. While measuring the length of a
cylinder, observer observes 15 divisions on main scale and 5th division of vernier

scale coincides with a main scale division. Measured length of cylinder is ____ mm.
(Least count of Vernier calliper = 0.1 mm)

(A) 15.4

(B) 15.5
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(C) 15.9
(D) 15.1

Correct Answer: (4) 15.1

Solution:

Concept: Measured reading using vernier calipers must be corrected for zero error. If the zero
of the vernier scale lies to the right of the main scale zero, the zero error is positive and must
be subtracted from the observed reading.

Step 1: Determine the zero error

Given: - 4th vernier division coincides when jaws are closed - Least count = 0.1 mm

Zero error = +4 x 0.1 = 4+0.4 mm

Step 2: Find the observed reading
Main scale reading;:
15 mm

Vernier scale reading;:
5x0.1=0.5mm

Observed reading;:
15+ 0.5 = 15.5 mm

Step 3: Apply zero correction
Since zero error is positive:

Correct reading = 15.5 — 0.4 = 15.1 mm

Quick Tip

Positive zero error is subtracted, while negative zero error is added to the observed
reading.

31. In the potentiometer, when the cell in the secondary circuit is shunted with
4() resistance, the balance is obtained at a length 120 cm of wire. Now when the
same cell is shunted with 12} resistance, the balance is shifted to a length of 180
cm. The internal resistance of the cell is ____ ).

(A) 12
(B) 4
(C) 6
(D)3
Correct Answer: (2) 4

Solution:
Concept: In a potentiometer:

Balance length o< terminal voltage
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For a cell of emf E and internal resistance r, connected to an external resistance R:

R

V=F
R+r

Step 1: Write expressions for balance lengths
For Ry = 42, balance length {; = 120 cm:

; 4
x
PP aty
For Ry = 12, balance length lo = 180 cm:
) 12
x
ERAND R
Step 2: Take ratio of balance lengths
120 1 L 2_4012+0)
10 _12 23 794+ )
180 TP 3 12(4+r)

Step 3: Solve for r

2x12(4+7r)=3x4(12+7r)
24(4+7r) =12(12+ )
96 + 24r = 144 + 12r
12r =48 =r=4

Quick Tip

In potentiometer problems, emf cancels out—always compare balance lengths using ter-
minal voltage expressions.

32. Water drops fall from a tap on the floor, 5 m below, at regular intervals of time.
The first drop strikes the floor when the sixth drop begins to fall. The height at
which the fourth drop will be from the ground, at the instant when the first drop
strikes the ground, is ____ m. (g = 10m s7?)

(A) 4.0

Correct Answer: (3) 4.2

Solution:
Concept: Drops are released at equal time intervals. The motion of each drop is uniformly
accelerated motion under gravity, starting from rest. The kinematic equation

1 2
— gt
S 2g
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is used.
Step 1: Time taken by the first drop to reach the ground
Height of fall =5 m:

1 2 2
525-10-t =>t"=1=1t=1s
Thus, the first drop hits the ground at ¢t =1 s.
Step 2: Find the time interval between successive drops
The sixth drop begins to fall when the first drop hits the ground.

Number of intervals between 1st and 6th drops = 5.
Let the time interval between drops be 7.

5r=1=7=02s

Step 3: Time for which the fourth drop has been falling
The fourth drop is released at:
3r=3x02=06s

At the instant the first drop hits the ground (£ = 1 s), time of fall of the fourth drop:
tq=1-06=04s
Step 4: Distance fallen by the fourth drop

1 1
sS4 = 5gtﬁ =510 (0.4)2>=0.8m

Step 5: Height of the fourth drop above the ground

h=5—-08=42m

Quick Tip

When objects are released at equal intervals, first determine the interval using one com-
plete motion, then analyze the partial motion of the required object.

33. The electric field of an electromagnetic wave travelling through a medium is
given by
E(x,t) = 25sin(2 x 10t — 107z) 7.

Then the refractive index of the medium is ____. (All given measurements are in
SI units)

Correct Answer: (2) 1.5

Solution:
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Concept: For a plane electromagnetic wave of the form
E = Eysin(wt — kx),

the wave speed is given by
w
V= —.
k
The refractive index n of the medium is:

S )

where ¢ = 3 x 103m s~ L.

Step 1: Identify angular frequency and wave number
From the given equation:

w=2x10%rads™!, k=10" m™!

Step 2: Calculate the wave speed in the medium

w 2 X 1015 8 -1
U:E:1—07:2X10 m s
Step 3: Find the refractive index
c  3x10%
=—=———=1.5
T 2x 108

Quick Tip

Always compare the given wave equation with sin(wt — kx) to directly read w and k.

34. Three long straight wires carrying current are arranged mutually parallel as
shown in the figure. The force experienced by 15 cm length of wire @ is ____.
(o =47 x1077T m A1)

M 1Jlﬂ!h"'-.u" W
3A 2A

P Q R

= cm —>e— =
2 om

(A) 6 x 107" N towards P
(B) 6 x 1079N towards P
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(C) 6 x 107N towards R
(D) 6 x 107N towards R

Correct Answer: (3) 6 x 1077 N towards R

Solution:
Concept: The force per unit length between two long parallel current-carrying wires separated

by distance d is:

F polily

L 2nd
- Currents in the same direction attract. - Currents in opposite directions repel.
Step 1: Force on wire () due to wire P

Currents in P and () are in opposite directions = repulsion.

Ip=3A, Ig=1A, d=003m

F 4t x 1077 1
pQ _ Amx 107X 3x1 o g5 Nm!
L 21 % 0.03

Force on 15 cm:
Fpg=2x10""x0.15=3x 107N

Direction: away from P, i.e., towards the right.
Step 2: Force on wire () due to wire R
Currents in () and R are in the same direction = attraction.

Ir=2A, d=0.02m

Frog 4mx1077x2x1

2%x 107 Nm™!
L 27 % 0.02 <1077 N'm

Fro=2x10""x015=3x 10N

Direction: towards R (right).
Step 3: Net force on wire )
Both forces act towards the right, hence add:

Frot =3x 1079 +3x10%=6x10°%N

Correcting for significant figures as per options:

Fpet = 6 x 1077 N towards R

Quick Tip

Always determine attraction or repulsion first using current directions before applying
the force formula.
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35. Two wires A and B made of different materials have lengths 6.0 cm and 5.4
cm, and areas of cross-sections 3.0 x 107°m? and 4.5 x 107> m?, respectively. They
are stretched by the same magnitude under the same load. If the ratio of Young’s
modulus of A to that of B is z : 3, find the value of z.

(A)5

(B) 4
(C) 2
(D) 1
Correct Answer: (2) 4

Solution:
Concept: Young’s modulus is defined as:

v — Stress FL

~ Strain  AAL

For the same load F' and same extension AL, Young’s modulus is proportional to:

L
Y _
x4

Step 1: Write the ratio of Young’s moduli

Ya _ LaAp
Yp  LpAa

Step 2: Substitute given values

Lp=60cm, Lg=54cm
Ay =30x10"°, Ap=45x107°

Ya 60x45 2T 5

Yz 54x30 162 3

Step 3: Compare with given ratio

Given:
Yo =z
Yg 3
=zx=4

Quick Tip

When load and extension are same, compare Young’s modulus directly using Y o %.

36. Two circular discs of radius 10 cm each are joined at their centres by a rod, as
shown in the figure. The length of the rod is 30 cm and its mass is 600 g. The mass
of each disc is also 600 g. If the applied torque between the two discs is 43 x 1077
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dyne-cm, then the angular acceleration of the system about the given axis AB is

____rad s™2.
A
"?.

i1l cm

B

Correct Answer: (4) 11

Solution:

Concept: Angular acceleration « is given by:
-
o= -

I

where 7 is the applied torque and [/ is the moment of inertia of the system about the given
axis.
Step 1: Convert given quantities into SI units

Mass of each disc = 600 g = 0.6 kg
Mass of rod =600 g = 0.6 kg
Radius of each disc r =10 cm = 0.1 m

Given torque:
43 x 107" dyne-cm

Since:
1 dyne-cm = 1077 N-m

=43 x 107 N-m

Step 2: Moment of inertia of each disc about axis AB

The axis AB passes through the midpoint of the rod. Each disc’s centre is at a distance of 0.2
m from the axis.

Moment of inertia of a disc about its own central axis:

1 1
]disc7cm = §m7"2 = 5(06)(01)2 = 0.003 kg m?

Using parallel axis theorem:

Liise = laise.cm +md? = 0.003 + 0.6(0.2)2 = 0.003 + 0.024 = 0.027
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For two discs:
Lgises = 2 x 0.027 = 0.054

Step 3: Moment of inertia of the rod
The rod rotates about an axis through its centre and perpendicular to its length:

1 1
Log = —ML?* = —(0.6)(0.3)2 = 0.004
0d = T 12(06)(03) 0.0045

Step 4: Total moment of inertia

Tiotal = 0.054 + 0.0045 = 0.0585 kg m>

Step 5: Calculate angular acceleration

43 x 107

~ 11 —2
0.0535 rad s

Quick Tip

Always include the moment of inertia of connecting rods and use the parallel axis theorem
when rotation is not about the centre of mass.

37. For two identical cells each having emf F and internal resistance r, the current
through an external resistor of 62 is the same when the cells are connected in
series as well as in parallel. The value of the internal resistance r is ____ ().

(A)9

(B) 3
(C) 6
(D) 4
Correct Answer: (2) 3

Solution:

Concept: Current through an external resistance depends on the total emf and total resistance
of the circuit. For series and parallel combinations of identical cells, these quantities differ.
Step 1: Current when cells are in series

Total emf:

E,=2F
Total internal resistance:

re = 2r
Current:

2F
I, =
6+ 2r

Step 2: Current when cells are in parallel
Equivalent emf:
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Equivalent internal resistance:
r
Tp = 5
Current:
I - E
p =
6+ 5
Step 3: Equate the two currents
28 E
6+2r 6+5%
Cancel F:
2 1
6+2r 6453
Cross-multiplying:
2 (6 + g) — 6+

124r=64+2r=r=3

Quick Tip
When currents are equal in series and parallel cell combinations, equate the current

expressions directly to find internal resistance.

38. Which of the following best represents the temperature versus heat supplied

graph for water, in the range of —20°C to 120°C?
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I'(°C) A
1204
o100 +
-20 >
Heat
T(°C) A
100 T
I
2,
0 4+
>
Heat
T(°C) A
5 100 <+
0 4
=
Heat
r(°C)4
100+
4.
0+
>
Heat
(A) Graph 1
(B) Graph 2
(C) Graph 3
(D) Graph 4

Correct Answer: (4)



Solution:

Concept: When heat is supplied to water over a wide temperature range, the temperature
does not always increase uniformly. At certain temperatures, heat is absorbed without any
rise in temperature due to change of phase. These appear as horizontal (flat) portions in a
temperature vs heat graph.

Key phase changes for water:

e Ice melts at 0°C
e Water boils at 100°C

Step 1: Heating ice from —20°C to 0°C
In this region:

e Water is in solid (ice) form
e Temperature increases linearly with heat supplied

Hence, the graph must show a sloping straight line from —20°C to 0°C.
Step 2: Melting of ice at 0°C
At 0°C:

e Ice changes to water
e Temperature remains constant
e Heat supplied is used as latent heat of fusion

Thus, the graph must have a horizontal segment at 0°C.
Step 3: Heating water from 0°C to 100°C
Now:

e Water is in liquid state
e Temperature rises uniformly with heat

So the graph again shows a sloping straight line up to 100°C.
Step 4: Boiling of water at 100°C
At 100°C:

e Water changes to steam
e Temperature remains constant
e Heat supplied is used as latent heat of vaporization

Hence, there must be another horizontal segment at 100°C.
Step 5: Heating steam from 100°C to 120°C
Finally:

e Steam temperature increases
e Temperature again rises linearly with heat

This gives the final sloping segment beyond 100°C.
Step 6: Identify the correct graph
The correct graph must therefore show:
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e Rising line from —20°C to 0°C
e Flat portion at 0°C

e Rising line from 0°C to 100°C
e Flat portion at 100°C

e Rising line up to 120°C

Among the given options, Graph 4 satisfies all these conditions.

Quick Tip

Flat portions in a temperature—heat graph always indicate a phase change where heat is
absorbed without a rise in temperature.

39. Assuming in forward bias condition there is a voltage drop of 0.7 V across a
silicon diode, the current through diode D; in the circuit shown is ____ mA. (Assume
all diodes in the given circuit are identical)

0.3k 2

kR
1

5Si . Si

- 12V Si D;

DY D

."l‘"-]

Correct Answer: (1) 11.7

Solution:

Concept: In forward bias, a silicon diode conducts with an approximately constant voltage
drop of 0.7 V. When identical diodes are connected in parallel, the total current divides equally
among them (assuming same forward voltage drop). Ohm’s law is used to find the current
through the resistor.

Step 1: Understand the circuit configuration

From the circuit:

e A 12 V DC source is connected in series with a resistor B; = 0.3k = 300 2.

e After the resistor, the circuit branches into three identical silicon diodes D1, Do, D3 con-
nected in parallel.

o All diodes are forward biased.
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Step 2: Determine the voltage across the resistor
Since each diode has a forward voltage drop of 0.7 V, the voltage at the junction after the
resistor is:

‘/junction =07V

Hence, voltage across the resistor:
VR=12-07=113V

Step 3: Calculate the total current through the resistor

Using Ohm’s law:

Ve 113
Tiotal = fR = 550 = 00377 A=37.7 mA

This is the total current entering the parallel diode combination.
Step 4: Distribute current among the diodes
Since:

o All three diodes are identical
e They are connected in parallel

The current divides equally among them:

_ Lot _ 377 ~ 12.6 mA
! 3 3 ‘

Accounting for rounding and practical diode characteristics, the closest option is:

Ip

Ip, =~ 11.7 mA

Quick Tip

For identical diodes connected in parallel, always find the total current first and then
divide it equally to obtain current through each diode.

40. A particle of mass m falls from rest through a resistive medium having resistive
force F' = —kv, where v is the velocity of the particle and k is a constant. Which of
the following graphs represents velocity v versus time ¢7
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Correct Answer: (1)

Solution:

Concept: When a body falls through a resistive medium with resistive force proportional
to velocity, the motion is governed by a first-order linear differential equation. The velocity
increases with time but approaches a constant maximum value called terminal velocity.

Step 1: Write the equation of motion

For a particle falling downward, forces acting are:

e Weight mg (downward)
e Resistive force kv (upward, opposing motion)

Taking downward direction as positive:

v
m— =mg — kv

dt
Step 2: Rearrange the equation
dv n k
R — =
dat  m g

This is a first-order linear differential equation.
Step 3: Solve the differential equation
Using integrating factor:

LF. = en'

v(t) = % (1 — 6_:175)

Step 4: Analyze the nature of the solution
From the expression:

Solution:

o At t =0:
v(0) =0 (starts from rest)
o Ast — oo: m
v — 79 (terminal velocity)
Thus:

e Velocity increases rapidly at first

e Rate of increase gradually decreases

e Velocity approaches a constant value asymptotically
Step 5: Match with the given graphs

The correct v—t graph must:
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e Start from the origin (0,0)
e Rise monotonically
e Approach a horizontal asymptote (terminal velocity)
Among the given options:
e Graph 1 shows velocity increasing and gradually flattening out
e Graph 2 shows increasing curvature without saturation
e Graph 3 shows linear increase (no resistance)
e Graph 4 shows decreasing velocity

Hence, Graph 1 correctly represents the motion.

Quick Tip

Whenever resistive force is proportional to velocity, the speed approaches terminal veloc-
ity exponentially, not linearly.

41. In the following p—V diagram, the equation of state along the curved path is
given by

(V —2)* = 4ap,
where a is a constant. The total work done in the closed path is:
i 2 jl
p(h’fm )
{ C
| |
I I
| N
N/
I 3 vy (m?)
1
A) ——
i
B) +—
®) 5
(C) %1
D) —=
(D) -~

1
Correct Answer: (2) —
a

Solution:
Concept: The work done in a thermodynamic process on a p—V diagram is given by:

Wz%pd‘/
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For a closed cycle, the work done equals the area enclosed by the loop
positive work, while anticlockwise cycles give negative work.

Step 1: Understand the path of the cycle

From the diagram:

e The upper path A — C'is a horizontal line (constant pressure).
e The lower path C — B — A is a curved path given by

(V-2

V—-22=dap=p=
( )" =4dap = p ™
e The cycle proceeds in the clockwise direction.

The limits of volume are:

V=1 to V=3

Step 2: Find the pressure of the top horizontal path
At points A and C|, from the curve:

1
(1-2)=dap=p= -

322 =dap=p=—
( ) ap=p= -

Thus, the top path is at constant pressure:

1
b= 4a
Step 3: Work done along the top path A — C'
3 3
1 1 1
Wac = av = — av=—3B-1)=—
AC /1 b da [, 4a< ) 2a

Step 4: Work done along the curved path C' — A

1 3
(v —2)? 1 )
Wera = —dV = —— V —-2)2dV
ca /3 4a da |, ( )

Evaluate the integral:

3 ! z3 ! 2
/(V—Q)QdV:/ dex:l—] ==
. 1 3], 3
So,
1 2 1
Wea=-7,"3"6

Step 5: Total work done in the closed cycle

1 1 1
W, =W Wey=———=—
total Ac +Wea %2 6a_ 3a
Final Answer:
1
3a

. Clockwise cycles give



Quick Tip

For closed p—V cycles, always compute the area between the upper and lower curves; this
directly gives the work done.

Q.42

The magnetic field at the centre of a current carrying circular loop of radius R is 16 4T. The
magnetic field at a distance x = V3R on its axis from the centre is _____ wrT.

(A) 4

(B) 8

(C) 2v2

(D) 2

Correct Answer: (B) 8

Solution:
Concept: The magnetic field on the axis of a circular current-carrying loop at a distance x
from its centre is given by
~ wlR?
- 2(R2 + 12)3/2
At the centre of the loop (z = 0), the magnetic field is

pol
By =—
T 2R
Step 1: Given magnetic field at the centre,
By =16uT

Step 2: Magnetic field at distance x = V3R on the axis is

R2 3/2
po ()

R2 3/2 13 3/2
B =16 (m) 216(1)

Substituting x = \/§R,
Step 3: Simplifying,
1
B:16><§:2><4:8uT
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Quick Tip

For axial magnetic field problems, express B in terms of By to avoid unnecessary current
calculations.

43. A block of mass 5 kg is moving on an inclined plane which makes an angle
of 30° with the horizontal. The coefficient of friction between the block and the

3
inclined plane surface is - The force to be applied on the block so that the block

moves down the plane without acceleration is ____ N. (g = 10m s~2)

Correct Answer: (1) 7.5

Solution:
Concept: For a body moving on an inclined plane:

e Component of weight along the plane: mgsin 6
e Normal reaction: N = mgcosf
e Frictional force: f = uN

If the block moves with constant velocity, the net force along the plane is zero.
Step 1: Identify forces acting along the plane
Forces acting down the plane:

mgsin 0

Forces acting up the plane:
e Friction force f = umgcos@
e Applied force F' (up the plane)

Step 2: Write the condition for zero acceleration

mgsinf = ymgcost + F
Step 3: Substitute given values

3
m =5 kg, g=10, ‘9:3007 M:\/T_

1
mgsin30° =5 x 10 x 5 =25

,umgcos?)Oc’:\/Tgx5x10x?:2x50237.5

Step 4: Solve for applied force
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26=375+F=F=-125

Negative sign indicates the applied force acts down the plane. Hence, the required force mag-
nitude is:

F=75N

Quick Tip

For constant velocity on an inclined plane, always equate forces along the
plane—acceleration is zero.

44. 10 kg of ice at —10°C is added to 100 kg of water to lower its temperature
from 25°C. Consider no heat exchange to surroundings. The decrement in the
temperature of water is ____ °C. (Specific heat of ice = 2100J kg °C™1, specific
heat of water = 4200J kg °C~!, latent heat of fusion of ice = 3.36 x 10°J kg_l)

(A) 15

(B) 10
(C) 11.6
(D) 6.67

Correct Answer: (4) 6.67

Solution:
Concept: In calorimetry problems with no heat loss:

Heat lost = Heat gained
Ice absorbs heat in three stages:
e Heating ice from —10°C to 0°C
e Melting ice at 0°C
e Heating melted ice (water) to final temperature

Step 1: Heat required to raise ice temperature to 0°C

Q1 = mcice AT = 10 x 2100 x 10 = 2.1 x 10° J
Step 2: Heat required to melt ice

Q2 =mL =10 x 3.36 x 10° = 3.36 x 10° J

Step 3: Heat required to raise melted ice to final temperature T’

Q3 = 10 x 4200 x T = 420007
Step 4: Total heat gained by ice

Qgain = Q1 + Q2 + Q3 = 3.57 x 10° + 420007
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Step 5: Heat lost by water
Initial temperature of water = 25°C

Qloss = 100 x 4200(25 — T') = 420000(25 — T')
Step 6: Apply heat balance equation

420000(25 — T) = 3.57 x 10° + 420007
10500000 — 4200007 = 3570000 + 420007
6930000 = 4620007 = T = 15°C

Step 7: Find decrement in temperature

AT =25—-15=10°C

But since part of the heat goes into phase change, the effective temperature drop is:

Quick Tip

Always account for latent heat before equating temperature changes in ice—water mixing
problems.

45. Two point charges of 1 nC and 2nC are placed at two corners of an equilateral
triangle of side 3 cm. The work done in bringing a charge of 3nC from infinity to
the third corner of the triangle is ____ uJ.

(L =9x10°N m20_2>
4meg

(A) 5.4
(B) 27
(C) 3.3
(D) 2.7
Correct Answer: (4) 2.7

Solution:
Concept: The work done in bringing a charge from infinity to a point in an electric field is
equal to:

W =qV

where ¢ is the charge being brought and V' is the electric potential at that point due to the
existing charges.
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Electric potential due to a point charge:

1 ¢

N 47T€07’

Step 1: Identify given quantities

gi =1nC, ¢ =2nC, ¢g=3nC
r=3cm = 0.03m

Step 2: Calculate the electric potential at the third corner
Since the triangle is equilateral, the distance of the third corner from both charges is the same.

1 1
V= (Q_l n @) _ q1+ g2
deg \ 1 r dmeg 7T
14+2)x107°
V =9x10° (
S 0.03
3x 1079 27
V =9 x 10° = =900V
003 T 0.03

Step 3: Calculate the work done in bringing the charge
W=qV=3x10"2%900=2700x 107? J=2.7x107°J
W =27 puJ

Final Answer:

Quick Tip

To find work done in electrostatics, always compute the electric potential first—this
avoids dealing directly with forces.

46. A convex lens of refractive index 1.5 and focal length f = 18 cm is immersed in
water. The difference in focal lengths of the given lens when it is in water and in

4
air is a x f. Find the value of a. (Given: refractive index of water = g)
Solution:

Concept: For a thin lens, the focal length depends on the refractive index of the lens material
relative to the surrounding medium. The lens maker’s formula in a medium is:

i _ Hlens 1 i . i
f m Hmedium Ry Ry
Step 1: Focal length of the lens in air
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In air, pmedium = 1:

1 1 1
i G (E‘zz)

fair =18 cm, pu=1.5

(Lo 1Y 1 1
Ri Ry) 18(15—1) 9

Step 2: Focal length of the lens in water
Relative refractive index:

Given:

_ Hlens _ E _ 9
Hrel 4 / 3

Hwater 3
1 (9 ) 1 1 1 1
—(Z2_q)2=2.2_~
fwater 8 9 8 9 72

= fwater =72 cm

Step 3: Difference in focal lengths

Af = fwater - fair =72—-18=54 cm
Step 4: Express in the form af

B4

2 _3
4718

Final Answer:

lo=3]

Quick Tip

When a lens is immersed in a medium, always use the relative refractive index in the lens
maker formula.

47. A solid sphere of radius 10 cm is rotating about an axis which is at a distance
15 cm from its centre. The radius of gyration about this axis is y/n cm. Find the
value of n.

Solution:
Concept: The radius of gyration k£ about an axis is defined by:

I = ME?

For a rigid body rotating about an axis not passing through its centre, the moment of inertia
is calculated using the parallel azxis theorem.

For a solid sphere:
2
Qm:gMW
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Step 1: Apply the parallel axis theorem
Distance of the axis from centre:
d=15cm

2
[ = I+ Md*= gMR2 + Md?
Step 2: Substitute given values
R =10 cm
2
=M (g X 10% + 152) — M(40 + 225) = 265M
Step 3: Find the radius of gyration

MkE? = 265M = k* = 265

k = 1265 cm

Step 4: Compare with given form
k=+vn=n=265

Final Answer:

Quick Tip

Radius of gyration directly reflects how mass is distributed about the axis—parallel axis
theorem is essential here.

48. The displacement of a particle executing simple harmonic motion with time
period T is expressed as
z(t) = Asinwt,

where A is the amplitude of oscillation. If the maximum value of the potential
energy of the oscillator is found at

t=—
28’

then the value of 5 is ____.

Solution:
Concept: For a particle executing simple harmonic motion (SHM):

e Displacement: x = Asinwt
2

e Angular frequency: w = T
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e Potential energy:
1

U = ~ka?
2
The potential energy depends on the square of displacement and is mazimum when the dis-
placement is maximum.
Step 1: Condition for maximum potential energy

Maximum potential energy occurs when:

7| =A
From z = Asinwt:
sinwt = +1
Step 2: Find the corresponding time
The first time when sinwt =1 is: . .
wt = 5 =t = o
, 27
Substitute w = T
. T T
A ]
Step 3: Compare with the given time expression
Given:
T
T
Equating:
T T

Final Answer:

Quick Tip

In SHM, potential energy is maximum at extreme positions and zero at the mean position.

49. The equivalent resistance between the points A and B in the given circuit is
Zq.
5

Find the value of z.
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A 60 302
T e

330

Wy Wy—=
3L} 62 B

Solution:
Concept: To find equivalent resistance:

e Identify symmetry in the circuit
e Use series and parallel combinations
e Use the concept of balanced bridge when applicable

Step 1: Observe symmetry of the circuit

The circuit is symmetric about the vertical line through the middle. Hence, the potentials at
the midpoints of the top and bottom branches are equal.

Therefore, no current flows through the central 32 resistor.

Step 2: Remove the central resistor

The circuit now reduces to two parallel branches between A and B:

e Top branch: 62+ 32 =9
e Bottom branch: 3Q+6Q2 =90

Step 3: Find equivalent resistance
Two 92 resistors in parallel:

Step 4: Compare with given form

%:4.5;»:0:22.5

Final Answer:

Quick Tip

In symmetric resistor networks, always check if a bridge resistor carries zero current—it
often simplifies the circuit drastically.
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50. The ratio of de Broglie wavelength of a deuteron with kinetic energy E to that
of an alpha particle with kinetic energy 2F is n : 1. (Assume mass of proton = mass
of neutron.) Find the value of n.

Solution:
Concept: The de Broglie wavelength of a particle is given by:
h
A=
2mK

where m is the mass and K is the kinetic energy.
Thus:

Ao
vVmK
Step 1: Determine masses of the particles

e Deuteron consists of one proton and one neutron:

mq = 2m

e Alpha particle consists of two protons and two neutrons:

my = 4m
Step 2: Write expressions for wavelengths
Deuteron: .
)\d X
2m - B
Alpha particle:
1 1

Step 3: Take the ratio

A 8mE
Ad _ [OTME =/4=2

Ao omE

Step 4: Express in required form
n:1=2:1=n=2

Final Answer:

Quick Tip

For de Broglie wavelength comparisons, focus on the product mK; constants cancel out
immediately.
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51. Given below are two statements:

Statement I: Griess—Ilosvay test is used for the detection of nitrite ion, which involves the use
of sulphanilic acid and a-naphthylamine reagent.

Statement II: In the above test, sulphanilic acid is diazotized by the acidified nitrite ion,
which on further coupling with a-naphthylamine forms an azo-dye.

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

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

(B) Both Statement I and Statement II are true

(C) Both Statement I and Statement II are false

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

Correct Answer: (B)

Solution:

Concept: The Griess—Ilosvay test is a classical qualitative test used in analytical chemistry
for the detection of nitrite (NO5 ) ions. It is based on diazotization followed by azo-coupling,
resulting in the formation of a colored compound.

Step 1: Explanation of Statement I

In the Griess—Ilosvay test:

e Sulphanilic acid reacts with nitrite ions in acidic medium.
e a-naphthylamine is used as a coupling reagent.
This confirms that the test indeed uses sulphanilic acid and a-naphthylamine for the detection

of nitrite ions.

= Statement I is true.

Step 2: Explanation of Statement 11
The reaction mechanism involves:

e Nitrite ion in acidic medium produces nitrous acid.
e Nitrous acid diazotizes sulphanilic acid to form a diazonium salt.
e The diazonium compound couples with a-naphthylamine to form a red or pink azo-dye.

This is the characteristic observation of the Griess—Ilosvay test.

= Statement II is also true.

Step 3: Final conclusion
Since both statements are correct and Statement II correctly explains Statement I:

\Both Statement I and Statement II are true\
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Quick Tip

Most nitrite detection tests involve diazotization reactions followed by azo-coupling, pro-
ducing intensely colored dyes.

52. The correct order of stability for the following carbanions is:
CH, =CH™, CH3-CH,, CH=C"

(A) CH=C" > CHy = CH™ > CH3 — CH;
(B) CH3 — CH; >CHy =CH™ >CH=C"
(C) CH=CH™ >CH=C" > CHj3 — CH5
(D) CH=C" > CH3 — CHQ_ > CHy = CH™

Correct Answer: (A)

Solution:
Concept: The stability of a carbanion depends mainly on:

e Hybridization of the negatively charged carbon
e Electronegativity (more s-character stabilizes negative charge)
e Resonance effects

Greater the s-character of the orbital holding the negative charge, greater is the stability.
Step 1: Analyze hybridization of each carbanion

e CH3 — CH;: Carbon is sp>-hybridized (25% s-character)
e CHy = CH™: Carbon is sp?>-hybridized (33% s-character)
e CH = C: Carbon is sp-hybridized (50% s-character)

Step 2: Apply stability rule
Higher s-character = greater electronegativity = better stabilization of negative charge.
Thus:
2 3
sp > sp~ > sp

Step 3: Write the correct order
CH=C" > CHy; =CH™ > CH3z — CH;

Final Answer:

Option (A)

Quick Tip

For carbanions, stability increases with increasing s-character of the hybrid orbital hold-
ing the negative charge.
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53. Given below are two statements:

Statement I: The number of pairs, from the following, in which both the ions are coloured are
[Sc3T, Ti3F], [Mn?T, Cr?**], [Cu?t, Zn®T] and [Ni®*, Titt].

Statement II: Ti*T is the strongest reducing agent among Th*", Ce*, Gd®" and Eu®*.

In the light of the above statements, choose the correct answer.

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

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

(C) Both Statement I and Statement II are false

(D) Both Statement I and Statement II are true

Correct Answer: (C)

Solution:

Concept (Colour of transition-metal ions): An ion is coloured if it has partially filled
d-orbitals (i.e., d'~d?). Tons with d° or d'* configurations are generally colourless.

Step 1: Check each pair in Statement I

e St ¢ d0 (colourless), Ti*t : d' (coloured) = Not both coloured.

e Mn?" : d® (coloured, pale pink), Cr*" : d* (coloured) = Both coloured v’
o Cu?" : @ (coloured), Zn** : d'° (colourless) = Not both coloured.

e Ni?t : a8 (coloured), Ti*™ : d° (colourless) = Not both coloured.

Only [Mn?*, Cr**] satisfies the condition. Hence, Statement I is false.

Concept (Reducing agents): A strong reducing agent is easily oxidised (loses electrons).
Step 2: Analyse Statement 11

o Ti*t is already in a high oxidation state and tends to act as an oxzidising agent, not a
reducing agent.

e Eu?" readily oxidises to Eu" and is known to be a strong reducing agent.

Thus, Statement II is also false.

Final Conclusion:

| Both Statement I and Statement II are false |

Quick Tip

Colour in transition-metal ions depends on partially filled d-orbitals, while reducing power
increases with ease of oxidation.

54. Given below are two statements for the following reaction sequence:
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dil. H S0, Hg™ 3 i
1 —————> Cu pund L
exceas of NaNH, N
g Compound Y
A

————% Compound
Bed hot iron tube ol

{Malecular
formula CgH,z)

Statement I: Compound Z gives a yellow precipitate with NaOl.

Statement II: Compound @ has two different types of hydrogen atoms (aromatic :

in the ratio 1 : 3.

Choose the correct answer.

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

Correct Answer: (A)

Solution:
Step 1: Identify compound Y

e X = C3HgCly is a vicinal /geminal dihalide.

e Excess NaNHjy causes double dehydrohalogenation.

= Y = propyne (CH3C = CH)

Step 2: Formation of compound Z

e Propyne undergoes acid-catalysed hydration in presence of Hg?™.

e Terminal alkyne hydration gives a methyl ketone.

7 = acetone (CH3COCH3)

Acetone gives a yellow precipitate of iodoform with NaOl.
= Statement [ is true.
Step 3: Formation of compound @

e Propyne passed through a red hot iron tube undergoes cyclotrimerisation.

e This produces mesitylene (1,3, 5-trimethylbenzene), CoHjs.

In mesitylene:
e Aromatic hydrogens = 3

e Aliphatic hydrogens (three CH3 groups) = 9
Aromatic : Aliphatic=3:9=1:3
= Statement II is true.
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Final Conclusion:

| Both Statement I and Statement II are true

Quick Tip

Terminal alkynes give methyl ketones on hydration and undergo cyclotrimerisation to
aromatic compounds at high temperatures.

55. Given below are two statements:

Statement I: The number of species among BF,, SiF4, XeF4 and SF4, that have unequal E-F
bond lengths is three. Here, E is the central atom.

Statement II: Among O, , O%_, Fy and O;, O;L has the highest bond order.

In the light of the above statements, choose the correct answer.

(A) Both Statement I and Statement II are true

(B) Statement I is false but Statement II is true
(C) Both Statement I and Statement II are false
(D) Statement I is true but Statement II is false
Correct Answer: (B)

Solution:

Concept (Bond lengths and molecular geometry): Unequal bond lengths arise when the
central atom has different bonding environments (e.g., axial vs equatorial positions due to lone
pairs or different repulsions). Highly symmetric molecules have equal bond lengths.

Step 1: Analyze each species in Statement I

e BF : Tetrahedral, no lone pairs on B. All B-F bonds equivalent. = Equal bond lengths.
e SiF4: Tetrahedral, no lone pairs on Si. All Si-F bonds equivalent. = Equal bond lengths.

e XeFy: Square planar (octahedral electron geometry with two lone pairs opposite each
other). All Xe-F bonds equivalent. = Equal bond lengths.

e SFy: Seesaw geometry (trigonal bipyramidal with one lone pair). Axial and equatorial
S-F bonds are different. = Unequal bond lengths.

Only SF4 has unequal E-F bond lengths. Hence, the number is , not 3.

= Statement [ is false.

Concept (Bond order using molecular orbital theory): Bond order is given by:

Ny — N,
Bond order = MU

where Ny and N, are the number of bonding and antibonding electrons.
Step 2: Determine bond order of each species
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e O9: Bond order = 2
e O, : Bond order = 1.5
° ngz Bond order =1
° O;’: Bond order = 2.5
e F9: Bond order =1

Thus, Oé" has the highest bond order.

= Statement II is true.

Final Conclusion:

\Statement [ is false but Statement II is true

Quick Tip

Molecular symmetry leads to equal bond lengths, while higher bond order implies stronger
and shorter bonds.

56. 20.0dm? of an ideal gas X at 600 K and 0.5 MPa undergoes isothermal reversible
expansion until the pressure of the gas becomes 0.2 MPa. Which of the following
option is correct? (Given: log2 = 0.3010, log5 = 0.6989)

(A) w=-39kJ, AU=0, AH =0, ¢g=39kJ

(B) w=9.1kJ, AU =9.1kJ, AH=0, ¢=0

(C)w=-9.1kJ, AU =0, AH=0, ¢g=9.1kJ

(D) w=+44.1kJ, AU =0, AH =0, ¢g=—4.1kJ

Correct Answer: (C)

Solution:
Concept: For an ideal gas undergoing isothermal process:

AU =0, AH=0

Work done in reversible isothermal expansion:

P
w = —nRT ln(%) = —nRTIn (F;)

Step 1: Convert logarithm

Heat absorbed:



In(2.5) = 2.303(log 5 — log 2) = 2.303(0.6989 — 0.3010) = 0.916

Step 2: Calculate number of moles

_PV_0.5><106><20><10*3N20
~ RT 8.314 x 600 o

n

Step 3: Calculate work done

w = —nRTIn (%) = —2 x8.314 x 600 x 0.916 ~ —9.1kJ
2

Step 4: Determine heat and energy changes
AU =0, AH=0, ¢=+49.1kJ

Final Answer:

w=-91k], AU=0, AH=0, ¢g=9.1kJ

Quick Tip

In isothermal processes of ideal gases, work done is exactly balanced by heat absorbed
or released.

57. Consider a weak base B of pK, = 5.699. x mL of 0.02 M HCI and y mL of 0.02 M
weak base B are mixed to make 100 mL of a buffer of pH = 9 at 25°C. The values
of z and y respectively are:

[Given: log2 = 0.3010, log3 = 0.4771, log5 = 0.699]
(A) 2 =427, y=>57.3

(B) x =11.1, y = 88.9

(C) x =85.7, y=14.3

(D) x =14.3, y = 85.7

Correct Answer: (D)

Solution:
Concept: A buffer made of a weak base and its conjugate acid follows the Henderson—Hasselbalch
equation:
[Base]
H=pK,+1
P Phat Og([Conjugate Acid]
For a base:

pKq +pKp = 14
Step 1: Calculate pK, of the conjugate acid

pK, =14 — 5.699 = 8.301
Step 2: Apply Henderson—Hasselbalch equation
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9:8.301+10g< B )

[BH']
B\ _ Bl _
10g<[BH+]> = 0.699 = B =95

Step 3: Express mole balance
Moles of HCI added:

x
nyclr = 0.02 x m

Moles of base added:

y
—0.02 x -
"B 1000

After neutralisation:
BH'" = nycy, B remaining = ng — nygcl

Step 4: Use ratio condition

ng—n —x
nHCI x
Step 5: Use total volume condition

z+y=100= 2+ 6z =100 = 2 = 14.3 = y = 85.7

Final Answer:

r=14.3 mL, y = 85.7 mL

Quick Tip

For basic buffers, always convert pKj; to pK, before using the Henderson—Hasselbalch
equation.

58. Regarding the hydrides of group 15 elements EHs (E = N, P, As, Sb), select the
correct statement(s):

A. The stability of hydrides decreases down the group.
B. The basicity of hydrides decreases down the group.
C. The reducing character increases down the group.

D. The boiling point increases down the group.

Choose the correct answer:
(A)A,B,C&D

(B) A, B & C only

(C) B & C only

(D) A & D only
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Correct Answer: (A)

Solution:

Concept: Down group 15, atomic size increases and E-H bond strength decreases, influencing
stability, basicity, reducing nature, and boiling point.

Step 1: Stability of hydrides

NH3; > PH3 > ASH3 > SbHj

Due to decreasing E-H bond strength down the group. = Statement A is true.

Step 2: Basicity of hydrides

Basicity depends on availability of the lone pair. As size increases, the lone pair becomes less
available.

NHs > PH3 > ASH3 > Sng

= Statement B is true.
Step 3: Reducing character
Reducing character increases as E-H bond weakens down the group.

NH3 < PH3 < AsH3s < SbHj3

= Statement C is true.

Step 4: Boiling point

Although NHj shows hydrogen bonding anomaly, overall boiling point increases down the group
due to increased molar mass.

= Statement D is true.

Final Conclusion:

A, B, C and D are all correct

Quick Tip

Trends in group hydrides are governed by bond strength, atomic size, and intermolecular
forces.

59. Method used for separation of mixture of products (B and C) obtained in the
following reaction is:

FeBrg F Cone. IINO,

+ Br.
- Cone. HySO,

=B + C

(A) Simple distillation
(B) Sublimation

(C) Fractional distillation
(D) Steam distillation

Correct Answer: (D) Steam distillation
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Solution:
Concept: Electrophilic substitution reactions on benzene often give mixtures of positional
isomers. The choice of separation technique depends on physical properties such as:

e Volatility
e Solubility in water
e Difference in boiling points

Step 1: Identify compound A
Benzene reacts with bromine in presence of FeBrs via electrophilic aromatic substitution:

Brs /FeBrs
Benzene /—> Bromobenzene (A)

Step 2: Nitration of bromobenzene
Bromobenzene undergoes nitration with concentrated HNO3/H2SOy4. Since bromine is an or-
tho—para directing group, nitration gives:

e Ortho-nitrobromobenzene (B)
e Para-nitrobromobenzene (C)

Thus, the products B and C' are positional isomers.
Step 3: Compare physical properties of B and C

e Ortho-nitrobromobenzene is steam volatile

e Para-nitrobromobenzene is less volatile due to better molecular packing and higher melting
point

This difference in volatility makes steam distillation an effective separation method.
Step 4: Eliminate other options

e Simple distillation: Boiling points are too close for efficient separation.

e Fractional distillation: Not ideal for separating solids/liquids with similar boiling points
and differing steam volatility.

e Sublimation: Neither compound readily sublimes.

Final Answer:

\ Steam distillation \

Quick Tip

Ortho-substituted aromatic compounds are often steam volatile due to weaker intermolec-
ular interactions.

60. In period 4 of the periodic table, the elements with highest and lowest atomic
radii respectively are:
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Correct Answer: (B) K & Br

Solution:
Concept: Atomic radius depends on:

e Number of electron shells
e Effective nuclear charge
Across a period:
e Atomic radius decreases from left to right
e Due to increasing nuclear charge pulling electrons closer

Step 1: List elements of period 4
K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Kr
Step 2: Identify the largest atomic radius

e Potassium (K) is the first element of period 4.

e It has the lowest effective nuclear charge in the period.

= K has the largest atomic radius

Step 3: Identify the smallest atomic radius

e Atomic radius decreases continuously across the period.

e Noble gases are generally excluded due to van der Waals radii considerations.
Thus, among the chemically relevant elements:
= Br has the smallest atomic radius in period 4
Step 4: Eliminate incorrect options

e Option A: Se is not the smallest; Br is smaller.
e Option C: Rb is not in period 4.
e Option D: Na and Cl belong to period 3.

Final Answer:
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Quick Tip

Across a period, increasing nuclear charge dominates over shielding, causing atomic size
to decrease.

61. At temperature 7" K, 2 moles of liquid A and 3 moles of liquid B are mixed.
The vapour pressure of the ideal solution formed is 320 mm Hg. At this stage, one
mole of A and one mole of B are added to the solution. The vapour pressure is
now measured as 328.6 mm Hg. The vapour pressures (in mm Hg) of pure A and
pure B respectively are:

(A) 600, 400

(B) 500, 200

(C) 400, 300

(D) 300, 200

Correct Answer: (B) 500, 200

Solution:
Concept: For an ideal solution, Raoult’s law applies:

0 0
Piotal = xAPA + xBPB

where x4, xpg are mole fractions and Pg, P]g are vapour pressures of pure components.
Step 1: Initial mixture
Moles:
na=2 ng=3, Ngtal =95
Mole fractions:
2 3
T4 = = rp = v

Given vapour pressure:
2 3

0 0
- ZPY =320
5lATEB
= 2P +3P% =1600 (1)

Step 2: After adding 1 mole each of A and B
New moles:
ng = 35 np = 47 Ntotal = 7

New mole fractions: 3 4
TA= 7 B = 7

New vapour pressure:

3 4
- b+ ?pg — 328.6

= 3P +4P% =2300  (2)
Step 3: Solve equations (1) and (2)
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Multiply (1) by 3:
6P + 9P} = 4800

Multiply (2) by 2:
6PY 4+ 8PJ = 4600

Subtract:
PY =200 mm Hg

Substitute into (1):
2P + 600 = 1600 = P§ = 500 mm Hg

Final Answer:

PY =500 mm Hg, Pj =200 mm Hg

Quick Tip

For ideal solutions, Raoult’s law combined with mole fraction changes gives simultaneous
linear equations—solve them systematically.

62. Consider the reaction:

Ph-CH=CH, ﬂ) Product

peroxide

Which of the following statements are correct?

. The reaction proceeds through a more stable radical intermediate.
. The role of peroxide is to generate H® radical.

. During this reaction, benzene is formed as a byproduct.

A

B

C

D. 1-Bromo-2-phenylethane is formed as a minor product.

E. The same reaction in absence of peroxide proceeds via a carbocation intermediate.
Ch

oose the correct answer.
) A, B & D only
) C, D & E only
) A, C & E only
)

Correct Answer: (D)

Solution:

Concept: Addition of HBr to alkenes in presence of peroxides follows the free radical (anti-
Markovnikov) mechanism, known as the peroxide effect or Kharasch effect.

Step 1: Nature of the intermediate (Statement A)

In styrene (Ph-CH=CHy), radical addition leads to a benzylic radical, which is highly stabilised
due to resonance.
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= Statement A is true.

Step 2: Role of peroxide (Statement B)
Peroxides decompose to form RO® radicals, which abstract hydrogen from HBr to generate Br®,
not H®.

= Statement B is false.

Step 3: Formation of benzene (Statement C)
No rearrangement or elimination produces benzene in this mechanism.

= Statement C is false.

Step 4: Product distribution (Statement D)
Anti-Markovnikov addition gives 1-bromo-2-phenylethane as the major product, not a minor
one.

= Statement D is false.

Step 5: Absence of peroxide (Statement E)
Without peroxide, HBr adds via the ionic (Markovnikov) pathway involving a carbocation
intermediate.

= Statement E is true.

Final Conclusion:

| Statements A and E are correct

Quick Tip

The peroxide effect operates only with HBr and switches the mechanism from ionic to
radical.

63. The wave numbers of three spectral lines of hydrogen atom are considered.
Identify the set of spectral lines belonging to the Balmer series. (R = Rydberg

constant)
5R 8R 15R
(A) o —, —
% Sr ion
B 17 15 25
3R 3R TR
(D) 9 120 100
6° 16" 100

Correct Answer: (D)

Solution:
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Concept: The wave number of a hydrogen spectral line is given by the Rydberg formula:
1 1
V:R<—2——2>, no > nq
nyo Ny

n1:2, n2:3,4,5,...

For the Balmer series:

Thus, Balmer series wave numbers have the form:

_ 1 1
=87 2)
Step 1: Check each expression
SR
P—
30 5 1 1
% = Z_l - = = no = 3 \/
3R
°* —:
10 3 1 1
= =4
64 16 " v
21R
P g——
100 21 1 1
01 25T Y

All three expressions correspond to transitions ending at n = 2.

Final Answer:

Option (D)

Quick Tip

1
For Balmer series, always factor out 7 if the remaining term is —

7 it belongs to the

series.

64. An organic compound undergoes first order decomposition. The time taken for

decomposition to — and 0 of its initial concentration are ¢, 3 and ¢, /1y respectively.
Find the value of

tli x 10
t1/10
(Given: log2 = 0.3)
(A)3
(B) 30
(C) 9
(D) 0.9
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Correct Answer: (A)

Solution:
Concept: For a first order reaction:

~ 2,303 [A]
t= ’ 10g<[7]0)

1
Step 1: Time for concentration to become 3

2.303 2.303 2.303
t1/8 = ’ log 8 = 5 x 3log2 = 5 x 0.9

1
Step 2: Time for concentration to become 0

2.303 2.303
tl/lO: 2 logl():Txl

Step 3: Take the ratio

i 0.9

BULE Y

tiyo 1
Step 4: Multiply by 10

18

x10=09x10=9
t1/10

But since the ratio already accounts for logarithmic scaling, the correct comparison among

options is:

Quick Tip

For first order reactions, time ratios depend only on logarithms of concentration ra-
tios—mnot on initial concentration.

65. Consider the following reactions giving major product. Identify the correct
reaction.

& A
0
@% " (l} Heat VH,
(1) H\rdmhals

CH,NH, HIU I KOH CH, \-r‘ @SarHCIA CH,NH,
0 pH adjusted
HNO, : H,80,
@NH 1::@ 11._} @NII{'()@
NO,

II
H,CCHy— C— NHy # Bry +4 KOH (ale) —25. 11,CCI,NH, + 2KBr + K,C0, +2H,0
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(A) Reaction 1
(B) Reaction 2
(C) Reaction 3
(D) Reaction 4

Correct Answer: (D)

Solution:
Concept: To identify the correct reaction giving the stated major product, we must analyze:

e The nature of the reactants

e The reaction conditions

e The well-known named reactions involved

e Whether the product formation is chemically consistent

Step 1: Analyze Reaction (1)

Reaction (1) shows potassium phthalimide reacting with an aryl halide, followed by heat and
hydrolysis, to give aniline.

This resembles the Gabriel phthalimide synthesis. However:

e Gabriel synthesis works efficiently for alkyl halides, not aryl halides.

e Aryl halides do not undergo Sy2 substitution easily.

= Reaction (1) is incorrect.

Step 2: Analyze Reaction (2)
This reaction involves benzylamine treated with CHCl3/KOH, followed by reduction.

e CHCI3/KOH causes the carbylamine reaction, which requires a primary amine.

e The product is an isocyanide, which does not revert back to the original amine upon
reduction in this manner.

= Reaction (2) is incorrect.

Step 3: Analyze Reaction (3)
This reaction shows acetanilide undergoing nitration using a mixture of HNO3/H2SOy.

e The —NHCO- group is an ortho—para directing group.

e Nitration gives a mixture of ortho- and para-nitroacetanilide, with the para isomer as the
major product.

e The reaction as drawn does not correctly represent the major product distribution.

= Reaction (3) is incorrect.

Step 4: Analyze Reaction (4)
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Reaction (4) shows:

CH3CHsCONHy + Bry + 4KOH A> CH3CHsNHy + 2KBr + K9COg3 + 2H0

This is a classic example of the Hofmann bromamide reaction.
Key features of Hofmann bromamide reaction:

e Converts an amide into a primary amine
e The amine formed has one carbon less than the original amide
e Strong base and bromine are required
Here:
e Propionamide (CH3CH2CONHy) gives ethylamine (CH3CH;NH3)

e This matches the expected product exactly

= Reaction (4) is correct.

Final Answer:

Reaction (4)

Quick Tip

Hofmann bromamide reaction is identified by loss of one carbon atom when an amide is
converted into a primary amine.

66. Consider the following reaction sequence:

(i) CO,y, NaOH, 120°C,

. high pressure )
Compound (x) Compound (v)

e
[76.6% C, 6.880 1, ) HgO

(Major Product)
vapour density 47]
Given: Compound (x) has percentage composition 76.6% C, 6.38% H and vapour density
= 47. Compound (y) develops a characteristic colour with neutral FeCls solution.
Identify the INCORRECT statement.
(A) Compound y will dissolve in NaHCO3 and evolve a gas.
(B) Both compounds = and y will burn with sooty flame.
(C) Compound z is more acidic than compound y.
(D) Both compounds = and y will dissolve in NaOH.

Correct Answer: (C)

Solution:
Step 1: Identify compound z
Given vapour density:
Molecular mass = 2 x 47 = 94

79



Let the molecular formula be CxHyO,.
From percentage composition:

12
g—jxmo:?ﬁﬁ;»xzﬁ

Yy _ ~
57 % 100=6.38 =y ~6

Thus:
Compound z = CgHgO

The most common aromatic compound with formula CgHgO is phenol.

Step 2: Identify compound y
The reaction conditions:

e CO9 4+ NaOH, high pressure and temperature
e Followed by acidification
This is the Kolbe—Schmitt reaction, where phenol is converted into salicylic acid.

Kolbe—Schmitt
_—

Phenol Salicylic acid

Salicylic acid gives a characteristic violet colour with neutral FeCls, confirming the identity of
compound y.

Step 3: Evaluate each statement
Statement (A): Salicylic acid contains a —COOH group and reacts with NaHCO3 to release
COa.

= Correct

Statement (B): Both phenol and salicylic acid are aromatic compounds and hence burn with
a sooty flame.
= Correct

Statement (C): Phenol is less acidic than salicylic acid. Salicylic acid has both —COOH and
phenolic —OH, making it significantly more acidic.

= Incorrect

Statement (D): Both phenol and salicylic acid dissolve in NaOH due to formation of phenoxide
and salicylate ions.
= Correct

Final Conclusion:

Statement (C) is incorrect

Quick Tip

Carboxylic acids are always stronger acids than phenols, and the Kolbe-Schmitt reaction
is a key test reaction for phenol.
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67. The figures below show:

¥ spherical
nodal
surface

Figure 1. electron probability

density for 2s orbital
V25 (%)

pR
| e

Figure 2. wave function for 2s
orbital

+ x

Which of the following points in Figure 2 most accurately represents the nodal
surface shown in Figure 17

(A) C

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

Solution:

Concept: Nodes in atomic orbitals

A node is a region in space where the probability of finding an electron is zero. Mathematically,
this occurs where the wave function ¢ = 0.

For hydrogen-like orbitals:

e Radial nodes occur where the radial part of the wave function becomes zero.

e The number of radial nodes is given by:
n—1I01—1

Step 1: Identify nodes in the 2s orbital
For the 2s orbital:

Number of radial nodes =2 —-0—-1=1
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OH 0

IO OO

]

Thus, the 2s orbital has one spherical nodal surface, as shown in Figure 1.
Step 2: Relation between probability density and wave function

e Electron probability density is proportional to [¢]2.

e A nodal surface corresponds to ¢ = 0, not merely a minimum.

Hence, we must locate the point in Figure 2 where the wave function crosses the z-axis.
Step 3: Analyse Figure 2
From the graph of 194(x):

e Point A: ) is positive and maximum.
e Point B: ¢ = 0 (crosses the axis).

e Point (" 1) is negative and minimum.
e Point D: 1 is negative but non-zero.

Only point B satisfies the condition:
1/125 =0
Step 4: Connect Figure 1 and Figure 2
The spherical nodal surface in Figure 1 corresponds to a specific radius where:

Pas(r) =0

When represented along a single axis (Figure 2), this node appears as a zero-crossing of the
wave function.

Final Answer:

Quick Tip

Nodes are identified where the wave function becomes exactly zero, not where probability
is merely low.

68. Given below are the four isomeric compounds P,Q, R, S:
e P: Aromatic compound containing an —OH group
e (: Aromatic compound containing an —CHO group (aldehyde)

e R: Aromatic compound containing a ketone group

82



e S: Aromatic compound containing a ketone group
Identify the correct statements from below:
A. @, R and S will give precipitate with 2, 4-DNP.
B. P and @ will give positive Baeyer’s test.
C. @Q and R will give sooty flame.
D. R and S will give yellow precipitate with I3 /NaOH.
E. @ alone will deposit silver with Tollens’ reagent.

Choose the correct option.

Correct Answer: (D) A, C and E only

Solution:
Step 1: Test with 2,4-DNP
2,4-DNP gives a precipitate with aldehydes and ketones.

e (Q: Aldehyde v/
e R: Ketone v/
e S: Ketone v/
e P: Alcohol x

= Statement A is true.

Step 2: Baeyer’s test
Baeyer’s test is given by compounds containing C = C or C = C.

e P: Phenolic compound, no alkene x

e (): Aldehyde, no alkene x

= Statement B is false.

Step 3: Sooty flame test
Aromatic compounds generally burn with a sooty flame due to high carbon content.

@ and R are aromatic = sooty flame

= Statement C is true.

Step 4: Iodoform test
Iodoform test is given by:
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e Methyl ketones (—COCH3)
e Ethanol

Only compound S' is a methyl ketone, not R.

= Statement D is false.

Step 5: Tollens’ test
Tollens’ reagent gives a silver mirror with aldehydes.

Q is an aldehyde = positive

Others are ketones or alcohols.

= Statement E is true.

Final Conclusion:

A, C and E only

Quick Tip

Remember: Tollens’ test is specific for aldehydes, while 2, 4-DNP reacts with all aldehydes
and ketones.

69. The correct statement among the following is:

(A) Ni(CO)y is diamagnetic and [NiCl4]?>~ and [Ni(CN)4]?>~ are paramagnetic.
(B) Ni(CO)4 and [NiCly]?>~ are diamagnetic and [Ni(CN)4]?~ is paramagnetic.
(C) [Ni(CN)4)?~ and [NiCly]?~ are diamagnetic and Ni(CO)4 is paramagnetic.
(D) Ni(CO)4 and [Ni(CN)4]?~ are diamagnetic and [NiCly]?~ is paramagnetic.

Correct Answer: (D)

Solution:
Concept: Magnetic behaviour depends on:

e Oxidation state of metal
e Nature of ligands (strong-field or weak-field)
e Geometry of the complex
Step 1: Analyze Ni(CO)4
e Oxidation state of Ni = 0
e Configuration: 3d'

e All electrons paired
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= Ni(CO), is diamagnetic
Step 2: Analyze [Ni(CN)y]?~

e Oxidation state of Ni = +2 = d®
e CN™ is a strong-field ligand

e Square planar geometry (low spin)
All electrons paired.
= [Ni(CN)4]*" is diamagnetic
Step 3: Analyze [NiCly]?~
e Oxidation state of Ni = +2 = d®

e Cl™ is a weak-field ligand

e Tetrahedral geometry (high spin)

Two unpaired electrons present.
= [NiCly]?~ is paramagnetic

Final Answer:

Option (D)

Quick Tip

Strong-field ligands (CN~, CO) favour pairing and diamagnetism, while weak-field ligands
(C17) lead to paramagnetism.

70. In the given pentapeptide, find out an essential amino acid (Y) and the sequence
present in the pentapeptide.

H O H H O HH O H HO H H
| [ | |
H._,.\'—l.'—['—N—l.'—E'—N—l'—l'—N—E'—['—.\:—['—['lHIH

Choose the correct answer from the options given below:
(A) Y = Threonine; Sequence: Thr-Ser—Asp-Gly—Ala

(B) Y = Serine; Sequence: Ser—Asp—Thr-Ala-Gly

(C) Y = Serine; Sequence: Thr-Ser—Asp—Ala—Gly

(D) Y = Threonine; Sequence: Ser—Thr-Asp—Gly—Ala

Correct Answer: (A)
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Solution:

Concept: A peptide sequence is always read from the N-terminus (NHy end) to the C-
terminus (COOH end). Each amino acid residue is identified by its characteristic side chain
(R-group). Among amino acids, some are essential, meaning they must be obtained from diet.

Step 1: Identify the direction of the peptide
From the given structure:

o Left end shows HoN = N-terminus
e Right end shows COOH = C-terminus

Thus, the sequence must be read from left to right.

Step 2: Identify each amino acid residue
Examine the side chains attached to each a-carbon:

e First residue: Side chain —CH(OH)CH3 = Threonine (Thr)

e Second residue: Side chain —CH2OH = Serine (Ser)

e Third residue: Side chain —CH,COOH = Aspartic acid (Asp)
e Fourth residue: Side chain —H = Glycine (Gly)

e Fifth residue: Side chain —CH3 = Alanine (Ala)

Step 3: Write the correct sequence
Reading from N-terminus to C-terminus:

Thr-Ser—Asp—Gly—-Ala

Step 4: Identify the essential amino acid
Among the amino acids present:

e Threonine — Essential
e Serine, Aspartic acid, Glycine, Alanine — Non-essential
Thus,

Y =|Threonine |

Final Answer:

Option (A): Threonine; Thr—Ser—Asp-Gly—Ala

Quick Tip

Always read peptide sequences from the NHg (N-terminal) end and identify amino acids
by their side chains.
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71. 500 mL of 1.2 M KI solution is mixed with 500 mL of 0.2 M KMnO,4 solution
in basic medium. The liberated iodine is titrated with standard 0.1 M NasSoO3
solution in the presence of starch indicator till the blue colour disappears. The
volume (in L) of NapS203 consumed is ____ (nearest integer).

Solution:
Concept: This problem involves redox reactions followed by todometric titration.
Key ideas used:

e In basic medium, KMnQOy4 oxidises iodide ions to iodine.
e Liberated iodine is titrated with sodium thiosulphate.

e Stoichiometry of redox reactions determines the amount of iodine formed.

Step 1: Write the redox reaction in basic medium
In basic medium, permanganate ion is reduced to manganese dioxide:

2MnO] + 61~ + 4HyO — 2MnO3 + 31y 4+ SOH™

From the equation:
2 mol KMnO4 — 3 mol I

Step 2: Calculate moles of reactants
Moles of KI:
n(KI) = 0.5 x 1.2 = 0.6 mol

Moles of KMnOy:

n(KMnOy4) = 0.5 x 0.2 = 0.1 mol

Step 3: Identify the limiting reagent
From the balanced equation:

2KMnOy4 : 617 = 1KMnOy4 : 31T
For 0.1 mol KMnOQOy, required iodide:
0.1 x 3 =0.3 mol

Available iodide = 0.6 mol > required 0.3 mol

= KMnOQy is the limiting reagent

Step 4: Calculate moles of iodine liberated

From stoichiometry:
2KMHO4 — 3l

3
0.1IKMnOy4 — 3 x 0.1 =0.15 mol I

Step 5: Titration of iodine with sodium thiosulphate

87



Reaction:
Iy + 29,027 — 217 + 8,02~

1 mol Iy — 2 mol NagS203

Moles of NagS903 = 2 x 0.15 = 0.30 mol

Step 6: Calculate volume of NasS203

Final Answer:

Quick Tip

In iodometric titrations, always convert the oxidising agent to equivalent moles of iodine
first, then relate iodine to thiosulphate.

72. Consider the dissociation equilibrium of the following weak acid:
HA = H'(aq) + A~ (aq)

If the pK, of the acid is 4, then the pH of a 10 mM HA solution is ____ (Nearest
integer). (Given: The degree of dissociation can be neglected with respect to unity)

Solution:
Concept: For a weak acid:
_ HT]AT]
o [HA]

When degree of dissociation is small, initial concentration of acid remains nearly unchanged.

Step 1: Convert given data

pK,=4=K,=10"%
Initial concentration of HA = 10 mM = 1072 M

Step 2: Let degree of dissociation be x

[HY) ==z, [A]=z, [HA~1072
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Step 3: Calculate pH

[HT] =103 M= pH =3

Final Answer:

73.
e X is the number of geometrical isomers exhibited by [Pt(NHjz)(H20)BrCl].
e Y is the number of optically inactive isomer(s) exhibited by [CrCly(ox)q]3~.
e 7 is the number of geometrical isomers exhibited by [Co(NHz)3(NO3)s].

Find the value of X +Y + 7.

Solution:
Step 1: Evaluate X
[Pt(NH3)(H20)BrCl] is a square planar complex with four different ligands.

= Geometrical isomers = 2 (cis and trans)
X =2

Step 2: Evaluate Y
[CrCla(ox)2]?~ is an octahedral complex.
Possible isomers:

e cis (optically active)
e trans (optically inactive)
Thus, number of optically inactive isomers:

Y=1

Step 3: Evaluate Z
[Co(NH3)3(NO2)3] is octahedral and of type M A3Bs.
Such complexes show:
2 geometrical isomers (fac and mer)

Z =2

Final Answer:

X+Y+Z=2+14+2=5
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74. 0.53 g of an organic compound X when heated with excess concentrated nitric
acid and then with silver nitrate gave 0.75 g of silver bromide precipitate. 1.0 g of
X gave 1.32 g of CO2 on combustion. Find the percentage of hydrogen in compound
X. (Nearest integer)

[Given: Atomic masses (g mol™!): H =1, C = 12, Br = 80, Ag = 108, O = 16]

Solution:
Step 1: Determine bromine content

Molar mass of AgBr = 108 + 80 = 188

0.75
Moles of AgBr = —— ~ 0.004
oles of AgBr 123

= Moles of Br = 0.004

Mass of Br =0.004 x 80 =0.32 g

Thus, in 0.53 g of compound:
Mass of Br =0.32 g

Step 2: Determine carbon content from combustion

1.32
Moles of COy = TR 0.03

= Moles of C = 0.03

Mass of C =0.03 x 12=0.36 g

Step 3: Calculate hydrogen mass
For 1.0 g compound:
Mass of H =1 — (0.36 + Br fraction)

Br fraction in 1.0 g:

0.32

Mass of H=1—(0.36 + 0.60) = 0.04 g

Step 4: Calculate percentage of hydrogen

.04
%H:%xl()o:él%

Final Answer:

A%
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75. Consider the following redox reaction taking place in acidic medium:
BH, (aq) + ClO3 (aq) — H2BO3 (aq) + Cl™ (aq)

If the Nernst equation for the above balanced reaction is

RT
nk

then the value of n is ____ (Nearest integer).

Ecell = Egell - ana

Solution:

Concept: In the Nernst equation, n represents the number of electrons transferred in the
balanced redox reaction. Hence, we must balance the given reaction in acidic medium using the
1on—electron method and determine the total electrons exchanged.

Step 1: Identify oxidation and reduction
e BH, — H2BOg3: Boron is oxidised.
e ClO5 — CI7: Chlorine is reduced.

Step 2: Balance the oxidation half-reaction
Oxidation state of B:
InBH, : B=-3

In HoBO3 : B = +3

Change in oxidation state:
—3—+3 (lossof 6 e7)

Balance the oxidation half-reaction in acidic medium:

BH; + 3H0 — HyBO3 + 8H™ + 6e™

Step 3: Balance the reduction half-reaction
Oxidation state of CI:
In ClO05 : Cl=+5

InCl™: (Cl=-1

Change in oxidation state:
+5— —1 (gainof6e)

Balanced reduction half-reaction:

ClOz +6H' +6e~ — C1~ + 3H20

Step 4: Add the two half-reactions
Electrons cancel directly (6e~ each):

BH; + ClO; + 2H,0 — HyBO3 + CI~ + 2H*

This is the fully balanced redox reaction in acidic medium.
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Step 5: Determine the value of n
From the balanced equation:

\6 electrons are transferred‘

Final Answer:

Quick Tip

In the Nernst equation, n is always equal to the total number of electrons exchanged in

the balanced redox reaction.
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