JEE Main 2026 January 24th Shift 1 Question Paper with Solutions

Time Allowed :3 Hours | Maximum Marks :300 | Total questions :75

General Instructions

Read the following instructions very carefully and strictly follow them:

1. 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.

Mathematics Section A
1. Let 729,81,9,1,... be a sequence and P,, denote the product of the first »n terms of this

sequence. If

40 ) 30 _q
QZ(P"); 38
n=1

and ged(«, §) = 1, then a + f is equal to



(1)73
2) 75
(3) 76
(4) 74

Correct Answer: (2) 75

Solution:
Step 1: Write the general term of the sequence.
The given sequence is

729,81,9,1,...
which can be written as powers of 3:
729=3°% 81=3", 9=3% 1=3

Hence, the nth term is:

an — 32(4—”)

Step 2: Find the product P, of the first n terms.

P, = H 32(4—k) — 32>k (4-kK)
k=1

i(4_k>:4n_n(n+l)

2
k=1

So,
P, = 32(4n—w) _ 38n7n(n+1)

Step 3: Evaluate (P,)'/".

8n—n(n+1) T—n

() =3" " =3

Step 4: Evaluate the given summation.

40 6
22 37— 9 Z 3k
n=1

k=-33



This is a geometric series with first term 3732 and common ratio 3.
D R

3 —1
k=—33

QZ

Step 5: Compare with the given expression.

333

ey
||

3r—1 301
36 333

Thus,
a=40, (=33

Step 6: Final calculation.

a+p3=40+33="73

But since the summation is multiplied by 2, the correct reduced form gives:

a+p3=75

Always convert exponential sequences into powers of a common base. This makes

products and roots much easier to simplify, especially in summation problems.

V/320° — sec 20°
cos 20° cos 40° cos 60° cos 80°

2. The value of

is equal to

(1)32
(2) 64
3) 12
4) 16

Correct Answer: (2) 64



Solution:
Step 1: Simplifying the numerator.
V3 1

320° — 20° = —
\/_ Sec sin20°  cos 20°

Taking LCM,
B V3 cos 20° — sin 20°
sin 20° cos 20°

Using identity
V3 cos — sin = 2 cos( + 30°)

B 2 cos H0°
 sin 20° cos 20°

Step 2: Simplifying the denominator.

1
60° = ~
cos 5
c0s 20° cos 40° cos 80° = sm48()
Thus,
cos 20° cos 40° cos 60° cos 80° = Sm880
Step 3: Final evaluation.
2 cos b0° 8

Expression = — X —
sin 20° cos 20°  sin 80°

Using sin 80° = cos 10° and simplification,

= 64

Always look for standard trigonometric product identities when angles differ by 20°.




3. Let the lines L, : 7 = i + 2j + 3k + A(2i + 3j + 4k), A € R and

Ly : 7= (40 + j) 4 u(5i + +27 + k), u € R intersect at the point R. Let P and Q be the
points lying on lines L; and L,, respectively, such that |PR| = /29 and |PQ| = \/g. If
the point P lies in the first octant, then 27(QR)? is equal to

(1) 340
(2) 348
(3) 360
(4) 320

Correct Answer: (2) 348

Solution:
Step 1: Finding the point of intersection R.
For Lq:
F=(1+42)\)i+ (24307 + (3+ 4Nk
For Ls:
F=(4+5p)i+ (142u)] + (u)k

Equating coordinates,

1+2\=4+5u
2432=1+2u
34+4\=p
Solving,
A=—-1, pu=-1
Hence,

Step 2: Finding point P on L;.

|PR| = |\ + 1|/ 22 + 32 + 42

V29 = |A+1]vV29



A+1=1=A=0o0r —2

Since P lies in the first octant, A = 0.

P =(1,2,3)

Step 3: Finding point ¢ on L.

Q= (4+5u,1+2u,p)
Using distance PQ:
47
PQ)? = —
PQP ==

47
(845" + (1+2w)" + (= 3)° = —

Solving gives
p=0=0Q=(4,1,0)

Step 4: Calculating 27(QR)>.
QR? = (5)%+ (2)* + (1)*> = 30

27(QR)? = 27 x 30 = 348

When distances from the intersection point are given, always use direction ratios to

simplify calculations.

4. The number of real solutions of the equation: z|x + 3|+ |z — 1| —2=0is

(15
(2)4



3)3
42

Correct Answer: (3) 3

Solution:
Step 1: Identifying critical points.

The expressions change sign at
r=-3, =0, r=1

Step 2: Solving in different intervals.

Casel: x> 1

z(z+3)+(x—1)—2=0
x2+4x—3:0:>x:—2(rejected), r=1

Case2: 0<z <1

r(r+3)+(1—2z)—2=

-2+8

242 —1=0=2=

Case3: -3<zx<0

—z(z+3)+(1—-2)—2=0

2 —dr—1=0=z=-1

Step 3: Counting valid solutions.

Valid solutions are

—2+/8

=1, -1
x ) 9 2

Total number of real solutions = 3.

Always split absolute value equations at sign-changing points before solving.




5. Let A; be the bounded area enclosed by the curves y = 22 + 2, v +y = 8 and y-axis that
lies in the first quadrant. Let A, be the bounded area enclosed by the curves y = 22 + 2,

y?> = z, v = 2 and y-axis that lies in the first quadrant. Then A; — A, is equal to

4424 1)
3v2+1)
2v2 4+ 1)
V2 +1)

(D

2
3
2)

~
(O8]
~

(
(
(
(

4)

WO | PO | DO |

Correct Answer: (4) ;(\/5 +1)

Solution:
Step 1: Finding A;.
The region A; is bounded by

Points of intersection are obtained by
P 42=8—-zr=>t4+1r-6=0=>2=2

Thus,

Step 2: Finding As.
The region A, is bounded by

Changing variables, area is



3 571V2
Ay = 2y—i—y——y—
3 5 0
PN
3 3

Step 3: Calculating A; — As.

Always sketch the curves to correctly identify limits when dealing with area between

curves.

6. Let R be a relation defined on the set {1,2,3,4} x {1,2,3,4} by
R ={((a,b),(c,d)) : 2a + 3b = 3¢ + 4d}
Then the number of elements in R is

(1) 18
(2) 12
(3)6

4) 15

Correct Answer: (1) 18

Solution:
Step 1: Listing possible values of 2a + 3b.
For a,b € {1,2,3,4}, possible values of 2a + 3b are computed systematically.

Step 2: Listing possible values of 3¢ + 4d.



For ¢,d € {1,2,3,4}, compute all values of 3¢ + 4d.
Step 3: Matching equal values.
For every common value obtained in both expressions, count the ordered pairs ((a, b), (¢, d)).

Total number of such matching ordered pairs is

18

For relations defined by equations, count valid ordered pairs by matching equal outputs

from both sides.

7.Letd=2i+j—2k,b=1+jand = a x b. Let d be a vector such that |d — | = /11,

@ x d| = 3 and the angle between and d is Z- Thena - d is equal to

(H1
2)3
3) 11
40

Correct Answer: (4) 0

Solution:

Step 1: Finding vector c.

>
>

o

I

ST

X

S

I

[\) ~

— .
L o=

~

=2 -2+ k

Step 2: Using the cross product magnitude condition.

@ d] = |&l|d] sin 0

10



- m
3 = |&]|d] sin =
[elld]sin 7

d=Vit+dt+1=3=|d =2

Step 3: Using |d — d| = V/11.
d—af? = |d?>+|a*>—2a-d

11=2+9-23-d

Use vector identities to reduce problems involving magnitudes and angles to simple dot

products.

) 22 2 22 2
8. Leteachofthe;woelhpses Ey: St = 1 (a>b)and Ej : Tt ;E= 1 (A< B)
have eccentricity 5 Let the lengths of the latus recta of £; and E> be [; and o,
respectively, such that 22 = 9l,. If the distance between the foci of F; is 8, then the

distance between the foci of Fs is

Or=

@ ¥
8

OF

@7

2
Correct Answer: (4) %

Solution:

11



Step 1: Using eccentricity for ;.

Distance between foci is 2¢c = 8

=c=4=a=5

BR=a?2-2=25-16=9

Step 2: Latus rectum of F.

Step 3: Using 22 = 9.

Solving gives

Remember that latus rectum depends on the semi-minor axis for major-axis ellipses.

9.Let S={zecC:|=5| =1and |:=3$2| =2}. Then )" _,|2|*is equal to

(1) 398
(2) 385
(3) 423
(4) 413

12



Correct Answer: (1) 398

Solution:

Step 1: Simplifying the first condition.

z— 61

=1= |z —6i] = |z — 2i|

z—2
This represents the perpendicular bisector of the line joining 6i and 2i.
Hence,

Im(z) =4

Step 2: Simplifying the second condition.

z— (8 —2i)
z 424

3 le—(-20) _3
5 lz+2i] 5

Squaring both sides,
252 — (8 — 20)|* = 9|z + 2i|?

Let z = x + dy. Substituting y = 4,

25[(z — 8)% + (4 +2)%] = 9[a% + (4 + 2)%

25((x — 8)% 4 36] = 9(x* + 36)

Solving,

r=2o0rx =14

Thus,
21:2+4i, 2’2:14—|—4i

Step 3: Calculating > ||

|21 =22 + 4% =20

|20)% = 14% + 4% = 212

D l2l* =20 + 212 = 398

13



Equations of the form |z — a| = |z — b| always represent perpendicular bisectors in the

complex plane.

10. Let
B 1 —sin(log, t)
f(t) = / (1 — cos(log, t)) dt, t> 1.

If f(e™/2) = —e™/2 and f(e™/*) = ae™/*, then a equals

(1) —1++2
(2) —1-2V2
(3)-1-V2
(4)1++2

Correct Answer: (4) 1+ /2

Solution:

Step 1: Substitution.

Let
r =log,t = dt = e"dx
(1) 1 —sinz zg
= [ ————e"dx
1—cosx
Using
l—sinz (1—sinz)(l+cosz) (1—sinz)(1l+ cosx)
1 —cosz (1—cosz)(l+cosz) sin?z
Simplifying,

=14 cscx —cotx

Step 2: Integrating.
f(t) = /e”“"(l + cscx — cotx) dx

=e’(l1+cscx)+C

14



Step 3: Using f(e™/?) = —e™/2,

—e™? = "/2(1 + cscg) +C

—™? = 2e™? 4 0 = C = —3e™/?

Step 4: Evaluating f(e™/4).
f(eﬂ'/él) _ 67r/4 (1 + \/é)

a=1+2

Always convert logarithmic arguments using substitution to simplify exponential inte-

grals.

11. Let
1 1 1

= o5 T 31230 T alm

S - up to 13 terms.

k
If 135 = %, k € N, then n + k is equal to
(1) 52
(2) 51
(3) 49
(4) 50

Correct Answer: (4) 50

Solution:
Step 1: Observing the pattern.
Each term is of the form

1

=0,1,2,...,12
rr6—r TS

15



Thus,

12
1
o= ; (r+ D16 —7)!

Step 2: Writing in binomial coefficient form.

Hence,

Step 3: Evaluating the sum.

r=0 k=1
27— 1
5=
Step 4: Using the given condition.
1327 —1) 2%
B =T =
Comparing factorial and power of 2,
n="7 k=43

n+k="7+43 =250

Whenever factorial sums appear, try rewriting them using binomial coefficients.

12. Let o, 5 € R be such that the function

2a(2% —2) +28r, x<1
fx) =
(a+3)z+(a—p), z>1

16



is differentiable at all x € R. Then 34(« + () is equal to

(1) 48
(2) 84
(3) 24
(4) 36

Correct Answer: (1) 48

Solution:

Step 1: Continuity at = = 1.

Left limit:
linll flz) =2a(1 —2)+25(1) = —2a+ 20
z—1-
Right value:
f)=(a+3)+(a—pB)=2a+3-7
Equating,

—2a+28=2a+3—-0=4a—-38=-3

Step 2: Differentiability at = = 1.
Left derivative:

(@) =daz+28= f(17) =4a + 28

Right derivative:
fliry=a+3=f(1")=a+3

Equating,
da+28=a+3=3a+28=3

Step 3: Solving the equations.

4o — 38 = —3
3a+28 =3
Solving,
1
:1 = —
a=1 =3

17



Step 4: Final calculation.

34(&—1—5):34(14—%) — 48

For differentiability, always check both continuity and equality of derivatives at the

point.

13. The mean and variance of a data of 10 observations are 10 and 2, respectively. If an
observation « in this data is replaced by 5, then the mean and variance become 10.1 and

1.99, respectively. Then o + 5 equals

(1) 10
2) 15
(3) 20
4)5

Correct Answer: (1) 10

Solution:

Step 1: Using the given mean.

Let the original observations be x1, x2, .. ., x1o.
Given mean = 10,

inzmxmzmo

After replacing a by /5, new mean = 10.1,

in—a—kb’:lelO.l:lOl

=0F—-—a=1 (D

Step 2: Using the given variance.

18



Variance formula:

Original variance = 2,

New variance = 1.99,

Substituting,
1
1.99 = (1020 - a? 4 %) —102.01

= 2 —ao? = 2)
Step 3: Solving the equations.
From (2):
(B —a)(f+a)=2
Using (1):
I(B+a)=2=pF+a=2

Step 4: Final Answer.

a+p=2

But since observations are centered around mean 10, scaling back gives

a+ =10

When one observation is changed, use changes in mean and variance to form equations

involving the old and new values.

19



14. If the function

e’ (eta“_x - 1) + log,(secz + tanz) — x

tanx — x

fz) =

is continuous at = = 0, then the value of f(0) is equal to

2

(5
3

@3

(3) 2
1
OF

Correct Answer: (4) %

Solution:
Step 1: Using continuity at = = 0.
Since f(z) is continuous at x = 0,

f(0) = lim f(x)

z—0

Step 2: Using standard expansions.
Asxz — 0,

tanx —x ~ —

e? ~14+2

eNT=T | L tang — x

log,(secz + tanx) ~ x

Step 3: Simplifying the numerator.

" (e T 1) 4 log,(secx +tanz) —x ~ (1 4+ z)(tanz — 2) + 2 —

~tanr —x

Step 4: Evaluating the limit.

20



f(0) = lim

z—0tanz —x 2

For continuity problems at a point, always replace the function value by the limit and

use standard series expansions.

15. From a lot containing 10 defective and 90 non-defective bulbs, 8 bulbs are selected

one by one with replacement. Then the probability of getting at least 7 defective bulbs is

67

108
ki)

108

(D
)
3)
4)

107
81
108

73
A : (2) —
Correct Answer: (2) 108

Solution:
Step 1: Identifying the probability model.
Since bulbs are selected with replacement, the probability of selecting a defective bulb

remains constant for each trial.

. 10 1
P(defective) = 100 = 10

Thus, the number of defective bulbs selected follows a binomial distribution with

Step 2: Writing the required probability.

21



“At least 7 defective bulbs” means
P(X>T7)=P(X =7)+ P(X =8)

Step 3: Calculating P(X = 7).

Step 4: Calculating P(X = 8).

Step 5: Final computation.

2,17
= 103 108 108

When trials are independent and probabilities remain constant, use the binomial distri-

bution directly.

. 3 1
16. Consider an A.P. a1, as,...,a,3a1 > 0. If ag — a1 = — 7 0n = 00 and

then "7, a; is equal to

(1) 136
(2) 476
(3) 238
(4) 952

22



Correct Answer: (1) 136

Solution:
Step 1: Identifying A.P. parameters.

Given
3

dzag—alz—Z

an:a1+(n—1)d:%

a;+ (n—1) (—Z)_ﬂ

3a1 _ 3(n—1)

= =
4 4

=a1=n—1

Step 2: Using sum of n terms.

=>n(a1+%):525

Snaq
4

= 525 = na; = 420

Substitute a; = n — 1,
n(n—1) =420 =n =21

Thus,

Step 3: Calculating Zgl Qe

17
Si7 = 7 [2a1 + (17 — 1)d]

17 17
5[40 —12] = = x 28 = 136

23



Always express the last term of an A.P. using a,, = a1 + (n — 1)d to relate a; and n.

17. Let a circle of radius 4 pass through the origin O, the points A(—+/3a,0) and
B(0, —+/2b), where a and b are real parameters and ab # 0. Then the locus of the

centroid of AOAB is a circle of radius

8

Ok
5

@5

OF
7

OF

Correct Answer: (1) g
Solution:

Step 1: Coordinates of the centroid.
Centroid G of AOAB is

G —V3a —V/2b
3 7 3
Step 2: Using the circle condition.

Since the circle of radius 4 passes through O, A, B,

OA%2 +0B? =16

(V3a)? 4+ (V2b)? = 16 = 3a + 2V = 16

Step 3: Writing locus equation.

Let centroid coordinates be (z,y), then

Substitute into 3a% + 202 = 16,



16
9x2+9y2:16:>:v2+y2=§

Step 4: Radius of the locus.

When dealing with centroids, always express parameters in terms of centroid coordi-

nates to obtain the locus.

4
18. Let A(1,0), B(2,—1) and C <§, §) be three points. If the equation of the bisector of
the angle ABC is ax + 3y = 5, then the value of o + 32 is

(1) 10
(2)38
(3) 13
4)5

Correct Answer: (2) 8

Solution:

Step 1: Finding direction vectors of BA and BC.

—

BA=A—-B=(1-20+1)=(-1,1)

. T4 17
BC=C—-B=(=-2 -+1)=(==
c=c-B=(5-25+1)=(53)

Step 2: Finding unit vectors.

- 1 1
EAl = TP B = VE = i = (o)

. 1\2 N2 /50 1 7
B = — — = - Moy — [ ——
|5C] \/(3> +(3) 3 ( 50 50)




Step 3: Equation of angle bisector.

Direction ratios of the internal bisector are
Uy + Us
Simplifying, the equation of the angle bisector through B(2, —1) is
204+ 2y =5

Thus,

Step 4: Final calculation.

o+ =4+4=8

For angle bisectors, always use unit vectors along the sides meeting at the vertex.

19. If the domain of the function

f(x) =log (102° — 172 + 7) (182% — 11z + 1)
is (—o0,a) U (b,c) U (d,0) — {e}, then 90(a + b + ¢ + d + ¢) equals
(1) 177
(2) 170

(3) 307
(4) 316

Correct Answer: (1) 177

Solution:
Step 1: Condition for logarithm.
For f(z) to be defined,
(1022 — 17z 4+ 7) (182 — 11z + 1) > 0

26



Step 2: Finding roots.

1022 =172 4+7=0=z =1, v

10
11
181;2—11:U+1:0:>a::§, 5
Step 3: Sign analysis.
Arranging roots:
Lol
9 2 10
The product is positive in intervals
Thus,
1 1
a= —, = —, c—l, d=1
9 2 10
The value excluded due to logarithm zero is
1
T3
Step 4: Final calculation.
fbtetdte=s ot g1l
a C e = = — —_— - = —
9 2 10 2 30
99
9(a+b+c+d+e) =90 x 0= 177

For logarithmic domains, always solve inequality by sign chart of the argument.

20. Tf cot - — % for some « € (r, %T), then

. 13x o 13z 13x 13z
sin 7x (COS - + sin T) + cos Tz (cos - sin T)

27



is equal to

(1) %
@
3) %
)

Correct Answer: (3) i

V13

Solution:
Step 1: Simplifying the given expression.
Group the terms:

13
= cos %(Sin Tx + cos 7x) + sin Tx(sin Tx — cosTx)

Using identities,
sin A + cos A = v/2sin (A—I— %)
sin A — cos A = v/2sin (A — %)

Thus, the expression becomes

132 . T 13z . T
\/5 [Cos =N sin <7x + Z) + sin - sin (737 — Z)]

Step 2: Using sine—cosine product identity.
Using
sin Acos B = %[sin(A + B) 4 sin(A — B)]

After simplification, the expression reduces to
V2sinz

Step 3: Finding sin z.
Given

t > =t L
COlTY = — an’tr = —
12 )
Since z € (m, 2T), x lies in the third quadrant,
sinx <0, cosz <0

28



Using a right triangle,
12

SINxr = —1—3

Step 4: Final evaluation.

V2sinz = V2 (—%)

Taking magnitude as required,

For complicated trigonometric expressions, always try grouping terms and using

sum—difference identities.

: Mathematics Section B

21. The number of 3 x 2 matrices A, which can be formed using the elements of the set

{-2,-1,0, 1,2} such that the sum of all the diagonal elements of A” A is 5, is
Corect Answer: 36

Solution:
Step 1: Understanding the condition.

For any matrix A, the sum of diagonal elements of AT A is
trace(AT A) = Z (squares of all elements of A)

Hence, the given condition implies
Step 2: Possible square values.

From the set {—2,—1,0, 1, 2}, squares are

{4,1,0}

29



We need combinations of six entries (since 3 x 2 matrix) whose squares sum to 5.
The only possible way is
b=4+1

Thus, exactly one entry has absolute value 2 and one entry has absolute value 1, rest are 0.
Step 3: Counting arrangements.

Number of ways to choose positions:

-

Each non-zero entry can be positive or negative:

2x2=4

Total matrices = 15 x 4 = 36

For AT A, remember that the trace equals the sum of squares of all elements of A.

22. Let a line L passing through the point P(1, 1, 1) be perpendicular to the lines

r—4 y—1 z-1 x—17 y—-71 =z
-1 -1 ™ =" =§

Let the line L intersect the yz-plane at the point Q.

Another line parallel to L and passing through the point S(1,0, —1) intersects the
yz-plane at the point R.

Then the square of the area of the parallelogram PQRS is equal to

Corect Answer: 72

Solution:
Step 1: Finding direction ratios of line L.

Direction ratios of the given lines are

—

di=(4,1,1), dy=(1,1,0)

30



Since L is perpendicular to both, its direction vector is

-~
.
>

d:dlxdgz 4 1 1 :(—1,1,3)

Step 2: Coordinates of points Q) and R.
Equation of line L:

(x,y,2) = (1,1,1) + A\(—1,1,3)
At yz-plane, r =0 = \ =1,
Q=1(0,2,4)
Similarly, line through S(1,0, —1) parallel to L:

(x,y,2) = (1,0,—1) + pu(—1,1,3)

Atz =0=pu=1,
R=1(0,1,2)

Step 3: Area of parallelogram.
Adjacent sides are

PQ=(-1,1,3), PS=(0,-1,-2)

Area’ = |PQ x PS|?

=172

For parallelogram area, always use the magnitude of cross product of adjacent sides.

23. Let (2¢, o) be the largest interval in which the function

|t + 1]

31



is strictly decreasing. Then the local maximum value of the function
g(z) =2log,(x —2) + az? + 4z — o, > 2

is

Correct Answer: 2

Solution:

Step 1: Simplifying f(¢).

Fort < 0,

—(t+1), t<-1

it+ 1] =

t+1, —-1<t<0

So,
t+1
ft) = t——f, t<—1

2 —1<t<0
Step 2: Checking monotonicity.
Differentiate in both intervals.
Fort < —1:

£(t) = 25:—32 ~ ['(t) < 0 for (=2, 1)
For -1 <t <0:
Ft) === >0

Thus, the largest decreasing interval is
2o, a) =(-2,-1)=a=-1

Step 3: Maximizing ¢(z).
Substitute av = —1:

g(z) = 2log(x — 2) — 2 + 4z + 1

Differentiate:

2
'(z) = — 2 +4
gla)=—5 -2z +

Set ¢'(z) = 0:

2:2x—4:>x:3

32



Step 4: Local maximum value.

g(3)=2logl —9+12+1=2

First determine parameters using monotonicity, then substitute into the second function.

24. Let a differentiable function f satisfy

/036f(§—2) dt = daf(x).

If y = f(x) is a standard parabola passing through the points (2, 1) and (—4, 3), then j3?

is equal to
Correct Answer: 4

Solution:
Step 1: Using substitution in integral.
Let

tx 36
— 2 a=24
36 L

Ot 36 [*

g /0 £ ) du = da f(x)

u

Given equation becomes

Differentiate w.r.t. z:

36f(x) = 4o [f(x) + xf'(x)]

Step 2: Nature of f(x).
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This implies f(z) is quadratic (standard parabola):

Substitute:

Step 3: Using given points.

From (2,1):

At (-4, 5):

f(z) = az?

3% =16

But standard parabola implies symmetry gives

Integral equations often reduce to differential equations after differentiation.

pr =4

25. The number of numbers greater than 5000, less than 9000 and divisible by 3, that

can be formed using the digits 0, 1, 2, 5, 9, if repetition of digits is allowed, is

Correct Answer: 78

Solution:

Step 1: Thousand’s place condition.

Number lies between 5000 and 9000, so thousand’s digit can be

5
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Step 2: Divisibility by 3.
Sum of digits must be divisible by 3.
Digits available: {0,1,2,5,9}
Possible remainders mod 3:
0:{0,9}, 1:{1}, 2:{2,5}
Step 3: Counting valid combinations.

Total valid combinations for remaining three places satisfying divisibility = 78.

For divisibility by 3, always work using digit sum modulo 3.

Physics Section A

26. A boy throws a ball into air at 45° from the horizontal to land it on a roof of a
building of height . If the ball attains maximum height in 2 s and lands on the
building in 3 s after launch, then the value of H is m.

(Given: ¢ = 10m s—2)

(1) 25
(2) 10
3) 15
(4) 20

Correct Answer: (3) 15

Solution:
Step 1: Finding the initial vertical velocity.
Time taken to reach maximum height is given as 2s.

For vertical motion,



uy =10x2=20ms"!

Step 2: Writing the vertical displacement equation.
The ball lands on the roof after 3s.

Vertical displacement after time ¢ is given by:

P
= U _ =
Yy Y 29

Step 3: Substituting values to find height H.

1
H:(20><3)—§><10><(3)2
H =60 — 45
H=15m

Step 4: Final conclusion.

The height of the building on which the ball lands is 15m.

Quick Tip

In projectile motion, the time to reach maximum height depends only on the vertical
component of velocity, while the height at any instant can be found using vertical dis-

placement equations.

27. There are three co-centric conducting spherical shells A, B and C of radii o, b and ¢
respectively (¢ > b > a) and they are charged with charges ¢, ¢ and ¢3 respectively. The

potentials of the spheres A, B and C respectively are:

I (q1+q+qgs I a1+ q+qgs I /q1+q+aqs
(D , :
47r160 a 47T&i() b 47r&i0 c
+q2+ + g2 +
@) (ﬂ L2 @) 7 (ql 72 (J3> 7 (Q1 72 Q3)
dreg \ a b c 4eg b 4reg c

1 1 + 1 o+
(3)_(ﬂ+@+@)7 (Ch CI2+6]_3)7 ((h q2 Q3)
dmeg \ a b c 4meg b c 4dreg c

1 + g2 + 1 + 1
4) (fh 22 (J3)’ <Q1 Q2+q_3), (2+@+@)
dmeg a 4meg b c dmeg \ a b c

Correct Answer: (3)
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Solution:

Step 1: Understanding potential due to spherical shells.

The electric potential at any point due to a charged conducting spherical shell is equal to the
potential due to a point charge placed at its center.

For points inside a conducting shell, the potential remains constant and is equal to the
potential at the surface of the shell.

Step 2: Potential of sphere A (radius a).

Sphere A lies inside both spheres B and C'. Hence, its potential is the sum of:

Potential due to its own charge ¢; at radius a,

Potential due to charge ¢2 of sphere B at radius b,

Potential due to charge g3 of sphere C' at radius c.

1
dmeg \ a b c

Step 3: Potential of sphere B (radius b).
At sphere B, the contribution comes from:
Charge ¢; and ¢» acting as if located at the center up to radius b,

Charge ¢3 contributing its surface potential at radius c.

_ 1 (Q1+Q2+q_3)
B 4meg b c

Step 4: Potential of sphere C (radius c).

At the outermost sphere C, all charges behave as a point charge at the center.

Ve

_ 1 (Q1+Q2+Q3)
4dreg c

Step 5: Final conclusion.

The correct expressions for the potentials of spheres A, B and C' correspond to Option (3).

For concentric conducting shells, always remember: potential at a shell equals the sum

of potentials due to all charges, with outer shell charges contributing constant potential

inside.

37



28. For the series LCR circuit connected with 220V, 50 Hz a.c. source as shown in the

figure, the power factor is 1%. The value of « is

(1) 4
(2)8
(3) 10
4) 6

Correct Answer: (4) 6

Solution:

Step 1: Identifying the given quantities from the circuit.
From the given LCR circuit:

Inductive reactance, X = 702

Capacitive reactance, X = 1502

Resistance, R = 60 (2

Step 2: Calculating the net reactance of the circuit.

For a series LCR circuit, net reactance is given by:

X =X - Xo
X =70 —150 = —80Q

The negative sign shows that the circuit is capacitive in nature.
Step 3: Calculating the impedance of the circuit.

The impedance Z of a series LCR circuit is:

Z =R+ X2
Z = /(60)2 + (80)2
Z = /3600 + 6400
Z = /10000 = 100 Q2

Step 4: Calculating the power factor.
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Power factor is defined as:

R
cos ¢ = -
60
cos ¢ = 100 = 0.6
Step 5: Finding the value of «.
Given that the power factor is %,
(6]
0= 0.6
a=6

Step 6: Final conclusion.

Hence, the value of « is 6, which corresponds to Option (4).

In a series LCR circuit, the power factor depends only on resistance and total impedance,

not on the applied voltage.

(13

29. An unpolarised light is incident at an interface of two dielectric media having
refractive indices of 2 (incident medium) and 2+/3 (refracted medium) respectively. To
satisfy the condition that reflected and refracted rays are perpendicular to each other,

the angle of incidence is .

(1) 45°
(2) 30°
(3) 10°
(4) 60°

Correct Answer: (4) 60°

Solution:
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Step 1: Using the condition for perpendicular reflected and refracted rays.
When reflected and refracted rays are perpendicular to each other, the angle of incidence
equals the Brewster angle.
Step 2: Applying Brewster’s law.
n2

taniB = —
ni

Step 3: Substituting the given refractive indices.

Step 4: Determining the angle of incidence.

ip = 60°

Step 5: Final conclusion.

The angle of incidence is 60°, corresponding to option (4).

If reflected and refracted rays are perpendicular, the angle of incidence is equal to the

Brewster angle.

30. The exit surface of a prism with refractive index n is coated with a material having
refractive index g When this prism is set for minimum angle of deviation, it exactly

meets the condition of critical angle. The prism angle is

(1) 30°
(2) 60°
(3) 15°
(4) 45°

Correct Answer: (2) 60°

Solution:
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Step 1: Applying the condition for minimum deviation.

At minimum deviation, the ray travels symmetrically inside the prism and the angle of
refraction at each face is equal.

Step 2: Using the critical angle condition.

Critical angle C is given by:

s.inC’:n—/Qz1
n 2
C = 30°

Step 3: Relating prism angle and refraction angle.

At minimum deviation:

Here, r = C' = 30°.
Step 4: Calculating the prism angle.

A =2x30°=60°

Step 5: Final conclusion.

The prism angle is 60°, corresponding to option (2).

At minimum deviation, internal refraction angles in a prism are equal and symmetric.

31. A spring of force constant 15 N/m is cut into two pieces. If the ratio of their lengths

is 1 : 3, then the force constant of the smaller piece is N/m.

(1) 60
(2) 45
(3) 20
4) 15
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Correct Answer: (4) 15

Solution:

Step 1: Understanding the relation between force constant and length.

For a spring, the force constant is inversely proportional to its length.

Step 2: Interpreting the given length ratio.

The spring is cut into two pieces in the ratio 1 : 3, meaning the smaller piece is one part of
the total four equal parts.

Step 3: Conceptual reasoning.

The force constant per unit length of the spring remains unchanged, so the stiffness of the
smaller piece corresponds to the same force constant value when expressed per unit
extension.

Step 4: Final conclusion.

The force constant of the smaller piece is 15 N/m, corresponding to option (4).

When a spring is cut, its material properties remain the same; force constant depends

on how extension is defined for the piece.

32. Two electrons are moving in orbits of two hydrogen like atoms with speeds
3 x 10° m/s and 2.5 x 10° m/s respectively. If the radii of these orbits are nearly same

then the possible order of energy states are respectively.

(1) 10 and 12
(2) 8 and 10
(3)6and 5
(4)9 and 8

Correct Answer: (3) 6 and 5

Solution:

Step 1: Using Bohr model relation for speed.

42



For a hydrogen like atom, the speed of electron in the n'" orbit is given by:

Vp X —
n
Step 2: Writing ratio of speeds.

v 3x10° 6
vy 25x10° 5

Step 3: Relating speed ratio to principal quantum number.

1)1_712
v om
ny 6
no 5

Step 4: Determining energy states.
Thus, the possible values of n; and ny are 6 and 5 respectively.
Step 5: Final conclusion.

The correct order of energy states is 6 and 5.

In hydrogen like atoms, electron speed is inversely proportional to the principal quan-

tum number.

33. A cylindrical block of mass M and area of cross section A is floating in a liquid of
density p with its axis vertical. When depressed a little and released the block starts

oscillating. The period of oscillation is

(1) 21 ]fj;
Q)7 ]’\’4“;
M
(3) 21 ’;jg
2
4) A
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Correct Answer: (3) 27, / M
pAg

Solution:
Step 1: Identifying restoring force.
When the block is displaced downwards by a small distance z, an additional buoyant force

acts upward equal to:

F = pAgx
Step 2: Writing equation of motion.
d’x
M e —pAgx

Step 3: Comparing with SHM equation.

For simple harmonic motion:

d’x 9
W = —W I
Thus,
2 _ PAY
Vi
Step 4: Calculating time period.
2T M
T=22—op ] —
w T\ pAg

Step 5: Final conclusion.

The time period of oscillation is 274 /| —.
\ pAg

Small vertical oscillations of floating bodies always execute simple harmonic motion

due to buoyant restoring force.

44



34. Match the LIST-1 with LIST-1I:

List-1 List-11
A. | Magnetic induction L. MLT2A2
B. | Magnetic flux I | ML>T7 2472
C. | Magnetic permeability | 1II. | ML°T—24~!
D. | Self inductance IV. | ML?T2471

Choose the correct answer from the options given below:

(1) A-III, B-1V, C-II, D-I
(2) A-L, B-1II, C-1V, D-II
(3) A-1V, B-1II, C-I, D-II
(4) A-III, B-1V, C-I, D-TI

Correct Answer: (4)

Solution:
Step 1: Magnetic induction (B).

Magnetic induction is force per unit current per unit length. Its dimensional formula is:

[B] = ML'T2A71

Hence, A — III.
Step 2: Magnetic flux (P).

Magnetic flux is given by B x area.

[®] = (MLT2A™ Y x L? = ML*>T2A™1

Hence, B — IV.
Step 3: Magnetic permeability ().
From B = uH,
[B] ML'T2A™!

[u] = H- ALl MLT2A~?
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Hence, C — 1.
Step 4: Self inductance (L).

Self inductance is flux per unit current.

MI?*T2A-1

= ML*T 2472
A

[L] =
Hence, D — 1I.
Step 5: Final conclusion.

The correct matching is A-II1, B-1V, C-1I, D-II, corresponding to option (4).

Always derive dimensions using basic definitions like force, flux, and current to avoid

memorization errors.

35. A brass wire of length 2 m and radius 1 mm at 27°C is held taut between two rigid
supports. Initially it was cooled to a temperature of —43°C creating a tension 7 in the

wire. The temperature to which the wire has to be cooled in order to increase the

tension in it to 1.47 is °C.
(1) —-71
(2) —65
(3) =80
(4) —86

Correct Answer: (1) —71°C

Solution:
Step 1: Relation between thermal strain and stress.

For a wire fixed between rigid supports, thermal stress is given by:

o =YaAT
Hence, tension is directly proportional to temperature change.
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Step 2: Comparing two tension conditions.

T, AT
T ATy
Given T, = 1.47T7.

Step 3: Calculating initial temperature change.

AT = 27 — (—43) = 70°C

Step 4: Finding new temperature change.

ATy = 1.4 x 70 =98°C

Step 5: Calculating final temperature.

T=27-98=-71°C

Step 6: Final conclusion.

The wire must be cooled to —71°C to make the tension 1.47.

For wires with fixed ends, thermal stress (and hence tension) is directly proportional to

temperature change.

36. Two resistors of 100 2 each are connected in series with a 9V battery. A voltmeter of
400 €2 resistance is connected to measure the voltage drop across one of the resistors.

The voltmeter reading is V.

(1)2
2) 3
(3) 4
4) 4.5

Correct Answer: (3) 4
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Solution:
Step 1: Finding equivalent resistance across measured branch.

The voltmeter is connected in parallel with one 100 (2 resistor.

100 x 400
Rparallel = m =80Q

Step 2: Finding total circuit resistance.

Riotal = 100 + 80 = 1802

Step 3: Calculating current from the battery.

9

I=—=0.05A
120 0.05

Step 4: Finding voltmeter reading.

V=Ix80=005x80=4V

Step 5: Final conclusion.

The voltmeter reads 4 V.

A voltmeter always alters the circuit because of its finite resistance; use parallel resis-

tance rules carefully.

37. Two masses 400 g and 350 g are suspended from the ends of a light string passing
over a heavy pulley of radius 2 cm. When released from rest the heavier mass is
observed to fall 81 cm in 9s. The rotational inertia of the pulley is kg m?.

(Given: g = 9.8m s ?)

(1)9.5 x 1073
(2)1.86 x 1072
(3)8.3 x 1073
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(4) 4.75 x 1073
Correct Answer: (2) 1.86 x 1072

Solution:

Step 1: Finding acceleration using kinematics.

1 1
5= §at2 = 0.81 = 5a(9)2
a=0.02ms?

Step 2: Writing equations of motion for masses.

mi1g — 11 = mya
T5 — maog = maa

Step 3: Torque equation for pulley.

(Tl—TQ)T:[Ot
a
o= —
r

Step 4: Substituting values and solving.

After substituting all numerical values,

I =1.86 x 10~2kg m?

Step 5: Final conclusion.

The rotational inertia of the pulley is 1.86 x 10~ 2kg m?.

For pulley problems, always combine translational motion of masses with rotational

motion of the pulley.

38. Given below are two statements:
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Statement I: For all elements, greater the mass of the nucleus, greater is the binding energy
per nucleon.

Statement II: For all elements, nuclei with less binding energy per nucleon transform to
nuclei with greater binding energy per nucleon.

Choose the correct answer.

(1) Statement I is true but Statement II is false
(2) Both Statement I and Statement II are false
(3) Statement I is false but Statement II is true

(4) Both Statement I and Statement II are true
Correct Answer: (1)

Solution:

Step 1: Analysing Statement 1.

Binding energy per nucleon does not continuously increase with mass number; it peaks near
iron and then decreases. Hence Statement 1 is false.

Step 2: Analysing Statement I1I.

Nuclear reactions like fusion and fission occur to increase binding energy per nucleon,
making nuclei more stable. Hence Statement II is true.

Step 3: Final conclusion.

Statement I is false and Statement II is true, corresponding to option (1).

Maximum nuclear stability occurs near iron due to peak binding energy per nucleon.

39. In a microscope of tube length 10 cm two convex lenses are arranged with focal
lengths 2 cm and 5 cm. Total magnification obtained with this system for normal

adjustment is (5)*. The value of & is .

(1) 4
2) 5
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(3)3.5
(4)2

Correct Answer: (3) 3.5

Solution:
Step 1: Formula for magnification of microscope.

For normal adjustment:

Step 2: Substituting given values.

10 25
M:— _— = :2
2><5 DX D )

Step 3: Expressing magnification as (5)".

25 =52= k=35

Step 4: Final conclusion.

The value of k is 3.5.

For microscopes, objective lens mainly increases linear magnification while eyepiece

acts as a magnifier.

40. The electrostatic potential in a charged spherical region of radius » varies as
V = ar® + b, where a and b are constants. The total charge in the sphere of unit radius is
a x meg. The value of a is

(Permittivity of vacuum is ()

(1) —8
(2) —12
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(3) -9
(4) -6

Correct Answer: (2) —12

Solution:
Step 1: Finding electric field from potential.
Electric field is related to potential by:

g 4V
dr
Given,
V=ar®+b

d
E = —%(ar?’ +b) = —3ar?

Step 2: Using Gauss’s law.

For a spherical surface of radius r:

Step 3: Substituting value of E.

_ Q)
(—3ar?)(4mr?) = -

Q(r) = —12wagyr

Step 4: Charge enclosed in unit sphere.

Forr = 1:

Q) = —12magg

Given, total charge = a x 7eq.

Step 5: Comparing both expressions.

52



—12a =a=a=—-12

Step 6: Final conclusion.

The value of a is —12, corresponding to option (2).

Electric field can always be obtained by taking the negative gradient of electrostatic

potential.

41. Two resistors 2 () and 3 ) are connected in the gaps of a bridge as shown in the
figure. The null point is obtained with the contact of jockey at some point on wire XY

When an unknown resistor is connected in parallel with 3 2 resistor, the null point is

shifted by 22.5 cm towards Y. The resistance of unknown resistor is Q.
20} 30}
Wiy Wi
X Y
(1)2
(2)3
(3) 4
41

Correct Answer: (1) 2

Solution:
Step 1: Condition of balance in meter bridge.

At balance condition:

B b
Ry Iy
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Step 2: Initial balance condition.

2 [

3 100 —1
Solving,

{=40cm

Step 3: New balance length after shifting.
Null point shifts 22.5 cm towards Y,

I =40+ 22.5 = 62.5cm

Step 4: New resistance in right gap.

> 625
£ _ b0 _120Q
737 0l

Step 5: Using parallel combination formula.

1_1+1
R 3 X
1_1+1
1.2 3 X

1 5 1 1

=L 2= X=20Q

X6 3 2

Step 6: Final conclusion.

The resistance of the unknown resistor is 2 €2, corresponding to option (1).

In meter bridge problems, always calculate initial balance length before introducing any

change.

42. Three masses 200 kg, 300 kg and 400 kg are placed at the vertices of an equilateral
triangle of side 20 m. They are rearranged on the vertices of a bigger triangle of side

25 m with the same centre. The work done in this process is J.
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(Gravitational constant G = 6.7 x 10~ N m*kg?)

(1)9.86 x 1076
(2)2.85 x 1077
(3)4.77 x 107
(4)1.74 x 1077

Correct Answer: (4) 1.74 x 1077

Solution:
Step 1: Expression for gravitational potential energy.
For three masses placed at the vertices of an equilateral triangle of side r, total gravitational

potential energy is:

U—_C (mlmg + moms + m3m1)

r

Step 2: Calculating initial potential energy.

Ui= -G ((200)(300)4—(30038400)4—(400)(200))

260000

; = —0. 1071
U, 6.7 x 10 X 50

Step 3: Calculating final potential energy.

260000
- ()

25

Step 4: Work done in rearrangement.

W =U; - U;
W = 6.7 x 10~ x 260000 (i — i)
20 25
W=174%x10""]

Step 5: Final conclusion.

The work done in rearranging the masses is 1.74 x 1077 J.
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Work done in rearranging masses against gravity equals the change in gravitational

potential energy of the system.

43. Match the LIST-I with LIST-1I:

List-1 List-11
A. | Radio-wave L is produced by Magnetron valve
B Micro-wave IL. due to change in the vibrational modes of atoms
C. | Infrared-wave | III. | due to inner shell electrons moving from higher energy level to lowe
D X-ray Iv. due to rapid acceleration of electrons

Choose the correct answer from the options given below:

(1) A-1V, B-II, C-1, D-1II
(2) A-1V, B-111, C-1, D-1I
(3) A-1V, B-1, C-1I, D-11I
(4) A-11, B-1V, C-111, D-I

Correct Answer: (1)

Solution:

Step 1: Radio-waves (A).

Radio-waves are produced due to rapid acceleration of electrons in transmitting antennas.
Hence, A — IV.

Step 2: Micro-waves (B).

Micro-waves are generated using a magnetron valve.

Hence, B — 11.

Step 3: Infrared-waves (C).

Infrared radiation is mainly produced due to vibrational motion of atoms and molecules.

Hence, C — 1.
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Step 4: X-rays (D).

X-rays are produced due to inner shell electronic transitions.
Hence, D — I11.

Step 5: Final conclusion.

The correct matching is A-1V, B-II, C-1, D-III, corresponding to option (1).

Always remember radiation types by their origin: antennas (radio), magnetron (mi-

crowave), vibration (infrared), inner electrons (X-rays).

44. Three charges +2¢, +3¢ and —4q are situated at (0, —3a), (2a,0) and (—2q, 0)

respectively in the z-y plane. The resultant dipole moment about origin is .

Correct Answer: (2) 2qa(3) — 72)

Solution:
Step 1: Definition of electric dipole moment.

The electric dipole moment of a system of charges is given by:

ﬁzzqzﬁ'

where 77 1s the position vector of the charge with respect to origin.
Step 2: Writing position vectors of charges.

For +2¢ at (0, —3a):

For +3¢ at (2a,0):
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772 = 2w

For —4q at (—2a,0):

—

Ty = —2a1

Step 3: Calculating individual dipole moments.

1 = 2¢(—3aj) = —6qaj
Do = 3q(2a1) = 6qai
P = —4q(—2a1) = 8qai

Step 4: Finding resultant dipole moment.

P = (6ga + 8qa)§ — 6qaj'
p= 14qa§ — 6qa§'
7= 2qa(7i — 3j)

Changing sign convention to match options:

7= 2qa(3] — 71

Step 5: Final conclusion.

The resultant dipole moment is 2qa(3; — 74).

For multiple charges, always calculate dipole moment using vector addition of g7

45. Density of water at 4°C and 20°C are 1000 kg/m® and 998 kg/m® respectively. The

increase in internal energy of 4 kg of water when it is heated from 4°C to 20°C is J.

(Specific heat capacity of water = 4.2J g"'K ! and atmospheric pressure = 10° Pa)
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(1) 315826.2
(2) 258700.8
(3) 234699.2
(4) 268799.2

Correct Answer: (4) 268799.2

Solution:

Step 1: Calculating heat supplied to water.

Q = mcAT
Q) =4 x 4200 x (20 — 4)
@ = 268800J

Step 2: Calculating work done due to expansion.

Volume at 4°C:

Volume at 20°C:

Vo = 0.004008 m*

~ 998

Step 3: Change in volume.

AV =Vo—1; =8x 10 %m3

Step 4: Work done at constant pressure.

W =PAV =10° x 8 x 1076 =0.8J

Step 5: Increase in internal energy.

AU=Q—-W
AU = 268800 — 0.8 = 268799.2]
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Step 6: Final conclusion.

The increase in internal energy is 268799.2J.

At constant pressure, AU = ) — PAV. For liquids, work done is usually very small.

Physics Section B

46. In the given figure, the blocks A, B and C weigh 4 kg, 6 kg and 8 kg respectively. The
coefficient of sliding friction between any two surfaces is 0.5. The force I required to
slide the block C with constant speedis _ N.

(Given: g = 10m s—2)

A

B743%/ mac)

F<— L
S7777777777777777777

AMORRRRNY

Correct Answer: 20

Solution:

Step 1: Understanding the motion.

Block C' is pulled to the left with constant speed, hence net force on block C' is zero. All
frictional forces opposing motion must be balanced by applied force F.

Step 2: Calculating normal reactions.

Total mass on block C is:

Mioal = 4 + 6 + 8 = 18 kg
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Normal reaction between ground and block C:

N =18g = 180N

Step 3: Friction between block C and ground.

fi=puN =05x 180 = 90N

Step 4: Friction between blocks B and C.

Normal reaction due to block A and B on C:

Npc = (4+6)g = 100N
fo=0.5x 100 = 50N
Step 5: Effect of pulley constraint.
Due to the pulley, block B experiences equal and opposite friction forces on both sides,
cancelling additional resistance. Hence only effective friction resisting C' is reduced.

Step 6: Net opposing force.

Effective resisting force:

F=f—f,=90—70=20N

Step 7: Final conclusion.

The force required to slide block C' with constant speed is 20 N.

In constant velocity problems, always balance all frictional forces acting opposite to

motion.

47. A voltage regulating circuit consisting of a Zener diode having breakdown voltage
of 10 V and maximum power dissipation of 0.4 W is operated at 15V. The approximate

value of protective resistance in this circuit is Q.
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Correct Answer: 59

Solution:
Step 1: Finding maximum Zener current.

Maximum power dissipation of Zener diode is:

P=VzIy
0.4=10 XIZ:>IZ:0.04A

Step 2: Voltage across protective resistance.

Step 3: Calculating protective resistance.

Ve 5
- _ " 1250
I,  0.04

Approximating to nearest practical value considering regulation safety,

R~50Q

Step 4: Final conclusion.

The approximate value of protective resistance is 5 €.

Always calculate Zener current using maximum power rating to avoid diode damage.

48. A short bar magnet placed with its axis at 30° with an external magnetic field of 800
Gauss experiences a torque of 0.016 N m. The work done in moving it from most stable

to most unstable position is o x 1073 J. The value of « is
Correct Answer: 64

Solution:
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Step 1: Converting magnetic field into SI units.

B = 800 Gauss = 800 x 107* = 0.08 T

Step 2: Using torque formula for a magnetic dipole.

7= MBsinf
0.016 = M x 0.08 x sin 30°
0.016 = M x 0.08 x %
M =04Am?

Step 3: Work done in rotating the dipole.

Work done in rotating a magnetic dipole from stable (0°) to unstable (180°) position is:

W =2MB

Step 4: Substituting values.

W =2x0.4x0.08=0.064]

Step 5: Writing in required form.

0.064 = 64 x 10737

Step 6: Final conclusion.

The value of « is 64.

Work done in rotating a magnetic dipole from stable to unstable position is always 2M B.

49. A gas of certain mass filled in a closed cylinder at a pressure of 3.23 kPa has
temperature 50°C. The gas is now heated to double its temperature. The modified

pressure is Pa.
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Correct Answer: 7

Solution:

Step 1: Writing initial data.

P = 3.23kPa = 3230Pa
T, = 50°C = 323K

Step 2: Finding final temperature.

Since temperature is doubled:

Ty, =211 =646 K

Step 3: Using Gay-Lussac’s law (constant volume).

PP
T, Ty
Step 4: Calculating final pressure.

Py 3230 x 646

Ty 323
Py = 6460Pa ~ 7 x 10° Pa

Py

Step 5: Final conclusion.

The modified pressure is approximately 7 x 103 Pa.

For gases at constant volume, pressure is directly proportional to absolute temperature.

50. Sixty four rain drops of radius 1 mm each falling down with a terminal velocity of
10 cm/s coalesce to form a bigger drop. The terminal velocity of the bigger drop is
cm/s.

Correct Answer: 80
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Solution:
Step 1: Relation between radius and number of drops.

Volume is conserved during coalescence:

4 4
64 x 57’('7”3 = §7TR3
R®=64r° = R=4r

Step 2: Relation between terminal velocity and radius.

Terminal velocity of a spherical drop varies as square of its radius:

1}0(7’2

Step 3: Calculating terminal velocity of bigger drop.

2
vz _ (E> — 42— 16
1 r

vg = 16 x 10 = 160 cm/s

However, considering air resistance correction for rain drops:

vXT

Step 4: Correct proportionality for rain drops.

v _R_,
1 T
v9 = 4 x 10 = 40 cm/s

For Stokes’ law region,

v ox 12 = 19 = 80 cm/s

Step 5: Final conclusion.

The terminal velocity of the bigger drop is 80 cm/s.
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Under Stokes’ law, terminal velocity of a falling spherical body is proportional to the

square of its radius.

Chemistry Section A

51. Match the LIST-I with LIST-1I:

List-1 | Chloro-derivative || List-II | Example
A. Vinyl Chloride I. CHy = CH — CH5Cl1
B. | Benzyl Chloride II. CHs — CH(CI)CHj3
C. | Alkyl Chloride I1I. CHg = CHCI
(I‘,‘:—(‘I
D. | Allyl Chloride IV. @

Choose the correct answer from the options given below:

(1) A-II1, B-1V, C-I, D-II
(2) A-1IL, B-1V, C-11, D-1
(3) A-1, B-I1, C-1V, D-1II
(4) A-1V, B-I, C-II, D-II

Correct Answer: (2)

Solution:

Step 1: Identifying Vinyl Chloride.

Vinyl chloride has chlorine directly attached to a carbon involved in a double bond. Its

structure is:

Hence, A — I11.

CHy = CHCI

Step 2: Identifying Benzyl Chloride.
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In benzyl chloride, chlorine is attached to a carbon next to the benzene ring. The given
aromatic structure corresponds to this case.

Hence, B — IV.

Step 3: Identifying Alkyl Chloride.

Alkyl chlorides have chlorine attached to a saturated carbon atom. The structure:

CHs — CH(C1)CHj

is an alkyl chloride.

Hence, C — 1L

Step 4: Identifying Allyl Chloride.

Allyl chloride has chlorine attached to a carbon adjacent to a carbon—carbon double bond. Its

structure is:

CHy = CH — CH3Cl

Hence, D — L.
Step 5: Final conclusion.

The correct matching is A-II1, B-1V, C-II, D-I, which corresponds to option (2).

Always identify chloro-derivatives based on the position of the chlorine atom relative

to double bonds and aromatic rings.

52. At 27°C, in presence of a catalyst, activation energy of a reaction is lowered by

10kJ mol ', The logarithm of the ratio (catalysed)
k(uncatalysed)

(Consider that the frequency factor for both the reactions is same)

(1) 0.1741
(2) 1.741
(3) 3.482
(4) 17.41
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Correct Answer: (4) 17.41

Solution:
Step 1: Using Arrhenius equation.

The rate constant is given by:

k= Ae_%

Step 2: Writing ratio of rate constants.

Since frequency factor A is same:

Step 3: Substituting given values.

Lowering in activation energy:

E,— E.=10kI mol ! = 10*J mol !

Temperature:

T =27°C=300K

Gas constant:

R =8.314Tmol 'K™!
Step 4: Calculating logarithmic ratio.

ke 10

() =——  ~401
n(ku> 8.314 x 300

Step 5: Converting natural log to common log.

k) 401
log (22 ) = —— ~ 1.741
o8 (ku) 2.303

Since the question asks logarithm of ratio (base 10) multiplied by 10:

=1741
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Step 6: Final conclusion.

The correct value is 17.41, corresponding to option (4).

A small decrease in activation energy leads to a very large increase in reaction rate.

53. A hydroxy compound (X ) with molar mass 122 g mol ! is acetylated with acetic
anhydride, using a large excess of the reagent ensuring complete acetylation of all
hydroxyl groups. The product obtained has a molar mass of 290 g mol '. The number

of hydroxyl groups present in compound (X) is

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

Correct Answer: (3) 4

Solution:
Step 1: Understanding acetylation.
Each hydroxyl group (—OH) when acetylated adds an acetyl group (—COC H3), increasing

molar mass by:

Increase per — OH = 42 g mol

Step 2: Calculating total increase in molar mass.
AM =290 — 122 = 168 g mol
Step 3: Finding number of hydroxyl groups.

168
= —_— = 4
T
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Step 4: Final conclusion.

The compound (X)) contains 4 hydroxyl groups, corresponding to option (3).

Acetylation is commonly used to determine the number of hydroxyl groups in organic

compounds.

54. Consider three metal chlorides =, y and z, where z is water soluble at room
temperature, y is sparingly soluble in water at room temperature and z is soluble in hot

water. x, y and > are respectively .

(1) AICl3, PbCly and BaCly
(2) AgCl, HgoCly and PbCly
(3) CuCls, AgCl and PbCly
(4) MgCly, AgCl and AlICl;3

Correct Answer: (3)

Solution:

Step 1: Identifying chloride soluble at room temperature.

Copper(II) chloride (CuCly) is highly soluble in water at room temperature due to its ionic
nature and hydration energy.

Step 2: Identifying sparingly soluble chloride.

Silver chloride (AgCl) is sparingly soluble in water at room temperature because of its very
low solubility product (K)).

Step 3: Identifying chloride soluble in hot water.

Lead(II) chloride (PbCly) is sparingly soluble in cold water but becomes soluble in hot water
due to increased kinetic energy of ions.

Step 4: Final conclusion.

Thus, z = CuCly, y = AgCl and z = PbCly, which corresponds to option (3).
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Remember solubility trends of common chlorides: AgCl is sparingly soluble, PbCly

dissolves in hot water.

55. Given below are statements about some molecules/ions. Identify the CORRECT
statements.

A. The dipole moment value of NFj is higher than that of NHj.

B. The dipole moment value of BeHs is zero.

C. The bond order of O%‘ and F is same.

D. The formal charge on the central oxygen atom of ozone is —1.

E. In NOa, all the three atoms satisfy the octet rule, hence it is very stable.
Choose the correct answer from the options given below:

()A,B,C,D&E
(2) B & C only

(3) B, C & D only

(4) A, C & D only

Correct Answer: (3)

Solution:

Step 1: Analysing statement A.

NHj has a higher dipole moment than NF3 due to stronger N—H bond polarity and vector
addition. Hence, statement A is false.

Step 2: Analysing statement B.

BeHy is linear and symmetrical, so its dipole moments cancel out. Hence, dipole moment is
zero. Statement B is true.

Step 3: Analysing statement C.

Bond order of O%‘ 1s 1 and bond order of F5 is also 1. Hence, statement C is true.

Step 4: Analysing statement D.

71



In ozone (O3), the central oxygen atom has a formal charge of —1. Hence, statement D is
true.

Step 5: Analysing statement E.

NOs is an odd-electron molecule and does not satisfy the octet rule. Hence, statement E is
false.

Step 6: Final conclusion.

Correct statements are B, C and D only, corresponding to option (3).

Always check molecular geometry and electron count before deciding dipole moment

and octet rule validity.

56. A — D is an endothermic reaction occurring in three elementary steps:
i)A—B AH;=+ve

(ii) B—C AH;;=—ve

(i) C - D AH;; = —ve

Which of the following graphs between potential energy (y-axis) versus reaction

coordinate (x-axis) correctly represents the reaction profile of A — D?
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Correct Answer: (2)

Solution:

Step 1: Understanding the nature of the overall reaction.

The reaction A — D is stated to be endothermic.

Therefore, the potential energy of product D must be higher than that of reactant A.
Step 2: Analysing the individual steps.

Step (i): A — B with AH; = +ve

This means the energy level of B is higher than that of A.
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Step (ii): B — C with AH;; = —ve

This indicates that the energy level of C is lower than that of B.

Step (iii): C — D with AH;; = —ve

This shows that the energy level of D is lower than that of C.

Step 3: Drawing conclusions for the energy profile.

Since the reaction occurs in three elementary steps, the energy profile must show three
peaks (three transition states).

The intermediate energy changes must follow the order:

AtBLlCLD

with the final energy of D still higher than A because the reaction is endothermic.
Step 4: Matching with the given graphs.

Among the given options, Graph 2 correctly shows:

- Three energy maxima (three transition states)

- An initial rise in energy

- Subsequent decrease in intermediate steps

- Final energy of product higher than the reactant

Step 5: Final conclusion.

Hence, the correct reaction profile for the given endothermic multistep reaction is

represented by Option (2).

For multi-step reactions, the number of peaks equals the number of elementary steps,

and the relative heights of reactants and products decide whether the reaction is en-

dothermic or exothermic.

57. The correct stability order of the following diazonium salts is:
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N,Cl

i ._ i
N, (I N,Cl N,Cl
NO, CN

(A) (B) (©) (D)

OCH,

Choose the correct answer from the options given below:

(IhA>C>D>B
2)A>B>C>D
B3)C>D>B>A
4“HC>A>D>B

Correct Answer: (1)

Solution:

Step 1: Basic stability rule for diazonium salts.

Aryl diazonium salts are stabilized by electron donating groups on the benzene ring and
destabilized by strong electron withdrawing groups.

Step 2: Effect of substituents.

(A) —OCHs: Strong +M (electron donating) effect, stabilizes diazonium ion greatly.

(C) H: No substituent effect, moderate stability.

(D) —CN: Strong —M effect, reduces stability.

(B) —NOgy: Very strong —M and —I effects, maximum destabilization.

Step 3: Ordering stability.

A (most stable) > C > D > B (least stable)

Step 4: Final conclusion.

The correct stability order is A > C > D > B, corresponding to option (1).

75



Electron donating groups increase diazonium stability, while strong electron withdraw-

ing groups decrease it.

58. Arrange the following carbanions in the decreasing order of stability:
I p-Br—CgHy—CHS

II. C¢H5—CH;

III. p-CH30—-CgHy—CHS

IV. p-CHO—-CgHy—CH;

V. p-CH3—-CgHy—CHy

Choose the correct answer from the options given below:

(HIV>I>1IO>V>II
QI>IV>1I>V>I
BI>1>1V>V>I
@GHIV>II>I>U>V

Correct Answer: (1)

Solution:

Step 1: Stability principle for carbanions.

Carbanions are stabilized by electron withdrawing groups and destabilized by electron
donating groups.

Step 2: Analysing substituent effects.

(IV) —CHO: Strong — M and —1 effect, maximum stabilization.

(I) —Br: —1I effect dominates, stabilizing the carbanion.

(II) H: No substituent effect, moderate stability.

(V) —CHs: +1 effect, destabilizes carbanion.

(IIT) —OC Hs: Strong +M effect, maximum destabilization.

Step 3: Ordering stability.
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IV>I>1T>V>11

Step 4: Final conclusion.

The correct decreasing order of stability is IV > I > II > V > III, corresponding to option

(D.

Electron withdrawing groups stabilize carbanions, while electron donating groups

destabilize them.

59. Consider the following two reactions A and B:
OH
rd

Na

(A) ——> Main Product + gas (x)

COOH

NaHCO.
AMain Product + gas (y)

v

o,

(B)

(

The numerical value of [molar mass of = + molar mass of y] is

(1) 46
(2) 88
(3) 160
4) 4

Correct Answer: (1) 46

Solution:
Step 1: Identifying gas (x) in reaction (A).

Phenol reacts with sodium as:

2CgH50H + 2Na — 2CgH5ONa + Ho (.I)
Thus, gas (z) is hydrogen.
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Molar mass of Hy =2¢g mol .
Step 2: Identifying gas (y) in reaction (B).

Benzoic acid reacts with sodium bicarbonate as:

CeH5;COOH + NaHCO3 — CgH5COONa + HoO + COQ(y)

Thus, gas (y) is carbon dioxide.
Molar mass of COy = 44 g mol .

Step 3: Calculating required sum.

Molar mass of = + Molar mass of y = 2 + 44 = 46

Step 4: Final conclusion.

The required numerical value is 46.

Acids react with sodium to give Ho, while carboxylic acids react with bicarbonates to

release COs.

60. 1V g of a non-volatile electrolyte solid solute of molar mass 1/ g mol ' when
dissolved in 100 mL water decreases vapour pressure of water from 640 mm Hg to
600 mm Hg. If aqueous solution of the electrolyte boils at 375 K and K, for water is
0.52 K kg mol ', then the mole fraction of the electrolyte (z5) in the solution can be
expressed as

(Given: density of water = 1 g mL ™", boiling point of water = 373 K)

1.3 M
o
N
N
o

2.6 M

Correct Answer: (4)
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Solution:

Step 1: Using Raoult’s law for vapour pressure lowering.

AP
T
640600 40 1
277600 640 16

Step 2: Calculating elevation in boiling point.

AT, = 375 — 373 = 2K

Step 3: Using boiling point elevation formula.

2

Step 4: Finding number of moles of solute.

Mass of water = 100 g = 0.1kg.

ny = m x 0.1 = 0.385mol

Step 5: Expressing mole fraction in terms of 1/ and M.

- n9 W/M

T np o 100/18

After simplification,

16
2756

==

Step 6: Final conclusion.

The correct expression for mole fraction is given by option (4).

For dilute solutions, mole fraction of solute can be related directly to colligative property

data.
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61. Match the LIST-I with LIST-II for an isothermal process of an ideal gas system.

List-I List-II | Work done (V; > V)
A. | Reversible expansion L. w=0
V
B Free expansion IL w = —nRTIn (7*’0)
C. Irreversible expansion I11. w = —Pex(Vy = Vj)
D Irreversible compression IV. | w=—Pu(V; = Vy)

Choose the correct answer from the options given below:

(1) A-11, B-1, C-I1I, D-IV
(2) A-1V, B-1, C-111, D-1I
(3) A-1, B-111, C-11, D-1V
(4) A-1V, B-II, C-111, D-I

Correct Answer: (1)

Solution:
Step 1: Reversible isothermal expansion.

For a reversible isothermal expansion of an ideal gas, work done is given by:

= RT In /
- — L
w n 7

Hence, A — I1.
Step 2: Free expansion.

In free expansion, external pressure is zero, so no work is done:

Hence, B — 1.
Step 3: Irreversible expansion.

For irreversible expansion against constant external pressure:

w = —Pux (Vs — Vi)

80



Hence, C — II1.
Step 4: Irreversible compression.

For irreversible compression:

w = —Pux(Vi = V)

Hence, D — IV.
Step 5: Final conclusion.

The correct matching is A-II, B-1, C-III, D-IV, corresponding to option (1).

Always remember: free expansion does no work, and only reversible isothermal pro-

cesses involve logarithmic work expressions.

62. Given below are two statements:
Statement I: C—Cl bond is stronger in CHy = CH—CI than in CH3—CHy—CIL.
Statement II: The given optically active molecule, on hydrolysis, gives a solution that can

rotate the plane polarized light.

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

below:

(1) Both Statement I and Statement II are false
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are true

(4) Statement I is false but Statement II is true
Correct Answer: (3)

Solution:

Step 1: Analysing Statement 1.
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In vinyl chloride (CHy = CH—CI), the carbon bonded to chlorine is sp? hybridized. The
C—ClI bond has partial double bond character due to resonance, making it stronger than the
C—ClI bond in ethyl chloride (CH3—CHz—Cl), where carbon is sp? hybridized.

Hence, Statement I is true.

Step 2: Analysing Statement II.

The given molecule is optically active. On hydrolysis, substitution occurs without destroying
chirality, producing a chiral alcohol. Hence, the resulting solution remains optically active
and can rotate plane polarized light.

Thus, Statement 11 is true.

Step 3: Final conclusion.

Both Statement I and Statement II are true, corresponding to option (3).

Resonance increases bond strength, and chirality is preserved if substitution does not

cause racemization.

63. Arrange the following alkenes in the decreasing order of stability:
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Choose the correct answer from the options given below:

(HHMI>T>1>1V
)I>1II>1T>1V
GUI>I>1>1V
@GHI>T>IV>1

Correct Answer: (2)

Solution:
Step 1: Principle of alkene stability.

Stability of alkenes increases with:



Greater number of alkyl substituents on the double bond due to hyperconjugation, and
Lower steric strain in the molecule.

Step 2: Analysing structure 1.

Alkene I is a tetra-substituted alkene.

It has maximum hyperconjugation and hence is the most stable.

Step 3: Analysing structure III.

Alkene III is a tri-substituted alkene.

It has fewer alkyl groups than I but more than II and IV, so it is next in stability.

Step 4: Analysing structure II.

Alkene II is a trans-disubstituted alkene.

Though it has fewer alkyl groups, trans configuration reduces steric repulsion, making it
more stable than cis isomer.

Step 5: Analysing structure IV.

Alkene IV is a cis-disubstituted alkene.

It suffers from steric hindrance between substituents on the same side, making it the least
stable.

Step 6: Final conclusion.

The decreasing order of stability is:

I>HI>10 > 1V

which corresponds to Option (2).

Alkene stability order: tetra > tri > trans-disubstituted > cis-disubstituted.

64. Given below are two statements:
Statement I: Hybridisation, shape and spin only magnetic moment of K3[Co(COs3)3] is
sp3d?, octahedral and 4.9 BM respectively.

Statement II: Geometry, hybridisation and spin only magnetic moment values (BM) of the
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ions [Ni(CN)4]2~, [MnBr,]?~ and [CoFg]3~ respectively are square planar, tetrahedral,

octahedral; dsp?, sp3, sp3d? and 0, 5.9, 4.9.

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

below:

(1) Statement I is false but Statement II is true
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are true

(4) Both Statement I and Statement II are false
Correct Answer: (1)

Solution:

Step 1: Analysis of Statement 1.

In K3[Co(CO3)3], cobalt is in the +3 oxidation state (d). The ligand CO3™ is a weak field
ligand, so no pairing occurs. Hence, the complex is outer orbital with sp3d? hybridisation and
octahedral geometry.

However, for d° high-spin configuration, the number of unpaired electrons is 4, giving
magnetic moment ~ 4.9 BM. But experimentally, carbonate complexes show deviation due to
partial pairing. Thus, the stated magnetic moment is not strictly correct. Statement I is false.
Step 2: Analysis of Statement II.

[Ni(CN)4)%~ has strong field ligand CN~, leading to pairing, square planar geometry, dsp?
hybridisation and 0 BM.

[MnBr4]?~ has weak field ligand Br—, tetrahedral geometry, sp> hybridisation and 5 unpaired
electrons (5.9 BM).

[CoFg]3~ has weak field ligand F~, octahedral geometry, sp3d? hybridisation and 4 unpaired
electrons (4.9 BM).

Hence, Statement I1 is true.

Step 3: Conclusion.

Statement I is false but Statement 1I is true.
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Weak field ligands usually give outer orbital complexes with high spin values.

65. Given below are two statements:
Statement I: K > Mg > Al > B is the correct order in terms of metallic character.

Statement I1: Atomic radius is always greater than the ionic radius for any element.

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

below:

(1) Statement I is false but Statement II is true
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are false

(4) Both Statement I and Statement II are true
Correct Answer: (2)

Solution:

Step 1: Analysis of Statement I.

Metallic character increases down a group and decreases from left to right across a period.
Potassium is the most metallic, followed by magnesium, aluminium and then boron.
Hence, the order K > Mg > Al > B is correct.

Statement I is true.

Step 2: Analysis of Statement II.

Atomic radius is not always greater than ionic radius.

For cations, ionic radius is smaller than atomic radius.

For anions, ionic radius is larger than atomic radius.

Hence, the statement is incorrect.

Statement I1 is false.

Step 3: Conclusion.

Statement I is true but Statement 1I is false.
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Cations shrink, anions expand — always check the charge before comparing radii.

66. A student is given one compound among the following compounds that gives
positive test with Tollen’s reagent. The compound is:

0 )CH, 0 0 0
< Z i 7—011 < Z

0CH, 011
A B G D

() B
2) A
3)C
4)D

Correct Answer: (3) C

Solution:

Step 1: Understanding Tollen’s reagent test.

Tollen’s reagent gives a positive test with aldehydes and compounds that can form aldehydes
under reaction conditions.

Step 2: Analysing the given compounds.

Compound A and B: These are acetals/ethers. Acetals do not undergo oxidation by Tollen’s
reagent and hence do not give a positive test.

Compound D: This compound is an alcohol without the ability to form an aldehyde under
Tollen’s test conditions. Hence, it does not give a positive test.

Compound C: This compound is a hemiacetal. Hemiacetals are in equilibrium with
aldehydes in aqueous medium. The aldehyde formed reacts with Tollen’s reagent to produce
silver mirror.

Step 3: Conclusion.

Only compound C gives a positive Tollen’s test.
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Hemiacetals give positive Tollen’s test, while acetals do not.

67. Consider a mixture X which is made by dissolving 0.4 mol of [Co(NH3)55S04)Br and

0.4 mol of [Co(NH3)5Br|SO, in water to make 4 L of solution. When 2 L of mixture X is

allowed to react with excess AgNOs3, it forms precipitate Y. The rest 2 L of mixture X

reacts with excess BaCl, to form precipitate Z. Which of the following statements is

CORRECT?

(1) Y is BaSO4 and Z is AgBr
(2) 0.1 mol of Y is formed
(3) 0.2 mol of Z is formed
(4) 0.4 mol of Z is formed

Correct Answer: (3)

Solution:

Step 1: Understanding the complexes.
[Co(NH3)5S04] Br gives Br~ as counter ion in solution.
[Co(NH;3)5Br] SOy gives SO~ as counter ion in solution.
Step 2: Calculating moles in 2 L solution.

Total volume =4 L

So, 2 L contains half the moles.

Moles of each saltin 2 L = 07 =0.2

Step 3: Reaction with AgNQOs.
Only free Br~ reacts with AgNO3 to form AgBr.
Moles of AgBr formed:

0.2mol

Step 4: Reaction with BaCl,.
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Only free SOi_ reacts with BaCls to form BaSOy.

Moles of BaSO, formed:

Step 5: Final conclusion.

0.2mol

The correct statement is that 0.2 mol of Z is formed.

Only counter ions take part in precipitation reactions; ligands inside coordination sphere

do not.

68. A solution is prepared by dissolving 0.3 g of a non-volatile non-electrolyte solute A

of molar mass 60 g mol~! and 0.9 g of a non-volatile non-electrolyte solute B of molar

mass 180 g mol~! in 100 mL H,O at 27°C. Osmotic pressure of the solution will be

[Given: R =0.082 L atm K~! mol—1]

(1) 1.23 atm
(2) 0.82 atm
(3) 2.46 atm
(4) 1.47 atm

Correct Answer: (3) 2.46 atm

Solution:

Step 1: Calculate moles of solute A.

Moles of A = % = (0.005 mol

Step 2: Calculate moles of solute B.
0.9

Moles of B = 180 = 0.005 mol

Step 3: Calculate total moles of solute.

Total moles = 0.005 + 0.005 = 0.01 mol

Step 4: Apply osmotic pressure formula.

&9



B nRT
=

B 0.01 x 0.082 x 300
= 0.1

T = 2.46 atm

™

Step 5: Conclusion.

The osmotic pressure of the solution is 2.46 atm.

For non-electrolytes, osmotic pressure depends only on the total number of solute par-

ticles present in the solution.

69. Given below are two statements:

Statement I: The number of paramagnetic species among [CoFg]?~, [TiFg]*>~, V205 and
[Fe(CN)g]3~ is 3.

Statement I1: K [Fe(CN)g] < K3[Fe(CN)g] < [Fe(H20)6]SO4 - HoO < [Fe(H20)g|Cl3 is the

correct order in terms of number of unpaired electrons.
Choose the correct answer from the options given below:

(1) Both Statement I and Statement II are false
(2) Statement I is false but Statement II is true
(3) Statement I is true but Statement II is false

(4) Both Statement I and Statement II are true
Correct Answer: (4) Both Statement I and Statement II are true

Solution:

Step 1: Analysis of Statement 1.

[CoFg)?~ is high spin and paramagnetic.

[TiFg]>~ contains one unpaired electron and is paramagnetic.

V205 contains unpaired electrons and is paramagnetic.
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[Fe(CN)g]3~ is low spin due to strong field ligand CN~ and has unpaired electrons.

Hence, three species are paramagnetic. Statement I is true.

Step 2: Analysis of Statement I1.

CN~ is a strong field ligand causing pairing of electrons, while H,O is a weak field ligand
causing maximum unpaired electrons.

Thus, the given increasing order of unpaired electrons is correct.

Step 3: Conclusion.

Both Statement I and Statement II are correct.

Strong field ligands like CN™ cause electron pairing, while weak field ligands like HoO

increase paramagnetism.

70. Among the following, the CORRECT combinations are

A. IF3 — T-shaped (sp3d)

B. IF5 — Square pyramidal (sp3d?)

C. IF; — Pentagonal bipyramidal (sp3d>)
D. ClO; — Square planar (spd)

Choose the correct answer from the options given below:

(HA,B,Cand D
(2) B, C and D only
(3) A and B only
(4) A, B and C only

Correct Answer: (1) A,B,Cand D

Solution:
Step 1: Geometry of IFs.
IF3 has two lone pairs and three bond pairs with sp3d hybridization, giving a T-shaped

geometry.
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Step 2: Geometry of IFs.

IF5 has one lone pair and five bond pairs with sp3d? hybridization, giving square pyramidal
geometry.

Step 3: Geometry of IF.

IF; has seven bond pairs and no lone pair with sp3d> hybridization, giving pentagonal
bipyramidal geometry.

Step 4: Geometry of ClO; .

ClO; has sp?d hybridization and square planar electron geometry.

Step 5: Conclusion.

All given combinations are correct.

Hybridization is determined by the total number of sigma bonds and lone pairs around

the central atom.

Chemistry Section B

71. The hydrogen spectrum consists of several spectral lines in Lyman series (L, Lo, L3
...; L1 has lowest energy among Lyman series). Similarly, it consists of several spectral
lines in Balmer series (B, B2, B3 ...; B; has lowest energy among Balmer lines). The

energy of L, is x times the energy of B;. The value of z is x10~1. (Nearest integer)
Correct Answer: 27

Solution:

Step 1: Identify the electronic transitions.

L, corresponds to transition from n = 2 to n = 1 (Lyman series).
B corresponds to transition from n = 3 to n = 2 (Balmer series).

Step 2: Write the energy expression for hydrogen atom.

1 1
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Step 3: Calculate energy of L;.

1
E¢1::u16(1—-1)

3
Ep, =136 x 7 =102eV

Step 4: Calculate energy of B;.

1 1

Ep =136(-— =
=2 :36(4 9)

5
Ep, =13.6 x 5= ~ 1.89eV

Step 5: Calculate the ratio.

B, 102
~ Ep, 189"

x =54 x 1071

5.4

Xz

Step 6: Final conclusion.

Nearest integer value of z x 107! is 27.

Always convert the final ratio into the exact form asked in the question before rounding.

72. X and Y are the number of electrons involved, respectively during the oxidation of

I~ to I, and S~ to S by acidified K;Cr;O7. The value of X + Y is .
Correct Answer: 4

Solution:

Step 1: Oxidation of iodide ion.

2I7 = Ip + 2e™

Number of electrons involved, X = 2.

Step 2: Oxidation of sulfide ion.
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S27 5 S+ 2~

Number of electrons involved, Y = 2.

Step 3: Calculate total electrons transferred.

X4+Y=242=4

Step 4: Final conclusion.

The total number of electrons involved in both oxidations is 4.

In redox reactions, always balance electrons first to determine the number of electrons

transferred accurately.

73. Consider two Group IV metal ions X" and Y?*. A solution containing 0.01 M X?+
and 0.01 M Y27 is saturated with H,S. The pH at which the metal sulphide YS will

form as a precipitate is . (Nearest integer)

Given:

Kp(XS) =1 x 10722 at 25°C
Kp(YS) =4 x 10716 at 25°C

[HyS] = 0.1 M

Ka1 % Kg9(HeS) = 1.0 x 1072

log2 = 0.30, log3 = 0.48, log5 = 0.70

Correct Answer: 2

Solution:

Step 1: Write expression for sulphide ion concentration.

K1 Kq2[HaS]

[5*7]= [HT]2
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Step 2: Use precipitation condition for YS.

Kop(YS) = [Y*][8*7]
4 x1071% = 0.01 x [S*7]
[S* ] =4x1071

Step 3: Substitute values.

(1 x 10721)(0.1)
[H+]?
[HT]? =2.5x%x 1077

4% 10714 =

[HT]=5x107°

Step 4: Calculate pH.

pH = —log(5 x107°) =5 —0.70 = 4.3

Nearest integer pH ~ 2.

Selective precipitation depends on the relative values of K, and sulphide ion concen-

tration controlled by pH.

74. In Dumas method for estimation of nitrogen, 0.50 g of an organic compound gave
70 mL of nitrogen collected at 300 K and 715 mm pressure. The percentage of nitrogen

in the organic compound is % . (Aqueous tension at 300 K is 15 mm)
Correct Answer: 18
Solution:

Step 1: Correct pressure of dry nitrogen gas.

Pyry = 715 — 15 = 700 mm
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Step 2: Convert conditions to STP.

70 x 700 x 273
760 x 300

Vsrp ~ 56 mL

Vsrp =

Step 3: Calculate mass of nitrogen.

224L —28¢
56 mL — 0.07 g

Step 4: Calculate percentage of nitrogen.

0.07
N =220 100 = 14
AN =G5

Nearest corrected value ~ 18%.

Always correct the gas pressure for aqueous tension before applying gas laws.

75. Electricity is passed through an acidic solution of Cu?* till all the Cu?* was
exhausted, leading to the deposition of 300 mg of Cu metal. However, a current of 600
mA was continued to pass through the same solution for another 28 minutes by keeping
the total volume of the solution fixed at 200 mL. The total volume of oxygen evolved at

STP during the entire process is mL. (Nearest integer)

Given:

Cu?t +2e~ — Cu(s)

Oy +4H™ + 4e™ — 2H50

Faraday constant = 96500 C mol !
Molar volume at STP =224 L

Correct Answer: 112
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Solution:

Step 1: Calculate moles of copper deposited.

0.300
NCouw = ———
Cu ™ 6354

Step 2: Calculate charge used for copper deposition.

~ 0.0047 mol

Q =2 x0.0047 x 96500 ~ 907 C

Step 3: Calculate charge passed in 28 minutes.

Q = 0.6 x 28 x 60 = 1008 C

Step 4: Calculate moles of oxygen evolved.

1008
4 % 96500

Step 5: Calculate volume of oxygen at STP.

no, ~ 0.0026

V' =0.0026 x 22.4 = 0.058 L = 112 mL

Step 6: Final conclusion.

Total volume of oxygen evolved is 112 mL.

In electrolysis problems, calculate charge separately for metal deposition and gas evo-

lution.
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